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INTRODUCTION 
ImportanceofHighwaytransportation:importanceorganizationslikeIndianr

oadscongress,MinistryofSurfaceTransport,CentralRoadResearchInstitute. 

ImportanceofHighwaytransportation: 

Highway transportation is the means of detail distribution between 

homes,shops, factories, etc. It is only the roads which can carry goods from and 

toaerodromes,harboursandrailway stations.Consideringtheutility of 

roadsanywhere in the different parts of a country, they can be rightly compared 

toarteries in a human body just as arteries maintain man's health by 

providingcirculation of blood; similarly roads promote nation's wealth by 

keeping itspeople and goods moving. Thus, we see that progress and well-being 

of a nationdependsmuchonroads.Infact,roadsarethelife lines ofnation'seconomy. 

Theimportanceornecessityof 

highwaytransportationcanbeeasilyjudgedfromthefollowingpurposesor 

advantagesofroads:- 

They facilitate conveyance of people, goods, raw-materials, 

manufacturedarticles,etc.speedilyand easilyinthedifferentparts ofacountry. 

11. Theyhelpinreducingdistressamongthepeople,causedduetofamine, 

bysupplying themfood andclothingquickly. 

Lastly,itcanbesadthatroadsarethesymbolofcountry'sprogressandthusdevelop

ment made by any country can be judged by the quality and network 

ofit'sroadsystem. 

1. Theyactastheonlysourceofcommunication  inregions  ofhigh 

altitudei.einmountainousregions. 

2. They help in growth of trade and other economy activities in and 

outsidethevillagesandtownsbyestablishingcontactbetweentownsandvillage

s. 

3. They help in providing efficient distribution of agricultural products 

andnaturalresourcesalloverthecountry. 

4. Theyhelpinpricestabilizationofcommoditiesduetomobilityofproductsallov

er the country. 

5. They help in social and cultural advancement of people and making 

thevillagersactiveandalertmembersofthecommunity. 

6. Theyhelpinpromotingtheculturalandsocialtiesamongpeoplelivingindiffere

ntpartofacountryandthusstrengthenthenationalunity. 

7. They help in providing improved medical facilities quickly to 

humanbeings,especiallyto thosewholiveinruralareas. 

8. Theyprovidemoreemploymentopportunities. 

9. Theyenhancelandvalueandthusbringbetterrevenue.10.Theyse

rveasfeedersforAirways,WaterwaysandRailways. 
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1. Carriesbasicandappliedresearchforthedesign,constructionandmaintenance

ofthehighways. 

2. Carries researchontrafficsafetyandtransporteconomics. 

3. Carriesresearch on economical utilizationof locally 

availablematerialsforconstructionandmaintenanceof roads. 

4. Researchforthedevelopmentofthenewmachinery,tools equipmentand 

FunctionsofCentralRoadResearchInstitute(CRRI): 

CRRI was started by the Central Government in 1950, for the research 

workin the highway engineering. CRRI is a series of laboratories under the 

council ofscientific andindustrialresearchinIndia.Itoffersthefollowingservices: 

Itconductsperiodicalmeetingstodiscusstechnicalproblemsregardingroads

. 

Itmakesthelawsforthedevelopment,improvementandprotectionoftheroad

s. 

Itfurnishesandmaintainslibrariesandmuseumsforencouragingthescience

ofroadmaking. 

Indianroadscongress: 

Indian Roads Congress (IRC) was set up by the Government of India 

inDecember,1934ontherecommendationsofJayakarCommitteewiththeobjectiveof

promotingandencouragingthescienceforbuildingandmaintenanceofroads.Italsopr

ovidesanationalforumforsharingofknowledgeandpoolingofexperienceontheentire

rangeofsubjectsdealingwith the construction and maintenance of roads and 

bridges. IRC has now about13,500 members comprising of engineers of all 

ranks from Central and StateGovernments, Engineering Services of Army, 

Border Roads Organization, 

RoadResearchInstitutes,EngineeringColleges,LocalBodiesandprivateenterprises.  

FunctionsofIndianRoadsCongress(IRC): 

IRCabodyofprofessionalhighwayengineersprovidesthefollowingservices:   

I. It provides a forum for expression of collective opinion of its 

membersfor all matters affecting the construction and maintenance of 

roads inIndia. 

II. Itpromotestheuseofthestandardspecificationsandpractices.  

III. It provided with the suggestions for the better methods of 

planning,designing,construction,administrationandmaintenanceofroads

. 

IV.  
 

V. 

 

VI. 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

instrumentsforhighwayengineering. 

5. Toprovidetechnicaladviceandconsultancyservicestovariousorganizations. 

6. Toprovidelibraryanddocumentationservices. 

MinistryofSurfaceTransport 

The Ministry   of   Road   Transport   and    Highways is   a ministry 

oftheGovernmentofIndia,thatistheapexbodyforformulationandadministrationofth

erules,regulationsandlawsrelatingtoroadtransport, 

https://en.wikipedia.org/wiki/Ministry_(government_department)
https://en.wikipedia.org/wiki/Ministry_(government_department)
https://en.wikipedia.org/wiki/Government_of_India
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transport research and in also to increase the mobility and efficiency of the 

roadtransport system in India. Through its officers of Central Engineering 

Services(Roads) cadre it is responsible for the development of National 

Highways of thecountry. Road transport is a critical infrastructure for economic 

development ofthe country. It influences the pace, structure and pattern of 

development. InIndia, roads are used to transport over 60 percent of the total 

goods and 

85percentofthepassengertraffic.Hence,developmentofthissectorisofparamountim

portanceforIndiaandaccountsforasignificantpartinthe 
g.ToadministerthecentralroadprogramotherthanNationalHighwaysin 

theUnionTerritories. 

IRCclassificationofroads: 

IRC(IndianRoadsCongress)hasclassifiedtheroadsintheIndia 

inthefollowing5categories: 

(a)NationalHighways(

b)StateHighways 

(c) MajorDistrictRoads 

(d) OtherDistrictRoads 

(e) VillageRoads 

National Highways(NH): National highways are the major arterial 

roadsspanninginthelengthandbreadthofthecountryandconnectstheCapitaltothevar

iousstatecapitalsofthecountryorwiththeneighbouringcountries. 

They also connect the famous tourism places of the country. National 

highwaysare numbered and written as NH-1, NH-2 etc. They have the highest 

designspecifications

https://en.wikipedia.org/wiki/India
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Organisationofstatehighwaydepartment 

Responsibility for new construction and maintenance works on the 

NationalHighways is under the control of the Chief Engineer National 

Highways (CE(NH)). The CE (NH) reports to MOST for works carried out on 

the NationalHighwaynetwork. 

Thiswinghasbeensetupinkeepingwiththe requirementsofMOSTto: 

 reducethelineofcommunicationbetweentheGOIandStateAuthorities 

 achieve efficiencies in implementation by avoiding the 

cumbersomeandoutdateddelegationsforadministrativeandtechnical 

sanctionwhichlimittheabilityoftheOdishaWorksDepartmenttorespond 
quickly 

 

State Highways(SH): State highways are the roads which connect the 

statecapital to other states and to the district headquarters in the state. They 

havedesign specifications similar to those of the National Highways because 

theycarryenoughtraffic. 

Major District Roads(MDR): These roads connect the district headquarters 

tothe main town centres in the district, and to the headquarters of 

theotherdistricts also. They also connect these major town centres to the other 

statehighways of importance. They have lower design specifications as 

compared totheNHandSH. 

Other districtroads(ODR): These roads connect the rural areas town centresto 

the major district roads of higher importance. They provide the facilities forthe 

transportation of the raw materials or the goods mainly of 

agriculturalproductsfromtheruraltownsto thehighermarketsandvice-versa. 

Village Roads (VR): These roads connect the rural villages with one 

anotherand to the nearest higher level road or to the nearest town centre. They 

havelowerdesignspecificationsandmanyofthemarenot evenmetalled. 
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 achieveuniformmaintenanceandconstructionstandardsonNHs. 

At present, 16 Nos. of National Highways measuring 3592.932 km in 

lengthtraversed through the state of Odisha. Out of 3592.932 km of total length 

ofNational Highways in Odisha, 3071.722 km is under the control of NH wing 

ofStatePWD,andremaining521.210kmhavebeen transferredtoNational 

HighwaysAuthorityofIndiaforimprovementunderNHDPandPortconnectivity. 

 

ROADGEOMETRICS 
Glossary of terms used in geometric and their importance, right of 

way,formation width, road margin, road shoulder, carriage way, side 

slopes,kerbs,formationlevel,camberandgradient 

Rightofway 

Right of way (ROW) or land width is the width of land acquired for the 

road,alongitsalignment.Itshouldbeadequatetoaccommodateallthecross-

sectionalelementsofthehighwayandmayreasonablyprovideforfuturedevelopment. 

To prevent ribbon development along highways, control lines andbuilding lines 

may be provided. Control line is a line which represents 

thenearestlimitsoffutureuncontrolledbuilding activity in relation to 

aroad.Building line represents a line on either side of the road, between which 

and theroad no building activity is permitted at all. The right of way width is 

governedby: 

1. Widthofformation:Itdependsonthecategoryof 

thehighwayandwidthofroadwayandroadmargins. 

2. Heightofembankmentordepthofcutting:Itisgovernedbythetopograp

hyandtheverticalalignment. 

3. Sideslopesofembankmentorcutting:Itdependsontheheightoftheslope,soilty

peetc. 

4. Drainagesystemandtheirsize whichdependsonrainfall,topographyetc. 

5. Sight distance considerations : On curves etc. there is restriction to 

thevisibility on the inner side of the curve due to the presence of 

someobstructionslikebuildingstructuresetc. 

6. Reservelandforfuturewidening:Somelandhastobeacquiredinadvanceantici

patingfuturedevelopmentslike wideningofthe road. 
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Table :Normalrightofwayforopenareas 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Figure:AtypicalRightofway(ROW) 

 

 

 Sideslopes 
 Drainagesystem 

 Sightdistancesconsiderationonhorizontalcurves 

 Futureextension 

Formationwidth 

Width of formation or roadway width is the sum of the widths of pavements 

orcarriage way including separators and shoulders. This does not include the 

extralandinformation/cutting. The values suggestedbyIRCare giveninTable 

The importance of reserved land is emphasized by the following. Extra width 

ofland is available for the construction of roadside facilities. Land acquisition 

isnot possible later, because the land may be occupied for various other 

purposes(buildings, business etc.) The normal ROW requirements for built up 

and openareas as specified by IRC is given in the above TableA typical cross 

section ofaROWisgiveninaboveFigure. 
 

FactorsAffectingRightofWay 

 Widthofformation 

 Heightofembankment 
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Table:Widthofformationforvariousclassedofroads 

 

 

 

 

 

 
 

Roadmargin 

The portion of the road beyond the carriageway and on the roadway can 

begenerally called road margin. Various elements that form the road margins 

aregivenbelow. 
1. Shoulders 

Shouldersareprovidedalongtheroadedgeandisintendedforaccommodation 

of stoppedvehicles,serve asan emergency laneforvehiclesand provide lateral 

support for base and surface courses. The shoulder should bestrong enough to 

bear the weight of a fully loaded truck even in wet conditions.The shoulder 

width should be adequate for giving working space around astopped vehicle. It 

is desirable to have a width of 4.6 m for the shoulders. 

Aminimumwidthof2.5misrecommendedfor2-laneruralhighwaysinIndia. 

2. Parkinglanes 

Parking lanes are provided in urban lanes for side parking. Parallel parking 

ispreferred because it is safe for the vehiclesmoving on the road. The 

parkinglane should haveaminimumof3.0mwidth inthecaseofparallelparking. 

3.Bus-bays 

Busbaysareprovidedbyrecessingthekerbsforbusstops.Theyareprovidedso that 

they do not obstruct the movement of vehicles in the carriage way. Theyshould 

be at least 75 meters away from the intersection so that the traffic 

neartheintersectionsisnot affectedbythebus-bay. 

4.Serviceroads 

Service roads or frontage roads give access to access controlled highways 

likefreeways and expressways. They run parallel to the highway and will be 

usuallyisolated by a separator and access to the highway will be provided only 

atselectedpoints.Theseroadsareprovidedtoavoidcongestionintheexpresswaysanda

lsothespeedofthetraffic inthoselanesis notreduced. 

5 .Cycletrack 

Cycle tracksare providedin urban areas when thevolume of cycle trafficishigh 

Minimum width of 2 meter is required, which may be increased by 1 

meterforeveryadditionaltrack. 
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6 .Footpath 

Footpaths are exclusive right of way to pedestrians, especially in urban 

areas.They are provided for the safety of the pedestrians when both the 

pedestriantraffic and vehicular traffic is high. Minimum width is 1.5 meter and 

may beincreased based on the traffic. The footpath should be either as smooth as 

thepavementormoresmootherthanthattoinducethepedestriantousethefootpath. 

7 .Guardrails 

They are provided at the edge of the shoulder usually when the road is on 

anembankment.Theyservetopreventthevehiclesfromrunningofftheembankment,e

speciallywhen theheightof thefillexceeds3m.Variousdesigns of guard rails are 

there. Guard stones painted in alternate black andwhite are usually used. They 

also give better visibility of curves at night underheadlightsofvehicles. 

 

Carriageway 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

It is the width of the road which is used by the traffic for moving on it. It 

isgenerally central portion of the total land width and is paved and surfaced 

withthe bituminous concrete for service to the road users. Width of the carriage 

waydependson the number of the lanesin theroad which again depends on 

theclass of the highway. If it is higher level road like NH then it will need 

morenumbersoflanesand thereforethecarriagewaywidthwillbemore. 
 

Sideslopes 

Side slopesare important inmaintainingthe stability of the roadbed 

andpavement structure as well as providing an area for the safety of errant 

vehicles.Side slopes are constructed in both fill (embankment) areas (those 

falling abovethe natural ground level) and cut areas (those falling below the 

natural 

groundlevel).Asageneralreference,slopesinembankmentareasarecommonlyreferr

ed to as fill slopes or front slopes. When it is determined that no 

parallelditchsectionisneededthefrontslopeisgradedtomeetnaturalground.Incut 
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areas, side slopes are referred to as front slopes and back slopes, the back 

slopebeing necessary to bring the roadway cross section back up to meet the 

naturalground level. Ditch sections included as part of either fill or cut sections 

have afront slope, a ditch bottom with a defined shape and width, and a back 

slope.Criteriaforratesoftheseslopes(byroad classes) areshown inFig. 

 

 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 
 

Kerbs 

Kerbsindicatetheboundarybetweenthecarriagewayandtheshoulderorislandsorfoot

paths.Differenttypesofkerbsare(Figure): 

1. Low or mountable kerbs : This type of kerbs are provided such that 

theyencourage the traffic to remain in the through traffic lanes and also 

allowthe driver to enterthe shoulder area with little difficulty.Theheight 

ofthis kerb is about 10 cm above the pavement edge with a slope 

whichallows the vehicle to climb easily.This is usually provided 

atmediansandchannelizationschemesand alsohelpsinlongitudinaldrainage. 

2. Semi-barrier type kerbs : When the pedestrian traffic is high, these 

kerbsareprovided.Theirheightis15cmabovethepavementedge.Thistype 
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ofkerbpreventsencroachmentofparkingvehicles,butatacuteemergencyitisp

ossibletodriveoverthiskerb withsomedifficulty. 

3. Barriertypekerbs:Theyaredesignedtodiscouragevehiclesfromleavingthepa

vement.Theyareprovidedwhenthereisconsiderableamount of pedestrian 

traffic. They are placed at a height of 20 cm 

abovethepavementedgewithasteepbatter. 

4. Submergedkerbs:Theyareusedinruralroads. 

Thekerbsareprovidedatpavement edges between the pavement edge and 

shoulders. They providelateralconfinementandstabilitytothepavement. 

 

 
 

 

 

 

 

 

 

Figure:Differenttypesofkerbs 

 

 

Formationlevel 

The Formation Level is the level at which excavation ceases and 

constructioncommences. It is the lowest point of the path structure. It is the 

prepared groundonwhichthesubbaselayerislaid. 
Camber 

Camber or cant is the cross slope provided to raise middle of the road surface 

inthe transverse direction to drain off rain water from road surface. The 

objectivesofprovidingcamber are: 

1. Surfaceprotectionespeciallyforgravelandbituminous roads 

2. Sub-gradeprotectionbyproperdrainage 

3. Quickdryingofpavement whichinturnincreasessafety 

Too steep slope is undesirable for it will erode the surface. Camber is 

measuredin 1 in n or n% (Eg. 1 in 50 or 2%) and the value depends on the type 

ofpavementsurface.ThevaluessuggestedbyIRCforvariouscategoriesofpavement 

is given in Table 1. The common types of camber are 

parabolic,straight,orcombinationofthem(Figure) 

https://www.civil.iitb.ac.in/tvm/nptel/302_CroSecEle/web/web.html#x1-80081
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Figure:Differenttypesofcamber 

Table:IRCValuesforcamber 
 

 
 

 

 

 

 

 

 
 

Gradient 

Itistheslopeprovidedtothesurfaceoftheroadinthelongitudinaldirectionforthevertic

alalignment oftheroad.Therearethreekindsofgradients: 

a) RulingGradient 

b) LimitingGradient 

c) ExceptionalGradient 

d) MinimumGradient. 

 
 

 

 

 

 

 
 Ruling gradient is the design gradient, so it is used to design the road 

intheverticalalignment.

  Limiting and exceptional gradients are provided in the limited 

stretchoftheroadswherenecessaryandincaseoftheemergenciesorexceptional

caseswhensuch needarisesrespectively.

 Minimum gradient is the gradient which is required as the 

minimumfromthe drainagepointofviewincaseoftheplaneareas.

Design and average running speed, stopping and passing sight 

distanceDesignspeed: 
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The design speed, as noted earlier, is the single most important f actor 

inthe design of horizontal alignment. The design speed also depends on the 

typeof the road. For e.g, the design speed expected from a National highway 

will bemuch higher than avillage road,andhence the curvegeometry 

willvarysignificantly. 

The design speed also depends on the type of terrain. A plain terrain 

canafford to have any geometry, but for the same standard in a hilly terrain 

requiressubstantialcuttingandfillingimplyingexorbitantcostsaswellassafety 

 

Terrainclassification Crossslope(%) 

Plain 0-10 

Rolling 10-25 

Mountainous 25-60 

Steep 60 

TherecommendeddesignspeedisgiveninTable. 

concern due to unstable slopes. Therefore, the design speed is normally 

reducedforterrainswithsteepslopes. 

For   instance,   Indian   Road   Congress    (IRC)    has    classified    

theterrains into four categories, namely plain, rolling, mountainous, and 

steepbased on the cross slope as given in table. Based on the typeof road and 

typeof terrain the design speed varies. The IRC has suggested desirable or 

rulingspeed aswellasminimumsuggesteddesignspeedand istabulated intable . 

Table:Terrainclassification 
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Table:DesignspeedinasperIRC(rulingandminimum) 

 
Type Plain Rolling Hilly Steep 

NS&SH 100-80 80-65 50-40 40-30 

MDR 80-65 65-50 40-30 30-20 

ODR 65-50 50-40 30-25 25-20 

VR 50-40 40-35 25-20 25-20 

 
1.Topography: 

Thenextimportantfactorthataffectsthegeometricdesignis the

 topograph

y.Itiseasiertoconstructroadswithrequiredstandardsforaplainterrain. 

However,foragivendesignspeed,theconstructioncostincreasesmultiform 

withthegradientandtheterrain.Therefore,geometricdesignstandardsare 

differentfordifferentterrain  tokeepthecostofconstructionandtimeof 

construction under control. This is characterized by sharper curves and 

steepergradients. 

 

2Other factors: 

Inadditiontodesignspeedandtopography,therearevariousotherfactorsthataffe

ctthegeometricdesignandtheyarebrie ydiscussedbelow: 

 

Vehicle: The dimensions, weight of the axle and operating characteristics of 

avehicle influence the design aspects such as width of the pavement, radii of 

thecurve, clearances, parking geometrics etc. A design vehicle which has 

standardweight, dimensions and operating characteristics are used to establish 

highwaydesigncontrols toaccommodatevehiclesofadesignatedtype. 

 

Human: The important human factors that influence geometric design are 

thephysical, mental and psychological characteristics of the driver and 

pedestrianslikethereactiontime. 

 

Traffic:It will beuneconomical to design theroadfor peak trafficflow.Therefore 

a reasonable value of traffic volume is selected as the design 

hourlyvolumewhichisdeterminedfromthevarioustrafficdatacollected.Thegeomet

ricdesignisthusbasedonthisdesignvolume,capacityetc. 

 

Environmental: Factors like air pollution, noise pollution etc. should be 

givendueconsiderationinthegeometric designofroads. 



15 

15 

 

 

Economy:Thedesignadoptedshouldbeeconomicalasfaraspossible.Itshouldmatch

withthefunds allottedforcapitalcostandmaintenancecost. 

 

Others:Geometricdesignshouldbesuchthattheaestheticsoftheregionisnotaffecte

d. 

Averagerunningspeed 

Runningspeedistheaveragespeedmaintained overaparticular 

coursewhilethevehicleismovingandisfoundbydividingthelengthofthecoursebythe 

 
 

The safe and efficient operation of vehicles on the road depends very much 

onthe visibility of the road ahead of the driver. Thus the geometric design of 

theroad should be done such that any obstruction on the road length 

couldbevisible to the driver from some distance ahead . This distance is said to 

be thesightdistance. 

Typesofsightdistance 
Sightdistanceavailablefrom apointistheactual distancealongtheroadsurface, over 

which a driver from a specified height above the carriage way hasvisibility of 

stationary or moving objects. Three sight distance situations 

areconsideredfordesign: 

1. Stoppingsightdistance(SSD)ortheabsoluteminimumsightdistance 

2. Intermediatesightdistance(ISD)isdefinedastwiceSSD 

3. Overtakingsightdistance(OSD)forsafeovertakingoperation 

4. Headlightsightdistanceisthedistancevisibletoadriverduringnightdriving 

undertheilluminationofheadlights 

5. Safesightdistancetoenter intoanintersection. 

The most important consideration in all these is that at all times the 

drivertravelling at the design speed of the highway must have sufficient 

carriagewaydistancewithinhislineofvisiontoallowhim 

tostophisvehiclebeforecolliding with a slowly moving or stationary object 

appearing suddenly in hisowntrafficlane. 

Thecomputationofsightdistancedependson: 
 

1. Reactiontimeofthedriver 

Reaction time of a driver is the time taken from the instant the object 

isvisible to the driver to the instant when the brakes are applied. The 

totalreactiontimemaybesplitupintofourcomponentsbasedon PIEV 

time duration the vehicle was in motion. i.e. this speed doesn't consider the 

timeduring which the vehicle is brought to a stop, or has to wait till it hasa 

clearroad ahead. The running speed will always be more than or equal to the 

journeyspeed,asdelaysarenotconsideredincalculatingtherunningspeed 
 

SightDistances 



16 

16 

 

 

theory.In practice,all thesetimesareusually combinedintoatotalperception-

reaction time suitable for design purposes as well as for 

easymeasurement. Many of the studies shows that drivers require about 

1.5 to2 secs under normal conditions. However, taking into consideration 

thevariability of driver characteristics, a higher value is normally used 

indesign.Forexample,IRCsuggestsareactiontimeof2.5secs. 

2. Speedofthevehicle 

The speed of the vehicle very much affects the sight distance. Higher 

thespeed, more time will be required to stop the vehicle. Hence it is 

evidentthat,asthespeedincreases,sightdistancealsoincreases. 

3. Efficiencyofbrakes 

The efficiency of the brakesdependsuponthe age of thevehicle,vehicle 

characteristicsetc.If the brake efficiency is 100%, the vehiclewill stop the 

moment the brakes are applied. But practically, it is notpossible to 

achieve 100% brake efficiency. Therefore the sight distancerequired will 

be more when the efficiency of brakes are less. Also for 

safegeometricdesign,we assumethatthevehicleshaveonly 50% 

brakeefficiency. 

4. Frictionalresistancebetweenthetyreandtheroad 

The frictional resistance between the tyre and road plays an 

importantrole to bring thevehicle to stop. When the frictional resistance 

ismore,thevehiclesstopimmediately.Thussightrequiredwillbeless.Nosepara

te provision for brake efficiency is provided while computing 

thesightdistance.Thisistakenintoaccountalongwiththefactoroflongitudinal 

friction. IRChas specified the value of longitudinal 

frictioninbetween0.35to0.4. 

5. Gradientoftheroad. 

Gradient of the road also affects the sight distance. While climbing up 

agradient,thevehiclecanstopimmediately.Thereforesightdistancerequired 

is less. While descending a gradient, gravity also comes intoaction and 

more time will be required to stop the vehicle. Sight distancerequired 

willbemoreinthiscase. 

 

Stoppingsightdistance(SSD) 

Stopping sight distance (SSD) is the minimum sight distance available on 

ahighway at any spot having sufficient length to enable the driver to stop 

avehicletravellingatdesignspeed,safelywithoutcollisionwithanyotherobstruction. 

There is a term called safe stopping distance and is one of the 

importantmeasures in traffic engineering. It is the distance a vehicle travels 

from the pointat which a situation is first perceived to the time the deceleration 

is complete.Drivers must have adequate time if they are to suddenly respond to 

a situation.Thusinhighwaydesign,sightdistanceatleast equaltothesafestopping 
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distance should be provided. The stopping sight distanceis the sum of 

lagdistanceandthebraking distance.Lag 

distanceisthedistancethevehicletravelledduring thereaction time t andis given by 

vt,where v 

isthevelocityinm∕sec2.Brakingdistanceisthedistancetravelledbythevehicleduringb

raking operation. For a level road this is obtained by equating the work done 

instopping the vehicle and the kinetic energy of the vehicle. If F is the 

maximumfrictional force developed and the braking distance is l, then work 

done againstfriction in stopping the vehicle is Fl= fWlwhere W is the total 

weight of thevehicle.Thekineticenergyat thedesignspeedis 
 

 

 

 

 

 

 

 
 

 

 

 

Therefore,theSSD=lagdistance+brakingdistance andgivenby: 
 
 

(1) 
 

 

where v is the design speed in m∕sec2, t is the reaction time in sec, g is 

theacceleration due to gravity and f is the coefficient of friction. The coefficient 

offrictionf isgivenbelowforvariousdesignspeed. 
 

