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INTRODUCTION

ESM 421: Elementary Surveying is a 2-credit uniturse for
Environmental Science and Resource Managementrggide National
Open University of Nigeria.

The course is broken into six modules and 13 studis. At the end of
this course, you are expected to be conversantthattollowing terms:

Surveying, chain surveying, compass surveying, liegeplain tabling

and theodolite survey. This course further providesight on the

contemporary issues in surveying. In the introdurcto the course, you
will learn about the general overview of surveyirtige definition of

surveying, the various classes of surveying, thsicbarinciples and
processes of surveying. Through this course, ydlubei equipped to
identify key equipments and requirements for theiows types of
surveying. Issues and terminologies of surveyme idigital age will

also be covered in the course.

The course guide, therefore, tells you briefly whize course is all

about, the types of course materials to be usedt wdu are expected to
know in each unit, and how to work through the seumaterial. It

suggests the general guidelines and also emphdbiseseed for self-

assessment and tutor-marked assignment. Therdsaréugorial classes
that are linked to this course and you are advisextend.

WHAT YOU WILL LEARN IN THIS COURSE

The overall aim of this course, ESM 421, is toadtice you to the
elements of surveying and the variables assocwaitdthem. During

this course, you will be equipped with definitiook surveying, chain
and compass surveying, plain tabling, leveling tludite surveying,

geo-informatics and digital surveying. Meaning, gmse, suitability,

and equipment, processes, sources of errors and wfagvercoming

them in the various types of surveying will be a@¢ek In this course the
importance and influence of the electronics andma®ers in surveying
will be emphasised.

COURSE AIM

This course aims to give you an in-depth understgndf elements of
surveying. It is hoped that the knowledge wouldipgou with the
conceptual issues of surveying and also providetioed examples of
surveying using different equipments.
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COURSE OBJECTIVES

Note that each unit has specific objectives. Yoousth read them
carefully before going through the unit. You maynivéo refer to them
during your study of the unit to check on your pess. You should
always look at the unit objectives after completangnit. In this way,
you can be sure that you have done what is reqoirgdu by the unit.
However, below are overall objectives of this ceur®n successful
completion of this course, you should be able to:

provide an overview and introduction to surveying

list the classes of surveying

examine the basic principles and process surveying

give meaning, purpose, suitability, and equipmeiots chain
survey

describe the processes of chain survey and theeof error
give the meaning and types of compass survey

examine the bearing and traversing with prismatimpass
provide the meaning, equipment and principleseskling
describe the booking and calculation of reducedl&ev

explain the meaning and instruments of plane tgblin
describe the methods of plane tabling

describe the methods of plane tabling

give the meaning, equipment and operations ofdbige survey
describe the adjustment of theodolite

list and explain contemporary issues in surveying.

WORKING THROUGH THIS COURSE

To complete this course, you are required to rea&l wnits, the
recommended text books, and other relevant maderidhch unit
contains some self-assessment exercises and tarked assignments
(TMAS), and at some point in this course, you aquired to submit the
TMASs. There is also a final examination at the ehthis course.

COURSE MATERIALS
The major components of the course are:

Course Guide
Study Units
Text Books
Assignment File
Tutorials

aghrowpE
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COURSE GUIDE

STUDY UNITS

There are 13 study units and six modules in thissm They are:

Module 1

Unit 1 Overview and Introduction to Surveying

Unit 2 Classification of Surveying

Unit 3 The Basic Principles and Process Surveying

Module 2

Unit 1 Meaning, Purpose, Suitability and Equipmen

Unit 2 Processes of Chain Survey and Sourcesrof Er

Module 3

Unit 1 Meaning and Types of Compass Survey

Unit 2 Bearing and Traversing with Prismatic Qass

Module 4

Unit 1 Meaning, Equipments and Principles

Unit 2 Booking and Calculation of Reduced Levels

Module 5

Unit 1 Meaning, Instruments and Operation of Blan

Unit 2 Methods of Plane Tabling

Module 6

Unit 1 Meaning, Equipment and Operations of Thditel®urvey

Unit 2 Adjustment of Theodolite and Contemporasues in
Surveying

RECOMMENDED TEXTS

These texts will be of immense benefit to this seur

Agor, R. (1993).Textbook of Surveying and Leveling. India: Khanna
Publishers.

Clark, D. (1983). Plane and Geodetic Surveying Eorgineers. In:
Higher Surveying. (6th ed.). CBS Publishers and Distributors.

Chandra, A. N. (2006)Plane Surveying. (2nd ed.). New Delhi: New
Age International Limited, India.

vi
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Higgins, A. L. (1974)Elementary Surveying. Longman Group Ltd.

Kufoniyi, O. (1999). Education Requirements in Gedgl Information
Technology. In:Proc. Workshop on Surveying and Spatial
Information Technology. Lagos, Nigeria: University of Lagos.

Ndukwe, N. K. (2001)Digital Technology in Surveying and Mapping.
Enugu: Rhyce Kerex Publishers, Nigeria

Okoroigwe, D. S. (2002f5urveying for Geographers. Lagos: Mbeyi and
Associates (Nig.) Ltd,Nigeria

Olomo, R. O. (2008)Modern Comprehensive Practical Geography.
Agbor: Pon Publishers Limited.

ASSIGNMENT FILE

The assignment file will be given to you in due @i In this file, you
will find all the details of the work you must sulirnto your tutor for
marking. The marks you obtain for these assignmeittgount towards
the final mark for the course. Altogether, there @@ TMAs for this
course.

PRESENTATION SCHEDULE

The presentation schedule included in this courgdegprovides you
with important dates for completion of each tutcarked assignment.
You should therefore try to meet the deadlines.

ASSESSMENT

There are two aspects to the assessment of thrsecokirst, there are
tutor-marked assignments; and second, the writtamanation.

You are thus expected to apply knowledge, comprgbaninformation
and problem solving gathered during the course. Thi&s must be
submitted to your tutor for formal assessment, @eoedance to the
deadline given. The work submitted will count fa®%8 of your total
course mark.

At the end of the course, you will need to sit forfinal written
examination. This examination will account for 7@%your total score.

vii
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TUTOR-MARKED ASSIGNMENTS (TMAS)

You need to submit all the TMAs as provided in TMA portal. When
you have completed each assignment, submit onfideyau can access
your grades immediately before the deadline. If &oiy reason you
cannot complete your assignment on time, contagt ywdor before the
assignment is due to discuss the possibility oémsibn. Extension will
not be granted after the deadline, unless on exceptcases.

FINAL EXAMINATION AND GRADING

The final examination for ESM 421 will be of 2-haduration and has a
value of 70% of the total course grade. The examonavill consist of
guestions which reflect the self-assessment exemml tutor-marked
assignments that you have previously encounteredthé&rmore, all
areas of the course will be examined. It is alsttebgo use the time
between finishing the last unit and sitting for #xeamination, to revise
the entire course. You might find it useful to ewiyour TMAs and
comment on them before the examination. The firahgnation covers
information from all parts of the course.

COURSE MARKING SCHEME

The following table gives the course marking scheme

Assessment Marks

Four TMA (comprising Total = 10% X 3 = 30%

of 20 questions) carrigs (the best 3, out of 4 TMAS are taken
10marks

Final Examination 70% of overall course marks

Total 100% of Course Marks

HOW TO GET THE MOST FROM THISCOURSE

In distance learning, the study units replace thigarsity lecturer. This
is one of the huge advantages of distance leammioge; you can read
and work through specially designed study mateaalgour own pace
and at a time and place that suit you best. Thinkas reading from the
teacher, the study guide tells you what to readerwto read and the
relevant texts to consult. You are provided exexist appropriate
points, just as a lecturer might give you an irsslaxercise.

Each of the study units follows a common formate Tinst item is an
introduction to the subject matter of the unit d&oav a particular unit is
integrated with the other units and the course awhale. Next to this is
a set of learning objectives. These learning ohjestare meant to guide

viii
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your studies. The moment a unit is finished, youstmgo back and
check whether you have achieved the objectivethidfis made a habit,
then you will significantly improve your chancespmdssing the course.
The main body of the units also guides you throulgé required

readings from other sources. This will usually ber from a set book
or from other sources.

Self-Assessment Exercises are provided throughloat unit, to aid
personal studies. Working through these self-tegts help you to

achieve the objectives of the unit and also prepavefor Tutor-Marked
Assignments and examinations. You should attemgt salf-test as you
encounter them in the units.

The following are practical strategies for workihgough this course.
1. Read the course guide thoroughly

2. Organise a study schedule. Refer to the coursevievefor more
details. Note the time you are expected to speneagh unit and
how the assignment relates to the units. Importatails, e.g.
details of your tutorials and the date of the fidsty of the
semester are available. You need to gather togethethese
information in one place such as a diary, a wadlrthalendar or
an organiser. Whatever method you choose, you dlumdide on
and write in your own dates for working on eacht.uni

3. Once you have created your own study schedule vdoything
you can to stick to it. The major reason that stisldail is that
they get behind with their course works. If you geto
difficulties with your schedule, please let youtotuknow before
it is too late for help.

4. Turn to Unit 1 and read the introduction and thgctives for the
unit.

5. Assemble the study materials. Information abouttwoa need
for a unit is given in the table of content at begjinning of each
unit. You will almost always need both the studytwywou are
working on and one of the materials recommendedfddaher
readings, on your desk at the same time.

6. Work through the unit, the content of the unit litdeas been
arranged to provide a sequence for you to follow.yAu work
through the unit, you will be encouraged to reamfryour set
books.
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7. Keep in mind that you will learn a lot by doing ajbur
assignments carefully. They have been designed|myou meet
the objectives of the course and will help you pdke
examination.

