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LECTUREI1

Introduction:

Surveyingisdefinedas. . takingageneralviewof,byobservationandmeasurementdeter
miningtheboundaries,size,position,quantity,condition,valueetc.ofland,estates,build
ing,farmsminesetc.andfinallypresentingthesurveydatainasuitableform...Thiscover
stheworkofthevaluationsurveyor,thequantitysurveyor,thebuildingsurveyor,themini
ngsurveyorandsoforth,aswellasthelandsurveyor.

Anotherschoolofthoughtdefinesurveying. . astheactofmakingmeasurementoftherel
ativepositionofnaturalandmanmadefeaturesonearth.. ssurfaceandthepresentationof
thisinformationeithergraphicallyornumerically.

Theprocessofsurveyingisthereforeinthreestagesnamely:

)

(i)

(iii)

Takingageneralview

Thispartofthedefinitionisimportant asitindicatestheneedtoobtain
anoverallpictureofwhatisrequiredbeforeanytypeofsurveyworkisundertaken.Inlands
urveying,thisisachievedduringthereconnaissancestudy.

ObservationandMeasurement

Thispartofthedefinitiondenotesthenextstageofanysurvey,whichinlandsurveyingcon
stitutesthemeasurementtodeterminetherelativepositionandsizesofnaturalandartifici
alfeaturesontheland.

PresentationofData:

Thedatacollectedinanysurveymustbepresentedinaformwhichallowstheinformationt
obeclearlyinterpretedandunderstoodbyothers. Thispresentationmaytaketheformofw
rittenreport,billsofquantities,datasheets,drawingsandinlandsurveyingmapsandplan
showingthefeaturesontheland.

TypesofSurveying
Onthebasisofwhetherthecurvatureoftheearthistakenintoaccountornot,surveyingc
anbedividedintotwomaincategories:

Planesurveying:is
thetypeofsurveyingwherethemeansurfaceoftheearthisconsideredasaplane. Allanglesarecon

sideredtobeplaneangles.Forsmallareaslessthan25Okm2planesurveyingcansafelybeused.Fo
rmostengineeringprojectssuchascanal,railway,highway,building,pipeline,etcconstructions
,Lthistypeofsurveyingisused.Itisworthnotingthatthedifferencebetweenanarcdistanceof18.5k
mandthesubtendedchordlyingintheearth. . ssurfaceis7mm. Alsothesumoftheanglesofaplane
triangleandthesumoftheanglesinasphericaltriangledifferbylsecondforatriangleontheearth

.. ssurfacehavinganareaofl 96km?.




Geodeticsurveying:isthatbranchofsurveying,whichtakesintoaccountthetrueshapeofth
eearth(spheroid).

ClassificationofsurveyingIntroduct
ion

Foreasyunderstandingofsurveyingandthevariouscomponentsofthesubject,weneedadeepu
nderstandingofthevariouswaysofclassifyingit.

Objective
ToenablethestudentshaveunderstandingofthevariouswaysofclassifyingsurveyingCla
ssificationOfSurveying
Surveyingisclassifiedbasedonvariouscriteriaincludingtheinstrumentsused,purpose,theare
asurveyedandthemethodused.

ClassificationontheBasisofInstrumentsUsed.
Basedontheinstrumentused;surveyscanbeclassifiedinto;

1) Chaintapesurveys

i1) Compasssurveys

ii1) Planetablesurveys

iv) Theodolitesurveys

Classificationbasedonthesurfaceandtheareasurve

yedi)Landsurvey
Landsurveysaredoneforobjectsonthesurfaceoftheearth.Itcanbesubdividedinto:

(a) Topographicsurvey: Thisisfordepictingthe(hills,valleys,mountains,rivers,etc)and
manmadefeatures(roads,houses,settlements. . Jonthesurfaceoftheearth.

(b) Cadastralsurveyisusedtodeterminingpropertyboundariesincludingthoseoffields,
houses,plotsofland,etc.

(c) Engineeringsurveyisusedtoacquiretherequireddatafortheplanning,designandExecuti

onofengineeringprojectslikeroads,bridges,canals,dams,railways,buildings,etc.




(d) Citysurveys:Thesurveysinvolvingtheconstructionanddevelopmentoftownsincludingro
ads,drainage,watersupply,sewagestreetnetwork,etc,aregenerallyreferredtoascitysurvey.

(2) MarineorHydrographicSurvey:Thosearesurveysoflargewaterbodiesfornavig
ation,tidalmonitoring,theconstructionotharboursetc.

(3) AstronomicalSurvey:
Astronomicalsurveyusestheobservationsoftheheavenlybodies(sun,moon,starsetc)tofix

theabsolutelocationsofplacesonthesurfaceoftheearth.




LECTURE2

CLASSIFICATIONONTHEBASIS OFPURPOSE

1) Engineeringsurvey

i1) ControlSurvey:
Controlsurveyusesgeodeticmethodstoestablishwidelyspacedverticalandhorizontalcontrol
points.

ii1) GeologicalSurvey
Geologicalsurveyisusedtodeterminethestructureandarrangementofrockstrata. General
ly,itenablestoknowthecompositionoftheearth.

iv) MilitaryorDefenceSurveyiscarriedouttomapplacesofmilitaryandstrategi
cimportance
iv)Archeologicalsurveyiscarriedouttodiscoverandmapancient/reliesofantiquity.Class
ificationBasedOnInstrumentUsed

1. Chain/TapeSurvey: Thisisthesimplemethodoftakingthelinearmeasurementusingachaino
rtapewithnoangularmeasurementsmade.

i1. CompassSurvey:Herehorizontalangularmeasurementsaremadeusingmagnet
iccompasswiththelinearmeasurementsmadeusingthechainortape.

iii. Planetablesurvey:Thisisaquicksurvey
carriedoutinthefieldwiththemeasurementsanddrawingsmadeatthesametimeusi
ngaplanetable.

iv. Leveling

Thisisthemeasurementandmappingoftherelativeheightsofpointsontheearth. . surfacesho
wingtheminmaps,planeandchartsasverticalsectionsorwithconventional

symbols.
Vi.TheodoliteSurvey:

TheodolitesurveytakesverticalandhorizontalanglesinordertoestablishcontrolsCLASS

IFICATIONBASEDONTHEMETHODUSED1.TriangulationSurvey

Inordertomakethesurvey,manageable,theareatobesurveyedis
firstcoveredwithseriesoftriangles.Lines
arefirstrunroundtheperimeteroftheplot,thenthedetails




fixedinrelationtotheestablishedlines. Thisprocessiscalledtriangulation. Thetriangleispreferr

edasitistheonlyshapethatcancompletelyoveranirregularlyshapedareawithminimumspacele
ft.

ii. Traversesurvey:

Ifthebearinganddistanceofaplaceofaknownpointisknown:itispossibletoestablishthepositio
nofthatpointontheground.Fromthispoint,thebearinganddistancesofothersurroundingpoints
maybeestablished.Intheprocess,positionsofpointslinkedwithlineslinkingthememerge. Thet
raversingistheprocessofestablishingtheselines,iscalledtraversing,whiletheconnectinglines;j
oiningtwopointsontheground.Joiningtwowhilebearinganddistanceisknownastraverse.Atra
versestationiseachofthepointsofthetraverse,whilethetraverselegisthestraightlinebetweenco
nsecutivestations. Traversesmayeitherbeopenorclosed.

1. ClosedTraverse:

Whenaseriesofconnectedlinesformsaclosedcircuit,i.e.whenthefinishingpointco
incideswiththestartingpointofasurvey,itiscalledasa. . closedtraverse. . ,here ABCDEArepre
sentsaclosedtraverse.(Fig2.1(a))

£ i

Fig2.1(a)Closedtraverseissuitableforthesurveyofboundariesofponds,
forestsetc.

2. OpenTraverse:

Whenasequenceofconnectedlinesextendsalongageneraldirectionanddoesnotret
urntothestartingpoint,itisknownas. . opentraverse. ..
or(unclosedtraverse).Here ABCDErepresentsanopentraverse.Fig 2.2(b)




Fig2.2(b)Opentraverse issuitableforthesurveyofroads,riversetc.




LECTURE3

CLASSIFICATIONOFSURVEYORS
Surveyingismadeupofvariousspecializationsknownassectorsorclassesasshownbelow:

1. GeneralPracticeSurveyors:

* Surveyorsunderthisclassaremostlyconcernedwithvaluationandinvestment. Valuatio
nsurveyorsdealwithpropertymarkets,landandpropertyvalues,valuationproceduresa
ndpropertylaw.Investmentsurveyorshelpinvestorstogetthebestpossiblereturnformpr
operty.

» Theyhandleaselectionofpropertiesforpurchaseorsalebypensionfunds,insurancecom
panies,charitiesandothermajorinvestors. Theyalsospecializeinhousingpolicyadvice,
housingdevelopmentandmanagement.

2. PlanningandDevelopmentSurveyors

* Theyareconcernedwithpreparingplanningapplicationsandnegotiatingwithlocala
uthoritiesplannerstoobtainplanningpermission.

3. BuildingSurveyors

» Theirworkinvolvesadvisingontheconstruction,maintenance,repairofalltypesofresid
entialandcommercialproperty.

» Theanalysisofbuildingdefectsisanimportantpartofabuildingsurveyorsdiscipli
ne.

4. TheQuantitySurveyors

» Theyevaluateprojectcostandadviceonalternativeproposals. Theyalso




ensurethateachelement
ofaprojectagreeswiththecostplanallowanceandthattheoverallprojectremainswit
hinbudget.

5. RuralPracticeSurveyors:

Surveyorsinruralpracticeadvicelandowners,farmersandotherswithinterestsinthec
ountryside.

Theyareresponsible forthe managementof
countryestatesandfarms,theplanningandexecutionofdevelopmentschemesforagricu
Iture,forestation,recreation,salesofpropertiesandlivestock.

6. MineralSurveyors

7. Landsurveyors:

Theyplanthedevelopmentand

futureofmineralworkings. Theyworkwithlocalauthoritiesandthelandownersonplann
ingapplicationsandappeals,mininglawsandworkingrights,miningsubsidenceandda
mage,theenvironmentaleffectsoflandanddeep undergroundmines.

Theymeasurelandanditsphysicalfeaturesaccuratelyandrecordthemintheformofama
porplanforthepurposeofplanningnewbuildingandbylocalauthoritiesinmanagingroa
ds,housingestates,andotherfacilities.

Theyalsoundertakethepositioningandmonitoringforconstructionworks.




LECTURE4BRANCHES
OFSURVEYING

1. AerialSurveying

» Aecrialsurveysareundertakenbyusingphotographstakenwithspecialcamerasmounted
inanaircraftviewedinpairs. Thephotographsproducethree-
dimensionalimagesofgroundfeaturesfromwhichmapsornumericaldatacanbeproduc
edusuallywiththeaidofstereoplottingmachinesandcomputers.

2. HydrographicSurveying(Hydro-Survey)
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* Hydrosurveyisundertakentogatherinformationinthemarineenvironmentsuchasmap
pingoutthecoastlinesandseabedinordertoproducenavigationalcharts.

 Itisalsousedforoffshoreoilexplorationandproduction,design,constructionandmainte
nanceofharbours,inlandwaterroutes,riverandseadefence,pollutioncontrolandoceans
tudies.

3. GeodeticSurvey:

» Ingeodeticsurvey,largeareasoftheearthsurfaceareinvolvedusuallyonnationalbasisw
heresurveystationsarepreciselylocatedlargedistancesapart. Accountistakenofthecur
vatureoftheearth,henceitinvolvesadvanced




mathematicaltheoryandprecisemeasurementsarerequiredtobemade.

* Geodeticsurveystationscanbeusedtomapoutentirecontinent,measurethesizeandshap
eoftheearthorincarryingoutscientificstudiessuchasdeterminationoftheEarth.. smag
neticfieldanddirectionofcontinentaldrifts.

4. PlaneSurveying
* Inplanesurveyingrelativelysmallareasareinvolvedandtheareaunderconsideratio
nistakentobeahorizontalplane.Itisdividedintothreebranches.
- Cadastralsurveying

- Topographicalsurveying

- Engineeringsurveying

5. Cadastralsurveying

* Thesearesurveysundertakentodefineandrecordtheboundaryofproperties,legisla
tiveareaandevencountries.

+ Itmaybealmostentirelytopographicalwherefeaturesdefineboundarieswiththetopogr
aphicaldetailsappearingonordinancesurveymaps.

* Intheotherhand,markersdefineboundaries,cornerorlinepointsandlittleaccount
maybetakenofthetopographicalfeatures.




6. TopographicalSurvey

Thesearesurveyswherethephysicalfeaturesontheeartharemeasuredandmaps/planspr
eparedtoshowtheirrelativepositionsbothhorizontallyandvertically.