Table1:Coefficientoflongitudinalfriction 
 
 

 

 

 

 
 

 When there is an ascending gradient of say +n%, thecomponent of gravityadds 

to braking action and hence braking distance is decreased. The componentof 

gravity acting parallel to the surface which adds to the the braking force 

isequaltoWsinα≈Wtanα=Wn∕100.Equatingkineticenergyandworkdone: 
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Overtakingsightdistance 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure:Time-spacediagram:Illustrationofovertakingsightdistance 
 

The overtaking sight distance is the minimum distance open to the vision 

ofthe driver of a vehicle intending to overtake the slow vehicle 

aheadsafelyagainst the traffic in the opposite direction. The overtaking sight 

distance orpassing sight distance is measured along the centre line of the road 

over which adriver with his eye level 1.2 m above the road surface can see the 

top of anobject 1.2mabovetheroadsurface. 

Thefactors thataffecttheOSDare: 

1. Velocitiesoftheovertakingvehicle,overtakenvehicleandofthevehiclecomin

gintheoppositedirection. 

2. Spacingbetweenvehicles,whichin-turndependsonthespeed 

3. Skillandreactiontimeofthedriver 

4. Rateofaccelerationofovertakingvehicle 

5. Gradientoftheroad 

The dynamics of the overtaking operation is given in the figure which is 

atime-space diagram. The x-axis denotes the time and y-axis shows the 

distancetravelled by the vehicles. The trajectory of the slow moving vehicle(B) 

isshownasastraightlinewhichindicatesthatitistravellingataconstantspeed.A fast 

moving vehicle (A) is travelling behind the vehicle B. The trajectory ofthe 

vehicle is shown initially with a steeper slope. The dotted line indicates thepath 

of the vehicle A if B was absent. The vehicle A slows down to follow thevehicle 

B as shown in the figure with same slope from t0 to t1. Then it 

overtakesthevehicleBandoccupiestheleftlaneattimet3.ThetimedurationT=t3-t1is 
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the actual duration of the overtaking operation. The snapshots of theroad attime 

t0,t1, and t3 are shown on the left side of the figure. From the Figure 1, 

theovertakingsightdistanceconsistsofthreeparts. 

1. d1 thedistance travelled byovertaking vehicle A during 

thereactiontimet=t1-t0 

2. d2thedistancetravelledbythevehicleduringtheactualovertakingoperati

onT =t3-t1 

3. d3isthedistancetravelledbyon-

comingvehicleCduringtheovertakingoperation(T). 

Therefore: 

 

It is assumed that the vehicle A is forced to reduce its speed to vb, the speedof 

the slow moving vehicle B and travels behind it during the reaction time t 

ofthedriver.Sod1isgivenby: 

 
Then the vehicle A starts to accelerate, shifts the lane, overtake and 

shiftbacktotheoriginallane.ThevehicleAmaintainsthespacing 

sbeforeandafterovertaking.Thespacingsinmisgivenby: 

 
 LetTbethedurationofactualovertaking.ThedistancetravelledbyBduring 

acceleratedfrominitialvelocityvbandovertakingiscompletedwhilereachingfinalvel

ocityv.Hencethedistancetravelled isgivenby: 

 

 

 

 

 

 

 
 

 

 

 

 
 

The distance travelled by the vehicle C moving at design speed v 

m∕secduringovertakingoperationisgivenby: 

 

theovertakingoperationis2s+vbT.Also,duringthistime,vehicleA 

https://www.civil.iitb.ac.in/tvm/nptel/303_SigDst/web/web.html#x1-50011


20 

20 

 

 

Theovertakingsightdistanceis (Figure1) 

 
(8) 

 
where vbis the velocity of the slow moving vehicle in m∕sec2, t the reaction 

timeof the driver in sec, s is the spacing between the two vehicle in m given 

byequation 5 and a is the overtaking vehicles acceleration in m∕sec2. In case 

thespeed of the overtaken vehicle is not given, it can be assumed that it moves 

16kmphslowerthe  designspeed. 

The acceleration values of the fast vehicle depends on its speed and given 

inTable. 

Table:Maximumovertakingaccelerationatdifferentspeeds 

 

 

 

 

 

 

 

 
 

 

 

 
 

Notethat: 

1. Ondividedhighways, d3neednotbeconsidered 

2. On divided highways with four or more lanes, IRC suggests that it is 

notnecessaryto providetheOSD,but onlySSDissufficient. 

Overtakingzones 

Overtaking zones are providedwhenOSD cannot be provided throughoutthe 

length of the highway. These are zones dedicated for overtaking 

operation,marked with wide roads. The desirable length of overtaking zones is 

5timeOSD andtheminimumisthreetimesOSD(Figure). 

https://www.civil.iitb.ac.in/tvm/nptel/303_SigDst/web/web.html#x1-50011
https://www.civil.iitb.ac.in/tvm/nptel/303_SigDst/web/web.html#x1-5020r5
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Figure:Overtakingzones 

Sightdistanceatintersections 

At intersections where two or more roads meet, visibility should be 

providedfor the drivers approaching the intersection from either sides. They 

should 

beabletoperceiveahazardandstopthevehicleifrequired.Stoppingsightdistanceforea

chroadcanbecomputedfromthedesignspeed.Thesightdistance should be provided 

such that the drivers on either side should be able 

toseeeachother.Thisisillustratedinthefigure. 
 

 

 
 

 

 

 

 

 

 

 

 

 
 

Figure:Sight distanceatintersections 

 

Design of sight distance at intersections may be used on three 

possibleconditions: 

1. Enablingapproachingvehicletochangethespeed 

2. Enablingapproachingvehicletostop 

3. Enablingstoppedvehicletocross amainroad 
 

Necessityofcurves,horizontalandverticalcurvesincludingtransitioncurvesan

dsuperelevation,Methodsofproviding super– elevation 

 

DefinitionofCurves: 

Curvesareregularbendsprovided 

inthelinesofcommunicationlikeroads,railways 
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etc.andalsoincanalstobringaboutthegradualchangeofdirection. 
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Theyarealsousedintheverticalplaneatallchangesofgradetoavoidtheabrupt change 

ofgradeattheapex. 

Curves providedinthehorizontalplanetohave 

thegradualchangeindirectionareknownasHorizontalcurves, 

whereasthoseprovidedintheverticalplanetoobtainthegradualchangeingradearekno

wnasverticalcurves.Curvesare laid out on the ground along the centre line of the 

work. They may becircularorparabolic. 
 

TypesofCurves 
 

Therearetwotypesofcurvesprovidedprimarilyforthecomfortandeaseofthemotori

stsintheroadnamely: 

1. HorizontalCurve 

2. VerticalCurve 

HorizontalCurves 

Horizontal curves are provided to change the direction or alignment of 

aroad. Horizontal Curve are circular curves or circular arcs. The sharpness of 

acurve increases as the radius is decrease which makes it risky and 

dangerous.The main design criterion of a horizontal curve is the provision of an 

adequatesafestoppingsightdistance. 
 

TypesofHorizontalCurve: 

SimpleCurve: 

Asimplearcprovidedintheroadtoimposeacurvebetweenthetwostraightlines. 

CompoundCurve: 

Combinationoftwosimplecurvescombinedtogethertocurveinthesamedirection. 

ReverseCurve: 

Combinationoftwosimplecurvescombinedtogethertocurveinthesamedirection. 

TransitionorSpiralCurve: 

Acurvethathasavaryingradius.Itisprovidedwithasimplecurveandbetweenthesimp

lecurvesinacompoundcurve. 

While turning a vehicle is exposed to two forces. Thefirst force 

whichattractsthevehicle towardsthegroundisgravity.The secondis 

centripetalforce, which is an external force required to keep the vehicle on a 

curved path.At any velocity, the centripetal force would be greater for a tighter 

turn (smallerradius) than a broader one (larger radius). Thus, the vehicle would 

have to makeaverywidecircleinordertonegotiateaturn. 

This issue is encountered when providing horizontal curves by 

designingroads that are tilted at a slight angle thus providing ease and comfort 

to thedriverwhileturning.Thisphenomenonisdefinedassuperelevation,whichis 

https://www.aboutcivil.org/location-survey-for-roads.html
https://www.aboutcivil.org/location-survey-for-roads.html
https://www.aboutcivil.org/location-survey-for-roads.html
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the amount of rise seen on a given cross-section of a turning road, it is 

otherwiseknownasslope. 

VerticalCurves 

Vertical curves are provided to change the slope in the road and may 

ormay not be symmetrical. They are parabolic and not circular like 

horizontalcurves. Identifying the proper grade and the safe passing sight 

distance is themain design criterion of the vertical curve, crest vertical curve the 

length 

shouldbeenoughtoprovidesafestoppingsightdistanceandinsagverticalcurvethe 

Superelevation: 

 

bankingofroad. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Super-

When a vehicle travels in a circular path or curved path, it is subjected to 

anoutward force which makes a vehicle to overturn and skid due to 

Centrifugalforce. To overcome this force and for safe travel of a vehicle, the 

outer edge 

oftheroadisraisedabovetheinneredge.Thisisknownassuperelevationor 

lengthisimportantasitinfluencesthefactorssuchasheadlightsightdistance,ridercomf

ortanddrainagerequirements. 

TypesofVerticalCurve: 

SagCurve 

SagCurvesarethosewhichchangethealignmentoftheroadfromuphilltodownhill, 
 

CrestCurve/SummitCurve 

CrestCurvesarethosewhichchangethealignmentoftheroadfromdownhill to 

uphill. In designing crest vertical curves it is important that thegrades be not] 

too high which makes it difficult for the motorists to travel uponit. 

https://www.aboutcivil.org/highway-drainage-design-guidelines-structures.html
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Elevation/Bankingofroadreducestheeffectofcentrifugalforceontherunningwheel

s.Ifsuper-elevationisnotprovidedwiththeentirecentripetal 
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force is produced by the friction between the vehicle’s tires and the 

roadway,thusresultsinreducingthespeedofavehicle. 

AdvantagesofprovidingSuperelevation:- 

1. Superelevationisprovidedtoachievethehigherspeedofvehicles.It increases 

the stability of fast-moving vehicles when they pass through 

ahorizontalcurve,anditalsodecreasesthestresses onthefoundation. 

2. In the absence of super elevation on the road along curves, potholes 

arelikelytooccurattheouteredgeoftheroad. 

 

DerivationofSuperElevation:  

When a vehicle passes from a straight to a curved path or in other 

wordswhenavehiclenegotiateshorizontalcurvefollowingtwoforcesactonvehicle: 
 

1. CentrifugalForce 

2. WeightoftheVehicle 
 

1. Centrifugal Force - The centrifugal force is a function of the speed of 

themoving vehicle. It always acts at the centre of gravity of the vehicle. 

It'sdirection always tends to outside, i.e., it always tends to push the vehicle out 

ofthe track. to counteract this tendency, the outer edge of the road is raised 

abovetheinneredge. Thisriseoftheouteredgeiscalledsuper-elevationorcant 

orbanking. 
Thussuper-elevatione is theratiooftheheightoftheouteredgewith 

respecttothehorizontalwidth. 

 e=tanθ 
 

Inpractice,thevalueofθiskeptas4°oraslope of1in15withhorizontal. 
 

Thetotalheightoftheouteredgewithrespecttotheinneredge 
 

 E=e×widthofroad  

 =eB 
 

Thecentrifugalforce P = Wv2/gR 

3.TheIndianroadcongress(IRC)hasprescribedthemaxvalueofSuperElevation 

is1in15. 
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Where, 

 

W=weightofthevehiclev = 

velocity of the 

vehicleR=radiusofcircularc

urveP=centrifugalforce 

g=accelerationdueto gravity 
1. EffectofCentrifugalForce 

1. Thetendencytooverturnthevehicle. 

2. Thetendencytoskidthevehiclelaterally. 

 

StabilityConditionAgainstOverturning 

 

 

 

 

 

 

 

 

 

 
 

The figure shows a vehicle moving on horizontal a curve. Forces acting 

onthevehicleare 

a.)CentrifugalforcePactingoutwardatC.G.b.)

WeightWactingdownwardat C.G. 
 

LethbetheheightofC.G.ofthevehicleabovetheroadlevel.Theover

turningmomentdueto centrifugalforce. 

 

=P×h 
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Therestoringmoment =W×b/2 

 

wherebisthecentretocentredistanceofwheels ofthevehicle. 
 

inlimitingequilibrium 

Ph=Wb/2 
 

 P/W= b/2h 
 

When the centrifugal ratio, P/W is equal to B/2h there is a danger 

ofoverturning. 

Thustoavoidoverturning,thecentrifugalratioshouldalwaysbelessthanb/2h.Also
 P/W=v2/gR 

 

 v2/gR<b/2h 

Thustoavoidoverturninghshouldbeassmallas possible. 

Onlyduetothisreasonmodernpassengercarshavealowcentreofgravity. 
 

StabilityConditionAgainstSkidding 

 

 

 

 

 

 

 

 

 

 
 

The lateral thrust P = Wv2/gR is resisted by the frictional force between the 

tyreand pavement surface. If the lateral resisting friction is less than the 

centrifugalforceP, thenskidwilloccur.Thusinlimitingequilibrium, 

P=Maximumlateralfrictiondevelopedasshowninthefigure. 

P=Fa + Fb 

or P=f(RA+RB) 

=fW 

Or P/W =f 

 

Thuswhenthecentrifugalratioattainsthevalueequaltothelateralcoefficientoffrictio

n,thereisadangeroflateralskidding. 



29 

29 

 

 

 

If    f<b/2hskiddingwouldoccur. 

 

If    f>B/2hoverturningattheouteredgewouldoccur. 

 

Methodsofprovidingsuper–elevation: 

Super-elevation is designed for the particular vehicle called design 

vehiclewhich hassomestandard weight and dimensions.But in the actual case, 

theroad has mixed traffic conditions. Different vehicles require different values 

ofsuper-elevation. For example Heavily loaded trucks require the small value 

ofsuper-elevation otherwise toppling may occur, fast moving vehicles may 

beprovidedwithhighsuper-elevationwhileslowmovingonesrequiresmallsuper-

elevation.Thedesignprocedureforsuper-elevationis asfollows: 

Step1Findvalueofsuper-

elevationtaking75%ofdesignspeedneglectingf,Hence,e=(0.75v) 

2/(g*R) 

 

Iftheallowablevelocityisgreaterthanorequaltovthenthedesignisadequate 
otherwiseotherspeedcontrolmeasuresareadopted. 

DifferentguidelinesaregiveninNRS 

forthedesignofhorizontalcurvature.Intermsof velocityinkmphitiscalculatedas, 

Or,V2 /(126.5*R)=e +f 

And, Va=√[126.5*R*(e+f)] 

 

Methodsofintroducingsuperelevation: 

Superelevationisintroducedintwowaysusually 

 

Step2Ifvalueofeislessthan0.07thenitistakenfordesignotherwisevalueofeistakenas

0.07. 

 

Step3Findvalueoffrictionalcoefficient(f)withfulldesignspeedregardingmaximum

super-elevation. 

 

Hence,f=v2/(g*R)–e =v2/(g*R)–0.07 

 

Step4Ifvalueforfislessthan0.15thenitistakenfordesignotherwisevalueforf is taken 

as 0.15. 

 

Step5Theallowablespeedformaximumvalueofe=0.07andf=0.15iscalculated 

Hence, Allowablespeed(Va)=√(0.22g*R) 
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1. Eliminationofthecrownofthecamberedsection 

 The outer edge half of the cross slopes is rotated about the crown at 

thedesiredratesuchthatitssurfacefallsonthesameplaneastheinnerhalf. 

 Thepositionofthecrownisprogressivelyshiftedoutwardswhichincreases the 

width of the inner half of the cross-section progressively. 

Itisalsocalledasthediagonalcrown method. 

2. Rotationofthepavementcrosssectiontoattainfullsuperelevation 

 Rotation about the center line: It is mostly preferred by the majority 

ofdesigners. This method involves progressively revolving the straight 

roadsurface about the center line depressing the inner edge and raising 

theouteredgesimultaneouslybyanamountofhalf 

thetotalamountofsuperelevation. Thus the earthwork is the balanced i.e. 

volume of cuttingand filling required in this method will be equal. Due to 

depressing 

inneredgebelowgenerallevel,thedisadvantageofthismethodisdrainage. 

 Rotationabouttheinneredge:Thismethodinvolvesprogressivelyrevolving 

the straightroad surfaceabout theinner edgethereby raisingthe center line 

and the outer edge proportionately to the desired slope.Here the outer 

edge is raised by the full amount of superelevation. Thismethod is 

preferred in very flat terrain in high rainfall areas in order 

toavoiddrainageproblem.Theriseofthecenterlineisconsideredadisadvantage 

in this method since the vertical alignment of the road isaltered. 

 Rotationabouttheouteredge:Thismethodinvolvesprogressivelyrevolvingth

estraightroadsurfaceabouttheouteredgetherebydepressingthecenterlineandt

heouteredgeproportionatelytothedesired slope. Here the inner edge is 

depressed by the full amount ofsuperelevation with respect to the outer 

edge. Thismethod is similar totherotationabouttheinneredge. 
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EXTRAWIDENING 

Onahorizontalcurveespeciallywhentherearenotmanyverylargeradius,itiscommon 

to widen the pavement or carriageway slightly more than the normalwidth. This 

additional increase in the width of the pavement is termed as 

extrawidening.Thereasonsofprovidingextrawidening aregivenbelow: 

1. Due to the rigidity of rear wheel base of the vehicle moving along 

thecurvetheydon’ttracethesamepathas 

takenbythefrontsteeringwheels.This is called off tracking. During this 

case, mechanical widening isrequired. 

2. Due to the psychological tendency of drivers, drivers tend to take 

theouter lanefor 

greatervisibilityandeasygradientatthebeginningofthecurves.Soextrawidt

h isprovided. 

3. Drivershavethetendencytokeep 

greaterclearancebetweenoppositevehiclesoncurveswhenroadvisibility

isinadequate. 

4. Drivershavethetendencytokeepawayfromtheedgeofthecarriagewaywhiled

rivingoncurves. 

5. Whentravelinginacurvedpathmorespaceisoccupiedbythevehiclesduringt

urning. 

6. Trailerunitsrequireevenlargerextrawidthatcurves. 

7. Atspeeds higherthanthedesignspeedoutwardslippingoftherearwheelmay 

occur due to centrifugal force and thus more width of the road iscovered. 

Even in lower speeds, the front tires tend to go out of thepavement 

andthusextrawidening isrequired. 

8. Theextrawidthisprovidedtoensuresafeandefficientovertakingopera

tions. 

9. Theamountofextrawideningrequireddependsonthefollowingfactors: 

1. Lengthofthewheelbase ofthe vehicle 

2. Psychologicalfactor 

3. Radiusofthecurve 

Theanalysis ofextrawideningisdoneintwopartsnamely: 

1. Mechanicalwidening 

2. Psychologicalwidening 
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1. Mechanicalwidening 

 

 

 

 

 

 

 

 

 

 

 
 

It is the amount of the extra width required to account for the off tracking 

ofthe vehicle due to the rigidity of the rear wheel base. Due to off tracking, 

therear wheels follow a path of shorter radius than the front ones and thus 

itincreases the effective width of road space required by the vehicle. So 

weprovide extra width to provide same clearance between vehicles, to 

providesafety against transverse skidding during high speeds and also to 

providestability for vehicles like trailer trucks. Thus it is an important factor 

duringoperationof highproportionsofvehicles. 

Let R1 be the radius of the path travelled by the outer track line of the 

rearwheel, R2betheradius ofthepathtravelledbytheoutertracklineofthefrontwheel 

and l be the distance between the front and rear wheels. Then 

themechanicalwideningisgivenby: 

Wm=R2–R1 

Or,R1 =R2–Wm 

Fromthetriangle,wecansaythat, 
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R22=R12+l2 

Or, R22=(R2–Wm)2+l2 

Or, R22=R22–2*R2*Wm+Wm2+l2 

Or, l2 = 2*R2*Wm – 

Wm2Hencethewideningrequiredwill

be, 

Wm=l2 /(2*R2– Wm) 

ForlargeradiusR1≈R2whichisthemeanradiusofthecurve,Wmbecomesverysmalli

ncomparisontoRthenthemechanicalwidening isgivenby: 

Wm = l2 / 

(2*R)Fornnumberofla

nes, 

Wm=(n*l2)/ (2*R) 

2. Psychologicalwidening 

It is the amount of additional width required due to various 

psychologicalreasons i.e. for greater maneuverability, for confidence, for the 

tendency 

tomaintaingreaterclearancebetweenvehicles,forthetendencyofdriverstodriveclos

e to the edges of the pavement on curves, etc. which the driver will 

beneedingistermedaspsychologicalwidening.ItisverydifficulttoassesssoIRChasp

roposedanempiricalrelationfor thepsychologicalwidening. 

Wpsy=v/(2.64*√R) 
 

Where,Wpsyisthepsychologicalwidening,visthevelocityinm/sandRistheradiusi

nmeter. 

 

Intermsofkmph, 

Wpsy= v/(9.5*√R) 
 

Thereforethetotalwideningrequiredatahorizontalcurveis,We=

Wm+Wpsy=(n*l2)/ (2*R)+v/ (9.5*√R) 

Where, visinkmph. 
 

ROADMATERIALS 
Differencetypesofroadmaterialsinuse:soil,aggregates,andbinders 

 

aggregates obtained from rocks), binders like lime, bituminous materials, 

andcement,andmiscellaneousmaterialsusedasadmixturesforimprovedperformanc

eofroadsunderheavyloadsandtraffic. 

Soil constitutes the primary material for the foundation, subgrade, or even 

thepavement (for low-cost roads with low traffic in rural areas). When the 

highwayisconstructedonanembankmentatthedesiredlevel,soilconstitutestheprima

A widevariety of materialsareusedin theconstruction of 

roadsthesearesoils(naturallyoccurringorprocessed),aggregates(fineaggregatesorc

oarse 
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ryembankmentmaterial;further,sinceallstructureshavetoultimately 
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restonandtransmitloadsto‘motherearth’,soilandrockalsoserveasfoundation 

materials. 

Soilisinvariablyusedaftersomeprocessofstabilisationsuchascompaction and 

strengthening by adding suitable admixtures for improving theperformance of 

the road. Mineral aggregates obtainedfrom rocksform themajor component of 

the sub-bases andbases of highway pavements of almostalltypes. 

1. Soil: 

Soils can be studied effectively if they are classified according to 

certainprinciples into a definite system. A system is an ordered grouping of 

certainelementsinadisciplineaccordingtopre-

definedprinciples.Justasclassification or grouping is practised in scientific 

disciplines such as chemistry,zoologyandbotany,it isused 

inGeotechnicalEngineeringaswell. 

A soil classification system may be defined as a fundamentaldivision ofthe 

various types of soil into groups according to certain parameters such as 

itsphysicalproperties,constituentsortexture,fieldperformanceunderload,presence 

of water and so on. There are a few field identification tests have 

beendevelopedforpreliminaryidentification inthefield. 

NeedforSoilClassification: 

Soil deposits in nature are never homogenous in character; wide 

variationsare observed in their properties and behaviour. Soils that exhibit 

similar averagepropertiesmay begrouped as a class. Classification of soil 

isnecessary toobtain an appropriate and fairly accurate idea of the properties and 

behaviour ofasoiltype. 

A classification system is usually evolved with a view to assessing 

thesuitability of a soil for specific use as a construction material or as a 

foundationmaterial. In view of the wide variations in engineering properties 

ofseveralsoils, it is inevitable that in any system of classification, there will be 

borderlinecases which may fall into groups that appear to be radically different 

underdifferentsystemsofclassification. 

Hence, classification is taken only as a preliminary requirement to 

studythe engineering behaviour of a soil; special tests may become necessary in 

anyprojectof importance. 

RequirementsofaSoilClassificationSystem: 

Thegeneralrequirementsofanidealsoilclassificationsystemare: 

i. Itshouldhaveascientificbasis. 

ii. Itshouldberelativelysimpleandobjectiveinapproach. 
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iii. Thenumberofgroupingsandpropertiesusedasthecriteriashouldbelimite

d. 

iv. Thepropertiesconsideredshouldberelevanttothepurposeofclassi

fication. 

v. Agenerallyaccepteduniformsoilterminologyshouldbe used. 

vi. Itshouldindicatetheprobableperformanceofthesoiltoasatisfactorydegree

ofaccuracy. 

vii.  Groupboundariesshouldbedrawnascloselyaspossiblewheresigni

ficant changesinsoilpropertiesoccur. 

viii. Itshouldbeacceptabletoallengineers. 

Although several classification systems have been developed, some 

beingrelatively more elaborate and exhaustive than others, the following 

systemsonly willbeconsidered: 

(a) Texturalclassification 

(b) PRAsystemofclassification(Groupindexmethod) 

(c) UnifiedsoilclassificationSystem 

(d) IndianStandardSoilclassificationsystem 

2. StoneAggregates: 

Stone aggregate, or mineral aggregate, as it is called, is the most 

importantcomponent of the materials used in the construction of roads. These 

aggregatesare derived from rocks, which are formed by the cementation of 

minerals by theforcesof nature. 

Stone aggregates are invariably derived by breaking the naturally 

occurringrocks to the required sizes. They are used for granular bases, sub-

bases, as partof bituminous mixes and cement concrete; they are also the 

primary componentofarelativelycheaperroad,calledwater-boundmacadam. 

Astudyofthetypesofaggregates,theirproperties,andtheteststodetermine their 

suitability for a specific purpose is of utmost importance to ahighway engineer. 

Properties such as strength and durability of aggregates aregenerally influenced 

by their origin of occurrence, mineral constituents and 

thenatureofthebondbetweentheconstituents. 

GeologicalClassificationofRocks: 

Geologicallyspeaking, rocksareclassifiedintothefollowingcategories: 

(a) IgneousRocks: 

Theseare formed by the cooling,solidification and crystallisation ofmoltenrock 

on the earth’s crust at different depths. The minerals, their proportions andthe 

rate of cooling of themagmahave a bearing on the strength 

characteristicsoftherock. 

Igneous rocks are, in general, stronger than the other two types. Granite, 

dioriteandgabbroareintrusiverockswhichformatdeeplayersintheearth’scrust. 
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Basalt (or trap), andesite, rhyolite and dolerite are extrusive rocks which from 

atthetoplayersoftheearth’scrust. 

