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BasicCivilEngineering-2

Introduction:

• Surveyingisdefinedas“takingageneralview of,byobservationand
measurement determining the boundaries,size,position,quantity,
condition,valueetc.ofland,estates,building,farmsminesetc.andfinally
presentingthesurveydatainasuitableform”.Thiscoverstheworkofthe
valuationsurveyor,thequantitysurveyor,thebuildingsurveyor,themining
surveyorandsoforth,aswellasthelandsurveyor.

• Anotherschoolofthoughtdefine surveying “as the actofmaking
measurementoftherelativepositionofnaturalandmanmadefeatures
on earth’s surface and the presentation ofthis information either
graphicallyornumerically.

Theprocessofsurveyingisthereforeinthreestagesnamely:

(i) Takingageneralview

Thispartofthedefinitionisimportantasitindicatestheneedtoobtain
anoverallpictureofwhatisrequiredbeforeanytypeofsurveyworkis
undertaken.Inlandsurveying,thisisachievedduringthereconnaissance
study.

(ii) ObservationandMeasurement

Thispartofthedefinitiondenotesthenextstageofanysurvey,whichin
landsurveyingconstitutesthemeasurementtodeterminetherelative
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positionandsizesofnaturalandartificialfeaturesontheland.
(iii) PresentationofData:

Thedatacollectedinanysurveymustbepresentedinaform which
allowstheinformationtobeclearlyinterpretedandunderstoodbyothers.
Thispresentationmaytaketheform ofwrittenreport,billsofquantities,
datasheets,drawingsandinlandsurveyingmapsandplanshowingthe
featuresontheland.

TypesofSurveying
Onthebasisofwhetherthecurvatureoftheearthistakenintoaccountor
not,surveyingcanbedividedintotwomaincategories:

Planesurveying:isthetypeofsurveyingwherethemeansurfaceoftheearthis
consideredasaplane.Allanglesareconsideredtobeplaneangles.Forsmall
areas less than 250 km2plane surveying can safelybe used.Formost
engineering projectssuch ascanal,railway,highway,building,pipeline,etc
constructions,this type ofsurveying is used.Itis worth noting thatthe
differencebetweenanarcdistanceof18.5km andthesubtendedchordlyingin
theearth’ssurfaceis7mm.Alsothesum oftheanglesofaplanetriangleand
thesum oftheanglesinasphericaltriangledifferby1secondforatriangleon
theearth’ssurfacehavinganareaof196km2.
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Geodeticsurveying:isthatbranchofsurveying,whichtakesintoaccountthe
trueshapeoftheearth(spheroid).

Classificationof

surveyingIntroduction

Foreasyunderstandingofsurveyingandthevariouscomponentsofthesubject,
weneedadeepunderstandingofthevariouswaysofclassifyingit.

Objective

Toenablethestudentshaveunderstandingofthevariouswaysofclassifying

surveyingClassificationOfSurveying

Surveyingisclassifiedbasedonvariouscriteriaincludingtheinstrumentsused,

purpose,theareasurveyedandthemethodused.

ClassificationontheBasisofInstrumentsUsed.

Basedontheinstrumentused;surveyscanbeclassifiedinto;

i)Chaintapesurveys

ii)Compasssurveys

iii)Planetablesurveys

iv)Theodelitesurveys

Classificationbasedonthesurfaceandtheareasurveyed

i)Landsurvey

Landsurveysaredoneforobjectsonthesurfaceoftheearth.Itcanbesubdividedinto:

(a)Topographicsurvey:Thisisfordepictingthe(hills,valleys,mountains,

rivers,etc)andmanmadefeatures(roads,houses,settlements…)onthe

surfaceoftheearth.

(b)Cadastralsurveyisusedtodeterminingpropertyboundariesincludingthose
offields,houses,plotsofland,etc.

(c)Engineeringsurveyisusedtoacquiretherequireddatafortheplanning,

designandExecutionofengineeringprojectslikeroads,bridges,canals,dams,

railways,buildings,etc.
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(d)Citysurveys:Thesurveysinvolvingtheconstructionanddevelopmentof
townsincludingroads,drainage,watersupply,sewagestreetnetwork,etc,are
generallyreferredtoascitysurvey.

(2)MarineorHydrographicSurvey:Thosearesurveysoflargewaterbodiesfor
navigation,tidalmonitoring,theconstructionofharboursetc.

(3)AstronomicalSurvey:

Astronomicalsurveyusestheobservationsoftheheavenlybodies(sun,moon,

starsetc)tofixtheabsolutelocationsofplacesonthesurfaceoftheearth.
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CLASSIFICATIONONTHEBASISOFPURPOSE

i)Engineeringsurvey

ii)ControlSurvey:

Controlsurveyusesgeodeticmethodstoestablishwidelyspacedverticaland

horizontalcontrolpoints.

iii)GeologicalSurvey

Geologicalsurveyisusedtodeterminethestructureandarrangementofrock

strata.Generally,itenablestoknowthecompositionoftheearth.

iv)MilitaryorDefenceSurveyiscarriedouttomapplacesofmilitary

andstrategicimportance

iv)Archeologicalsurveyiscarriedouttodiscoverandmapancient/reliesofantiquity.

ClassificationBasedOnInstrumentUsed

i.Chain/TapeSurvey:Thisisthesimplemethodoftakingthelinear
measurementusingachainortapewithnoangularmeasurementsmade.

ii.CompassSurvey:Herehorizontalangularmeasurementsaremade

usingmagneticcompasswiththelinearmeasurementsmadeusingthe

chainortape.

iii.Planetablesurvey:Thisisaquicksurveycarriedoutinthefieldwiththe
measurementsanddrawingsmadeatthesametimeusingaplanetable.

iv.Leveling

Thisisthemeasurementandmappingoftherelativeheightsofpointsonthe
earth’ssurfaceshowingthem inmaps,planeandchartsasverticalsectionsor
withconventional

symbols.

Vi.TheodoliteSurvey:

Theodolitesurveytakesverticalandhorizontalanglesinordertoestablish

controlsCLASSIFICATIONBASEDONTHEMETHODUSED

1.TriangulationSurvey
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Inordertomakethesurvey,manageable,theareatobesurveyedisfirstcovered
withseriesoftriangles.Linesarefirstrunroundtheperimeteroftheplot,then
thedetails
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fixedinrelationtotheestablishedlines.Thisprocessiscalledtriangulation.The
triangle is preferred as itis the onlyshape thatcan completelyoveran
irregularlyshapedareawithminimum spaceleft.

ii.Traversesurvey:

Ifthebearinganddistanceofaplaceofaknownpointisknown:itispossibleto
establishthepositionofthatpointontheground.From thispoint,thebearing
anddistancesofothersurroundingpointsmaybeestablished.Intheprocess,
positionsofpointslinkedwithlineslinkingthem emerge.Thetraversingisthe
processofestablishingtheselines,iscalledtraversing,whiletheconnecting
linesjoiningtwopointsontheground.Joiningtwowhilebearinganddistanceis
knownastraverse.Atraversestationiseachofthepointsofthetraverse,while
thetraverselegisthestraightlinebetweenconsecutivestations.Traversesmay
eitherbeopenorclosed.

1.ClosedTraverse:

Whenaseriesofconnectedlinesformsaclosedcircuit,i.e.whenthe
finishingpointcoincideswiththestartingpointofasurvey,itiscalledasa
‘closedtraverse’,hereABCDEArepresentsaclosedtraverse.(Fig2.1(a))

Fig2.1(a)Closedtraverseissuitableforthesurveyofboundariesofponds,
forests

etc.

2.OpenTraverse:

When a sequence ofconnected lines extends along a general
directionanddoesnotreturntothestartingpoint,itisknownas‘opentraverse’
or(unclosedtraverse).HereABCDErepresentsanopentraverse.Fig2.2(b)
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Fig2.2(b)Opentraverseissuitableforthesurveyofroads,riversetc.
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CLASSIFICATIONOFSURVEYORS
Surveyingismadeupofvariousspecializationsknownassectorsorclassesas
shownbelow:

1.GeneralPracticeSurveyors:

• Surveyorsunderthisclassare mostlyconcerned with valuation and
investment.Valuationsurveyorsdealwithpropertymarkets,landand
property values,valuation procedures and property law.Investment
surveyorshelpinvestorstogetthebestpossiblereturnformproperty.

• Theyhandleaselectionofpropertiesforpurchaseorsalebypension
funds,insurancecompanies,charitiesandothermajorinvestors.They
also specialize in housing policy advice, housing development
andmanagement.

2.PlanningandDevelopmentSurveyors

• Theyareconcernedwithpreparingplanningapplicationsandnegotiating
withlocalauthoritiesplannerstoobtainplanningpermission.

3.BuildingSurveyors

• Theirworkinvolvesadvisingontheconstruction,maintenance,repairof
alltypesofresidentialandcommercialproperty.

• The analysis ofbuilding defects is an importantpartofa building
surveyorsdiscipline.

4.TheQuantitySurveyors

• Theyevaluateprojectcostandadviceonalternativeproposals.Theyalso
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ensurethateachelementofaprojectagreeswiththecostplanallowance
andthattheoverallprojectremainswithinbudget.

5.RuralPracticeSurveyors:

• Surveyorsinruralpracticeadvicelandowners,farmersandotherswith
interestsinthecountryside.

• Theyareresponsibleforthemanagementofcountryestatesandfarms,
the planning and execution ofdevelopmentschemesforagriculture,
forestation,recreation,salesofpropertiesandlivestock.

6.MineralSurveyors

• Theyplanthedevelopmentandfutureofmineralworkings.Theywork
withlocalauthoritiesandthelandownersonplanningapplicationsand
appeals,mininglawsandworkingrights,miningsubsidenceanddamage,
theenvironmentaleffectsoflandanddeepundergroundmines.

7.Landsurveyors:

• Theymeasurelandanditsphysicalfeaturesaccuratelyandrecordthem
intheform ofamaporplanforthepurposeofplanningnewbuildingand
by local authorities in managing roads, housing estates, and
otherfacilities.

• Theyalsoundertakethepositioningandmonitoringforconstructionworks.
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BRANCHESOFSURVEYING

1.AerialSurveying

• Aerialsurveysareundertakenbyusingphotographstakenwithspecial
camerasmountedinanaircraftviewedinpairs.Thephotographsproduce
three-dimensionalimages ofground features from which maps or
numericaldatacanbeproducedusuallywiththeaidofstereoplotting
machinesandcomputers.

2.HydrographicSurveying(Hydro-Survey)
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• Hydro survey is undertaken to gather information in the marine
environmentsuchasmappingoutthecoastlinesandseabedinorderto
producenavigationalcharts.