Therelativepositionsandshapeofnaturalandman—
madefeaturesoveranareaareestablishedusuallyforthepurposeofproducingamapofth
eareaofforestablishinggeographicalinformationsystem.




8. EngineeringSurvey

» ThesearesurveysundertakentoprovidespecialinformationforconstructionofCivil
Engineeringandbuildingprojects.

» Thesurveysupplydetailsforaparticularengineeringschemesand
couldincludesettingoutoftheworkonthegroundanddimensionalcontrolonsuchsche

mes.
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LECTURES
Reconnaissance:

» Thisisanexhaustivepreliminarysurveyofthelandtobesurveyed. Itmay
beeithergroundreconnaissanceoraerialreconnaissancesurvey.

* Reconnaissanceismade onarrivalto siteduring which
anoverallpictureorviewoftheareaisobtained. Themostsuitablepositionofstationsissel
ected,thepurposeofthesurveyandtheaccuracyrequiredwillbedrawn,andfinallytheme
thodofobservationwillbeestablished.

Objectivesofreconnaissance

1. Toascertainthepossibilityofbuildingorconstructingrouteortrackthroughthearea.
2. Tochoosethebestoneormoreroutes andrecord onamap
3. Toestimateprobablecostanddraftareport.

ThebasicprinciplesandprocesssurveyingIntroduct
ion

Sofar,wehavediscussedthemeaning,objectandmajorclassificationsofsurveying. Nowletus
movefurthertodiscussthebasicprinciplesandprocessofsurveying.

objectives.
- Toenablestudentsunderstandthebasicprinciplesofsurveying.

- Toexposethestudentstotheprocessofsurveying.




LECTURE®6

BASICPRINCIPLESINSURVEYING

PRINCIPLEOFWORKINGFROMWHOLETOPART

+ [ltisa fundamentalruleto alwaysworkfromthewhole tothepart.
Thisimpliesaprecisecontrolsurveyingasthefirstconsiderationfollowedbysubsidiaryd
etailsurveying.

* Thissurveyingprincipleinvolveslayingdownanoverallsystemofstationswhosepositi
onsarefixedtoafairlyhighdegreeofaccuracyascontrol,andthenthesurveyofdetailsbet
weenthecontrolpointsmaybeaddedontheframebylesselaboratemethods.

* Oncetheoverallsizehasbeendetermined,thesmallerareascanbesurveyedintheknowle
dgethattheymust(andwillifcareistaken)putintotheconfinesofthemainoverallframe.

* Errorswhichmayinevitablyarisearethencontainedwithintheframeworkofthecontrol
pointsandcanbeadjustedtoit.
Surveyingisbasedonsimplefundamentalprincipleswhichshouldbetakenintoco

nsiderationtoenableonegetgoodresults.

(a) Workingfromthewholetothepartisachievedbycoveringtheareatobesurveyedwithanumb
erofspacedoutcontrolpointcalledprimarycontrolpointscalledprimarycontrol points whose
pointing have been determined withahighlevelof precision usingsophisticated
equipments.Based onthesepoints astheoretic,
anumberoflargetrianglesaredrawn.Secondarycontrolpointsarethenestablishedtofillthegaps
withlesserprecisionthantheprimarycontrolpoints. Atamoredetailedandlesspreciselevel,terti
arycontrolpointsatcloserintervalsarefinallyestablishedtofillinthesmallergaps. Themainpurp
oseofsurveyingfromthewholetothepartistolocalizetheerrorsasworkingtheotherwayroundw
ouldmagnifytheerrorsandintroducedistortionsinthesurvey.Inpartialterms,thisprincipleinvo
lvecoveringtheareatobesurveyedwithlargetriangles. These are
furtherdividedintosmallertrianglesandtheprocesscontinuesuntiltheareahasbeensufficiently
coveredwithsmalltrianglestoalevelthatallowsdetailedsurveystobemadeinalocallevel.Errori
sinthewholeoperationastheverticesofthelargetrianglesarefixedusinghigherprecisioninstru
ments.

(b) Usingmeasurementsfromtwocontrolpartstofixotherpoints.Giventwopointswhoselengt
handbearingshavebeenaccuratelydetermined,alinecanbedrawntojointhemhencesurveying

hascontrolreferencepoints. Thelocationsofvariousotherpointsandthelinesjoiningthemcanbe
fixedbymeasurementsmadefromthesetwopointsandthelinesjoiningthem.Foranexample,if

AandBarethecontrolpoints,thefollowingoperationscanbeperformedtofixotherpoints.

1) UsingpointsAandBasthecenters,ascribearcsandfix(wheretheyintersect).

i1) DrawaperpendicularfromDalongABtoapointC.




i1i1) TolocateC,measuredistanceABanduseyourprotractortoequallymeasureangle ABC.

iv) TolocateCtheinterioranglesoftriangleABCcanbemeasured. ThelengthsofthesidesAC
andBCcanbecalculatedbysolvingthetriangle.

A A
A A 2
(1ii)
_!— C
(1) I
(11)
&

B

B B =
Fig.6.1:FixingthethirdpointsusingtwopointsTheproc
essofsurveying:

Thesurveyprocesspassesthrough3mainphases—thereconnaissance,
fieldworkandmeasurements,and,theofficework.

(a) Reconnaissancesurvey
Thisisapre-fieldworkandmeasurementphase.Itrequirestakinganoverallinspection

oftheareatobesurveyedtoobtainageneralpicturebeforecommencementofanyserioussurvey.
Walkingthroughthesiteenablesonetounderstandtheterrainandhelpsindeterminingthesurvey
methodtobeadopted,andthescaletobeused. Theinitialinformationobtainedinthisstagehelpsi

nthesuccessfulplanningandexecutionofthesurvey.

(b) Fieldworkandmeasurement:
Thisistheactualmeasurementsinthefieldandtherecordingsinthefieldnotebook.Togetthebe
stresultsinthefield,thesurveyormustbeacquaintedwiththefunctionsoftheequipmentsandta
kegoodcareofthem.

(c) Officework:Thisisthe
postfieldworkstageinwhichdatacollectedandrecordingsinthefieldnotebooksaredecodedand
usedtopreparethecharts,planesandmapsforpresentationtotheclientsandthetargetaudience.




LECTURE?7

IMPORTANCEOFSCIENTIFICHONESTY

* Honestyisessentialinbookingnotesinthefieldandwhenplottingandcomputationsinth
eoffice.Thereisnothingtobegainedfromcookingthesurveyoralteringdimensionssoth
atpointswilltie-
inonthedrawing.Itisutterlyunprofessionaltobetraysuchtrustateachstageofthesurvey.

» Thisappliestotheassistantsequallyasitdoestothesurveyorincharge. Assistantsmustals
olistencarefullytoallinstructionsandcarrythemouttothelaterwithoutquestions.

CHECKONMEASUREMENTS

» Thesecondprincipleisthat;allsurveyworkmustbecheckedinsuch
awaythatanerrorwillbeapparentbeforethesurveyiscompleted.

+ Concentrationandcarearenecessaryinordertoensurethatallnecessarymeasuresaretak
entotherequiredstandardofaccuracyandthatnothingisomitted.Hencetheymustbemai
ntainedinthefieldatalltimes.

» Surveyoronsiteshouldbecheckingthecorrectnessothisownworkandthatofotherswh
ichisbasedonhisinformation.

* Checkshouldbeconstantlyarrangedonallmeasurementswhereverpossible.Checkmea
surementsshouldbeconductedtosupplementerrorsonfield. Pegscanbemoved,sightrai
Isalteredetc.

» Surveyrecordsandcomputationssuchasfieldnotes,levelbooks,fieldbooks,settingout
recordbooks etcmustbekept cleanand
completewithclearnotesanddiagramssothatthesurveydatacanbeclearlyunderstoodb
yothers.Untidyandanonymousfiguresinthefieldbooksshouldbeavoided.

» Likefieldwork,computationsshouldbecarefullyplannedandcarriedoutinasystemicm
annerandallfielddatashouldbeproperlypreparedbeforecalculationsstart. Wherepossi
ble,standardizedtablesandformsshouldbeusedtosimplifycalculations.Iftheresultofa
computationhasnotbeenchecked,itisconsideredunreliableandforthisreason, frequent
checksshouldbeappliedtoeverycalculationprocedure.

» Asacheck,thedistancesbetweenstationsaremeasuredastheyareplotted,toseethatthere
iscorrespondencewith themeasured horizontal
distance.Failuretomatchindicatesanerrorinplottingorduringthesurvey.

» Ifchecksarenotdoneon observations,expensivemistakemayoccur. Itis
alwayspreferabletotakeafewmoredimensionsonsitetoensurethatthesurveywillresol
veitselfattheplottingstage.




ACCURACYANDPRECISION

Thesetermsareusedfrequentlyinengineeringsurveyingbothbymanufacturerswhenquotings
pecificationsfortheirequipmentsandonsitebysurveyorstodescriberesultsobtainedfromfield

work.

Accuracyallowsacertainamountoftolerance(eitherplusorminus)inameasur
ement,while;

Precisiondemandsexactmeasurement.Sincethereisnosuchthingsasanabsolute
lyexactmeasurement,asetofobservationsthatarecloselygroupedtogetherhavin
gsmalldeviationsfromthesamplemeanwillhaveasmallstandarderrorandaresai
dtobeprecise.

ECONOMYOFACCURACYANDITSINFLUENCEONCHOICEOFEQ
UIPMENTS

Surveyworkisusuallydescribed asbeingtoacertainstandardofaccuracy
whichinturnissuitedtotheworkinhand.Bearinginmindthepurposeforwhichthesurvey
is being made,itis bettertoachieve  ahighdegreeof accuracy thanto
aimforprecision(exactness)whichifitweretobealteredwoulddependnotonlyontheinst
rumentusedbutalsoonthecaretakenbytheoperatortoensurethathisworkwasfreefrom
mistake.

Alwaysrememberthat,thegreatertheeffortandtimeneededbothinthefieldandintheoffi
ce,themoreexpensivesurveywillbefortheclient. Thestandardaccuracyattainedinthefi
eldmustbeinkeepingwiththesizeoftheultimatedrawings.

Theequipmentselectedshouldbeappropriatetothetestinhand. Animportantfactorwhe
nselectingequipmentisthatthevariousinstrumentsshouldproduceroughlythesameord
erofprecision. Asteelchainbestatanaccuracyof1/500to1/1000would
beoflittleuseforworkrequiring anaccuracy of1/1000.
Similarly,thetheodolitereadingtoonesecondwouldbepointlesswhereareadingtoone
minuteissufficient.

Havingselectedtheequipmentnecessary,theworkshouldbethoroughlycheckedandiff
oundwantingshouldbeadjusted,repairedorreplacedorhaveallowancecalculatedforits
deficiencies.Thistaskwillbelesstediousiffieldequipmentisregularlymaintained.

HorizontalDistanceMeasurement

Oneofthebasicmeasurementsinsurveyingisthedeterminationofthedistancebetweentwopoin
tsontheearth.. ssurfaceforuseinfixingposition,setoutandinscaling. Usuallyspatialdistanceis
measured.Inplanesurveying,thedistancesmeasuredarereducedtotheirequivalenthorizontald
istanceeitherbytheproceduresusedtomakethe

Underrevision




measurementorbyapplyingnumericalcorrectionsfortheslopedistance(spatialdistance). The
methodtobeemployedinmeasuringdistancedependsontherequiredaccuracyofthemeasurem
ent,andthisinturndependsonpurposeforwhichthemeasurementisintended.

Pacing:—
whereapproximateresultsaresatisfactory,distancecanbeobtainedbypacing(thenumberofpac
escanbecountedbytallyorpedometerregistryattachedtooneleg). Averagepacelengthhastobe
knownbypacingaknowndistanceseveraltimesandtakingtheaverage.Itisusedinreconnaissan
cesurveys&insmallscalemapping

Odometerofavehicle:-
basedondiameteroftires(noofrevolutionsXwheeldiameter);thismethodgivesafairlyreliabler
esultprovidedacheckisdoneperiodicallyonaknownlength. Duringeachmeasurementaconsta
nttyrepressurchastobemaintained.

Tachometry:-distancecanbecanbemeasuredindirectlybyopticalsurveyinginstruments
liketheodolite. Themethodis quite rapidand sufficiently accurate
formanytypesofsurveyingoperations.

Taping(chaining):-
thismethodinvolvesdirectmeasurementofdistanceswithatapeorchain.Steeltapesaremostco
mmonlyused.Itisavailableinlengthsvaryingfrom15mto100m.Formerlyonsurveysofordinar
yprecision,lengthsoflinesweremeasuredwithchains.

ElectronicDistanceMeasurement(EDM). -
areindirectdistancemeasuringinstrumentsthatworkusingtheinvariantvelocityoflightorelectr
omagneticwavesinvacuum. Theyhavehighdegreeofaccuracyandareeffectivelyusedforlong
distancesformodernsurveyingoperations.