(b) SedimentaryRocks: 

Fine material or rock fragments and particles transported by water or wind 

anddeposited in layers, get hardened in course of time to form sedimentary 

rocks(the time required is on geologic scale). They consist of a layered 

structure; therockbeds 

arestratified,theymaybeporous,andhaverelativelylowstrength. 

Examples of siliceous variety are sandstone and argillite; those of 

calcareousvarietyarelimestoneand dolomite. 

(c) MetamorphicRocks: 

These are formed by the modification and re-crystallisation of igneous 

rocksand sedimentary rocks by geological and natural agents such as 

temperature,pressure,moisture,humidity,andmovement ofrockbeds. 

Major changes occur in geologic time and form foliations. This kind of 

foliatedstructure makes these rocks comparably weaker than igneous rocks. 

Popularexamples of metamorphic rocks are gneiss (from granite), slate (from 

shale) andschist. 

Examples of un-foliated types are marble (from limestone)andquartzite(from 

sandstone). (Marble and gneiss are used for flooring and face work inbuildings.) 

DesirablePropertiesofSandAggregates: 

The following properties are desirable in soil aggregates used

 theconstructionofroads: 

(i) Strength: 

Itistheresistancetocrushingwhichtheaggregatesusedinroadconstruction, 

especially in the top layers and wearing course, have to 

withstandthestressesdueto wheelloadsofthetrafficinadditiontowearand tear. 

(ii) Hardness: 

It is the resistance to abrasion of the aggregate at the surface. The 

constantrubbingorabradingactionbetweenthetyresofmovingvehiclesandtheexpos

ed aggregateatthe roadsurfaceshouldbe resistedadequately. 

(iii) Toughness: 

This is the resistance to impact due to moving traffic. Heavily loaded 

trucksand other vehiclescause heavy impactloads on the road surface 

whilemovingathighspeeds,andwhileacceleratinganddecelerating.Evensteel-

typedvehicles, though moving slow, cause heavy impact on the aggregates 

exposed atthesurface.Hence,resistancetosuchimpactforcesisadesirablequality. 

(iv) Durability: 

It is the resistance to the process of disintegration due to the 

weatheringaction of the forces of nature. The property by virtue of which the 

aggregatewithstands weatheringiscalledsoundness.Thisisalsoadesirableproperty. 

(v) Cementation: 
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It is the ability of the aggregate to form its own binding material under 

traffic,providingresistancetolateraldisplacement.Limestoneandlateriteareexampl

es of stones with good cementing quality. This becomes important in 

thecaseofwater-boundmacadamroads. 

(vi) AppropriateShape: 

Aggregatesmaybeeitherrounded,cubical,angular,flaky,orelongated.Eachshape

isappropriateforacertainuse.Tooflakyandtooelongatedaggregateshave less 

strength and durability; so they are not preferred in road 

construction.Roundedaggregatesaregoodforcementconcretebecauseoftheworkabi

litysuchaggregatesprovide.Cubicalorangularaggregateshavegoodinterlockingpro

perties; since flexible pavements derive their stability due to 

interlocking,suchaggregatesarethepreferredtypeforconstruction.Thus,theappropri

ateshapeforaparticular useisalso adesirableproperty. 

(vii) AdhesionwithBitumen: 

The aggregates used in bituminous pavements should have less affinity 

towater than to bitumen; otherwise, the bituminous coating on the surface of 

theaggregatewillgetstrippedoffinthepresenceofwater.So,hydrophobiccharacterist

icisadesirablepropertyforaggregatestobeusedintheconstructionofbituminousroad

s. 

(viii) Attrition: 

This is mutual rubbing of aggregates under traffic; adequate resistance 

toattrition isadesirableproperty. 

(ix) Texture: 

This isa measure of the degreeof fineness or smoothness of the 

surfaceoftheaggregate. 

Gravels from river beds are fairly smooth; as a rule, fine grained rock is 

highlyresistant to wearandispreferredforsurfacecourses. 

3. BituminousMaterials: 

Bitumen was used as a bonding and water-proofing agent thousands of 

yearsago.However,theuseofbitumenforroad-makingpickeduponlyinthenineteenth 

century.As thequestfor fuels like petroleum torun automobilesgrew and the 

distillation of crude oil emerged as a major refining industry, 

theresiduesknownasbitumenandtarfoundincreasinguseinconstructingbituminouss

urfaces,whichprovidedsuperiorridingsurface. 

The definition for the term, bitumen, given by the American Society 

forTesting Materials(ASTM) runsthus: 

“Bitumen isa hydrocarbonmaterial of natural or pyrogenousorigin, whichisin 

a gaseous,liquid,semi-solid,or solid state,and which 

iscompletelysolubleincarbondisulphide(CS2).” 

Of course, bitumen is found to be soluble to a large extent in 

carbontetrachloride(CCl4)also.Bitumenisacomplexorganiccompoundandoccurs 
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either as such in nature or can be obtained during the distillation of petroleum; 

itisgenerallynon-volatileandresistanttomostacids,alkalis andsalts. 

Bitumen occurringinnature as rockintrusionsinvariably 

containsinertinorganic materials or minerals; in such a case it is calledasphalt. It 

is alsofound in lakes (as in Trinidad), in which case it is called lake asphalt. 

However,inAmericanterminology,bitumenitselfistermedasphalt,irrespectiveofwh

etheritcontainsinorganic/mineralmatterornot.InIndia,theBritishterminologyisuse

dforthe termsbitumenandasphalt. 

ImportantPropertiesofBitumen: 

1. Predominantlyhydrocarbons,withsmallquantitiesofsulphur,nitrogenandme

tals. 

2. Mostly (up to 99.9%) soluble in carbon disulphide (CS2), and insoluble 

inwater. 

3. Softensonheatingandgetshardenedoncooling. 

4. Highlyimpermeable towater. 

5. Chemicallyinertandunaffectedbymostacids,alkalisandsalts. 

6. Nospecificboiling point,melting pointorfreezing point;aform 

of‘softeningpoint’isused intheir characterisation. 

7. Although generally hydrophobic(water repellent),they may 

bemadehydrophilic (water liking) by the addition of a small quantity of 

surface-activeagent. 

8. Mostbitumensarecolloidalinnature. 

DesirablePropertiesofBitumenasaRoadMaterial: 

1. Workability – Bitumen should be fluid enough at the time of mixing 

sothat the aggregates are fully coated by the binder. Fluidity is 

achievedeither by heating or by cutting back with a thin flux or by 

emulsifying thebitumen. 

2. Durability – There should be little change in viscosity within the 

usualrangeoftemperaturesinthelocality. 

3. Volatile constituents in bitumen should not be lost excessively at 

highertemperaturestoensuredurability. 

4. Itshouldhaveenoughductilitytoavoidbrittleness andcracking. 

5. Strength and adhesion – The bitumen should have good affinity to 

theaggregates and should not be stripped off in the continued presence 

ofwater. 

6. Cost-effectiveness. 

Afewmoreterms relatingtobitumen/asphaltare: 

Straight-Run Bitumen: Bitumen derived from the refining of petroleum 

forwhichtheviscosityhasnotbeenadjustedbyblendingwithfluxoilorby 
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softening with any cut-back oil or by any other treatment. It generally has 

highviscosity. 

AsphaltCement: 

A binder consisting of bitumen, or a mixture of lake asphalt and bitumen or 

fluxoils, specially preparedas per prescribed quality and consistency for direct 

useinpaving,usuallyinthehotcondition. 

OxidisedorBlownBitumen: 

Bitumen obtained by further treatment of straight-run bitumen by running 

it,while hot, into a vertical column and blowing air through it. In this process, 

itattainsarubberyconsistencywithahigher softeningpointthanbefore. 

Cut-BackBitumen: 

Asphalt/bitumen dissolved in naphtha or kerosene to lower the viscosity 

andincreasetheworkability. 

EmulsifiedBitumen: 

A mixture in which asphalt cement, in a finely dispersed state, is suspended 

inchemicallytreatedwater. 

LiquidBitumen: 

Includecut-backsinnaphthaandkerosene,asalsoemulsifiedasphalts. 

Flux-Oil: 

Abituminousmaterial,generallyliquid,usedforsofteningotherbituminousmaterials. 

BitumenfromPetroleumRefining: 

The main source of bitumen is petroleum crude. Refining of 

petroleumcrude involves fractional distillation. The crude oil is heated in a tube-

still toabout 200°C to 400°C and injected into a fractionating column. As the 

pressureis suddenly reduced, the volatile fractions with low boiling points get 

vaporisedandgoup the column,fromwheretheyarecarried throughcondensers. 

Gasoline, kerosene, diesel oil, and lubricating oils, constituting the 

light,medium and heavy distillates with gradually increasing boiling points, thus 

getcollected. The heavy residue left at the bottom is collected as bitumen. Steam 

isinjected into the fractionating column to help in the separation process of 

thefractions. The steam and vacuum distillation process is only a physical 

processanddoesnotinvolveanychemicalchanges. 

In modern refining processes, the distillation is carried out in stages. In 

thefirst stage, the temperature in the tube-still is kept relatively low (say 300°C 

to350°C) and the light and medium fractions are separated in the 

fractionatingcolumn operatingatatmosphericpressure. 
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The crude left is then passed through another still for subsequent 

transferto another column operating under vacuum and injected with steam. The 

latestprocess dispenses with steam and relies on dry vacuum only, thus enabling 

awiderangeofbitumentobeproduced. 

Paraffinic crudes yield, on distillation, an undesirable wax-like 

residue.Naphthenic crudes yield practically wax-free bitumen; crude from 

middle-

eastyieldsgoodbitumen.Theheavyresiduemaybeblownwithairathightemperaturei

naconvertertoproduceair-blownoroxidisedbitumen. 

 

Cut-BackBitumen: 

Cut-back bitumen is one, the viscosity of which is reduced by adding 

avolatile diluent. Penetration grade bitumens require to be heated to a 

specifiedtemperature to lower its viscosity before it is applied on a road to 

facilitatecoating the pre-heated aggregate. To obviate the need for heating the 

aggregate,cut-backs come in handy. Upon application, the volatiles slowly 

evaporate, andleavebehindtheoriginalbituminousbinder. 

They are stiff even at high atmospheric temperatures.Such bitumen arenot 

used for pavements, but are good as roofing materials and water-proofpaints. It 

is also used as filler material for cracks and joints in concretepavements. 

Aschematicflow-chartforpetroleumrefiningisshowninFig. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.Schematicflowchatofpetroleumrefining 
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There are three types of cut-backs based on the diluent (dilutant or 

solvent)used: 

1. Rapid-curing(RC)cutback–

Bitumenblendedwithgasolineornaphtha,(highlyvolatile,lowviscosity) 

2. Medium-curing(MC)cutback–

Bitumenblendedwithkeroseneorcoaltarcreosoteoil (mediumviscosity) 

3. Slow-curing(SC)cutback–

Bitumenblendedwithgasoil(lowviscosity,highlyviscous) 

Eachofthesehasbeencategorizedbasedontheirinitialkinematicviscosityvalues

asfollows: 

1.RC70,RC250,RC800,RC3000 

2.MC30,MC70,MC 250,MC800,MC3000 

3. SC70,SC250,SC800,SC3000 

Further details and specifications for these cutbacks are given in “IS: 217-

1988:Specificationforcutbackbitumen,Bureauof 

IndianStandards,NewDelhi,1993”. 

Since cutbacks contain volatile solvent, some of which may enter 

waterbodies and air, they may cause environmental pollution. Also, since the 

solventis inflammable, it may increase the possibility of fire hazard and cause 

concernsrelated to safety during handling and application. Therefore, cutbacks 

are beinggraduallyreplacedbyemulsions. 

BitumenEmulsions: 

A bitumen emulsion is obtained by blending bitumen with water and 

anadditivecalledan emulsifier.Theemulsifiedsuspensioncontainsdispersedminute 

particles of bitumen (that is, oil in water). In a bituminous emulsion,bitumen is 

the ‘dispersed’ phase (minutely subdivided particles), while water isthe 

‘continuous’ phase in which it is not soluble. The amount of bitumen to 

bemixedwithwatermayrangefrom40to70%dependingupontheintendeduseofthesu

spension. 

Basedonthetypeofemulsifierused,thebitumenparticlescanbenegativelycharge

dorpositivelycharged.Iftheyarenegativelycharged,‘anionic bitumen emulsions’ 

are obtained, and if they are positively charged,‘cationicemulsions’aregot. 

Fatty acids derived from mineral, vegetable or wood sources 

saponifiedwithsodium 

orpotassiumhydroxideareusedasemulsifiersforproducinganionic emulsion. For 

cationic emulsions, the emulsifiers are generally aminesalts produced by the 

reaction of organic amine or diamine with acetic acid orhydrochloricacid. 
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Thetypeofemulsionshouldbeselectedbasedonthemineralcomposition of 

the aggregate used for the bituminous mix. For example, for anaggregate rich in 

silica (SiO2) which has a strong electronegative charge on 

thesurface,cationicemulsionsaresuitablewithelectropositivechargeonthesuspende

d bitumen particles. The mix then becomes electrostatically stable 

andproducesastronglayer whencompacted. 

Bitumen emulsions,likecutback 

bitumens,arealsoclassifiedintothreetypesbasedontheirsettingtimes: 

1. Rapid-settingemulsions (RS) 

2. Medium-settingemulsions(MS) 

3. Slow-settingemulsions(SS) 

Setting, in this context, means separation of the emulsion. Whenthewater 

in the emulsion evaporates, the minute bitumen particles in the emulsioncoat the 

surface of the aggregates; curing takes place, by which the compactedlayer of 

the emulsion-aggregate mix hardens and attains strength. Therefore,rapid-

settingemulsionsetsandcuresinarelativelyquickmanner. 

“IS: 3117-2004: Anionic bitumen emulsions” covers anionic emulsions, 

while“IS:8887-2004:Cationicbitumenemulsions”coverscationicemulsions. 

Settingandcuringofemulsionmixesareaffectedbythefollowingfactors: 

I. Gradation,dust,dampness,waterabsorptionandmineralcompositiona

ndsurfacechargeof/ontheaggregates. 

II. Ingredientsandquantityoftheemulsionused. 

III. Meteorologicalconditionslikeclimate,weather,temperature,humidity

,windvelocity,etc. 

IV. Drainageconditionsoftheconstructionsite. 

AdvantagesofEmulsions: 

1. Emulsions canbeusedundercoldanddampweatherconditions. 

2. Strengthpropertiesofbitumenarepreservedastheydonotneedhotmixing. 

3. Bettercoatingofaggregatesduetolowviscosityoftheemulsion. 

4. Idealforpatchrepairworkandsealingofcracksasnoheatingisrequireda

ndbetterpenetrationintoevenminutecracksispossible. 

5. Water-basednatureoftheemulsionsmakesthemenvironment-friendly. 

6. A lot of energy is conserved as there is no need for intensive 

heating(onlywarmingisneeded,ifatall.) 

LimitationsofEmulsions: 

1. Thenatureoftheaggregatehastobeverifiedbeforechoosinganappropri

ateemulsion. 
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2. Setting time varies not only with the type of emulsion, but also 

withatmospheric conditionsat thetimeofapplication. 

3. Based on the particular need, care should be exercised in choosing 

thetypeofemulsionandthequantityneededforthedesiredgradeofbituminous

mix. 

4. Storagetimeisrelativelyrestricted. 

5. Bitumenemulsionsaremoreexpensivethanhot-mixbitumen. 

6. In general, emulsion-based bituminous pavements using 

emulsionsarenotasgoodashot-mixconstructionsforheavytrafficloads. 

Tar: 

Tarisa  blackorbrowntoblack,viscous,non-crystallinematerial 

having binding property. This is, therefore, the other category of 

bituminousmaterials. 

Tar isobtainedfrom the destructive distillation of 

organicmaterialssuchascoal,petroleum,oil,woodandpeat,intheabsenceofairatabou

t1000°C.Itis completely soluble in carbon tetrachloride (CCl4). It contains more 

volatileconstituentsthanbitumenandisthereforemoresusceptibletochangeintemper

ature. Generally, tar is used for surface dressing on the wearing 

coursesinceithasgoodadhesionindampconditions. 

Somemoretermsrelatingtotarare: 

i. Coaltar–Tarproducedbythedestructivedistillationofbituminous coal. 

ii. Coke-oven tar – A variety of coal tar obtained as a by-product from 

thedestructivedistillationofcoalintheproductionofcoke. 

iii. Oil-gastar–

Apetroleumtarproducedbycrackingoilsathightemperatureintheproductiono

foil-gas. 

iv. Water-gastar–

Apetroleumtarproducedbycrackingoilsathightemperatureintheproductiono

fcarburetted water-gas. 

v. Refined tar – Produced from crude tar by distillation to remove water 

andtoproducearesidueofdesired consistency. 

vi. Road tar – A tar refined in quality and consistency for use in paving 

ofroads. 

vii. Pitch – Black or dark brown solid cementitious residue which 

graduallyliquefies when heated and which is produced by distilling off the 

volatileconstituentsfromtar. 

SpecificationsforRoadTars: 

Indian Standards classify road tars for paving purposes into five grades — 

RT1,RT2,RT3,RT4,andRT5,meantforspecificpurposes. 
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These are covered by “IS: 215-1995: Road tar: Specifications, Bureau of 

IndianStandards,NewDelhi,2000”. 

ThegradesandspecificusesaregivenbelowinTable6.12: 

 

 

 

 

 

 

 

 

 

LowTemperatureTar: 

The coal-tar produced in the manufacture of coking coal requires carbonation 

athigh temperatures above 1000°C. In view of the increasing demand for road 

tarsin recent years, a new technology known as low temperature carbonisation 

hascomeintovogue. 

In this, the carbonisation of coal is carried out in the temperature range of 600°-

750°C in a smokeless fuel process. The crude tar thus produced is 

successfullyusedformakingroad tars; theseareknownaslowtemperaturetars. 

Bitumenversus Tar: 

Acomparisonof bitumenandtaris givenbelow: 

I. Aggregates coated with tar exhibit lower stripping action than 

thosecoatedwithbitumen. 

II. Tar is more susceptible to temperature than bitumen. It becomes 

liquidat relativelylower temperature. 

III. Tarisnoteasilydissolvedinpetroleumsolvents;soitcanbepreferredforpavi

ngparkingareas,where oilsmightdripfromvehicles. 

IV. Sincemoresettingtimeisrequiredfortar,itmaybeprocessedatamixingplant 

and carriedtotheconstructionsite. 

V. Inviewofthehigherfreecarboncontent,tarismorebrittlethanbitumen. 

VI. Astarshavemorephenolcontent,theycangetmoreeasilyoxidisedthanbitum

en. 

VII. Athighertemperatures,tar maybemoreeasilyaffectedthanbitumen. 

VIII. Asmoretimeisrequiredfortartoset,tar-pavedroadsneedtobeclosed to 

trafficforalongertime. 
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IX. Both bitumen and tar appear black in colour in a large mass, but 

appearbrown inthinfilms. 

Tar-BitumenMixtures: 

A mixture of tar and bitumen provides a binder of excellent quality as it has 

adecreased volume of insoluble benzene is decreased. Such mixtures have 

lowertemperature susceptibility and reduced penetration value. Rheological 

propertiesof the binder also get altered. Generally, a mixture of tar and bitumen 

in equalproportionsisconsideredtobeanidealbinder. 

BituminousMixes: 

Bituminousmixesforpavingpurposesconsistofcoarseaggregate,fineaggregate,fille

rmaterial,bitumen,andairvoids,suitablyproportionalandblendedtoprovideastrong,

stableand durablepavement. 

The main aim of mix design is to determine the optimum bitumen content 

thatwill hold the mineral aggregates of suitable gradation together as a 

compactlayer that resists the traffic loads. The mix should have a certain 

minimum airvoids to allow volume changes during service either because of 

temperaturechangesorrepeatedloadingfromthetraffic. 

RequirementsofBituminousMixes: 

The followingare theimportant requirementsofbituminous mixes 

forpavements: 

(i) Stability: 

This is the resistance to deformation under traffic loads; it is a function of inter-

particle friction and cohesion offered by the bitumen binder. It is related to 

thedensity of the mix which is dependent on the voids content.The more 

thedensity,themorestablethemix;however,aminimumvoidscontentisnecessaryto 

allowforvolumechangeswhichcannotbefullyprevented. 

(ii) Durability: 

This is the resistance to weathering action and abrasion from traffic. 

Spalling,strippingandformationofpits,corrugationsandpotholescanresultfromwea

theringandtraffic.Excessivestrainmaycause crackingorplasticfailure. 

(iii) Flexibility: 

This is a measure of the resistance to long-term deformations and shapes of 

theroadbase,sub-baseandsubgrade;thisdependson theflexural 

orbendingstrengthofthepavement. 

(iv) SkidResistance: 

The resistance of the surface of the pavement laid with the bituminous mix 

toskiddingofthetyresofvehiclesiscalledskidresistance.Thesurfacetexture 
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should be such as to provide grip or friction even under wet conditions. This 

isimportantinthepreventionofaccidents. 

(v) Workability: 

This is the ease with which the mix can be placed in position and compacted. 

Itdependsontheaggregatecharacteristicslikethesize,shapetextureandgradation,bit

umencontentand natureofthebituminousmaterial. 

(vi) Economy: 

The overall cost in achieving the desired qualities of the mix and the 

pavementshould beaminimum,consistentwithquality. 

Thedesiredqualitiesofthebituminousmixes,therefore,havetobeachievedby: 

1. Usinggoodqualityaggregate,whichishydrophobicandhasroughsurfacetexture,

withappropriategradingandvoidscontent. 

2. Usingbituminousbinderofthecorrectqualityandconsistencybasedonthespecific

purposeforwhichthepairingmix isintended. 

3. Controllingthevoidscontentandthebitumencontenttoachievethedesirabl

equalitieslistedabove. 

 
4. Cement,CementMortarandCementConcrete: 

Cementconcreteisaversatilematerialwhichhasrevolutionisedcivilengineering 

construction during the twentieth century. A fresh cement 

concretemixconsistsofcement,mineralaggregates(coarseaggregateandfineaggreg

ate),andwater. 

A well-designed cement concrete mix sets and hardens due to the 

bindingproperty of the cements, forms a mix with minimum void space and on 

curingwith water,providesa strong,stable anddurable pavementfor a 

highway,resistingrepetitiveimpactfrom 

wheelloadsandalsowithstandingadverseenvironmentalconditions. 

Thus,acementconcretepavementisthemostsuperiorhighwayconstruction 

primarily from the point of view of strength and durability. Theingredients of 

the concrete mix, viz., the coarse aggregate (broken stone) 

andfineaggregate(sand)havetobeselectedcarefullytosatisfythedesirableproperties

forconcrete-

making.Potablewaterisgenerallyconsideredsatisfactorymakingcementconcrete. 

Cementisusedalsoasanadditivetosoiltoproducesoil-

cementusedastheprimarilymaterialintheconstructionoflow-costroads. 

Cement: 
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Cementisthemostimportantingredientof cementconcreteorcementmortar 

(cementmortaris a suitablemixture of cement andfine aggregate 

orsandinappropriateproportions). 

Cementmixedwithwaterbecomesapasteandspreadsovertheaggregates 

forming a thin film; chemical reactions take place leading to theformation of 

silicates and aluminates. Subsequently, setting takes place and 

inthepresenceofwater,hydrationtakesplaceleadingtohardeningoftheconcrete. 

The most common cement is what is now known as the Ordinary 

PortlandCement (OPC). Calcareous and silicate compounds are blended and 

heated tohightemperatures(1500°C)toform clinkersof 

newchemicalcompounds,whichwhen groundtofineparticlesresultin‘cement’. 

Theprimaryingredientsofcementare: 

(i) Tricalciumsilicate(3CaO.SiO2)≈50% 

(ii) Dicalciumsilicate(2CaO.SiO2)≈22% 

(iii) Tricalciumaluminate(3CaO.Al2O3)≈9% 

(iv) Tetracalciumaluminoferrite(4CaO.Al2O3.Fe2O3)≈9% 

(v) Miscellaneouscompounds≈10% 

The silicates contribute to the immediate strength gain while the 

otheringredients are responsible for the long-term strength gain. The properties 

ofcementcanbemodifiedbyblendingitindifferentadmixturesinthemanufacturingpr

ocess. 

ThefollowingarethedifferenttypescementswidelyusedforspecificpurposesinI

ndia: 

i. OrdinaryPortlandcement(OPC) 

ii. Rapidhardeningcement 

iii. Highaluminacement 

iv. Lowheatcement 

v. Portlandblastfurnaceslagcement 

vi. Whitecement 

 

FunctionofsoilashighwaySubgrade 

Soilisusedfortheconstructionofthebottommostlayerofthepavement, 

i.e.sub-grade.Hereisashortdetailsofthesub-gradeanditsfunction.: 

 Sub-grade is the layer of the pavement whose main function is to support 

theupper layers of the pavement and to provide the good drainage facility to 

theinfiltrating rain water. It has to act as a single structure along with 

otherlayersofthepavement. 
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 Soil is compacted to its maximum dry density which can be achieved 

byusing the optimum moisture content and the methods of compaction 

control.Strength has to be ensured which is requiredfor the given design 

thicknessofthepavement. 

 Strength analysis and the thickness of pavement are inter linked 

becausemore thickness of the pavement is needed if the soil is weak but if 

the soilpossessagoodstrengththenlessthicknessisneeded. 
 
 

flexiblepavementrequiredabovethesub-grade. 

Tests onsoil  
 

Sub grade soil isan integral part of the road pavement structure asit providesthe 

support to the pavement from beneath. The sub grade soil and its propertiesare 

important in the design of pavement structure. The main function of the 

subgrade is to give adequate support to the pavement and for this the sub 

gradeshouldpossesssufficientstabilityunderadverseclimaticandloadingconditions

.Therefore,itisveryessentialtoevaluatethesubgradebyconductingtests. 
 

 

 

Bearingtestsareloadingtestscarriedoutonsubgradesoilsin-situwitha 
load bearing area. The results of the bearing tests are influenced by variations 

inthesoil propertieswithin thestressedsoilmassunderneath 

andhencetheoverallstabilityofthepartofthesoilmassstressed could bestudied. 
 