8. Review the objectives of each study unit to confinat you have
achieved them. If you are not certain about anghefobjectives,
review the study material and consult your tutor.

9. When you are confident that you have achieved a’suni
objectives, you can start on the next unit. Procaeitl by unit
through the course and try to pace your study sb ybu can
keep yourself on schedule.

10. When you have submitted an assignment to your tiwor
marking, do not wait for its return before startmgthe next unit.
Keep to your schedule. When the assignment is rretiirpay
particular attention to your tutor's comments, boththe Tutor-
Marked Assignment form and also written on the gassient.
Consult you tutor as soon as possible if you hawecuestions or
problems.

11. After completing the last unit, review the coursed gorepare
yourself for the final examination. Check that ywave achieved
the unit objectives (listed at the beginning ofleaait) and the
course objectives (listed in this course guide).

FACILITATORSTUTORSAND TUTORIALS

There are 8 hours of tutorial provided in suppdithcs course. You will

be notified of the dates, time and location togeth#gh the name and
phone number of your tutor as soon as you areattdca tutorial group.
Your tutor will mark and comment on your assignnsemieep a close
watch on your progress and on any difficulties yaight encounter and
provide assistance to you during the course. Yoatmail your TMA

to your tutor well before the due date. At leasb tworking days are
required for this purpose. They will be marked bgury tutor and
returned to you as soon as possible.

Do not hesitate to contact your tutor by telephaeail or discussion
board if you need help. The following might be amtstances in which
you would find help necessary: contact your tutgou:

. do not understand any part of the study units er dssigned
readings
. have difficulty with the self test or exercise
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o have questions or problems with an assignment, yathr tutor’s
comments on an assignment or with the grading of an
assignment.

SUMMARY

You should try your best to attend the tutorialkisTis the only chance
to have face to face contact with your tutor arkd@gestions which are
answered instantly. You can raise any problem emeoed in the
course of your study. To gain the maximum benebnt the course
tutorials, prepare a question list before attendiregn. You will learn a
lot from participating in discussion actively. GOODCK!

Xi
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MODULE 1

Unit 1 Overview and Introduction to Surveying

Unit 2 Classification of Surveying

Unit 3 The Basic Principles and Process of Sungyi

UNIT 1 OVERVIEW AND INTRODUCTION TO

SURVEYING
CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 The Meaning/Definitions of Surveying
3.2 Object of Surveying
3.3  Primary Divisions of Surveying
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Reading
1.0 INTRODUCTION

This unit provides the overview of surveying. Mastientists do not
spend all their working hours inside air conditidnm®oms but in most

cases

, they depend on data gathered in the fietthdble them do their
work successfully. Surveying is one of those coairglbose practitioners

depend on data gathered either by themselves oragents to enable
them take vital decisions that will make the socfeinction properly. It
is pertinent to ask: What is surveying? What is i&n relationship
between surveying and mapping? Why do we haverieeg@d What are
the primary divisions of surveying? These and eslajuestions will be
answered in this unit.

2.0

At the

OBJECTIVES
end of this unit, you should be able to:
define the meaning and definitions of surveying

explain the main objectives and relevance of sungey
describe the primary divisions of surveying.
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3.0 MAIN CONTENT

3.1 Meaning/Definitions of Surveying

Various definition of surveying exists. According tAgor (1993),
surveying is the art of determining the relativesipon of distinctive
features on the surface of the earth or beneatlsuHace of the earth,
by means of measurements of distances, directions edevations
Okoroigwe (2002) define surveying as the art ofedwuining relative
positions of objects on the earth’s surface byngkneasurements and
drawing them to convenient reduced size on papensy be horizontal
or vertical.

Surveying is define as the art of making (such) sneaments of the
relative positions of points on the surface of ¢#faeth that on drawing
them on to scale, natural or artificial featuree exhibited in their
current relative horizontal and vertical positig@handra, 2006).

In his own view, Ndukwe (2001) defines surveying ths art and
science of determining the relative positions otftéa features and their
representation in form of maps, plans and charts.

From the above definitions, it can be deduced shateying deals with
the measuring of distances, directions and elevatio determine the
relative positions of features on the earth’'s sigfaThese are then
represented in the form of maps, plans and charts.

3.2 Object of Surveying

The main object of surveying is the gathering ahdand the preparation
of plans, maps and charts of a specific area with slata. From ancient
times, man had been interested in demarcating ecatding property

boundaries hence early surveying efforts were gedosvards that

direction. In contemporary times, modern life isd@gossible by the
efforts of surveyors and the plans, maps and cliagig help to create.
This is because, the first step for the executibrmost projects is

surveying. Note that before the construction otigduilding, railways,

etc, the surveyor makes detailed measurement®ifield and prepares
the detailed plans and charts that help the enginee layout the

alignments of such projects.

It should be noted that since surveying develdijpech ancient times,
the science, methods and instruments of surveyaxg tbeen greatly
influenced by the level of technological developimeri any era.
Because of the importance of surveying to modern,rtige training of
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engineers, environmentalists, planners, architeggegraphers, etc, is
not complete without instructions on various aspeftsurveying.

3.3 Primary Divisions of Surveying

The curative of the surface of the earth, basedtoieing close to
ellipsoid in shape — forms the basis of surveyimind divided into
plane and geodetic surveying.

(a) Plane Surveying

Plane surveying is survey in a small extent. Hage darth’s surface is
assumed to be a plane and the curvature of thk manjnored. Since
small areas are involved, the lines connecting anpoints on the
surface of the earth are treated as straight lmesthe angles between
them as plane angles. Plane surveying involvesdhed are up to 260
square kilometer (260 Kin to determine the relative position of
individual features at a sufficiently large scale.

Surveys for engineering projects falls under plasarveying.
Knowledge of plane geometry and trigonometry areensary for plane
surveying.

(b)  Geodetic Surveying

Geodetic surveying takes place in a national sediech takes into
consideration the curvature of the earth. It resgpiihigher levels of
accuracy in linear and angular observations thangbkurveys hence; it
is used to provide widely spaced control pointssobsequent detailed
plane surveys. Geodetic surveys extend our lammsaof 1000kmand
above. Hence, lines connecting any two points sgated as arcs and
not straight lines and the angles as sphericakangl|

4.0 CONCLUSION

The art and science of surveying has evolved dweryears to reflect
changes in technological development in any erai 3toould have this
at the back of your minds in the process of stuglyims course. You
should also take particular note of how these charig science and
technology has affected the tools and methods ins&ahveying.

50 SUMMARY

Surveying concerns the measurement of verticagfiteand horizontal
(distances and bearing) distances of features erednth’s surface to
determine their relative positions. These are tlepnesented in the form
of maps, plans and charts. Based on the curvedenatuthe earth,
surveying can either be plane or geodetic. Whiken@l surveying is
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carried out in a local scale, geodetic surveyirkgs$aplace in a national
scale.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is surveying?
2. Explain the primary divisions of surveying.

7.0 REFERENCESFURTHER READING

Agor, R. (1993).Textbook of Surveying and Leveling. India: Khanna
Publishers.

Chandra, A. N. (2006)Plane Surveying. (2nd ed.). New Delhi: New
Age International Limited, India.

Okoroigwe, D. S. (2002%urveying for Geographers. Lagos: Mbeyi and
Associates (Nig.) Ltd, Nigeria.

Ndukwe, N. K. (2001)Digital Technology in Surveying and Mapping.
Enugu: Rhyce Kerex Publishers, Nigeria.
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UNIT 2 CLASSIFICATION OF SURVEYING
CONTENTS

1.0 Introduction
2.0  Objective
3.0 Main Content
3.1 Classification of Surveying
3.1.1 Classification Based on the Basis of Instnis
Used
3.1.2 Classification Based on the Surface amdAhea
Surveyed
3.1.3 Classification Based on the Basis of Psepo
3.1.4 Classification Based on Instrument Used
3.1.5 Classification Based on the Method Used
4.0 Conclusion
5.0 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION
This unit introduces you to the various ways ofsslfying surveying.

This will help you to have an understanding of syimg and the
various components of the subject.

20 OBJECTIVE
At the end of this unit, you should be able to:
o explain the various ways of classifying surveying.

3.0 MAIN CONTENT

3.1 Classification of Surveying

Various authors have attempted the classificatioth® different types
of surveying that exist (Agor, 1993). Based on ¢hem this unit
surveying will be classified according to certamtearia including the
instruments used; purpose; the area surveyed hantié¢thods used.
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311

Classification on the Basis of I nstruments Used

Based on the instrument used, surveying can bsiftégsinto:

312

of the

i)

water

Chain tape surveys
Compass surveys

Plane table surveys
Theodolite surveys.

Classification based on the Surface and the Area
Surveyed

Land Surveying: Land surveys are done for olgj@n the surface
earth. They can be subdivided into:

Topographic Survey: This is for depicting the plgsi(hills,
valleys, mountains, rives, etc.), and, manmadeufeat (roads,
houses, settlements, etc.)On the surface of thk.ear
Cadastral Survey: This kind of survey is used itedrining
property boundaries including those of fields, resysplots of
land, etc.

Engineering Survey: This is used to acquire thelired data for
the planning, design and execution of engineerirgepts like
roads, bridges, canals, dame, railways, buildietgs,

City Surveys: City surveys involve the constructiand
development of towns including roads, drainage,ewaupply,
sewage street network, etc.