• Itis also used foroffshore oilexploration and production,design,
constructionandmaintenanceofharbours,inlandwaterroutes,riverand
seadefence,pollutioncontrolandoceanstudies.

3.GeodeticSurvey:

• Ingeodeticsurvey,largeareasoftheearthsurfaceareinvolvedusuallyon
nationalbasiswheresurveystationsarepreciselylocatedlargedistances
apart.Account is taken of the curvature of the earth,hence it
involvesadvanced
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mathematicaltheoryandprecisemeasurementsarerequiredtobemade.

• Geodetic surveystations can be used to map outentire continent,
measurethesizeandshapeoftheearthorincarryingoutscientific
studiessuchasdeterminationoftheEarth’smagneticfieldanddirection
ofcontinentaldrifts.

4.PlaneSurveying

• Inplanesurveyingrelativelysmallareasareinvolvedandtheareaunder
consideration is taken to be a horizontalplane.Itis divided into
threebranches.

- Cadastralsurveying

- Topographicalsurveying

- Engineeringsurveying

5.Cadastralsurveying

• Thesearesurveysundertaken to defineand record theboundaryof
properties,legislativeareaandevencountries.

• Itmaybealmostentirelytopographicalwherefeaturesdefineboundaries
withthetopographicaldetailsappearingonordinancesurveymaps.

• Intheotherhand,markersdefineboundaries,cornerorlinepointsand
littleaccountmaybetakenofthetopographicalfeatures.
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6.TopographicalSurvey

• Thesearesurveyswherethephysicalfeaturesontheeartharemeasured
and maps/plans prepared to show their relative positions both
horizontallyandvertically.

• Therelativepositionsandshapeofnaturalandman–madefeaturesover
anareaareestablishedusuallyforthepurposeofproducingamapofthe
areaofforestablishinggeographicalinformationsystem.
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8.EngineeringSurvey

• Thesearesurveysundertakentoprovidespecialinformationfor
constructionofCivilEngineeringandbuildingprojects.

• Thesurveysupplydetailsforaparticularengineeringschemesandcould
includesettingoutoftheworkonthegroundanddimensionalcontrolon
suchschemes.
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Reconnaissance:

• Thisisanexhaustivepreliminarysurveyofthelandtobesurveyed.Itmay
beeithergroundreconnaissanceoraerialreconnaissancesurvey.

• Reconnaissanceismadeonarrivaltositeduringwhichanoverallpicture
orviewoftheareaisobtained.Themostsuitablepositionofstationsis
selected,thepurposeofthesurveyandtheaccuracyrequiredwillbe
drawn,andfinallythemethodofobservationwillbeestablished.

Objectivesofreconnaissance

1. Toascertainthepossibilityofbuildingorconstructingrouteortrack
throughthearea.

2. Tochoosethebestoneormoreroutesandrecordonamap

3. Toestimateprobablecostanddraftareport.

Thebasicprinciplesandprocess

surveyingIntroduction

Sofar,wehavediscussedthemeaning,objectandmajorclassificationsof
surveying.Nowletusmovefurthertodiscussthebasicprinciplesandprocess
ofsurveying.

objectives.

·Toenablestudentsunderstandthebasicprinciplesofsurveying.

·Toexposethestudentstotheprocessofsurveying.
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BASICPRINCIPLESINSURVEYING

PRINCIPLEOFWORKINGFROM WHOLETOPART

• Itisafundamentalruletoalwaysworkfrom thewholetothepart.This
impliesaprecisecontrolsurveyingasthefirstconsiderationfollowedby
subsidiarydetailsurveying.

• Thissurveyingprincipleinvolveslayingdownanoverallsystem ofstations
whosepositionsarefixedtoafairlyhighdegreeofaccuracyascontrol,
andthenthesurveyofdetailsbetweenthecontrolpointsmaybeadded
ontheframebylesselaboratemethods.

• Oncetheoverallsizehasbeendetermined,thesmallerareascanbe
surveyedintheknowledgethattheymust(andwillifcareistaken)put
intotheconfinesofthemainoverallframe.

• Errorswhichmayinevitablyarisearethencontainedwithintheframework
ofthecontrolpointsandcanbeadjustedtoit.

Surveyingisbasedonsimplefundamentalprincipleswhichshouldbe

takenintoconsiderationtoenableonegetgoodresults.

(a)Workingfrom thewholetothepartisachievedbycoveringtheareatobe
surveyedwithanumberofspacedoutcontrolpointcalledprimarycontrol
pointscalledprimarycontrolpointswhosepointinghavebeendeterminedwith
ahighlevelofprecisionusingsophisticatedequipments.Basedonthesepoints
astheoretic,anumberoflargetrianglesaredrawn.Secondarycontrolpointsare
thenestablishedtofillthegapswithlesserprecisionthantheprimarycontrol
points.Atamoredetailedandlesspreciselevel,tertiarycontrolpointsatcloser
intervalsarefinallyestablishedtofillinthesmallergaps.Themainpurposeof
surveyingfrom thewholetothepartistolocalizetheerrorsasworkingthe
otherwayroundwouldmagnifytheerrorsandintroducedistortionsinthe
survey.Inpartialterms,thisprincipleinvolvecoveringtheareatobesurveyed
withlargetriangles.Thesearefurtherdividedintosmallertrianglesandthe
process continues untilthe area has been sufficientlycovered with small
trianglestoalevelthatallowsdetailedsurveystobemadeinalocallevel.Error
isinthewholeoperationastheverticesofthelargetrianglesarefixedusing
higherprecisioninstruments.

(b)Usingmeasurementsfrom twocontrolpartstofixotherpoints.Giventwo
pointswhoselengthandbearingshavebeenaccuratelydetermined,alinecan
be drawn to join them hence surveying hascontrolreference points.The
locationsofvariousotherpointsandthelinesjoiningthem canbefixedby
measurementsmadefrom thesetwopointsandthelinesjoiningthem.Foran
example,ifA andBarethecontrolpoints,thefollowingoperationscanbe
performedtofixotherpoints.

i)UsingpointsAandBasthecenters,ascribearcsandfix(wheretheyintersect).
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ii)Drawaperpendicularfrom DalongABtoapointC.

iii)To locate C,measure distance AB and use yourprotractorto equally
measureangleABC.

iv)TolocateCtheinterioranglesoftriangleABCcanbemeasured.Thelengths
ofthesidesACandBCcanbecalculatedbysolvingthetriangle.

Fig.6.1:Fixingthethirdpointsusingtwo

pointsTheprocessofsurveying:

Thesurveyprocesspassesthrough3mainphases–thereconnaissance,field

workandmeasurements,and,theofficework.

(a)Reconnaissancesurvey

Thisisapre-fieldworkandmeasurementphase.Itrequirestakinganoverallinspection

oftheareatobesurveyedtoobtainageneralpicturebeforecommencementof
anyserioussurvey.Walkingthroughthesiteenablesonetounderstandthe
terrainandhelpsindeterminingthesurveymethodtobeadopted,andthescale
tobeused.Theinitialinformationobtainedinthisstagehelpsinthesuccessful
planningandexecutionofthesurvey.

(b)Fieldworkandmeasurement:

Thisistheactualmeasurementsinthefieldandtherecordingsinthefield

notebook.Togetthebestresultsinthefield,thesurveyormustbeacquainted

withthefunctionsoftheequipmentsandtakegoodcareofthem.

(c)Officework:Thisisthepostfieldworkstageinwhichdatacollectedand
recordingsinthefieldnotebooksaredecodedandusedtopreparethecharts,
planesandmapsforpresentationtotheclientsandthetargetaudience.
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IMPORTANCEOFSCIENTIFICHONESTY

• Honestyisessentialinbookingnotesinthefieldandwhenplottingand
computationsintheoffice.Thereisnothingtobegainedfrom cooking
thesurveyoralteringdimensionssothatpointswilltie-inonthedrawing.
Itisutterlyunprofessionaltobetraysuchtrustateachstageofthesurvey.

• Thisappliestotheassistantsequallyasitdoestothesurveyorincharge.
Assistantsmustalsolistencarefullytoallinstructionsandcarrythem out
tothelaterwithoutquestions.

CHECKONMEASUREMENTS

• Thesecondprincipleisthat;allsurveyworkmustbecheckedinsucha
waythatanerrorwillbeapparentbeforethesurveyiscompleted.

• Concentration and care are necessary in orderto ensure thatall
necessarymeasuresaretakentotherequiredstandardofaccuracyand
thatnothingisomitted.Hencetheymustbemaintainedinthefieldat
alltimes.

• Surveyoronsiteshouldbecheckingthecorrectnessofhisownworkand
thatofotherswhichisbasedonhisinformation.

• Checkshould beconstantlyarranged on allmeasurementswherever
possible.Check measurements should be conducted to supplement
errorsonfield.Pegscanbemoved,sightrailsalteredetc.

• Surveyrecordsandcomputationssuchasfieldnotes,levelbooks,field
books,settingoutrecordbooksetcmustbekeptcleanandcomplete
withclearnotesanddiagramssothatthesurveydatacanbeclearly
understoodbyothers.Untidyandanonymousfiguresinthefieldbooks
shouldbeavoided.

• Likefieldwork,computationsshouldbecarefullyplannedandcarriedout
inasystemicmannerandallfielddatashouldbeproperlyprepared
beforecalculationsstart.Wherepossible,standardizedtablesandforms
shouldbeusedtosimplifycalculations.Iftheresultofacomputationhas
notbeenchecked,itisconsideredunreliableandforthisreason,frequent
checksshouldbeappliedtoeverycalculationprocedure.

• Asacheck,thedistancesbetweenstationsaremeasuredastheyare
plotted,toseethatthereiscorrespondencewiththemeasuredhorizontal
distance.Failure to match indicates an errorin plotting orduring
thesurvey.

• Ifchecksarenotdoneonobservations,expensivemistakemayoccur.It
isalwayspreferabletotakeafewmoredimensionsonsitetoensurethat
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thesurveywillresolveitselfattheplottingstagACCURACYANDPRECISION

These terms are used frequently in engineering surveying both by
manufacturerswhenquotingspecificationsfortheirequipmentsandonsiteby
surveyorstodescriberesultsobtainedfrom fieldwork.

• Accuracyallowsacertainamountoftolerance(eitherplusorminus)ina
measurement,while;

• Precisiondemandsexactmeasurement.Sincethereisnosuchthingsas
anabsolutelyexactmeasurement,asetofobservationsthatareclosely
groupedtogetherhavingsmalldeviationsfrom thesamplemeanwillhave
asmallstandarderrorandaresaidtobeprecise.

