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FOREWORD

The Government of India has set an ambitious target of imparting skills to 30 crores people, one out of every
four Indians, by 2020 to help them secure jobs as part of the National Skills Development Policy. Industrial
Training Institutes (ITIs) play a vital role in this process especially in terms of providing skilled manpower.
Keeping this in mind, and for providing the current industry relevant skill training to Trainees, ITI syllabus
has been recently updated with the help of Mentor Councils comprising various stakeholder's viz. Industries,
Entrepreneurs, Academicians and representatives from ITls.

The National Instructional Media Institute (NIMI), Chennai, an autonomous body under Ministry of Skill
Development & Entrepreneurship is entrusted with developing producing and disseminating Instructional
Media Packages (IMPs) required for ITIs and other related institutions.

The institute has now come up with instructional material to suit the revised curriculum for Surveyor
1st Year Trade Practical NSQF Level -4 (Revised 2022) in Construction Sector under Annual Pattern.
The NSQF Level - 4 (Revised 2022) Trade Practical will help the trainees to get an international equivalency
standard where their skill proficiency and competency will be duly recognized across the globe and this will
also increase the scope of recognition of prior learning. NSQF Level - 4 (Revised 2022) trainees will also get
the opportunities to promote life long learning and skill development. | have no doubt that with
NSQF Level - 4 (Revised 2022) the trainers and trainees of ITls, and all stakeholders will derive maximum
benefits from these IMPs and that NIMI's effort will go a long way in improving the quality of Vocational
training in the country.

The Executive Director & Staff of NIMI and members of Media Development Committee deserve appreciation
for their contribution in bringing out this publication.

Jai Hind

Addl.Secretary/Director General (Training)
Ministry of Skill Development & Entrepreneurship,
Government of India.

New Delhi - 110 001
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PREFACE

The National Instructional Media Institute (NIMI) was established in 1986 at Chennai by then Directorate
General of Employment and Training (D.G.E & T), Ministry of Labour and Employment, (now under Ministry
of Skill Development and Entrepreneurship) Government of India, with technical assistance from the Govt.
of the Federal Republic of Germany. The prime objective of this institute is to develop and provide instructional
materials for various trades as per the prescribed syllabi (NSQF) under the Craftsman and Apprenticeship
Training Schemes.

The instructional materials are created keeping in mind, the main objective of Vocational Training under
NCVT/NAC in India, which is to help an individual to master skills to do a job. The instructional materials are
generated in the form of Instructional Media Packages (IMPs). An IMP consists of Theory book, Practical
book, Test and Assignment book, Instructor Guide, Audio Visual Aid (Wall charts and Transparencies) and
other support materials.

The trade practical book consists of series of exercises to be completed by the trainees in the workshop.
These exercises are designed to ensure that all the skills in the prescribed syllabus are covered. The trade
theory book provides related theoretical knowledge required to enable the trainee to do a job. The test and
assignments will enable the instructor to give assignments for the evaluation of the performance of a trainee.
The wall charts and transparencies are unique, as they not only help the instructor to effectively present a
topic but also help him to assess the trainee's understanding. The instructor guide enables the instructor to
plan his schedule of instruction, plan the raw material requirements, day to day lessons and demonstrations.

In order to perform the skills in a productive manner instructional videos are embedded in QR code of the
exercise in this instructional material so as to integrate the skill learning with the procedural practical steps
given in the exercise. The instructional videos will improve the quality of standard on practical training and
will motivate the trainees to focus and perform the skill seamlessly.

IMPs also deals with the complex skills required to be developed for effective team work. Necessary care
has also been taken to include important skill areas of allied trades as prescribed in the syllabus.

The availability of a complete Instructional Media Package in an institute helps both the trainer and
management to impart effective training.

The IMPs are the outcome of collective efforts of the staff members of NIMI and the members of the Media
Development Committees specially drawn from Public and Private sector industries, various training institutes
under the Directorate General of Training (DGT), Government and Private ITls.

NIMI would like to take this opportunity to convey sincere thanks to the Directors of Employment & Training
of various State Governments, Training Departments of Industries both in the Public and Private sectors,
Officers of DGT and DGT field institutes, proof readers, individual media developers and coordinators, but for
whose active support NIMI would not have been able to bring out this materials.

Chennai - 600 032 EXECUTIVE DIRECTOR
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INTRODUCTION
TRADE PRACTICAL

The trade practical manualis intended to be used in practical workshop. It consists of a series of practical
exercises to be completed by the trainees during the 1% Year Course of Surveyor under Construction
Sector. Trade supplemented and supported by instructions / informations to assist in performing the
exercises. These exercises are designed to ensure that all the skills in compliance with NSQF
LEVEL -4 (Revised 2022) syllabus are covered. The manual is divided into Ten modules.

Module 1 - Safety

Module 2 - Basic Engineering Drawing
Module 3 - Chain Surveying

Module 4 - Compass surveying
Module 5 - Computer Aided Drafting
Module 6 - Plane Table Surveying
Module 7 - Theodolite

Module 8 - Levelling

Module 9 - Road Project Survey
Module 10 - Perform AutoCAD Drawing

The skilltraining in the shop flooris planned through a series of practical exercises centered around some
practical project. However, there are few instances where the individual exercise does not form a part of
project.

While developing the practical manual, a sincere effort was made to prepare each exercise which will be
easytounderstand and carry outeven by below average trainee. However the developmentteam accept that
thereis a scope for furtherimprovement. NIMI looks forward to the suggestions from the experienced training
faculty forimproving the manual.

TRADETHEORY

The manual of trade theory consists of theoretical information forthe Course of the Surveyor Trade. The
contents are sequenced according to the practical exercise contained in NSQF LEVEL -4 (Revised 2022)
syllabus on Trade Practical. Attempt has been made torelate the theoretical aspects with the skill covered
in each exercise to the extent possible. This correlation is maintained to help the trainees to develop the
perceptional capabilities for performing the skills.

The trade theory has to be taught and learnt along with the corresponding exercise contained in the manual
on trade practical. The indications about the corresponding practical exercises are given in every sheet
of this manual.

It will be preferable to teach/learn trade theory connected to each exercise at least one class before
performing the related skills in the shop floor. The trade theory is to be treated as an integrated part of
each exercise.

The material is not for the purpose of self-learning and should be considered as supplementary to class
roominstruction.




CONTENTS

( Exercise No. Title of the Exercise Learning| Page No. A
Outcome

Module 1 : Safety
1.1.01 List of Instruments and equipment to be used in the trade 1
1.1.02 Occupational safety and health 7
1.1.03 Introduction of safety equipments & uses 8
1.1.04 Elementary first aid - And Health safety 13
1.1.05 Personal protective equipment (Occupational Safety) 19
1.1.06 Safety signs Danger 1 21

Module 2 : Basic Engineering Drawing
1.2.07 Use of drawing instrument and equipment with care (line, angle

and patterns) 31
1.2.08 Method of fixing drawing sheet 40
1.2.09 Layout of different size of drawing sheet and folding of sheets 42
1.2.10 To print letters single stroke and double stroke by freehand 2

IN 7:4 and 5:4 & dimensioning 44
1.2.11 To draw types of convention lines 45
1.2.12 Construction of plane geometrical figures 3 47
1.213 To construct plain scale,comparative scale and diagonal scale 4 58
1.2.14 To construct vernier scale 60
1.2.15 Symbols for Materials and survey 5 61
1.2.16 Free hand sketching of instruments 63

Module 3 : Chain Surveying
1.3.17 Practice on Unfolding, stretching and folding of metric chain 66
1.3.18 Practice on testing of chain, tape, optical square and cross staff 68
1.3.19 Practice on ranging 6 70
1.3.20 Practice in Offsetting in chain surveying 73
1.3.21 Practice on chaining is free but vision obstructed 77
1.3.22 Practice on Ranging and chaining in sloping ground 81
1.3.23 Practice on Chain survey around a given small building by

triangulation and traversing 82
1.3.24 Plot and calculate the area of the given closed polygonal shape of

field ABCDE & F on a ground by cross staff 89
1.3.25 Practice on Chain survey to an open land for layout plots 91

Module 4 : Compass surveying
1.4.26 Centering of compass/Temporary adjustment of compass 7 92
1.4.27 Determine the bearings of a given line AB 93
1.4.28 Observe the bearings of a given triangular plot of ABC and calculate

the included angles 96
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4 Exercise No. Title of the Exercise Learning | Page No. h
Outcome

1.4.29 Observe the bearings of a given hexagonal plot of ABCDEF

and calculate the included angles 97

Module 5 : Computer Aided Drafting
1.5.30 Understanding computer 8 100

Module 6 : Plane Table Surveying
1.6.31 Demonstration of instrument used for plane table surveying & their

uses (alidade, U fork, trough compass) Set up the plane table 117
1.6.32 Practice the method of plane tabling by radiation method 120
1.6.33 Determination of height by telescopic alidade 123

Module 7 : Theodolite 10
1.7.34 Practice to setup of theodolite 124
1.7.35 Reading the vernier and booking 126
1.7.36 Perform permanent adjustment of Theodolite - 1 (Plate level test) 127
1.7.37 Measurement of horizontal angle by various methods

(Ordinary method) 131
1.7.38 Setting out an angle (Ordinary method) 136
1.7.39 Measurement of vertical angle (Angle of elevation) 137
1.7.40 Prolongation of line by various methods (Method - 1) 140
1.7.41 Determination of height of an inaccessible object by theodolite

(Single plane method) 143
1.7.42 Traversing (closed & open) using Theodolite & tape/chain (Open

traverse different angle) 144
1.7.43 Measurement of horizontal angle and bearing of line 148
1.7.44 Computation of Co ordinate from the bearing angle and length 11 149
1.7.45 Preparation of gales traverse table 150
1.7.46 Computation of area using co-ordinates (Gales traverse) 152
1.7.47 Determine omitted measurement 154

Module 8 : Levelling
1.8.48 Practice in setting up of dumpy level and performing temporary

adjustments 157
1.8.49 Practice in staff reading 160
1.8.50 Practice in Simple levelling 162
1.8.51 Practice Differential levelling (fly levelling) 12 163
1.8.52 Practice in Reciprocal levelling 164
1.8.53 Carryout levelling field book 165
1.8.54 Equate reduction of level (Rise and fall method and height of

collimation method) comparison of method 167
1.8.55 Solve problems on reduction of levels (R L) 169
1.8.56 Practice levelling with (auto/digital level) 170
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1.8.57 Practice profile levelling or longitudinal and cross section levelling -
plotting profile 171
1.8.58 Check levelling 173
Module 9 : Road Project Survey
1.9.59 Road Project : Reconnaissance Survey 175
1.9.60 Road Project :Preliminary Survey 13 176
1.9.61 Road Project : Location Survey 177
1.9.62 Profile of longitudinal of levelling and plotting 178
Module 10 : Perform AutoCAD practicing
1.10.63 Prepare traverse drawing using Auto Cad (Co - ordinate system) 186
1.10.64 Prepare a simple building 14 188
1.10.65 Drawing using Auto Cad (Starting a drawing) 290
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[ LEARNING / ASSESSABLE OUTCOME ]

On completion of this book you shall be able to

SI.No. Learning Outcome Exercise No.
1 Concept ofdrawing & sheet layout following safety
precautions 1.1.01-1.2.09
2 Draw lettering & numbering applying drawing
instruments 1.210&1.2.11
Draw plain geometricalfigures, curves & conics 1.2.12
4 Constructplainscale, diagonal scale, comparative
scale, vernierscale 1.2.13&1.2.14
5 Draw conventional sighs & symbols used in surveying 1.2.15&1.2.16
6 Perform site survey using chain/ tape & prepare a
site plan 1.3.17-1.3.25
7 Performthe site survey using prismatic compass 1.4.26-1.4.29
8 Perform AutoCAD drawing 1.5.30
9 Performthe site survey using plane table 1.6.61-1.6.33
10 Performtheodolite survey 1.7.34-1.7.41
11 Performtraverse survey by Theodolite & prepare
asitemap 1.7.42-1.7.47
12 Determine of R.L & heights of different points by
levellinginstruments 1.8.48 - 1.8.58
13 Performaroad project survey 1.9.59-1.9.62
14 Perform AutoCAD drawing (single story building) 1.10.63-1.10.65
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SYLLABUS

Duration

Reference Learning
Outcome

Professional Skills
(Trade Practical)
with Indicative hours

Professional Knowledge
(Trade Theory)

Professional

Concept of drawing &

1. Demonstrate of tools &

Importance of safety and general

Skill 56 Hrs.; | sheet layout following equipment used in the trade. | precautions related to the trade.
Professional | S2f€ty precautions. (6hrs.) All necessary guidance to be
Knowledge 2. Occupational safety & Health. | Provided to the newcomers to
12 Hrs. (6 hrs.) become familiar with the working of
) ITI system.
3. Introduction of safety
: . Importance of survey or trade
equipments and their uses.
(10 hrs.) Job after completion of training.
4. Introduction of first aid, health, | Intrduction of Firstaid.
safety & environmental Job responsibility of the trade.
guidelines, legislations & | = Overview the subject to be
regulations as applicable. (8 hrs.) taught.
5. Personal Protective Equipment | * List of the instrument
(PPE). (8 hrs.) equipments to be used during
i o training
6. Hazard identification and .
. ; » Layout of drawing sheet
avoidance, Safety signs for
Danger. (4 hrs.) » Dimensions of drawing sheet.
12 Hrs.
7. Use of drawing instruments and ( )
equipments with care. (4 hrs.)
8. Method of fixing of drawing sheet
on drawing board. (2 hrs.)
9. Layout of different size of drawing
sheet and folding of sheets.
(8 hrs.)
Professional | Draw  lettering & | 10.Lettering & numbering (Single & | Details layout of lettering, lines &
Skill56 Hrs.; | numbering  applying double stroke) (30hrs.) dimensioning system. (18Hrs.)
Professional | drawing instruments. 11. Types of lines and dimensioning.
Knowledge (26hrs.)
18 Hrs.
Professional | Draw plain geometrical | 12.Construction of plain | Introduction of surveying, types of
Skill 28Hrs.; | figures, curves & conics geo.metrical figures, curves & | surveying, use, application principal.
Professional conics. (28 hrs.) (06 Hrs.)
Knowledge
06Hrs.
Professional | Construct plain scale, | 13.Drawing of: - Knowledge of different types of
Skill 28Hrs.; | diagonal scale ) ) scales, determine of R.F & uses of
i | .| 14.Construction of scales - plain, | gcgles (8Hrs.)
Professional | CoMparative scale, vernier diagonal, vernier. (28 hrs.) ' '
Knowledge scale.
08Hrs.
Prcl)fessiona_l Draw conventional signs| 15 Drawing of conventional signs & | Use & application of conventional
Skill 28Hrs.; | & symbols used in|  symbols (10hrs.) signs & symbols. (06 Hrs.)
i surveying.
Professional ying 16.Free hand sketch of liner
Knowledge measurement instruments
06 Hrs.

(18 hrs.)




Professional
Skill 84 Hrs.;

Professional
Knowledge
18Hrs.

Perform site survey using
chain/ tape & prepare a site
plan.

17.Practice of folding & unfolding of
chain. (5 hrs.)

18.Equipment and instrument used to
perform surveying & testing of
chain. (5 hrs.)

19.Ranging (direct/ indirect) & distance
measure with chain/ tape. (10 hrs.)

20.Offset taking & entering field book.
(6 hrs.)

21.0vercoming obstacles in chaining.
(6 hrs.)

22.Chaining on sloping ground.
(10 hrs.)

23.Conduct a chain survey of a small
area with all details and plotting the
map. (20hrs.)

24.Calculating the area of site. (6 hrs.)

25.Prepare a site plan by the help of
chain / tape. (16hrs.)

Uses of Chain/ tape, testing of a
chain & correction. Ranging (direct
& indirect), Principle of chain
survey, application. Terms used in
chain survey,

Offset, types of offsets, limit of
offset, field book, types of field book,
entry of field book method of
chaining in slopping ground.

Field procedure of chain survey
errors in chain survey, plotting
procedure.

Calculation of area (regular &
irregular figure)

Knowledge of site plan. (18hrs.)

Professional
Skill 112
Hrs.;

Professional
Knowledge
24 Hrs.

Perform the site survey
using prismatic compass

26. Temporary adjustment of prismatic
compass. (10 hrs.)

27.Measure fore & back bearing of a
line. (10 hrs.)

28.Measure true bearing of a line.
(20 hrs.)

29.Prepare a closed & open traverse
using prismatic compass measure
the bearings, entry into field book,
calculation of correct bearing and
adjust. (Local attraction),
determine the closing error and
adjust. Plotting the same. (72hrs.)