LECTURES
CHAINSURVEYING

Thisisthesimplestandoldestformoflandsurveyingofanareausinglinearmeasurementsonly. It
canbedefinedastheprocessoftakingdirectmeasurement,althoughnotnecessarilywithachain.

EQUIPMENTSUSEDINCHAINSURVEYING
Theseequipmentscanbedividedintothree,namely

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

(i1) Thoseusedforslopeanglemeasurementandformeasuringrightangle(Eg. Abney

level,clinomater,crossstaff,opticalsquares)

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

1. Chain:-
Thechainisusuallymadeofsteelwire,andconsistsoflonglinksjoinedbyshorterlinks.Iti

sdesignedforhardusage,andissufficientlyaccurateformeasuringthechainlines
andoffsetsofsmallsurveys.

Chainsare made up of linkswhichmeasure200mmfromcentre tocentreof
eachmiddleconnectingringandsurveyingbrasshandlessarefittedateachend. Tallymar
kersmadeofplasticorbrassareattachedateverywholemetrepositionorateachtenthlink.
Toavoidconfusioninreading,chainsaremarkedsimilarlyformbothend(E.g. Tallyfor2
mand18misthesame)sothatmeasurementsmaybecommencedwitheitherendofthecha
in

Therearethreedifferenttypesofchainsusedintakingmeasure

mentnamely:

1. Engineerschain




1. Gunter.. schain

1i1Steelbands

2 SteelBands:

Thismaybe30m,50mor100mlongand13mmwide.Ithashandlessimilartothoseonthec
hainandiswoundonasteelcross.Itismoreaccuratebutlessrobustthanthechain. Theoper
atingtensionandtemperatureforwhichitwasgraduatedshouldbeindicatedontheband.

3 Tapes:
Tapesareusedwheregreateraccuracyofmeasurementsarerequired,suchasthesettingo

utofbuildingsandroads.Theyare1 5mor30mlongmarkedinmetres,centimeterandmilli
meters. Tapesareclassifiedintothreetypes;




—

i. LinenorLinenwithsteelwirewovenintothefabric;

Thesetapesareliabletostretchinuseandshouldbefrequentlytestedfor
length. Theyshouldneverbeusedonworkforwhichgreataccuracyisrequired.

ii. FibreGlassTapes:Thesearemuchstrongerthanlinesandwill
notstretchinuse.

jii. Steeltapes: Thesearemuchmoreaccurate,andareusuallyusedforsetting
outbuildingsand structuralsteelworks.Steeltapesare available

invariouslengthsupto100m(20mand30mbeingthemost
common)encasedinsteelor plastic boxeswitharecessedwindinglever or
mountedonopenframeswithafoldingwindinglever.

Arrows:

TLTIER B

# ”«”e

Arrowconsists  ofapiece of steel wireabout 0.5mlong, and areused
formarkingtemporarystations. Apieceofcolouredcloth,whiteorredribbonisusuallyatt
achedortiedtotheendofthearrowtobeclearly seenonthefield.




Pegs

Pegsaremadeofwood50mmxS0mmandsomeconvenientlength. Theyareusedforpoin
tswhicharerequired tobepermanentlymarked,such
asintersectionpointsofsurveylines.Pegsaredrivenwithamalletandnailsaresetinthetop
.

. RangingRod: a

[
l

Thesearepolesofcircularsection2m,2.5mor3mlong,paintedwithcharacteristicredan
dwhitebandswhichareusually0.5mlongandtippedwithapointedsteelshoetoenablethe
mtobedrivenintotheground. Theyareusedinthemeasurement oflineswith thetape,
andformarkingany pointswhichneed tobeseen.

OpticalSquare:
Thisinstrumentisusedforsettingoutlinesatrightangletomainchainline.Itisusedwhere

greateraccuracyisrequired. Therearetwotypesofopticalsquare,oneusingtwomirrorsa
ndtheotheraprism.




* Themirrormethodis constructedbased
onthefactthatarayoflightisreflectedfromamirroratthesameangleasthatatwhichitstr
ikesthemirror.

* Theprismsquaremethodisasimplifiedformofopticalsquareconsistingofasingleprism.
Itisusedinthesamewayasthemirrorsquare,butisrathermoreaccurate.

8CrossStaff:

Thisconsistsoftwopairsofvanessetatrightangletoeachotherwithawideandnarrowslitinea
chvane. Theinstrumentismounteduponapole,sothatwhenitisset ~ upit is  atnormal
eyelevel It is also used forsetting out linesat right angleto themainchainline.

9. Clinometer

Thisinstrumentisusedformeasuringanglesofgroundslopes(slopeangle). Theyareofsever
alform,thecommonformisthe WATKING’SCLINOMETER,whichconsistofasmalldi
scofabout60mmdiameter. Aweightedringinsidethedisccanbemadetohangfreeandbysigh
tingacrossthisgraduatedringangleofslopescanbereadoft.
Itislessaccuratethanabneylevel.




9 AbneyLevel

Thisinstrumentisgenerallyusedtoobtaineroughlytheslopeangleoftheground.Itconsis
tsofarectangular,telescopictube(withoutlenses)about]25mmlong witha graduated
arc attached.A smallbubble isfixed

tothevernierarm,oncetheimageofthebubbleisseenreflectedintheeyepiecetheangleoft
helineofsightcanbereadoffwiththeaidofthereadingglass.




LECTURE9

NECESSARYPRECAUTIONSINUSINGCHAINSURVEYI
NGINSTRUMENTS

1. Afteruseinwetweather,chainsshouldbecleaned,andsteeltapesshouldbedriedan
dwipedwithanoilyrag.

2. Apieceofcolored clothshouldbetiedtoarrow(orribbon —
attached)toenablethemtobeseenclearlyonthefield.

3. Rangingrodsshouldbeerectedasverticalaspossibleattheexactstationpoint.

4. Theoperatingtensionandtemperatureforwhichsteelbands/tapesaregraduatedshoul
dbeindicated.

5. Linentapesshouldbefrequentlytestedforlength(standardized)andalwaysafterrepair
.

6. Alwayskeeptapesreeledupwhennotinuse.

GENERALPROCEDUREINMAKINGACHAINSURVEY

1. Reconnaissance:W alkovertheareatobesurveyedandnotethegenerallayout,theposition
offeaturesandtheshapeofthearea.

2. ChoiceofStations:Decideupontheframeworktobeusedanddriveinthestationpegstom
arkthestationsselected.

3. StationMarking:Stationmarks,wherepossibleshouldbetied-
intoapermanentobjectssothattheymaybeeasilyreplacedifmovedoreasilyfoundduring
thesurvey.In
softgroundwoodenpegsmaybeusedwhilerailsmaybeusedonroadsorhardsurfaces.

4. Witnessing:Thisconsistsofmakingasketchoftheimmediateareaaroundthestationshowin
gexistingpermanentfeatures,thepositionofthestationsanditsdescriptionanddesignation.
Measurementsarethenmadefromatleastthreesurroundingfeaturestothestationpointandr
ecordedonthesketch.
Theaimofwitnessingistore-locateastationagainatmuchlaterdateeven
byothersafteralonginterval.

5. Offsetting:-
Offsetsareusuallytakenperpendiculartochainlinesinordertododgeobstacleson
thechainline.

6. Sketchingthelayoutonthelastpageofthechain
book,togetherwiththedateandthenameofthesurveyor,thelongestlineofthesurveyisus
uallytakenasthebaselineandismeasuredfirst.




CRITERIAFORSELECTINGASURVEYLINES/OFFSETS

Duringreconnaissance, thefollowingpoints must be
borneinmindasthecriteriatoprovidethebestarrangement of surveylines,

a. Fewsurveylines:thenumberofsurveylinesshouldbekepttoaminimumbutmustbesufficien
tforthesurveytobeplottedandchecked.

b. Longbaseline: Alonglineshouldbepositionedrightacrossthesitetoformabaseonwhichtob
uildthetriangles.

c. Wellconditionedtrianglewithanglesgreaterthan30®andnotexceeding150°:Itisprefera

blethatthearcsusedfor plottingshouldintersectascloseas90°in order
toprovidesharpdefinitionofthestationspoint.

d. Checklines:Everypartofthesurveyshouldbeprovidedwithchecklinesthatarepositionedin
suchawaythattheycanbeusedforoff-
settingtoo,inordertosaveanyunnecessaryduplicationoflines.

e. Obstaclessuch
assteepslopesandroughgroundshouldbeavoidedasfaraspossible.

f. Shortoffsetstosurveylines(closefeaturepreferably2m)shouldbe
selected:Sothatmeasuringoperatedbyonepersoncanbeusedinsteadoftapewhichneedstw
opeople.

g. Stationsshouldbepositionedontheextensionofachecklineortriangle.Suchpointsc
anbeplottedwithouttheneedforintersectingarcs.

Ranging:

Ranginginvolvesplacingrangingpolesalongtheroutetobemeasuressoastogetastraightlin
e. Thepolesareusedtomarkthestationsandinbetweenthestations.




LECTURE10

ERRORSINSURVEYING

Surveyingisaprocessthatinvolvesobservationsandmeasurementswithawiderangeofe
lectronic,opticalandmechanicalequipmentsomeofwhichareverysophisticated.

Despitethebestequipmentsandmethodsused,itisstillimpossibletotakeobservationsth
atarecompletelyfreeofsmallvariationscausedbyerrorswhichmustbeguidedagainstort
heireffectscorrected.

TYPESOFERRORS
1. GrossErrors
e Thesearereferred

tomistakesorblundersbyeitherthesurveyororhisassistantsduetocarelessnessorinco
mpetence.

Onconstructionsites,mistakesarefrequentlymadebyin—
experiencedEngineersorsurveyorswhoareunfamiliarwiththeequipmentandmethodt
heyareusing.
Thesetypesoferrorsincludemiscountingthenumberoftapeslength,wrongbooking,sig
htingwrongtarget,measuringanticlockwisereading,turninginstrumentsincorrectly,di
splacementofarrowsorstationmarksetc.

Grosserrorscanoccuratanystageofsurveywhenobserving,booking,computingorplott
ingandtheywouldhaveadamagingeffectontheresultsifleftuncorrected.

Grosserrorscanbeeliminatedonlybycarefulmethodsofobservingbookingandconstan
tlycheckingbothoperations.

2. SystematicorCumulativeErrors

Theseerrorsarecumulativeineffect
andarecausedbybadlyadjustedinstrumentandthephysicalconditionatthetimeofmeas
urementmustbeconsideredinthisrespect.Expansionofsteel, frequentlychangesinelect
romagneticdistance(EDM )measuringinstrument,etcarejustsomeoftheseerrors.

Systematicerrorshavethesamemagnitudeandsigninaseriesofmeasurementsthatarere
peatedunderthesamecondition,thuscontributingnegativelyorpositivelytothereading
hence,makesthereadingsshorterorlonger.




Thistypeoferrorcanbe
eliminatedfromameasurementusingcorrections(e.g.effectoftensionandtemperatu
reonsteeltape).

Anothermethod ofremoving systematicerrors is tocalibrate
theobservingequipmentandquantifytheerrorallowingcorrectionstobemadetofurther
observations.

Observationalproceduresbyre-
measuringthequantitywithanentirelydifferentmethodusingdifferentinstrumentcanal
sobeusedtoeliminatetheeffectofsystematicerrors.

RandomorCompensatingErrors

Althougheveryprecautionmaybetakencertainunavoidableerrorsalwaysexistin
anymeasurementcausedusually ~ byhuman  limitation inreading/handling
ofinstruments.

Randomerrorscannotberemovedfromobservationbutmethodscanbeadoptedtoensu
rethattheyarekeptwithinacceptablelimits.

Inordertoanalyzerandomerrorsorvariable,statisticalprinciplesmustbeusedandins
urveyingtheireffectsmaybereducedbyincreasingthenumberofobservationsandfi
ndingtheirmean.
Itisthereforeimportanttoassumethoserandomvariablesarenormallydistributed.




LECTURE11

CorrectionstoLinearMeasurementandtheir Application:-

Thefollowingcorrectionsaretobeappliedtothe

linearmeasurementswithachainoratapewheresuchaccuracyisrequired.

(1) Pullcorrection,

(i1) Temperaturecorrection
(i)  Standardlengthcorrection
(iv)  Sagcorrection

(V) Slopecorrection

(vi)  Meansealevelcorrection.

PullCorrection:-

Achainortapeofnominallength.. L...havingcrosssectionalareaofthelinkorthatof
atape,asthecasemaybe,equaltoAandstandardizedunderapullPsisemployedtomeasurealengt
hatapullPr.IfY oung.. smodulusofelasticityofthe
_(P—PyL

AE

materialisE the extensionof its length i

Therecordedlengthislessthantheactualbythisextension. Theerrorishere,-
ve,theactuallengthisobtainedbyaddingtheextensiontoL.thecorrectionis

+ve. If PrislessthanPstheerrorwillbe+veandcorrection —ve.