Marine or Hydrographic Survey: These are surveys of large
bodies for navigation, tidal monitoring, tl®nstruction of

harbors, etc. The taking of soundings on shores lzanks, aid the
determination of water depths. This help in the dption of
topographic maps and the survey of bathymetricrotst

ii)

Astronomical Survey: Astronomical survey eass the

observations of the heavenly bodies (sun, mooms &tc.) to fix the
absolute locations of places and graticules (lioéslongitude and
attitude) on the surface of the earth.

3.1.3

)

i)

Classification on the Basis of Purpose

Engineering Survey: As mentioned earlier ie thst unit, this is
used to get the necessary data used in the desijooastruction
of most engineering projects.

Control Survey: Control survey uses geodetiethods to
establish widely spaced vertical and horizontakrpoints.
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iii)  Geological Survey: Geological survey is ds® determine the
structure and arrangement of rock strata. Geneiialyables one
to know the composition of the earth’s constituents

iv) Military or Defense Survey: This is carriedtdo map places of
military and strategic importance

iv)  Archeological Survey: This is carried out doscover and map
ancient relies of antiquity.

3.1.4 Classfication Based on Instrument Used

I. Chain/Tape Survey: This is the simple methodaking linear
measurements using a chain or tape with no angular
measurements made.

il. Compass Survey: Here horizontal angular mesasants are
made using magnetic compass with the linear meamnts
made using the chain or tape.

iii. Plane Table Survey: This is a quick surveyrieal out in the field
with the measurements and drawings made at the sianee
using a plane table.

V. Leveling: This is the measurement and mapmhdhe relative
heights of points on the earth’s surface showirgnthn maps,
plane and charts as vertical sections or with cotoeal
symbols.

Vi. Theodolite Survey: Theodolite survey takes ticaf and
horizontal angles in order to establish controls

3.1.5 Classification Based on the M ethod Used

I. Triangulation Survey: In order to make any syrnmanageable,
the area to be surveyed is first covered with sesfdriangles. Lines are
first run round the perimeter of the plot, then details fixed in relation
to the established lines. This process is catiaddulation. The triangle
is preferred as it is the only shape that can cetajyl cover an
irregularly shaped area with minimum space left.

il. Traverse Survey: If the bearing and distaota place of known

point are known, it is possible to establish thsifpan of that point on

the ground. From this point, the bearing and dcstanof other

surrounding points may be established. In the @m®c@ositions of

points linked with lines connecting them emerge.e Tprocess of

establishing these lines, is called traversing,levtiie connecting lines
joining two points on the ground is known as a érae. A traverse
station is each of the points of the traverse, avthe traverse leg is the
straight line between consecutive stations. Trasersay either be open
or closed.
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o Open Traverse: An open traverse terminates in iat ploat is not
predetermined as it neither returns to its starstagjon nor closes
on any point whose bearing and height is known taswvsin
Figure 1.1.

AN
WA \\ //

(i1)
(1)

Figure 1.1: Open Traverse — A and F are Positibtun@&nown
Coordinates and Heights in (i) dind

. Closed Traverse: In a closed traverse, a traveigmates from a
point whose bearing and height is known and terteasan
another point whose bearing and height are alsavkndhe
terminal point may either be its starting pointg#i2i) or any
point of known coordinate (Fig. 1.2ii).

A 1s a position \\ AandF are \\

of known positions of

coordinate and known
height coordinates and
heights

C

(1) (i)

Figure 1.2: Close Traverse — (i) and

4TS
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4.0 CONCLUSION

Surveying is a means to an end and not an endati.iv/arious types of
surveying therefore emerge as there are need @ gobblems in the
society. Classifying the various types of surveyimgesents some
challenges which this section has tried to solve.

50 SUMMARY

This section has presented the various ways obifyasgy surveying.

These include classifications based on the instnisnased; purpose;
the area surveyed, and, the methods used. Thedeodsetire not
mutually exclusive hence; you should take note w¥eys that under
more than one class.

6.0 TUTOR-MARKED ASSIGNMENT
Explain the classifications of surveying based on:

the instruments used
purpose

the area surveyed
the methods used.

7.0 REFERENCESFURTHER READING

Agor, R. (1993).Textbook of Surveying and Leveling.New Delhi:
Khanna Publishers, India.

Chandra, A. N. (2006)Plane Surveying. (2nd ed.). New Delhi: New
Age International Limited, India.
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UNIT 3 THE BASIC PRINCIPLES AND PROCESS OF
SURVEYING

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Basic Principles of Surveying
3.2  The Process of Surveying

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

So far in this course, we have discussed the mganlnject and major
classifications of surveying. In this unit, we witiove further to discuss
the basic principles and process of surveying.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. state and explain the basic principles of surveying
o discuss the process of surveying.

3.0 MAIN CONTENT

3.1 BasicPrinciples of Surveying

Surveying is based on simple fundamental principisch should be
taken into consideration to enable one get goodiltsees(Agor,
1993).These are discussed below.

Working from the Whole to the Parts: This is ackig\by covering the
area to be surveyed with a number of spaced outatgooints called
primary control points whose heights and bearingsveh been
determined with a high level of precision using tEepcated
equipments. Based on these points as controls, nabew of large
triangles are drawn. Secondary control points laea established to fill
the gaps with lower precision than the primary oarpoints. At a more

10
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detailed and less precise level, tertiary contmh{s at closer intervals
are finally established to fill in the smaller gaps

The main purpose of surveying from the whole togh#s is to localise
the errors as working the other way round would mifgghe errors and
introduce distortions in the survey. In spatiaints, this principle
involves covering the area to be surveyed withddr@gngles. These are
further divided into smaller triangles and the @& continues until the
area has been sufficiently covered with small gias to a level that
allows detailed surveys to be made in a local lekelor in the whole
operation is minimised as the vertices of the largengles are fixed
using higher precision instruments.

Using measurements from two control parts to filxeotpoints: Given
two points whose height and bearings have beerraety determined,
a line can be drawn to join them hence, surveymgantrol reference
points. The locations of various other points amel lines joining them
can be fixed by measurements made from these tindspand the lines
joining them. For an example, if A and B are theatod points, the
following operations can be performed to fix otlp&ints as shown in
Figure 1.3

) Using points A and B as the centers, ascrilos and fix where
they intersect (Fig. 1.3i).

i) Draw a perpendicular from D along AB to a pot (Fig. 1.3ii).

iii) To locate C, measure distance AB and use yonatractor to
equally measure angle ABC (Fig. 1.3iii).

iv)  To locate C the interior angles of triangle @Ban be measured.
The lengths of the sides AC and BC can be calalilayesolving
the triangle (Fig. 1.3iv).

Figure 1.3: Fixing the Third Points using Two Peint
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3.2 TheProcessof Surveying

The survey process passes through three main phasebe
reconnaissance, field work and measurements, amdofice work.
Details of these processes are given in the nexdufes where the
specific types of surveys are treated.

(@) Reconnaissance Survey: This is a pre-fieldkwand pre-
measurement phase. It requires taking an overspleiction of the area
to be surveyed to obtain a general picture beforensencement of any
serious survey. Walking through the site enables wnderstands the
terrain and helps in determining the survey mettoode adopted, and
the scale to be used. The initial information afedi in this stage helps
in the successful planning and execution of theesur

(b)  Field Work and Measurement: This is the datseasurements in
the field and the recordings in the field notebobé.get the best results
in the field, the surveyor must be acquainted wfi# functions of the

equipments and take good care of them.

(© Office Work: This is the post-field workagfe in which data
collected and recordings in the field notebooksdmeoded and used to
prepare the charts, planes and maps for presemtatithe clients and
the target audience.

4.0 CONCLUSION

As a scientific endeavour, surveying has a set whcgples and
procedures which if rigorously followed leads tgthievel of precision
in the results derived. This unit has introduced @ some of these. As
the study progresses, you should take note of thedeapplied them in
the survey process.

5.0 SUMMARY

This unit dealt with the basic principles and psxef surveying. By
covering the area to be surveyed with a networkriahgles, one can
therefore be working from the whole to the pantsthis way errors are
minimised in the surveying. The survey process gm#isrough 3 main
phases — the reconnaissance, field work and measuate, and, the
office work.

6.0 TUTOR-MARKED ASSIGNMENT

1. State and explain the three main process wtging.
2. List and explain the principles of surveying.

12
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1.0 INTRODUCTION

In this unit, we shall begin with an in-depth stuafyone of the various
types of surveys — the chain survey. The differgpies of survey
depend on the equipment used and the desired déascuracy. Chain

survey introduces you to surveying generally henteyill greatly
benefit you if the concepts introduced by are tademously.

2.0 OBJECTIVES
At the end of this unit, you should be able to:

. explain the meaning, purpose, suitability of cheunvey
o highlight various equipment used in chain survey.

3.0 MAIN CONTENT

3.1 Meaning of Chain Survey

This is the simplest form of survey where only linear measurements
are made while the angular measurements are ignirsdnamed after
the principal instrument previously in use for sywoperation — the

14
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chain. Although a more flexible tape now repladesdhain, the name is
still commonly used to refer to the type of survéwat involves the
taking of linear measurements in the field.

Chain survey is well suited for small areas thagdh¢he filling of
geographical details.

3.2 Purpose and Suitability of Chain Survey

Agor (1993) examines the purpose, suitability ofainhsurvey as
follows:

a) Purpose: Chain survey is carried out to:

o obtain data further accurate description of propert
boundaries

o prepare an accurate plan of a plot of law and deter its
area

o delineate the boundary of a piece of land in a iptesly
surveyed location

o share a piece of land into smaller units

o obtain data for engineering project I(e.g. road aat
alignment).

b) Suitability: Chain survey is suitable on an openl avell level
piece of land with non-simple details; where largeale
plans/maps are need (e.g. site of a housing essaie) where the
area is small in extent. Chain survey is not &létgor large
areas that are crowded with many details; woodeduawlulating
areas.