ECONOMY OF ACCURACY AND ITS INFLUENCE ON CHOICE OF
EQUIPMENTS

• Surveywork is usuallydescribed as being to a certain standard of
accuracywhichinturnissuitedtotheworkinhand.Bearinginmindthe
purposeforwhichthesurveyisbeingmade,itisbettertoachieveahigh
degreeofaccuracythantoaim forprecision(exactness)whichifitwere
tobealteredwoulddependnotonlyontheinstrumentusedbutalsoon
thecaretakenbytheoperatortoensurethathisworkwasfreefrom
mistake.

• Alwaysrememberthat,thegreatertheeffortandtimeneededbothinthe
fieldandintheoffice,themoreexpensivesurveywillbefortheclient.The
standardaccuracyattainedinthefieldmustbeinkeepingwiththesizeof
theultimatedrawings.

• Theequipmentselectedshouldbeappropriatetothetestinhand.An
important factor when selecting equipment is that the various
instrumentsshouldproduceroughlythesameorderofprecision.Asteel
chainbestatanaccuracyof1/500to1/1000wouldbeoflittleusefor
workrequiringanaccuracyof1/1000.Similarly,thetheodolitereadingto
onesecondwouldbepointlesswhereareadingtooneminuteissufficient.

• Havingselectedtheequipmentnecessary,theworkshouldbethoroughly
checkedandiffoundwantingshouldbeadjusted,repairedorreplacedor
haveallowancecalculated foritsdeficiencies.Thistaskwillbeless
tediousiffieldequipmentisregularlymaintained.

HorizontalDistanceMeasurement

One ofthe basic measurements in surveying is the determination ofthe
distancebetweentwopointsontheearth’ssurfaceforuseinfixingposition,set
outandinscaling.Usuallyspatialdistanceismeasured.Inplanesurveying,the
distancesmeasuredarereducedtotheirequivalenthorizontaldistanceeitherby
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theproceduresusedtomakethe

measurementorbyapplying numericalcorrections forthe slope distance
(spatialdistance).Themethodtobeemployedinmeasuringdistancedepends
ontherequiredaccuracyofthemeasurement,andthisinturndependson
purposeforwhichthemeasurementisintended.

Pacing:–whereapproximateresultsaresatisfactory,distancecanbeobtained
bypacing(thenumberofpacescanbecountedbytallyorpedometerregistry
attachedtooneleg).Averagepacelengthhastobeknownbypacingaknown
distanceseveraltimesandtakingtheaverage.Itisusedinreconnaissance
surveys&insmallscalemapping

Odometerofavehicle:-basedondiameteroftires(noofrevolutionsXwheel
diameter);thismethodgivesafairlyreliableresultprovidedacheckisdone
periodicallyon aknown length.During each measurementaconstanttyre
pressurehastobemaintained.

Tachometry:-distancecanbecanbemeasuredindirectlybyopticalsurveying
instrumentsliketheodolite.Themethodisquiterapidandsufficientlyaccurate
formanytypesofsurveyingoperations.

Taping(chaining):-thismethodinvolvesdirectmeasurementofdistanceswith
atapeorchain.Steeltapesaremostcommonlyused.Itisavailableinlengths
varyingfrom 15m to100m.Formerlyonsurveysofordinaryprecision,lengthsof
linesweremeasuredwithchains.

ElectronicDistance Measurement(EDM):-are indirectdistance measuring
instrumentsthatworkusingtheinvariantvelocityoflightorelectromagnetic
wavesinvacuum.Theyhavehighdegreeofaccuracyandareeffectivelyused
forlongdistancesformodernsurveyingoperations.
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CHAINSURVEYING

Thisisthesimplestandoldestform oflandsurveyingofanareausinglinear
measurements only.Itcan be defined as the process oftaking direct
measurement,althoughnotnecessarilywithachain.

EQUIPMENTSUSEDINCHAINSURVEYING

Theseequipmentscanbedividedintothree,namely

(i)Thoseusedforlinearmeasurement.(Chain,steelband,lineartape)

(ii)Thoseusedforslopeanglemeasurementandformeasuringrightangle
(Eg.Abneylevel,clinomater,crossstaff,opticalsquares)

(iii)Otheritems(Rangingrodsorpoles,arrows,pegsetc).

1. Chain:-

Thechainisusuallymadeofsteelwire,andconsistsoflonglinksjoined
byshorterlinks.Itisdesignedforhardusage,andissufficientlyaccurate
formeasuringthechainlinesandoffsetsofsmallsurveys.

Chainsaremadeupoflinkswhichmeasure200mmfrom centretocentre
ofeachmiddleconnectingringandsurveyingbrasshandlessarefittedat
eachend.Tallymarkersmadeofplasticorbrassareattachedatevery
wholemetrepositionorateachtenthlink.Toavoidconfusioninreading,
chainsaremarkedsimilarlyform bothend(E.g.Tallyfor2m and18m is
thesame)sothatmeasurementsmaybecommencedwitheitherendof
thechain

There are three different types of chains used in
takingmeasurementnamely:

i. Engineerschain
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ii. Gunter’schain

iiiSteelbands

2 SteelBands:

Thismaybe30m,50m or100m longand13mm wide.Ithashandles
similartothoseonthechainandiswoundonasteelcross.Itismore
accurate butless robustthan the chain.The operating tension and
temperatureforwhichitwasgraduatedshouldbeindicatedontheband.

3 Tapes:

Tapesareusedwheregreateraccuracyofmeasurementsarerequired,
suchasthesettingoutofbuildingsandroads.Theyare15m or30m long
markedinmetres,centimeterandmillimeters.Tapesareclassifiedinto
threetypes;
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i. LinenorLinenwithsteelwirewovenintothefabric;

Thesetapesareliabletostretchinuseandshouldbefrequently
testedforlength.Theyshouldneverbeusedonworkforwhich
greataccuracyisrequired.

ii. FibreGlassTapes:Thesearemuchstrongerthanlines

andwillnotstretchinuse.

iii. Steeltapes:Thesearemuchmoreaccurate,andareusuallyused
forsettingoutbuildingsandstructuralsteelworks.Steeltapesare
availableinvariouslengthsupto100m (20m and30m beingthe
mostcommon)encasedinsteelorplasticboxeswitharecessed
winding lever or mounted on open frames with a folding
windinglever.

4. Arrows:

Arrowconsistsofapieceofsteelwireabout0.5m long,andareusedfor
markingtemporarystations.Apieceofcolouredcloth,whiteorredribbon
isusuallyattachedortiedtotheendofthearrowtobeclearlyseenonthe
field.
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Pegsaremadeofwood50mm x50mm andsomeconvenientlength.
Theyareusedforpointswhicharerequiredtobepermanentlymarked,
suchasintersectionpointsofsurveylines.Pegsaredrivenwithamallet
andnailsaresetinthetops.

5.RangingRod:

Thesearepolesofcircularsection2m,2.5m or3m long,paintedwith
characteristicred and whitebandswhichareusually0.5m long and
tippedwithapointedsteelshoetoenablethem tobedrivenintothe
ground.Theyareusedinthemeasurementoflineswiththetape,andfor
markinganypointswhichneedtobeseen.

6. OpticalSquare:

Thisinstrumentisusedforsettingoutlinesatrightangletomainchain
line.Itisusedwheregreateraccuracyisrequired.Therearetwotypesof
opticalsquare,oneusingtwomirrorsandtheotheraprism.
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• Themirrormethodisconstructedbasedonthefactthatarayoflightis
reflectedfrom amirroratthesameangleasthatatwhichitstrikes
themirror.

• The prism square method is a simplified form ofopticalsquare
consistingofasingleprism.Itisusedinthesamewayasthemirror
square,butisrathermoreaccurate.

8CrossStaff:

Thisconsistsoftwopairsofvanessetatrightangletoeachotherwitha
wideandnarrowslitineachvane.Theinstrumentismounteduponapole,so
thatwhenitissetupitisatnormaleyelevel.Itisalsousedforsettingout
linesatrightangletothemainchainline.

9. Clinometer

Thisinstrumentisusedformeasuringanglesofgroundslopes(slopeangle).
Theyareofseveralform,thecommonform istheWATKING’SCLINOMETER,
whichconsistofasmalldiscofabout60mm diameter.A weightedring
insidethedisccan bemadeto hang freeand bysighting acrossthis
graduatedringangleofslopescanbereadoff.Itislessaccuratethan
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AbneyLevel

Thisinstrumentisgenerallyusedtoobtaineroughlytheslopeangleofthe
ground.Itconsistsofarectangular,telescopictube(withoutlenses)
about125mm longwithagraduatedarcattached.Asmallbubbleisfixed
tothevernierarm,oncetheimageofthebubbleisseenreflectedinthe
eyepiecetheangleofthelineofsightcanbereadoffwiththeaidofthe
readingglass.
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NECESSARYPRECAUTIONSINUSINGCHAINSURVEYING
INSTRUMENTS

1.Afteruseinwetweather,chainsshouldbecleaned,andsteeltapes
shouldbedriedandwipedwithanoilyrag.

2.Apieceofcoloredclothshouldbetiedtoarrow(orribbon–attached)to
enablethem tobeseenclearlyonthefield.

3.Rangingrodsshouldbeerectedasverticalaspossibleattheexactstationpoint.
4.Theoperatingtensionandtemperatureforwhichsteelbands/tapesare

graduatedshouldbeindicated.
5.Linentapesshouldbefrequentlytestedforlength(standardized)and

alwaysafterrepairs.
6.Alwayskeeptapesreeledupwhennotinuse.

GENERALPROCEDUREINMAKINGACHAINSURVEY

1.Reconnaissance:Walkovertheareatobesurveyedandnotethegeneral
layout,thepositionoffeaturesandtheshapeofthearea.

2.ChoiceofStations:Decideupontheframeworktobeusedanddriveinthe
stationpegstomarkthestationsselected.

3.StationMarking:Stationmarks,wherepossibleshouldbetied-into a
permanentobjectssothattheymaybeeasilyreplacedifmovedoreasily
foundduringthesurvey.Insoftgroundwoodenpegsmaybeusedwhilerails
maybeusedonroadsorhardsurfaces.

4.Witnessing:Thisconsistsofmakingasketchoftheimmediateareaaround
thestationshowingexistingpermanentfeatures,thepositionofthestations
anditsdescriptionanddesignation.Measurementsarethenmadefrom at
leastthree surrounding features to the station pointand recorded on
thesketch.
Theaim ofwitnessingistore-locateastationagainatmuchlaterdate
evenbyothersafteralonginterval.