TemperatureCorrection:-

Achainoratapeofnominallength.. L...standardizedattemperatureTsandhaving
crosssectionalarea,AisemployedtomeasuredlengthattemperatureTf, [

beingthecoefficientoflinearexpansionofthematerialofthechainortapeperunitriseoftempera

ture, the extension = [(TF-TS)L.

IfTrismorethanTs,recordedlengthislessthantheactualbytheamountofextension.

Theerroris—veandthecorrectiontothelengthLis+ve bytheamountof

extension.IfthefieldtemperatureTFislessthanTstheerroris=+veandthecorrectionsi

S—Vv¢€.




SagCorrection:-

In
caseofsuspendedmeasurementacrossaspanLthechainortapesagtotaketheformofcurvekno

wnascatenary.

Wi
(Wl) 12 Csa 1=

24P 24p?

Wherew=weightofthetapepermetrelengthW=Tot
alweightofthetape

P=pullapplied(inN)
l1=Thelengthoftapesuspendedbetweentwosupports
[=lengthofthetape

=n/i(inm)Sagcorrectionisalwaysnega

tive.




LECTURE12
TRIANGULATION

Because,atonetime,itwaseasiertomeasureanglesthanitwasdistance,triangulationwasthepre
ferredmethodofestablishingthepositionofcontrolpoints.

Manycountriesusedtriangulationasthebasisoftheirnationalmappingsystem. Theprocedure
wasgenerallytoestablishprimarytriangulationnetworks,withtriangleshavingsidesrangingf
rom30to50kminlength. Theprimarytrigpointswerefixedatthecornersofthesetrianglesandth
esumofthemeasured angleswascorrectto+3.
Thesepointswereusuallyestablishedonthetopsofmountainstoaffordlong,uninterruptedsigh
tlines. Theprimarynetworkwasthendensifiedwithpointsatcloserintervalsconnectedintothe
primarytriangles. Thissecondarynetworkhadsidesof10—
20kmwithareductioninobservationalaccuracy.Finally,athirdordernet,adjustedtothesecond
arycontrol,wasestablishedat3—5-kmintervalsandfourth-
orderpointsfixedbyintersection.Figure12.2illustratessuchatriangulationsystemestablished
bytheOrdnanceSurveyofGreatBritainandusedascontrolfortheproductionofnationalmaps.
Thebaselineand checkbaselinewouldbemeasuredbyinvartapes
incatenaryandconnectedintothetriangulationbyangularextensionprocedures. Thisapproach
isclassicaltriangulation,whichisnowobsolete. Themoremodernapproachwouldbetomeasur
ethebaselineswithEDMequipmentandtoincludemanymoremeasuredlinesinthenetwork,to
affordgreatercontrolofscaleerror. Althoughtheareasinvolvedinconstructionarerelativelys
mallcomparedwithnationalsurveys(resultingintheterm

.. microtriangulation. . Jtheaccuracyrequiredinestablishingthecontrolsurveysisfreque
ntlyofaveryhighorder,e.g.longtunnelsordamdeformationmeasurements.Fig.12.1
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The principlesofthemethodareillustratedbythetypicalbasicfiguresshownin Figure
12.31falltheanglesaremeasured,thenthescaleofthenetworkisobtainedbythemeasurementofo
nesideonly,i.e.thebaseline. Anyerror,therefore,inthemeasurementofthebaselinewillresultin
scaleerrorthroughoutthenetwork.Thus,inordertocontrolthiserror,checkbaselinesshouldbem
easuredatintervals. Thescale




erroris  defined as  thedifferencebetween  themeasuredand  computedcheck
base.Usingthebaselineandadjustedanglestheremainingsidesofthetrianglesmaybefoundand
subsequently the coordinates ofthe controlstations.Triangulation isbestsuited
toopen,hillycountry,affordinglongsightswellclearofinterveningterrain.Inurbanareas, roof-
toptriangulationisused,inwhichthecontrolstationsaresituatedontheroofsofaccessiblebuildin

gs.

(a)

_——
A2
Base line

(c)

Fig.12.3(a)Chainofsimpletriangles,(b)bracedquadrilateralsand(c)polygonswithcentr
alpoints.




LECTURE13

Generalprocedure:

(1) Reconnaissanceofthearea,toensurethebestpossiblepositionsforstationsandbaselines.
(2) Constructionofthestations.

(3) Considerationofthetypeoftargetandinstrumenttobeusedandalsothemethodofobservat
ion.

Allofthesedependontheprecisionrequiredandthelengthofsightsinvolved.

(4) Observationofanglesandbase-linemeasurements.

(5) Computation:baselinereduction,stationandfiguraladjustment,coordinatesofstatio
nsbydirectmethods.

Ageneralintroductiontotriangulationhasbeenpresented,aspectsofwhichwillnowbedealt
withindetail.

(1) Reconnaissanceis the most importantaspectofanywell-designedsurveying
project.Itsmainfunctionistoensurethebestpositionsforthesurveystationscommensuratewith
well-

conditionedfigures,easeofaccesstothestationsandeconomyofobservation. Acarefulstudyofa
llexistingmapsorplansoftheareaisessential. Thebestpositionforthesurveystationscanbedraw
nontheplanandtheoverallshapeofthenetworkstudied. Whilechainsofsingletrianglesarethem
osteconomictoobserve,bracedquadrilateralsprovidemanymoreconditionsofadjustmentand
areattheirstrongestwhensquareshaped. Usingthecontoursoftheplan,profilesbetweenstations
canbeplottedtoensureintervisibility.Stereo-pairsofaerialphotographs,givingathree-
dimensionalviewoftheterrain,areusefulinthisrespect. Whilsteveryattemptshouldbemadetoe
nsurethattherearenoangleslessthan25°,ifasmallanglecannotbeavoided itshould be
situatedoppositeasidewhichdoesnotenter intothe
scalecomputation. Whenthepapertriangulationiscomplete,theareashouldthenbevisitedandt
hesiteofeverystationcarefullyinvestigated. Withtheaidofbinoculars,intervisibilitybetweenst
ationsshouldbecheckedandground-grazingraysavoided.SincetheadventofEDM,base-
linesittingisnotsocritical.Soilconditionsshouldbestudiedtoensurethatthegroundissatisfactor
yfortheconstructionoflong-termsurveystations. Finally, whilstthestrength
ofthenetworkisafunction ofitsshape,
thepurposeofthesurveystationsshouldnotbeforgottenandtheirpositionlocatedaccordingly.

(2) Stationsmustbeconstructedforlong-
termstability. Acompletereferencingofthestationshouldthenbecarriedoutinordertoensure
itslocationatafuturedate.

(3) Asalreadystated,thetypeoftargetusedwilldependonthelengthofsightinvolvedandtheacc
uracyrequiredforhighlyprecisenetworks,theobservationsmaybecarriedoutatnightwhenrefr
actionisminimal.Insuchacase,signallampswouldbetheonlytypeoftargettouse.Forshortsight
sitmaybepossibletousetheprecisetargetsshowninFigure 1 3.  Whateverformthetargettakes,t
heessentialconsiderationsarethatitshouldbecapableofbeingaccuratelycentredoverthesurvey
pointandaffordthenecessarysizeandshapeforaccuratebisectionattheobservationdistances
used.

(4) Intriangulationthemethodofdirectionswouldinevitablybeusedandthehorizonclosed. An
appropriatenumberofsetswouldbetakenoneachface. Thebaselineand




checkbasewouldmostcertainlybemeasuredbyEDM, withallthenecessarycorrection
smadetoensurehighaccuracy.

(5) Sincetheuseofcomputersisnowwellestablished,thereisnoreasonwhyaleastsquaresadjust
mentusingthestandardvariationofcoordinatesmethodshouldnotbecarriedout. Alternativelyt
heanglesmaybebalancedbysimpler,lessrigorousmethodsknownas. . equalshifts...Oncompl
etion,thesidesmaybecomputedusingthesineruleandfinallythecoordinatesofeachsurveypoin
tobtained.Ifthesurveyisto
beconnectedtothenationalmappingsystemofthecountry,thenallthebaselinemeasurementsm
ustbereducedtoMSLandmultipliedbythelocalscalefactor. Asmanyofthenationalsurveypoint
saspossibleshouldbeincludedinthescheme.

Figurel3. 1. Interchangeabletargetandtribrach




LECTURE14

Overcomingobstaclesduringchaining:

Agor(1993)classifiedthevarioustypesofobstaclesencounteredinthecourseofchainingint
othree

- Obstacleswhichobstructrangingbutnotchaining
- Obstacleswhichobstructchainingbutnotranging
- Obstaclewhichobstructbothrangingandchaining
Obstaclesthatobstructranging butnotchaining

Suchaproblemariseswhenarisinggroundorajungleareainterruptsthechainline.H

eretheendstationsarenotintervisible.

Theremaybetwo cases:-
Casel:

Theendstationsmaybevisiblefromsomeintermediatepointsontherisingground.I

nthiscase,reciprocalrangingisresortedtoandthechainingisdonebythesteppingmethod.

Casell:

Theendstationsarenotvisiblefromintermediatepointswhenajungleareacomesacr
ossthechainline.Inthiscasetheobstaclemaybecrossedoverusingarandomlineasexplainedbel

ow:




=
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Figl4d.1 (1.14)

Let.. AB...betheactualchainlinewhichcanberangedandextendedbecauseofint
erruptionbyajungle.Letthechainlinebe extendedupto..R...A point
.. P...isselectedonthechainlineandarandomline.. PT...istakeninasuitabledirection.Points

C,DandEareselectedontherandomlineandperpendicularare

projectedfromthem.Theperpendicularat.. C...meetsthechainlineatCj.

Theoretically, the perpendicularsat‘D’ and‘E’ will meet thechain lineat
D1andE1.NowthedistancesPC,PD,PEandCCaremeasured(Figl4.1(1.14))fromtrianglesP
DDjandPCC;.

DD_ CCy
PD  PC

b PO (1)

Again,fromtrianglesPEE 1andPCC1—
EFE ccC

1 = 1

PE- PC




From(1)and(2),thelengthsDD1andEE1arecalculated.Thesecalculateddistance
saremeasuredalongtheperpendicularsat'D’and‘E’.PointsD1 andE1shouldlie inthechain

lineAB, whichcanbe extendedaccordingly.

DistancePE1= ./,PE2 + EE;?

Obstacleswhichobstructchainingbutnotranging:

Waterbodieslikelakes,pondsandriversaretypicalexamplesofobstaclesinthiscategory.
Itispossibletochainaroundtheseobstaclesbyusingthefollowingmethods.

1. Byconstructingrectangles:Chaininghadreached Aandencounteredanobstacle.To

get to B, markAandBwithanarrow.SetofperpendicularsACandBDhigh enough toclear
theobstacles.JoinandmeasureDCwhichnowequalsAB.Thisallowschaining
tocontinuefromB.

ii. Byconstructingsimilartriangles:
To continuechainingfromB,fix apoint C awayfromtheobstacle.Range apole at Dto

alignwithAChence AC=CD.
InlinewithBCrangeanotherpointEinlinewithBC.HenceBC=CE.

MeasureEDwhichequalsABhencechainingcancontinuefromB.




Obstaclewhichobstructbothrangingandchaining

Random line G

=

GD=(FC x GA)/
FAHE=(FC x HA )/ FA




LECTURE1S
COMPASSSURVEYING

Introduction:

Anothertypeofsurveyinstrumentthatformsthesubjectofthissectionisthecompass.Here,wewi
llexplainthemeaning,typesofcompasssurveyandalsointroduceanddiscustheconceptotbeari

ng.
Objectives

- Tointroducethestudentstothemeaningandtypesofcompasssurvey
- Toenablestudentsunderstandtheconceptofbearing. Mea
ningandtypesofcompasssurvey

Incompasssurvey,thedirectionofthesurveylineismeasuredbytheuseofamagneticcompasswh
ilethelengthsarebychainingortaping. Wheretheareatobesurveyediscomparativelylarge,thec

ompasssurveyispreferred,whereasiftheareaissmallinextentandahighdegreeofaccuracyisdes
ired,thenchainsurveyisadopted. However,wherethecompasssurveyisused,caremustbetaken
tomakesurethatmagneticdisturbancesarenotpresent. Thetwomajorprimarytypesofsurveyco

mpassare:theprismaticcompassandsurveyorscompass

Compasssurveysaremainlyusedfortherapidfillingofthedetailinlargersurveysandforexplana

toryworks.Itdoesnotprovideaveryaccuratedeterminationofthebearingofalineasthecompass

needle alignsitselftothe earth.. smagneticfield
whichdoesnotprovideaconstantreferencepoint.