3.3 Principlesof Chain Survey

The principles of chain surveys follow the gengmahciples of surveys
already explained under Unit 3 of Module 1. You adeised to revised
it.

3.4 Equipmentsof Chain Surveying

Chain survey is mainly concerned with the measurgroé distances
hence the main equipments used include:

o Chain

Tape

Arrows

Ranging poles

Optical Square

Cross Staff

Trough compass.

15
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1) Chain

A chain is made up of steel or irpieces of wire known as links whit
are joined together with circular or oval ringsttheake for flexibility. It
has a brass handle at both ends which is part antkelpof the tota
length of the chain known as chain length. A typatsin is made up
100 links and has a bran tag at every 10th linkeda teller. This make
for operating of length as the letters are numbexred differentiate
from the next one for easy identification. Diffet&inds of chains exis
including Gunter’s chain, Engiers’ chain and metric chain:
Generally, chains have been replaced with tapesliiear surveys
Chains are no being studied to get the historical perspectivethaf
development of survey equipments over the ye
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Figure 2.1: Survey Cha
(Source www.vannattabros.com
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Figure 2.2: Surveying che showing Brass Markers in Posit
(Sourcechestofbooks.com)
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2)

Tape

Tapes have replaced chains in recent years bedaegeare light,
portable and flexible. Different types of tapes séxand they are
classified according to the materials they are maidbence we have
cloth or line tape, metallic tape, steel tape; etc.

)

ii)

Cloth Tape or Linen Tape: Generally betweeml1® 30m in
length, these are made of linen cloths that araisfaed to resist
moisture. It has a ring at the end of the tape izt its length
included in the total length of the tape. The miamtation of

cloth tape is that the stretching of the length icewoduce errors
in measurements. It is not as heavy and strongcasia or steel
tape hence; is likely to twist and tangle and does remain
straight in strong winds. Continuous usage carediasfigures.

Metallic Tape: This is more durable than tlaapes as it is made
up of cloth that is reinforced with brass or coppre. Usually,
between 20 to 30m, it comes in a leather case avithinding
mechanism. Metallic can be used to take accurassumements
as each meter is divided into decimeters whicheapaally sub-
divided into centimeters.

Steel Tape: This is a fine steel ribbon uséa provide
measurement of superior accuracy than cloth or lheetapes.
With a brass ring at the end, whose length is oetlin the
length of the tape, steel tape is available in tes@f 10, 20, 30
and 50 meters.

Invar Tape: This is made up of nickel andestloy and is used
primarily to obtain a high degree of precision. dnwapes are
more expensive and softer than steel tapes. Alsmdads to be
handled with great care to avoid bending.

Steel Bands: Also called a band chain, it &dmup of ribbon of
steel with brass swivel handle at each end. Thel stend is
wound on either an open cross of metal reel. Thel diand is
used to obtain accurate measurements, it is lighteandle than
the chain, and its length is not stretched duestma. However, it
requires proper care as it can easily break. Atsoust be oiled
and cleaned regularly to avoid rust.

17
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Figure2.3: Steel Ta| (Source: derm.qgld.gov.a)

3) Arrows or Chain Pin
An arrow is a piece of steel and iron of about- 0.5 meters in lengt

bent at the top into a circle and with a posited allow for easy
penetration into the ground. It is used primardy marking the end c

chaining and temporary statio

Figure 2.4: An Arrow(Source: surveyantiques.cor

4) Ranging Pol
This is a pole of about 2 meters in length altevet painted white ani

red and isointed at one end. They are used stations ancfging (it
can get out straight lines). To do this two poles axed at thetwo
stations or points and this enables one to meadang straight lines b
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placing a series foranging poles along the route in order to get
straight lines.

n

ettt
=it

Figure2.5: Ranging Pc (Source: www. cgstr.ie)

5) Optical Squarerhis is an optical instrument used to take off
at right angles from the chain lines. Offsets amasurements mac
from outside the survey line of triangulation oaverse skeleton to
property boundary or fence or wall offsets enalie tix point’'s details
in relation to the chain line.

T W=

Figure 2.6: Optical Sque (www.geo-fennel.de

6) Cross Staff: Thiss a simple form of optical squares used for
same purpose of fixing offets It is constructed in the form of a wind
vane, consisting of a cross with vertical ends wslits. Offsets are take
using the lines of sight which cross at right aac
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Figure 2.7: A Cross Ste (www. orbitals.com

(7) Trough Compas It is used to determine the NorttSeuth line.

Figure 2.7: A Trough Compe (source: www.theconstructor.o

40 CONCLUSION

Chain surveying, like most types of surveying, aned after the majc
equipment use« the chain. Despite the fact that the tape has
replaced the chain as the major equipment used,ntme chait
surveying is still maintained to describe this tyb surveying.

50 SUMMARY

The meaning, purpose, suitability, principles andjan equipment o
chain surveying were explained in this unit. Thamfacus of this typs
of surveying is linear measurement. The equipmersesd here als
reflect this fact- chain/ tape, arrows, ranging pole, optical squeress
staff and trough compas

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the meaning of chain survey. What is theppse anc
suitability”
2. List the various equipment used in chain sur
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1.0 INTRODUCTION

The meaning, purpose, suitability, principles angian equipments of
chain surveying were explained in the previous.unit this unit, we
will move ahead to show the processes involved iohain survey

operation, then explain the main sources of erransl ways of
overcoming them.

20 OBJECTIVES
At the end of this unit, you should be able to:
. explain the processes of chain surveying

. identify and explain the sources of error of chaimveying and
ways of overcoming them.

3.0 MAINCONTENT

3.1 Processesof Chain Survey

The chain survey process follows the procedureadireexplained in
Module 1 Unit 3. These include: Reconnaissanceesu field work,
and office work.

Reconnaissance Survey: This is the preliminarpangson of the area
to be surveyed and in the process choosing the mairgles by taking
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note of corners and intersections. Furthermoreorsdary lines of the
survey framework are noted. Also, the scale isrdeteed by getting an
estimate of the maximum dimensions of the area hging and
measurements.

Field Work: The major operations involved in theld work of chain
surveying include:

o Ranging: Ranging involves placing ranging polesglthe route
to be measures so as to get a straight line. Thes @we used to
mark the stations and in between the stations.

. Running a Chain Line: As explained earlier, tlse wf tapes
have now replaced the chain, the chaining is Bélhg used to
mean the process of measurement of the sides trfizingles. To
measure, two team leaders called a leader andl@avésl are
chosen. Taking a number of arrows and holding trelle of the
tape, the leader starts the chaining process bkingahlong the
line towards the end of the line leaving behind th#ower
holding the tape. With signals from the followehetleader
extends the tape along the line; aid placing aowamvhere the
tape ends. The procedure is continued until thelaviioe is
covered.

o Measurement of Offsets: As the chaining progrestes)eader
leaves the tape on the ground for the offset amdibg teams to
do their work. Offsets are measurements madedrithie main
survey line. Where the appropriate equipments ¢aptsquare
and cross staff) are not available, a simple metbbdaking
measurements along the survey line at two pointegmbject is
used.

o Booking: In order to avoid confusion after the meaments in
field, care must be taken to record neatly in & fieotebook.
Where the original field notebook cannot be acadssan
improvised version can be made by ruling 2 linesuablcm
apart in the middle of an ordinary exercise boo&olBng takes
place as measurement is done along the line frenbdittom of
the page to the top. Right and left entries onpilige are made to
correspond with the right and left measurementtherground. It
is advisable that each chain line should be recbide separate

page.
Office  Work: Generally, office work in surveying involves the

computation of coordinates, data processing, pregpgoians and maps
to suitable scales; and the computation of aredsvafues (Chandra,
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2006). According to Okoroigwe (2002), plotting -presenting on paper
to a suitable scale the previously surveyed objectentral to office
work of chain survey.

3.2 Sourcesof Errorsin Chain Survey and their Correction
The errors can be divided into three groups:

a. Cumulative (systematic) errors
b. Compensating (accidental) errors
C. Gross errors

3.2.1 CumulativeErrors

Cumulative errors are said to be systematic erasrshey are one-
directional hence keep on accumulating as the gymwegresses. If not
checked they have serious implications to the awmyuof the survey.
Errors in this class include incorrect length of thpe, page of the tape
or the tape not being in line. Since the sourcaba&dge errors are known,
they can be eliminated. They can either be posiivaegative errors.
While positive errors shortens the measurement (glgere the tape
length is shorter than what it should be), nega@im@rs elongates the
measurements (e.g. where the tape is longer that wlshould be).
Checking the equipment can eliminate these errors.

3.2.2 Compensating Errors

Compensating errors are said to be accidentalseh®ence, they cancel
out and do not pose serious problem to the accuwhthe survey. They
arise as a result of not being perfect in the dgheoequipment or in the
whole survey process. For example, if the pull edeion the tape is
either more than or less than what should be tke,daulty results be
gotten. The effect can either be positive or negati

3.2.3 GrossErrors

These are mistakes that can be attributed to thgerience of the team
leaders. These are very serious errors which aithhare random in

accordance but may lead to faulty plans and mapstithecked. They
include discontinuing the chain length (e.g. whewene arrows are cost
or misplaced); misreading of the tape; reading tapgide down (e.g.

taking 6 to be 9), etc. By taking the necessargaurgons, these errors
can be corrected.