Basic terms used in compass
survey.

Instrument & it setting up.
Conversion of bearing web to R.B.

Calculation of included angle from
bearing local attraction, magnetic
declination and true bearing,
closing error.

Adjustment of closing error,
precaution in using prismatic
compass. (24 hrs.)

Professional
SKkill 28
Hrs.;

Professional
Knowledge
O6Hrs.

Perform Auto CAD drawing

30.Practice with AutoCAD using
commands (28 hrs.)

Introduction to Auto CAD. Use
AutoCAD command. (06 hrs.)

Professional
SKkill 84
Hrs.;

Professional
Knowledge
18Hrs.

Perform the site survey
using the plane table.

31.Demonstration of instrument used
for plane table surveying &their
uses (alidade, U-fork, trough
compass)

Set up the plane table (24hrs.)
* Centring

* Levelling

* Orientation

32.Practice the method of plane tabling
(40hrs.)

¢ Radiation

Plane table survey, principle, merits
& demerits

Instrument used in plane table
survey setting up the plane table.
(centering, levelling, orientation)

Methods of plane table survey
(radiation, intersection, resection,
traversing)

Error in plane table survey. (18hrs.)

(xii)




* Intersection
* Resection
» Traversing

33.Determination of height by telescopic
alidade (20 hrs.)

Professional
Skill56 Hrs.;

Professional
Knowledge
18Hrs.

Perform Theodolite

survey.

34.Practice to
Theodolite(05hrs.)

35.Reading the vernier& booking (hor./
ver.)Angle. (0O5hrs.)

set the

up

36.Perform permanent adjustment of
Theodolite(05hrs.)

37.Measurement of horizontal angle by
various methods. (10hrs.)

38.Setting out the angles. (5hrs.)

39.Measurement of vertical angle,
deflection angle (10 hrs.)

40.Prolongation of line by various
methods. (8hrs.)

41.Determination of height of
inaccessible object by Theodolite.
(8hrs.)

Introduction to Theodolite.

Types of Theodolite, parts of
Theodolite, Terms used in
Theodolite survey. Temporary
adjustment of Theodolite, Angle
measurement process. Reading of
angles, field book entry of
measured angles.

Permanent adjustment
Theodolite. (18hrs.)

of

Professional

Perform traverse survey by

42.Traversing (closed & open) using

Traversing using theodolite (closed

Skill 84Hrs.; | Theodolite & prepare a site Theodolite & tape/chain (15hrs.) | & open), traverse computation,
Professional | "2P- 43.Measurement of horizontal angles & dete;rpmtahon_ %f con(sj,ectjtlve
Knowledge bearingofaline. (15hrs.) coordinates, independent co-
24Hrs _ _ ordinate, checking & balancing of
: 44.Computation of coordinates fromthe | traverse, preparation of gales
bearing, angle length. (15 hrs.) traverse table, computation of area
45. Preparation of gales traverse table | USing co-ordinates, calculation of
omitted measurement (24hrs.)
(15hrs.)
46.Computation of area using co-
ordinates (15 hrs.)
47.Determine omitted measurements
(09 hrs.)
Professional | Determine of RL and |48.Practice in setting up of dumpy level| Introduction to levelling.
Skill 84Hrs.; | heights of different points and performing temporary L
> . ; Types of levelling instrument.
, by levelling instruments. adjustments (10 hrs.)
Professional Technical t dinlevell
Knowledge 49.Practice in staff reading(05hrs.) echnicatterms usedinieveting
18Hrs. 50.Practice in simple levelling (10 hrs.) Te.mporary & permanent
adjustment.

51.Practice differential levelling (fly
levelling) (10 hrs.)

52.Practice reciprocal levelling. (10hrs.)
53.Carryout levelling field book. (02hrs.)

54.Equate reduction of level (rise fall
method, height of instrument
method) comparison of method.
(10hrs.)

Different types of levelling
Entry of level book.
(Reduced level calculation method)

Curvature & refraction effect

sensitivity of bubble tube.
Common error and their
elimination.

Degree of accuracy. (18hrs.)

(xiii)




55.Solve problems on reduction of
level. (02hrs.)

56.Practice levelling with (auto / digital
level) (10hrs.)

57.Practice profile levelling or
longitudinal & cross section
levelling, plotting the profile.
(10 hrs.)

58.Check levelling (05hrs.)

Professional

Perform a road project

59.Road project reconnaissance.

Types of surveys for location of a

Skill 56Hrs.; | survey. (5hrs.) road. Points to be considered
. ) - during reconnaissance survey.
Professional | shift 60.Preliminary survey. (10 hrs.) Classification of roads and terms
Knowledge : . , , . . ) .
61.Final location survey including | used in road engineering, alignment
12Hrs. . A
preparation of route map. (21 hrs.) | of roads relative importance of
. P length of road, height of
62.Profile or longitudinal &cross- .
sectional levelling & plotting. embankment erth o cuttlng &
(20hrs.) filling, road gradients super elevation
etc. (12hrs.)
Professional | Perform AutoCAD drawing | 63.Prepare traverse drawing using |Use AutoCAD command for
SKkill 56| (single story building) Auto cad. (10 hrs.) drawings. (18hrs.)
Hrs.; 64.Prepare a simple building (20 hrs.)
Professional . .
Knowledge 65.Drawing using Auto cad. (26 hrs.)
12Hrs.

(xiv)




Construction Exercise 1.1.01
Surveyor - Safety

List of Instruments and equipment to be used in the trade

Objective: At the end of this exercise you shall be able to
* list the instrument & equipment used in the trade.

In addition to drawing equipment the following survey instruments.

1 Metallic tape / invar tape 11 Compass (Prismatic)

2 Steeltape 12 Plane Table with Accessories

3 Chain (Engineers) - 20m, 30m 13 Levelling Instrument & staff accessories
4 Ranging rods 14 Theodolite Tachometry

5 Arrows 15 Minor instruments

6 Cross staff (Wood) 16 Digital Theodolite

7 Cross staff (Metal) 17 Total station

8 Cross staff (French) 18 Remote sensing

9 Optical square 19 GPS

10 Planimeter etc...... 20 CAD ....... Etc.,



Tools and equipments used in the trade

Objectives: At the end of this exercise you shall be able to
« demonstrate the chain survey instruments

+ demonstrate plane table instruments

« demonstrate levelling instruments

Instructor should demonstrate how to unfold the chain and flod the chain and state the safety precaution.
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Construction
Surveyor - Safety

Exercise 1.1.02

Occupational safety and health

Objectives: At the end of this exercise you shall be able to

 define occupational safety and health

« state the importance of safety and healthy at workplace
+ state the role of employer, trade union & employee for health & safety program.

Occupational Safety and Health (OSH) is an area
concerned with protecting the safety, health and welfare
of people engaged in co-workers, family members,
employees, customers and many others who might be
affected by the workspace environment.

Workspace safety: Owner/occupier of industries have to
comply with legal direction to take care for the safety,
health and welfare of their employees. Equally the workers
have moral responsibilities to follow all safety norms and
healthy on the shop - floor. (Fig 1)

Fig 1

)
==
)

[COMPETENCE]

AWARENESS ]

[ ATTITUDES

BEHAVIOUR ]

SUN1102H1

Occupational health: Health at work is also called
occupational health. It is concerned with enabling an
individual to undertake their day to day work fully knowing
the health hazards they are exposed to and preventing
them at the workspace.

Good safety and health practices can also reduce
employee injury and illness related costs, including
medical care, sick leave and disability benefit costs.
(Fig2)

Fig 2

SUN1102H2

The joint ILO/WHO committee on occupational health
(1995) main focus in occupational health is on three
different objectives.

The maintenance and promotion of worker’s health and
working capacity.

The improvement of working environment and work to
become conductive to safety and health.

Development of work organization and working cultures
in a direction which supports health and safety at work
and in doing so also promotes a positive social climate
and may enhance productivity of the undertakings.

Employment and working conditions in the formal or
informal economy embrace other important determinants,
including working hours, salary, workspace policies
concerning maternity leave, health promotion and
protection provisions etc.

The health of the workers has several determinants,
including risk factors at the workspace leading to
accidents, musculoskeletal diseases, respiratory
diseases, hearing loss, circulatory diseases, stress related
disorders and communicable diseases and others.

Creating safe and healthy working conditions is challenge
to all industries, as the new technologies and new patterns
of work are fast growing. The challenges, changes
resulting new risks and disorders are many. When safety
and health measures are not followed or fail, accidents,
injuries, diseases and even deaths may occur.

Victims of workspace injuries and occupational diseases
have to be compensated properly. Prevention actions at
workspace are needed so that similar cases will be
prevented. The industries and the working population and
their families including the dependent population will
benefit from the good practice of occupational safety and
health.

Safety problems in work settings range from immediate
threats like toxic substances and grievous bodily injuries
to subtle progressive dangers such as repetitive motion
injuries, high noise levels, and air quality. In general,
workplace hazards can be categorized into three groups:

1 Chemical hazards, in which the body absorbs toxins.

2 Ergonomic hazards, in which the body is strained or
injured, often over an extended period, because of
the nature (design) of the task, its frequency, or
intensity.

3 Physical hazards, in which the worker is exposed to
harmful elements or physical dangers, such as heat
or moving parts.



Construction
Surveyor - safety

Exercise 1.1.03

Introduction of safety equipments & uses

Objectives: At the end of this exercise you shall be able to

 practice and follow the preventive safety rules to avoid electrical accident
* perform the immediate steps to save the electric shocked victim
 practice safe methods of the fighting in case of electrical fire

Requirements

Materials
* Heavy insulated screw driver 200mm -1 No. *  Wooden stool -1 No.
» Electrical safety chart (or) display -1 No. * Ladder -1 No.
*  Gloves -1 No. « Safety belt -1 No.
+  Rubber mat -1No.

PROCEDURE

TASK 1: Practice and follow the preventive safety rules to avoid electrical accident

1

Do not work on live circuits if unavailable use rubber
gloves or rubber mats, etc.

Do not touch bare conductors.

Stand on a wooden stool or an insulated ladder while
repairing live electrical circuits/appliances or replacing
fused bulbs.

Stand on rubber mats while working, operating switch
panels, control gears, etc.

Use safety belts always, while working on poles or
high rise points.

Use wooden or PVC insulated handle screw drivers
when working on electrical circuits.

Replace (or) remove fuses only after switching off the
circuit switches.

8 Open the main switch and make the circuit dead.

9 Do not stretch your hands on any moving part of rotating
machine and around moving shafts.

10 Use always earth connection for all electrical appliances
along with 3 - pin sockets and plugs.

11 Do not connect earthing to the water pipe lines.
12 Do not use water on electrical equipment.

13 Discharge static voltage in HV lines/ equipment and
capacitors before working on them.

14 Keep the workshop floor clean and tools in good
condition.

TASK 2: Perform the immediate steps to be taken to solve the shocked victim

Proceed with treatment at once without panic emotion.

Break the contact either by switching off the power or
removing the plug or wrenching the cable free.

Remove the victim from contact with the live conductor
by using dry non- conducting materials such as
wooden bar. (Figs 1 & 2)

Avoid direct contact with the victim. Wrap
your hands in dry material if rubber gloves
are not available. If you remain un insulated,
do not touch the victim with your bare hands.

Fig 1

SUN1103H1




UNPLUG THE
SUPPLY

INSULATE YOURSELF AND PULL
THE VICTIM AWAY FROM SUPPLY

\
R
SUN1103H2

4 Keep the patient warm and at mental rest.

8 Cover the burnt area with running pure water.

9 Clean the burnt area by using clean cloth/ cotton.
10 Send a person to call the doctor immediately.

In case of severe bleeding

11 Lay the patient lie down and rest.

12 Raise the injured part above the level of the body.
(If possible)

13 Apply pressure on the wound as long as necessary to
stop the bleeding. (Fig 4)

Ensure of good air circulation and comfort. Call
for help to shift the patient to safer place. If
the victim is aloft action to be taken to prevent
him from falling.

5 Loosen the clothing about the neck chest and waist
and place in recovery position. If the victim is
unconscious.

6 Keep the victim warm and comfortable. (Fig 3)

Fig 3

SUN1103H3

7 Send the person to call doctor, in case of electric burns.

Fig 4
DIRECTION OF
PRESSURE

SUN1103H4

14 Apply a clean pad and bandage firmly, if it is large
wound. (Fig 5)

Fig5
DRESSING CLOTH

SUN1103H5

If the victim gets electrical burns due to shock,
burns are very painful and dangerous. If a large
area of the body is burnt give no treatment.
But do the first aid as given below.

If bleeding is severe apply more than one
dressing.

14 Proceed to perform the right methods of artificial
respiration.

TASK 3: General procedure to be adopted in the event of electrical fire

1 Raise an alarm. Follow the method written below for
giving an alarm signals when fire breaks out.

— By raising your voice shouting Fire! Fire! to call the
attention of others

— Running towards fire alarm/bell to actuate it

— Other means

— Switch off the control main switch (if possible)
2 On receipt of the alarm signal:

— Stop working

— Turn off all machinery and power

— Switch off fans/air circulators/exhaust fans. (Bette
switch off the sub - main)

3 Ifyou are notinvolved in fighting the fire:
— Leave calmly using the emergency exit.

— Evacuate the premises
— Assemble at a safe place along with the others

Check, if anyone has gone to inform about the fire
break to the concerned authority

— Close the doors and windows, but do not lock or
bolt

As a member of the fire - fighting team
4 Ifyou are involved in fire fighting:

— Take instructions for an organised way of fighting
the fire.

If taking instructions, then follow the instructions,
and obey, if you can do so safely; do not risk getting
trapped.

— Do notinitiate your own idea.
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As a leader of the group

If giving instructions:

Select CO, fire extinguisher

Send for sufficient assistance and inform the fire
has brigade

Locate locally available suitable means to put out
the fire

Judge the magnitude of the fire, ensure emergency
paths are clear of obstructions and then attempt
evacuate (Remove explosive material substances
that can serve as a ready fuel for fire with the vicinity
of the fire break)

Use of fire extinguishers

5 Report the fire accident and the measures taken to

— Fight out the fire with assistance to put it out, by

naming the person responsible for each activity.

put out the fire, to the authorities concerned.

Reporting all fires however small helps in the

Investigation of the cause of the fire. It helps
to prevent the same kind of accident occurring
again.

Objectives: At the end of this exercise you shall be able to

* select the fire extinguisher according to the type of fire
» operate the fire extinguisher
» extinguish the fire.

1 Alert people surrounding by shouting fire, fire, fire when 4 Put "Off" electrical power supply.
observe fire (Fig 1a & b). -
Do not allow people to go nearer to the fire.
2 Inform fire service or arrange to inform immediately
(Fig 1c). 5 Analyze and identify the type of fire. Refer Table1.
3 Open emergency exist and ask them to go away 6 Assume the fire is D type (Electrical fire).
(Fig 1d).
Fig 1
3
(b) (d) :
10 Construction: Surveyor (NSQF - Revised 2022) - Exercise 1.1.03



Table 1

Fig 2
CLOT
Class 'A": Wood, paper, cloth, solid material WOOoD
PAPER
3
:
3
Fig 3 CLASS 'B' FIRE
Class 'B": Qil based fire (grease, gasoline, oil) &
liquefiable solids
@
I
g
%
%]
Fig 4
Class'C": Gas and liquefied gases
3
g
LIQUIFIED GAS GAS §
3
Class'D": Metals and electrical equipment
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SONNEL
2
g
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[
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Select CO, (carbon dioxide) fire extinguisher.

Locate and pick up CO, fire extinguisher. Check for its
expiry date.

9 Break the seal. (Fig 6)

Fig6

SUN1104H6

10 Pull the safety pin from the handle (Fig 7) (Pin located
at the top of the fire extinguisher) (Fig 7)

Fig 7

SUN1104H7

11 Aim the extinguisher nozzle or hose at the base of the
fire (this will remove the source of fuel fire) (Fig 8)

Keep your self low.

12 Squeeze the handle lever slowly to discharge the agent
(Fig 8)

SUN1104H8

13 Sweep side to side approximately 15 cm over the fuel
fire until the fire is put off. (Fig 9)

Fig 9

SUN1104H9

Fire extinguishers are manufactured for use
from the distance.

Caution
¢ While putting off fire, the fire may flare up.
* Do not be panic so long as it put off promptly

e Ifthe fire doesn't respond well after you have used up
the fire extinguisher move away yourself away from
the fire point.

¢ Do not attempt to put out a fire where it is emitting
toxic smoke, leave it to the professionals.

¢ Remember that your life is more important than
property. So don't place yourself or others at risk.