LECTUREIl6

THEPRISMATICCOMPASS

Thisisaninstrumentusedforthemeasurementofmagneticbearings.Itissmallandportableus
uallycarriedonthehand. ThisPrismaticCompassisoneofthetwomainkindsofmagneticcom
passesincludedinthecollectionforthepurposeofmeasuringmagneticbearings, with the
other being the Surveyor's Compass. Themain differencebetweenthe
twoinstrumentsisthatthesurveyor'scompassisusuallylargerandmoreaccurateinstrument,a
ndisgenerallyusedonastandortripod.

 Theprismaticcompassontheotherhandisoftenasmallinstrumentwhichisheldintheh
andforobserving,andisthereforeemployedontherougherclassesofwork. Thegradu
ationsonthisprismaticcompassaresituatedonalightaluminumringfastenedtothen
eedle,andthezeroofthegraduationscoincideswiththesouthpointoftheneedle. Theg
raduationsthereforeremainstationarywiththeneedle,andtheindexturnswiththesig
htingvanes.Sincethecircleisreadattheobserver's
(ratherthanthetarget's)end,thegraduationsrunclockwisefromthesouthendofthene
edle(0°to360°),whereasinthesurveyor'scompass,thegraduationsrunanti-
clockwisefromnorth.

» Theprismaticattachmentconsistsofa45°reflectingprismwiththeeyeandreadingfa
cesmadeslightlyconvexsoastomagnifytheimageofthegraduations. Theprismis
carriedonamountingwhichcanbemovedupanddownbetweenslidesfixedontheo
utsideofthecase.

* Thepurposeofthisup-and-downmovementistoprovidean
adjustmentforfocusing. Theimageofthegraduationsisseenthroughasmallcirculara
pertureintheprismmounting,andimmediatelyabovethisapertureisasmallVcuton




topofthemounting,overwhichtheverticalwireinthefrontvanemaybeviewed.Usingt
heVcut,theverticalwireandthestationwhosebearingisrequiredareviewedinoneline,
thebearingisdirectlyreadoffthegraduatedarcatthepointimmediatelyunderneaththe

verticalwire.

* Themirrorlocatedinfrontoftheforwardvaneslidesupanddownthevane,andishingedt
o fold flatoveritortorest inclined at anyanglewithit.
Thismirrorisusedforsolarobservations,orforviewinganyveryhighobject,andisnota
normalfittingtoacompass.Thetwocirculardiscs
infrontofthebackvanearedarkglasseswhich
canbeswunginfrontofthevanewhensolarobservationsarebeingtaken.

COMPONENTSOFAPRISMATICCOMPASS

Prismaticcompassconsistsofanon-
magneticmetalcasewithaglasstopandcontainthefollowing:

Obleclive vane

Harsm halr

1! e Slding arrangemen
fear imirrer

Giraduated nng
M irrar

{ndjuatabin)

Cilass cover

Prism (right Sun glossna

angled convex)

Prigmatic compass paris

Elementsofprismaticcompass

Cylindricalmetalbox:Cylindricalmetalboxishavingdiameterof8to12cm.Itprotectst
he compass andforms entirecasing orbodyofthecompass.It
protectcompassfromdust,rain etc.




Pivot:pivotisprovidedatthecenter ' )
ofthecompassandsupportsfreelysuspendedmagneticneedle overit.

liftingpinandliftinglever:aliftingpinisprovidedjustbelowthesightvane.
Whenthesightvaneisfolded,itpressestheliftingpin. Theliftingpinwiththehelpofliftin
gleverthenliftsthemagneticneedleoutofpivotpointtopreventdamagetothepivothead.

Magneticneedle:Magneticneedleistheheartoftheinstrument. Thisneedle
measuresangleofalinefrommagneticmeridianastheneedlealwaysremainspointedto
wardsnorthsouthpoleattwoendsoftheneedlewhenfreelysuspendedon any support.

Graduatedcircleorring: Thisisanaluminumgraduatedringmarkedwith0°to

360°tomeasuresallpossiblebearingsoflines,andattachedwiththemagneticneedle. Therin
g is graduated to halfa degree.

Prism:prismisusedtoreadgraduationsonringandtotakeexactreadingbycompass.It
isplacedexactlyoppositetoobjectvane. Theprismhole
isprotectedbyprismcaptoprotectitfromdustandmoisture.

Objectvane:objectvaneisdiametricallyoppositetotheprismandeyevane. Theobjectv
aneiscarryingahorsehairorblackthinwiretosightobjectinlinewitheyesight.

%Eygya}pg:Eye vaneis a fineslitprovidedwiththeeyeholeatbottomto bisecttheobject
romslit.

Glasscover:itscoverstheinstrumentboxfromthetopsuchthatneedle andgraduated

ringisseenfrom thetop.
Sunglasses:Theseareusedwhensomeluminousobjectsaretobebisected.

_ i :Itisused to getimageofan objectlocatedabove orbelow
theinstrument levelwhile bisection.Itisplaced ontheobjectvane.

Springbrakeorbrakepin:todamptheoscillationoftheneedlebeforetaking

areading and tobringitto restquickly,thelightspringbrakeattached
totheboxisbroughtincontactwiththeedgeoftheringbygentlypressinginwardthebrake
pin




LECTURE17

Temporaryadjustmentofprismaticcompass

The followingprocedureshould beadoptedafterfixingthe
prismaticcompassonthetripodformeasuringthebearing ofa line.

Centering:Centeringistheoperationinwhichcompassiskeptexactlyoverthe
stationfromwherethebearingistobedetermined. TheCenteringischeckedbydropping
asmall pebblefrom theundersideofthe compass.If
thepebblefallsonthetopofthepegthentheCenteringiscorrect,ifnotthentheCenteringis
correctedbyadjustingthelegsofthetripod.

Levelling:Levellingofthecompassisdonewiththeaimtofreelyswingthe
graduatedcircularringoftheprismaticcompass. Theballandsocketarrangementonthet
ripodwillhelptoachieveaproperlevelofthecompass. Thiscanbecheckedbyrollingrou
ndpencilonglasscover.

Focusing:theprismismovedupordowninitsslidetillthegraduationsonthealuminiumr
ingareseenclear,sharpandperfectfocus. The
positionoftheprismwilldependuponthevisionoftheobserver.

OPERATIONPROCEDURE

* Removethecornerandopenouttheprismandwindow,holdingthecompa
ssaslevelaspossible.

* Thenfocustheprismbyraisingorloweringitscaseuntilthedivisionsappears
harpandclear.Ifnecessarywiththeneedleontoitspivot.

* Holdingthecompassboxwiththethumbundertheprismandtheforefingernearth
estud,sightthroughtheobjectorstationloweringtheeyetoreadtherequiredbeari
ngassoonastheneedlecomestorestnaturally.

* Thebearing read willbeaforwardbearing andnormallya.. wholecircle”
bearingclockwiseanglebetween0°t0360°.




LECTURE1S8
VARIATIONINDECLINATION
Thepositionofthemagneticpolesisnotfixed
andtheNorthmagneticpoletendstowandermorethanthesouthcausingalterationsinthe
positions
oftheisogoniclinesfromtimetotime. Theangleofdeclinationatanypointisthereforenot
constantsubjecttothefollowingvariations;
1. SecularVariation:
Thiscausesthelargestvariationinmagneticdeclination. Itisaslowcontinuoussw
ingwithacycleofabout400to500years.Becauseofthislargemovement,thedate,
thedeclinationandtheapproximaterateofannualchangeshouldbegivenforany
magneticorientationofsurvey.
2. DiurnalVariation:
Thisisaswingofthecompassneedleaboutitsmeandailyposition.

3. PeriodicVariation:

Thisisaminorvariationofthemagneticmeridianduringtheweek,
alunarmonth,year,elevenyears,etc.

4. IrregularVariation:Thesearecausedbymagneticstormswhichcanprod
ucesuddenvariationsofthemagneticmeridian.

MagneticBearing

Themagneticbearingofasurveylineistheanglebetweenthedirectionofthelineandth
edirectionofthemagneticmeridianatthebeginningoftheline.

MagneticMeridian

* Themagneticmeridianatanyplaceisthedirectionobtainedbyobservingthepositionofafree
lysupportedmagnetizedneedlewhenitcomestorestuninfluencedbylocalattractingforces.

* Magneticmeridiansrunroughlynorth—
southandfollowthevaryingtrendoftheearth’smagneticfield. Thedirectionofamagneticm
eridiandoesnotcoincidewiththetrueorgeographicalmeridianwhichgivesthedirectionoft
hetrueNorthpoleexceptincertainplaces.

AngleofDeclination:

Itisdefinedastheanglebetweenthedirectionofthemagneticmeridianandthetruemeridian
atanypoint.
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Surveyor’sCompass:

Similartotheprismaticcompassbutwithfewmodifications,thesurveyorscompassisanoldform
ofcompassusedbysurveyors.Itisusedtodeterminethemagneticbearingofagivenlineandis
usuallyusedinconnectionwiththechainorcompasssurvey.

Bearing

Thebearingistheangulardirectionmeasuredclockwisestarting
fromNorthwithreferencetotheobserver. ThereferenceNorthmaybetrueormagnetic. Whilethe
truebearingistheangulardirectionmeasuredinaplacewith thedirection
oftrueorgeographicalnorth;themagneticbearingistheanglewhichitmakeswiththedirectionof
MagneticNorthmeasuredintheclockwisedirection.




LECTURE20

BackandForebearing:Introduction:

Inthissection,wewillexaminetheback
andforebearing;andthestepstobetakenwhentraversingwithcompasssurvey.

Backandforebearing

Forebearingisthecompassbearingofa placetaken fromastatustotheother
inthedirectionthatthesurveyisbeingcarriedout. Theback  bearing inthe otherhandis
thebearingin theoppositedirectioni.e. the bearingtaken backwardsfromthenextstation

toitsprecedingstationthattheforebearingwastaken. ThedifferencebetweenBBandFBisalw
ays180°.

s, s
Backandforebearing

IfBissightedfromanobserveratA,andtheNSandN 1 SarethemagneticNSlines,thenForwardb
earing (FB)=<NAS+<SAB

BackbearingBA=<N1BA

:.BackBearingBA=ForwardBearingAB-1 80?

IftheobserverrelocatestoBandobserversB,thenforwardbearing(FB)BA=<N1BAandbackbe
aring(AB)=<NAS+SAB.Hence,wecanconcludethatForwardBearing=<N1 BA+180 0 As
ageneralrule, iftheForeBearingislessthan 1800,add1800 to getthe Back.Bearing,andifthe
Fore Bearingisgreaterthan 1800,thensubtract1 800togettheBackBearing.
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Traversingandplottingwiththecompasssurvey:

Traversingwiththecompassinvolvestakingthebearingalongaseriesofconnectingstraightline
sandinthesametimemeasuringthe  distanceswiththetape. Thecompass  isreadat  each
pointand aback bearingisequally taken to serveas acheck.
Thiscontinuesuntilthetraversecloses.

Choosingasuitablescale,thetraverseisthenplottedtakingintoconsiderationthegeneralshapeo
fthearea.

ObservingBearingofLine

ConsideralineABofwhichthemagneticbearingistobetaken.

Byfixingtherangingrod atstation B weget themagneticbearingof needlewrt northpole.

_ Theenlargedportiongivesactualpatternofgraduationsmarkedon
ring.Designationofbearing

Thebearingaredesignatedinthefollowingtwosystem:-

1) WholeCircleBearingSystem.(W.C.B)

2) QuadrantalBearingSystem.(Q.B)

Wholecirclebearingsystem(W.C.B.)

The bearing ofa line measuredwithrespecttomagneticmeridian
inclockwisedirectioniscalledmagneticbearing
anditsvaluevariesbetween0°to360°.

Thequadrantstartfromnorthandprogressinaclockwisedirectionasthefirst
quadrantisQ° t090%inclockwisedirection,2"9900t0 1800, 3'91800t02700,
and upto360°is 4thone.

Quadrantalbearingsystem(Q.B.)

Inthis ~ system,  thebearingof = survey  lines  aremeasuredwrt  to
northlineorsouthlinewhicheveristhenearesttothegivensurveylineandeitherinclockw
isedirectionorinanticlockwisedirection.

Reducedbearing(R.B)

Whenthewhole circlebearingisconvertedintoQuadrantal bearing,itistermed as
..REDUCEDBEARING...

Thus,thereducedbearingissimilartotheQuadrantalbearing.




Itsvaluesliesbetween 0° t090°, butthequadrantshould bementionedforproper
designation.

Thefollowingtableshouldberememberedforconversionof WCBtoRB.