24



ESM 421 MODULE 2

3.3 Overcoming Obstacles during Chaining

Various types of obstacles encountered in the eoofghaining can be
classified into different groups (Agor, 1993). Taesclude:

A. Obstacles which Obstruct Ranging but not Clmani These
include obstacles like water bodies for instanake$, ponds and rivers.
It is possible to chain around these obstacles $gguthe following
methods:

By Constructing Rectangles: Chaining had reachedn, encountered
an obstacle. To get to B mark A and B with an arrdset of

perpendiculars AC and BD high enough to clear th&taxles. Join and
measure DC which now equals AB. This allows chanio continue

from B.

Pond

o

Figure 2.8: Overcoming Obstacles by Constructingtieles

By Constructing Similar Triangleslo continue chaining from B, fix a
point C away from the obstacle. Range a pole ab @lign with AC
hence AC = CD. In line with BC range another pd&nh line with BC.
Hence BC = CE.

Measure ED which equals AB hence chaining can ocoatfrom B.

Figure 2.9: Overcoming Obstacle of a Pond
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In another scenario, similar triangles can be congd to overcome an
obstacle created by a stream. In this case, clipimad reached A and
there is the need to overcome the obstacle crégtéte stream to reach
B. Set out a perpendicular AC and mark the midpBinset out another
perpendicular CD so that D, E and B are in a gittaline. The 2
triangles created are congruent. Therefore, CD = widch is the
required length. Chaining can now proceed from B.

R
Stream
v
C
AT |
Figure 2.10: Overcoming Obstacle of a Stream D

B. Obstacles which Obstruct both Ranging and Chain@iwining
has reached B from A where an obstacle like a lmglchas been
reached. Erect equal perpendiculars AC and BD #oamd B along the
chain line. Along CD, range E and F beyond the atiet Set off
perpendiculars EG and FH from E and F equal to A&.G and H are
in line with AB, then CE equals AG.

H F
Obstacle G E
B D]
C
A

Figure 2.11: Overcoming Obstacles that Obstrucigitenand Chaining
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4.0 CONCLUSION

Errors and obstacles will be encountered by stiedenthe course of
carrying out a chain surveying operations. In t@se one does not have
to abandon the project but proceed after identifythem and the
procedure of overcoming them. This unit has equippeu to handle
these problems.

50 SUMMARY
This unit had discussed the major processes ohchaveying include
reconnaissance survey, field work and office worke three major

types of errors in chain survey were equally coderginally, the
various types of obstacles and how to overcome thers explained.

6.0 TUTOR-MARKED ASSIGNMENT

1. List and explain the sources of errors.
2. What are processes of chain survey?
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1.0 INTRODUCTION

Compass is another type of survey instrument. Ia timit, we will
explain the meaning, types of compass survey asal iatroduce and
discus the concept of bearing.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

o explain meaning and types of compass survey
o describe the concept of bearing.
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3.0 MAIN CONTENT

3.1 Meaning and Types of Compass Survey

In compass survey, the direction of the survey imeneasured by the
use of a magnetic compass while the lengths arehbining or taping.
Where the area to be surveyed is comparativelyelatije compass
survey is preferred, whereas if the area is snmakxtent and a high
degree of accuracy is desired, then chain survedapted. However,
where the compass survey is used, care must be takeake sure that
magnetic disturbances are not present.

3.2 Instruments

3.2.1 The Compass

The two primary types of survey compass are: thenmatic compass
and surveyors compass.

o Prismatic Compass

Invented in 1814, the prismatic compass consists shall circular box
of about 100mm. It can either be used as a harument or mounted
on a tripod; and is very useful in a situation veheough surveys are
needed i.e. where the accuracy of the survey is thet main
consideration but the speed. The main parts ofsanatic compass are:
compass box, lifting lever, needle, Agate cap, &lesver, magnetic
needle, graduated ring, prism, prism cap, sightstig lifting pin,
coloured glasses, focusing screw, object hair —eyamorse hair,
reflecting mirror, brake pin and spring brake.

Prismatic compass is useful for filling in detaits a survey and in
places where the ground does not allow the useaihing. It is used by
the military for reconnaissance survey, night mobénd for sketching
along roads or rivers. However, while making obaton with a

prismatic compass care must be taken to avoid laitedctions. Also,
keys, pins and other metallic substances must edirbught near the
compass.
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Figure3.1: Prisma
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tic CompasSdurce:

www.surveyinginstrumentindia.com)

o Surveyor’'s Compa:

Similar to the prismatic compass but with few madifions, the
surveyors compass is an old form of compass usexlibxeyors henc
the name. It is used to determine the magneticirmpaf a given line
and is usually used in connection with the chaicompass surve"

Difference between the Prismatic and Surveyor’'s Copass

Prismatic Compas:

Surveyors Compas

1. The magnetic needle and '
graduated dial are attach
together while the prism ar
the box rotate.

1. The magnetic needle rema
stationary while the graduated d
rotates with respect to the nee

2. Readings are taken
looking through the prism ey
hole from the south end of tl
compass.

2. Readings are taken by looking
the dial immediately between t
North ends of the agnetic needl

3. The graduations are mark
in a clockwise directiol

3. The graduations are marked so a
increase in the counter clockwi
direction.

4. The zero of the graduat
scale is marke

4. The zero is fixed below the Nol
end

5. Theposition of the East ar

5. The positions of East and West

West are in their corre|interchanged.

positions

6. It gives whole circl{f 6. The surveyor's compass usu:
bearings indicates the reduced bearir

Source:Okoroigwe, (200Z
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3.3

Strengths and Weaknesses of Compass Survey

Olomo ( 2008) and Okoroigwe (2002) enumerated tinengths and
weaknesses of the compass survey which can be auset as
follows:

3.3.1 Strengths

It is useful in filling in survey details, deternmg the magnetic
bearings of lines and calculation of angles betwiwm. It is
useful in running rapid traverse without regargteceding lines.
Compass surveying comes in where chain survey taheo
carried out as the land cannot be divided intogies as a result
of the presence of many obstacles. For an exampiajng lines
through forests where obstructions impede lineglitsare easily
overcome than with other methods.

Unlike the theodolite, the compass is light andyets carry
about; hence the bearing can be taken easily.fdmss the basis
for quick survey. Most reconnaissance survey argechout in
this way (for an example for military purposes) eagried out in
this way.

As the bearing for each leg is determined indepethgeerror is
generally reduced as the error for the bearingidiced to each
traverse leg,

It is suited for exploratory work hence safesthe forest where
local attractions are few.

3.3.2 Weaknesses

The degree of accuracy is low especially as thepe@s readings
can be affected by local attractions (magnetic @rigs) of iron

railings and watches.

Survey of high accuracy can only be achieved uaitglescope
where the line is of great length.

Unreliable compass needle and local attractions magn that
quick survey work is either impossible or unrelabl

3.4  Sources of Error and Ways of Overcoming Them

Based on Olomo (2008) these can be summarisedi@asdo

31



ESM 421 ELEMENTS OF SURVEYING

3.4.1 Sources

. Magnetic effect of iron railings, poles wristwatsheand eye
glasses on prismatic compass.

o Improper handling and focusing of the compass; gmaubr
booking of readings.

o Faulty prismatic compass.

3.4.1.1 Ways of Overcoming the Errors

J Avoid areas (and things) with magnetic attraction
o Proper booking and plotting of field data
o Proper handling and usage of the compass.

4.0 CONCLUSION

Compass surveying, like most types of surveyingnamed after the
major equipment used — the compass. Compass sbheames useful
to compensate for the limitations of chain survEgpr an example,
running of triangles may not be possible as a tesfulhe presence of
many obstacles.

5.0 SUMMARY

In this unit, the meaning and types of compassesuwere highlighted.
In compass surveying, the main equipment — the essp- is used to
measure the direction of the survey line. The patstncompass and
surveyors compass are the major types of surveyassi The unit ends

by stressing the weaknesses and strengths of cenmpasey, and,
pointing out the errors involved and ways of ovenoay them.

6.0 TUTOR-MARKED ASSIGNMENT
List and explain the two types of compass survey.
7.0 REFERENCES/FURTHER READING

Agor, R. (1993).Textbook of Surveying and Leveling. New Delhi:
Khanna Publishers, India.

Olomo, R. (2008).Modern Comprehensive Practical Geography.
Agbor: Pon Publishers, Nigeria.
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1.0 INTRODUCTION

In this unit, we will examine the back and fore faeg; and, the steps to
be taken when traversing with compass survey.

2.0 OBJECTIVES
At the end of this unit, you should be able:

. demonstrate back and fore bearing
o describe traversing with compass survey.

3.0 MAIN CONTENT

3.1 Bearing

The bearing is the angular direction measured @l starting from

north with reference to the observer. The refergraréh may be true or
magnetic. While the true bearing is the angulaealion measured in a
place with the direction of true or geographicalthpthe magnetic

bearing is the angle which it makes with the dicecbf magnetic North

measured in the clockwise direction.

3.2 Back and Fore Bearing
Fore bearing (FB) is the compass bearing of a ptaken from one

station to the other in the direction that the syris being carried out.
The back bearing (BB) in the other hand is the ibgain the opposite

34



ESM 421 MODULE 3

direction i.e. the bearing taken backwards from rie&t station to its
preceding station that the fore bearing was takBme difference
between BB and FB is always 8 shown in Figure 3.2.