In order to remember the simple operation of
fire extinguisher

Remember

P.A.S.S. This will help to use fire extinguisher
P for pull

A for aim

S for squeeze

S for sweep
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Construction Exercise 1.1.04
Surveyor - Safety

Elementary first aid - And Health safety

Objectives: At the end of this exercise you shall be able to

» prepare the victim for elementary first aid

» prepare the victim to receive artificial respiration

» disconnecting a person (mock victim) from a live supply (stimulated)

* resuscitate the victim by Nelson’s are - Lift back pressure method, Schafer’s method, mouth-to-mouth
method and Mouse to nose method.

Requirements

Equipment/Materials

No.of Person (Instructor can divide the trainees in suitable No.of groups) -20 Nos.

PROCEDURE

Assumption - For easy manageability, Instructor arrange the trainees in group and ask each group to
perform one method of resuscitation.

TASK 1: Prepare the victim before giving first aid treatment

1 Loosen the tight clothing which may interfere with the 3 Bring the victim safely to the level ground, taking
victim’s breathing. (Fig 1) necessary safety measures. (Fig 3)
Fig 1 Fig 3

INJURED PARTS

SUN1104J1
SUN1104J3

2 Remove any foreign materials or false teeth from his

mouth and keep the victim’s mouth open. (Fig 2) Do not waste too much time in loosening the
clothes or trying to open the tightly closed
Fig 2 mouth.

4 Avoid violentoperations to preventinjury tothe internal
parts of the victim.

SUN1104J2

TASK 2: Prepare the victim to receive artificial respiration
1 If breathing has stopped, apply immediate artificial 2 Send word for professional assistance. (If no other

respiration. personis available, you stay with the victim and render
help as best as you can)

13



3 Look for visible injury in the body and decide on the
suitable method of artificial respiration.

4 Have you observed ? (In this case you are told by the
instructor.)

5 Inthe case of injury/burns to chest and/or belly follow
the mouth to mouth method.

In case the mouth is closed tightly, use Schafer's or
Holgen—Nelson method.

In the case of burn and injury in the back, follow
Nelson's method.

Arrange the victim in the correct position for giving
artificial respiration.

TASK 3: Disconnecting a person (mock victim) from a live supply (simulated).

Fig 1

/— BUS BAR
===\

400V

N DANGER I

ISOLATOR

MOTOR
RUBBER MAT, >

SUN1104X1

1 Observethe person (mock victim) receiving an electric
shock. Interpret the situation quickly.

2 Remove the victim safety fromthe ‘live” equipment by
disconnecting the supply or using one of the items of
insulating material.

Do not run to switch off the supply that is far
away.

Do not touch the victim with bare hands until
the circuit is made dead or the victim is
moved away from the equipment.

Push or pull the victim from the point of
contact of the live equipment, without
causing serious injury to the victim.

5

Move the victim physically to a nearby place.

Check for the victim's natural breathing and
consciousness.

Take steps to apply respiratory resuscitation if the
victim is unconscious and not breathing.

TASK 4: Resuscitate the victim by Nelson’s arm - Lift back pressure method

Nelson’s arm-lift back pressure method must
not be used in case there are injuries to the
chest and belly.

1 Placethevictim prone (thatis face down)with hisarms
folded with the palms one over the other and the head
resting on his cheek over the palms.

2 Kneel on one or both knees near the victim’s hand.

3 Place your hands on the victim’s back beyond the line
of the armpits,with your fingers spread outwards and
downwards, thumbs just touching each other as in
Fig 2.

4 Gently rock forward keeping your arms straight until
they are nearly vertical, and steadily pressing the
victim’s back as shown in Fig 3 to force the air out of
the victim’s lungs.

5 Synchronise the above movementof rocking backwards
with your hands sliding downwards along the victim’s
arms, and grasp his upper arm just above the elbows
as shown in Fig 4. Continue to rock backwards.

6 As you rock back, gently raise and pull the victim’s
arms towards you as shown in Fig 5 until you feel

tension in his shoulders. To complete the cycle, lower
the victim’s arms and move your hands up to the initial
position.

Continue artificial respiration till the victim begins to
breathe naturally. Please note, in some cases, itmay
take hours.

Fig 2

HEAD RESTING ON
CHEEK OVER THE
PALMS

HANDS ON THE
BACK BEYOND LINE
OF ARMPIT

ARMS FOLDED

SUN1104X2
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Fig 3

ARMS STRAIGHT AND
NEARLY VERTICAL

BACK PRESSED

SUN1104X3

Fig 4

HANDS DOWNWARDS

GRASP THE UPPER ARMS
JUST ABOVE THE
ELBOWS.

SUN1104X4

TASK 5: Resuscitate the victim by Schafer’s method

Do not use this method in case of injuries to
victim on the chest and belly.

1 Lay the victim on his belly, one arm extended direct
forward, the other arm bent at the elbow and with the
face turned sideward and resting on the hand or
forearm as shown in Fig 6.

Fig6

THUMB ALONG

FINGERS
MOUTH AND

NOSE OPEN

LITTLE FINGER
ALONG LOWEST

SUN1104X6

2 Khneelastride the victim, so thathis thighs are between
yourknees and with your fingers and thumbs positioned
as in Fig 6.

3 With the arms held straight, swing forward slowly so
thatthe weight of yourbody is gradually broughtto bear
upon the lower ribs of the victim to force the air out of
the victim’s lungs as shown in Fig 7.

ARMS PULLED

SUN1104X5

8 When the victim revives, keep the victim warm with a
blanket, wrapped up with hot water bottles or warm
bricks; stimulate circulation by stroking the insides of
the arms and legs towards the heart.

9 Keep himinthelying down position and do notlet him
exert himself.

Do not give him any stimulant until he is fully
conscious.

Fig 7

WEIGHT OF THE
BODY ON PALM
OF THE HAND

ELBOWS STRAIGHT
THIGHS AND ARMS
PERPENDICULAR TO
THE GROUND

SUN1104X7

4 Now swing backward immediately removing all the

pressure from the victim’s body as shown in Fig 8,
thereby, allowing the lungs to fill with air.

SUN1104X8
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5 Aftertwoseconds, swing forward again and repeatthe
cycle twelve to fifteen times a minute.

6 Continue artificial respiration till the victim begins to
breathe naturally.

TASK 6: Resuscitate the victim by mouth-to-mouth method

1 Lay the victim flat on his back and place a roll of
clothing under his shoulders to ensure that his head is
thrown well back. (Fig 9)

Fig 9

SUN1104X9

2 Tilt the victim’s head back so that the chin points
straight upward. (Fig 10)

Fig 10

SUN1104XA

3 Graspthe victim’s jaw as shownin Fig 11, and raise it
upward until the lower teeth are higher than the upper
teeth; or place fingers on both sides of the jaw near the
ear lobes and pull upward. Maintain the jaw position
throughoutthe artificial respiration to preventthe tongue
from blocking the air passage.

Fig 11

CHIN STRAIGHT
UPWARDS

LOWER TEETH ARE
HIGHER THAN
UPPER TEETH

HEAD BACK

SUN1104XB

4 Take a deep breath and place your mouth over the
victim’s mouth as shown in Fig 12 making airtight
contact. Pinch the victim’s nose shut with the thumb
and forefinger. If you dislike direct contact, place a
porous cloth between your mouth and the victim’s.
For an infant, place your mouth over his mouth and
nose. (Fig 12)

Fig 12

AIRTIGHT
CONTACT OF
TWO MOUTHS

SUN1104XC

5 Blow into the victim’s mouth (gently in the case of an
infant) until his chest rises. Remove your mouth and
release the hold onthe nose, to let him exhale, turning
your head to hear the rushing out of air. The first 8 to
10 breathings should be asrapid as the victim responds,
thereafter the rate should be slowed to about 12 times
a minute (20 times for an infant).

If air cannot be blown in, check the position of
the victim’s head and jaw and recheck the
mouth for obstructions, then try again more
forcefully. If the chest still does not rise, turn
the victim’s face down and strike his back
sharply to dislodge obstructions.

Sometimes air enters the victim’s stomach as
evidenced by a swelling stomach. Expel the
air by gently pressing the stomach during the
exhalation period.

TASK 7: Resuscitate the victim by Mouth-to-Nose method

Use this method when the victim’s mouth will
not open, or has a blockage you cannot clear.

1 Use the fingers of one hand to keep the victim’s lips
firmly shut, seal your lips around the victim’s nostrils
and breathe into him. Check to seeifthe victim’s chest
is rising and falling. (Fig 13)
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2 Repeat this exercise at the rate of 10 - 15 times per

Fig 13 minute till the victim responds.

3 Continue this exercise till the arrival of the doctor.

SUN1104XD

TASK 8: Resuscitate a victim who is under cardiac arrest

In cases where the heart has stopped beating, Fig 16
you must act immediately.

1 Check quickly whether the victim is under cardiac
arrest.

Cardiac arrest could be ascertained by the
absence of the cardiac pulse in the neck
(Fig 14), blue colour around lips and widely
dilated pupil of the eyes.

SUN1104XG

Lay the victim on his back on a firm surface.

3 Kneel alongside facing the chest and locate the lower 5 Keepingyourarms straight, press sharply downonthe
part of the breastbone. (Fig 15) lower part of the breastbone; then release the pres-
sure. (Fig 17)

4 Place the palm of one hand on the centre of the lower
partofthe breastbone, keeping yourfingers off theribs. Fig 17
Cover the palm with your other hand and lock your
fingers together as shown in Fig 16.

Fig 14

SUNT104XE

SUN1104XH

Fig 15

6 Repeatstep 5, fifteentimes atthe rate of atleastonce
per second.

7 Check the cardiac pulse. (Fig 18)

8 Move back to the victim’s mouth to give two breaths
(mouth-to-mouth resuscitation). (Fig 19)

9 Continue with another 15 compressions of the heart
followed by a further two breaths of mouth-to-mouth
resuscitation, and so on, check the pulse at frequent
intervals.

SUN1104XF
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Fig 18

SUN1104XI

10 As soon as the heartbeat returns, stop the
compressions immediately but continue with mouth-
to-mouth resuscitation until natural breathing is fully
restored.

11 Place the victim in the recovery position as shown in
Fig 20. Keep him warm and get medical help quickly.

Fig 19

SUN1104XJ

Fig 20

SUN1104XK

18

Other steps
1 Send for a doctor immediately.

2 Keepthe victim warm with a blanket, wrapped up with
hot water bottles or warm bricks; stimulate circulation
by stroking the insides of the arms and legs towards
the heart.
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Construction
Surveyor - Safety

Exercise 1.1.05

Personal protective equipment (Occupational Safety)

Objectives: At the end of this exercise you shall be able to
* read and interpret the different types of Personal Protective Equipment (PPE) from the chart (or) real PPE

* identify and name the PPEs for the corresponding type of protection and write their uses.

Requirements

Tools /Equipments

* Chartshowing different types
of PPES -1 No.

* Real PPEs (available in section)

- as reqd.

PROCEDURE

Instructor may arrange the available different
types of PPEs inthe table (or) provide the chart
showing the PPEs. Explain the types of PPEs
and their uses for corresponding hazards.

TABLE -1

1 Identify the type of PPEs and write theirnames to the
corresponding PPE, by referring from chart (or) read
PPEs in Table 1.

2 Write their type of protection and uses in the blank
space provided against each PPE in Table 1.

SI. No. Sketches

Name of
PPE

Type of
protection

HELMET

STEEL TOE CAP

HIGH SLIP, OIL RESISTANT
AND ELECTRIC SHOCK PROOF SOLE

STEEL INNER SOLE

INDUSTRIAL SAFETY SHOE

STOUT LEATHER PREVENTS
INJURY TO THE ANCHILIES TENDON

INDUSTRIAL SAFETY BOOT

19



Sl. No.

Sketches

Name of
PPE

Uses

20
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Construction Exercise 1.1.06
Surveyor - Safety

Safety signs Danger

Objectives: At the end of this exercise you shall be able to

* identify the safety symbols from the chart and their basic category

» write their meaning and description and the place of use

* identify the road safety sign with traffic signal from the chart

* read and interpret the different types of occupational hazards from the chart.

Requirements

Materials

» Basic safety signs chart -1 No. » Occupational hazards chart -1 No.
* Road safety signs and traffic signal chart - 1No.

PROCEDURE

TASK 1 : Identify the safety symbols and interpret their meaning and colour with shape

Instructor may provide various safety signs 1 Identify the basic category of each sign from the chart.

chartfor basic categories and road safety with 2 Write the categories name of the each sign meaning
traffic signals. Then explain their categories description and the place of use of that safety sign in
meaning and colour. Ask the trainees to Table 1.

identify the sign and record in table 1.

Table 1

S.No. Safety signs Name of the basic category and sign Place of use

WEAR HAND
PROTECTION
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S.No.

Safety signs

Name of the basic category and sign

Place of use

4
RISK OF ELECTRIC SHOCK
5
DO NOT EXTINGUISH
WITH WATER
6
WEAR HEAD
PROTECTION
7
TOXIC HAZARD
8
WEAR EYE
PROTECTION
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S.No.

Safety signs

Name of the basic category and sign

Place of use

RISK OF FIRE

10

PEDESTRIANS
PROHIBITED

11

WEAR HEARING
PROTECTION

12

SMOKING AND NAKED
FLAMES PROHIBITED

13
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TASK 2: Identify the road safety sign and traffic signals

Instructor will explain all the road safety sign and

traffic police signals.

1 Read the sign given and mention theirkinds and the
meaning in the table 1.

2 Get it checked by the instructor.

Table 2

S.No. Safety signs

Name of the basic
category and sign

Place of use

N @ A A

DELHI

4 BOMBAY CULCUTTA

Fig.5

Fig.6 Fig.7 Fig. 8

Fig. 1 Fig. 2 Fig.3 Fig. 4

SUN1106J1

TAKS 3: Read and interpret the different types of personal protective devices from the chart

Instructor may brief the various types of
occupational hazards and their causes.

1 Identify the occupational hazard to the corresponding
situation with a potential harm given in table 3.

2 Fill up and get it checked by your instructor.

Table 3

SI. No. Source or potential harm

Type of occupational hazards

1 Noise

Explosive

Virus

Sickness
Smoking

Non control device

No earthing

0 N O o b~ 0N

Poor housekeeping
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Hazard - Identification Avoidness

Objectives: At the end of this exercise you shall be able to

* explain various occupational hazard
 state occupational hygiene

» describe occupational disease disorders and its prevention.

All jobs, primarily provides many economic and other
benefits, but equally there are a wide varieties of workplace
dangers and hazards, which are risky to the health and
safety of people at work.

Basic hazards

Employers have a responsibility to protect workers
against health and safety hazards at work. Workers have
the right to know about potential hazards and to refuse
work that they believe is dangerous. Workers also have
a responsibility to work safely with hazardous materials.
Health and Safety hazards exist in every workplace.
Some are easily identified and corrected, while others
create extremely dangerous situations that could be a
threat to your life or long-term health. The best way to
protect oneself is to learn to recognize and prevent
hazards in the workplaces.

Prevention is better than cure

No place of work can always be completely safe all the
time and whilst some work places present greater risks
than others. Industry nowhere is immune to the possibility
of an accident. Hence all industries should develop the
ability to carry out risk assessment processes and to
take all precautionary steps to ensure the safety of the
workforce. It is a group collective effort that includes
each and every member of the workforce. Employers
should always ensure they do the following.

» Provide adequate control of the health and safety
risks.

» Consult with employees on matters affecting their
health and safety.

* Provide and maintain safe plant and equipment.
» Ensure safe handing and use of substances.

* Provide information, instruction, supervision and
training so that employees are competent to carry
out their role.

» Review and revise all these policies regularly.
Health and Safety programmes

For all of the reasons (Fig 3), it is crucial that employers,
workers and unions are committed to health and safety,
addressing the following areas.

* Workplace hazards are controlled - at the source
whenever possible;

* Records of any exposure are maintained for many
years.

» Both workers and employers are informed about health
and safety risks in the workplace.

« Establish an active and effective health and safety
committee that includes both workers and
management.

Fig 1

OCCUPATIONAL
HEALTH AND
SAFETY

VOLUNTARY
>~ HEALTH
' PRACTICES

ORGANIZATIONAL
CULTURE

ROLE OF EMPLOYER, TRADE UNION, EMPLOYEE

SUN1106X1

» To observe that the workers' health and safety efforts
are ongoing.

Effective workplace health and safety programmes can
help to save the lives of workers by reducing hazards
and their consequences. Health and safety programmes
also have positive effects on both worker morale and
productivity, which are important benefits. At the same
time, effective programmes can save employers a great
deal of money.