W.C.BOFANY QUADRANTIN RULESFOR QUADRANT
LINE WHICHITLIES CONVERSION

0TO90 I RB=WCB N-E
90 TO180 II RB=180-WCB S-E
180 TO270 11 RB =WCB-180° S-W

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

Localattractionistheinfluencethatpreventsmagneticneedlepointingtomagnetic
northpole

Unavoidablesubstancethataffectare
>

Magneticore
>
Undergroundironpipes

>
Highvoltagetransmissionline

>
Electricpoleetc.

Influencecausedbyavoidablemagneticsubstancedoesn.. tcomeunderlocalattractio
nsuchasinstrument,watchwrist,keyetc

DetectionofLocalattraction

>

Byobservingthebothbearings ofline(F.B.&B.B.)andnotingthe difference(lSOOin
caseofW.C.B.&equalmagnitude incaseof R.B.)

>
We confirmthelocalattractiononlyifthedifferenceisnotdue toobservationalerrors.

Ifdetected,thathastobeeliminated

Twomethodsofelimination
>

Firstmethod
>
Second
methodFirstmethod

>

Difference ofB.B.&F.B.ofeachlines of traverseischeckedtonoteiftheydiffer
bycorrectly ornot.

>

The one havingcorrectdifferencemeansthatbearingmeasuredinthosestationsarefree
fromlocalattraction

Correctionisaccordinglyappliedtorestofstation.

>

If none ofthelineshavecorrectdifferencebetweenF.B.&B.B.,theonewithminimum
errorisbalancedand repeat thesimilarprocedure.

Diagramisgoodfriendagaintosolvethenumericalproblem.




LECTURE23

Secondmethod

>
Based on thefactthatthe interiorangle measuredon theaffectedstation isright.

>
Alltheinterioranglesaremeasured

>

Checkofinteriorangle — sumofinteriorangles = (2n-4) x
rightangle,wherenisnumberoftraverseside

>

Errorsaredistributedandbearingoflinesarecalculatedwiththecorrectedangles
fromthelineswith unaffectedstation.

ChecksinclosedTraverse
>

Errorsintraverseiscontributedbybothangleanddistancemeasurement

>
Checksareavailableforanglemeasurementbut

>
Thereisnocheckfordistancemeasurement

>
Forprecise survey,distance ismeasuredtwice,reversedirection secondtime

Checksforangularerrorareavailable

>

Interiorangle,sumofinteriorangles = (2n-4) xrightangle,wheren
isnumberoftraverseside

>

Exteriorangle,sumofexteriorangles = (2n+4) xrightangle,where nis
numberoftraverseside




>

Deflectionangle—algebraicsumofthedeflectionangleshouldbe0®or360°.

Bearing— Theforebearingof thelastlineshould be equalto
itsbackbearing=+1 80°measuredattheinitialstation.
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Checksinopentraverse

Nodirectcheckofangularmeasurementisavailable

>
Indirectchecks

R
e

Measurethe bearingoflineADfromAandbearingofDAfrom
D

K/
0‘0

Take thebearingto prominentpoints P&Qfromconsecutivestationand
checkin plotting.




Methods
>

Compassrule(Bowditch)
R
* Whenbothangleanddistancearemeasuredwithsameprecision
>
Transitrule
R
* Whenanglearemeasuredprecisely thanthelength
>
Graphicalmethod
Graphicalrule
>
Usedforroughsurvey
>
Graphicalversionofbowditchrulewithoutnumericalcomputation
>

Geometricclosureshouldbesatisfiedbeforethis.
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LECTURE25
LEVELLING

Levellingistheartofdeterminingtheelevationofgivenpointsaboveorbelowadatumlineorestablishingi
ngivenpointsofrequiredheightaboveorbelowthedatumline.ltevolvesmeasurementinverticalplane.

Definitionofbasicterm’susedinlevelling:

Levelsurface:Anysurfaceparalleltothemeanspheroidoftheearthiscalledlevelsurfaceandthelinedra
wnonlevelsurfaceisknownaslevelline.

Horizontalsurface:Anysurfacetangentialtolevelsurfaceatagivenpointiscalled-Horizontalsurfaceat
point.Hencehorizontallineisatrightanglestoplumbline.

Verticalsurface:ltis
thelineconnectingthepoint&centreofearth.Vertical&horizontallineisnormaltoeachother.

Datum:Thepointorthesurfacewithrespecttowhichlevelsofotherpointsorplanesarecalculatedis
called“Datumorsurface.

Meansealevel(MSL):Meansealevelistheaverageheightofseaofallstagesoftides.Anyparticularplacei
sderivedbyaveragingoveralongperiodof19years.Inindiathemean‘ssealevelusedisthatatKarachi(Pa

kistan).Inallimportantsurveythisistakenasdatum.

Reducedlevel:Levelsof various pointsaretakenasheightsabove
thedatumsurfaceareknownasReducedlevel.

Benchmark:BenchmarkisarelativelypermanentpointofreferencewhoseElevationw.r.tsomeassume

ddatumisknown.Therearefourtypesofbenchmark

e G.T.S(Greattrigonometrysurvey)

e Permanentbenchmark

e Arbitrarybenchmark.

e Temporarybenchmark.




LEVELLINGINSTRUMENTS:

A levelis an instrumentgivinghorizontalline of sight&magnifying thereading faraway fromit.It
consistsoffollowing4parts.

v. Telescopetoprovidelineofsight.

vi. Leveltubetomakethelineofsighthorizontal.

vii. Thelevellingheadtobringthebubbleinitscentreofrun.

viii. Atripodtosupportinstrument

TYPESOFLEVELS:

e  Dumpylevel

e wyelevel

e Cooke's'Reversiblelevel
e Tiltinglevel

e Autolevel

e Cushing'slevel




WORKINGPRINCIPLEOFAUTO&DUMPYLEVEL:

PARTSOFFIGURE

e Telescope

e Eyepiece

e Shade

e Objectiveend

e Longitudinalbubble

e Focusingscrew

e Footscrews

e Upperparallelplate

e Diaphragmadjustingscrews
e Bubbletubeadjustingscrew
e Transversebubbletube

e Footplate.




Thedumpyleveloriginallydesignedby‘Gravattconsistsofatelescopetubefirmlysecuredintwocollarsfi
xedbyadjustingscrewstothe stagecarriedbytheverticalspindle.

Themodernformofdumpylevelhasthetelescopetube&theverticalspindlecastasonepiece
&alongbubbletubeisattachedtothetopofthetelescope.Thisformisknownas‘soliddumpy.

Levellingheadgenerallyconsistsoftwoparallelplateswitheitherthree-

footscrewsorfour‘footscrews.Theupperplateisknownas“tribrach.Lowerpartisknownas‘trivetw
hichcanbescrewedontoatripod.

Theadvantagesofthedumpylevelover thewyelevel:

1. Simpleconstructionwithfewermovableparts
2. Feweradjustmentstobemade
3. Longerlife.

Levellingstaff:Alevellingstaffisastraightrectangularrodhavinggraduations.Thefootofthestaffrepres
entingOreading.Duringlevellingstaffisheldverticalatthepointandfromlevelhorizontalsightistaken.

Levellingstaffmaybedividedinto2groups

8. Self‘reading
9. Targetstaff.

Partsoftelescope:

iii) Objectives

iv) Eyepiece

v) Diaphragm
vi) Focusingdevice




Fundamentalaxisofalevel:

(e) Verticalaxis:Itisthecentrelineofaxisofnotationofthelevel.

(f) Axisoflevel‘tube:ltisanimaginarylinetangentialtothelongitudinalcurveofthetubeatitsmid
dlepoint. Itishorizontalwhenthebubble iscentral.

(g) Axisoftelescope:ltisthelinejoiningtheopticalcentreoftheobjectglass&thecentreofeyepiece

(h) Lineofcollimationorlineofsight:ltisthelinejoiningtheintersectionofcrosshairs&opticalcent
reoftheobject glass.

Temporarystaffadjustmentofalevel:

v) Settingup
vi) Levellingup
vii) Focusing

Settingup:ltistosetthe tripodstandtoaconvenientheightbybringingbubbletothe centre
ofrunthroughthemovementoftripodlegsradially.
Levellingup:Tomaketheverticalaxistrulyverticalthelevellingismadewiththehelpoffootscrews.

(4) Loosentheclampandturntheinstrumentuntilbubbleaxisisparalleltolinejoininganytwoscrew
s.

(5) Turnthetwoscrewsinwardoroutwardequallytillbubbleiscentered.

(6) Turnthetelescopethrough90degreessothatitliesoverthethirdscrew.

Focusing:Forguantitativemeasurementsitisessentialthattheimageshouldalwaysbeformedint
hefixedplaneinthetelescopewherethecross‘hairsaresituated

Theoperationofformingorbringingtheclearimageoftheobjectinthepaneofcrosshairsisknown‘a
s‘focusing




Completefocusinginvolvestwosteps

(iv) Focusingtheeye‘piece

(v) Focusingtheobijective

Telescopeinwhichthefocusingisdonebytheexternalmovementofeitherobjectiveoreye ‘pieceisk
nownas‘Externalfocusingtelescope.

Telescopeinwhichthefocusingisdonebytheinternallywithanegativelessisknownas‘internalfocu
singtelescope

Sensitivenessofabubbletube:Whenthedifferenceinelevationbetweenanytwopointsisdeterminedfr
omasinglesetupbybacksightingononepointandforesightingontheother.Theerrorisduetonon-
parallelism.Whenthe bubble isnotin thecentreofrunandsensitivity
islost,duetotheerrorofcurvatureandrefractionwhichiseliminatediflengthsof2sidesaremadeequal.

ErrorduetoCurvature:Thehorizontallineofsightdoesnotremainstraightbutitslightlybendstowardsh
avingconcavitytowardsearthsurfaceduetorefraction.

Cc=d?/2R

ErrorduetoRefraction:Asthelineofsightiscurveddownwardstowardstheearthsurfacereadinggetsde

creased.Tomaketheobjectsappearhigherthantheyreallyare,thiscorrectionisappliedtostaffreadings,
Cr=0.01121d?

wheredisinkm.




TERMSUSEDINLEVELLING:

(d)

(e)

(f)

(g)

(h)

(i)

)

Station:Stationisthepointwherelevellingstaffisheld&notthepointwhereleveliskept.
Height ofinstrument:Forany setup of thelevel theheight
ofinstrumentistheelevationoftheplaneofsightrespecttoassumeddatum.Thisalsoknownas‘p

laneofcollimation.

Backsight:ltissighttakenonalevelstaffheldatapointofknownelevationwithanintensionofdet
erminingplaneofcollimationorsight.

Intermediatesight(l.S):Sighttakenonaftertakingbacksightsbeforetakinglastsightfromaninstr
umentstationisknownas ‘intermediatesight.Thesightisalsoknownas

+vesight(add)

Foresight(F.S):Thisisthelastreading‘takenfrominstrumentjustbeforeshiftingtheinstrum
ent.Thisisalso‘vesight.

Changepoint(C.P):Thisisapointonwhichbothforesight&backsightaretaken.

Reducedlevel:Reducedlevelofapointisthelevelofthepointwithrespecttoassumeddatum.

TYPESOFLEVELLING

v)

vi)

Simplelevelling

Differentiallevelling

vii) Flylevellingviii)

Profilelevelling

ix)

X)

Cross-sectioning

Reciprocallevelling




Simplelevelling:ltisthedifferenceinlevelsoftwonearbypoints.Itisobtainedbysimplelevelling

Differentiallevelling:Whenthedistance
betweentwopointsisverylargeitmaynotbepossibletotakethereadingsfromsinglesettingofinstrume
nts.EachshiftingfacilitatedbytakingCP.

Flylevelling:ltistocarryoutlevellingwithrespecttotemporarybenchmarkinconvenientdirectiontakin
gnumberofCP

Crossectioning:InmanyengineeringprojectstocalculateearthworkinvolvednotonlyLSisinvolvedbut
CS ofgroundistaken in regularintervals.

Reciprocallevelling:WhenitisnotpossibletobalanceFSandBSduetonon-
parallelismoflineofcollimation andaxisofbubbletubeandalsoduecurvatureandrefractionthisisused.

H=[(ha-hp)+(h's-h's)]/2

PROFILELEVELLING:

Thistypeoflevellingisknownas‘longitudinalsection.

Thereducedlevelsofvariouspointsatregularintervalsarefoundalongalineorasetoflines. Thentheengi
neersdrawthesectionalviewofthegroundtogettheprofile.Thistypeoflevellingiscommonlyemployed
indecidingrailways,highways,canal,sewagelineroutes.