N, N

A 'y

5 S

Figure 3.2: The Back and Fore Bearing

If B is sighted from an observer at A, and the M8 NS, are the
magnetic NS lines, then:

Forward bearing (FB) = <NAS+<SAB
Back bearing BA = < NB A
Therefore back bearing BA = forward bearing ABEL

If the observer relocates to B and observers Bn floeward bearing
(FB) BA = < N; BA and back bearing (AB) = < NAS + SAB. Hence, we
can conclude that forward bearing 3 BIA + 180. As a general rule, if
the fore bearing is less than £88dd 186 to get the back. Bearing, and
if the fore bearing is greater than £8then subtract 18ao get the back
bearing.

3.3 Traversing and Plotting with the Compass Survey

Traversing with the compass involves taking theringaalong a series
of connecting straight lines and at the same tireasuring the distances
with the tape. The compass is read at each pothtaaback bearing is
equally taken to serve as a check. This continugg the traverse

closes. Choosing a suitable scale, the travergeis plotted taking into

consideration the general shape of the area.

3.4  Error of Closure
A closed traverse when plotted from field observadi may not close

due to some errors including that of observationgasurements or
drawings. As a result, the last station does notoite with the starting
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point. This discrepancy is called error of closareclosing error. This
can be adjusted using the following procedure @eridrom Agor
(1993).

E

1 / DI
A (i)
A c

(i)

Figure 3.3: Error of Closure — the Error (i) andr@ction (ii)

Procedure:

1. Draw a straight line A Aequal to the perimeter of the traverse to

any suitable scale. Set off along it the distan®BsBC, CD, DE

and EA equal to the lengths of the sides of the traverse.

Draw A" A* parallel and equal to the closing errortA.

Draw parallel lines through points B, C, D, ddo meet A A*

at B, C!, D' and E.

4. Draw parallel lines through the plotted statid)sC, D, E and
plot the errors equal to B'BCC', DD in the direction AA.

5. Join the points A B tD' E' A to get the adjusted traverse.

wn

4.0 CONCLUSION

It is important that you understand the processesied to successfully
undertake a compass survey, the error likely toebeountered in
closing the traverse and how to overcome it. Theskbeen covered in
the unit.
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5.0 SUMMARY
This unit examined the meaning and types of compassing. It also

discussed the process of traversing with compasgpuThe unit ended
with a highlight on error of closure and ways oémoming it.

6.0 TUTOR-MARKED ASSIGNMENT
What do you understand by traversing with compasgey?
7.0 REFERENCES/FURTHER READING

Agor, R. (1993).Textbook of Surveying and Leveling. New Delhi:
Khanna Publishers, India.

Olomo, R. (2008).Modern Comprehensive Practical Geography.
Agbor: Pon Publishers,Nigeria.

Okoroigwe, D. S. (2002%urveying for Geographers. Lagos: Mbeyi and
Associates (Nig.) Ltd, Nigeria

Rabenhorst, T. D. & McDermott (198%pplied Cartography: Source

Materials for Mapmaking. Columbus: Merril Publishing
Company.
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10 INTRODUCTION
We have so far been dealing with survey in a hotaloscale. We know
that phenomena in space also exist in a vertiaestevelling enables

survey in a vertical scale. In this unit, we wiktaenine the meaning,
instruments and principles of levelling.

20 OBJECTIVES

At the end of this unit, you should be able to:

o explain the meaning of leveling and highlight somk the
equipment used in leveling
o explain the basic principles of and terms usetenelling.

3.0 MAINCONTENT

3.1 Meaningof Levelling
From most engineering surveys like road or rail starction, it is

necessary to measure the elevation of points dleagroject. The act
of establishing the elevation of points on or belthe surface of the
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earth is called levelling. Levelling is thfore surveying in a vertici
plane. An elevation of a point on the surface ef darth is actually tF
difference in altitude between the point and someim or base leve
Hence, levelling makes use of a base level to oeter the height o
any point.The sea level is the base level of topographic t

3.2 Thelnstruments

3.21 ThelLevd

The level is an instrument used to accurately detes the difference i
elevation between two points on the earth’s surfBgdtself, it does no
read or regter heights but gives a horizontal line of sigbttkat in
looking along it, places lying along the same heighn be seel
Varieties of levels exist and their difference ligs the level of
complexity. Examples include water level and Suor&yleve (Dumpy
level) and Abney leve(Figures4.1, 4.2 and 4.3). The surveyor’s le
consists of a bubble tube with a telescope attac

The water level is made up of 2 glass tubes-filled with coloured
water fitted anda tripod. When the two watdgvels are in line and or
looks along a horizontal line of sight passing tlyio the water surface
anything one sees along this line are of the sawel Wwith one’s ey
and the water surface. Figure 4.3 show a simplsimerof a water leve
that can asily be constructed by the student to demonsthee
levelling works.

Figure 4.1: Abney Lev(Sourcewww.fennerschoc
associated.anu.edu)au
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Figure 4.2: Abney Leve(Source: dreamstime.com)

3.2.2 Levdling Staff

This is a graduated wooden staff for reading vartieights. Differen
types exist. Generally, the bottom of the staffrespnts the zer
reading.

I am—
N
P ——
Always
) Constant Waterlevel || Measure
Offset from

Water Level

; /7/ Move Other End
] to Mark or Check
Level Line
Anchor One

End
Figure 4.3: Water Leve(glacierboats.com)
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The type of staff thaallows readings to be read directly is called
selfreading staff; while the long type that allows aren@ccuratt
reading to be made but which is long and cumbersonandle (abot
3m) is called solid staff. The folded or hinged dorible 2m long aff
that are hinged or folded togett

i

gl alle gt el L S EIERTY P e
i
(Tl i
iy, i Al
i ——- i|l
B

5,

o

T PR J
Lt

10

™
--uull"l"n

Figure 4.4: Automatic Level with a Leveling St(Sour ce:
benmeadows.com)

3.3 Principlesof Levelling

The principle of levelling is based on the facttthifa level is placec
between 2 points A and B, measurements obtaineal siaff placed o
these two points would mean the difference in helgtween the tw
points”. This is because the readings aade from the same positi
along the same line of sig}

Difinht:5-1=4

—

200 m

Figure4.5: Taking Measurements using a L (1)
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In this case, the difference is 4m (5-1). Lowediegs are usually made
at higher grounds while higher figures are madewer grounds. If the

distances between the two points are long, it mélamgeading of the

staff will not be done once but in stages. If 280m above sea level, B
will be 200 + 4 = 204m.

Y
Z
i

A / \“—‘_\

Figure4.6: Taking Measurements using a Level (2)

If the level is set between points A and B, thdéedénce in height is 2m
(i.e. 3-1m). The height of point B is then 200 {2D2) as B is in a
higher elevation than A. One can remove the level place it in
between B and C. The new height of the staff is Aowat B and 5m at
C making it a difference of 3m. It means that tlegght of point C will
be height of B (202m).The difference in height 2203m = 199m.

34 Major Terms
Meanings of major terms used in leveling are disedsas follows:

(1) Datum: This is an imaginary level surface tackhall elevations
are measured or referred to. The mean sea lewdles used as
the datum

(2) Bench Mark (B.M): This is a mark of a pointlafown elevation
which serves as a starting point of determining délevation of
other places. It is usually points that have besrectly surveyed
and approved by appropriate government agenciesiritlicated
by the letters BM and the height in meters (e.§4.B203) cut in
fixed materials.

(3) Back Sight: This is the first reading on thafltplaced on a
benchmark at the commencement of levelling oparatiois the
first reading taken to a point whose height isezitknown or can
be calculated.

(4) Fore Sight: Foresight is the reading taken g@bmt where the
elevation is not yet known. It is the reading taka&na point
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whose height is required in order for the levelliogeration to
continue.

(5) Reduced Level: This is also called reduced ltegnd is the
calculated elevation of a place above or belowlees.

4.0 CONCLUSION

Unlike the other kinds of surveying studied so favelling is involved
with surveying in a vertical plane. Levelling iscessary as it enables
heights of features to be calculated and repredentamaps.

50 SUMMARY

The meaning, equipments and principles of levelliag been the focus
of this unit. Levelling makes use of a base sea&lléy determine the
height of any location on the plane. The major temsed in levelling
were also explained. These include datum, benchk,nb@ck and fore
sight, and reduced level.

6.0 TUTOR-MARKED ASSIGNMENT
State the principle of levelling.

1.
2. What do you understand by the term levelling?
3 Explain the meaning of the following terms agleable in

levelling:

° Datum,

° Bench mark

o Back sight

o Fore sight

. Reduced level.
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1.0 INTRODUCTION

This unit concludes this module. In this unit, wal$ be examining the
booking and calculation of reduced levels.

20 OBJECTIVE

At the end of this unit, you should be able to:

o explain the procedure of booking and calculationreduced
levels.

3.0 MAINCONTENT

3.1 Booking and Calculation of Reduced L evels

Two methods are used to book and calculate thecesdievel. These
are: Rise and fall method and India:

3.1.1 Riseand Fall Method

The rise and fall method uses differences in lebetween two
consecutive points to obtain the rise or fall ievaltion at that point.

In Figure 4.7, supposing the level is set up ndieveen points A and
B. If A is located at a located at a point 200 nmew@bove level and the
difference in height is 2m, then the location @2m the covered. To
book and calculated the level in a level notebd&@kplumns are drawn
for the station, back sight, foresight, rise, falluced level and remarks.
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The calculation is performed step by step as shamdhrepresented in
Table 4.2. Hence, the level at D is 201m.