5.Offsetting:-Offsetsareusuallytakenperpendiculartochainlinesinorder
tododgeobstaclesonthechainline.

6.Sketchingthelayoutonthelastpageofthechainbook,togetherwiththe
dateandthenameofthesurveyor,thelongestlineofthesurveyisusually
takenasthebaselineandismeasuredfirst.
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CRITERIAFORSELECTINGASURVEYLINES/OFFSETS

Duringreconnaissance,thefollowingpointsmustbebornein
mindasthecriteriatoprovidethebestarrangementofsurvey
lines,

a.Fewsurveylines:thenumberofsurveylinesshouldbekepttoaminimum but
mustbesufficientforthesurveytobeplottedandchecked.

b.Longbaseline:Alonglineshouldbepositionedrightacrossthesitetoform a
baseonwhichtobuildthetriangles.

c.Wellconditionedtrianglewithanglesgreaterthan30oandnotexceeding150o:
Itispreferablethatthearcsusedforplottingshouldintersectascloseas
90oinordertoprovidesharpdefinitionofthestationspoint.

d.Checklines:Everypartofthesurveyshouldbeprovidedwithchecklinesthat
arepositionedinsuchawaythattheycanbeusedforoff-settingtoo,in
ordertosaveanyunnecessaryduplicationoflines.

e.Obstaclessuchassteepslopesandroughgroundshouldbeavoidedasfar
aspossible.

f.Shortoffsets to survey lines (close feature preferably 2m)should be
selected:Sothatmeasuringoperatedbyonepersoncanbeusedinsteadof
tapewhichneedstwopeople.

g.Stationsshouldbepositionedontheextensionofachecklineortriangle.
Suchpointscanbeplottedwithouttheneedforintersectingarcs.

Ranging:

Ranginginvolvesplacingrangingpolesalongtheroutetobemeasuressoasto
getastraightline.Thepolesareusedtomarkthestationsandinbetweenthe
stations.
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ERRORSINSURVEYING

• Surveyingisaprocessthatinvolvesobservationsandmeasurementswith
awiderangeofelectronic,opticalandmechanicalequipmentsomeof
whichareverysophisticated.

• Despitethebestequipmentsandmethodsused,itisstillimpossibleto
takeobservationsthatarecompletelyfreeofsmallvariationscausedby
errorswhichmustbeguidedagainstortheireffectscorrected.

TYPESOFERRORS

1. GrossErrors

• Thesearereferredtomistakesorblundersbyeitherthesurveyororhis
assistantsduetocarelessnessorincompetence.

• Onconstructionsites,mistakesarefrequentlymadebyin–experienced
Engineers orsurveyors who are unfamiliarwith the equipmentand
methodtheyareusing.

• Thesetypesoferrorsincludemiscountingthenumberoftapeslength,
wrongbooking,sightingwrongtarget,measuringanticlockwisereading,
turning instruments incorrectly,displacement of arrows or station
marksetc.

• Grosserrorscanoccuratanystageofsurveywhenobserving,booking,
computingorplottingandtheywouldhaveadamagingeffectonthe
resultsifleftuncorrected.

• Grosserrorscanbeeliminatedonlybycarefulmethodsofobserving
bookingandconstantlycheckingbothoperations.

2.SystematicorCumulativeErrors

• Theseerrorsarecumulativeineffectandarecausedbybadlyadjusted
instrumentandthephysicalconditionatthetimeofmeasurementmust
beconsideredinthisrespect.Expansionofsteel,frequentlychangesin
electromagneticdistance(EDM)measuringinstrument,etcarejustsome
oftheseerrors.

• Systematicerrorshavethesamemagnitudeandsigninaseriesof
measurements that are repeated under the same condition,thus
contributing negativelyorpositivelyto thereading hence,makesthe
readingsshorterorlonger.
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• This type oferrorcan be eliminated from a measurementusing
corrections(e.g.effectoftensionandtemperatureonsteeltape).

• Anothermethod ofremoving systematic errors is to calibrate the
observingequipmentandquantifytheerrorallowingcorrectionstobe
madetofurtherobservations.

• Observationalproceduresbyre-measuringthequantitywithanentirely
differentmethodusingdifferentinstrumentcanalsobeusedtoeliminate
theeffectofsystematicerrors.

3. Random orCompensatingErrors

•Although every precaution may be taken certain unavoidable errors
alwaysexistinanymeasurementcausedusuallybyhumanlimitationin
reading/handlingofinstruments.

•Random errorscannotberemovedfrom observationbutmethodscanbe
adoptedtoensurethattheyarekeptwithinacceptablelimits.

•Inordertoanalyzerandom errorsorvariable,statisticalprinciplesmust
beusedandinsurveyingtheireffectsmaybereducedbyincreasingthe
numberofobservationsandfindingtheirmean.Itisthereforeimportant
toassumethoserandom variablesarenormallydistributed.
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F

CorrectionstoLinearMeasurementandtheirApplication:-

Thefollowingcorrectionsaretobeappliedtothelinear

measurementswithachainoratapewheresuchaccuracyisrequired.

(i) Pullcorrection,

(ii) Temperaturecorrection

(iii) Standardlengthcorrection

(iv) Sagcorrection

(v) Slopecorrection

(vi) Meansealevelcorrection.

PullCorrection:-

Achainortapeofnominallength‘L’havingcrosssectionalareaofthe

linkorthatofatape,asthecasemaybe,equaltoAandstandardizedundera

pullPsisemployedtomeasurealengthatapullPF.IfYoung’smodulusof

elasticityofthe

materialisEtheextensionofitslength
is=

(PFPS

)LAE

Therecordedlengthislessthantheactualbythisextension.The

errorishere,-

ve,theactuallengthisobtainedbyaddingtheextensiontoL.thecorrectionis

+ve.IfPFislessthanPStheerrorwillbe+veandcorrection–ve.

TemperatureCorrection:-

Achainoratapeofnominallength‘L’standardizedattemperature

TSandhavingcrosssectionalareaAisemployedtomeasuredlengthat

temperature

TFbeingthecoefficientoflinearexpansionofthematerialofthechainortapeperunitris

e

oftemperature, –TS)L.



Under
revision

IfTFismorethanTS,recordedlengthislessthantheactualbythe

amountofextension.Theerroris–veandthecorrectiontothelengthLis+ve

bytheamountofextension.IfthefieldtemperatureTFislessthanTStheerroris

=+veandthecorrectionsis–ve.
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SagCorrection:-

IncaseofsuspendedmeasurementacrossaspanLthechainortape

sagtotaketheform ofcurveknownascatenary.

(wl)2 W2l
C1 l1

Sa 24P21
24P2

Wherew=weightofthetapepermetre

lengthW=Totalweightofthetape

P=pullapplied(inN)

l1=Thelengthoftapesuspendedbetweentwosupports

l=lengthofthetape=nl1(inm)

Sagcorrectionisalwaysnegative.
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TRIANGULATION

Because,atonetime,itwaseasiertomeasureanglesthanitwasdistance,
triangulationwasthepreferredmethodofestablishingthepositionofcontrol
points.

Manycountriesusedtriangulationasthebasisoftheirnationalmappingsystem.
Theprocedurewasgenerallytoestablishprimarytriangulationnetworks,with
triangleshavingsidesrangingfrom 30to50km inlength.Theprimarytrig
pointswerefixedatthecornersofthesetrianglesandthesum ofthemeasured
angleswascorrectto±3.Thesepointswereusuallyestablishedonthetopsof
mountainstoaffordlong,uninterruptedsightlines.Theprimarynetworkwas
then densified with points atcloserintervals connected into the primary
triangles.Thissecondarynetworkhadsidesof10–20km withareductionin
observationalaccuracy.Finally,athirdordernet,adjustedtothesecondary
control,wasestablishedat3–5-km intervalsandfourth-orderpointsfixedby
intersection.Figure12.2illustratessuchatriangulationsystem establishedby
theOrdnanceSurveyofGreatBritainandusedascontrolfortheproductionof
nationalmaps.Thebaselineandcheckbaselinewouldbemeasuredbyinvar
tapesincatenaryandconnectedintothetriangulationbyangularextension
procedures.Thisapproachisclassicaltriangulation,whichisnowobsolete.The
more modern approach would be to measure the base lines with EDM
equipmentandtoincludemanymoremeasuredlinesinthenetwork,toafford
greatercontrolofscaleerror.Althoughtheareasinvolvedinconstructionare
relatively smallcompared with nationalsurveys (resulting in the term
‘microtriangulation’)theaccuracyrequiredinestablishingthecontrolsurveysis
frequently of a very high order, e.g. long tunnels or dam
deformationmeasurements.
Fig.12.1
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Fig.12.1
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Figure12.2

TheprinciplesofthemethodareillustratedbythetypicalbasicfiguresshowninFigure
12.3Ifalltheanglesaremeasured,thenthescaleofthenetworkisobtainedby
themeasurementofonesideonly,i.e.thebaseline.Anyerror,therefore,inthe
measurementofthebaselinewillresultinscaleerrorthroughoutthenetwork.
Thus,inorderto controlthis error,checkbaselines shouldbemeasuredat
intervals.Thescale

errorisdefinedasthedifferencebetweenthemeasuredandcomputedcheck
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base.Using thebaselineand adjusted anglestheremaining sidesofthe
trianglesmaybefoundandsubsequentlythecoordinatesofthecontrolstations.
Triangulationisbestsuitedtoopen,hillycountry,affordinglongsightswellclear
ofinterveningterrain.Inurbanareas,roof-toptriangulationisused,inwhichthe
controlstationsaresituatedontheroofsofaccessiblebuildings.

Fig.12.3(a)Chainofsimpletriangles,(b)bracedquadrilateralsand(c)polygons
withcentralpoints.
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Generalprocedure:
(1)Reconnaissanceofthearea,toensurethebestpossiblepositionsfor
stationsandbaselines.
(2)Constructionofthestations.
(3)Considerationofthetypeoftargetandinstrumenttobeusedandalsothe
methodofobservation.
Allofthesedependontheprecisionrequiredandthelengthofsightsinvolved.
(4)Observationofanglesandbase-linemeasurements.
(5)Computation:baselinereduction,stationandfiguraladjustment,
coordinatesofstationsbydirectmethods.

Ageneralintroductiontotriangulationhasbeenpresented,aspectsofwhich
willnowbedealtwithindetail.