Healthy workplace, hazard free work environment, zero
accident work-life can help to save the lives of workers
by reducing hazards and diseases. Effective programmes
can also have positive effects on both worker morale and
productivity. All put together enhance the human values
at work and prosperity of the nation.

1 Occupational health and safety encompasses the
social, mental and physical well-being of workers in
all occupations.

2 Poor working conditions have the potential to affect a
worker's health and safety.

3 Unhealthy or unsafe working conditions can be found
anywhere, whether the workplace is indoor or outdoor.

4 Poor working conditions can affect the environment
workers live in. This means that workers, their families,
other people in the community, and the physical
environment around the workplace, can all be at risk
from exposure to workplace hazards.

5 Employers have a moral and often legal responsibility
to protect workers.
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6 Work-related accidents and diseases are common in
all parts of the world and often have many direct and
indirect negative consequences for workers and their
families. A single accident or illness can mean
enormous financial loss to both worker and employers.

7 Effective workplace health and safety programmes can
help to save the lives of workers by reducing hazards
and their consequences.

Occupational hazard

8 Effective programmes can also have positive effects
on both worker morale and productivity, and can save

employers a great deal of money.

Objectives: At the end of this exercise you shall be able to
» explain various occupational hazard
 state occupational hygiene

» describe occupational disease disorders and its prevention.

All jobs, primarily provides many economic and other
benefits, but equally there are a wide varieties of workplace
dangers and hazards, which are risky to the health and
safety of people at work.

Basic hazards

Employers have a responsibility to protect workers against
health and safety hazards at work. Workers have the
right to know about potential hazards and to refuse work
that they believe is dangerous. Workers also have a
responsibility to work safely with hazardous materials.
Health and Safety hazards exist in every workplace.
Some are easily identified and corrected, while others
create extremely dangerous situations that could be a
threat to your life or long-term health. The best way to
protect oneself is to learn to recognize and prevent
hazards in the workplaces.

Physical hazards are the most common hazards and
are present in most workplace at some point of time.
Examples include; live electrical cords, unguarded
machinery, exposed moving parts, constant load noise,
vibrations, working from ladders, scaffolding or heights,
spills, tripping hazards. Physical hazards are a common
source of injuries in many industries. Noise and vibration,
Electricity, Heat, Ventilation, I[llumination, Pressure,
Radiation etc.

¢ Ventilation and air circulation have major say on the
health and working comfort of the worker. There must
be good ventilation, a supply of fresh, clean air drawn
from outside is required. It must be uncontaminated
and circulated around the workspace. Closed of
confined spaces also present a work hazard, which
has limited openings for entry and exit and unfavorable
natural ventilation, and which is not intended for
continuous employee occupancy. Spaces of this
kind can include storage tanks, ship compartments,
sewers, and pipelines. Asphyxiation is another
potential work hazard in certain situations. Confined
spaces can pose a hazard not just to workers, but
also to people who try to rescue them.

* Noise and Vibration: Noise and vibration are both
fluctuations in the pressure of air (or other media) which
affect the human body. Vibrations that are detected
by the human ear are classified as sound. We use
the term 'noise to indicate unwanted sound. Noise
and vibration can harm workers when they occur at
high levels, or continue for a long time. (Fig 1)

Fig 1

\\\
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* Electricity poses a danger to many workers. Electrical
injuries caused by contact with electric energy can be
divided into four types

+ fatal electrocution
» electric shock

* burns

« falls

Wires and electrical equipment pose safety threats in
the workspace. When employees mishandle electrical
equipment and wires, they are taking risks. (Fig 2)

Fig 2
ELECTRIC SHOCK can KILL.

. ALWAYS WEAR DRY INSULATING GLOVES.
. INSULATE YOURSELF FROM WORK AND GROUND.
. DO NOT TOUCH LIVE ELECTRICAL PARTS.

. DISCONNECT INPUT POWER
BEFORE SERVICING.

. KEEP ALL PANELS AND
COVERS SECURELY IN
PLACE.

SUN1106Y2
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Temperature (Heat Stress): A reasonable working
temperature, for strenuous work, local heating or
cooling where a comfortable temperature is to be
maintained which is safe and does not give off
dangerous or offensive fumes, Thermal clothing and
rest facilities where necessary (for example, for 'hot
work' or work in cold storage areas). Sufficient space
in workrooms etc. are under the legislation for
implementation by the owner of the factories.

* Illumination (lighting): Good light lighting is
essential for productivity Natural light is preferred
where possible. Glare and flickering should be
avoided.

HEAT EXHAUSTION/HEAT STROKE &
TREATMENT

+  NORMAL BODY CORE TEMPERATURE - 37°C

HEAT EXHAUSTION - 38°C - 40°C
«  HEAT STROKE 41°C AND HIGHER

SIGNS AND SYMPTOMS
HEAT EXHAUSTION

HEAT STROKE

* RESTLESS * REDUCED LEVEL OF
CONCIOUSNESS

« WEAK * IRRITABLE
e Dizzy ¢ MUSCULAR PAIN
* RAPID PULSE * RAPID PULSE

* LOW BLOOD PRESSURE * HIGH BLOOD PRESSURE

* NAUSEA * NAUSEA

*« VOMITTING * VOMITTING

¢ MENTAL STATUS - NORMAL| + MENTAL STATUS - CONFUSED

+ BEHAVIOR - NORMAL + BEHAVIOUR - ERRATIC
+ HOT, DAY, RED SKIN

+ DEATH
TREATMENT

e LAY PERSON DOWN &
ELEVATE LEGS

* MOVE PERSON TO COOL
VENTILATED AREA

* ENSURE NORMAL ¢ CHECK FOR BREATHING, PULSE &
BREATHING CIRCULATION

e IF THIRSTY GIVE WATER e IF POSSIBLE COVER THE PERSON

TO DRINK WITH ICE PACKS OR COLD WATER
TO REDUCE THE BODY
TEMPERATURE
* REPORT INCIDENT TO ¢ GIVE WATER TO DRINK
SUPERVISOR

* MONITOR VITAL SIGNS
* GET PERSON TO HOSPITAL
¢ REPORTINCIDENT TO SUPERVISOR

Chemical hazards are present when you are exposed
to any chemical preparation (solid, liquid or gas) in the
workplace. Examples include: cleaning products and
solvents, vapours and fumes, carbon monoxide or other
gases, gasoline or other flammable materials.

Chemicals hazards are the major causes of concern.
Many chemicals are used not on generic names but on
brands. The chemicals have biological effects on the
human body if digested, inhaled or if direct skin contact
with the chemicals, injuries occurs.

Accidents involving chemical spills, exposure and
inhalation can lead to burns, blindness, rashes and other
ailments. Most of them cause acute poisoning when taken
orally, eye-skin irritation, Respiratory injuries etc. Long
term effects of chemicals on blood, nerve, bones, kidneys,
livers etc., my lead to serious diseases/disorders. The
only way is to understand their chemical nature and handle
them very carefully.

CHEMICAL POISONING

Poison: An agent or substances which may
cause structural damage or functional
disorders when introduced into the body by :

* Ingestion
* Inhalation
e Absorption or

* Injection

Biological hazards (Fig 3) come for working with
people, animals or infectious plant material. Examples
include; blood or other bodily fluids, bacteria and viruses,
insect bites, animal and bird droppings. Biological
hazards are due agent like bacteria, virus, fungi, mold,
blood-borne pathogens etc., are main agents to cause
various illness. (Fig 4)

Ergonomic hazards (Fig 5)

Ergonomic hazards occur when the type of work you do,
your body position and/or your working conditions put a
strain on your body. They are difficult to identify because
you don'timmediately recognize the harm they are doing
to your health. Examples include: poor lighting, improperly
adjusted workstations and chairs, frequent lifting, repetitive
or awkward movements. Muscular Skeletal Disorders
(MSDs) affect the muscles, nerves and tendons. Work
related MSDs are one of the leading causes injury and
illness.

Fig 3
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BIOLOGICAL HAZARD
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Fig 4

Kb

-

BIOLOGICAL HAZARD
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Fig 5

)

ERGONOMIC HAZARDS

SUN1106Y5

Workers in many different industries and occupations can
be exposed to risk factors at work, such as lifting heavy
items, bending, reaching overhead, pushing and pulling
heavy loads, working in awkward body postures and
performing the same or similar tasks repetitively.
Exposure to these known risk factors for MSDs increases
a worker's risk of injury.

Mechanical hazards are factor arise out of varieties of
machines in industries including manufacturing, mining,
construction and agriculture. They are dangerous to the
worker when operated without training and experience.
Operating machines can be risky business, especially
large, dangerous machines. When employees don't
know how to properly use machinery or equipment, they
risk such injuries as broken bones, amputated limbs and
crushed fingers. Many machines involve moving parts,
sharp edges, hot surfaces and other hazards with the
potential to crush, burn, cut, shear, stab or otherwise
strike or wound workers if used unsafely.

Various safety measures exists to minimize these
hazards, lockout-tagout procedures for machine
maintenance and roll over protection systems for vehicles.

Machines are also often involved indirectly in worker deaths
and injuries, such as in cases in which a worker slips
and falls, possibly upon a sharp or pointed object.
Safeguarding machinery decreases accidents and keeps
employees who use the machine safer.

Falls (Fig 6) are a common cause of occupational injuries
and fatalities, especially in construction, extraction,
transportation, healthcare, and building cleaning and
maintenance. Slips and falls to be the leading cause of
workplace injuries and fatalities. From slippery surfaces
to un-railed staircases, the possibility of slipping, tripping
or falling on the job is a workplace safety hazard. Broken
bones, fractures, sprained wrists and twisted ankles
constitute some of the physical injuries caused by falling
accidents.

Fig 6

SUN1106Y6

Falls in the workplace is effectively prevented by putting
caution signs around slippery surfaces (Fig 7), having
rails on every staircase and making sure that wires on
the floor are covered to avoid tripping. They are perhaps
unavoidable in certain industries, such as construction
and mining, but over time people have developed safety
methods and procedures to manage the risks of physical
danger in the workplace. Employment of children may
pose special problems.

Fig 7

SLIPPERY

ANHEN WET

SUN1106Y7

CAUTION BOARD
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Psychosocial hazards: psychosocial hazards are related
to the way work is designed, organized and managed, as
well as the economic and social contexts of work and are
associated with psychiatric, psychological and/or physical
injury or illness. Linked to psychosocial risks are issues
such as occupational stress and workplace violence which
are becoming a major challenge to occupational health
and safety.

Workplace inspections prevent hazards

Regular workplace inspections are another important
factor in preventing injuries and illnesses. By critically
examining all aspects of the workplace, inspections
identify and record hazards that must be addressed and
corrected.

A workplace inspection should include

+ Listening to the concerns of workers and supervisors.
» Gaining further understanding of jobs and tasks.

+ Identifying existing and potential hazards.

» Determining underlying causes of hazards.

* Monitoring hazard controls (Personal protective
equipment, engineering controls, policies,
procedures)

» Recommending corrective action.
Occupational hygiene

Occupational hygiene (Industrial hygiene) (Fig 8) is the
discipline of anticipating, recognizing, evaluating and
controlling health hazards in the working environment
with the objective of protecting worker health and well-
being and safeguarding the community at large.

Occupational hygiene uses science and engineering to
prevent ill health caused by the environment in which
people work. It helps employers and employees to
understand the risks and improve working conditions and
working practices. (Fig 9)

Fig 8 ANTICIPATION

EVALUATION

EVALUATION CONTROL

INTRODUCTION TO INDUSTRIAL HYGIENE

SUN1106Y8

Occupational disease/Disorders & its prevention

Occupational disease, illness incurred because of the
conditions or environment of employment. Unlike with
accidents, sometime usually elapses between exposure

to the cause and development of symptoms. In some
instances, symptoms may not become evident for many
years and hence the relationship between work and
disease is ignored.

Among the environmental causes of occupational
disease are subjection to extremes of temperature
leading to heatstroke, air contaminants of dust, gas,
fumes causing diseases of the respiratory tract, skin, or
muscles and joints or changes in atmospheric pressure
causing decompression sickness, excessive noise
causing hearing loss, exposure to infrared or ultraviolet
radiation or to radioactive substances. The widespread
use of X rays, radium and materials essential to the
production of nuclear power has led to an special
awareness of the dangers of radiation sickness. Hence
careful checking of equipment and the proper protection
of all personnel are now mandatory.

In addition there are industries in which metal dusts,
chemical substances, and unusual exposure to infective
substances constitute occupational hazards. The most
common of the dust and fiber inspired disorders are the
lung diseases caused by silica, beryllium, bauxite and
iron ore to which miners, granite workers and many
others are exposed causing pneumoconiosis and those
caused by asbestos is cancer - mesothelioma, Fumes,
Smoke and Toxic liquids from a great number of
chemicals are other occupational dangers. Carbon
monoxide, Carbon tetrachloride, Chlorine, Creosote,
Cyanides, Dinitrobenzene, Mercury, Lead Phosphorus
and nitrous chloride are but a few of the substances that
on entering through the skin, respiratory tract or digestive
tract cause serious and often fatal illness.

Occupational hazards also are presented by infective
sources. Persons who come into contact with infected
animals in a living or deceased state are in danger of
acquiring such diseases as anthrax. Doctors, Nurses
and other hospital personnel are prime targets for the
tuberculosis bacillus and for many other infectious
organisms.

Fig 9 HIERARCHY OF CONTROL

APPLY THE HIGHEST LEVEL OF CONTROL COMMENSURATE WITH THE RISK
LEVEL LOWER VALUE CONTROLS MAY BE USED IN THE INTERIM
UNTIL LONG TERM CONTROLS ARE IMPLEMENTED.

ELIMINATION

SUBSTITUTION

ENGINEERING

ADMINISTRATIVE

BEHAVIOR

INCREASING
EFFECTIVENESS PPE
AND SUSTAINABILITY

INCREASING
PARTICIPATION AND
SUPERVISION NEEDED

SUN1106Y9
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Regulations safety

Objectives: At the end of this exercise you shall be able to

« state different type of fire

« state the different types of fire extinguishers and their basic function.

Fire safety: Fire is the most common serious hazard
that one faces in a typical chemistry laboratory. While
proper procedure and training can minimize the chances
of an accidental fire, you must still be prepared to deal
with a fire emergency should it occur.

Typically, a fire extinguisher consists of a hand-held
cylindrical pressure vessel containing an agent which can
be discharged to extinguish a fire.

There are two main types of fire extinguishers:
» Stored pressure
» Cartridge-operated.

In stored pressure units, the expellant is stored in the
same chamber as the firefighting agent itself. Depending
on the agent used, different propellants are used. With
dry chemical extinguishers, nitrogen is typically used,
water and foam extinguishers typically use air. Stored
pressure fire extinguishers are the most common type.

Carbon-dioxide extinguishers contain the expellant
gas in a separate cartridge that is punctured prior to
discharge, exposing the propellant to the extinguishing
agent. This type is not as common, used primarily in
areas such as industrial facilities, where they receive
higher-than-average use. They have the advantage of
simple and prompt recharge, allowing an operator to
discharge the extinguisher, recharge it and return to the

fire in a reasonable amount of time. Unlike stored
pressure types, these extinguishers use compressed
carbon dioxide instead of nitrogen, although nitrogen
cartridges are used on low temperature (-60 rated) models.

Cartridge operated extinguishers are available in dry
chemical and dry powder and in water, wetting agent,
foam, dry chemical (classes ABC and B.C.) and dry
powder (class D) types in the rest of the world.

Class A: This is suitable for cloth, wood, rubber, paper,
various plastics, and regular combustible fires. Itis usually
filled with 2 2 gallons (9.46 litres) of pressurized water.

Class A fire extinguishers are designed to put out fires
that have started from household items that are made
out of materials that will quickly ignite. These materials
include paper products and furniture made from wood.
The Type Afire extinguisher contains water. The number
on the canister represents how much water it contains.
If there is a No. 1, the extinguisher will have a little more
than I gallon of water. The higher the number, the more
water it contains. The letter A stands for ash. A fire that
burns from household items will leave ashes.

Class B: This is suitable for grease, gasoline or oil-based
fire is usually filled with a dry chemical. Extinguishers
smaller than 6lbs (2.72kg) are not recommended.
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Construction Exercise 1.2.07
Surveyor - Basic Engineering Drawing

Use of drawing instrument and equipment with care (line, angle and patterns)

Objectives: At the end of this exercise you shall be able to
» draw figures involving horizontal, vertical and inclined lines using drawing instruments
* independently using 'T' square, setsquares, scale, divider and protractor.

Exercise 1 to 14: Draw the following patterns and components using straight lines.