200 m

BM

Figure 4.7: Reduced Levels

Table 4.1: Calculation of Reduced Level using Rise and Falthidd

Stations | (BS) (FS) (R) (F) | (RL) Remarks
Back Foresight Rise | Fall | Reduced
sight level
A 3 - - - 200 BM
B - 1 2 - 202 -
C 2 5 - 3 19¢ -
D 4 2 2 - 201 End of line
To check the accuracy of the tabulation, the foemsilused as follows:
YBS->FS=R S>F = First Reduced Level — Last reduced
level

= 9 - 8=4-3=200-201

= 1=1=1

NOTE: The sum of the back sight minus the sum of thesighe must
be equal to the sum of the rise minus sum of &l must be equal to
first reduced level minus last reduced level. la #bove example, they
are all equal meaning that the Table 4.1 was ctiyreompiled.

3.1.2 Collimation (Height of I nstrument) Method

In this method, the back sight is added to the kna&hevation of the
point to get the height of instrument. The foresighthe second point is
then subtracted from the height of the instrumentlitain the reduced
level or the elevation of the second point.

Table 4.2: Calculation of Reduced Level using Collimated Metho

Level BS F< Height of| RL(M) | Remarl
Station Instrument
A 3 - 20z 20C BM
B - 1 - 201
2 - 204 -
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C - 5 - 19¢
4 - 203 -

D - 2 - 201 End of statio

4.0 CONCLUSION

This unit concluded Module 4 by examining the bogkand calculation
of reduced levels. These step by step easy towgtimcedure enable
one obtain the reduced level — the calculated &@va place.

5.0 SUMMARY

Two methods are used to book and calculate theceedievel. These
are: Rise and Fall Method, and Height of Instrutr@nCollimation

method. The rise and fall method uses differenndsviel between two
consecutive points to obtain the rise or fall iavaltion at that point. In
collimation method, the back sight is added to khewn elevation of
the point to get the height of instrument. The $ayht of the second
point is then subtracted from the height of therumeent to obtain the
reduced level or the elevation of the second point.

6.0 TUTOR-MARKED ASSIGNMENT
Explain the procedure of booking and calculatiomeafuced levels.
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10 INTRODUCTION
So far, we have dealt with survey methods in winekasurements and
recordings are done in the field, with transcriptend drawings being

done in the office. In plane tabling, the map istigd in the field the
same time measurements are done.

20 OBJECTIVES

At the end of this unit, you should be able to:

o explain the meaning of plane tabling and majorrumeents used
to carry it out
o discuss the meaning of plane table operation.
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3.0 MAIN CONTENT

3.1 Meaningof Plane Tabling

In this method of surveying, observations and thatipg are done
simultaneously on a plane table. The plane tablabooes a sightini
device with a plotting scale.

Agor (1993) defines plane tabling as a thical construction of straight
lines, angles and triangles for plotting the growedail points. It is
based on the principle that the lines that joimfion the plane tab
can be made to lie parallel to the correspondingslithat join points o
the ground.

A plane tabling eliminates the field notebook amdsi suitable fol
putting in details in a survey where the survey hodts have bee
accurately fixed using theodolite or any other syrinethod:

3.2 Instrumentsfor Plane Tabling Survey
Thefollowing are the main instruments used for plaatding
3.2.1 Drawing Board or Plane Table

A plane table is a wooden drawing board mounted tipod in such .
way that it can be rotated in its vertical axis a@h also be clampe
into any requiredoosition. Plane tables come in different shapes
sizes but most have some refinements for leveltimg table and
compass. The plane table equally comes with a phgnfork used tc
accurately centering the table on a loca




ESM 421

ELEMENTSOF SURVEYING

3.2.2 Sight Ruleor Alidade

This is a straight edge fitted with sighting devihat allows one to ha\
the line of sight. It is used for sighting objeetsd drawing rays alor
the edges. Two types of alidade are commonly is plain alidade an
telescopic Alidad¢ Plain alidade is made up af wooden or metalli
rule of about 5-75cm day, with vanes at the ends. While, one of
vanes has a narrow slit, the other is open a fine wire or horse hai
The alidade sometimes comes with a circular bulaltlachment fo
levelling the table

The alidade that comes with a telescope to incrieesaccuracy and tt
range of sighting is called telescopic alidi

Figure 5.2:Te|escopialidadeon Tripod witRlane Tabl
(Sour ce: www. library2.vicu.utoronto.ca)

3.3 Plain Table Operations

The tripod is unfolded and the plane table is cladhpafely on it. Th
table is then set up using the following operaticteps

Leveling: Here, the table is placed and levelled over theost
with the legs of the tripod spread calthough eye estimate c
be used for levelling for rough and small scalekyarspirit level
is needed for accurate and large scale v

Orientation:In this operation, the table is placed in such g
that all the lines of the paper are parallel aorresponds to th
lines on the ground. This is achieved by the usa ofiagnetic
needle and by ba-sighting.

Centering The operation whiclallows the point on the pap
representing the station is made to be verticallgr ahe point or
the ground is called centering. Centering may mohé&cessary i
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a rough and the table is only required to be ower ground
position.

4.0 CONCLUSION

This unit has demonstrated the fact that it is issto do all the
processes of surveying in the field without cargyout part of it in the
office. You should be encouraged to experimentftus learnt here
using homemade equipments.

5.0 SUMMARY

In a plane survey, observations, measurements lattthg are done the
same time in the field. The major equipments usedthe drawing

board (plane table and the sight rule (alidade iased on the principle
that the lines that join points on the plane tatd® be made to lie
parallel to the corresponding lines that join peiah the ground.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is plain tabling?
2. What are the instruments for plane tabling sypv
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1.0 INTRODUCTION

This unit concludes this module. In this unit, wal$ be examining the
various methods of plane tabling.

20 OBJECTIVE

At the end of this unit, you should be able to:

o demonstrate the various methods of plane tabling.
3.0 MAIN CONTENT

3.1 Methodsof Plane Table Surveying

Four classes of plane tabling surveys are recodnise
Radiation method

Intersection method

Traversing method
Resection method.
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3.1.1 Radiation M ethod

Here, the plane table is set up at one station lwhitows the other
station to be accessed. The points to be plottedtlzn located by
radiating rays from the plane table station to gbets. After reducing
the individual ground distances on the approprsigle, the survey is
then plotted. This method is suitable for smallaaserveys. It is rarely
used to survey a complete project but is used mbooation with other
methods for filing in details within a chain length

2]

e, o7 | _ Plane table

Figure 5.1: Plane Tabling using Radiation Method
The following steps are taken:

Select at point O such that all the points #@ible

Set up and level the instrument at O

3. From O, align the alidade and draw radial linewards. The
stations are from A, B, C, D and E.

4. Measure the distances OA, OB, OC, OD and OHe stad draw
Oa, Ob, Oc, Od and Oe on the paper.

5. Join the point a, b, c, d, and to give the oatbf the survey.

N =

3.1.2 Intersection Method

In this method, two instrument stations are useth whe distance
between them called based line serving as the toaseasure and plot
the other locations:

1. 2 points A and B are selected from which the oéshe stations
can be seen.
2. Set up and level the plane table at A and ntaak & in the paper

to coincide with A on the ground.
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3.

Sight B, C, D and E with the alidade from Aancwd rays
forwards them.

Measure AB, AC, AD and AE and using appropritale draw
the corresponding paper distance.

Remove the equipment from A to B and repeatptozedure
using B as the measuring station.

o e :
e d c Plane table ¢
— 1
L
o | _—
a

B

Figure 5.2: Plane Tabling using Intersection Method

3.1.3 Traversing Method

This method resembles the compass traversing iohathie plane table
is set up at each successive and the back sign stlation until all the
stations are covered.

PROCEDURE:

1.
2.

52

You should set up the plane table over station A

With the alidade at a sight B, measure AB andguappropriate
scale draw the distance ab to correspond with gradistance
AB.

Transfer the table to B and position b to B.nfrd sight,
measures scale AB and insert as ab on the paper.

Relocate the station to C and sight D from th@entinue the
procedure until all the stations are covered aswsho the
diagram.
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Plane table
—

Figure 5.3: Plane Tabling using Traversing Method

3.1.4 Resection Method

The resection method is used for locating the@tgtioints by means of
drawing rays from the stations whose locations halready been
plotted on the sheet. This carried out using varjcedures:

o In the simplest method, select a base line AB @ dhound,
measure and plot ab on paper. Set up the plane &lB in a
position where b corresponds to B.

o From b sight C and draw a ray to represent the cxopate
location of C locate this position as C.

o Set up the instrument at C and draw a ray to Atdhe position
of C is the point of intersection made betweenrdne and that
made from b.

A

A

B

Figure 5.4: Plane Tabling using Resection Method
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3.2 Strengths, Weaknesses and Sources of Errors in Plane
Tabling

Olomo (2008) enumerated the strengths, weaknessgss@urces of
errors in plane tabling which can be summariselésys:

3.2.1 Strengths

o This is a rapid method of surveying where all ttepps are carried
out in the field.

o Mistakes and chances of omitting some lengths anemsed as
the final product — the map is produced in thedfiel

o Using a plane table does not require specialisedwlatdge
although time and effort is needed to master thle sk

o It is useful for filling in details where the sugvekeleton has

been surveyed.

3.2.2 Weaknesses

o Plane tabling is ideal only in a dry environmenint¢e the
operation is difficulty in a wet and windy region.

J This is not an accurate method of surveying.

o As the plotting is done in the field, the scale trius determined
before the operation commences.

3.2.3 Sourcesof Error

o Where the table is not on a levelled terrain, eisantroduced.
o The warping and shrinking of the paper used canalgqu
introduce errors.