(1)Reconnaissanceisthemostimportantaspectofanywell-designedsurveying
project.Itsmainfunctionistoensurethebestpositionsforthesurveystations
commensuratewithwell-conditionedfigures,easeofaccesstothestationsand
economyofobservation.Acarefulstudyofallexistingmapsorplansofthe
areaisessential.Thebestpositionforthesurveystationscanbedrawnonthe
planand theoverallshapeofthenetworkstudied.Whilechainsofsingle
trianglesarethemosteconomictoobserve,bracedquadrilateralsprovidemany
moreconditionsofadjustmentandareattheirstrongestwhensquareshaped.
Usingthecontoursoftheplan,profilesbetweenstationscanbeplottedto
ensure intervisibility.Stereo-pairs of aerialphotographs,giving a three-
dimensionalviewoftheterrain,areusefulinthisrespect.Whilsteveryattempt
shouldbemadetoensurethattherearenoangleslessthan25°,ifasmallangle
cannotbeavoideditshouldbesituatedoppositeasidewhichdoesnotenter
intothescalecomputation.Whenthepapertriangulationiscomplete,thearea
shouldthenbevisitedandthesiteofeverystationcarefullyinvestigated.With
theaidofbinoculars,intervisibilitybetweenstationsshouldbecheckedand
ground-grazingraysavoided.SincetheadventofEDM,base-linesittingisnotso
critical.Soilconditions should be studied to ensure thatthe ground is
satisfactoryfortheconstructionoflong-term surveystations.Finally,whilstthe
strengthofthenetworkisafunctionofitsshape,thepurposeofthesurvey
stationsshouldnotbeforgottenandtheirpositionlocatedaccordingly.

(2)Stationsmustbeconstructedforlong-term stability.Acompletereferencing
ofthestationshouldthenbecarriedoutinordertoensureitslocationata
futuredate.

(3)Asalreadystated,thetypeoftargetusedwilldependonthelengthofsight
involvedandtheaccuracyrequiredforhighlyprecisenetworks,theobservations
maybecarriedoutatnightwhenrefractionisminimal.Insuchacase,signal
lampswouldbetheonlytypeoftargettouse.Forshortsightsitmaybe
possibletousetheprecisetargetsshowninFigure13.1Whateverform the
targettakes,theessentialconsiderationsarethatitshouldbecapableofbeing
accuratelycentredoverthesurveypointandaffordthenecessarysizeand
shapeforaccuratebisectionattheobservationdistancesused.
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(4)Intriangulationthemethodofdirectionswouldinevitablybeusedandthe
horizon
closed.Anappropriatenumberofsetswouldbetakenoneachface.Thebaselineand
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checkbasewouldmostcertainlybemeasuredbyEDM,withallthenecessary
correctionsmadetoensurehighaccuracy.

(5)Sincetheuseofcomputersisnowwellestablished,thereisnoreasonwhya
leastsquaresadjustmentusingthestandardvariationofcoordinatesmethod
shouldnotbecarriedout.Alternativelytheanglesmaybebalancedbysimpler,
lessrigorousmethodsknownas‘equalshifts’.Oncompletion,thesidesmaybe
computedusingthesineruleandfinallythecoordinatesofeachsurveypoint
obtained.Ifthesurveyistobeconnectedtothenationalmappingsystem ofthe
country,thenallthebaselinemeasurementsmustbereducedtoMSLand
multipliedbythelocalscalefactor.Asmanyofthenationalsurveypointsas
possibleshouldbeincludedinthescheme.

Figure13.1.Interchangeabletargetandtribrach
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Overcomingobstaclesduringchaining:

Agor(1993)classifiedthevarioustypesofobstaclesencounteredinthecourse
ofchainingintothree

·Obstacleswhichobstructrangingbutnotchaining

·Obstacleswhichobstructchainingbutnotranging

·Obstaclewhichobstructbothrangingandchaining

Obstaclesthatobstructrangingbutnotchaining

Suchaproblem ariseswhenarisinggroundorajungleareainterrupts

thechainline.Heretheendstationsarenotintervisible.

Theremaybetwocases:-

CaseI:

Theendstationsmaybevisiblefrom someintermediatepointsonthe

risingground.Inthiscase,reciprocalrangingisresortedtoandthechainingis

donebythesteppingmethod.

CaseII:

Theendstationsarenotvisiblefrom intermediatepointswhena

jungleareacomesacrossthechainline.Inthiscasetheobstaclemaybe

crossedoverusingarandom lineasexplainedbelow:
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Fig14.1(1.14)

Let‘AB’betheactualchainlinewhichcanberangedandextended

becauseofinterruptionbyajungle.Letthechainlinebeextendedupto‘R’.A

point‘P’isselectedonthechainlineandarandom line‘PT’istakeninasuitable

direction.PointsC,DandEareselectedontherandom lineandperpendicular

areprojectedfrom them.Theperpendicularat‘C’meetsthechainlineatC1.

Theoretically,theperpendicularsat‘D’and‘E’willmeetthechainline

atD1andE1.NowthedistancesPC,PD,PEandCC1aremeasured(Fig14.1(1.14))

from trianglesPDD1andPCC1.

DD1 
CC1

PD PC

DD1


CC1

PDPC
----(1)

Again,from trianglesPEE1andPCC1–

EE1 
CC1

PE PC
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EE1 
CC1

PEPC
-----(2)

From (1)and(2),thelengthsDD1andEE1arecalculated.Thesecalculated

distancesaremeasuredalongtheperpendicularsat‘D’and‘E’.PointsD1andE1should

lieinthechainlineAB,whichcanbeextendedaccordingly.

DistancePE1=

Obstacleswhichobstructchainingbutnotranging:

Waterbodieslikelakes,pondsandriversaretypicalexamplesofobstaclesin
thiscategory.Itispossibleto chain around theseobstaclesbyusing the
followingmethods.

i.Byconstructingrectangles:ChaininghadreachedAandencounteredanobstacle.To

gettoB,markAandBwithanarrow.SetofperpendicularsACandBDhigh
enoughtocleartheobstacles.JoinandmeasureDCwhichnowequalsAB.This
allowschainingtocontinuefrom B.

ii.Byconstructingsimilartriangles:

Tocontinuechainingfrom B,fixapointCawayfrom theobstacle.RangeapoleatDto

alignwithAChenceAC=CD.InlinewithBCrangeanotherpointEinlinewith
BC.HenceBC=CE.

MeasureEDwhichequalsABhencechainingcancontinuefrom B.

PE2EE
2

1
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Obstaclewhichobstructbothrangingandchaining

GD=(FCxGA)/FA

HE=(FCxHA)/FA
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COMPASS
SURVEYING

Introduction:

Anothertypeofsurveyinstrumentthatformsthesubjectofthissectionisthe
compass.Here,wewillexplainthemeaning,typesofcompasssurveyandalso
introduceanddiscustheconceptofbearing.

Objectives

·Tointroducethestudentstothemeaningandtypesofcompasssurvey

·Toenablestudentsunderstandtheconceptof

bearing.Meaningandtypesofcompasssurvey

Incompasssurvey,thedirectionofthesurveylineismeasuredbytheuseofa
magneticcompasswhilethelengthsarebychainingortaping.Wherethearea
tobesurveyediscomparativelylarge,thecompasssurveyispreferred,whereas
iftheareaissmallinextentandahighdegreeofaccuracyisdesired,thenchain
surveyisadopted.However,wherethecompasssurveyisused,caremustbe
takentomakesurethatmagneticdisturbancesarenotpresent.Thetwomajor
primarytypesofsurveycompassare:theprismaticcompassandsurveyors
compass

Compasssurveysaremainlyusedfortherapidfillingofthedetailinlarger
surveys and forexplanatory works.Itdoes notprovide a very accurate
determinationofthebearingofalineasthecompassneedlealignsitselftothe
earth’smagneticfieldwhichdoesnotprovideaconstantreferencepoint.
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THEPRISMATICCOMPASS

Thisisaninstrumentusedforthemeasurementofmagneticbearings.Itis
smallandportableusuallycarriedonthehand.ThisPrismaticCompassis
oneofthetwomainkindsofmagneticcompassesincludedinthecollection
forthepurposeofmeasuringmagneticbearings,withtheotherbeingthe
Surveyor'sCompass.Themaindifferencebetweenthetwoinstrumentsis
thatthesurveyor'scompassisusuallylargerandmoreaccurateinstrument,
andisgenerallyusedonastandortripod.

•Theprismaticcompassontheotherhandisoftenasmallinstrument
whichisheldinthehandforobserving,andisthereforeemployedon
therougherclassesofwork.Thegraduationsonthisprismaticcompass
aresituatedonalightaluminum ringfastenedtotheneedle,andthe
zeroofthegraduationscoincideswiththesouthpointoftheneedle.
Thegraduationsthereforeremainstationarywiththeneedle,andthe
indexturnswiththesightingvanes.Sincethecircleisreadatthe
observer's(ratherthanthetarget's)end,thegraduationsrunclockwise
from thesouthendoftheneedle(0ºto360º),whereasinthesurveyor's
compass,thegraduationsrunanti-clockwisefromnorth.

•Theprismaticattachmentconsistsofa45ºreflectingprism withtheeye
andreadingfacesmadeslightlyconvexsoastomagnifytheimageof
thegraduations.Theprism iscarriedonamountingwhichcanbe
movedupanddownbetweenslidesfixedontheoutsideofthecase.

•Thepurposeofthisup-and-downmovementistoprovideanadjustment
forfocusing.Theimageofthegraduationsisseenthroughasmall
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circular aperture
intheprismmounting,andimmediatelyabovethisapertureisasmallVcuton
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topofthemounting,overwhichtheverticalwireinthefrontvanemay
beviewed.UsingtheV cut,theverticalwireandthestationwhose
bearingisrequiredareviewedinoneline,thebearingisdirectlyreadoff
thegraduatedarcatthepointimmediatelyunderneaththeverticalwire.

•Themirrorlocatedinfrontoftheforwardvaneslidesupanddownthe
vane,andishingedtofoldflatoveritortorestinclinedatanyanglewith
it.Thismirrorisusedforsolarobservations,orforviewinganyveryhigh
object,andisnotanormalfittingtoacompass.Thetwocirculardiscs
infrontofthebackvanearedarkglasseswhichcanbeswunginfront
ofthevanewhensolarobservationsarebeingtaken.

COMPONENTSOFAPRISMATICCOMPASS

Prismaticcompassconsistsofanon-magneticmetalcasewithaglasstop
andcontainthefollowing:

Elementsofprismaticcompass
Cylindricalmetalbox:Cylindricalmetalboxishavingdiameterof8to12
cm.Itprotectsthecompassandformsentirecasingorbodyofthe
compass.Itprotectcompassfrom dust,rainetc.