Aftergettingreducedlevelofvariouspointsalongtheline,profileofthegroundisplottedonadrawingshe
et.Normallyverticalscaleismuchlargerthanthehorizontalscaletoclearlyviewtheprofile. Thenwhenth
eengineersdecidetheformationleveloftheproposedproject
Thedecisionismainlybasedonbalancing,cutting&fillingsothatthetransportofearthisminimum.Howe
ver,theproposedgradientofformationlevelshouldnotbemorethanaspermitted.Afterdecidingthefor
mationlevel&thegradientthedifferencebetweentwoconsecutivepointsisknown.IfRL
offirstpointisknown RLofotherpointsarecalculated.




STEPSTOTAKEOBSERVATION:

5. Differentiallevellingisthemethodof directlevellingtheobjectofwhich
is.TodetermineDifferenceinelevationsoftwopointsregardlessofhorizontalpositionofpointwi
threspecttoeachOther,whenpointsareapartitmaybenecessarytosetuptheinstrumentsever
altimes.ThistypeofLevellingisalsoknownas‘FLYLEVELLING®.

6. Instrumentlevelissetupatconvenientpositionsnearfirstpoint(sayA).

7. Temporaryadjustmentsshouldbedone,(settingup,levellingup,eliminationofapar-
allot)arePerformed.

8. FirstsightofB.M(pointofknownelevation) istakenandreadingisenteredinbackSightcolumn.

9. Ifdistanceislargeinstrumentisshifted,theinstrumentbecomesturningpoint(or)changingpoin
t.

10. After setting
upinstrumentatnewposition,performingtemporaryadjustmentandTakebacksight
asturningpoint.

11. Thus,turningpointwillhavebothbacksightandforesightreadings.

12. Linkwisetheprocessisrepeatedstilllastpoint(sayB)isreached.

13. ReadingsareenteredinatabularformisgivenBelowandReducedlevelsarecalculatedeitherbyh
eightofinstrumentmethod(or)riseand fall method.

STATION BACK INTERMIDEATE | FORESIGHT | HEIGHT REDUCED REMARKS
POINT SIGHT SIGHT OF | LEVEL

INISTRIINAENT
ARITHMETIC CHECK: - % BS - 2F. S= ZXRISE - ZFALL= LAST RL - FIRST R.L
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LECTURE?26

THEODOLITETRAVERSING

Atheodoliteisaprecisioninstrumentformeasuringanglesinthehorizontalandverticalplanes.Theod
olitesareusedmainlyforsurveyingapplications,andhavebeenadaptedforspecializedpurposes.

Thetheodoliteisacomplexinstrumentusedmainlyforaccuratemeasurementofhorizontalandvert
ical angleupto10"or20"dependingupon theleastcountoftheinstrument.

USESOFTHEODOLITE:
Followingarethedifferentpurposeforwhichtheodolitecanbeused-

e Measuringhorizontalangle

e Measuringverticalangle

e Measuringdeflectionangle

e Measuringmagneticbearing

e Measuringthehorizontaldistancebetweentwopoints

e Findingverticalheightofanobject

e Findingdifferenceofelevationbetweenvariouspoints
e Rangingofaline

TypesofTheodolite:

Theodolitesmaybebroadlyclassifiedintotwotypes-
vii)Transittheodoliteviii)Non-
transittheodolite

ix)VernierTheodolite




DIFFERENTPARTSOFTHEODOLITE:

Vertical axis

Objective

Telescope

Altitude bubble

Vertical clamping screw

Trunnion axis
Vertical circle
Eye peice
Plate Level
Upper plate
Vernler AIB
Lower plate
Inner Spindle
Quter Spindle
Tribrach

Levelling screw

Trivet
Tripod Head
Tripod Leg

10. VerticalScale(orVertical Circle): Theverticalcircleisafull360° scale.It

11.

12.

ismountedwithinoneof the standardswithitscentre co-linear
withthetrunnionaxis.Itisusedtomeasuretheanglebetweentheline

ofsight(collimationaxis)ofthetelescopeandthehorizontal.Thisisknown

astheverticalangle.

Telescope:lthasthesame

featuresasinalevelgraticulewitheyepieceandinternalfocussingforthetelescopeitself.The
sameprecautionsforfocussingtheeyepieceandeliminatingparallaxshouldbeapplied.

VerticalClampandTangentScrew:Inordertoholdthetelescopeataparticularverticalangleav

erticalclampisprovided.Thisis locatedononeofthestandardsand

itsreleasewillallowfreetransitingofthetelescope.When clamped,thetelescope can
beslowlytransitedusinganotherfineadjustmentscrewknownastheverticaltangentscrew.







13.

14.

15.

16.

17.

18.

19.

UpperPlate:Theupperplateisthebaseonwhichthestandardsandverticalcircleareplaced.Ro
tationortransitingoftheupperplate aboutavertical(alidade)axiswill
alsocausetheentirestandards/telescopeassemblytorotateinanidenticalmanner.Fortheins
trumenttobe
incorrectadjustmentitisthereforenecessarythattheupperplatemustbeperpendicularto
the alidadeaxisandparalleltothetrunnion
axis.Also,beforetheinstrumentisused,theupperplatemustbe"levelled".Thisisachieved
byadjustmentofthree-
footscrewsandobservingaprecisetubebubble.Thisbubbleisknownastheplate
bubbleandisplacedontheupperplate.

TheLower
Plate:Thelowerplateisthebaseofthewholeinstrument.lthousesthefootscrewsandthebeari
ngfor the vertical

axis.ltisrigidlyattachedtothetripodmountingassemblyanddoesnotmove.

HorizontalScale: Thehorizontalcircleisafull
3600%cale.ltisoftenplacedbetweentheupperandlowerplateswith itscentreco-
linearwiththeverticalaxis.Itiscapableof fullindependentrotationaboutthetrunnion
axissothatanyparticulardirection maybearbitrarilysetto readzero. Itisusedto
definethehorizontaldirectioninwhichthetelescopeissighted.Therefore,ahorizontalanglem
easurementrequirestwohorizontalscalereadingstakenbyobservingtwodifferenttargets.

TheUpperHorizontal Clamp andTangentScrew:Theupperhorizontalclamp
isprovidedtoclamptheupperplatetothehorizontalcircle.Oncetheclampisreleasedtheinstru
mentisfreetotraversethrough360°aroundthehorizontalcircle. Whenclamped,theinstrume
ntcanbegraduallytransitedaroundthecirclebyuseoftheupperhorizontaltangentscrew.ltist
heupperclampandtangentscrewwhichareusedduringasequenceor"round"ofhorizontalan
glemeasurements.

TheLowerHorizontal Clamp andTangentScrew: Thelowerhorizontalclamp
isprovidedtoclampthehorizontalcircletothelowerplate.Oncetheclampisreleasedthecirclei
sfreetorotateabouttheverticalaxis.Whenclamped,thehorizontalcirclecanbegraduallyrota
tedusingthelower-
horizontaltangentscrew.Thelowerclampandtangentscrewmustonlybeusedatthestartofas
equenceor"round"ofhorizontalanglemeasurementstosetthefirstreadingtozero
(ifsodesired).

OpticalMicrometre:Moderninstrumentsusuallyhaveoneeyepieceforreadingbothcircles
tisusuallylocated on oneofthe standards.The vertical
andhorizontalcirclesrequireillumination in
ordertoreadthem.Thisisusuallyprovidedbysmallcircularmirrorswhichcanbeangledandr
otatedtoreflectmaximumlightontothecircles.

Index bar or T-frame:Theindexbar isT shaped and centeredon horizontal
axisofthetelescopeinfrontofthevertical
axis.ltcarriestwoVernieroftheextremitiesofitshorizontalarmsorlimbscalledtheindexarm.T

heverticallegcalledthecliporclippingscrewsatitslowerextremity.Theindexarmandtheclippi




ngarmaretogetherknownasT-frame.



20. Altitudelevel:
Ahighlysensitivebubbleisusedforlevellingparticularlywhentakingtheverticalangleobserva
tions.

21. Plumbbob:Tocentretheinstrumentexactly over
astationmark,aplumbbobissuspendedfromthehookfittedtothebottomofthecentra
Iverticalaxis.

22. Thelevellinghead:It mayconsistof circularplatescalledasupperandlower
Parallelplates.Thelowerparallelplatehasacentralaperturethroughwhichaplumbbobmay
besuspended.Theupper parallelplateortribrach
issupportedbymeansoffourorthreelevellingscrewsbywhichtheinstrumentmaybelevelle
d.

23. StandardsorA-
Frame:TheframessupportingtelescopeareintheformofEnglishletter‘A’.Thisframeallowstel
escopetorotateonitstrunnionaxisinverticalframe.TheT-
frameandtheclampsarealsofixedtothisframe.

IMPORTANTTERMS:

9. Centering:Thesettingoftheodoliteexactlyoverastationmarkedbymeansofplumbbobiskn
ownascantering.

10. Transiting:The methodofturningthetelescopeabout itshorizontalaxis
inaverticalplanethrough180'istermed
astransiting.Inotherwords,transitingresultsinachangeofface.

11. Faceleft:It meansthatthevertical circleoftheodoliteisonthe leftoftheobserver
atthetimeoftakingreading.

12. Faceright:Thisreferstothesituationwhenthevertical circleofthe
instrumentisontherightoftheobserverwhenthereading istaken.

13. Changingface:Theoperationofbringingtheverticalcirclefromonesideoftheobserv
ertotheotherisknownaschangingface.

14. Swingingthetelescope: Thisindicatesturningthetelescopeina
horizontalplane.ltiscalled'rightswing'whenthetelescopeisturnedclockwiseand'leftswin
g'whenthetelescopeisturnedanticlockwise.

15. Lineofcollimation: Itisan imaginarylinepassingthroughtheoptical centreof
theobjectiveglassanditscontinuation.

16. Axisoftelescope: The axisisanimaginarylinepassingthroughtheopticalcentre

nffhnnhjnrfglnccnnrlnpfir:.\|rnn+rnnfn\’/npinrn




17. Axisofthebubbletube:ltis an imaginarylinetangentialtolongitudinal
curveofbubbletubeatitsmiddlepoint.



18. Verticalaxis:Itistheaxisofrotationofthetelescopeinthehorizontalplane.
19. Horizontalaxis:It istheaxisofrotationofthetelescopeinthe verticalplane.

20. Temporaryadjustment:Thesettingofthetheodoliteoverastationatthetimeoftakinganyobs
ervationiscalledtemporaryadjustment.

21. Permanentadjustment:Whenthedesiredrelationshipbetweenfundamentallinesisdistu
rbed,thensome
proceduresareadoptedtoestablishthisrelationship.Thisadjustmentisknownaspermane
ntadjustment.

USEOFTHEODOLITE:
Theodoliteisusedformeasuringhorizontalandverticalangles.Forthisthetheodoliteshouldbecent
eredonthedesired stationpoint,
levelledandtelescopeisfocussed.Thisprocessofcentering,levellingandfocussingiscalledtempora
ryadjustmentoftheinstrument.

MeasurementofHorizontalAngle

TheprocedureisexplainedformepsuringhorizontalangleB=PQRatstationQ

1.Setthetheodolite at Qwith vertical circletothe leftofthe lineofsightand
completealltemporaryadjustments.

2.Releasebothupperandlowerclampsandturnupperplatetoget0°onthemain
scale.Thenclampmainscrewandusingtangentscrewgetexactlyzeroreading.AtthisstageVernierAr
eads0°andVernierBreads180°.

3.ThroughtelescopetakelineofsighttosignalatPandlockthelowerclamp.UsetangentScrewfor
exactbisection.

4. Releasetheupperclampandswingtelescope tobisect signal atR.Lockupperclampand
usetangentscreentogetexactbisection ofR.

5.ReadVernier‘sAandB.ThereadingofVernierAgivesdesiredanglePQRdirectly,while180°istobes




ubtractedfromthereadingofVernierBtogettheanglePQR.
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6.Transit(moveby180°

inverticalplane)thetelescopetomakeverticalcircletotherightoftelescope.Repeatsteps2to5to
gettwomorevalues fortheangle.

7.Theaverageofdvaluesfoundfor6,givethehorizontalangle.Twovaluesobtained
withfaceleftandtwoobtainedwith facerightpositionofverticalcirclearecalledoneset ofreadings.

8.Ifmoreprecisionisrequiredtheanglemaybemeasuredrepeatedly.i.e.,afterstep5,releaselow
erclamp,sightsignalatP,thenlocklowerclamp,releaseupperclampandswingthetelescopetosig
nalatQ.ThereadingofVernierAdoubles.TheanglemeasuredbyVernierBisalsodoubled.Anynum
berofrepetitionsmaybemadeandaveragetaken.Similarreadingsarethentakenwithfacerightal
so.Finally,averageangleisfoundandistakenasdesiredangle’Q’.Thisiscalledmethodofrepetition.

9.Thereisanothermethodofgettingprecisehorizontalangles.ltiscalled
methodofreiteration.lfanumberofanglesaretobemeasuredfromastationthistechniqueisused.