SQ100
SQ100

10

10

30°

SQ100
SQ100

45°

>\§(

60°— 457

5
$Q100
$Q100

45°>;
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PROCEDURE

Exercise 1: Horizontal line « Draw horizontal lines through the points using
+ Layoutlinesasshownin Fig 1 onan A2 drawing sheet. T'square. (Fig4)
Fig 1 Flo4 A G B
A G J B
® ® ®
—
E F E —//_/g— F
@ ® ®
|TITLE BLOCK E b H K c z
D H K ¢ : g
» Butt the 'T'square approximately 5 mm above theline Exercise 2
EF. * Draw the thin horizontal line and mark 10 mm spaces
* Draw a horizontal line 100 mm long left to right. as in Fig 5.
(15 mm from AE)
« Drawaverticalline 100 mmlong fromthe leftend ofthe Fig 5 ~ = 5 =
drawing paper as shown in Fig 2.
Fig 2
A 2 G B
3 (]
3 E //”ol— F
1l |E
E //’/og_ F
D H K (03 g
o a ” C g » Place the 30°/60° setsquare on the 'T" square in such
g away thatits vertical edge is towards the left side of the

board, approximately 15 mm from the line GH. (Fig 6)
* Mark of points on the vertical line at 10 mm intervals

using divider. (Fig 3) Fig 6
Fig 3
A W E J B
. ]
E ///‘_J— F
D H K C

SUN1207H6

SUN1207H3
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Move yourlefthand onto the 'T' square blade and hold
the setsquare firmly in position.

Hold the pencil approximately at 60° with the paper.
(Fig 6)

Draw a line upwards approximately to a height of
100 mm twisting your body as shown in Fig 7.

Continue to draw the remaining vertical lines.

Place the 45° setsquare and draw the 45° inclined lines
from the corner, top to downwards. (Fig 9)

I-TH

IEIN
E_ﬂ/_

SUN1207H9

Hold the blade of the 'T' square and setsquare intact
while drawing lines.

Following the same procedure complete block
4,5 &6.

Draw 45° inclined line in the opposite direction in
block 4. (Fig 10)

Exercise 3 to 6: Inclined lines

Fordrawing 45° lines.

Place the working edge of the 'T' square 15 mm above
the line EF and draw horizontal lines in block (3) as
shown.

Draw vertical lines parallel to JK as shown in the block.

Using divider, mark points from top corner at 10 mm
intervals on horizontal and vertical line. (Fig 8)

Fig 8
9 A G J B
- ]
. .___//
©
D H K c =
&
U |
2
0!

34

Butt, slide and take the working edge of 'T' square to
line EF.

Fig 10

=l

SUN1207HA

30° or/and 60° inclined lines can be drawn with the help
of 30°/60° setsquare and 'T' square.

Draw 30° inclined lines in block 5. (Fig 11)

Fig 11

,,,

SUN1207HB
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In the block 6, draw 60° inclined lines. (Fig 12)

Fig 12
=llIN\
1 —B S .

Exercise 7: Triangles in a square

Draw a square of side 100 mm long. (Fig 13a)

Draw another square of side 80 mm as shown in
Fig 13b.

Draw four triangles using 45° setsquare and 'T' square.
(Fig 13c & 13d)

Fig 13
+
SQ 100 SQ 80
(a) (b)
+ +
/]
50 E
(c) (d) z

Exercise 8: Tile pattern

Draw a square of side 100 mm and its diagonals.
(Fig 14a)

Draw lines parallel to both the diagonals at a distance
of 10 mm. (Fig 14b)

Complete the tile pattern by forming 20 mm x 10 mm
rectangles as shown in Fig 14c.

Fig 14

SQ100

SUN1207HE

(a) (b) (©)

Exercise 9: Square pattern

Draw a square ABCD of side 100 mm with side CD
marking 30° to the vertical line. (Fig 15a)

Draw the next square by drawing straightlines through
points A, B, C & D using 'T' square and 45° setsquare.
(Fig 15b)

Draw the subsequent squares with the same procedure
butwith the inclination of 60°, 75° & 90°. (Fig 15c¢, d, )

Fig 15

(b) ()

(d) (e)

")

SUN1207HF

Exercise 10: Irregular pattern (Fig 16)

Fig 16

SUN1207HG

Draw a horizontal line AB to a length of 90 mm.

Drawthe remaininglinesBC, CD, DE, EF, FG, GH, HJ,
JK to the suitable length and angle as in Fig16.

Join the points KA and measure the length of KA.
Measure the angles JKA and KAB.

Exercise 11

Follow the procedure shown in Fig 17 (i) and (ii) and
complete the component.
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Fig 17 Fig 19 »
(@) /—, | [0} (ii) 5
9
\% 10
=
(b) =2 = (i) 10 (iv)
20 x j_
80 8 ]
z
@ 40 10
Exercise 12
+ Drawahorizontalline AB to a conventional length and )

BC perpendicular to AB of 40 mm height. /_/ \_\ /_/ \_\ /_/ \_\ ,_/ \_\

» Drawananotherlayoutline through the midpointof BC
parallel to AB.

* Through C draw a line parallel to AB.

220

SUN1207HJ

* From C mark the point D, such that CD is equal to 12

mm. Exercise 14
+ Draw DE atan angle of 16°. «  Follow the steps shown in Fig 20 (i toiv) and complete
+ Set off EF equal to 12 mm. the drawing.
* Draw FG at an angle of 16°. Fig 20
» Repeatthe above sequence for the remaining part of 8.
the drawing and complete the drawing. (Fig 18) .
Fig 1
A G B
24
©) ® ® 0} (i
72
3
E F
e (L TARRCTTANNA)
@ ® ®
|TITLE BLOCK g
D H K [ %
Exercise 13 2 z
+ Follow the steps shownin Fig 19 (itoiv) and complete " ™ 5

the drawing (v).
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Skill sequence

Drawing horizontal lines

Objective: This shall help you to
» draw horizontal lines using 'T' square.

Press the head (stock) of the 'T' square firmly against the
drawing board with left hand.

With your left hand press the blade tightly against the
paper.

Learn the pencil in the direction of the line at an angle
approximately 60° with paper.

Draw the line from left to right, maintaining the pencil in the
vertical planes as shown in Fig 1.

Fig 1

(@)

(b)

P

S

60° TO PAPER

PENCIL APPROX

il

ROTATE PENCIL
‘I SLOWLY

—

L

NORMAL
g POSITION

SMALL SPACE
BETWEEN 'T' SQUARE
AND PENCIL POINT

TEE SQUARE

POSITION
FOR MORE
ACCURACY

BETWEEN 'T' SQUARE
AND PENCIL POINT
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Drawing vertical and inclined lines 30°, 45° & 60°

Objectives: At the end of this exercise you shall be able to

» draw vertical lines using setsquares

» draw inclined lines of 30°, 45° and 60° using setsquares

e draw inclined lines at angles in multiples of 15°.

Vertical lines
- Place the 'T' square in position.

- Place the setsquare such that one of its right angle
edges rests on the working edge of the 'T' square.

- Depending on the position of the setsquare, draw
lines upward/downward along the vertical edge of the
setsquare. (Fig 1)

Fig 1

e @
°
e e

SUN1207X1

Inclined lines - 30°, 45° & 60°

- Place the 'T' square in position.

- Place the setsquare as shown in Fig 2.
- Drawinclined lines. (45°, 60° & 30°)

Fig 2

INCLINED LINES

SUN1207X2
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Inclined lines at angles - in multiplies of 15°

- Place the 'T' square in position as indicated in the

Fig 3.

- Use the setsquare singularly or in combination of two
for the angle required. (15°, 30°, 45°, 60°... etc... and

drawlines)

Drawing parallel lines using setsquares

Fig 3

F -~
DRAWN WITH Ee )\ DRAWN WITH
45° SET SQUARE & 30°,60° SET
D xs, K SQUARE

\

Ce\
0 B

So

90° VERTICAL —=—

o
&
RIZONTAL 0° HORIZONTAL —™

P

|
NS
A\

90° VERTICAL ——=—

u Q
ALL ANGLES WITH RESPECT

R
TO HORIZONTAL S
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Objective: At the end of this exercise you shall be able to

e draw parallel lines to a given line through a given point.

Place any one edge of the setsquare to coincide with the
givenline.

Place the other setsquare (guiding setsquare) with one of
its edges butting the first square as shown in Fig 1.

While holding the guiding setsquare firmly, slide the first
setsquare (sliding setsquare) till edge touches the given
point.

Draw the line along the edge of the sliding setsquare
through the given point.

Be sure that the guiding setsquare does not
move from its initial position.

Fig 1
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Drawing perpendicular using setsquares

Objective: At the end of this exercise you shall be able to

» draw a perpendicular to a given line through the given point.

Method 1 (Fig 1a)

Place one of the perpendicular edges of the setsquare
(sliding setsquare) such that in coincides with the given
line.

Place the longer edge of the other setsquare (guiding
setsquare) against the hypotenuse of the sliding set
square.

Slide the sliding setsquare till the other edge forming
right angle touches the given point.

Through the given point, draw the required perpendicular
line along the edge of the sliding setsquare.

Method 2 (Fig 1b)

Place the hypotenuse of one setsquare to coincide with
the givenline.

Place the other setsquare (moving setsquare) with one of
its edges butting against one of the perpendicular edges
of the moving setsquare as shown in figure.

Holding the supporting setsquare firmly, revolve the moving
setsquare and place it on the supporting setsquare such
thatthe hypotenuse of the setsquare passes through the
given point.

Draw the required perpendicular line as shownin Fig 1b.
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Construction

Surveyor - Basic Engineering Drawing

Exercise 1.2.08

Method of fixing drawing sheet

Objectives: At the end of this exercise you shall be able to

* mark the standard folding marks on the designated drawing sheet
« fixing of drawing sheet.

PROCEDURE

40

Set the drawing paper ON the board.

Top edge of the drawing paper and edge of drawing
should be parallel.

Check the parallelism of the paper with the T -square.
If it found correct, fix the paper by tape.

If not adjust the paper with the edge of the T-square
(Fig 1)

Study the sequence of marking of folds on the
designated drawing sheet.

Start the folding in the sequence means fold vertically
first.

Fold horizontally in such a way so that Title block to
be on the top most folds for easy reference.

Folded drawing sheets filed neatly for submission/
reference in the file.
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Construction Exercise 1.2.09
Surveyor - Basic Engineering Drawing

Layout of different size of drawing sheet and folding of sheets

Objectives: At the end of this exercise you shall be able to
* Fold the drawing sheet sequential as per marking for filling it.
¢ Fold the different size of drawing sheet.

Fold Ao - Sheet (841 x 1189) « Then fold it horizontally as shown, so that title block

«  Observe carefully folding marks on the drawing sheet appears on the top of right hand bottom.

which is started from left to right and bottom to top.

Practice for folding other designated drawing
+ Startthe folding sequentially from left side as showing sheet, as showing in the figure.
in (Fig 1)
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Construction Exercise 1.2.10
Surveyor - Basic Engineering Drawing

To print letters single stroke and double stroke by freehand IN 7:4 and 5:4 &
dimensioning

Objectives: At the end of this exercise you shall be able to,

» select and calculate the size of letters

» draw the layout for printing a letters and numerals, as height and width of letter
 print single stroke letters and numerals

e print double stroke letters and numerals.

PROCEDURE

Select the size of letters and calculate the height & Mark the width and spacing for each letters.
width of each letter. (Fig 1) » Draw vertical guide lines.
Arrange and draw the guidelines for the required size. * Print the letter by freehand, using H or HB pencil.

Prepare the layout for printing of letters.

Fig 1

ABCDEFGCHIJKLM
NOPQRSTUVWXYZ
ABCDEFGHIUKLIM
NOPORSTUVWXY.,
0125406 /39
07125456 /859

o

AEFHIKEMNTVW -
XYZBCDGJOPGQ
RSU

SUN1210E1

44



Construction

Surveyor - Basic Engineering Drawing

Exercise 1.2.11

To draw types of convention lines

Objectives: At the end of this exercise you shall be able to
» sketch and describe the illustration of the types of conventional lines

 apply illustrations of lines in the drawing.

PROCEDURE
» Draw the table as shown in the figure. » Write the descriptions and draw the illustration in the
table.
Line Description General applications see figure and

other relevant figure

Continuous thick

Continuous thin
(straight or curved)

Continuous thin free
hand

Continuous thin
(straight) with zig-zags

Dashed thick
Dashed thin

Chain thin

Chin thin, thick at
ends & changes of
direction

Chain thick

Chain thin double
dashed

A1 Visible outlines
A2 Visible edges

B1 Imaginary lines of intersection

B2 Dimension lines

B3 Projection lines or extension line
B4 Leader lines

B5 Hatching

B6 Outline of revolved sections in place
B7 Short centre lines

B8 Thread lines

B9 Diagonal line

C1 Limits of partial or interrupted views
& sections, if the limit is not a chain thin

D1 Line (see figure)

E1 Hidden outlines
E2 Hidden edges

F1 Hidden outlines
F2 Hidden edges

G1 Centre lines
G2 Lines of symmetry
G3 Trajectors

H1 Cutting planes

J1 Indication of lines or surfaces to
a special requirement applies

K1 Outlines of adjacent parts

K2 Alternative and extreme positions of
movable parts

K3 Centroidal lines

K4 Initial outlines prior to forming

K5 Parts situated in front of the cutting
plane.
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Dimensioning techniques

Objectives: At the end of this exercise you shall be able to
» draw different systems of dimensioning

* dimension the drawings by aligned system and unidirectional system

 follow the standard of system of dimensioning with different arrangements of dimensional values.

To show aligned system of dimensioning

» Draw the figures as shown in Fig 1.

Fig 1

ﬂ

ALIGNED SYSTEM

SUN1211H1

» Show the dimension lines in the figures.

¢ Place the dimension value above the dimension line
centrally as direction.

To show unidirectional system of dimensioning

» Draw the figures as shown in Fig 2.

Fig 2

SU20N1211H2

UNIDIRECTIONAL SYSTEM

»  Show the dimension lines in the figures.

* Cut the dimension line at center to place the
dimension value horizontally.

To show various notations used in dimensioning
(Fig 3)

Fig 3
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Arrangements of Dimensional Values

Fig 4
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Construction Exercise 1.2.12
Surveyor - Basic Engineering Drawing

Construction of plane geometrical figures

Objectives: At the end of this exercise you shall be able to

construct equilateral triangle
construct a scalene triangle
construct a right angled triangle
construct an isosceles triangle
construct various quadrilaterals.

PROCEDURE

TASK 1: Construct an equilateral triangle (Fig 1A)

Draw a horizontal line of length 70mm and name AB. » Name the intersect point C.
From A, draw an arc as radius of length of line AB + Joined AC and BC points with a line to form a triangle.
Similarly, from B draw an arc as radius of length of « Constructed triangle is an equilateral triangle.

line AB to intersect the first arc.

TASK 2: To Construct a scalene triangle (Fig 1B)

Length of all three sides are given, AB =35mm, AC = + 'B' as centre draw an arc of 40 mm, cutting the
60 mm & BC =40mm previous arc at'C'.
* Draw base line AB = 35 mm + Join CA& CBABC is the required scalene triangle

'A’ as centre draw an arc of radius 60 mm

TASK 3: To Construct a right angled triangle (Fig 1C)

AB = 80mm, BC = 60mm « JoinAC

Draw the horizontal line BC to length 60mm. « ABC s the required right angled triangle
Erect a perpendicular to length 80mm at B.

TASK 4: To Construct an isosceles triangle (Fig 1D)

AB = 50mm and ZCAB= ZABC= 65° « Extent the line meeting at C, ABC is the required an

_ isosceles triangle.
Draw line AB = 50mm

Set an angle 65°atAand B

TASK 5: To construct quadrilaterals

Constructing square (Fig 1E) * 'Q'as centre and radius 'r', draw another arc 'R'.

A square of side 50mm by erecting perpendicular. + Bisect QR at S and extend.

+ Draw a line AB 50mm long »  Mark 50mm on AS extended line. AD = 50mm.

« A as centre, draw an arc of convenient radius 'r' * From points B and D, draw parallels to AD and AB
touching the line AB at 'P"' and complete the square ABCD.

'P' as centre and radius 'r' draw another arc cutting
the earlier draw arc at'Q’

47



TASK 6: Constructing rectangle (Fig 1F)

« Sides 75mm and 45mm
 Drawaline 75mm.

* FromAand B, erect perpendicular.

TASK 7: Constructing parallelogram (Fig 1G)

Sides = 75 mm and 40 mm, Angle between them: 50° -
Draw line AB 75mm long.

* Draw line AD equal to 40 mm and make one angle of
50° to AB.