Penetrationtestsmaybeconsideredassmallscalebearingtestsinwhichthesizeofthe

loadedareaisrelativelymuchsmallerandratioofthepenetrationto 

This is ensured by using the CBR (California Bearing Ratio) Test which 

isproduced or was first used by the California State Highway Department. 

UsingtheCBRtestandtheempiricalchartsyoucanfindoutthethicknessofthe 

The tests used to evaluate the strength properties of soils may 

bebroadlydividedintothreegroups: 

 Sheartests 

 Bearingtests 

 Penetrationtests 

Shear tests are usually carried out on relatively small soil samples in 

thelaboratory. In order to find out the strength properties of soil, a number 

ofrepresentativesamplesfromdifferentlocationsaretested.Someofthecommonly 

known shear tests are direct shear test, triaxial compression test, 

andunconfinedcompression test. 

http://transportationengineering2012onwards.blogspot.in/2013/09/cbrcalifornia-bearing-ratio-test.html
http://transportationengineering2012onwards.blogspot.in/2013/09/cbrcalifornia-bearing-ratio-test.html
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the size of the loaded area is much greater than the ratios in bearing tests. 

Thepenetrationtestsarecarriedoutinthefield orinthelaboratory. 
 

CaliforniaBearingRatio:methodsoffindingCBRvaluedinthelaboratoryand 

at siteand their significance 
 

CaliforniaBearingRatioTest 
 

CaliforniaBearingRatio(CBR)testwasdevelopedbytheCaliforniaDivision of 

Highway as a method of classifying and evaluating soil-sub gradeand base 

course materials for flexible pavements. CBR test, an empirical 

test,hasbeenusedtodeterminethematerialpropertiesforpavementdesign.Empiricalt

estsmeasurethestrengthofthematerialandarenotatruerepresentationoftheresilientm

odulus.Itisapenetrationtestwhereina 

standardpiston,havinganareaof 3in(or50mmdiameter),isusedtopenetrate the soil 

at a standard rate of 1.25 mm/minute. The pressure up to apenetration of 12.5 

mm and it's ratio to the bearing value of a standard crushedrock 

istermedastheCBR. 

In most cases, CBR decreases as the penetration increases. The ratio at 

2.5mm penetration is used as the CBR. In some case, the ratio at 5 mm may 

begreater than that at 2.5 mm. If this occurs, the ratio at 5 mm should be used. 

TheCBR is a measure of resistance of a material to penetration of standard 

plungerunder controlled density and moisture conditions. The test procedure 

should bestrictly adhered if high degree of reproducibility is desired. The CBR 

testmaybe conducted in re-moulded or undisturbed specimen in the laboratory. 

The testis simple and has been extensively investigated for field correlations of 

flexiblepavement thicknessrequirement. 
 

TestProcedure 
 

swellingandwaterabsorptionvaluesarenoted.Thesurchargeweightis 
placedonthetopofthespecimeninthemouldandtheassemblyisplacedunderth

eplungeroftheloadingframe. 

 Load is applied on the sample by a standard plunger with dia of 50 mm 

atthe rate of 1.25 mm/min. A load penetration curve is drawn. The 

loadvaluesonstandardcrushedstonesare1370kgand2055kgat2.5mmand 

5.0mmpenetrationsrespectively. 

 ThelaboratoryCBRapparatus consistsofamould150mmdiameterwith 

abaseplateandacollar,aloadingframeanddialgaugesformeasuringthepenetra

tionvaluesandtheexpansiononsoaking. 

 Thespecimeninthemouldissoakedinwaterforfourdaysandthe 



51 

51 

 

 

 CBR value is expressed as a percentage of the actual load causing 

thepenetrations of 2.5 mm or 5.0 mm to the standard loads mentioned 

above.Therefore, 

 
 

 
 

TwovaluesofCBRwillbeobtained.Ifthevalueof2.5mmisgreater 

 

 

Testing aggregates: Abrasion test, impact test, crushing strength test, 

waterabsorptiontest &soundnesstest 

Abrasiontest: 

Due to the movement of traffic, the road stones used in the 

surfacingcourse are subjected to wearing action at the top. Resistance to wear or 

hardnessishencean essential property forroadaggregatesespecially when 

usedinwearing course. Thus road stones should be hard enough to resist the 

abrasionduetothetraffic. 

than that of 5.0 mm penetration, the former is adopted. If the CBR 

valueobtained from test at 5.0 mm penetration is higher than that at 2.5 

mm,then the test is to be repeated for checking. If the check test again 

givessimilarresults,thenhighervalueobtainedat5.0mmpenetrationisreported

astheCBRvalue.TheaverageCBRvalueofthreetestspecimensisreportedasth

e CBRvalueofthesample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.CBRTestingmachine 
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Impacttest: 

Toughnessis the property of amaterial to resist impact. Due to trafficloads 

the road stones are subjected to the pounding action or impact and there 

ispossibilityofstonesbreakingintosmallerpieces.Theroadstonesshouldtherefore be 

tough enough to resist fracture under impact. A test designed toevaluate the 

toughness of stones i.e. the resistance of the 

stonestofractureunderrepeatedimpactsmaybeanimpacttest forroad aggregate. 

The aggregate impact value indicates a relative measure of the resistance 

ofan aggregate to a sudden shock or an impact, which in some aggregate 

differsfrom its resistance to a slow compressive load. The method of tests 

specifies theprocedurefordeterminingthe 

Fig.LosAnglesAbrasionMachine 

 

TestingProcedure: 

1) Take thecleananddriedaggregatesinanovenat105-110°C. 

2) Sievethegivenaggregatesinsievesize20-

12.5mmandweighthataggregatein2.5kg. 

3) Againsievetheaggregateinsievesizeis12.5-

10mmandtakethataggregatesin2.5k.i.e.,W1gm(2.5+2.5=5kg) 

4) Pourthegiventakingaggregates intothelosangles abrasionmachine. 

5) Putthesteelballsintotheabrasionmachineafterpouringtheaggregates. 

6) Start the machine and rotating the drum for 100 revolutions and stop 

themachine. 

7) After stopping the machine, take out the aggregates and sieve 

theaggregates in 1.7mm sieve size and take the retained aggregates and 

notedownitsweighti.e,W2gm. 

8) Then,LosAnglesAbrasionvalue=(W1-W2/W1)X100% 
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aggregateimpactvalueofcoarseaggregate. 
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Fig.ImpacttestMachine 

TestingProcedure:  

i. TakecleananddryaggregateandsieveonIS12.5mmand10.00mmsieve. 

ii. CollecttheaggregatepassingIS12.5mmsieveandretainedonIS10.0mmSieve

. 

iii. Findtheweightofemptycylindricalmeasure.Lettheweightbe‘a’g. 

iv. Fill the aggregate in the cylindrical measure in three layers, tamping 

eachlayer25 timeswiththerounded endofthetamping rod. 

v. Rollthetampingrodoveraggregatesurfaceandremoveexcessaggregate,ifany. 

vi. Find the weight of the cylindrical measure with aggregate. Let the 

weightbe‘b’g.Thustheweightofaggregate=W1=(b-a) 

vii. Transfer all the aggregate from the cylindrical measure to the test 

cylinderin one layer and tamp the layer 25 times with the rounded end of 

thetampingrod. 

viii. Fixthetestcylinderfirmlytothebaseoftheimpacttester. 

ix. Adjusttheheightoffalloftheplungerto380+5mmandsettheblowcountertozer

o. 

x. Lifttheplungergentlyandallowittodrop.Thisisoneblow.Give15suchblows. 

xi. TakeoutthetestcylinderandsievethecrushedmaterialonIS2.36mmsieve.Fin

dtheweightofmaterialpassingthesieve. LetweightbeW2g. 

xii. Findtheweightofaggregateretainedonthis sieve.LettheweightbeW3 

g. Then, 

Aggregate impact value = W2 / W1 * 100 

%Andpercentage ofdust= W3/W1*100% 
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Crushingstrengthtest 

The Principal mechanical properties required in road stones are (i) 

Satisfactoryresistance to crushing under the roller during construction and (ii) 

adequateresistanceto surface abrasion under traffic.Also stressesunder rigid tyre 

rimsofheavilyloadedanimaldrawnvehiclesarehighenoughtoconsiderthecrushingst

rengthofroadaggregateasanessentialrequirementinIndia.Crushing strength of 

road aggregate may be determined either on aggregate oron cylindrical 

specimens cut out of rocks. These two tests are quite different 

isnotonlytheapproachbutalsoistheexpressionoftheresults. 

Aggregate used in road construction, should be strong enough to 

resistcrushing under traffic wheel loads. If the aggregate are weak, the stability 

of thepavement stretches is likely to be adversely affected, the strength of 

coarseaggregate is assessed by aggregate crushing test. The aggregate crushing 

valueprovides a relative measure of resistance to crushing under gradually 

appliedcompressive load. To achieve a high quality of pavement, aggregate 

possessinglowaggregatevalueshouldbepreferred. 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 
TestingProcedure: 

Fig. ArrangementofCrushingstrengthtest 

i. Select clean and dry aggregate passing through IS 12.5 mm and 

retainedonIS10.0mmsieve. 

ii. Weighttheemptycylindricalmeasure. Lettheweightbe‘a’g 

iii. Fill the aggregate in the cylindrical measure inthree layers, tampingeach 

layer 25 times with the rounded end of the tamping rod. Weigh 

thecylindrical measure with aggregate. Let the weight be ‘b’ grams. 

Thustheweightofaggregate=W1g 

iv. Transfertheaggregateintothesteelcylinderagaininthreelayerstampingeachl

ayer 25times 
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v. Placetheplungerinthesteelcylindersuchthatthepistonrestshorizonta

llyoverthe aggregatesurface. 

vi. Keeptheassemblyofsteelcylinderwithplungerinthecompressiontesting 

machine. 

vii. Setthepointertoreadzeroandapplythecompressiveloadof40tonnes. 

viii. Stopthemachine.Takeouttheassembly. 

ix. SievethecrushedmaterialonIS2.36mmsieveandfindheweightofmaterialpa

ssingthissieve.LettheweightbeW2g. 

x. ThenAggregatecrushingvalue=W2/W1*100% 

 

SpecificGravityandWaterAbsorptionTestonAggregates 

Thespecificgravityof an 

aggregateisconsideredtobeameasureofstrengthorqualityofthematerial.Stoneshavi

nglowspecificgravityaregenerally weaker than those with higher specific gravity 

values. The specificgravitytesthelpsintheidentification ofstone. 

Water absorption gives an idea of strength of rock stones having more 

waterabsorption are more porous in nature and are generally considered 

unsuitableunlesstheyarefoundtobeacceptablebasedonstrength,impactandhardness

. 

TestingProcedure: 

1. Take about 2kg of given aggregates passing IS 20mm sieve and 

retainedon10mmsieve. 

2. Keepthe aggregateindensitybasketandthenkeepthebasketinwater. 

3. Allowtheaggregateandbaskettobeinwaterfor24hours. 

4. After24hoursfindthesuspendedweightofbasketwithaggregate. 

5. Removethebasketoutofwaterandremovetheaggregate. 

6. Keeptheemptybasketbackinwaterandfindthesuspendedweight. 

7. Wipethesurfaceofaggregateusingacottonclothtomakethemsurfacedry. 

8. Findtheweightofsurfacedryaggregate inair. 

9. Keeptheaggregateinovenat110°Cfor24hours.10.No

wfindtheweightofdried aggregateinair. 

11.ThenspecificgravityandWaterabsorptioniscalculatedfromtherelation: 
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Soundnesstest 

Tostudytheresistanceofaggregatestoweatheringaction,byconductingaccelerated

weatheringtestcycle. 

TestingProcedure 

1. In order, to quicken the effects of weathering due to alternate wet-dry 

orfreeze-thaw cycles in the laboratory, the resistance to disintegration 

ofaggregate is determined by using saturated solution of sodium sulphate 

ormagnesiumsulphate. 

 

2. Clean, dry aggregates of specified size is weighed and counted. 

Thenimmersedin the saturated solution of sodium sulphate 

ormagnesiumsulphatefor 16to18hours. 

 

3. Then the aggregates are dried in an oven at 105-110°C to a 

constantweight,thusmakingonecycleofimmersionand drying. 

 

4. The number of such cycles is decided by prior agreement and then 

thespecimens are tested. After completing the final cycle, the sample is 

driedand each fraction of aggregate is examined visually to see if there is 

anyevidenceofexcessivesplitting,crumblingordisintegrationofthegrains. 

 

5. Sieveanalysisiscarriedouttonotethevariationingradationfromoriginal. The 

coarse aggregate fraction of each size range is sieved onspecified 

sievesizes. 

Desirablevalue 

IRC has specified 12percent as the maximum permissible loss in 

soundnesstestafter5cycleswithsodiumsulphate,fortheaggregatetobeusedinbitumi

nous surface dressing, penetration macadam and bituminous 

macadamconstructions. 

 

ROADPAVEMENTS 
Road Pavement: Flexible and rigid pavement, their merits and 

demerits,typicalcross-sections,functionsofvariouscomponents: 

 

Introduction: 

A highway pavement is a structure consisting of superimposed layers 

ofprocessed materials above the natural soil sub-grade, whose primary function 

isto distribute the applied vehicle loads to the sub-grade. The pavement 

structureshould be able to provide a surface of acceptable riding quality, 

adequate skidresistance, favorable light reflecting characteristics, andlow noise 

pollution.The ultimate aim is to ensure that the transmitted stresses due to wheel 

load aresufficiently reduced, so that they will not exceed bearing capacity of the 

sub-grade.Twotypesofpavementsaregenerallyrecognizedasservingthis 
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purpose, namely flexible pavements and rigid pavements. This chapter gives 

anoverview of pavement types, layers, and their functions, and pavement 

failures.Improper design of pavements leads to early failure of pavements 

affecting theridingquality. 

Requirementsofapavement 

Anidealpavementshouldmeetthefollowingrequirements: 

 Sufficientthicknesstodistributethewheelloadstressestoasafevalueonthesub-

gradesoil, 

 
 

Thepavementscanbeclassifiedbasedonthestructuralperformanceintotwo, 
flexible pavements and rigid pavements. In flexible pavements, wheel loads 

aretransferredbygrain-to-

graincontactoftheaggregatethroughthegranularstructure.Theflexiblepavement,ha

vinglessflexuralstrength,actslikeaflexible sheet (e.g. bituminous road). On the 

contrary, in rigid pavements, wheelloads are transferred to sub-grade soil by 

flexural strength of the pavement andthe pavement acts like a rigid plate (e.g. 

cement concrete roads). In addition tothese, composite pavements are also 

available. A thin layer of flexible pavementover rigid pavement is an ideal 

pavement with most desirable characteristics.However, such pavements are 

rarely used in new construction because of highcost 

andcomplexanalysisrequired. 
 
 

(seeFigure). 

 Structurallystrongtowithstandalltypesofstressesimposeduponit, 

 Adequatecoefficientoffrictiontopreventskiddingofvehicles, 

 Smoothsurfacetoprovidecomforttoroadusers evenathighspeed, 

 Produceleastnoisefrommovingvehicles, 

 Dustproofsurfacesothattrafficsafetyisnotimpairedby reducingvisibility, 

 Impervioussurface,sothatsub-gradesoiliswellprotected,and 

 Longdesignlifewithlowmaintenancecost. 

Typesofpavements 

Flexiblepavements 

Flexiblepavementswilltransmitwheelloadstressestothelowerlayersbygrain-to-

graintransferthroughthepointsofcontactinthegranularstructure 
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Figure1 :Loadtransferingranularstructure 

 

allowablestresses ofeachpavementlayer. 

TypesofFlexiblePavements  

Thefollowingtypesofconstructionhavebeenusedinflexiblepavement: 

 
 Conventionallayeredflexiblepavement, 

 Full-depthasphaltpavement,and 

 Containedrockasphaltmat(CRAM). 
 

Conventionalflexiblepavementsarelayeredsystemswithhighqualityexpensivem

aterials are placed in the top where stresses are high, 

andlowqualitycheapmaterialsareplacedinlowerlayers. 

The wheel load acting on the pavement will be distributed to a wider 

area,and the stress decreases with the depth. Taking advantage of this 

stressdistribution characteristic, flexible pavements normally has many layers. 

Hence,the design of flexible pavement uses the concept of layered system. 

Based onthis, flexible pavement may be constructed in a number of layers and 

the toplayer has to be of best quality to sustain maximum compressive stress, 

inaddition to wear and tear. The lower layers will experience lesser magnitude 

ofstress and low quality material can be used. Flexible pavements are 

constructedusing bituminous materials. These can be either in the form 

ofsurfacetreatments (such as bituminous surface treatments generally found on 

lowvolume roads) or, asphalt concrete surface courses (generally used on 

highvolume roads such as national highways). Flexible pavement layers reflect 

thedeformation of the lower layers on to the surface layer (e.g., if there is 

anyundulation in sub-grade then it will be transferred to the surface layer). In 

thecase of flexible pavement, the design is based on 

overallperformanceofflexiblepavement,andthestressesproducedshouldbekeptwel

lbelowthe 
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Full - depth asphalt pavements are constructed by placing bituminous 

layersdirectly on the soil sub-grade. This is more suitable when there is high 

trafficandlocalmaterialsarenotavailable. 
 

Contained rock asphalt mats are constructed by placing dense/open 

gradedaggregate layers in between two asphalt layers. Modified dense graded 

asphaltconcrete is placed above the sub-grade will significantly reduce the 

verticalcompressivestrainonsoilsub-gradeandprotectfromsurfacewater. 
 

 
 

 

compactedsub-grade,andnaturalsub-grade(Figure2). 

SealCoat:

 

Seal coat is a thin surface treatment used to water-proof the surface and 

toprovideskidresistance. 
 

with water. It provides proper bonding between two layer of binder course 

andmustbe thin,uniformlycoverthe entiresurface,andset veryfast. 

PrimeCoat:

 

Prime coat is an application of low viscous cutback bitumen to an 

absorbentsurface like granular bases on which binder layer is placed. It provides 

bondingbetween twolayers.Unlike tack coat, prime coat penetratesinto 

thelayerbelow,plugsthevoids,andformsawater tightsurface. 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figure2:Typicalcrosssectionofaflexiblepavement 

course,tackcoat,bindercourse,primecoat, basecourse, sub-base course, 

Typicallayersofaflexiblepavement 

Typicallayersofaconventionalflexiblepavementincludessealcoat,surface 

TackCoat: 

Tackcoatisaverylightapplicationofasphalt,usuallyasphaltemulsiondiluted 

https://www.civil.iitb.ac.in/tvm/1100_LnTse/401_lnTse/plain/plain.html#qfp02-flexible-pavement-cross-section
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Surfacecourse 

Surface course is the layer directly in contact with traffic loads and 

generallycontains superior quality materials. They are usually constructed with 

densegradedasphaltconcrete(AC). Thefunctionsandrequirementsofthislayerare: 

 

 It provides characteristics such asfriction, smoothness, drainage, etc.Also 

it will prevent the entrance of excessive quantities of surface 

waterintotheunderlyingbase,sub-baseandsub-grade, 

 

is to distribute load to the base course The binder course generally consists 

ofaggregates having less asphalt and doesn't require quality as high as the 

surfacecourse, so replacing a part of the surface course by the binder course 

results inmoreeconomicaldesign. 
 

binder course and it provides additional load distribution and contributes to 

thesub-surface drainage It may be composed of crushed stone, crushed slag, 

andotheruntreatedorstabilizedmaterials. 
 

 

 

reduce the intrusion of fines from the sub-grade in the pavement structure If 

thebase course is open graded, then the sub-base course with more fines can 

serveas a filler between sub-grade and the base course A sub-base course is 

notalwaysneededorused.Forexample,apavementconstructedoverahighquality, 

stiff sub-grade may not need the additional features offered by a sub-

basecourse.Insuchsituations,sub-basecoursemaynotbeprovided. 

Sub-grade 

Thetopsoilorsub-

gradeisalayerofnaturalsoilpreparedtoreceivethestressesfromthelayersabove.Itises

sentialthatatnotimesoilsub-gradeis 

primaryfunctionsaretoprovidestructuralsupport,improvedrainage,and 

 Itmustbe toughtoresistthedistortionundertrafficandprovidea smooth 

andskid-resistantridingsurface, 
 Itmustbewaterprooftoprotecttheentirebaseandsub-

gradefromtheweakeningeffectofwater. 

Bindercourse 

Thislayerprovidesthebulkoftheasphaltconcretestructure.It'schiefpurpose 

Basecourse 

Thebasecourseisthelayerofmaterialimmediatelybeneaththesurfaceof 

Sub-Basecourse 

Thesub-basecourseisthelayerofmaterialbeneaththebasecourseandthe 
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overstressed. It should be compacted to the desirable density, near the 

optimummoisturecontent. 

 

Failureofflexiblepavements 
 

The major flexible pavement failures are fatigue cracking, rutting, and 

thermalcracking. The fatigue cracking of flexible pavement is due to horizontal 

tensilestrainatthebottomoftheasphalticconcrete.Thefailurecriterionrelates 

allowablenumberofloadrepetitionstotensilestrainandthisrelationcanbe 

determinedinthelaboratoryfatiguetestonasphalticconcretespecimens. 

Rutting occurs only on flexible pavements as indicated by permanent 

deformationorrutdepthalongwheelloadpath.Twodesignmethodshavebeen 

usedtocontrolrutting:onetolimittheverticalcompressivestrainonthetopof 

subgradeandothertolimitruttingtoatolerableamount(12mmnormally). 

Thermalcrackingincludesbothlow-temperaturecrackingandthermalfatigue 

cracking. 
 

 

 

 

 

 
 

 

 

 

 

Figure3:TypicalCrosssectionofRigidpavement 

In rigid pavement, load is distributed by the slab action, and the 

pavementbehaves like an elastic plate resting on a viscous medium . Rigid 

pavements areconstructed by Portland cement concrete (PCC) and should be 

analyzed by platetheory instead of layer theory, assuming an elastic plate resting 

on 

viscousfoundation.Platetheoryisasimplifiedversionoflayertheorythatassumesthe 

Rigidpavements 

Rigid pavements have sufficient flexural strength to transmit the wheel 

loadstresses to a wider area below. A typical cross section of the rigid pavement 

isshown in Figure 3. Compared to flexible pavement, rigid pavements are 

placedeither directly on the prepared sub-grade or on a single layer of granular 

orstabilizedmaterial.Sincethereisonlyonelayerofmaterialbetweentheconcreteandt

hesub-grade, thislayercanbecalledasbaseorsub-basecourse. 

https://www.civil.iitb.ac.in/tvm/1100_LnTse/401_lnTse/plain/plain.html#qfp04-rigid-pavement-cross-section
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concrete slab as a medium thick plate which is plane before loading and 

toremainplaneafterloading.Bendingoftheslabduetowheelloadandtemperaturevari

ationandthe resultingtensileandflexuralstress. 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Figure4:Loadtransferinrigidpavemet 
 

TypesofRigidPavements  
 

Rigidpavementscanbeclassifiedintofourtypes: 
 

 
 

 

loadtransferacrossjoints.Theynormallyhasajointspacingof5to10m. 
 

they can drastically increase the joint spacing to 10 to 30m. Dowel bars 

arerequired for load transfer. Reinforcements help to keep the slab together 

evenafter cracks. 

ContinuousReinforcedConcretePavement: 

Completeeliminationofjointsareachievedbyreinforcement. 

contractionjoints.Dowelbarsoraggregateinterlocksarenormallyusedfor 

 Jointedplainconcretepavement(JPCP), 

 Jointedreinforcedconcretepavement(JRCP), 

 Continuousreinforcedconcretepavement(CRCP),and 

 Pre-stressedconcretepavement(PCP). 

JointedPlainConcretePavement: 

are plain cement concrete pavements constructed with closely spaced 

JointedReinforcedConcretePavement: 

Althoughreinforcementsdonotimprovethestructuralcapacitysignificantly, 
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Failurecriteriaofrigidpavements 
 

Traditionallyfatiguecrackinghasbeenconsideredasthemajor,oronlycriterion for 

rigid pavement design. The allowable number of load repetitions tocause fatigue 

cracking depends on the stress ratio between flexural tensile stressand concrete 

modulus of rupture. Of late, pumping is identified as an importantfailure 

criterion. Pumping is the ejection of soil slurry through the joints andcracks of 

cement concrete pavement, caused during the downward movement 

ofslabundertheheavywheelloads.Othermajortypesofdistressinrigidpavements 

includefaulting,spalling,anddeterioration. 

Componentsofrigidpavementandthere Functions: 

1. Preparedsoilsubgrade. 

2. Granularsub-base(GSB)ordrainagelayer. 

3. Basecourse/(DLC-Dryleanconcrete). 

4. CCpavementslabusingPQC(pavingqualityconcrete). 

 

1. Preparedsoilsubgrade: 

 Thesoilsubgradeofrigidpavementconsistofnaturalorselectedsoilfromidenti

fied borrowpits fulfillingthespecifiedrequirements. 

 Thesoilsubgradeiswellcompactedtothedesireddensityandtotherequiredthic

kness. 

 Thesoilsubgradeisthelowermostlayerofthepavementstructurewhichultimat

elysupports all other pavementlayerandtrafficloads. 

 Agoodsoilsubgrade/wellcompactedandpreparedsoilsubgradegiveslongser

vicelife tothepavement. 

2. Granularsub-base(GSB)ordrainagelayer: 

 The GSB course has to serve as an effective drainage layer of 

therigid pavement to prevent early failures due to excessive 

moisturecontent inthesubgradesoil. 

 CrushedstoneaggregatearepreferredInthegranularsubbasecourseasth

ismaterialhashighpermeabilityandservesasaeffectivedrainagelayer. 

 Coarse graded aggregateswith low percent of fines (<5% 

finerthan75micronsieve)willserveasgooddrainagelayer. 

 AneffectivedrainagelayerundertheCCpavementshavethefollowingb

enefits: 

a. IncreasesinservicelifeandimprovedperformanceofCCpave

ments. 

b. Preventionofearlyfailuresoftherigidpavementsduetopumpi

ngandblowing. 

c. Protectionofthesubgradeagainstfrostactioninthefrostsucept

ibleareas. 

3. Basecourse:(Dryleanconcrete): 
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 ThegranularbasecourseisgenerallyprovidedundertheCCpavementsla

binlowvolumeroadsandalsoinroadswithmoderatetrafficloads. 