Withzero readingofVernierAsignalatPissightedexactlyand lowerclampand itstangentscrew are
locked.ThenB1is measuredbysighting Q andnoted.Then

82,83andBsaremeasuredbyunlockingupperclampand bisectingsignals atR,Sand
P.Theanglesarecalculatedandchecked toseethatsumis3602.In

eachcasebothveneersarereadandsimilarprocessiscarriedoutbychangingtheface(faceleftandface
right).

Faoce left Swing vight Face vight swing lef

A n Mean | Hovizontal | A " Mean | Hovigontal Average
Angle Angle Hovizontal
Angle

Isrusxs
(F
“=had s

ByRepetitionMethod:







Themethodof repetition isusedtomeasure ahorizontalangleto
afinerdegreeofaccuracy.Bythismethod,anangleismeasuredtwoormoretimesbyallowingtheVerni
ertoremainclampedeachtimeattheendofeachmeasurementinsteadofsettingitbackatzerowhensi
ghtingatthepreviousstation.Thusananglereadingismechanicallyadded
severaltimesdependinguponthenumberofrepetitions.Theaveragehorizontal
angleisthenobtainedbydividingthefinalreadingbythenumberofrepetitions.Forveryaccurateworkt
hemethodofrepetitionisused.

MeasurementofVerticalAngle

Horizontalsightistakenaszeroverticalangle.Angleofelevationsarenoted as+ve
anglesandangleofdepressionas‘veangles.

Tomeasureverticalanglethefollowingproceduremaybefollowed:

1.Completealltemporaryadjustmentattherequiredstation.

2.TakeuplevellingoftheinstrumentwithrespecttoaltitudelevelprovidedontheA“frame.Thislevelli
ngprocessissimilartothatusedforlevellingdumpyleveli.e. firstaltitudeleveliskeptparalleltoanytw
olevellingscrewsandoperatingthosetwoscrewsbubbleisbroughttocentre.Thenbyrotatingtelesco
pe,leveltubeisbrought at rightanglestotheoriginalpositionandislevelledwiththethird
screw.Theprocedureisrepeatedtillbubble iscentred inbothpositions.

3.Thenloosentheverticalcircleclamp,bisectPandlocktheclamp.ReadveneersCandDtogetvertic

alangle.

Theobservationrecordedbytheaboveprocessisthenenteredtothetableinaspecificformatgivenbel
ow.




Station

Object

Face

Reading Reading
Vernier A Vernier B
Initial Final Initial Final

Mean

Vernier
A

Mean

Vernier
B

Mean

Face
angle

THEODOLITETRAVERSING:

Introduction:Atraverseconsistsofaseriesofstraightlinesconnectingsuccessivepoints.Thepointsdefi
ningtheendsofthetraverselinesarecalledtraversestationsortraversepoints.
Distancealongthelinebetweensuccessivetraversepointsisdeterminedeitherbydirectmeasurement
usingatapeorelectronicdistancemeasuring(EDM)equipment,orbyindirectmeasurementusingtach
ometricmethods.Ateachpointwherethetraversechangesdirection,anangularmeasurementistaken

usingatheodolite.

Purposeoftraverse: Itisa convenient,rapid methodforestablishinghorizontal

controlparticularlywhenthelinesofsightsareshortduetoheavilybuiltupareaswheretriangulationand

trilaterationarenotapplicable. Thepurposeincludes:

6. Propertysurveystolocateorestablishboundaries;

7. Supplementaryhorizontalcontrolfortopographicmappingsurveys;

8. Locationandconstructionlayoutsurveysforhighways,railway,andotherprivateandpublic

works;

9. Groundcontrolsurveysforphotogrammetricmapping.




METHODSFORCLOSEDTRAVERSE:

U Includedanglemethod
Magneticbearingmethod

IncludedAnglemethod:

2. ForrunningthetraverseABCDEFGSetupthetheodolite at1STstation
Aandobservedthebearingoftheline AB.

3. ThenmeasuretheangleGAB.Shiftthe instrument
toeachofthesuccessivestationB,Cetc.andmeasuretheangles ABC,BCDetc.

4, MeasurethelineAB,BC,CD
etc.andtakeoffsettolocatetherequireddetailafterthischeckisappliedforinteriors
anglesitis(2n-4)x900,

5. Andforexterioranglesitis(2n+4)x900

n=numberof sidesofthetraverse

m

M

7
4 -

0]
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MagneticsBearingMethod:
(k) SetupandlevelthetheodoliteatstationPofthetraversePQRSTP,aclosedtraverse.
() Usingtheupperclampanduppertangentscrew,setVernierAtoreadzero.

(m) Loosenthemagneticneedle.Releasethelowerclampandpointthetelescope
inthedirectionofthemagneticmeridiantillthemagneticneedlecomestorestatthezero-
positionusingthelowertangentscrewthenorthendofthemagneticneedletoreadexactlyz
ero.

(n) Releasetheupperplateandswingtheinstrument
tobisectthesignalatQ.Withtheuppertangentscrew,bisectthestationmarkexactly.Read
VernierA, thisgivesthebearingofthelinePQ.

(o) Keepingboththe
clampstight,shifttheinstrumenttoQ.Setupandleveltheinstrument.

(p) CheckthereadingonVernierA.It shouldbethesameasthemagnetic

(q) bearingofthelinePQ(ifnot,thiscanbecorrectedandthebearingvaluenotedearlierbeseton
VernierA).

(r) Releasetheupperclamp.Swingstheinstrumentclockwisetobisectthestationmarkat
R.UsinguppertangentscrewbisectmarkRexactly.Read theVernier at Aandnotedownthe
reading.

(s) Withbothclampstight,
shifttheinstrumenttoRandrepeattheprocedure.Theworkiscontinuedat allstations in
asimilarmanner.
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InstS observation Vernier
tation

line length Bearing

LatitudesandDepartures:

Latitudeisthenorth-southcomponentofaline;departuretheeast-
west.Northlatitudesarepositive,Southarenegative;similarly,Eastdeparturesarepositive, Westare

negative.

Latitude(Lat)andDeparture(Dep)arecomputedfrom:
Lat = Length x cos(Dir)
Dep = Lengthx sin(Dir)

Becauseabearingangleneverexceeds90°,theLatandDepequationswillalwaysreturnpositivevalue

S.

Lakt -+
Crep

Lt
Dap

rd

Lat +
fh-_l-;u -

Ly -6

13




4
D I
i i
|
| A
:»:-1.1.'\3\' N-E
< quadrant quadrang SO g [5inf —
Wesl e e SEPRENES Sl M ' T meridian e .
S0 S.E AC o
quadrant quadrant | /
o tewd | Laode
/ | \ ?
c I\ M >
i \ B 4, Departure

South

BALANCINGTHETRAVERSE

Inaclosedtraversethefollowingconditionsmustbesatisfied:

2Departure=2D=0

2Latitude =2L=0
Iftheaboveconditionsarenotsatisfied,theposition
AoftheoriginatingstationsanditscomputedpositionA’willnotbethesameasduetotheobservational
errors.

ThedistanceAA'betweenthemisknownamqsm—rfr.Theclosingerrorisgivenbv
e= (L)

anditsdirectionorreducedbearingisgivenby

(ZD)

tan  =———
(LL)

Thetermbalancingisgenerallyappliedtotheoperation ofadjustingthe closingerror in
aclosedtraversebyapplyingcorrectionstodeparturesandlatitudesto
satisfytheconditionsgivenbytheequations.
Thefollowingmethodsaregenerallyusedforbalancingatraverse:

Bowditch’smethod:whenthelinearerrorsareproportionaltovlandangularerrorsareproportionalto
1/Vl, wherel isthelength of theline.Thisrulecan
alsobeappliedgraphicallywhentheangularmeasurementsareofinferioraccuracysuchasin
compasssurveying.Inthismethodthetotalerror indepartureand latitudeis
distributedinproportiontothelengthofthetraverseline.Therefore,

I

Cn =2l —

o ¥i
/

if-'_[ =.E.I._
b |
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where
Cpand C,=thecorrectionstothedepartureandlatitudeofthe linetowhich

thecorrectionisapplied,
I=thelengthoftheline,and
Zl=thesumofthelengths ofallthelinesofthetraverse, i.e.,perimeter p.

Transitrule:whentheangularmeasurementsaremoreprecisethanthelinearmeasurements.Bytran
sitrule,wehave

where
CpandC=thedeparture andlatitudeof the linetowhichthe correction is

applied,andDrandLr=thearithmeticsumofdeparturesandlatitudesallthelinesofthetravers
€,
(i.e.,ignoringthealgebraicsigns)

GALE'STRAVERSETABLE
Inthefieldusuallylengthsandinwardanglesofaclosedtraversearemeasured.
Inaddition,bearingof
alineistaken.Foradjustmentofthetraverse,thefielddataandcomputationsaresystematicallyreco
rdedinatableknownasGale'sTraverseTable.Thestepsinvolvedare:

e Writethenamesofthetraverse stationsincolumnlofthetable. "

e Writethenamesofthetraverselinesincolumn?2.

e Writethelengthsofthevariouslines incolumn 3.
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e Writetheangles in column4.
e Sumupalltheanglesandseewhethertheysatisfythegeometricconditionsasapplica
ble,i.e.
sum of nil interiorangles= (2n-4)rightangles,(ii)sum of allexterior angles =(2n
+4) rightangles.

e ifnot,adjustthediscrepancy.
e Entercorrectionsincolumnb5.
e Writethecorrectedanglesincolumné.

e Startingfromtheactualorassumedbearingoftheinitialline,calculatethe
wholecirclebearingsofall other linesfromthecorrected anglesandenterincolumn 7.

e Convertthewholecirclebearingstoreducedbearingsandenterincolumn8.

e Enterthequadrantsofthereducedbearingsincolumn9.

e Computethelatitudesanddeparturesofthemeasured'linesfromlengthsandbearingsandpu
t inproper columnsla,11,12 and13asapplicable.Sumupthe
latitudesanddeparturestofindtheclosingerror.

e CalculatecorrectionsbyapplyingTransitruleorBowditch'sruleasdesired.

e Enterthecorrectionsinappropriatecolumns14tol7.

e Determinethecorrectedlatitudesanddeparturesandenterinappropriatecolumns18t021.T
heywillbecorrectedconsecutivecoordinates.

¢ Calculatetheindependentcoordinatesofallotherpointsfromtheknownorassumedindepen
dentcoordinatesofthefirststation.Asachecktheindependentcoordinatesofthefirstpointsh
ouldbecomputed.ltshouldtallywiththeknownorassumedvalue.

BALANCINGTHECLOSING ERRORGRAPHICALLY:

Forroughsurveysor traverseofsmall area,adjustment can alsobecarriedout
graphically.Inthismethodofbalancing,thelocationsandthusthecoordinatesofthestationsareadju
steddirectly.Thus,the amountofcorrection at anystationisproportionaltoitsdistance
fromtheinitialstation.

LetPoQoRoSoToP'isthegraphicalplotofaclosed-
looptraversePQRSTP.Theobservedlengthanddirectionoftraversesidesare suchthat it failsto
getbalancedandisdepictedin itsgraphicalpresentationby anamountPoP'.
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Thus,the closingerrorofthe traverseisPoP' (Given in Figurebelow).TheerrorP,P'isto
bedistributedtoallthesidesofthetraverse
insuchawaythatthetraversegetsclosedi.e.,P'getscoincideswithP,initsplot.

Thisiscarriedoutbyshiftingthe positionsofthestation
graphically.Inordertoobtainthelengthanddirectionofshiftingoftheplottedpositionofstations,firsta
straightlineisrequiredtobedrawn,at somescale,representingtheperimeteroftheplottedtraverse.

Inthiscase, ahorizontallinePo P'isdrawn (GiveninFigure below).Markthetraverse
stationsonthisline such asQo, Ro, So andToin such awaythat
distancebetweenthemrepresentthelengthofthetraversesides atthechosenscale.

Attheterminatingend ofthelinei.e.,atP',a lineP'Paisdrawnparalleltothe
correctionforclosureandlengthequaltotheamount oferrorasdepictedintheplotoftraverse.Now,
joinPotoPa anddrawlinesparalleltoP' Pa at pointsQo, Ro,SoandTo.

The length anddirectionof QoQa,RoRa,So SaandToTa representthe lengthanddirectionoferrors
atQo,Ro,SoandTorespectively.So,shiftingequaltoQoQa,Ro Ra,So Saand ToTaandinthe
samedirectionareappliedascorrectiontothepositionsof stationsQo,Ro,Soand
Torespectively.TheseshiftingprovidethecorrectedpositionsofthestationsastoQa,Ra,Sa, Taand
Pa.Joiningthesecorrectedpositions ofthestationsprovide theadjustedtraversePa
QaRa,SaTa(GiveninFigurebelow).

P:_\ @ |

8

Clesing correction
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