Under
revision

Pivot:pivotisprovidedatthecenterofthecompassandsupportsfreely
suspendedmagneticneedleoverit.

liftingpinandliftinglever:aliftingpinisprovidedjustbelow thesight
vane.Whenthesightvaneisfolded,itpressestheliftingpin.Thelifting
pinwiththehelpofliftingleverthenliftsthemagneticneedleoutofpivot
pointtopreventdamagetothepivothead.
Magneticneedle:Magneticneedleistheheartoftheinstrument.This
needlemeasuresangleofalinefrom magneticmeridianastheneedle
alwaysremainspointedtowardsnorthsouthpoleattwoendsofthe
needlewhenfreelysuspendedonanysupport.
Graduatedcircleorring:Thisisanaluminum graduatedringmarkedwith
0oto360otomeasuresallpossiblebearingsoflines,andattachedwiththe
magneticneedle.Theringisgraduatedtohalfadegree.
Prism :prism isusedto readgraduationsonringandto takeexact
readingbycompass.Itisplacedexactlyoppositetoobjectvane.The
prism holeisprotectedbyprism captoprotectitfrom dustandmoisture.
Objectvane:objectvaneisdiametricallyoppositetotheprism andeye
vane.Theobjectvaneiscarryingahorsehairorblackthinwiretosight
objectinlinewitheyesight.
Eyevane:Eyevaneisafineslitprovidedwiththeeyeholeatbottom to
bisecttheobjectfromslit.
Glasscover:itscoverstheinstrumentboxfrom thetopsuchthatneedle
andgraduatedringisseenfrom thetop.
Sunglasses:Theseareusedwhensomeluminousobjectsaretobebisected.
Reflectingmirror:Itisusedtogetimageofanobjectlocatedaboveor
belowtheinstrumentlevelwhilebisection.Itisplacedontheobjectvane.
Springbrakeorbrakepin:todamptheoscillationoftheneedlebefore
takingareadingandtobringittorestquickly,thelightspringbrake
attachedtotheboxisbroughtincontactwiththeedgeoftheringby
gentlypressinginwardthebrakepin
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Temporaryadjustmentofprismaticcompass

Thefollowingprocedureshouldbeadoptedafterfixingtheprismatic
compassonthetripodformeasuringthebearingofaline.
Centering:Centeringistheoperationinwhichcompassiskeptexactly
overthe station from where the bearing is to be determined.The
centeringischeckedbydroppingasmallpebblefrom theundersideof
thecompass.Ifthepebblefallsonthetopofthepegthenthecentering
iscorrect,ifnotthenthecenteringiscorrectedbyadjustingthelegsof
thetripod.
Leveling:Levelingofthecompassisdonewiththeaim tofreelyswing
thegraduatedcircularringoftheprismaticcompass.Theballandsocket
arrangementonthetripodwillhelptoachieveaproperlevelofthe
compass.Thiscanbecheckedbyrollingroundpencilonglasscover.
Focusing:theprism ismovedupordowninitsslidetillthegraduations
on thealuminum ring areseen clear,sharp and perfectfocus.The
positionoftheprism willdependuponthevisionoftheobserver.

OPERATIONPROCEDURE

• Removethecornerandopenouttheprism andwindow,holdingthe
compassaslevelaspossible.

• Thenfocustheprism byraising orlowering itscaseuntilthe
divisionsappearsharpandclear.Ifnecessarywiththeneedleonto
itspivot.

• Holdingthecompassboxwiththethumbundertheprism andthe
forefingernearthestud,sightthroughtheobjectorstationlowering
theeyetoreadtherequiredbearingassoonastheneedlecomes
torestnaturally.

• Thebearingreadwillbeaforwardbearingandnormallya“whole
circle”bearingclockwiseanglebetween0oto360o.
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VARIATIONINDECLINATION

ThepositionofthemagneticpolesisnotfixedandtheNorthmagnetic
poletendstowandermorethanthesouthcausingalterationsinthe
positionsoftheisogoniclinesfrom timetotime.Theangleofdeclination
atanypointisthereforenotconstantsubjecttothefollowingvariations;

1. SecularVariation:

Thiscausesthelargestvariationinmagneticdeclination.Itisa
slow continuousswingwithacycleofabout400to500years.
Becauseofthislargemovement,thedate,thedeclinationandthe
approximate rate ofannualchange should be given forany
magneticorientationofsurvey.

2. DiurnalVariation:

Thisisaswingofthecompassneedleaboutitsmeandailyposition.

3. PeriodicVariation:

Thisisaminorvariationofthemagneticmeridianduringtheweek,a
lunarmonth,year,elevenyears,etc.

4. IrregularVariation:Thesearecausedbymagneticstormswhichcan
producesuddenvariationsofthemagneticmeridian.

MagneticBearing

Themagneticbearingofasurveylineistheanglebetweenthedirectionof
thelineandthedirectionofthemagneticmeridianatthebeginningoftheline.

MagneticMeridian

• Themagneticmeridianatanyplaceisthedirectionobtainedbyobserving
thepositionofafreelysupportedmagnetizedneedlewhenitcomestorest
uninfluencedbylocalattractingforces.

• Magneticmeridiansrunroughlynorth–southandfollowthevaryingtrendof
theearth’smagneticfield.Thedirectionofamagneticmeridiandoesnot
coincidewiththetrueorgeographicalmeridianwhichgivesthedirectionof
thetrueNorthpoleexceptincertainplaces.

AngleofDeclination:

Itisdefinedastheanglebetweenthedirectionofthemagneticmeridianand
thetruemeridianatanypoint.
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Surveyor’sCompass:

Similartotheprismaticcompassbutwithfew modifications,thesurveyors
compassisanoldform ofcompassusedbysurveyors.Itisusedtodetermine
themagneticbearingofagivenlineandisusuallyusedinconnectionwiththe
chainorcompasssurvey.

Bearing

Thebearingistheangulardirectionmeasuredclockwisestartingfrom North
withreferencetotheobserver.ThereferenceNorthmaybetrueormagnetic.
Whilethetruebearingistheangulardirectionmeasuredinaplacewiththe
directionoftrueorgeographicalnorth;themagneticbearingistheanglewhich
itmakeswith thedirection ofMagneticNorth measured in theclockwise
direction.
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BackandForebearing:

Introduction:

Inthissection,wewillexaminethebackandforebearing;andthestepstobe
takenwhentraversingwithcompasssurvey.

Backandforebearing

Forebearingisthecompassbearingofaplacetakenfrom astatustotheother

inthedirectionthatthesurveyisbeingcarriedout.Thebackbearinginthe

otherhand isthe bearing in the opposite direction i.e.the bearing taken

backwardsfrom thenextstationtoitsprecedingstationthattheforebearing

wastaken.ThedifferencebetweenBBandFBisalways1800.

Backandforebearing

IfBissightedfrom anobserveratA,andtheNSandN1S1arethemagneticNS
lines,thenForwardbearing(FB)=<NAS+<SAB

BackbearingBA=<N1BA

:.BackBearingBA=ForwardBearingAB-1800

IftheobserverrelocatestoBandobserversB,thenforwardbearing(FB)BA=<
N1BAandbackbearing(AB)=<NAS+SAB.Hence,wecanconcludethat
ForwardBearing=<N1BA+1800.Asageneralrule,iftheForeBearingisless
than1800,add1800togettheBack.Bearing,andiftheForeBearingisgreater
than1800,thensubtract1800togettheBackBearing.
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Traversingandplottingwiththecompasssurvey:

Traversingwiththecompassinvolvestakingthebearingalongaseriesof
connectingstraightlinesandinthesametimemeasuringthedistanceswiththe
tape.Thecompassisreadateachpointandabackbearingisequallytakento
serveasacheck.Thiscontinuesuntilthetraversecloses.

Choosingasuitablescale,thetraverseisthenplottedtakingintoconsideration
thegeneralshapeofthearea.

ObservingBearingofLine

ConsideralineABofwhichthemagneticbearingistobetaken.

ByfixingtherangingrodatstationBwegetthemagneticbearingof
needlewrtnorthpole.

Theenlargedportiongivesactualpatternofgraduationsmarked

onring.Designationofbearing

Thebearingaredesignatedinthefollowingtwosystem:-

1)WholeCircleBearingSystem.(W.C.B)

2)Quadrantal

BearingSystem.(Q.B)Wholecircle

bearingsystem(W.C.B.)

Thebearingofalinemeasuredwithrespecttomagneticmeridian
inclockwisedirectioniscalledmagneticbearinganditsvaluevaries
between0O to360O.

Thequadrantstartfrom northandprogressinaclockwisedirectionas
thefirstquadrantis0O to90O inclockwisedirection,2nd90O to180O ,
3rd180O to270O,andupto360O is4thone.

Quadrantalbearingsystem(Q.B.)

Inthissystem,thebearingofsurveylinesaremeasuredwrttonorthline
orsouthlinewhicheveristhenearesttothegivensurveylineandeitherin
clockwisedirectionorinanticlockwisedirection.

Reducedbearing(R.B)

WhenthewholecirclebearingisconvertedintoQuadrantalbearing,itis
termedas“REDUCEDBEARING”.
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Thus,thereducedbearingissimilartotheQuadrantalbearing.
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Itsvaluesliesbetween0O to90O,butthequadrantshouldbementioned
forproperdesignation.

ThefollowingtableshouldberememberedforconversionofWCBtoRB.

W.C.BOFANY
LINE

QUADRANTIN
WHICHITLIES

RULESFOR
CONVERSION

QUADRANT

0TO90 I RB=WCB N-E

90TO180 II RB=180-WCB S-E

180TO270 III RB=WCB-180O S-W

270TO360 IV RB=360O -WCB N-W
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Errorincompasssurvey(Localattraction&observationalerror):

Localattractionistheinfluencethatpreventsmagneticneedlepointingto
magneticnorthpole

Unavoidablesubstancethataffectare

 Magneticore

 Undergroundironpipes

 Highvoltagetransmissionline

 Electricpoleetc.

Influencecausedbyavoidablemagneticsubstancedoesn’tcomeunder
localattractionsuchasinstrument,watchwrist,keyetc

DetectionofLocalattraction

 Byobservingthebothbearingsofline(F.B.&B.B.)andnotingthe
difference(1800incaseofW.C.B.&equalmagnitudeincaseofR.B.)

 Weconfirm thelocalattractiononlyifthedifferenceisnotdueto
observationalerrors.

Ifdetected,thathastobeeliminated

Twomethodsofelimination

 Firstmethod

 Second

method Firstmethod

 DifferenceofB.B.&F.B.ofeachlinesoftraverseischeckedto
noteiftheydifferbycorrectlyornot.