* D as centre draw an arc of radius equal to AB.

TASK 8: Constructing rhombus (Fig 1H)

« Draw two adjacent lines AB and AD equal to 75mm
at50°angle

+ B andD as centres draw R75 arcs intersecting at C.

TASK 9 : Constructing Trapezium (Fig 11)

Parallel sides AB = 60mm, CD = 30mm, Distance between
parallel sides = 40mm, Side DA = 45mm.

* Draw the base AB equal to 60mm.
*  With radius 40mm, draw arcs from A and B.
» Draw a tangential line (parallel to AB)

« Draw an arc with radius 45mm and A as centre, cutting
the line at two places D and D'

Mark C and D as AD=BC=45mm

Join CD and complete the rectangle.

B as centre draws an arc of radius equal at AD, up
wards such that they meet at a point 'C'.

Join BC and DC. ABCD is the required Parallelogram.

Join DC and BC, ABCD is the required rhombus.

From D or D'mark length of 30mm towards right
side,

JoinBand CorC".

JoinAand D or D'. ABCD/ABC'D"is the Trapezium

Try to construct all these figures with different
methods as you can
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To construct polygons

Objective: At the end of this exercise you shall be able to
» construct a regular polygon from given data.

PROCEDURE
TASK 1: Regular heptagon of side 30 mm

Semi-circular method - Type A (Fig 1)

Fig 1

SUN1212X1

* Draw aline AB equal to 30 mm.
« Extend BA to a convenient length.
* A as centre and radius AB describe a semi-circle.

» Divide the semi-circle into seven equal parts (number
of sides) using divider.

*  Number the points as 1,2,3,4,5,6 starting from P.

» Draw the perpendicular bisectors from 2A and AB
intersecting at 0.

» 0ascentre and OA or OB as radius describe a circle.

* Mark the points C,D,E,F and 2 on the circle such that
BC =CD =DE =EF =F2 = AB = 2A.

« Join the line BC, CD, DE, EF and F2.
+ ABCDEF2isrequired heptagon.
Semi-circle method - Type B (Fig 2)

Fig2

SUN1212X2

Follow the procedure of Type A upto dividing the semi-
circle into number of equal parts.

Join A2

Join A3, A4, A5 and A6 and extend to a convenient
length.

With centre B and radius AB draw an arc cutting A6
extended line at C.

C as centre and same radius, draw an arc cutting the
line A5 at D.

Locate the points E & F in the same manner.
Join BC, CD, DE, EF and F2.
ABCDEF2is the required heptagon.

Perpendicular bisector method - Type A (Fig 3)

Fig 3

Pad
SUN1212X3

Draw a line AB equal to 30 mm.

AtB, drawaline BP perpendicular AB and equal to AB.
Join AP

B as centre BA as radius, draw an arc AP.

Bisect AB and draw the bisector cutting the line AP
and the arc AP at 4 & 6 respectively.

Mark 5 the mid point of 4-6.
Set off 6-7, 7-8, 8-9, 9-10 equals to 4-5.
7 as centre, 7A as radius, draw a circle on AB.

On the circumference set off BC, CD, DE, EF, FG
equals to AB.

Join BC, CD, DE, EF, FG and GA.
ABCDEFG is the required heptagon.

Mark point 5 at the mid-point of 4 and 6. (Fig 4a) and
complete the heptagon.

In this method also any regular polygon of different sides
can be constructed. (Fig 4b)
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Fig 4

SUN1212X4

Pentagon inside a circle of diameter 80 mm (Fig 5)

Fig 5 P

« O as centre and OF as radius describe a circle of dia
80 mm.

+ Drawtheline DF vertically beyond the top of the circle.

» Divide the circle into 10 equal parts. (Twice as many
equal parts as the number of sides)

+ Points 1,3,5,7 and 9 are the tangent points of the
pentagon.

« Join 02, 04, 06, 08, 010 and extend to a convenient
length.

» Draw atangent to the circle through point 1 (F).
» Thetangentcuts thelines 0-2and 0-10lines at A & B.

» Drawtangentsonpoints 3,5,7,9 &locate C,D &Einthe
same manner.

+ Join BC, CD, DE, EA
+ ABCDE is the required pentagon.
Three circle method (Fig 7)

SUN1212X5

Drawtheline AH equals to 80 mm. (Diameter of circle)
*O' as centre OA as radius describe a circle.

Divide AH into 5 equal parts (as many equal parts as
the sides).

A and H as centres, AH as radius describe arcs
intersecting at P.

Join P2 and extend it to meet the circle at B.
Set off BC, CD, DE, EF equals to AB on the circle.
Join the points

ABCDEF is the required pentagon.

Pentagon outside a circle of diameter 80 mm (Fig 6)

Fig 6
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Fig 7

SUN1212X7

Pentagon of 38 mm side
+ Draw the line AB equal to side of polygon 38 mm.

» Drawtwocircles of radius equal and AB, with center A
and B, cutting at two points F and G.

» Join G and F extend upwards.

* AB as radius, G as centre, draw a circle passing
through A and B cutting both the circles atH and J, and
also cutting the line FG at K.

« Join HK and extend to cut the circle (b) at C.
« Join JK and extend to cut circle (a) at E.
+ Join AE and BC.

 Eand C as centers, AB as radius, draw arcs to cut at
D.

» Join ED and CD. ABCDE is the regular pentagon.
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Conic sections

objective: At the end of this exercise you shall be able to
« draw conic section to standard form to determine whether it yields a circle, a parabola, an ellipse or a
hyperbola.

* Aright circular cone is having the axes perpendicular + CCgives parabola.

to its base + DD gives hyperbola.

* AAgives Circle.
+ BB gives Ellipse

Fig 1

CIRCLE A

B R —

ELLIPSE

PARABOLA
ELLIPSE

HYPERBOLA

ANGULAR
HYPERBOLA

CONICS SECTIONS HYPERBOLA \

CONIC SECTIONS

SUN1212J1

Constructing of ellipse by different methods

Objective: At the end of this exercise you shall be able to
 construct ellipse with the given conditions.

PROCEDURE

TASK 1: Rectangle/Oblong method (Fig 1A)

Construct an ellipse of major axis 100mm and minor axis « Draw lines and form C1, C2, C3, C4, D1, D2, D3, and

60mm. D4.

» Draw arectangle EFGH of sides 100mm and 60mm. « Draw lines such as Ca, Cb, Da, and Db, etc., to meet
the corresponding lines drawn from C and D at points

» Draw the 4 major axis AB and minor axis CD and
. . T~ P1, P2 etc.

mark the intersection as 'O'".

Join A, P1, P2etc with a smooth curve and form the

+ Divide AO and OB into 5 equal parts each and name .
ellipse.

them as shown.

» Divide AE, AG, BF and BH into 5 equal parts and
number them as shown.
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TASK 2: Concentric circle method (Fig 1B)

Major axis = 100mm, Minor axis = 60mm

Draw the major axis AB (100mm) and minor axis CD
(60mm), bisecting at right angle at O.

'O' as centre OA and OC as radius, draw two
concentric circles.

Draw a number of radial lines through 'O’ say 4 cutting
the two circles.

Mark the point on the outer circle as a, b, c.

Similarly mark the intersecting points on inner circles
as al, b1, c1.

From points such as a, b, c... draw lines parallel to
minor axis.

TASK 3: Intersecting arc method (Fig 1C)

Draw AB (100mm) and CD (55mm) bisecting at right
angles represent major and minor axis.

C as centre, half major axis as radius, draws an arc on
AB cutting F1 and F2.

Mark any number of parts between on F1. F2 as
1, 2, 3 etc.

F1 and F2 as centers and A-1 as radius, draw arcs on
either side of AB.

* From points such as a1, b1.....draw lines parallel to
the major axis to intersect with the corresponding
vetical lines at point's p1, p2.....etc.

» Join all these points with a smooth curve using "French
curve" and form the ellipse.

« To find the 'foci'- with half the major axis (a) as radius
and with 'c' on the minor axis as centre. Draw an arc
cutting the major axis, at two points; mark them as
F1, F2, and the focus points of the ellipse.

Check

Mark any point P on the curve and measure its distance
from X axis and Y axis.

You will observe that X2/a2 + Y2/b2 =1

Where a = 50mm and b =30mm.

e F1 and F2 as centers. B-1 as radius and draw arcs
cutting the previous corresponding arcs at P1.

* Repeat previous two steps and obtain points such as
P2, P3 etc.

+ Join all the P1& P2etc with a smooth curve passing
through vertex A and B to complete the ellipse.
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Fig 1
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Parabola and hyperbola

Objective: At the end of this exercise you shall be able to
» construct parabolic curves using the various conditions given.

TASK 1: A Parabola from the given focus is at 50mm from the directrix (Fig 1)

Fig 1 « Mark the focus 'F' on XX' = 50 mm from X (on the

P directrix).
D P6 2\7
Ps| ] «  Mark the midpoint of XF, as V.

o P742 * Mark a number of points from V towards right side on

& , 24- the axis as 1,2,3,4.....
2

E b Z » Draw vertical lines through these points as shown,
[a) 1

forming double ordinates.

* Point'F'as centre, X-1 asradius, draw arcs on the co-

xL vl L ordinates (vertical lines) passing through 1, mark points
112 [3 4\5 6 (7 P1 & P 1
W
50
\ A » X-2 as radius, F as centre, draw arcs on the 2nd
9 N\ ordinate, mark P2 & P,".
Py X > + Similarly get pointP_, P,.... P,", P," etc. on the axis as
P NCT | above.
3 AN //
Py gi + Join all the points with a smooth curve, using French
Ps curve and formthe parabola curve.

SUN121221

Pg' S/,
T e From the points 1,2 & 3 draw parallels (offset)to XX

* Drawa vertical line D-D" the directrix. « On these offsets mark off distance as below

» Drawhorizontalline XX, the axis through any point X on
the directrix.

TASK 2: Parabola, given the base and axis of a rectangle, base 200 mm axis 60 mm- Rectangle method

(Fig 2)
. » Divide AB & CD andintoany number of equal parts say
Fig2 1 2 3 4 F 4 3 2 1 ¢ 5. Also divide AE and ED into the same number of equal
. ! . parts and number them as shown.
P
gl 2 \&P | g 1 L —1? » From point E on AD, draw lines to the divisions on AB
3 2 g 3
Sl | L &CD.

A - p4¥,:4, b § * From the points on AED, draw parallel lines to EF.

I % * Marktheintersecting pointsP,, P,,P,, P,on either side
of axis.

* Draw a rectangle ABCD of sides 200 mm & 60 mm. Form the parabola by joining the points BEC and

* Mark centre points of AD and BC, as E and F, join EF. intersecting with a smooth curve, passing through

TASK 2: Parabolic curve with base as 80 mm and axis 30 mm (Tangent method) (Fig 3)

» Drawanisoscelestriangle of base 80 mm and altitude » Divide AB and BC into same number of equal parts
60 mm (double the abscissa). using divider/other methods.
» Join BD and mark midpoint V, the vertex. * MarkthepointsonABas 1,2,3 etc., inascending order.
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Fig 3

60

SUN1212Z3

Similarly mark 1', 2", 3' etc., on CB but in descending
order.
Draw lines 1-1', 2-2"..... 7-7".

Jointhe points with A, V and C witha smooth curve. AC
is tangential toline 1'1", 2 2' etc., and form the required
parabola.

TASK 4: Parabolic curve of sides 80 and 60 making 60°/120° - Parallelogram method (Fig 4)

Fig 4 c
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i
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| ~—
|
7| |
| E
| ,
|
g |
rd
80
N
:
w
56

Procedure is similar to the Fig 3.
Assume any point O.
Join points A & B to O by straight lines.

Divide AO and BO into same number of parts and
number them as shown.

Join the corresponding point’'si.e. 1-1,2-2.....5-5.
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TASK 5: Draw a parabola given double ordinate 80 mm and abscissa 60 mm 'offset method' (Fig 5)

Fig 5
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60
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|
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X

80
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Draw the rectangle ABCD and draw XX through the
midpoint of AB and CD.

Divide AXand XB into same number of equal parts say
4 and mark them as 1,2,3 as shown.

From the points 1,2 & 3, draw parallels (offset) to XX.
On these offsets mark off distances as below:
1-1'equal to (1/4)? of BC = 1/16 x 60 = 3.75 mm
2-2'equal to (2/4)? of BC = 1/4 x 60 = 15 mm
3-3'equal to (3/4)? of BC = 9/16 x 60 = 33.75 mm

Join D-X-C through parts 3', 2", 1' etc., with a smooth
curve and form the parabola.

TASK 6: Parabolic curves joining two points A & B as shown (Fig 6)

Fig 6

SUN1212Z6

Construction:

Letthe points A and B are in different positions as shown.

Assume any point O.
Join points A & B to O by straight lines.

Divide AO and BO into same number of equal parts and
number them as shown.

Join the corresponding pointsi.e., 1-1, 2-2.....5-5.

Draw a smooth curve, tangential to line 1-1, 2-2, 3-3,
4-4, 5-5, etc., and form this.

Check the curve and draw thick parabola curve.
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Construction Exercise 1.2.13
Surveyor- Basic Engineering Drawing

To construct plain scale, comparative scale and diagonal scale

Objectives: At the end of this exercise you shall be able to

* find out R.F of the scale

+ calculate the length of scale on drawing

» construction of plain scales, comparative scales, diagonal scale
* mark the distance on the scale

» construct a scale of chords.

PROCEDURE

TASK 1: Construct a plain sale of 1:60 to show metres and decimeters and long enough to measure up to 6
meters. Find and mark on it a distance of 3.7 metres.

* R.F=Drawing size/Actual size=1cm/60cm=1/60

1
+ Length of scale=R.F. x maximum length to be * Construct a plain scale of RF E to measure metres
measured. . .
and decimetres and mark a distance of 3.7m.

» Length of scale=1/60x6m=1/10metre=10cm ) .. )
* Draw the lines for sub-divisions slightly shorter as

* Draw a horizontal line of length 10cm. (Fig 1) shown.

) » Draw thick and dark horizontal lines in the middle of
Fig1 | S | all alternate divisions and sub-divisions. This will help
| in taking measurements.

HHHER » Below the scale, print METRES on the right hand side,
0B o ] 2 3 y s = DECIMETRES on the left-hand side, and R.F in
DECIMETERS METERS g the middle.
R.F=1/60 2 . .
* Indicate on the scale a distance of 3.7 metres =3
» Draw arectangle of size 10cmx0.5 cm. main divisions to the right side of O(zero)+7sub-

+ Divide the rectangle into 6 equal divisions, each division divisions to the left of 0 (zero).

representing 1m. SOLVE THE PROBLEM BY YOURSELF

* Mark 0 (zero) at the end of the first main divisions and
1,2,3,4 and 5 at the end of each subsequent division . Construct a plain scale of RF i to measure upto
to its right, 20
10cm (min) and mark a distance of 1.2 metres on the

+ Divide the first main division into 10 equal sub- divisions, I
scale.

each representing 1dm.

TASK 2: Construct a comparative scale to convert Fahrenheit (°F) into Celsius °C and vice-versa (Fig 2)

Fig 2
g 100
°C
10 20 30 40 50 60 70 80 90
et b oo oo o oo oo o oo e b oo oo o o o o
L R i i
40 60 70 80 90 100 110 120 130 150 60 170 180 190 200 210
32 50 68 86 104 122 140 158 176 194 °F 212

SUN1213H2

COMPARATIVE SCALE
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Draw aline AB of 15cmlong. (Top partwillread °C and
bottom part will read °F)

Divide the line into 10 equal divisions.

Topsidemark0,10,20....100 for °C scale (100 divisions)
and on bottom side, mark 32, 50, 68.... 212 for °F scale
180 divisions as shown.

On °Csidedivide onedivisioninto 10 equal parts. (Now
each small division represents 1°C)

On °F side, divide each division into 18 equal parts.
(Now each small division represents 1°F)

Mark other numbers and complete drawing the scale.

TASK 3: Construct a diagonal scale for 4 m length and show the lengths 2.69 m, 1.09 m and 0.08 m.
(RF = 1/25) (Fig 3)

Fig 3
2.69m (2.0m+0.6m+0.09m)
RF = 2i5 1.09m (1.0m+0.09m)
T T T
ST
EEERERE
T
I T T T
T
AR
AR EEE
T
OO

Length of scale required = RF x length to be measured

1
—gx4mx100—16cm.

Draw a rectangle ABCD of 16 cm x 4 cm.

Divide the rectangle ABCD into 4 equal parts and mark
them EF, GH & IJ and each division represents one
metre.

Divide the line AB into ten equal parts and mark them
1,2,3,....10,.