 On roads carrying heavy to very heavy traffic loads high 

qualitybase coursematerialssuchasdryleanconcretearepreferred. 

 In the base course of the CC pavement as they are designed for 

alife of 30 years or more with good maintenance. The CC 

pavementareexpressedtoprovideaservicelifeof40years orevenmore. 

 TheDLClayerprovidesauniform support,highKvalueandexcellent 

working platform for laying the PQC slab with a sensorpaver. 

 Thesuppressionmemberis 

spreadonthetopoftheDLC/basecoursebeforelaying 

theCCpavementslab. 

4. CCpavementslab:(pavingqualityconcrete(PQC): 

 M-40 cement concrete mix with a minimum flexural strength of 

45kg/cm2 is recommended by the IRC for use in the CC-

pavementsofhighwayswith heavytoveryheavytrafficloads. 

 The C pavement slab is extended to with stand the flexural 

stresscaused by the heavy traffic loads and the warping effects in 

the CCpavementsduetothetemperaturevariations. 

 The high quality CC mix with high flexural strength is used for 

theconstructionofPQCslaboftheCCpavement. 

 TheCCpavementslabasconsiderableflexuralstrengthandspreads the 

applied load/ wheel loads over a large area by slabaction. 

 The slab prevents the infiltration of excess surface water in to 

thesub-base. 

 
 

Sub-gradepreparation 

 

Setting out alignment of road, setting out bench marks, control pegs 

forembankmentandcutting,borrowpits,makingprofileofembankment,constr

uctionofembankment,compaction,stabilization,preparationofsubgrade,met

hodsofcheckingcamber,gradient 

andalignmentasperrecommendationsofIRC,equipmentusedforsubgradepre

paration 

This work shall consist of the preparation of subgrade in embankment, or 

incutby scarifying,watering,compactingandshapingexistingorpreviouslyplaced 

material in accordance with these Specifications and to the lines, levels,grades, 

dimensions and cross sections shown on the Drawings or as required 

bytheEngineer. 

Materials 
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All subgrade material shall be from sources, which the contractor shall 

proposeand which shall be approved by the Engineer. The material shall be free 

fromroots,sodsorotherdeleteriousmaterialandwhencompactedto98%ofmaximum 

dry density determined in accordance with STP 4.3 shall have a 4 daysoaked 

CBR value of not less than 5%.Subgrade material shall satisfy thefollowing 

criteria: · Liquid limit of soil fraction passing 0.425 mm sieve not toexceed 50% 

(STP 3.2) · Plasticity index of soil fraction passing 0.425 mm sievenot to exceed 

15% (STP 3.2) Any subgradematerial in cut or existing oldembankment, which 

is found to be unsuitable, shall be removed and replaced 

asdirectedbytheEngineer. 

ConstructionMethods 

Thesubgradeshall beprepared over thefull width of theembankmentincluding 

shoulders. Part width working may be allowed with the prior writtenapproval of 

the Engineer. The subgrade shall be prepared in lengths of not lessthan 100 

metres at any one time, unless otherwise approved by the Engineer.Subgrade 

material shall be scarified to a depth of 150 mm until the soil is fullyloosened. 

Any lumps or clods shall be removed or broken to pass a 50mmsieve. If the 

Drawings require the subgrade to be compacted for a depth greaterthan 150 mm, 

the work shall be carried out in more than one layer, the materialin the upper 

layer being first removed in the case of road sections in cut. 

Themoisturecontentofthesub-gradematerialbeforecompactionshallbewithin 

±2% of the predetermined optimum moisture content established in 

accordancewithSTP4.3(StandardCompaction).Theachieveddrydensityaftercomp

action of the subgrade layer shall not be less than 98% of maximum drydensity 

as determined in accordance with STP 4.3. When necessary, each layer,before 

being compacted, shall be allowed to dry or be watered to bringthemoisture 

content to within ±2% of optimum to make possible its compaction tothe 

required dry density. The material shall be so worked as to have a 

uniformmoisturecontentthroughtheentirelayer.Thesubgradematerialshallbecomp

acteduniformlybyuseofadequateandappropriatecompactionequipment. The 

compaction shall be done in a longitudinal direction along theembankment and 

shall generally begin at the outer edges and progress 

towardthecentreinsuchamannerthateachsectionreceivesequalcompactiveeffort. 

Samples to determine the compaction shall be taken regularly with a set 

ofthree samples for each 1,000 squaremetres of finished layer or as decided 

bythe Engineer will be carried out according to STP 6.2. If the test results 

showthat the density is less than the required dry density, the Contractor shall 

carryoutfurthercompactiontoobtainatleasttherequireddrydensity.Thecompacteds

ubgradelayershallbeapprovedbytheEngineerbeforetheContractor 

cancommenceanewlayer. 

The surface of the finished subgrade shall be neat and workmanlike 

andhavetherequiredform,superelevation,levels,gradesandcrosssection.The 
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finishedsurfaceshallbeconstructedwithatoleranceof20mmaboveorbelowthespecif

iedlevelsat anypoint. 

SubbaseCourse: 

Necessity of sub base, stabilized sub base, purpose of stabilization 

(nodesigns) 

A subgrade/sub base is made up of native soil that has been compacted 

towithstandtheloadsaboveit.Itisalayerrequiredinmanystructuressuchaspavements

andslabs,althoughitneedstohavecertaincharacteristics.A 

 
 

Necessityofsubbase 
 

subgradepreparationtechniquesaimedatprovidinguniformfoundation 

support forthepavement. 
 

Purposeofstabilization 

The purpose of a stabilized base or sub-base layer is to provide a 

transitionalload-bearing stratum between the pavement layer, which directly 

receives thewheelloadingsofvehiculartraffic,andtheunderlyingsub-

gradesoil[1].Stabilized base or sub-base materials may be 

usedtoprovidesupportforeitherflexibleorrigidpavements,butaremorefrequentlyus

subgrade might need special drainagestructuresto let water if it iscomposedof 

impermeable soil, and it should be graded to within plus or minus 1.5 

inchesofthespecifiedelevation. 

There is no consistency in regards to the terms of subbase and subgrade, 

butnormally the subgrade is the native soil while the subbase is the layer of soil 

oraggregateontopofthesubgrade. 

 The need for a subbase - a layer of granular material placed on a 

preparedsubgrade- dependson thefrequency of heavy 

truckloadings.Whilemandatory for major highways, a subbase is seldom 

required for light-dutyconcretepavements. 

 Performance studies and surveys have shown the conditions for which 

asubbase is or isnot required. With thisinformation, an engineer 

cananalyzetheseconditionsandrationallydecideifasubbaselayerisessential. 

 The function of a subbase is to help prevent pumping of fine-

grained,subgrade soils. Pumping, which leads to the loss of soil material 

beneathslab edges and joints, occurs when three factors exist in 

combination:pumpable soils, excess water under the pavement, and 

frequent heavytruckloads. 

 In the absence of heavy truck traffic, which is the case for many 

streets,secondary roads, and parking lots, a subbase is not needed. For 

thesepavements,goodperformancecanbeobtainedbyusingappropriate 

https://www.thebalancesmb.com/hot-mix-asphalt-types-844575
https://www.thebalancesmb.com/hot-mix-asphalt-types-844575
http://article.sciencepublishinggroup.com/html/10.11648.j.ajce.20160405.15.html#reference_1
https://www.thebalancesmb.com/how-to-backfill-foundations-and-trenches-844871
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pavements.The key to strength development in stabilized base or sub-

basemixturesisinthematrixthatbindstheaggregateparticlestogether.Thestrength of 

thematrix isaffected by the cementationsmaterial used in themixture [2]. The 

amount of cementations material in a stabilized base or sub-base mix usually 

ranges from 5 to 10 percent by weight of the mix. The mainconcentration of the 

research is to determine various sand grain analyses 

andwhichofthemisperfectforstabilizationwithcementtouseinsteadofbricksor 

stone chips. This research also indicates the 

stabilityoftheroadwithperfectsandcementmixingproportions. 
 

MATERIALS 
 

Thecomponentsofastabilizedbaseorsubbasemixtureincludeaggregate,cementitiou

smaterials,andwater. 
 

Aggregates 
 

Aggregatescomprisethemajor portion of stabilized base.Normally,between80 to 

95 percent by weight of a stabilized base or subbase mix may consist 

ofaggregates. A wide range of different types and gradations of aggregates 

havebeen used in stabilized base and subbase mixtures. These include 

conventionalaggregatesources,suchascrushedstoneorsandandgravel,andotheragg

regate materials, such as blast furnace slag, recycled paving materials, 

andbottom ash or boiler slag from coal-fired power plants. Reclaimed 

pavementmaterials have also been successfully recycled into stabilized base and 

subbasemixtures, as have some marginal aggregates. Aggregates used should 

have theproper particle size, shape, gradation, and particle strength to contribute 

to amechanicallystablemixture. 
 

CementitiousMaterials 
 

The key to strength development in stabilized base or subbase mixtures is in 

thematrix that binds the aggregate particles together. The strength of the matrix 

isaffectedbythecementitiousmaterialusedinthemixture.Theamountofcementitious 

material in a stabilized base or subbase mix usually ranges from 5to 10 percent 

by weight of the mix, but may in some cases comprise as much asupto20 

percentbyweightifalighter weightaggregateisused. 
 

A number of different cementitious materials have been successfully used 

tobind or solidify the aggregate particles in stabilized base or subbase 

mixtures.Thematerialthat hasbeenmostfrequentlyused isPortlandcement 
 

In some parts of the United States, mainly west of the Mississippi River, fly 

ashfromtheburningofsub-bituminouscoaliswidelyavailableand,becauseit 

http://article.sciencepublishinggroup.com/html/10.11648.j.ajce.20160405.15.html#reference_2
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exhibits self-cementing characteristics when mixed with water, it can be used 

byitselfwithnoothercementitiousmaterialtobindaggregateparticles together. 
 

Coal fly ash, produced during the combustion of bituminous coal, is 

frequentlyused in stabilized base mixtures. Since this type of fly ash is a 

pozzolan, themixtures in which it is used are often referred to as pozzolanic 

stabilized base(PSB) mixtures. Pozzolans are materials composed of amorphous 

siliceous orsiliceous and aluminous material in a finely divided (powdery) form 

(similar 

insizetoPortlandcementparticles)thatwill,inthepresenceofwater,reactwith 
 

 

 

Types  of  stabilization 
 

Mechanicalstabilization 

 In this technique mechanical energy is used (rollers, plate 

compactors,tampers etc. By choice or nature of soil) to improve the soil 

properties bycompaction. 

 Preferablyforconstructionofembankmentforroads,railways etc. 

 Mechanical stability depends upon the degree of compaction. 

Normally,thecompactionisdoneatoptimumwater content. 

Uses― 

Simplestmethodofsoilstabilization. 

Toimprovethesub-gradesoflowbearingcapacity. 

Extensivelyusedforconstructionofbases,sub-basesandsurfacingofroads. 

FactorsAffectingtheMechanicalStabilization 

Themechanicalstabilityofthemixedsoildependsuponthefollowingfactors. 

(1) MechanicalStrengthoftheAggregate―Themixedsoilisstableiftheaggregate

susedhavehighstrength.However,ifthemixtureisproperly 

an activator to form compounds possessing cementitious properties. 

Pozzolanactivatorsarealkalinematerialsthatcontaincalciumandmagnesiumcompo

unds present in sufficient amounts to chemically react in the presence ofwater 

with the silicate and aluminates in the pozzolan. Descriptions of 

variouskindsofpozzolansand theirspecificationsareprovided inASTMC618. 

In PSB compositions,thefly ash isusually usedin combination with eitherlime, 

Portland cement, or kiln dust, plus water, to form the matrix that cementsthe 

aggregate particlestogether.When used with a chemical 

reagent,thistypeofflyashnormallycomprisesbetween10and20percentbyweightofa

stabilized base or subbase mix. When used with lighter weight aggregates 

(suchas coal bottom ash), the percentage of fly ash may be as high as 30 percent 

ormore. 
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designedandcompacted,eventheaggregatesofrelativelylowstrengthcanprovidegoo

dmechanicalstability. 

(2) MineralComposition―themechanicalstabilityofthemixedsoildependsupont

hecompositionoftheminerals.Themineralsshouldbeweatherresistant. 

(3) Gradation―thegradationofthemixedsoilshouldbesuchthatthevoidsofthe 

coarserparticlesarefilledwith finerparticlestoobtaina highdensity. 

(4) PlasticityCharacteristics― 

 For mud roads surfacing, highly plastic soils are used as binders. 

Theypossesgreatercohesion,moistureretention capacity 

andprovidesealagainst downwardmovementofsurfacewater. 

 For base courses, the soils should have low plasticity to avoid 

excessiveaccumulationofwaterandtheresultinglossofstrength. 

 The soil available at site may seldom meet both the requirements. It 

isnecessarytomixsoilsfromdifferentsources toobtaindesiredmix. 

 

Limestabilization 

There arebasicallyfive typesoflime: 

 HighCalcium,quicklime(CaO) 

 Hydrated,highcalciumlime[Ca(OH)2] 

 Dolomitelime(CaO+MgO) 

 Normal,hydrateddolomiticlime[Ca(OH)2+MgO] 

 Pressure,hydrateddolomiticlime[Ca(OH)2+Mg(OH)2] 

 

 The quick lime is more effective than the hydrated lime, but the latter 

ismore safe and convenient to handle. Generally, hydrated-lime is used. 

Itisalsoknownasslakedlime. 

 Thehigherthemagnesiumcontentofthelime,thelessistheaffinityforwateran

dthelessistheheatgenerated duringmixing. 

 Theamountoflime requiredvariesbetween2to10%ofthesoil. 

Lime stabilization is done by adding lime to soil. It is useful for the 

stabilizationofclayeysoil. 

 Whenlimereactswithsoilthereisexchangeofcationsintheabsorbedwaterla

yer and adecreaseintheplasticityofthesoiloccurs. 

 Theresultingmaterialismore friablethantheoriginalclay,and 

is,thereforemoresuitableassub-grade. 

Thefollowingamountmaybeusedasaroughguide: 

 2to5%forclaygravelmaterialhavinglessthan50%ofsilt-clayfraction 

 5to10%forsoils withmore than50%ofsiltclayfraction 

 About10%forheavyclaysusedasbasesandsub-bases 

 Forsoilshavingparticlesizeintermediatebetween(1)and(2)above,thequanti

tyoflimerequiredisbetween3to 7%. 

Limestabilizationisnoteffectiveforsandysoils. 
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ConstructionMethod―Constructionmethodsusedinlimestabilizationaresimilar 

to those used in cement stabilization. However, the following pointsshould 

becarefullynoted. 

 Thereactioninthecaseoflime isslow,thereisno 

maximumtimelimitbetween the addition of lime to the soil and the 

completion ofcompaction. 

 Limemaybe addedintheformofslurryinsteadofdrypowder. 

  Arestperiodof1to4daysis 

generallyrequiredafterspreadinglimeoveraheavyclaybeforefinalmixin

g isdone. 

 Thesoil-limeiscompactedtotherequiredmaximumdrydensity. 

  Aftercompaction,thesurfaceiskeptmoist 

for7daysandthencoveredwithasuitablewearingcoat. 

 

Cementstabilization 

 Mostcommonlyusedforroadconstruction. 

 Heavyclaysaredifficulttopulvirizeandnotsuitable. 

 Wellgradedsandand gravelmixtureswithupto10% 

finebinderMaterial(passing#200sieve). 

  Quantity of cementtobedeterminedontrial 

basisinlab.(minimumstrengthrequired3.5n/mm2—7 dayscubestrength. 

  Compactiontobecompletedwithintwohoursafterlayingmixingwithwater. 

A. Centralplantmethod:fasterconstruction,expansive,drymixandthenWet 

thoroughly,spreadingandcompaction. 

B. Mix in place method: similar to agriculture rotary cultivator, firstly soil 

isPulverizedthendrycementisspreadover,thenwatersprinkledinlayers,againRemi

xedandshapedtocamber.,compactedusing rollers. 

(1) NormalSoil-Cement― 

 Itconsistsof5to14%ofcement byvolume. 

 Cementissufficienttoproduceahardanddurablematerial. 

 Sufficientwaterbeusedforhydrationrequirement&workability 

 Itisweatherresistantandstrongandusedforstabilizingsandyandotherlowpla

sticitysoils. 

(2) PlasticSoil-Cement― 

 Itconsistsof5to14%ofcement byvolume, 

 Ithasmorewatertohavewetconsistencysimilartothatofplasteringmortar 

atthetimeofplacement. 

 Usedforwaterproofliningofcanals andreservoirs 

 Usedforprotectionofsteepslopes againstwatererosion. 


Flyashstabilization 

Flyashisabyproductfromburningcoalwhichmakessteamtogenerateelectricity.

Whenburningcoal,combustionparticlesriseoutofthecombustion 
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chamber with flue gasses. They are captured in filters to prevent them 

fromreaching the atmosphere and collected for disposal or beneficial reuse. 

Theseparticlesarecalledflyash. 

There are two types of fly ash, Class C and Class F.Class C has self-

cementing properties andisusedin the production of concreteas a substitutefor 

Portland Cement, and as a chemical stabilizing & modifying agent to dryand/or 

strengthen poor soils.Class F has very little self-cementing properties,but can be 

combined with additives such as quicklime, hydrated lime, or 

cement(portlandorhydraulic)tocreatecementitiouscompoundsforthesamepurpose

s. 

FlyAshinModification,StabilizationandFDR 

 
Soil Modification: Given its cementitious properties, fly ash can dry down 

wetsoilsand increasethestrength of each fill layer.It works best in 

sandy/siltysoils,butcanbeveryeffectiveinleanclaysaswell. 

 
 

 

 

 

 

 

 

 

 
Soil&BaseStabilization:Usingflyashtostrengthenthetop8”-14”ofsubgrade can 

decrease the thickness of aggregate base and/or pavement (asphaltor 

concrete)needed to achievethestructural design strength of theoverallpavement 

section. Again, it works best in sandy, silty soils, but is also a greatoption to 

stabilize existing aggregate base when performing parking lot 

repairsorupgrades. 

https://www.rocksolidstabilization.com/services/
https://www.rocksolidstabilization.com/cement-in-fdr-and-stabilization/
https://www.rocksolidstabilization.com/service/soil-modification/
https://www.rocksolidstabilization.com/service/soil-stabilization/
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Full Depth Reclamation: Depending on the existing make-up of the 

currentpavement&aggregatebase,flyashcanbeusedbyitself,orincombinationwitho

ther additives,torehabilitateentirepavementsectionsinplace. 
 

 
 

 

 

 

 

 

 

 

 

 

 
 

 
 

Fly ash yields less strength gain than Portland Cement. Typically, you need 

tousetwiceasmuchproducttoachievesimilarresultswhencomparedtocement.Howe

ver,if a fly ash sourceis within proximity of a project, utilizingit 

couldbeabettervalue andisworthcomparing. 
 

BaseCourse: 

Preparationofbasecourse 

Bricksoling 

Soling in the construction field is the bottom-most layer ofany component ofthe 

structure. It may be under floor or road. Soling may consist of bricks, 

stonecutting or such other building material having good crushing strength. t is 

one ofthemost common techniquesusedfor soilstabilization. 

WaterBoundMacadam 

 

The concept of water bound macadam road was suggested by John 

Macadam,who was a Scottish engineer. The road whose wearing course consists 

of cleancrushedaggregates,mechanicallyinterlockedbyrollingandboundtogether 

It is the layer immediately under the wearing surface (Applies whether 

thewearing surface is bituminous or cement concrete and or more inch thick or 

isbut a thin bituminous layer). As base course lies close under the 

pavementsurface it issubjected to severe loading. The material in a base course 

must beofextremelyhighqualityandits construction mustbedonecarefully. 
 

Typesof BaseCourse 

1. GranularBaseCourse 

2. MacadamBase 

3. In-waterboundMacadam 

4. TreatedBases 

https://www.rocksolidstabilization.com/service/full-depth-reclamation/
https://www.rocksolidstabilization.com/cement-in-fdr-and-stabilization/
https://www.aboutcivil.org/base-course-types
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with filler material and water laid on a well compacted base course, is 

calledwaterboundmacadam(W.B.M)road. 

 

This is constructed as village road serves as a base for bituminous roads. 

Inmost of the roads projects, in the first phase, W.B.M roads are constructed 

andwhen the funds are available, the surfacingis done with the premix 

carpetbituminous macadam or cement concrete. So a water-bound macadam 

road isconsidered as themotherofalltypesofroadconstruction. 

Wet-mixMacadam 

Aggregates used are of the smaller sizes, varies between the 4.75 mm to 

20mm sizes and the binders(stone dust or quarry dust having PI(Plasticity 

Index)not less than 6%) are premixed in a batching plant or in a mixing 

machine. Thentheyarebroughttothesiteforoverlayingandcompaction. 

The PI(plasticity Index) of the binding material is kept low because it 

shouldbe a sound and non plastic material. If the plasticity index is more then 

there arethe chances of the swelling and more water retention properties. So this 

valueshould bekeptinmind. 

Comparison of the WBM and WMMroad construction: Although the costof 

construction of the WMM is said to be more than that of the WBM sub-baseand 

bases but the advantages given below will compensate for that. Here are 

thepointsofdifference: 

1. TheWMMroadsaresaidtobemoredurable. 

2. The WMM roads gets dry sooner and can be opened for 

trafficwithing less time as compare to the WBM roads which take 

aboutonemonthforgettingdry. 

3.  WMMroadsaresoonreadytobeblacktoppedwiththeBituminouslayer

s. 

4. WMMroadsareconstructedatthefasterrate. 

5. Theconsumptionofthewaterislessincase oftheWMMroads. 

6. Stone aggregates used in WBM is larger in size which varies 

from90 mm to 20 mm depending upon the grade but in case of 

theWMMsizevariesfrom4.75mmto20mm. 

7. In case of WBM, stone aggregates, screenings and binders are 

laidone after another in layers while in WMM, aggregates and 

bindersare premixed in the batching plants and then brought to the 

site foroverlayingandcompacting. 

8. Materials used in the WBM are the stone aggregates, 

screeningsandbindermaterial(Stonedustwithwater)whileinWMMma

terialused are onlystoneaggregatesandbinders. 

9. Quantity of the WBM is generally measured in cubic meters 

whilethatoftheWMMinsquaremeters. 

Surfacing: 
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 ASurfaceDressingisaprocessofsprayingaroadsurfacewithbituminousbinder

andthencoveringthebinderwithclean,crushedaggregateor naturalgravel. 

 These layers are then rolled in order to press the aggregate into the 

binderfilm. 

 Traffic movement commences the process of chipping movement 

whichwillproduceeventuallyan interlockingmatrix. 

Themainobjectiveofadoptingsurfacedressingasawearingcoatoverbituminous 

macadam is to achieve water proofed, anti skid but 

comparativelylessexpensivewearing coatwhich can last formoreduration 

ascomparetoother wearingsurfaces. 

(i) Premixcarpet 

Premix carpet (PC) is the oldest hot mix in India. It is a good, 

economical,bituminous wearing course mix to be placed directly on water 

bound macadam(WBM) of low-volume rural roads. The premix carpet is also 

provided with abituminoussandsealcoattominimize 

directpenetrationofrainwaterintoit. 
(ii) Semidensecarpet 

 

 

 

thebitumenintheBMlayer. 
Bituminousconcrete(BC) 

 BCisadensegradedbituminousmixusedaswearingcourseforheavilytrafficke

d roads. 

 BCmixconsistsofcoarseaggregates,fineaggregates,fillerandbinderblended 

aspermarshallmix design. 

Qualitycontroloperationsinvolvedare: 

 Designofmixinlaboratory,andcontrolofmixing,layingandrollingtemperatur

es 

 Density, Marshall Stability, Flow, Air Voids, Retained Stability, 

BitumenContent,Gradationofaggregatesarecontrolled 

 Ridingqualityisacontrol 

Grouting 

 

usedinthepurposeofrepairingofconcretecracks,fillingseamsandgapsin 
tiles, seal and fill gaps for waterproofing courses, and for soil stabilization 

inboringwellandfoundation.Itisalsousedtogiveextrastrengthtothefoundationsof 

load-bearingstructures. 

Grouting   in   civil   engineering refers   to   the   injection   

ofpumpablematerialsintoasoilorrockformationtochangeitsphysicalcharacteristics. 

It is one of the ways ground water can be controlled during 

civilengineeringworks 

Groutingisgenerallya mixture of cement, sand and

 water.Different typeofgroutingareused for 

differentpurposesbutgenerallyTheyare 

Thesemi-densebituminousconcretemixeshaveneitherdenseoropengraded 

characteristics. It consists of the so called pessimum voids when they 

arefullyconstructed.Thiswillcreatetheseparationofaggregateand 

https://www.designingbuildings.co.uk/wiki/Materials
https://www.designingbuildings.co.uk/wiki/Soil
https://www.designingbuildings.co.uk/wiki/Rock
https://www.designingbuildings.co.uk/wiki/Ground_water
https://www.designingbuildings.co.uk/wiki/Civil_engineering
https://www.designingbuildings.co.uk/wiki/Civil_engineering
https://www.designingbuildings.co.uk/wiki/Civil_engineering
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Grouting is suitable where soil permeability would create a heavy 

demandonpumpingorwheregroundconditionsmeanitmaybeeconomicallyinefficie

nttoborewells.Groutmay alsobeusedin theformationof 

pilefoundations,groundanchors,under-

reaming,underpinning,inroadconstruction,damconstruction,andotherapplications

. 

Different materials may be used for grouting depending upon factors such 

asthe soil or rock type and the area to be grouted. However, the basic 

processisthesame:thesoilorrockisinjectedwithfluidgroutwhichsetsandreduces 

 
 

 
Introduction: 

HILLROADS 

  Roadsconstructedinmountainsregioniscalledhillroads. 

 Therearedifferentconsiderationswhiledesigninghillroadsascomparetopla

inarearoads. 

 Typesofcurveusedinhillroads isofdifferentthanplainroad. 

 Allgeometricparameterswillgetschangeswhiledesigninghillroadssuch

as-Curves,Superelevation,SSD,OSD,ExtraWidening,etc. 