 Theonehavingcorrectdifferencemeansthatbearingmeasuredin
thosestationsarefreefrom localattraction

 Correctionisaccordinglyappliedtorestofstation.

 IfnoneofthelineshavecorrectdifferencebetweenF.B.&B.B.,the
onewithminimum errorisbalancedandrepeatthe
similarprocedure.

 Diagram isgoodfriendagaintosolvethenumericalproblem.
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Secondmethod

 Basedonthefactthattheinterioranglemeasuredontheaffected
stationisright.

 Alltheinterioranglesaremeasured

 Checkofinteriorangle–sum ofinteriorangles=(2n-4)xright
angle,wherenisnumberoftraverseside

 Errorsaredistributedandbearingoflinesarecalculatedwiththe
correctedanglesfrom thelineswithunaffectedstation.

ChecksinclosedTraverse

 Errorsintraverseiscontributedbybothangleanddistancemeasurement

 Checksareavailableforanglemeasurementbut

 Thereisnocheckfordistancemeasurement

 Forprecisesurvey,distanceismeasuredtwice,reversedirection
secondtime

Checksforangularerrorareavailable

 Interiorangle,sum ofinteriorangles=(2n-4)xrightangle,wheren
isnumberoftraverseside

 Exteriorangle,sum ofexteriorangles=(2n+4)xrightangle,where
nisnumberoftraverseside
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 Deflectionangle–algebraicsum ofthedeflectionangleshouldbe
00or3600.

 Bearing–Theforebearingofthelastlineshouldbeequaltoits
backbearing±1800measuredattheinitialstation.

ßshouldbe=θ+1800
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Checksinopentraverse

 Nodirectcheckofangularmeasurementisavailable

 Indirectchecks

 MeasurethebearingoflineADfrom AandbearingofDA
from D

 TakethebearingtoprominentpointsP&Qfrom
consecutivestationandcheckinplotting.
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Methods

 Compassrule(Bowditch)

 Whenbothangleanddistancearemeasuredwithsameprecision

 Transitrule

 Whenanglearemeasuredpreciselythanthelength

 Graphicalmethod

Graphicalrule

 Usedforroughsurvey

 Graphicalversionofbowditchrulewithoutnumericalcomputation

 Geometricclosureshouldbesatisfiedbeforethis.
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PLANETABLESURVEYING

Principle:-

Theprincipleofplanetablingisparallelism,meaningthattherays

drawnfrom stationstoobjectsonthepaperareparalleltothelinesfrom the

stationstotheobjectsontheground.Therelativepositionsoftheobjectson

thegroundarerepresentedbytheirplottedpositionsonthepaperandlieonthe

respectiverays.Thetableisalwaysplacedateachofthesuccessivestations

paralleltothepositionitoccupiedatthestartingstation.Planetablingisa

graphicalmethod ofsurveying there the field workand plotting are done

simultaneouslyandsuchsurveydoesnotinvolvetheuseofafieldbook.

Planetablesurveyismainlysuitableforfillinginteriordetailswhen

traversingisdonebytheodolitesometimestraversingbyplanetablemayalso

bedone.Butthissurveyisrecommendedfortheworkwheregreataccuracyis

notrequired.Asthefittingandfixingarrangementofthisinstrumentisnot

perfect,mostaccurateworkcannotbeexpected.

AccessoriesofPlaneTable:-

1.ThePlaneTable:-

Theplanetableisadrawingboardofsize750mm x600mm madeof

wellseasonedwoodliketeak,pineetc.Thetopsurfaceofthetableiswell

leveled.Thebottom surfaceconsistsofathreadedcircularplateforfixingthe

tableonthetripodstandbyawingnut.

Theplanetableismeantforfixingadrawingsheetoverit.The

positionsoftheobjectsarelocatedonthissheetbydrawingraysandplottingto

anysuitablescale.

2.TheAlidade:-

Therearetwotypesofalidade.
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(i) Plain

(ii) Telescopic.

(a) PlainAlidade:-

Theplainalidadeconsistsofametalorwoodenruleroflengthabout

50cm.Oneofitsedgeisbeveledandisknownasthefiducialedge.Itconsists

oftwovanesatbothendswhicharehingedwiththeruler.Oneisknownasthe

‘objectvane’andcarriesahorsehair,theotheriscalledthe‘sightvane’andis

providedwithanarrowslit.

(b) TelescopicAlidade:-

Thetelescopicalidadeconsistsofatelescopemeantforinclined

sightorsightingdistantobjectsclearly.Thisalidadehasnovanesattheends,

butisprovidedwithfiducialedge.Thefunctionofthealidadeistosightobjects.

Theraysshouldbedrawnalongthefiducialends.

3.TheSpiritLevel:-

Thespiritlevelisasmallmetaltubecontainingasmallbubbleof

spirit.Thebubbleisvisibleonthetopalongagraduatedglasstube.Thespirit

levelismeantforlevelingtheplanetable.

4.TheCompass:-

Therearetwokindsofcompass.

(a) thetroughcompassand

(b) thecircularboxcompass.

(a)TheTroughCompass:-

Thetroughcompassisarectangularboxmadeofnon-magnetic

metalcontaining a magnetic needle pivoted atthe centre.This compass
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consistsofa‘D’markatbothendstolocatetheN-Sdirection.
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(b)TheCircularBoxCompass:-

Itcarriesapivotedmagneticneedleatthecentre.Thecircularboxis

fitted onasquarebaseplatesometimestwobubbletubesarefixedatright

anglestoeachotheronthebaseplate.Thecompassismeantformarkingthe

northdirectionofthemap.

5.U-forkorplumbingforkwithplumbbob:-

TheU-forkisametalstripbentintheshapeofa‘U’(hairpin)having

equalarm lengths,thetoparm ispointedandthebottom arm carriedahookfor

suspendingaplumbbob.Thisismeantforcenteringthetableoverastation.
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MethodsofPlaneTableSurveying

Fourclassesofplanetablingsurveysarerecognized:

Radiationmethod;

Intersection

method;

Traversing

method,Resection

method.

RadiationMethod

Here,theplanetableissetupatonestationwhichallowstheotherstationtobe
accessed.Thepointstobeplottedarethenlocatedbyradiatingraysfrom the
planetablestationtothepoints.Afterreducingtheindividualgrounddistances
ontheappropriatescale,thesurveyisthenplotted.Thismethodissuitablefor
smallareasurveys.Itisrarelyusedtosurveyacompleteprojectbutisusedin
combinationwithothermethodsforfilingindetailswithinachainlength.
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PlaneTablingusingRadiationMethod
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Thefollowingstepsaretaken:

1.SelectapointOsuchthatallthepointsarevisible

2.SetupandleveltheinstrumentatO

3.From OaligntheAlidadeanddrawradiallinestowards.ThestationsA,B,C,D
andE.

4.MeasurethedistancesOA,OB,OC,ODandOE:scaleanddrawOa,Ob,Oc,Od
andOeonthepaper.

5.Jointhepointa,b,c,d,andetogivetheoutlineofthesurvey.
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IntersectionMethod

Inthismethod,twoinstrumentstationsareusedwiththedistancebetween

them calledbasedlineservingasthebasetomeasureandplottheother

locations:

1.2pointsAandBareselectedfrom whichtherestofthestationscanbeseen.

2.SetupandleveltheplanetableatAandmarkitasainthepapertocoincide
withAontheground.

3.SightB,C,DandEwiththeAlidadefrom aanddrawrayswhichforwardsthem.

4.MeasureAB,AC,ADandAEandusingappropriatescaledrawthe
correspondingpaperdistance.

5.Removetheequipmentfrom AtoBandrepeattheprocedureusingBasthe
measuringstation.
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PlaneTablingusingIntersectionMethod
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TRAVERSINGMETHOD

ThisissimilartothatofCompassSurveyorTransitTraversing.Itisusedfor
runningsurveylinesbetweenstations,whichhavebeenpreviouslyfixedbyother
methodsofsurvey,tolocatethetopographicdetails.Itisalsosuitableforthe
surveyofroads,rivers,etc.

PlaneTablingusingTraversingMethod

.
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Resection:-

Resectionistheprocessofdeterminingtheplottedpositionofthe

stationoccupiedbytheplanetable,bymeansofsightstakentowardsknown

points,locationsofwhichhavebeenplotted.

Themethodconsistsindrawingtworaystothetwopointsofknown

locationontheplanafterthetablehasbeenoriented.Theraysdrawnfrom the

un-plottedlocationofthestationtothepointsofknownlocationarecalled

resectors,theintersectionofwhichgivestherequiredlocationoftheinstrument

stations.Ifthetable isnotcorrectlyorientedatthestationtobelocatedonthe

map,theintersectionofthetworesectorswillnotgivethecorrectlocationof

thestation.Theproblem,therefore,liesinorientingtableatthestationsandcan

besolvedbythefollowingfourmethodsoforientation.

(i) Resectionafterorientationbycompass.

(ii) Resectionafterorientationbybacksighting.

(iii)Resectionafterorientationbythreepointproblem.

(iv)Resectionafterorientationbytwo-pointproblem.

(i)Resectionafterorientationbycompass:-

Themethodisutilizedonlyforsmallscaleorroughmappingfor

whichtherelativelylargeerrorsduetoorientingwiththecompassneedlewould

notimpairtheusefulnessofthemap.Themethodisasfollows:
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1.Let‘C’betheinstrumentstationtobelocatedontheplan.Let‘A’and‘B’be

twovisiblestationswhichhavebeenplottedonthesheetas‘a’and‘b’.set

thetableat‘c’andorientitwithcompass.Clampthetable.

2.Pivotingthealidadeabout‘a’,draw aresector(ray)towards‘A’;similarly,

sight‘B’from ‘b’anddrawaresector.Theintersectionofthetworesectors

willgive‘C’,therequiredpoint.

(ii)Resectionafterorientationbybacksighting:-

Ifthetablecanbeorientedbybacksightingalongapreviouslyplotted

backsightline,thestationcanbelocatedbytheintersectionofthebacksight

lineandtheresectordrawnthroughanotherknownpoint.Themethodisas

follows:
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1.Let‘C’bethestationtobelocatedontheplanand‘A’and‘B’betwovisible

pointswhichhavebeenplottedonthesheetas‘a’and‘b’.Setthetableat‘A’

andorientitbybacksighting‘B’along‘ab’.

2.Pivotingthealidadeat‘a’.sight‘C’anddraw aray.Estimateroughlythe

positionof‘C’onthisrayasC1.

3.Shiftthetableto‘C’andcentreitapproximatelywithrespecttoC1.Keepthe

alidadeonthelinec1aandorientthetablebybacksightto‘A’,Clampthe

tablewhichhasbeenoriented.