17 &1

Draw vertical lines from points 1, 2...... etc.

Divide the BF into 10 equal parts and mark them as
1'2'3'etc., and eachdivisionrepresenting 10cm (1 dm).

Draw diagonals on all ten small rectangles in the 1¢t
(lower) block ABFE and complete the diagonal scale.

Metres are read on EF orline parallel to iti.e GH, IJ &
DC. Decimetres are read on the division ofline AE and
centrimetres are read on points where the diagonals
intersect with the vertical parallel lines drawn through
the divisions of line AB.

Mark 2.69 in using the diagonal scale. (Fig 3)
2.00 m on metre division

0.60 m on decimetre division

0.09 in the diagonal cm division

1.09 m and 0.08 m are also marked in the fig 3 in the
same way.
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Construction Exercise 1.2.14
Surveyor - Basic Engineering Drawing

To construct vernier scale

Objective: At the end of this exercise you shall be able to
 construction of vernier scale.

PROCEDURE

TASK : 1 Construct a retrograde vernier scale (Fig 1)

Fig 1

" 8.8 6.6 4.4 22 0

dm METRES
VERNIER SCALE - RETROGRADE

SUN1214H1

1 i = =
RF = —; Least count:1 cm; Maximum length: 4 m (i) 0.21 metres =0.1+0.11 =0.21

25 — Withreference to zero onthe vernier scale, one division
on the right hand side and 1 division on the left side.

1
Length of scale: —— x4 mx 100 = 16 cm

25 — Draw extension lines and mark the reading.
- Constructthe mainscaleasin to4lengthofeachpart (i) 2.74 metres = 2.3 + 0.44 = 2.74
equal and representing 1 metre. — Mark4th division on the vernier scale represents 0.44
 Extend the left end of the main scale temporarily by from "O" and mark 2.3 m on the main scale.
one division. — Draw extension lines and mark the reading.

+ Drawthesecondary (vernier)scale of 11 MSD length as (iii)3.89 metres = 2.9 + 0.99

shown.
— Mark the 9th division on the vernier scale represents

+ Divide the secondary (vernier) scale into 10 equal 0.99 m from “O' and mark 2.9 m on the main scale.
divisions each representing 1.1 dm or 0.11 mm and o )
complete the retrograde vernier scale. — Draw extension lines and mark the reading.

To mark the reading, refer Figure 1.
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Construction
Surveyor - Basic Engineering Drawing

Exercise 1.2.15

Symbols for Materials and survey

Objectives: At the end of this exercise you shall be able to
+ identify the signs and symbols of various materials

* know the designated colour of the various materials

* illustrate the signs and symbols of various materials

+ use appropriate signs and symbols for showing used of materials in drawing.

PROCEDURE

TASK 1: Draw the symbols for various materials as shown in figure

Fig 1
COLOUR
METERIAL SYMBOL
BRICK VERMILION
CONCRETC " ’ HOOKERS GREEN
< 4 9 j
NATURAL OF 7
RECONSTRUCTED L COBALT BLUE
STONE G

PARTITION HLOCKS

PAYNES GREY

)

WOooD BURNT SIENNA
R
MENNNNNENS
YELLOW OCHRE
OR CHROME
PLASTER AND
PLASTER PRODUCTS GREEN
Y
GLASS APPLICABLE
TO LARGE BLUE
SCALES ONLY
FIBRE BUILDING
BOARD AND \/\f\/\/\/ SEPIA
INSULATION BOARD
BLACK

METAL SECTIONS

SUN1218E1
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Survey symbols

SL.

o OBJECT CONVENTIONAL SIGN COLOUR
1. CHAIN LINE R — CRIMSON LAKE
TRIANGULATION
2 SrATION K\ CRIMSON LAKE
3. TRAVERSE STATION \®— CRIMSON LAKE
or  BM. 10000
4 BENCH MARK =T | CRIMSON LAKE
5. BUILDING (PUCCA) CRIMSON LAKE

BUILDING (KATCHA)

BURNT UMBER

TEMPLE, CHURCH,

7. MOSQUE CRIMSON LAKE
8. WALL & GATE -><- CRIMSON LAKE
BOUNDARY WITH
0. PILLARS H CRIMSON LAKE
10. DAM h CRIMSON LAKE
il Badl | o0
CRIMSON LAKE
L]
11. CITY OR TOWN —| ,_ ROADS -
[ ] [N | JRETAGEE
12. CEMETRY TTTTTTTTT BLACK
13, RIVER - PRUSSIAN BLUE
__—

CANAL OR STREAM
(PERENNIAL)

PRUSSIAN BLUE

CANAL OR STREAM
(NON-PERENNIAL)

EDGES - BLACK

CANAL WITH LOCK

PRUSSIAN BLUE

LAKE OR POND

PRUSSIAN BLUE

WELL

PRUSSIAN BLUE

DRAIN (KATCHA)

PRUSSIAN BLUE

DRAIN -
——— . — PRUSSIAN BLUE
20. DRAIN (PUCCA) s TN
CRIMSON LAKE
21. WIRE FENCING —X—X—X—X—X— BLACK
22, WOOD FENCING —_——————— — YELLOW
23, PIPE RAILING BLACK
24, BOUNDARIES BLACK
25. HEDGE oYY Yrm HEDGE GREEN
26. TREE Q OR ? HEDGE GREEN

SL.
NO. OBJECT CONVENTIONAL SIGN COLOUR
27. JUNGLE 4 ? L4 b [d b4 L4 HEDGE GREEN
28. ORCHARD 0 G O 0 00 HEDGE GREEN
0100000
S
o o222 DRAINS -
(-—) PRUSSIAN BLUE
29. CULTIVATED LAND \ CULTIVATION -
GREEN
30. BARREN LAND BLACK
\\\I'I:,\\\l'l:,
31. ROUGH PASTURE \\\..,,“\\.-.,“\\"—_ BLACK
WA, v,
WG\ sty
32. MARSH OR SWAMP 7 = BLACK
W
?}“ié
/=N
33. SAND HILL \\\\§)\/\ BLACK
o
abbbb bbbl
34. EMBANKMENT BLACK
v
35. CUTTING - BLACK
36. FOOTH-PATH TN . BURNT UMBER
7 -7~ ~
\\ //
37. VILLAGE CART-TRACK I~ - BURNT UMBER
> S - 4
38. UNMETALLED ROAD ﬁ BURNT SIENNA
39. METALLED ROAD _ BURNT SIENNA
40. RAILWAY SINGLE LINE OR BLACK
A & & § &
;/
42, ROAD BRIDGE | BURNT SIENNA
;/
o |rwaverce:s | T BLAK
ROAD & RAIL LEVEL RAIL - BLACK
44. CROSSING ROAD - BURNT
SIENNA
TELEPHONE OR
45. TELEGRAPH LINE 0—0—0—-20 BLACK
46. ELECTRIC LINE -6 8 &6 BLACK
47. NORTH DIRECTION BLACK
DEMARCATED
48. PROPERTY —e—e—s—eo—o
BOUNDARY
UNDEMARCATED
49. | PROPERTY —X X —x —x — ~
BOUNDARY w
| — -
50. CULVERT N
N\ Z
2
51. ELECTRICLINE —o—0—o0o— 0
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Construction Exercise 1.2.16
Surveyor - Basic Engineering Drawing

Free hand sketching of instruments

Objectives: Atthe end of this exercise you shall be able to
» sketch the linear measurement of metric chain and tape
» sketch the survey tools.

PROCEDURE

TASK 1: Sketch the given instruments figures as shown in freehand.

Fig 16
20m
5m ‘ 5m ‘ 5m ‘ 5m
%SOMSm % 5o0r15m 20 orOm
ENGRAVE 20m ON SURFACES m
A & B TO INDICATE THE LENGTH
OF CHAIN BRASS RING AT
TALLIES 1.5 TO 2.0mm THICK EVERY METRE
) LENGTH
Fig 17 20 METRE CHAIN
30m
5m | 5m | 5m | 5m | 5m | 5m
30m ‘25m ‘ZOm ‘ 15m ‘ 10m ‘Sm
10m 15m 20m 25m
ENGRAVE 30m ON SURFACES
A & B TO INDICATE THE LENGTH
OF CHAIN BRASS RING AT
TALLIES 1.6 TO 2.0mm THICK
EVERY METRE
30METRE CHAIN LENGTH
Fig 18 i
9 Fig 19
5m
20cm | 20cm |
HANDLE COLLAR ‘ ‘ = %:é %:é % H %:é }:-
EYE BOLT RINGS
A LINK
I |
GROOVE Z \X
END LINK LINK A LINK OF A CHAIN
TALLY
) DETAILS OF A METRIC CHAIN
Fig 20
«Q
2]
m m m
o
AT 5M AT 10M AT 15M S
&
SHAPE OF TALLIES IN 30m METRIC CHAIN 3
w
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Fig 21

10cm
25mm
METAL STRIP 15 mm
£ I quTI‘1|O| [TTTTTI |2‘0| |9‘0| |1‘M| |A‘M| [0 o S T
D-Q} ——\=——— METRE || °
& I U l_\__!_____!
k/i \-LEATHER STRENGTHENING PIECES
HARD DRAWN TO BE SECURE BY STITCHED
BRASS LOOP
STITCHING LINES
A\
Q= T © :
S
METALLIC TAPE z
w
Fig 22
T
I 10 METRE *
11
11 5 6 7 8 9 10 | | | A
I
L T T O T T TR FeTFeeet Fvearoony HEEEEN | 1] !
I
3
A=16.0, 13.0, 9.5 OR 6.0 mm S
STEEL TAPE z
1%}
Fig 23 FLAG Fig 24 _
HOOK
BLACK OR
RED BAND
=
[&]
& WHITE BAND
&
1 5
£
o~
BLACK OR
RED BAND
=
[&]
o
N
] WHITE BAND
=
[&]
S METAL SHOE
z
- o
RANGING ROD z
1%}
METAL SHOE
i
B OFFSET ROD z
w
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Fig 25

ARROW

4mm DIA. WIRE
BLACK ENAMELLED

400mm =5

SUN1219HL

Fig 26

ARROWS

SUN1219HM

Fig 27 2.50r3cm

250r3cm

WOODEN PEG

cm

SUN1219HN

Fig 28

PLUMB BOB

SUN1219HO
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Construction
Surveyor - Chain Surveying

Exercise 1.3.17

Practice on Unfolding, stretching and folding of metric chain

Objectives: At the end of this exercise you shall be able to
 unfold a metric chain to start the work

e drag and stretch the chain in line

« fold the metric chain after completing the work.

Requirements

Tools/Equipments/Instruments

e Metric chain 20m/30m - each one

PROCEDURE

TASK 1: Unfold a chain (Fig 1)

Fig 1 2om

ENGRAVE 20m ON SURFACES
A & B TO INDICATE THE LENGTH
OF CHAIN

30m

ALLIES 1.5 TO 2.0mm THICK

20 METRE CHAIN

@—ﬁ@:@ﬁ
5 or 15m 20 orOm
BRASS RING AT

EVERY METRE
LENGTH

5m

ENGRAVE 20m ON SURFACES
A & B TO INDICATE THE LENGTH
OF CHAIN

TALLIES 1.5 TO 2.0mm THICK

30METRE CHAIN

BRASS RING AT
EVERY METRE
LENGTH

SUN1320H1

1 Remove the leather strap from the bundle of chain.

2 Follower: Take both the handles of the chain in left hand
and throw the chain well forward with right hand.

TASK 2: Drag and stretch the chain in line

1 Follower: Keep the heel at one end of the handle.

66

3 Leader: Take one handle of the chain and move
forward until it extends to its full length.

2 Leader: Jerk the chain and straighten its full length.



TASK 3: Fold the chain

1 Leadertotake the middle of the chain with his lefthand,
after completing the work.

2 Commence from middle, take two pairs of links at a
time with right hand.

3 Placethemwith zig zag manner, arrange all pairs upto
reach of the handle in the left.

4 Fasten the bundle of chain with leather strap tightly.
(Fig 2)

N (E‘:%K 4
D

SUN1320H2
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Construction
Surveyor - Chain Surveying

Exercise 1.3.18

Practice on testing of chain, tape, optical square and cross staff

Objectives: At the end of this exercise you shall be able to
* test the metric chain
e test an optical square
* test the cross staff.

Requirements

Tools/Equipments/Instruments

*  Wooden peg 15cm length, 3 to

5cmsquare -2Nos.
* Nail2” -2Nos.
» Steeltape (30m) -1 No.
* Crossstaff -1 No.

* Ranging Rods 2 or 3mm - 3cmd -5Nos.
* Opticalsquare -1 No.
¢ Plumb-bob -1 No.

PROCEDURE

TASK 1: Test a metric chain (20m/30m) and steel tape 30m

Method 1

1

Mark the standard distance of 30m/20m on a nearest
verandah floor or Railway platform or copings of walls
etc. with a standard chain or a steel tape which should

Mark points at 10m interval in the above standard
distance. (Fig 1)

Stretch the chain to be tested over the standard
marking.

kept in the surveyor’s office for the sole purpose. 4 Check whether the chain is too short or too long.
Fig 1
ol |8 -|& -|1&
10m ! 10m ! 10m
30m é
TEST GAUGE %
Method 2 8 Driveathird peginthe middle of above two markings by

Establish a test gauge on a level ground.

Drive two strutwooden pegs to the required distance of
30m/20m with a standard chain or steel tape.

7 Insert nails in the tops of pegs to mark exact points as
shown in the Fig 2.
Fig 2
20m or 30m

 ——  m——

o o

| | | |

| | | |

| | | |

| | | |
NI \ /) £
N/ A S
Vv TEST GAUGE Vv %

68

standard chain/steel tape.

Stretch the chain to be tested over the standard
marking. (Fig 3)

10 Check whether the chain is too short or too long.

Fig 3

| |
| |
I . —o |
FIELD TESTING OF CHAIN

SUN1321H3




It is preferable to establish a permanent test
gauge by using dressed stones about 20cm
square instead of pegs. (Fig 4)

In both the above methods adjustments must
be done symmetrically without altering the
central tally of the chain.

Similarly, the steel tape can be tested for its
standard length 20m/30m

Fig 4

/7 20cm x 20cm DRESSED STONES \

+ 0 + 10m

10m ‘

10m

S N

+  |20m +  |3om

‘ 10m ‘

PERMANENT TEST GAUGE

SUN1321H4

TASK 2: Test on Optical square

1 Select and Mark a line AB to a distance of 30m on a
level ground and middle point C (15m). (Fig 5)

Fig 5 A c 5

a b
d
TESTING AN OPTICAL SQUARE

SUN1321H5

2 Holdthe optical square on the intermediate point C and
sighttheranging at‘A’ andfixranging rod at‘a’ such that
the images of ‘A’ and ‘@’ will be coincides in the
instrument

Turnroundtoface ‘B’ andsight‘a’, suchthattheimages
of the ranging rods ‘B’ and ‘a’ coincides in the
instrument then it is in adjustment

If not in adjustment fix another ranging rod at the new
position ‘b’

Mark a point ‘d’ midway between ‘a’ and ‘b’ fix ranging
rod at ‘d’

Turn the adjustable mirror till the image ‘d’ coincides
with image B

Repeat the above process till it corrects.

TASK 3: Test on cross staff

1 Select aline XY more than 30m length. (Fig 6)

Fig6

T

d
a b :

X | Y

|
c

SUN1321H6

TESTING A CROSS-STAFF

Hold the ranging rods at Xand Y

Hold the cross staff approximately in the middle of the
line XY.

Leader Sight one of the saw cut of the cross staff say
‘ab’ groove towards Y.

Follower Sightthrough ‘cd’ groove of the cross staffand
fix ranging rod R.

Turn the cross staff through 90° such that the ‘cd’ is
along xy.

Check whetherthe instrumentis correct by sighting the
other groove ‘ab’ will point towards the ranging rod R.
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Construction
Surveyor - Chain Surveying

Exercise 1.3.19

Practice on ranging

Objectives: At the end of this exercise you shall be able to
* range a line in a plain ground

¢ lay the chaining in plain ground

* ranging indirect (or) reciprocal ranging

* ranging across a valley

* ranging on random line ranging.

Requirements

Tools/Equipments/Instruments

* Metric chain 20m/30m -1 No. Arrow 40cm long-4mm & - 10 Nos.
+ Ranging rods 2/3m-3cm @ - 3 Nos.(min.) Measuring tape steel 30m - 1 No.
PROCEDURE

TASK 1: Range a line AB in a plain ground

1 Mark two stations A and B approximately 50m apart.
(Fig1)

Fig 1

om ‘A (o} D B

SUN1322H1

2 Fix the ranging rods at stations A and B.

3 Thesurveyorstands about2m behind the ranging rod at
A on the line A, B.

TASK 2: Do chaining the line AB in a plain ground

1 Keep one end of the chain at A and run the chain
towards B passing through C.

2 Fix an arrow at the end of the chain

3 Drag the chain towards end B

70

Direct the assistant to hold a ranging rod vertically at
armslength, atthe pointwhere the intermediate station
‘C’ is to be established.