ComponentspartsofHillRoads 

1. RoadBed 

2. SideDrain 

3. ParapetDrain 

4. CatchWaterDrains 

5. BrestWall 

6. RetainingWall 

7. CrossDrains 

RoadBed 

 Thepavementpotionofhillroadis calledroadbed. 

 Function:Toresiststressesdevelopedduetomovingtraffic. 

SideDrain 

 Drainprovidedonthesides ofroadis calledsidedrain. 

 Sidedrains runsparalleltothe lengthofroad. 

 Function:Tocollectanddrainoffrainwatercollectedfromcamberofroad. 

ParapetWall 

 Wallwhichisprovidedabovetheformationlevelinthedownsideslopeiscalle

dparapetwell. 

 Function:Protectiontothetrafficagainstfallingdownthehillslope. 

oractsasasealantonthematerial’spermeability. 
 

Grouting is relatively costly and so wastage must be controlled. This 

isachievedbytheuseofadditiveswhichimprovethegelling properties ofthegrout 

andlimititsspreadthroughtheground. 

https://www.designingbuildings.co.uk/wiki/Grouting
https://www.designingbuildings.co.uk/wiki/Soil
https://www.designingbuildings.co.uk/wiki/Soil
https://www.designingbuildings.co.uk/wiki/Ground_conditions
https://www.designingbuildings.co.uk/wiki/Grout
https://www.designingbuildings.co.uk/wiki/Pile_foundations
https://www.designingbuildings.co.uk/wiki/Pile_foundations
https://www.designingbuildings.co.uk/wiki/Ground_anchors
https://www.designingbuildings.co.uk/wiki/Underpinning
https://www.designingbuildings.co.uk/wiki/Road_construction
https://www.designingbuildings.co.uk/wiki/Road_construction
https://www.designingbuildings.co.uk/wiki/Dam_construction
https://www.designingbuildings.co.uk/wiki/Materials
https://www.designingbuildings.co.uk/wiki/Grouting
https://www.designingbuildings.co.uk/wiki/Soil
https://www.designingbuildings.co.uk/wiki/Rock
https://www.designingbuildings.co.uk/wiki/Area
https://www.designingbuildings.co.uk/wiki/Soil
https://www.designingbuildings.co.uk/wiki/Rock
https://www.designingbuildings.co.uk/wiki/Act
https://www.designingbuildings.co.uk/wiki/Sealant
https://www.designingbuildings.co.uk/wiki/Materials
https://www.designingbuildings.co.uk/wiki/Materials
https://www.designingbuildings.co.uk/wiki/Grouting
https://www.designingbuildings.co.uk/wiki/Property
https://www.designingbuildings.co.uk/wiki/Grout
https://www.designingbuildings.co.uk/wiki/Grout
https://www.designingbuildings.co.uk/wiki/Spread
https://www.designingbuildings.co.uk/wiki/Ground
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CatchWaterdrain 

 Itis drainprovided onhighersloperunningparalleltothe lengthofroad. 

 Function:Tomakeinterceptfor runoffcomingfromtopofhillanddivert 

waterintonearbycrossdrains. 

BrestWall 

 Thewallconstructedtoupsideslopeiscalledretainingwall. 

 Function:Protectroadfromslidingofupsideslope. 

RetainingWall 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

ImageofHillRoad 
 

Typicalcross-sections hillroad:- 

The cross section of a road ina hilly terrain is determined by theoriginalground 

slope of the site, the slope of the road formation, width of roadway, 

sidedrainsize,and shapeand soon.Varioustypes ofroadcross-sectionare: 

1. Cutandfill 

2. Benchtype 

3. Boxcutting 

4. Embankmentwithretainingwalls 

5. Semibridge 

6. Semitunnel 

7. Platforms 

 Thewallconstructedtodownsideslopeofroadiscalledretainingwall. 

 Function:Toprotectdownslopefromsliding. 

CrossDrains 

 Thedrainwhichis laidalongwidthofroadiscalledcrossdrains. 

 Function:Todrainoffrainwatercollectedinsidedrainsandcatchdrains. 



79 

79 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Cutandfill 

TypicalCross SectionsofHillRoad 

When roadbed slope has a gradient 2% or more a cut and fills road bed 

ischeaperandenvironmentallyfriendlyaswell.Thefillmassisgenerallybalanced by 

the cut mass. For adequate stability, benches are made on thesurface of the hill 

side with a height of 0.5 m and length varying from 1.5 

to3.0mdependingupontheslope. 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Benchtype 

 

TypicalCrossSectionsofCutandfill 

Acrosssectionofthebenchtypealthoughentailssomeincreaseinearthworkbutensure

sthecompletestabilityofthe roadbed,ifhillsideisitselfstable. 

 

 

 

 

 
 

 

 
TypicalCrossSectionsofBenchtype 
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Boxcutting 

Whenthelocationofroadbedisunstableorunsuitablealongthehillsideduetoone or 

other reasons, the road bed is designed as trench type of cross section. 

Itincreases earthwork to a large extent. It is introduced to meet the 

geometricdesignstandardsfor agivencategoryroad. 

 

 

 

 
 

 

 

 

 
TypicalCrossSectionsofBoxcutting 

Embankmentwithretainingwalls 

On steep slopes of about 30-35°, the earthwork involved in constructing 

theembankment increases substantially. The retaining wall is 

sometimesprovidedto reduce earthwork’s cost and to increase stability. Also, the 

retaining wall isprovided when embankment soil on steep grounds itself need   

support. Theymay also be constructed on a less steep ground slope to increase 

the stability ofroadbed. 

 

 

 

 

 

 

 

TypicalCrossSectionsofEmbankmentwithretainingwalls 

 

SemiBridge 

Iftheroadislocatedonahillslopetheretainingwallneedstobeatasubstantial height. In 

such cases, to reduce quantities of work, road bed with asemi-

bridgetypeofstructuremaybeconstructed. 
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Semitunnel 

Fig: CrossSectionandL-Section(X-X)ofaSemi-Bridge. 

When inscribing is to be cut into steep hills in stable rock faces, the rock may 

bepermitted to overhang the road to reduce rock works. Such a cross section 

iscalledasemi-tunnel. 

 

 
 

 

 

 

 

 

 
Fig:WithAccommodatingRoad-WayOnlyandWithRetainingandBreastWalls 

 

Platform 

Ontheprecipitousslopes,whereshiftingoftherouteintothehillsidewillleadto 

enormous rock works which eventually increases the cost and where semi-

tunnel cannot be constructed, platforms are usually cantilevered out of the 

rockonwhichroadwayispartiallylocated. 
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Fig:FullyInEmbankment 

BreastWalls 

A breast wall is constructed to protect the natural sloping ground from 

thecuttingactionofnaturalagents.Breastwallsalsopreventslidesofunreliable soils. 

The breast wallsmaybe0’6mwideatthetop.Weepholes should 

beprovidedatregularintervalamongthelengthofthewalltorelievethewallsofsaturate

dearthpressure.Thebreastwellsaresodesignedthattheirlineof 

pressureshouldbenormal totheearthpressureorthrust. 
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Retainingwalls 

Fig.Retainingwallandbreastwall 

The walls constructedforretainingorsupportingearthagainsttheirbackare called 

retaining walls. Earth cannot 

remainverticalbutwouldbeinastateofequilibriumwhenitassumesanaturalanglewhi

chiscalledangleof repose. If 

itisdesiredtoberetaintheearthvertically,thatportionofthe earth will have 

tobesupportedbyawallcalledretainingwall.Thebackof thewall isin theform of 

stepsandthefaceof theretainingwallmay be either vertical orbattered. 

Thewidthatthebasewilldepend 

upontheheightofearthtoberetainedasthemoretheheight,thegreaterwillbethepressur

eatthebaseandthetopcanbekept2bricksthick. 

DifferentbetweenBreastwallsandRetainingwalls: 
 

3. Impactofsnow,avalanches,landslidesandsurchargearenotconsidered 
in the design of Breast wall while in retaining wall all those factors 

areconsidered. 

4. Height of breast wall shall not exceed 3 meter and for retaining wall 

wedid nothavesuchtypeofcriteria. 

5. Breastwallarenotrequiredtobeconstructedwherebackmasscomprises of 

rocks or stable strata deposit of soil mass and for 

1. Breast wall and Retaining wall structure stand off to protect a freshly 

cutoroldsurfaceofanaturalhillface. 

2.  Breast wall and Retaining wall structure prevent of hill slides under 

theaction of weather and rain water flowing over hills slope.Retaining 

wallis provided to the downside of theroad whilebreastwall uphill 

sideoftheroadinhillyarea. 
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protectingtheunstablesoilmassweneed retainingwall. 
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6. Retaining wall usedfor support artificial cutting or slope while 

breastwallusedtosupportnaturalslope. 

7. Design of retaining of wall capable to resist uplift pressure force 

andhydro static pressure for developed while breast wall is used to 

transfertheload. 

Differenttypesofcurves: 

The following types of curves are mostly found on hill Roads:-

1.Hair-Pinbend curves 

2. SalientCurves 

3. Re-entrantCurves 

1. Hair-pincurves: 

 Thistypeofcurvemodifiesitsdirectionviaanangleof180degreedownthehill 

onthesimilarsideisdefinedashair-pincurve. 

 A Hair-Pin Bend: This curve is known as a hair-pin bend since it 

adheresto the shape of a hair-pin. If a bend is developed at the hair-pin 

curve in ahill road,itiscalled ashair-pinbend. 

 This type of curve should have been situated on a hill side containing 

thelowest slope and highest strength. It is considered as very secure 

fromview point of landslidesand ground water.Theideal Hair-pin 

bendsshouldcontainlongarmsandfartherspacing.Theyminimizeconstructio

nissuesandhigh-pricedprotectiveworks. 

 Hair-pin curves or bends with snakelike form are difficult to arrange 

andasaresulttheyshould notberecommendedat all. 
 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Schematicdig.ofhairpinbendcurve 

2. Salientcurves: 

 Thecurveswhichcontaintheirconvexityontheexterioredgesofahillroad 

aredefinedassalientcurves. 
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 The centre of curvature of a salient curve is located towards the hill 

side.This type of curve appears in the road length that is built up on the 

ridgeof a hill. The bend that is developed at the salient curve in a hill road 

iscalledcornerbend. 

 Salient curves are very harmful for the traffic moving speedily. At such 

acurve or at corner bend, the segment of projected hill side is 

normallycurtailed tomaketheperceptibilitybetter. 

 Itisdemonstratedinthefollowingfigure(re-entrantcurve).Inthe 

 
 

 

forprotectionfor fastmovingtraffic. 

exterior perimeter of the road, the curve is basically arranged with 

aparapet wall for safeguarding the vehicles from falling down the 

hillslope. 

 

 

 

 

 

 

 

 

 
Schematicdig.ofSalientcurve 

 

 

 

3.Re-entrantcurves: 

 The curves which contain their convexity on the inside edge of a hill 

roadareknownre-entrantcurves. 

 The centre of curvature of re-entrant curves is located ahead of the 

hillside. This type of curve appears in the road length that is built up in 

thevalleyofahill. 

 These curves are not harmful since they offer sufficient visibility to 

thetrafficmovingspeedily.Insuchcurves,theparapetwallisarrangedonly 
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Schematicdig.ofRe-entrantcurve 

 

 
Introduction: 

ROADDRAINAGE 

Highway drainage is the process of removing and controlling excess surface 

andsub-surface water within the right way. This includes interception and 

diversionof waterfrom theroadsurfaceandsub-

grade.Theinstallationofsuitablesurface and sub-surface drainage system is an 

essential part of highway designandconstruction. 

During rain, part of the rain water flows on surface and part of it 

percolatesthrough the soil mass as gravitational water until it reaches the ground 

waterbelowthewatertable.Removalanddiversionofsurfacewaterfromtheroadway 

and adjoining land is termed as surface drainage, while the removal 

ofexcesssoil-waterfromthe sub-gradeistermed assub-surface water. 

Necessityofroaddrainagework: 

Highwaydrainageisimportant fromvariousviewpoints: 

 Excessmoistureinsoilsub-gradecausesinstabilityundertheroadsurface. The 

pavement may fail due to sub-grade failure. In some clayeysoil variation 

in moisture content causes considerable variation in volumeofsub-

grade.Thissometimescontributestopavementfailure. 

  The waves and corrugations formed in case of flexible pavements 

alsoplayan importantroleinpavementfailure. 

  Sustained contact of water with bituminous pavements causes failure 

dueto stripping bitumen from the aggregates like loosening of some of 

thebituminouspavementlayerandformationofpotholes. 

  The prime cause of failures in rigid pavements by mud pumping is due 

tothepresenceofwater infinesub-gradesoil. 
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  Excesswateronshouldersandpavementedgecausesconsiderabledamage. 

  Excess moisture causes increase in weight and thus increase in stress 

andsimultaneous reduction in strength in soil mass. This is one of the 

mainreasonsoffailureofearthslope andembankmentfoundations. 

  Inplacewherefreezingtemperaturesareprevalentinwinter,thepresence of 

water in sub-grade and a continuous supply of water from theground 

water can cause considerable damage to the pavement due to infrost 

action. 

 Erosion of soil from top of un-surface roads and slopes of 

embankment,cutandhill sideisalsoduetosurfacewater. 

 Failure due to hydraulic pressure andfailure due to binder stripping 

canbeavoidedwiththehelpofproper drainageonroads. 

Crossdrainageworks: 

For streams crossing the runways, drainage needs to be provided. Also often 

thewater from the side drain is taken across by these cross drains in order to 

divertthe water away from the road, to a water course or valley in the form of 

culvertsor bridges. When a small stream crosses a road with linear water way 

less thanamount six meter, the cross drainage structure provided is called 

culvert; forhighervalueoflinearwaterway,the structureiscalledbridge. 

Culverts: 

Thepopulartypesofculvertsare: 

(i) Masonryarchculverts 

(ii) Slabculverts(StoneslaborR.C.C.slabwithabutments andpiers) 

(iii) Pipeculverts(Metalpipe,Stonewarepipe, orR.C.C.Humepipe) 

(iv) R.C.C.Boxculverts 

TypesofCross-drainageStructures: 

1. Culverts(waterwaylessthan6 m) 

2. Minorbridges (waterwayfrom6-30m) 

3. Medium-sizedbridges(waterwayfrom30-100m) 

4. Majorbridges(waterwaymorethan100m) 

5. Causeways 

Categories (2) and (3) may also be clubbed and called Minor bridges. 

Bridgesare designed such that they are not submerged even under the highest 

floodexpected in a design period of, say 50 years or 100 years, depending upon 

theimportanceofthehighwayandthebridge. 

From the point of view of economy, a bridge may be designed to be 

submergedand cause interruption of traffic a limited number of daysina year. 

Suchbridgesarecalledsubmersiblebridges. 
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Bridges: 

Bridgeengineeringisaspecialisedfield. 

Thefollowingaretypesofbridgesforspansintheincreasingorder: 

(i) Masonryarch 

(ii) R.C.C.slab(simplysupported) 

(iii) R.C.C.T-beam(simplysupported) 

(iv) ContinuousT-beamandslab ofR.C.C. 

(v) R.C.C.balancedcantilever 

Surfacedrainage: 

Thesurfacewateristobecollectedandthendisposedoff.Thewateronthesurfaceisfirst

collectedinlongitudinaldrains,generallyinsidedrainsand thenthe water is disposed 

off at the nearest stream, valley or water course. For 

thepreparationofsurfacedrainage,weshouldkeep inmindvariousthingslike 

Seeing the amount of rainfall and slope a suitable camber is to be 

providedfor collection of surface water. The shoulders of rural roads are 

constructed withsuitable cross slopes so that the water is drained across the 

shoulders to the sidedrains. These side drains of rural roads are generally Open 

(kutcha) drains oftrapezoidal shape, cut to suitable cross-section and 

longitudinal slopes. Thesesides are provided parallel to the road alignment and 

hence these are also knownas longitudinal drains. In embankments the 

longitudinal drains are provided onone or both sides beyond the toe; in cutting, 

drains are installed on either side oftheformation. 

In urban roads because of the limitation of land width and also due to 

thepresence of footpath, diving island and other road facilities, it is necessary 

toprovideundergroundlongitudinal drains.Waterdrainedfrom 

thepavementsurfacecan be carriedforward in thelongitudinal direction between 

the kerband the pavement for short distances which may be collected in catch 

pits atsuitableintervalsandlead through undergroundpipes. 

Drainage of surface water is all the more important in hill roads. In hill 

roadsdisposal of water is also very important. Certain maintenance problems 

mayariseduetofaultyhillroad construction. 

(vi) Pre-stressedconcrete 

(vii) Suspensionbridges. 

Causeways: 

Causeways allow water to flow over them when the stream or water 

coursereceives floods. These are provided on relatively unimportant roads with 

smallvolumeoftraffic. 

The interruption to traffic on these structures should not be for more than 

15daysinayear andnotexceed3 daysat astretch. 

Depending upon the degree of interruption, causeways may be called low-

levelcausewaysor high-levelcauseways. 
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ProcedureforDesignofOpenDrains: 

Thefollowingarethestepsfordesigningopendrains: 

1. For the known soil conditions, calculate the Manning’s 

rugositycoefficient, sideslopes,andthemaximumpermissible 

velocity. 

2. Determinethe slopeofthedrainfromthetopography. 

3. For the runoff or discharge expected to be drained, calculate 

thehydraulicmeandepthusingManning’sformula. 

4. Calculatethecross-

sectionalareafromthedischargeandthemaximumpermissiblevelocity. 

5. Fromtheresultof(3)and(4),solvethetwosimultaneousequationsto 

obtainthebottomwidthanddepth. 

6. Calculatethecriticaldepthanddeterminewhethertheflowisstreamlined 

or turbulent. If theflow is streamlined, add afreeboard to the depth 

and finalise the cross-section. If the flow isturbulent, it may be 

necessary to decrease the longitudinal slope, orlinethechannel. 

SubsurfaceDrainage: 

Moisture changes in the subgrade occur due to percolation of rain water 

andseepage flow, as also due to the phenomenon of capillary rise. The aim 

ofsubsurface drainage is to keep the ground water table (GWT) sufficiently 

belowthelevelofthesubgrade–at least1.2m. 

Whenthewatertableisalmostatthenaturalgroundsurface,thebestoptionisto raise the 

formation of the roadway on an embankment, such that it is 1.2 

mabovetheground.Ifthisisnotpossibleforthereasonofunfavourabletopography, the 

only option is to lower the ground water table by means ofsubsurface drainage 

arrangements. It must, however, be remembered that onlygravitational water in 

thesoil can bedrained,but 

not‘heldwater’,whichismadeupofthemoisturefilmaroundthegrains. 

Afewdrainagearrangementsfordifferentsituationsarediscussedbelow: 
SubgradeDrain: 

One option is to install a drain in the pervious layer besides the road to 

interceptthegroundwaterbeforeitcanreachthesubgrade,asshowninFig. 
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Fig. Subsurfacedraintointercept drainwater 

LongitudinalDrainTrenchesandPipes: 

If the soil is relatively pervious, longitudinal drainage trenches with drain 

pipe,backfilled with filter sand can be used. The depth of the trench depends on 

theextent of lowering required, soil type, and distance between the trenches. 

AtypicalarrangementisshowninFig. 
 

 

 

 

 

 

 

 

 
 
 

Fig.LoweringGWTinpervioussoilbySubsurfacedrains 

LongitudinalandTransverseDrainsforLoweringGWT: 

Ifthesoilisrelativelylesspermeable,longitudinalaswellastransversedrainsmayben

eededtolowerthegroundwatertableasshowninFig. 
 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

Fig. Longitudinalandtransversedrainsystemforlesspermeablesoil 
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CapillaryCut-OffforClayeySubgrade: 

If the subgrade is clayey, the system of sub-surface drains on either side will 

notbeeffective,in viewof very lowpermeability of the subgrade.In such a casethe 

subgrade has to be raised with a free-draining material, or a capillary cut-

offhastobeappliedasshowninFig. 

 

 

 
 

 

 

 
Fig.Capillarycut-offforaclayeysubgrade 

If the depth of pervious layer is more, horizontal drains comprising 

perforatedmetallic pipes or PVC pipes installed at a suitable slope may be 

provided toservethesamepurpose. 

DrainPipesandFilterMedia: 

A subsurface drain may comprise of perforated pipe, a porous concrete pipe 

orsolidpipelaidwithopenjoints.Alternatively,atrenchfilledwithafreedrainingmater

ialmaybeusedto servethepurposeofadrain. 

Thecapillarycut-offmayevenbeanimpermeablebituminouslayer. 

The location of the cut-off should be above the level of capillary rise 

expectedfortheclayeysubgrade. 

Sub-SurfaceDrains toControlSeepageinCutSlopes: 

Sometimes, seepage water renders cut slopes unstable by reachingthe face ofthe 

slope. This can be prevented by lowering the seepage line by providing asub-

surface longitudinal drain installed to a depth below the pervious layer 

asshowninFig. 

 

 

 

 

 
 

 

 

 
 

Fig.Subsurfacedrainsat cutslopetocontrolseepage 
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A perforated pipe or a porous pipe (of no fines concrete) with an impervious 

capat the top, laid in a trench and backfilled with a granular, free-draining 

materialtop isconsideredtobeagood choice. 

If granular filter material with appropriate gradation has to be used, it has to 

bedesignedtosatisfycertaincriteria. 

DesignofaFilterMaterial: 

The gradation requirements of the filter material are based on 

threecriteria: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.Filterdesignforsubsurfacedrains 

Set the grading of the soil to be drained be plotted as shown. Mark the D15 

andD85 of the soil. From permeability criterion, mark D15 of filter (>5D15 of 

soil) asA. 

(i) Permeabilityoffilter 

(ii) PreventionofPiping(becauseofhighseepagevelocity) 

(iii) Preventionofcloggingofthedrainpipe. 

Theserequirementsare: 

 

 

 

 

 

 
Fig.showsanexample 

oftheselectionofasuitablefiltermaterialbasedonthegradationofthesoiltobedrained. 
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Frompipingcriterion,markD15offilter(<5D85ofsoil)asB. 

OnD85 line,markpointC,suchthatD85 (filter)isgreaterthan2dp(dp 

beingthediameteroftheperforation ofthedrainpipe). 

AsuggestedgradingoffiltermaybedrawnsmoothlysuchthatitliestotheleftofCandlie

sbetweenAandBasshown. 

The perforated pipe is usually 100 to 150 mm in diameter with holes in two 

ormore lines towards the bottom of the pipe. The collector pipes of 

porousconcrete,metalorPVCshouldbelaidwithaminimumof100mmoffiltersandar

oundthem. 

Usually 5 mm diameter holes are considered adequate, if restricted to the 

lower60°arcofthepipe. Solidpipeswithopenjointsmaybeused, 

butcareshouldbetakento seethatsilt andfinesand donot enterthepipe. 

When the flow of water takes place through porous backfill of graded sand, it 

islikely to be clogged after some time. Hence, this involves maintenance, 

washingofthecloggedbackfill. 

GeosyntheticsinSubsurfaceDrains: 

Geosyntheticsorgeotextilesarebecomingpopularassubstitutesoralternativesto 

graded filters. They have high retention fine particles and 

permeabilitysimilartogradedmaterialandgoodtensilestrength.Installationis 

alsoeasy. 

Geosyntheticproductsperformthefunctions ofafilteras wellas thatofaseparator. 

Fig.shows anaggregatedrainwithapipeencasedinageosynthetic. 

 

 

 

 
 

 

 

 

 

Fig.Geosynthetic-encased aggregatedrainwithapipe 

ShoulderDrainage: 

For quick drainage of water from the roadway, the shoulder surface has to 

beproperly sloped. A continuous drainage layer, 75 to 100 mm thick, can be 

laidunder theshoulderatthebottom level of thesub-baseor thebottom-

mostgranularsub-baselayerandextendeduptotheedge.Apavedshoulder,if 
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provided,shouldhaveacross-

slopeofatleast0.5%morethanthecamber;theunpavedshoulderbeyondthisshouldbe

afurther0.5%steeperasshowninFig. 
 

 

 

 

 

 
 

 

 

 

 

 

MedianDrainage: 

 

Fig.ShoulderDrainage 

Narrow medians may be drained towards the pavement. Medianswith a widthof 

up to 1.8m can be provided with kerbs andpaved;thosewithwidthranging from 

1.8 to 5 m are usually turfed and crowned for the surface water torun towards 

the pavement (which may be with or without kerbs). For 

mediansthataremorethan5mwide,there arenokerbsat theedge. 

If thecarriageway drains towardsthemedian, central drain may bemade tocarry 

the run off. At intervals, the drain may also be made to lead water to anoutlet. 

 
DrainageofHighEmbankment: 

In the case of high embankments (more than 8 metres high) as with 

bridgeapproaches, slopes and shoulders may be eroded by surface run-off. To 

preventor minimise this, longitudinal drains are to be provided at the edges of 

theroadway, from which the water may be led down the slopes by means of 

linedchuteswithenergydissipationbasinsatthetoe. 

The water thus collected at the toe can be led in an open toe drain at the 

bottomparallel to theroad, andled to anaturaloutlet at an appropriatepoint. 

Inbetweenthe chutes,theslope istobeturfedtoprotectitfromsurfaceerosion. 
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Fig.DrainagesystemforhighEmbankment 

DrainageofRotaries: 

Water, from the large area around a rotary, flows towards the centre of 

therotary, because of the super-elevated pavements.Thishas to be collected 

andledintotheoveralldrainagesystem.AtypicalarrangementisshowninFig. 
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Fig.TypicaldrainagearrangementataRotary 

Similararrangementscanbemadeatanintersection. 

At a flyover, the water collected in longitudinal drains on either side of 

thepavements can be led thorough the hollows of pillars of the supporting 

structurelikeabridge andledawaythroughastormwater drainagesystem. 

ROADMAINTENANCE 

Introduction  
 

Road maintenance is essential in order to (1) preserve the road in its 

originallyconstructed condition, (2) protect adjacent resources and user safety, 

and (3)provide efficient, convenient travel along the route. Unfortunately, 

maintenanceis often neglectedor improperly performedresulting in rapid 

deteriorationofthe road and eventual failure from both climatic and vehicle use 

impacts. 

Itfollowsthatitisimpossibletobuildandusearoadthatrequiresnomaintenance. 