4.Pivotingthealidadeabout‘b’,sight‘B’anddrawtheresector‘bB’tointersect

theray‘c1a’in‘C’.Thus,‘C’isthelocationoftheinstrumentstation.

TheThree-PointProblem :

Statement:-

Locationoftheposition,ontheplanofthestationoccupiedbythe

plane table bymeans ofobservations to three well-defined points whose

positionshavebeenpreviouslyplottedontheplan.
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Thefollowingaresomeoftheimportantmethodsavailableforthe

solutionoftheproblem.

(a)MechanicalMethod(TracingPaperMethod)

(b)GraphicalMethod

(c)Lehmann’sMethod(TrialandErrorMethod)

(a)MechanicalMethod(TracingPapermethod)

Themethodinvolvestheuseofatracingpaperandis,thereforealso

knownastracingpapermethod.

Procedure:

LetA,B,Cbetheknownpointsanda,b,cbetheirplottedpositions.

Let‘P’bethepositionoftheinstrumentstationtobelocatedonthemap.

(1)SetthetableonP. Orientthetableapproximatelywitheyesothat‘ab’is

paralleltoAB.

(2)FixatracingpaperonthesheetandmarkonitP’astheapproximately

locationof‘P’withthehelpofplumbingfork.



Under
revision

(3)Pivoting the alidade at‘P’,sightA,B,C in turn and draw the

correspondinglinesP’a’,P’b’andP’c’onthetracingpaper.Theselines

willnotpassthrougha,bandcastheorientationisapproximate.

(4)Loosethetracingpaperandrotateitonthedrawingpaperinsuchaway

thatthelinesp’a’,p’b’andp’c’passthrougha,bandcrespectively.

Transferp’ontothesheetandrepresentitasp.Removethetracing

paperandjoinpa,pbandpc.

(5)Keepthealidadeonpa.Thelineofsightwillnotpassthrough‘A’asthe

orientationhasnotyetbeencorrected.Tocorrecttheorientation,loose

theclampandrotatetheplanetablesothatthelineofsightpasses

through‘A’.Clampthetable.Thetableisthusoriented.

(6)Totesttheorientationkeepthealidadealongpb.Iftheorientationis

correct,thelineofsightwillpassthroughB.similarly,thelineofsightwill

passthrough‘C’whenthealidadeiskeptonpc.

Lehmann’sMethod:-

Thisistheeasiestandquickestsolution.Theprinciplesofthemethodareas

follows:

(a)Whentheboardisproperlyorientedandthealidadesightedtoeach

controlsignalsA,BandC,raysdrawnfrom theirrespectivesignalswill

interestatauniquepoint.

(b)When rays are drawn from controlsignals,the angles of their

intersectionsaretrueangleswhetherornottheboardisproperlyoriented.

Procedure:-

1.Setthetableovernewstationpandapproximatelyorientit.

2.WithalidadeonasightA,similarlysightBandC.Thethreerays Aa,Bb

andCcwillmeetatapointiftheorientationiscorrect.Usually,however,

theywillnotmeetbutwillform asmalltriangleknownasthetriangle

oferror.

3.Toreducethetriangleoferrortozero,anotherpoint‘p’ischosenasper

Lehmann’srule.

4.Keepthealidadealongp’aandrotatethetabletosightA.Clampthetable.
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Thiswillgivenextapproximateorientation(butmoreaccuratethanthe

previousone).
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Thensight‘B’withalidadeatband‘C’withalidadeatc.Therayswillagain

form atriangleoferrorbutmuchsmaller.

5.Themethodhastoberepeatedtillthetriangleoferrorreducestozero.

Lehmann’sRules:-

Therearethreerulestohelpinproperchoiceofthepointp’.

1.Iftheplanetableissetupinthetriangleformedbythethreepoints(i.e.p

lieswithinthetriangleABC)thenthepositionoftheinstrumentonthe

planwillbeinsidethetriangleoferror,ifnotitwillbeoutside.

2.ThepointP’shouldbesochosenthatitsdistancefrom theraysAa,Bb

andCcisproportionaltothedistanceofpfrom A,BandCrespectively.

Sincetherotationofthetablemusthavethesameeffectoneachray.

3.Thepointp’shouldbesochosenthatitlieseithertotherightofallthree

raysortotheleftofallthreerays,sincethetableisrotatedinone

directiontolocateP.

Referringtothefigurebelow:

Byrule1pisoutsidethesmalltriangleaspisoutsidethetriangleABC.

Byrule2,usingtheproportionsfortheperpendicularsgivenbyscaling

thedistancesPA,PBandPC,itmustbeinthelefthandsectorasshown.

Byrule3,itcannotbeineitherofthesectorscontainedbytheraysPA,PB
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andPC.
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Indeterminatesolutionifpointoccupiedatthecircum circleofthe

threecontrolpoints:-

AlternativeGraphicalSolution:-

(1) Drawaline‘ae’perpendicularto‘ab’at‘a’.Keepthealidadealong‘ea’and

rotatetheplaneTabletill‘A’isbisected.Clampthetablewith‘b’ascentre,

directthealidadetosightBanddrawtheraybetocut‘ae’in‘e’Fig28.1(a)

(2) Similarly,draw ‘cf’perpendicularto‘bc’at‘c’.Keepthealidadealong‘FC’

androtatetheplanetabletill‘c’isbisectedclampthetable.With‘b’as

centre,directthealidadetosight‘B’anddrawtheray‘bf’tocut‘cf’inFFig

28.1(b)

(3) Join‘e’and‘F’.Usingasetsequre,draw‘bp’perpendicularto‘ef’.Then‘p’

representsontheplanetheposition‘p’ofthetableontheground.

(4) Toorientthetable,keepthealidadealong‘pb’rotatetheplanetabletill‘B’is

bisected.Tochecktheorientationdraw raysaA,cCbothofwhichshould

passthrough‘p’asshowninFig.28.1(c).
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Fig.28.1
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GraphicalMeteor:-

Thereareseveralgraphicalmethodsavailable,butthemethodgiven

byBesselismoresuitableandisdescribedfirst.

Bessel’sGraphicalSolution:-

(1) Afterhavingsetthetableatstation‘P’,keepthealidadeon‘ba’androtate

thetablesothat‘A’isbisected.Clampthetable.

(2) Pivotingthealidadeabout‘b’,sightto‘C’anddrawtheray‘xy’alongthe

edgeofthealidade.[Fig28.2(a)]

(3) Keepthealidadealong‘ab’androtatethetabletill‘B’isbisectedclampthetable.

(4) Pivotingthealidadeabout‘a’,sightto‘C’.Drawtherayalongtheedgeofthe

alidadetointeresttheray‘xy’in‘cf’.[Fig28.2(b)]Joincc’.

(5) Keepthealidadealongc’candrotatethetabletill‘C’isbisected.Clampthe

table.Thetableiscorrectlyoriented[Fig28.2(c)].

(6) Pivotingthealidadeabout‘b’,sightto‘B’.Drawtheraytointersectcc’in‘p’.

Similarly,ifalidadeispivotedabout‘a’and‘A’issighted,theraywillpass

through‘p’iftheworkisaccurate.

Fig28.2
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Fig28.2

Thepointsa,b,c’and‘p’form aquadrilateralandallthefourpointsliealongthe

circumferenceofacircle.Hence,thismethodisknownas“Bessel’smethodof

InscribedQuadrilateral”.

Inthefirstfoursteps,thesightingsfororientationwasdonethrough

‘a’and‘b’andraysweredrawn,through‘c’.However,anytwopointsmaybe

used forsightingandtheraysdrawntowardsthethirdpoint,whichisthen

sightedinsteps5and6.
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TwoPointProblem :

-Statement:-

“Locationofthepositionontheplanofthestationoccupiedbythe

planetablebymeansofobservationtotwowelldefinedpointswhosepositions

havebeenpreviouslyplottedontheplan.”

Letustaketwopoints‘A’and‘B’,theplottedpositionsofwhichareknown.

Let‘C’bethepointtobeplotted.Thewholeproblem istoorientthetableat‘C’.

Procedure:(ReferbelowFig29.)

(1) Chooseanauxiliarypoint‘D’near‘C’,toassisttheorientationat‘C’.setthe

tableat‘D’insuchawaythat‘ab’isapproximatelyparallelto‘AB’(eitherby

compassorbyeyejudgment)clampthetable.

(2) Keepthealidadeat‘a’andsight‘A’.Draw theresector.Similarlydraw a

resectorfrom ‘b’and‘B’tointersectthepreviousonein‘d’.Thepositionof

‘d’is thus got,the degree ofaccuracy ofwhich depends upon the

approximationthathasbeenmadeinkeeping‘ab’parallelto‘AB’.Transfer

thepoint‘d’tothegroundanddriveapeg.

Fig29Twopointproblem
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(3) Keepthealidadeat‘d’andsight‘C’.Drawtheray.Markapointc1ontheray

byestimationtorepresentthedistance‘DC’.

(4) ShiftthetabletoC,orientit(tentatively)bytakingbacksideto‘D’andcentre

itwithreferencetoc1.Theorientationis,thusthesameasitwasat‘D’.

(5) Keepthealidadepivotedat‘a’andsightitto‘A’.Draw theraytointerest

with the previously drawn ray from ‘D’in ‘c’.thus,‘c’is the point

representingthestationC1withreferencetotheapproximateorientation

madeat‘D’.

(6) Pivotingthealidadeabout‘c’,sight‘B’.Drawtheraytointersectwiththeray

drawnfrom ‘D’to‘B’inb’.Thusb’istheapproximaterepresentationof‘B’

withrespecttotheorientationmadeat‘D’.

(7) Theanglebetweenabandab’istheerrorinorientationandmustbe

correctedfor.Sothat‘ab’andab’maycoincide(ormaybecomeparallel)

keepapole‘P’inlinewithab’andatagreatdistance.Keepingthealidade

along‘ab’,rotatethetabletill‘P’isbisected.Clampthetable.Thetableis

thuscorrectlyoriented.

(8) Afterhavingorientedthetableasabove,drawaresectorfrom ‘a’to‘A’and

anotherfrom ‘b’to‘B’,theintersectionofwhichwillgivetheposition‘C’

occupiedbythetable.

Itistobenotedherethatunlessthepoint‘P’ischoseninfinitely

distant,‘ab’andab’cannotbemadeparallelsincethedistanceof‘p’from ‘C’is

limiteddueto otherconsiderationstwo-pointproblem doesnotgivemuch

accurateresults.Atthesametime,morelabourisinvolvedbecausethetableis

alsotobesetononemorestationtoassisttheorientation.
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