4.0 CONCLUSION

Not all survey methods follow the procedure of raw@issance, field
work proper and office work. In plane tabling, #ie three steps are
carried out simultaneously in the field. You hawdldwed the steps
provided so as to appreciate the rationale belhisdnethod.

5.0 SUMMARY
The major methods of plane tabling: radiation; isgetion; traversing;
and, resection methods are presented in this drie strengths;

weaknesses and sources of errors in plane tabkmg also discussed in
this unit.
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6.0 TUTOR-MARKED ASSIGNMENT

1. List and explain the various methods of plaiding.
2. What are the strengths and weaknesses of tahhieg?
3 Explain source of errors in plane tabling.
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MODULE 6

Unit 1 Meaning, Equipment and Operations of ThéitelSurvey

Unit 2 Adjustment of Theodolite and Contemporagues in
Surveying

UNIT 1 MEANING, EQUIPMENT AND OPERATION
OF THEODOLITE SURVEY

CONTENTS

1.0 Introduction
2.0 Objective
3.0 Main Content
3.1 Meaning and Uses of Theodolite Survey
3.2 The Instruments - The Theodolite: Meaning and
Classification
3.2.1 Meaning
3.2.2 Classification of Theodolites
3.2.2.1 Parts of a Typical Theodolite
4.0 Conclusion
50 Summary
6.0  Tutor-Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

This module introduces you to theodolite — an unsint that is more
sophisticated than other instruments that beerepted so far.

20 OBJECTIVES

At the end of this unit, you should be able to:

. enumerate the meaning and uses of the theodotiteysu
. list the major equipment of theodolite survey
o explain the major classification of the theodolite.

3.0 MAINCONTENT
3.1 Meaning and Uses of Theodolite Survey

Theodolite survey is the most accurate of all §pes$ of surveying we
have so far examined. It is different from othepday of surveying
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studied so far as it measures L horizontal and vertical angles.
Theodolite survey is named after the main equnt used, theodolite.
The theodolite is primarily usefor the accurate measurement of angles
in the horizontal and vertical planes. The theddo$ primarily usedor
theaccurate measurement of angles in the horizonthvvartical planes
Agor (1993) dds that the theodolite can also be used for pgalbon of
survey lines, measurement of magnetic bearing pésli finding
differences in elevatioand settin out engineering works that require
high precision like theanging of highway and railway ctes.

3.2 The Instruments - The Theodolite: Meaning and
Classification

3.2.1 Meaning

Okoroigwe (2002) defines a theodolite as an angulstrument, fittec
with a telescope thafacilitates th: sighting of distant objects; and,
which can measure bothorizonta and vertical angles with great
precision. Various types o theodolites exist, but they all operate
using the same principle; although there rbe slight differences in the
mode of reading the vernier.

Figure 6.1: A Theodol (Source: www.indiamart.com)

3.2.2 Classification of Theodolites
Two major classittations of theodolites can be identifi

. Transit and non transit theodo
° Viernier and Glass arc theodo.
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a. Transit and Non Transit Theodolite

A theodolite is said to be transit when the telpgcof a theodolite can
be revolved about its horizontal axis (through enplete revolution in
the vertical plane). This transited type of telggas found only in
modern theodolites. In a non transit theodolite, ttlescope cannot be
revolved about its horizontal axis (through a cagtglrevolution) in the
vertical plane. This non transit telescope typer@as become obsolete
and is much inferior when compared to the tramsitdlving) type.

b. Vernier and Glass Theodolite

In a vernier theodolite, verniers are providedrieeiding horizontal and
vertical graduated circles; while in the glass amnccrometers are
provided for the reading of graduated circles.

3.2.2.1 Partsof a Typical Theodolite

It is normally difficult to describe a theodoliten igeneral terms.
Therefore, it is advisable to describe a specyjeiclass of a theodolite.
This section summarizes the parts of a typical sitatheodolite
(Higgins, 1975; Agor, 1995; Okoroigwe, 2002).

a. The Trivate Stage: This is the lower triangulaatel of the
theodolite hinged to the tripod.
b. Leveling Head: This consists of 2 circular palaplates fixed

apart by the ball and socket arrangements bywdiglumb bob
can be suspended for centering the transit

C. The Spindles: These form the vertical axis of ttangit - one
attached to a vernier plate, and the other oneh& lbwer
horizontal plate.

d. Horizontal Plates: These are made up of the |gplse (or scale
plate) which is graduated in a clockwise directiang, the upper
horizontal plate (or the vernier plate) which casriwo verniers
with magnifiers for reading accurately the horizadrangles.

e. The Spirit Level: This is used to levelling thetisnents.

f. Standards: these are 2 frames for supportingdhedntal axis

g. Compass: This is used to guide the telescope tswvéne
magnetic north.

h. Telescope: This is fixed to the horizontal axisigiit angle.

Vertical Vernier: This is used to measure theigaltangle. It is
attached to the telescope and graduated ffhon3B0.

J- Index Bar or T- frame: This is centered on the zmntal frame of
the telescope. It carries a bubble called altitoglgble tube.
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40 CONCLUSION
You should take note of the fact that the theoddlids a higher degree
of accuracy than other surveying equipments so digcussed. In

surveying, the desired level of accuracy and pr@cisletermines the
equipment thus the type of surveying method deploye

50 SUMMARY

This unit discussed the meaning, uses of theodsliteey. The major
classes and parts of a typical survey were eqdalyussed

6.0 TUTOR-MARKED ASSIGNMENT

Explain theodolite survey.
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UNIT2  ADJUSTMENT OF THEODOLITE AND
CONTEMPORARY ISSUESIN SURVEYING
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3.1.2 Permanent Adjustment
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1.0 INTRODUCTION

This unit deals with an important element in the a$ the theodolite
which is its proper adjustment. It concludes bynexang the current
ISsues in surveying.

20 OBJECTIVES

At the end of this unit, you should be able to:

. list and explain the major methods of adjustirtjendolite
o enumerate the major contemporary issues in surgeyin

3.0 MAINCONTENT

3.1 Adjustment of the Theodolite

Two types of adjustment operations are carried ioué theodolite.
These are: temporal and permanent adjustments

3.1.1 Temporal Adjustments
These are carried out in any station before making observation.

Adjustments under this group, according to Okor@g@002) are
designed to:

60



ESM 421 MODULE 6

o center the theodolite over the station point by mseaf the tripod
legs of the stand and the plum bob

o make the vertical axis of the instrument trulytival

o set eyepiece so as to get a clear vision of thehdegm

o remove parallax with the help of the focusing sceaathat there

is relative motion between the object of the eyecpiand the
object glass

o set the magnifying glasses so that graduating szatebe read
clearly

o set the vertical arc vernier to read zero whendblémation is
truly horizontal.

3.1.2 Permanent Adjustment

This is carried out when the axis of the theoddbteut of order. This
can happen because while carrying out adjustmetiter adjustments
can be disturbed (Agor, 1993). This includes thesithent of the:

horizontal plate level
horizontal axis

telescope and telescope level
vertical circle index

3.2 Contemporary Issues

As mentioned earlier, the theodolite is more sdptaged than other
equipments discussed earlier in this course. s plairt of the unit, we
will discuss some of the issues that have emergatrevolve around
changes in equipments and approaches.

3.2.1 Analogue and Digital Technology

Generally, contemporary surveying have been gredtbred by recent
developments in electronics and computer capasliti digital
technology and survey instrumentations. These hesidted in new and
modern methods of surveying replacing conventi@mal old methods.
Digital technology in surveying refers to the apation of modern
digital equipments and computer aided devices rfopaing surveying
operations. This has made possible the automatibrsuoveying
operations. For an example, digital theodolite haplaced the
traditional micrometer theodolites. Field notebodkave now been
replaced by electronic storing devices that enfibld measurements to
be downloaded to the computer for precessing. Magtal surveying
equipments come with automatic storage devices eheman be
connected directly to the computer. Digital teclmgyl have brought
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more flexibility, higher levels ofefficiency andprocessing capabilitie
to surveying operatior

llb‘“‘@lﬂi

) Woea

\

:
p

Figure 6.2: Digital Theodol (Source: www.indiamart.cornr

3.2.2 Terminology and Nomenclature

To accommodate changes that have taken place weysngvin recen
years, new scientific terms and acronyhave evolved These includ
Geoinformation, Geoinformatics, Geographic InfonmatSystem; etc
These terms have become necessary as the expascope of
surveying has meant that the term surveying doelemgel adequatel
describe the profession thus the addition of thesas. Therefore, mo
tertiary institutions in Nigerienow bearthe name Geoinfomatics a
Surveying.  Kufoniyi (1999) quoted by Ndukwe (200dgfines
geoinformatics as a body of knowledge that death wie acquisition
processing and management of -information. Geanformation is ar
integrated approach to the quisition, analysis, distributiol
managements and application of spatially referendath (Ndukwe
2001). Geoinformatics is inherently multidiscipligaherefore include
concepts from remote sensing, geography, cartogragynputr
science, etc.

40 CONCLUSION

You should tak note of the fact that the theodolite has a higlegree
of accuracy than other surveying equipments so diacussed. |
surveyingthe desire level of accuracy and precision determines
equipment thus the type of survey method deployed.
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50 SUMMARY

This unit discussed the adjustment of that areeduwut on a theodolite.
It concludes by examining the contemporary issueshiinge emerged in
surveying.

6.0 TUTOR-MARKED ASSIGNMENT

1. List and explain the major methods of adjustingeotolite.
2. Enumerate the major contemporary issues in surgeyin
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