Preserving and keeping each type of roadway, roadside, structures as nearly 

aspossiblein its original condition asconstructedor assubsequently improvedand 

the operation of highway facilities and services to provide satisfactory 

andsafetransportation,iscalledRoadMaintenanceormaintenanceofhighways. 
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Fig.RoadsMaintenance/HighwaysMaintenance Definition 
 

 

maintenanceascompare tocheaprepairofflatterditchandsoilbymachine. 
 

Insnowycountry,improperlocationextremelylowfillsandnarrowcutsleavenoroomf

orsnowstorage,creatingextremelydifficultsnowremovalproblems. 

RoadMaintenanceComponents 
 

Thevariousroadmaintenancefunctionincludes: 

1. Surfacemaintenance 

2. Roadsideanddrainagemaintenance 

3. Shoulderandapproachesmaintenance 

4. Snowandicecontrol 

5. Bridgesmaintenance 

6. Trafficservice 

Highway maintenance is closely related to the quality of construction of 

originalroad. Insufficient pavement or base thickness or improper construction 

of theseelements soon results in expensive patching or surface repair. Shoulder 

carebecomes a serious problem where narrow lanes force heavy vehicle to 

travelwithonesetofwheelsoffthepavement. 
 

Improperly designed drainage facilities, mean erosion or deposition of 

materialandcostlycleaningoperationorothercorrectivemeasures.Forregularhighw

aysmaintenanceandrepairsharpditchesandsteepslopesrequiremanual 

https://www.aboutcivil.org/surface-treatment-methods-roads
https://www.aboutcivil.org/traffic-control-plan-checkist-guide-lines.html
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COMMONTYPESOFROADFAILURES–

THEIRCAUSESANDREMEDIES 

Failures may be:-

Failureinsubgrade 

 InadequateStability 

 Excessiveapplicationofstresses 

 Plasticdeformation 

FailuresinsubbaseorBasecourse 

 Inadequatestability 

 Loss ofbindingaction 

 Lossofbearingcoursematerials 

 Inadequatewearingcourse 

Causesofprematurefailures:- 

 Ruttingduetohighvariationinambienttemperature. 

 Uncontrolledheavyaxleloads. 

 Limitationofpavementdesignprocedurestomeetlocalenvironmentalcon

ditions. 

CommonFlexiblePavementFailure/Distresses:- 

 Cracking 

 Deformation 

 Deterioration 

 Matproblems 

 Problemsassociatedwithsealcoats 

Category Distresstype 

1.Cracking Longitudinal,Fatigue,Transverse,r
eflective,block,edge 

2.Deformation Rutting,Corrugation,Shoving,
depression,overlaybumps 

3.Deterioration Delamination,Potholes,Patching,r

aveling,stripping,Polishedaggrega

te,Pumping 
4.MatProblems Segregation,Checking,Bleeding 

5.Sealcoats Rockloss,Segregation,bleeding/fats
pots,Delamination 

Types of Distresses/Failures and Definitions:-

AlligatorCracking 

Alligator cracking is a load associated structural failure. The failure can be 

dueto weakness in the surface, base or sub grade; a surface or base that is too 

thin;poor drainage or the combination of all three. It often starts in the wheel 

path aslongitudinalcrackingandendsupasalligatorcrackingafterseveredistress. 

FIX:Becauseastructuralfailureistakingplacetheonlypossiblesolutiontoalligat

oringistoperformafull-depthpatch. 
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BlockCracking 

Fig.AlligatorCracking 

Blockcrackslooklikelargeinterconnectedrectangles(roughly).Blockcracking is 

not load-associated, but generally caused by shrinkage of the asphaltpavement 

due to an inability of asphalt binder to expand and contract withtemperature 

cycles. This can be because the mix was mixed and placed too dry;Fine 

aggregate mix with low penetration asphalt & absorptive aggregates; 

poorchoiceofasphaltbinderinthemixdesign;oragingdriedoutasphalt. 

FIX: Less severe cracks measuring 1/2 inch or less can be sealed to 

preventmoisture from entering into the sub grade. More severe cracks should be 

fixedbyremovingthecrackedpavementlayerand replacingit withanoverlay. 

 

 

 

 
 

 

 

 

 

 

 

Fig.BlockCracking 

Longitudinal(Linear)Cracking 

Longitudinal cracking are cracks that are parallel to the pavements centerline 

orlaydown direction. These can be a result of both pavement fatigue, 

reflectivecracking, and/or poor joint construction. Joints are generally the least 

denseareasofapavement. 
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FIX: Less severe cracks measuring 1/2 inch or less can be sealed to 

preventmoisture from entering into the sub grade. More severe cracks should be 

fixedbyremovingthecrackedpavementlayerand replacingit withanoverlay. 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

 
TransverseCracking 

Longitudinal(Linear)Cracking 

Transverse cracks are single cracksperpendicular to the pavement's centerlineor 

laydown direction. Transverse cracks can be caused by reflective cracks froman 
underlying layer, daily temperature cycles, and poor construction due 

toimproperoperationofthepaver. 

FIX: Less severe cracks measuring 1/2 inch or less can be sealed to 

preventmoisture from entering into the sub grade. More severe cracks should be 

fixedbyremovingthecrackedpavementlayerand replacingit withanoverlay. 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
EdgeCracks 

Fig.TransverseCracking 

Edge Cracks travel along the inside edge of a pavement surface within one 

ortwofeet.Themostcommon causeforthistypeof 

crackispoordrainageconditionsandlackofsupportatthepavementedge.Asaresultun

derlyingbase 
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materials settle and become weakened. Heavy vegetation along the 

pavementedgeandheavytrafficcanalsobetheinstigatorofedgecracking. 

FIX:Thefirststepincorrectingtheproblemistoremoveanyexistingvegetation close 

to the edge of the pavement and fix any drainage 

problems.Crackseal/fillthecrackstopreventfurtherdeteriorationorremoveandrecon

struct tofull depthfixinganysupportissues. 
 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 
JointReflectionCracks 

Fig.EdgeCracks 

These are cracks in a flexible pavement overlay of a rigidpavement(i.e.,asphalt 

over concrete). They occur directly over the underlying rigid pavementjoints. 

Joint reflection cracking does not include reflection cracks that occuraway from 

an underlying joint or from any other type of base (e.g., cement 

orlimestabilized). 

FIX: For less severe cracks (less than 1/2 inch) crack sealing will prevent 

thefurther entry of moisture into the subgrade. If the cracks are more severe 

theremovalofthecrackedpavementlayerfollowedbyanoverlaymayberequired. 

 

 

 

 

 

 

 

 

 
Fig.JointReflectionCracks 
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SlippageCracks 

Slippage cracks are crescent-shaped cracks or tears in the surface layer(s) 

ofasphalt where the new material has slipped over the underlying course. 

Thisproblem is caused by a lack of bonding between layers. This is often 

because 

atackcoatwasnotusedtodevelopabondbetweentheasphaltlayersorbecausea prime 

coat was not used to bond the asphalt to the underlying stone basecourse. The 

lack of bond can be also caused by dirt, oil, or other 

contaminantspreventingadhesionbetweenthelayers. 

FIX: All of the areas exhibiting the “stretch marks” will need to be removed 

andwillrequireapartialorfulldepthpatch. 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 
 

 
 

PotHoles 

Fig.SlippageCracks 

Small, bowl-shaped depressions in the pavement surface that penetrate all 

theway through the asphalt layer down to the base course. They generally 

havesharp edges and vertical sides near the top of the hole. Potholes are the 

result ofmoistureinfiltration andusually the end result of untreated alligator 

cracking.As alligator cracking becomes severe, the interconnected cracks create 

smallchunks of pavement, which can be dislodged as vehicles drive over them. 

Theremainingholeafterthe pavementchunkisdislodgedis calledapothole. 

 

FIX:Fulldepthreplacement patch. 
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Depressions(birdbaths) 

Fig.PotHoles 

Depressions are localized pavement surface areas with slightly lower 

elevationsthan the surrounding pavement. Depressions are very noticeable after 

a rainwhentheyfillwithwater. 

FIX: Depending on the severity of the depression the asphalt may have to 

beremovedandreplaced(severe).Lessseveredepressionscanbefixedbyapplying 

athinsurfacepatchorinfraredpatch. 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

Rutting 

Fig.Depressions(birdbaths) 

Rutsin asphaltpavementsarechannelizeddepressionsin thewheel-tracks.Rutting 

results from consolidation or lateral movement of any of the 

pavementlayersorthesubgradeundertraffic.Itiscausedbyinsufficientpavementthic

kness; lack of compaction of the asphalt, stone base or soil; weak asphaltmixes; 

ormoistureinfiltration. 

FIX: If rutting is minor or if it has stabilized, the depressions can be filled 

andoverlaid. If the deformations are severe, the rutted area should be removed 

andreplaced withsuitablematerial. 
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Shoving 

Fig.Rutting 

Shoving is the formation of ripples across a pavement. This characteristic 

shapeis why this type of distress is sometimes called wash-boarding. Shoving 

occursatlocationshavingseverehorizontalstresses,suchasintersections.Itistypicall

ycausedby:excessasphalt;toomuchfineaggregate;roundedaggregate;too 

softanasphalt;oraweakgranularbase. 

FIX:Partialorfulldepthpatch 
 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 
Upheaval 

Fig.Shoving 

Upheaval is a localized upward movement in a pavement due to swelling of 

thesubgrade. This can be due to expansive soils that swell due to moisture or 

frostheave(iceunderthepavement). 

FIX: Fulldepthpatch 

 

 

 

 

 
 

 

Fig. Upheaval 
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Raveling(veryporousasphalt) 

Ravelingistheon-

goingseparationofaggregateparticlesinapavementfromthesurfacedownwardorfro

mtheedgesinward.Usually,thefineaggregatewearsawayfirstandthenleaveslittle“p

ockmarks”onthepavementsurface.Astheerosioncontinues,largerandlargerparticle

sarebrokenfreeandthepavement soon has the rough and jagged appearance 

typical of surface 

erosion.Therearemanyreasonswhyravelingcanoccur,butonecommoncauseisplaci

ngasphalttoolateintheseason.Thisisbecausethemixtureusuallylackswarm

 weather traffic which reduces pavement surface voids,

 furtherdensification,andkneadingoftheasphaltmat.Forthisreasonravelingi

smorecommon inthemorenorthernregions(snowbelt). 

FIX:Applyathinhot-

mixoverlay.Othersolutionscouldinclude:sandseal,chipseal,slurrysealormicro-

surfacing. 

 

 
 

 

 

 

 

Fig.Raveling(veryporousasphalt) 

 

Otherissuesthatneedtreatmentbeforemaintenance: 

Oil Spots – oil spots are a common problem in parking lots and 

driveways.These areas must be treated before sealcoating or the oiland 

chemicalswillseep up through the newly appliedmaterial and render your sealed 

surfaceineffective.There are number of great productsfor treating these 

typesofissues.Askyourmaterialsupplier whattheyoffer. 

Grass–

Poorlymaintainedparkinglotswilloftenhavegrassgrowingupthroughthecracks.Cle

aning thecracksshouldbestandard practicebeforesealing them. Use a heat lance 

to burn out the crack and/or blow out the cracksdepending 

ontheseverityoftheproblem. 

Mud, tree sap, berry stains, etc – Anything that would sit between the 

asphaltand the sealer must be removed. Without removing it the sealer can not 

properlyadhere to the asphalt and will eventually (sooner than later most likely) 

peel off.Blowers, push brooms, pressure washers, and gas powered brooms are 

all toolsyoushouldhaveinyourpavementmaintenancearsenal. 

 

Maintenanceofbituminousroadsuchaspatchworkandresurfacing 
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In addition to standard causes such as traffic, weather and ingress of water 

forthe deterioration of earth, gravel and WBM roads, loss of volatiles, oxidation 

ofthebindermaterialandinadequacyofthespecificationandconstruction 
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standards also could be the reasons for distress and disintegration of 

bituminouspavements. 

Dependinguponthedegreeofdeteriorationofthehighwayfacility,thenatureofth

emaintenanceoperationsfor bituminouspavementscouldbe: 

(a) Patchrepair 

(b) Surfacetreatment 

(c) Resurfacing 

(a) PatchRepair: 

Thisconsists of patching up of pot-holes and localised failures, andmay be upto 

about 25 per cent of the surface area annually. For patching, sand premix,open-

gradepremix,dense-gradedpremix,orpenetrationpatchingmaybeadopted. 

(b) SurfaceTreatment: 

The aim of surface treatment may be renewal of the surface course when 

patchrepair becomes uneconomical; it may also be to improve skid resistance 

whenthe surface is worn out badly. Standard specifications for tack coat, prime 

coatandsealcoat,alongwithsurfacedressing/premixcarpetshouldbeused. 

(c) Resurfacing: 

This is taken up when the pavement has deteriorated badly. When the 

pavementisofinadequatethickness,an‘overlay’ofadequatethicknessshouldbedesig

ned andprovided. 

A brief description of the defects, symptoms, probable causes, and 

possibletreatment is given in the Table 10.3, extracted from “IRC; 82-1982: 

‘Code ofPractice for maintenance of bituminous surfaces’, Indian Roads 

Congress, 

NewDelhi,1982”:Defects,Symptoms,CausesandTreatmentofDefectsinBituminou

sSurfacings. 
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Maintenance of concrete roads – filling cracks, repairing

 joints,maintenanceofshoulders (berm), maintenanceof 

trafficcontroldevices 
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A cement concrete pavement needs very little maintenance if it is well-

designedand properly constructed. In fact, this is considered to be the most 

importantadvantage which offsets the high initial cost. However, defects are 

likely tooccurduetoingressofwater,especiallythroughill-

maintainedjointsandcracks,inadequatepavement thicknessandpoorworkmanship. 

Cracks: 

Appearance of cracks, which may be shrinkage cracks or warping cracks due 

totemperaturechanges. 

Crackswhich appearin thecornerandedgeregionsarecalled‘structuralcracks’ as 

they are due to the excessive stresses caused by wheel loads. Theyindicate 

inadequacy of the pavement thickness and should be viewed 

seriouslyandtreateddifferently. 

Hair cracks are not harmful, but medium and wide cracks allow water to 

seepthrough and cause progressive loss of subgrade support. Such cracks should 

befilledupwithlow-viscosity epoxy grout,after cleaning the cracksof 

dust.Compressed air is used for effective cleaning. The material is topped up 

withsand or fine aggregate chips to prevent the disturbance of the material 

undertraffic. 

Joints: 

Joint maintenance consists of replenishing lost sealant, removal of 

deterioratedjoint filler, and introduction of fresh filler material. The sealant is 

then poured toan excess height of about 3 mm and sand sprinkled for it to be 

compressed bythetraffictothelevelofthepavement surface. 

PatchRepairofSlabs: 

Sealing,spalling, depressionsandirregularitiescan occurin a 

slablocally.Immediatepatchingupofsuchdefectiveslabscanarrestfurtherdeteriorati

on. 

Premix bituminous materials are commonly used for this purpose, but they 

donot provide a satisfactory result. The best materials are epoxy resin mortars 

andconcrete for such patch repair work. The sides of the area of the slab to 

bepatched are trimmed, made vertical, and fresh concrete is laid and tamped; 

theareasareusuallymadeofregulargeometricalshapeslikerectangles. 

Mud-Pumping: 

When water gets collected in the subgrade, heavy axle loads cause ejection 

ofmud through joints, cracks and edges. This phenomenon is commonly known 

asmud-pumping and blowing. When this is observed, defective joints and 

widecracksshould berefilledandsealed. 

To prevent further damage and recurrence, grouting of the slab is done 

throughholesdrilledinit;thegroutcanbeofcementmortar(1:3.5mix)orof 
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bituminous material (the latter is preferred since it is effective in filling the 

voidspaces between the slab and the subgrade), and raising the slab to the 

desiredlevel. This process is called mud-jacking and is popularly used in 

advancedcountries. 

RestorationofAnti-SkidSurface: 

Whenthesurfacebecomessmoothandslippery,anti-

skidsurfacecanberestoredbycutting 

groovesbygroovingmachinesorbygrindingmachines. 

CrackRepair: 

 

MaintenanceManagementSystem(MMS): 

In view of the several steps and factors involved in the maintenance 

operationsof highways, systems approach is considered desirable to evolve an 

efficientmaintenanceprogrammeforanyhighwaynetwork. 

Acomputerpackageknownas‘PavementManagementSystem’hasbeenformulatedt

ofacilitateoptimalresourceallocationformaintenance. 

Theelementsinthisare: 

A patching mix of epoxy mortar can be filled and compacted after chipping 

offthe area and cleaning it thoroughly by using compressed air. This is 

adequateonlywhenthecrackdepthisnotmorethanone-thirdofthe depthoftheslab. 

However, when the crack extends almost to the entire depth of the slab, cross-

stitching with inclined tie-bars or stapling with U-bars may be adopted; 

theformer isshownschematicallyin Fig.10.9. 

 

 

 

 

 

 
 

 

 

 

 

 

 

MechanisedMaintenanceofRoads: 

In India, road maintenance is mostly labour-oriented; however, 

mechanicalmaintenance of roads also can be practised with indigenous 

equipment forspeedyimplementationandbetterqualitycontrol. 
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a. Basicroaddatabank 

b. Pavementperformancemodel 

c. Selectionofmaintenancelevels 

d. Evolvingprioritiesformaintenance(renewalandoverlay)foragivenbu

dget. 

Several organisations have developed their own MMS packages

 andimplementedthemintheirrespectivecountries. 

 

Basic 

conceptoftrafficstudy,TrafficsafetyandtrafficcontrolsignalTrafficstudiesarec

arriedouttoanalyzethetrafficcharacteristics.Thesestudieshelpsindeciding 

thegeometricdesignfeaturestraffic controlforsafeandefficienttrafficmovement. 

Thevarioustrafficsurveystudiesgenerallycarriedoutare: 

 Trafficvolumestudy

 Speedstudy

 Spotspeedstudy

 Speedanddelaystudy

 Originanddestinationstudy

 Trafficflowcharacteristics

 Trafficcapacitystudy

 Parkingstudy

 Accidentstudies

TrafficVolumeStudy 

 Itis thenumberofvehiclescrossingasectionofroadperunittimeat 

anyselectedperiod.

 Itisusedasaquantitymeasureofflow:thecommonly 

unitsarevehicles/dayor vehicles/hour

ObjectandUsesofTrafficVolumeStudy: 

  It is generally accepted as a true measure of the relative 

importanceofroadsandindecidingthepriorityforimprovementandexpa

nsion.

  Itisusedinplanning,trafficoperationandcontrolofexistingfacilit

iesandalsoforplanningthe newfacilities.

 Itisusedintheanalysisoftrafficpatternsandtrends.

 Usefulinstructuraldesignofpavement

 Pedestriantrafficvolumestudyisusedforplanningsidewalk,

Crosswalks,subwayandpedestriansignals. 

 

Speedstudy

SpotSpeed 

Instantaneousspeedofavehicleataspecifiedlocation. 

AverageSpeed 
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Averageofthespotspeedsofallvehicles 

passingagivenpointonthehighway. 

RunningSpeed 

Averagespeed maintainedbyavehicleoveragivencoursewhilethevehicleisin 

motion. 

Runningspeed = Lengthofcourse/Runningtime 

= Lengthofcourse/(Journeytime-Delays) 

 

Journeyspeed 

 Alsoknownasoveralltravelspeed

  It is the effective speed between two points. It is the distance 

betweentwopointsdividedbythetotaltimetakenbythevehicletocompleteth

ejourney,includingalldelays.

 Journeyspeed=Distance/TotaljourneyTime(includingDelays).
 

Spotspeedstudy 

Themethodsavailableformeasuringspotspeedcanbegroupedas 

coveraknown 

distance. 

Itconsistof 

 longbasemethods-vehicles aretimedoveralongdistance.

  Shortbasemethods- vehiclesaretimedoveraShortdistance,sayabout2m.

instantaneousspeed. 

 
 

Speedanddelaystudy 

 TheSpeedanddelaystudy

 givetherunningspeed,overallspeed,flu

ctuationinspeeds and thedelaybetweentwostationofaroad.

 Itgivestheinformationsuchastheamount,location,durationandcauseofdelay

inthetrafficstream.

 Theresultofspotanddelay studiesareusefulin 

detectingspotofcongestion.

 Thedelayortimelosttrafficduringthetravelperiodbeeitherduetofixeddelayso

r operationaldelays.

 Fixeddelayoccursprimarilyatintersectionsduetothesignalsandatlevelcrossi

ngs.

 Operationaldelaysarecausedbytheinterferenceofmovement,suchasturning 

vehicles,parkingvehicles,pedestriansetc.

Variousmethods tocarryoutspeedanddelaysurveyare: 

1. FloatingCarmethod 

2. LicencePlaterecordmethod 

3. ByInterview 
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4. ByPhotographyandvideography 

 

Originanddestinationstudy 

In a transportation study, it is often necessary to know the exact origin 

anddestination of the trips. The information yielded by O-D survey includes 

land-useofthe zonesoforiginand destination,householdcharacteristicsofthe 

trip making family, time of the day when journeys are made, trip purpose 

andmodeoftravel. 

 Origin is defined as the place where the trip begins and destination 

isdefinedastheplacewherethetripends.

 Origin-Destination (OD) studies are an important tool for 

transportationProfessionals. OD studies are conducted to understand the 

pattern of themovement of Persons and goods in a particular area of 

interest during aparticularperiodoftime(Wang,1997).

 The origin and destination study is Carried out mainly to know the 

originand destinationofvariousvehicles.

 In this study the data collected are, Number of vehicles, their origin 

andDestinationnumberofpassengersinEachvehicle,route etc.

Parkingstudy 

One of the problems created by road traffic is parking. Not only do 

vehiclesrequire street space to move about, but also do they require space to 

park wherethe occupants can be loaded and unloaded. Theperiod over which a 

car isparked is very great compared with the time it is in motion. Every car 

ownerwould wish to park the car as closely as possible to his destination so as 

tominimizehiswalking. 

 Traveling vehicles at one time or another will need to park for short 

orlongtimes.

  Needforparkingspacesisgreatinareaswherelandusesinclude(business,resid

ential, or commercial).

  In high density areas spaces are very expensive, thus the space 

providedfor automobiles usually has to be divided between their 

movement andparking.

Accidentstudies 

Road accident can not be totally prevented, but by suitable traffic 

engineeringandmanagementmeasures, the accidentrate can be 

decreasedconsiderably.Thevariousobjectivesoftheaccidentstudiesmaybe listedas 

: 

 Tostudythecauseofaccidentandtosuggestcorrectivetreatmentatpotential 

location.

 Toelaluatetheexisting.

 Tosupportproposeddesign.

 Tocarryoutstudiesbeforeandafter forimprovement

 Tomakefinancialcomputationandtogiveeconomicjustificationfortheimpro

vementssuggestedbythetrafficengineer.
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CausesofAccidents 

 Theroaduser

 Thevehicles

 Theroadanditscontion.

 Environmentalfactors

 Othercauses-

incorrectsignsandsignals,gateoflevelcrossing,badllylocatedadvertizedboar

dsetc.

1. Road Users - Excessive speed and rash driving, violation of traffic 

rules,failuretoperceivetrafficsituationorsignorsignalinadequatetime,carelessness,

fatigue,alcohol,sleepetc. 

2. Vehicle- Defectssuch asfailureof brakes,steering 

system,tyreburst,lightingsystem. 

3. RoadCondition-Skiddingroadsurface,potholes,ruts. 

4. Road design - Defective geometric design like inadequate sight 

distance,inadequate width of shoulders, improper curve design, improper traffic 

controldevicesandimproper lighting. 

5. Environmental factors –Unfavorable weather conditions like mist, 

snow,smoke and heavy rainfall which restrict normal visibility and makes 

drivingunsafe. 

6. Othercauses-

improperlocationofadvertisementboards,gateoflevelcrossingnotclosedwhenrequi

redetc.. 

Preventionofroadaccident 
 

 

-

70km/h.followedproperlybythep

eople. 

Trafficsafetyandtrafficcontrolsignal 

 

TypesoftrafficcontrolDevicesareas follows. 
 Signs

 Signals

 Markings

 Islands

Requirementsoftrafficcontroldevices 

1. The control device should fulfil a need : Each device must have 

aspecific purpose for the safe and efficient operation of traffic flow. 

Thesuperfluousdevicesshouldnotbeused. 

Traffic control device is the medium used for communicatingbetweentraffic 

engineer and road users. Unlike other modes of transportation, there is nocontrol 

on the drivers using the road. Here traffic control devices comes to thehelp of 

the traffic engineer. The major types of traffic control devices used are-

trafficsigns,roadmarkings,trafficsignalsandparkingcontrol. 



116 

116 

 

 

2. It should command attention from the road users: This affects 

thedesignofsigns.Forcommandingattention,propervisibilityshouldbe 
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there. Also the sign should be distinctive and clear. The sign should 

beplaced in such a way that the driver requires no extra effort to see 

thesign. 

3. It should convey a clear, simple meaning: Clarity and simplicity 

ofmessage is essential for the driver to properly understand the meaning 

inshorttime.Theuseofcolour,shapeandlegendascodesbecomesimportant in 

this regard. The legend should be kept short and simple 

sothatevenalesseducateddrivercouldunderstandthemessageinless 

time. 

4. Road users must respect the signs: Respect is commanded only 

whenthe driversare conditionedto expect thatall devicescarry 

meaningfuland important messages. Overuse, misuse and confusing 

messages ofdevicestendsthedriverstoignorethem. 

5. Thecontroldeviceshouldprovideadequatetimeforproperresponse 

from the road users: This is again related to the design aspectof traffic 

control devices. The sign boards should be placed at a distancesuch that 

the driver could see it and gets sufficient time to respond to thesituation. 

For example, the STOP sign which is always placed at the stopline of the 

intersection should be visible for atleast onesafe 

stoppingsightdistanceawayfromthestopline. 

Communicationtools 

Anumberofmechanismsareusedbythetrafficengineertocommunicatewith 

the road user. These mechanisms recognize certain human limitations, 

particularlyeyesight.Messagesareconveyedthroughthe followingelements.  

 1. Colour:Itisthefirstandmosteasilynoticedcharacteristicsofadevice. 
Usage of different colours for different signs are important. The 

mostcommonly used colors are red, green, yellow, black, blue, and brown 

.These are used to code certain devices and to reinforce specific 

messages.Consistent use of colours helps the drivers to identify the 

presence of signboard ahead. 

2. Shape : It is the second element discerned by the driver next to the 

colourofthedevice.Thecategoriesofshapesnormallyusedarecircular,triangul

ar, rectangular, and diamond shape. Two exceptional shapes 

usedintrafficsignsareoctagonalshapeforSTOPsignanduseofinverted 

triangle for GIVE WAY (YIELD) sign. Diamond shape signs are 

notgenerallyusedinIndia. 

3. Legend : This is the last element of a device that the drive 

comprehends.Thisis an important aspect in the caseof traffic signs.For the 

easyunderstandingbythedriver,thelegendshouldbeshort,simpleandspecific 

so that it does not divert the attention of the driver. Symbols 

arenormallyusedaslegendssothatevenapersonunabletoreadthe 
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language will be able to understand that. There is no need of it in the 

caseoftrafficsignalsandroadmarkings. 

4. Pattern:Itisnormallyusedintheapplicationofroadmarkings,complementing 

traffic signs. Generally solid, double solid 

anddottedlinesareused.Eachpatternconveysdifferenttypeofmeaning.Thefre

quentandconsistentuseofpatterntoconveyinformationisrecommended so 

that the drivers get accustomed to the different types 

ofmarkingsandcaninstantlyrecognize them. 

trafficsituations.Theycanbeclassified intothreemaincategories. 

 

available. These type of signs are used to give warning to the road users 

whensome construction work is going on the road. They are placed only for 

shortduration and will be removed soon after the work is over and when the 

road isbrought back to its normal condition. The first three signs will be 

discussed indetailbelow. 

Regulatorysigns 

Thesesignsarealsocalledmandatorysignsbecauseitismandatorythatthe 

driversmustobeythesesigns.Ifthedriverfailstoobeythem,the control 

agencyhastherighttotakelegalactionagainstthedriver.Thesesignsare 

primarilymeantforthesafetyofotherroadusers.Thesesignshavegenerally 

blacklegendonawhitebackground.Theyarecircularinshapewith red 

borders.Theregulatorysignscanbefurtherclassifiedinto: 

sign and GIVE WAY sign For example, when one minor road and 

majorroad meets at an intersection, preference should be given to the 

vehiclespassing through the major road. Hence the give way sign board 

will beplaced on the minor road to inform the driver on the minor road 

that heshould give way for the vehicles on the major road. In case two 

majorroads are meeting, then the traffic engineer decides based on the 

traffic onwhichapproachthesignboardhastobeplaced.Stopsignisanother 

1. Regulatorysigns:Thesesignsrequirethedrivertoobeythesignsforthe 

safetyofotherroadusers. 

2. Warning signs: These signs are for the safety of oneself who is 

drivingand advice the drivers to obey these signs. 

3. Informative signs: These signs provide information to the driver 

aboutthe facilities available ahead, and the route and distance to reach 

thespecificdestinations 

Inadditionspecialtypeoftrafficsignnamelyworkzonesignsare  also 

Typesoftrafficsigns 

Thereareseveralhundredsoftrafficsignsavailablecoveringwidevarietyof 

1.Rightofwayseries:Theseincludetwouniquesignsthatassigntherightofwaytot

heselectedapproachesofanintersection.TheyaretheSTOP 
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exampleof regulatory signsthat comesin right of way 

serieswhichrequiresthedrivertostop thevehicleat thestopline. 

2. Speedseries: Number of speed signs may be used to limit the speed ofthe 

vehicle on the road. They include typical speed limit signs, truckspeed, 

minimum speed signs etc. Speed limit signs are placed to limit thespeed 

of the vehicle toa particular speedformany 

reasons.Separatetruckspeedlimitsareappliedonhighspeedroadwayswhereh

eavycommercial vehicles must be limited to slower speeds than passenger 

carsfor safety reasons. Minimum speed limits are applied on high speed 

roadslikeexpressways,freewaysetc.wheresafetyisagainapredominantreaso

n. Very slow vehicles may present hazard to themselves and 

othervehiclesalso. 

3. Movement series: They contain a number of signs that affect 

specificvehicle maneuvers. These include turn signs, alignment signs, 

exclusionsigns, one way signs etc. Turn signsinclude turn prohibitions 

andlaneuse control signs.Lane use signsmakeuse of arrowsto specify 

themovementswhichallvehiclesinthelanemusttake.Turnsignsareusedtosafe

lyaccommodateturnsinunsignalized intersections. 

4. Parkingseries:Theyincludeparkingsignswhichindicatenotonlyparkingpro

hibitionsorrestrictions,butalsoindicateplaceswhereparkingispermitted,thet

ypeofvehicletobeparked,durationforparkingetc. 

5. Pedestrian series: They include both legend and symbol signs. 

Thesesigns are meant for the safety of pedestrians and include signs 

indicatingpedestrianonlyroads,pedestriancrossingsitesetc. 

6. Miscellaneous: Wide variety of signs that are included in this 

categoryare: a "KEEP OF MEDIAN" sign, signs indicating road closures, 

signsrestrictingvehiclescarryinghazardouscargoorsubstances,signsindicati

ngvehicleweightlimitationsetc. 

Some examples of the regulatory signs are shown in figure . They include a 

stopsign, give way sign, signs for no entry, sign indicating prohibition for right 

turn,vehiclewidthlimitsign,speedlimitsignetc. 

 

 

 

 
 

 

 

 
 

Fig. Examplesofregulatorysigns( 

stopsign,givewaysign,signsfornoentry,signindicatingprohibitionforrightturn, 

vehiclewidthlimitsign,speedlimitsign) 
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Warningsigns 

Warning signs or cautionary signsgive information to the driver about 

theimpending road condition. They advice the driver to obey the rules. These 

signsare meant for the own safety of drivers. They call for extra vigilance from 

thepart of drivers. The colour convention used for this type of signs is that 

thelegend will be black in colour with a white background. The shape used 

isupward triangular or diamond shape with red borders. Some of the examples 

forthis type of signs are given in fig.and includes right hand curve sign 

board,signsfor narrowroad,signindicatingrailwaytrack aheadetc. 

 

 

 

 

 

 
 

 
Fig. Examplesofcautionarysigns( righthandcurvesignboard,signsfor 

narrowroad,signindicatingrailwaytrackahead) 
 

Informativesigns 

Informativesignsalsocalledguidesigns,areprovidedtoassistthedriversto 

reach their desired destinations. These are predominantly meant for thedrivers 

who are unfamiliar to the place. The guide signs are redundant for 

theuserswhoareaccustomedtothelocation. 

Some of the examples for these type of signs are route markers, 

destinationsigns, mile posts, service information, recreational and cultural 

interest areasigning etc. Route markers are used to identify numbered highways. 

They havedesigns that are distinctive and unique. They are written black letters 

on yellowbackground. Destination signs are used to indicate the direction to the 

criticaldestination points, and to mark important intersections. Distance in 

kilometersare sometimes marked to the right side of the destination. They are, in 

general,rectangular with the long dimension in the horizontal direction. They 

are colorcoded aswhiteletterswithgreenbackground. 

Mile posts are provided to inform the driver about the progress along 

aroute to reach his destination. Service guide signs give information to the 

driverregarding various services such as food, fuel, medical assistance etc. They 

arewrittenwithwhitelettersonbluebackground.Informationonhistoric,recreational

andotherculturalareaisgivenonwhiteletterswithbrownbackground. In the 

figurewe can see some examples for informative 

signswhichincluderoutemarkers,destinationsigns,mileposts,servicecentreinforma

tionetc. 
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Fig. Examples of informative signs (route markers, destination signs, mile posts, 

servicecentreinformationetc) 
 

Trafficsignals 

They are control devices which could alternately direct the traffic to stop 

andproceed at intersections using red and green traffic light signals 

automatically.The main requirements of requirements of traffic signal are to 

draw attention ,providemeaningandtimetorespondandto haveminimumwaste 

oftime. 

TypesofTrafficSignal- 

 TrafficControlSignals

 PedestrianSignal

 Trafficcontrolsignals-Theyhavethree 

colouredlightglowsfacingeachdirectionoftrafficflow.

 REDlight 

meanstoSTOP,GREENmeanstoGO,YELLOWorAMBERmeansa

llowstheCLEARANCETIME.

Pedestrian Signals- They are meant to give the right way to pedestrian to 

crossa road during the “walk period” when the vehicular traffic shall be stopped 

byredor stop signalonthetrafficsignalsoftheroad. 

 

 
 

 

 

 

 

 

 

 
 

Road marking 

Roadmarkingaremadeoflines,pattern,words,symbolorreflectiononthe 

pavement , kerb , sides of islands or on the fixed objects within or near 

theroadway. 

Themarkingsaremadeusingpaintsincontrastwithcolourandbrightnessofthepav

ementsor other background. 
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Typesofmarking- 
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 PavementMarking

 KerbMarking

 ObjectMarking

 ReflectorUnitMarking

1. Pavement Marking- They may generally be of white paint. Yellow 

markingareusedtoindicateparkingrestrictions. 

2. KerbMarking-Thesemayindicatecertainregulationlikeparkingregulations. 

Also the marking on the kerb and edges of islands with 

alternateblackandwhitelineincreasesthevisibilityfromthe alongdistance. 

3. Object Marking- Physical obstruction on or near the road hazardous 

andhenceshouldbeproperlymarked. 

4. Reflect Unit Marking- Reflector markers are used as hazard markers 

andguide markers for safe driving during night. Hazards markers reflecting 

yellowlightshould bevisiblefromalongdistanceofabout150m. 
 

1  2  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Trafficislands 

Trafficislandsareraisedareasconstructedwithintheroadway 

toestablishphysicalchannelsthroughwhichthevehiculartrafficmaybeguided. 

Theyaremainlyfourtypes- 

 DivisionalIslands 

4 
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 ChannelizingIslands 

 PedestrianLoadingIslands 

 RotaryIslands 

1. Divisionalislands-Theyareintendedtoseparateopposingflowoftrafficona 

highway with four or more lanes . By thus dividing the highway into two 

onewayroadways,thehead-oncollisionsareeliminated. 

2. Channelizing islands- They are used to guide the traffic into proper 

channelthroughtheintersectionarea.Theyare veryusefulas trafficcontroldevices 

forintersectionatgrades ,whenarea islarge. 

3. Pedestrian Loading Islands- They are provided at regular bus stop 

andsimilarplacesfortheprotectionofpassengers. 

4. Rotary islands- It is the large central island of rotary intersection ; this 

islandismuchlarger thanthecentralislandofchannelizedintersection. 
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CONSTRUCTIONEQUIPMENTS 
Preliminaryideasofthefollowingplantandequipment:Hot 

mixingplant : 

Asphaltic concrete is a mixture of asphalt, coarse aggregates, fine aggregates 

&filler material. After mixing, we are heating them up to final product 

called“HOT MIX”. 

Therearetwobasictypesofplantsusedto manufacturehot mixasphalt: 

 Batchtypeplant 

 Drum(continuous)typeplant 

Thevarious partsofBatch mixplantaregivenbelowasperflowofmaterial: 

1. Coldaggregatefour-binfeeder. 

2. Coldconveyor. 

3. Aggregatedryer. 

4. MixingChamber 

5. Asphalttank. 

6. Mineralfillerunit. 

7. Load-outconveyor. 

8. Centralizedcontrolpanel. 

4 
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Fig.SchematicDiagramofDrumMixPlant 

 

Coldaggregatesfour –binfeeder:- 

1. It consists of FOUR independent top open type bins having being 

fabricatedfromMSplatemountedonrigidChannelsupportedonchannel.Eachbincon

sists of an independent and synchronized variable speeds D.C. motor 

forfeedingtheaggregatesatapredeterminedratethroughapreciselyadjustable 

binquadrantgate. 

2. Gathering conveyor belt equipped with an electronic weigh bridge and 

drivenbyelectricmotor. 

3. Single deck screen provided at the discharge end of the gathering 

conveyorforrejectionofanypaversizematerialabovepermissiblelimit. 

4. Single main transfer conveyor to receive the aggregates from the 

gatheringconveyor and discharge it into the dryer under the combustion zone 

driven byelectricmotorandreductiongear 

Separate detachable slinger conveyor is provided to transfer the 

aggregatesreceivedfromthevibratoryscreentofeedintothethermo-

drum.Slingerconveyor is driven by constant speed electric motor coupled with 

reductiongearbox. 
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The rigid frame of conveyor is fabricated from appropriate channel sections 

andthe conveyor belt is supported by uniformly spaced roller stands. Any 

saggingonthereturntravelofthebelt isalsotakencareofbyroller. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 
Fig.AggregateDryer 

From the cold aggregates conveyor, aggregates are delivered to the dryer. 

Thedryer removes moisture from the aggregates and rises temperature to the 

desiredlevel. 

The dryer has an oil or gas burner with a blower fan to provide the primary 

airfor combustion of the fuel,and an exhaust fan to create a draft through 

thedryer. 

Properaggregatetemperatureisessential. Aggregatesthatareheatedtoanexcessive 

temperature can harden the binder during mixing. Under 

heatedaggregatesaredifficulttocoatthoroughlywithbinderandtheresultingmixisdif

ficulttoplaceontheroadway. 

 

 

 

 
 

 

 

 

 

 

 
 

Fig.MixingChamber 
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In this chamber the binder & aggregates are mixed.It consists of a 

linedmixingchamberwithhorizontalshaftaboutwhichthedrumrotates.Thechamber 

is so designed that there are no dead areas formed. The temperature 

ofthemixshallbemaintainedproperlysoastohavehomogeneousmix. 

ThewholeassemblyofChamberissupportedoverprefabricatedsteelsectionspref

erablyofchannelorI-sections. 

 

 

 

 
 

 

 

 

Fig.Asphalt Tank 

Thebitumensectionofbatchmixplantmainlyconsistsofbitumentank,bitumenheatin

gburner,bitumenpumping&meteringunitandhotoilsystem. 
 

The tank is fully insulated to minimize heat losses and is of 15,000 

liters.capacity. The bitumen inside the tank is heated by U-shaped heating tube 

fittedwith automatic burner of adequate capacity. A jacketed bitumen pump 

driven 

byvariablespeedmotorthroughreductiongearboxisprovidedtopumpthebitumen to 

the drum.The bitumenflow rate is controlled by varying the RPMofmotor. 

Hot mix storage silos can be offered with options to store different types 

ofmixDesignstomeetvariedsitedemands. 
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Mineralfillerunit: 

Fig.Hotmixstoragesilo 

The Filler hopper is provided to add mineral filler from a separate hopper, 

inthe mix to the extent pre-selectable in percentage by weight of the 

maximumplant output. 

Theunitisfabricatedfrom5mthicksteelplateandmountedonsteelstructure. 

Thesystemispoweredbyavariablespeedmotorcoupledwithgearboxtorotaryvalv

eandalsosynchronizedwithaggregate&bitumenoutput. 

The 

fillermaterialfromthisunitisconveyedautomaticallyuptocoatedzoneinthepug-

mill. 
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Fig.Mineralfillerunit 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.LoadOutConveyor 

Hotmixmaterialdischargedfromthepugmilliscarriedbyinclinedhotconveyorbeltan

ddischargedintothetipper/truckthroughhydraulicallyoperatedsurgestoragehopper. 

Hydraulically operated storage hopper is provided at the discharge end of 

theconveyor which stores the hot mix and allows it to fall as mass in the 

batchesandthusavoidssegregationand spillageduringout cycle. 

CONTROLSYSTEM 

The plant is supplied with centralized control panel. All controls, including 

themotor control, center circuit breakers are provided in the control panel. 

Thecontrolpanelcontrolsfeederbincontrolsandelectricswitchgear.Allthe 
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parameterslike,temperatureof bitumen-hotmixmaterialexhaustgasesandaggregate 

weight, asphalt percentage, hot mix material weight etc. are 

displayedonthecontrolpanel. 

 

 

 

 

 

 
 

 

 
 

Fig.ControlPanel 

Tipper, tractors (wheel and crawler) scraper, bulldozer, dumpers, 

shovels,graders,rollerdragline 

 

Tipper 

Atruckorlorrytherearplatformofwhichcanberaisedatthefrontendtoenabletheload 

tobedischargedbygravityalsocalledtiptruck. 

Tippersaresuitedfortheroughandtumbleofmining&quarryingoperations, as 

well as for carrying bulk loads in construction and 

infrastructureindustries.Completemanoeuvrability,highperformanceandlong-

termendurancearecommontoalltrucks,resultinginloweroperatingcosts. 

 

 

 

 

 

 

 

 
 

 
 

Fig.TipperTruck 

Tractors(WheelAndCrawler) 

Multi-purposemachines usedmainlyforpullingandpushingthe

 otherequipment. 

• Tractorsmaybeclassifiedas 
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a) Crawler type tractor- Used to move bull dozers, scrapers. The crawler has 

achain by which these tractors can be very effective even in the case of loose 

ormuddysoils.Thespeedofthistypedose notexceed12kmphnormally. 

b) Wheel type tractor- The engine ismounted on four wheels. 

Themainadvantage is higher speed, sometimes exceeding 50 kmph it is used for 

long-distancehaulingandgoodroads. 

 

 

 

 

 

 

 

 
 

 

Fig.Crawlertypetractor and Wheeltypetractor 

Comparisonbetweencrawlerandwheeledtractors 

Crawlertype Wheeledtype 

1. Slowspeed 1.Greaterspeed 

2.Morecompactandpowerfulandca

nhandleheavierjobs 

2.Conhandle onlylighterjobs 

3.costly 3.cheaper 

4.Costofoperationandm

aintenanceis high 

4.Operationalandmaintenancecostisles

s 

5.Stickcontrolforsteering 5.Wheelsteeringcontrol 

6.Movesonroughroadsonly 6.Movesonroughaswellasgoodroa

ds 

7.Usedforshortdistances 7.Usedforlongerdistances 

8.Requiresskillfuloperation,

maintenanceandrepairs 

8.Lesserskillsrequiredforoperations

,maintenanceandrepairs 
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Scraper 

 Incivilengineering, awheeltractor-scraper 

isapieceofheavyequipmentusedfor earthmoving.

  Therearparthasavertically moveable hopper(alsoknownasthebowl)with 

a sharp horizontal front edge. The hopper can be hydraulicallylowered 

and raised. When the hopper is lowered, the front edge cuts 

intothesoilorclaylikeaplaneandfillsthehopper.

 When the hopper is full it is raised, and closed with a vertical 

blade(known as the apron). The scraper can transport its load to the fill 

areawherethebladeisraised,thebackpanelofthehopper,ortheejector,ishyd

raulically pushed forward and the load tumbles out. Then the 

emptyscraper returnstothecutsiteandrepeatsthecycle.
 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 
Bulldozer 

Fig.Scraper 

Abulldozerisacrawler(continuoustrackedtractor)equippedwithasubstantial 

metal plate (known as a blade) used to push large quantities of soil,sand, rubble, 

or other such material during construction or conversion work andtypically 

equipped at the rear with a claw-like device (known as a ripper) 

toloosendensely-compactedmaterials. 

 

 

 

 

 
 

 

 

 

Fig. Bulldozer 



134 

134 

 

 

Dumpers 

 A dumperisavehicledesignedforcarrying bulkmaterial,often 

onbuildingsites.Dumpersaredistinguishedfromdumptrucksbyconfiguration

: a dumper is usually an open 4-wheeled vehicle with theload skip in front 

of the driver, while a dump truck has its cab in front oftheload.

 The skip can tip to dump theload; this iswhere thename "dumper"comes 

from. They are normally diesel powered. A towing eye is fitted 

forsecondary useas a site tractor.Modern dumpershave payloadsof up 

to10tones and usuallysteerbyarticulatingatthemiddleofthechassis.

 

 

 

 

 

 
 

 

 

 

 

Shovels 

 A power shovel (also stripping shovel or front shovel or electric 

miningshovel) is a bucket equipped machine, usually electrically 

powered, 

usedfordiggingandloadingearthorfragmentedrockandformineralextraction.

  Powershovelsareusedprincipallyforexcavationandremovalofoverburden 

in open-cut mining operations, though it may include 

loadingofminerals,suchascoal.Theyarethemodernequivalentofsteamshovel

s,andoperateinasimilarfashion.

 Ashovel'sworkcycle,ordiggingcycle,consistsoffourphases:

 Digging

 Swinging

 Dumping

 Returning
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Fig.OldPowerShovel Fig.NewPowerShovel 

 

Graders 

 Agrader,alsocommonlyreferredtoasaroadgrader,ablade,amaintainer, or a 

motor grader, is a construction machine with a long 

bladeusedtocreateaflatsurface.

  Typical models have three axles, with the engine and cab situated 

abovethe rear axles at one end of the vehicle and a third axle at the front 

end ofthevehicle,withthebladeinbetween.

 In civil engineering, the grader's purpose is to "finish grade" (refine, 

setprecisely)the"roughgrading"performedbyheavyequipmentorengineerin

gvehiclessuchasscrapersandbulldozers.

 Graders are commonly used in the construction and maintenance of 

dirtroadsandgravelroads.

 In the construction of paved roads they are usedto prepare the basecourse 

to create a wideflat surfacefor the asphaltto be placedon.Graders are also 

used to set native soil foundation pads to finish 

gradepriortotheconstructionoflargebuildings.
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Roller 

Fig.Grader 

Aroad roller(sometimescalledaroller-compactor,orjust roller)isacompactor type 

engineering vehicle used to compact soil, gravel, concrete, orasphalt 

intheconstructionofroadsand foundations,similarrollersareusedalsoat landfills 

orinagriculture. 
 

 

 

 

 

 
 

 

 

 

 

 

 

 
Dragline 

Fig.Roller 

 Thedraglineissonamebecauseofitsprominentoperationofdraggingthebucke

tagainstthematerialtobedug.

 Unliketheshovel,ithasalonglightcraneboomandthebucketislooselyattached

totheboomthroughcables.

 Becauseofthisconstruction,adraglinecandiganddumpoverlargerdistancesth

anashovelcando.

 Draglinesareusefulfor 

diggingbelowitstracklevelandhandlingsoftermaterials.
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 Thebasicpartsofadraglineincludingtheboom,hoistcable,dragcable,hoist 

chain, dragchainandbucket.

 

Application 

 Itisthemostsuitablemachinefordraggingsoftermaterialandbelowitstr

ack level 

 Itisveryusefulforexcavatingtrencheswhenthesidesarepermitte

dtoestablishtheirangleofreposewithoutshoring. 

 Ithaslongreaches. 

 Itismostlyusedintheexcavationfor 

canalsanddepositingontheembankment withouthaulingunits 

 Itisthemostsuitablemachinefordraggingsoftermaterialandbelowitstr

acklevel 

 Itisveryusefulforexcavatingtrencheswhenthesidesarepermitte

dtoestablishtheirangleofreposewithoutshoring. 

 Ithaslongreaches. 

 Itismostlyusedintheexcavationforcanalsanddepositing 

ontheembankment withouthaulingunits. 
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 

 

 

Roadpavers 

 

Fig.Dragline 

A paver (paver finisher, asphalt finisher, paving machine) is an 

engineeringvehicleusedtolayasphaltonroadways.Itisnormallyfedbyadumptruc

k. 

A separate machine, a roller, is then used to press the hot asphalt mix, 

resultinga smooth, even surface. The sub-base being prepared by use of a 

grader to trimcrushedstonetoprofileafterrolling. 
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Fig. Road 

PaverModern construction equipments for 

roadsExcavators 

Excavatorsareheavyconstructionequipmentconsistingofaboom,stick,bucke

tand cabonarotatingplatform(knownasthe"house"). 

housesitsatopanundercarriagewithtracksorwheels. 

 
 

 Diggingoftrenches,holes,foundations

 Materialhandling

 Brushcuttingwithhydraulicattachments

 Forestrywork

 Demolition

 Generalgrading/landscaping

 Heavylift, e.g.liftingandplacingofpipes

 Mining,especially,butnotonlyopen-pitmining

 Riverdredging

 Drivingpiles,inconjunctionwithapiledriver

 

 

 

 

 

 

 

 
Fig.Excavator 
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Loaders 

A loader is a heavy equipment machine often used in construction, 

primarilyused to Load material (such as asphalt, demolition debris, dirt, 

snow,feed,gravel, logs, raw minerals, recycled material, rock, sand, and 

woodchips) into oronto another type of machinery (such as a dump truck, 

conveyor belt, feedhopper,or railcar). 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
Skidsteerloaders 

Fig.Loader 

 Askid loaderorskid-steerloader isasmallrigid frame,engine-

poweredmachine with lift arms used to attach a wide variety of labour-

savingtoolsor attachments.

  Though sometimes they are equipped with tracks, skid steer loaders 

aretypically four wheel vehicles with the wheels mechanically locked 

insynchronizationoneachside,andtheleft-sidedrivewheels 

canbedrivenindependentlyoftheright-sidedrivewheels.

 

 

 

 

 

 
 

 

 

 

 

 

 
 

Fig.Skidsteerloader 
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BACKHOE 

 A backhoe, also called a rear actor or back actor, is a piece of 

excavatingequipment or digger consisting of a digging bucket on the end 

of a twopart articulated arm. They are typically mounted on the back of 

atractororfrontloader.

 The section of the arm closest to the vehicle is known as the boom, 

andthe section which carries the bucket is known as the dipper or dipper 

stick(the terms "boom" and "dipper" having been used previously on 

steamshovels).Theboomisattachedtothevehiclethroughapivotknownasthek

ingpost,whichallowsthearmtoslewleftandright,usuallythroughatotalofarou

nd200degrees.Modernbackhoesarepoweredbyhydraulics.
 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 
 

 
Compactors 

Fig.Backhoe 

  A compactor is a machine or mechanism used to reduce the size of 

wastematerialorsoilthroughcompaction.

  Inconstruction,therearethreemaintypesofcompactor:theplatecompactor,th

e"JumpingJack"andtheroadroller.Therollertypecompactorsareusedforcom

pactingcrushedrockasthebaselayerunderneathconcrete orstonefoundations 

orslabs.

  The plate compactor has a large vibrating base plate and is suited 

forcreating a level grade, while the jumping jack compactor has a 

smallerfoot. The jumping jack type is mainly used to compact the backfill 

innarrow trenches for water or gas supply pipes etc. Road rollers may 

alsohavevibratingrollers.
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Fig. Compactor 
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