Direct the assistant to move the rod to the right or left
to the line AB until the three ranging rods appear to be
exactly in a straight line.

Step down and check the position of the rod by sighting
the lower end of the rod.

After ascertaining the three ranging rods are in a
straight line, signal the assistant to fix the ranging rod
at the position.

Repeatthe same procedure forfixing otherintermediate
points.

Read the remaining chain length

Total distance AB = No. of full chain + remaining chain
length.



TASK 3: Indirect ranging or reciprocal ranging (Fig 2)

Fig 2

SECTIONAL ELEVATION

SUN1322H2

1 Indirect ranging between two end points are not
intervisible due to inter ranging high ground.

2 A and B are the two end stations

TASK 4: Ranging across a valley (Fig 3)

Fig 3

RANGING ACROSS A VALLEY

SUN1322H3

1 X, Y arethe two station points at the ends of the valley.

2 The intermediate points A, B, E etc. are to be fixed in
line with x and y across the valley.

TASK 5: Random line ranging

1 Let A and B are the terminal station which are
intervened by a jungle as shown in a Fig 4.

2 Form arandom line AB1 from A.

3 Cand D are the two intermediate points to be fixed in
line with A and B.

4 Select two positions of C and D on high ground and
denotedas C,and D,.

Surveyor at C, able to see D, and end ranging at B.
ThesurveyoratD, abletosee C, andendrangingat‘A’.

Direct the assistant to move the position F. (Top of
ranging rod at ‘F’ is in line of right points to the bottom
of ranging rod at ‘X'

8 Surveyorat C, directthe surveyor D, to move D, to be
line with B.

9 The surveyoratD, directs C, to move to C, in line with
A surveyor at C, directs D, to move D, in line with B.

10 The same procedure to be adopted till no further
movements of stations C and D.

11 Run the chain from A, C, D and D.

12 This is the desired positions of intermediate points in
line with the end points i.e., A as B.

3 Surveyor at ‘X’ directs the assistant at the station A to
be in line with Y. (i.e.,) the top of ranging rod at A is
broughtin line with the bottom of the ranging rod at Y).

4 Surveyorat X againdirects the assistantto move down
wards to ‘B’ (i.e., top of ranging rod at ‘B’ is in line of
sight, pointing the bottom of ranging rod at ‘A’).

5 Continue this process until the point is reached near
the lowest portion and which is invisible from X.

6 Surveyor goes to the otherend ‘Y’.
Continue the same process.

8 Thestation X, F,E,B,AandY areinsame straightline

3 Select B1 such that the line BB1 should be
perpendicular to AB1.

4 Measure the length of AB1 and BB1.
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5 Fromthatthe distance AB can be calculated using the

Fig 4
formula

AB = +vABT +BB1?

6 Thedistance CD canalsobe calculated using the same
procedure as shown in the Fig 4.

SUN1322H4

Practice on taking measurements by 30m/20m chain and 30m/15m tape

Objectives: At the end of this exercise you shall be able to

* measure the distance between two given points within 30m/20m

* measure the distance if it exceeds by one chain length

* measure the distance between two given points by using 15m/30m steel tape.

Requirements

Tools/Equipments/Instruments

*  Chain20m/30m -1 No. * Metallictape15m/30m -1 No.
+ Steeltape 15m/30m -1 No. * Rangingrod 2/3m-3cm J - 3 Nos.
* Arrows 40cmlong - 10 Nos.

TASK 1: Measure the distance between two given points within 30m/20m by using 30m/20m chain.

1 SelectapointAongroundandfixanarrow atthat point.

Fig 1a
2 Unfold and stretchthe 20m/30m chainfromAtoBinline o SRM B CHAINLINE S
Wlth AB ‘ MEASURE THIS LENGTH !
Count the tallies and links from A to B Fig 1b
B
4 This is the distance between A and B (Fig 1a) 8 - T -
30m | REMAINING DISTANCE
1CHAIN + REMAINING DISTANCE 5
TASK 2: Measure the distance if it exceeds by one chain length.
1 Fix an arrow at the end of the chain length 3 Countas previously done
2 Drag the chain forward to B 4 Distance AB = No of full chain+ Remaining distance

measured. (Fig 1b)

TASK 3: Measure the distance between two given points by using 15m/30m steel tape.

Case(a) Case (b)

If the distance is within 15m/30m length If the distance exceeds one tape length 15m/30m

— Select two points A, B. — Mark the 15m/30m on the line.

— Unwind the tape, hold the zero point (Ring) at A. — Measure the remaining length from this pointand add.

— Pull the tape until to reach B. Booking in the field book

— Read the measurements on tape. Entering all the readings with respect to figure in the field
book
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Construction
Surveyor - Chain Surveying

Exercise 1.3.20

Practice in Offsetting in chain surveying

Objectives: At the end of this exercise you shall be able to

* take perpendicular offsets to corners of an existing building
* take perpendicular offsets to a given Irregular fields

+ take oblique offsets to an existing corner of a building.

Requirements

Tools/Equipments/Instruments Materials

* Metric chain 30m 1 No. » Field book
* Arrows 0 Nos. * Pencil

» Crossstaff 1 No. » FEraser

* Rangingrod 2 Nos.

» Offsetrod 2 Nos.

+ Steeltape (30m) 1 No.

1 No.
1 No.
1 No.

PROCEDURE
TASK 1: Take perpendicular offsets to corners of an existing building

Method (i) By using cross staff (Fig 1)

Method (ii) By swinging arc method (Fig 2)

Fig 1 ¢ o Fig 2 E
d ¢ @ /
/
/
a b //
| \\\ R N g
! N ! A C B g
| AN | BY SWINGING ARC METHOD z
’e N
| - ~ | @
i N
A c d B I Al H
ca. db ARE THE PERPENDICULAR OFFSETS. g Run achain I|r_1e_AB approximately parallel to the one
USING CROSS STAFF H side of the Building PQ.

Run a chain line AB approximately parallel to the side
of building a, b on ground.

Find the foot of the perpendicular offset C on the chain
line AB at the first corner of the building ‘@’ by using
cross staff.

Repeat the same process to locate the foot of the
perpendicular ‘d’ on the chain line AB to the second
corner of the building ‘b’.

Theleader holds the zero end of the tape atthe point ‘p’.

The follower carries the tape box and swings the tape
along the chain

At the same time the follower finds the shortest dis-
tance from P at C on the line AB.

TASK 2: Take perpendicular offsets to a given Irregular fields (Fig 3)

Fig 3

OFFSETS FOR AN IRREGULAR BOUNDARY

SUN1323H3

offset 11°, 22’, 33’,

1 Run achain line AB along the centre of the field.

2 Take offsets on both sides at suitable intervals and at
such points where the direction suddenly changes.

Note the chain age and measure the offset.

4 Record the chain ages at A,1°,2°,3" .......... etc., and
etc., in the field book.
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TASK 3: Take oblique offsets to an existing corner of a building (Fig 4)

Fig 4

SUN1323H4

OBLIQUE OFFSET

Skill Sequence

1

Run a chain line AB Approximately parallel to the
existing building.

At a convenient full chain age say 2,3,4,5m.......... etc
select a point C and D on the chain line.

The points C, D and H should form approximately an
equilateraltriangle.

Measure oblique offsets CH and DH.

Record the chain ages and offsets in the field book.

Finding the foot of the perpendicular offset

Objective: This shall help you to
* find the foot of the perpendicular offset on the chain line.

1

Hold the ranging rod at corner of object ‘a’. (Fig 1)

Fig 1

RANGING
RODS

RANGING
RODS

B

Cc

ISOMETRIC VIEW

1
PLAN

SUN1323J1

2

Hold another ranging rod at B on the end of the chain
line.

Theleader moves the cross staff along the chainline AB
by sighting Ranging rod at B through one groove.

Atthe same time the follower sightthe rangingrod at‘a’
by the other groove.

Fix the cross staff at a point on the chain line AB where
the two ranging rods are sighted through the grooves
simultaneously. (Fig 1)

This is the point ‘C’ which is the foot of the
perpendicular to the chain AB.

Note the chain age and measure the offset.

6

Record the chain age and offset in the field book

The above same procedure to be followed to locate the foot
of the perpendicular ‘d’ to the object ‘b’.

Finding the foot of the perpendicular offset (Optical Square)

Objective: At the end of this exercise you shall be able to

« find the foot of the perpendicular offset on the chain line by optical square.

1
2
3
4

74

Fix one ranging rod at the object point ‘a’.
Fix another ranging rod at the end of the chain line ‘B’.
Hold the optical square and stand on the chainline ‘AB’.

Sighttherangingrod at ‘B’ through the smaller slot (eye
hole) of the unsilvered mirror.

Move forward or backward on the chain line ‘AB’ untilthe
triage of the ranging rod at the object ‘a’ appearedin the
silvered position of the mirror.

6

Move until the image of the ranging rod at ‘@’
coincides with the ranging rod at ‘B’, through the
mirror.

Mark the position ‘C’ on the ground in the chain line
‘AB’.

Note the chain age and measure the offset.

Record the above chain age and offsetin the field book.
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Practice on Setting out right angle using chain and tape

Objectives: At the end of this exercise you shall be able to

* erect a perpendicular offset to chain line from a point on it
* drop a perpendicular offset to the chain line from a point outside it.

Requirements

Tools/Equipments/Instruments

-1 No.
-1 No.

*  30m chain
» Steel tape 30m

* Pegs 15cm length-2.5/3cm6
* Arrow 40cm long-4mm thick

-1 No.
- 10 Nos.

TASK 1: Erect a perpendicular offset to a chain line from a point on it

Common to all three methods A, B and C.

1 Stretch and run a chain line AB on ground.

2 Mark a point ‘C’ where a perpendicular is required.
Method A (Fig 1a)

3 Establishapoint E atdistance of 3mfrom conthe chain
line AB.

4 Make an arc of 5m on ground from E to a convenient
distance.

Similarly make another arc of 4m from C.

Find the point where the above mentioned two arcs
cross each other and denote it as D.

7 The angle| DCB will be 90°.
Method B (Fig 1b)

8 Mark E and F from C on chain line AB such that the
distances EC and CF will be equal.

9 Make an arc of 5m radius from E and also from F.
10 Find the intersection of the two arcs and denote as D.
11 The angle | DCE will be 90°.

Method C (Fig 1c)

12 Selectany pointF outside the chainline AB, preferably
at 5m distance from C.

13 Hold the 5m mark at F and zero mark at C.

14 Make a semicircle with F as centre and FC as radius
(5m)

15 Mark E where the semicircle cuts the chain line AB
16 Join EF and extend it upto cut the arc at ‘D’

17 Now EF = FD = 5m

18 JoinDC.

19 The angle| DCE will be 90°.

Fig 1a Fig1b Fig 1c
v, D
|
|
sm 4m | F
|
0 | N
\
N |
A E C B AE C FB A E C B .
| 3m | %
g
S
METHOD A METHOD B METHOD C z
W)

TASK 2: To drop a perpendicular offset to a chain line from a point outside it

Method A (Fig 2a)

1 Stretch and run a chain line AB.

2 Select any point E on the chain line.

3 Select any point D on the outer side of the line AB.
4

With D as centre and DE as radius, draw an arc to cut
the chain line in F.

5 Bisect EF at C.
6 CD will be perpendicular to AB.
Method B (Fig 2b)
7 Stretch and run a chain line AB.

8 Select any point E on the chain line

9 SelectanypointD onthe outer side ofthe chainline AB.
20 Join ‘ED’ and bisect it to get F.

21 With ‘F’ as centre and EF (or) FD as radius, make an
arc to cut the chain line in C.

22 CD will be perpendicular to the chain line AB.

Fig 2a Fig 2b

A E (03 F B A C B
METHOD A METHOD B

SUN1323X2
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Marking an arc on ground

Objective: At the end of this exercise you shall be able to
* make an arc of 5m on ground.

1 Hold zero end of tape at E with the Helper. (Fig 1)

2 Stretch the tape for more than 5m in the direction in
which the arc is to be made.

Straighten the tape.
4 Take an arrow and mark a 5m distance.

5 Take E as centre, make an arc of Radius 5m by swing
the tape and arrow.

Fig 1

ARROW

SUN1323Y1
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Construction
Surveyor - Chain Surveying

Exercise 1.3.21

Practice on overcoming obstacles in chaining

Objectives: At the end of this exercise you shall be able to

* run the chain line even vision is obstruct
» overcome obstacles in chaining
* measure the distance even chaining is obstructed

* measure the obstructed distance even both chaining and ranging obstructed.

Requirements

Tools/Equipments/Instruments

* Chain 30m
* Ranging rods 2/3m-3cm@
+ Tape 30m

-1 No.
- 4 Nos.
- 1 No.

-1 No.
- 10 Nos.

» Cross staff
* Arrows - 40cm long

PROCEDURE

TASK 1: Run the chain line even vision is obstructed

Case (i) Both ends may be visible from any intermediate
point lying on the line such as in the case of a hill.

1 Letstation Aand B are notintervisible from each other.

2 Select two intermediate stations C1 and D1 in such a
way that

C1cansee D1 &stationBand D1 cansee C1 &station
A. (Fig 1a)

3 SurveyoratD1directs C1inasuch awaythatD1,C2
and A are in straight line. (Fig 1b step 1)

4 SurveyoratC2directs D1 to bring the ranging rod to D2
in line with C2D2 B by sighting end station B. (Fig 1b
step 2)

5 SurveyoratD2directs C2tobringtherangingrodto D2
in line with D2C3A by sighting end station A. (Fig 1b
step 3)

6 The above procedure is repeated until the personatC
finds the person at D in line with CB and the person at
D finds the person at C in line with DA.

7 Thustheintermediate positions Cand D are established
in line with AB. (Fig 1b step 4 and 5)

Fig 1a
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8 Run the chain through C and D to B. (Fig 2)

9 The same procedure can be adopted for valley portion
also. (Fig 3)

Fig 2

SECTIONAL ELEVATION

D1

SUN1324H2

RANGING ACROSS A VALLEY

SUN1324H3

13 Measure the length of AB1 and BB1.

14 From that the distance AB can be calculated using the
formula

AB = AB12 + BB12

15 Thedistance CD canalso be calculated using the same
procedure as shown in Fig 4.

Case (ii) Both ends may not be visible from any
intermediate point such as in the case of Jungle.

10 LetAandBaretheterminal station which areintervened
by a jungle as shown in a Fig 4.

11 Form a random line AB1 from A.

12 SelectB1 suchthattheline BB1 should be perpendicular
to AB1.

Fig 4

SUN1324H4

TASK 2: Measure the distance even chaining is obstructed

Case (i) When the obstacle can be chained around.
Method 1 (Fig 1)

Fig 1

m
=
SUN1324J1

1 Letstations A& B be the terminal stations of chainline.

2 Choosethe stations C & D on either side ofthe obstacle
on the chain line AB.

3 Erect a perpendicular to a convenient distance from
station ‘C’ and denote it as ‘E’.

4 Erectanother perpendicularwith the same distance of
CE from D and denote F.

5 Measurethedistance EF whichis equaltothe obstructed
distance CD. i.e. EF =CD

Method 2 (Fig 2)

Fig2  ,

SUN1324J2

Let stations A & B be the terminal stations of a chain
line.

7 Choosethe stations C & D on either side of the obstacle
on the chain line AB.

8 Erect a perpendicular to a convenient distance from
station ‘C’ and denote as E.

9 Measure the distance CE and DE.

10 The obstructed distance CD can be calculated fromthe
formula.
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CD = VDE? - CE? Equating 1 and 2

Method 3 (Fig 3) CE?+ EF?- CF? CE2+ ED? - CD?

. 2CE.EF 2CE.ED
Fig 3

substituting the field measurements in 3 we get the
distance of CD.

Case (ii) When the obstacle cannot be chained
around (Fig 4)

Fig 4

SUN1324J3

11 Letstations A and B be the terminal station of the chain
line AB.

12 Selecttwo convenientstations C and D on the opposite
sides of the obstacles on the chain line AB.

13 Select stations E & F such that stations E, Dand F are
in a straight line and clear from the obstrucle.

14 Measure the distances of ED, DF, FC and CE.

15 The obstructed distance CD can be calculated from the
following calculations.

°B

SUN1324J4

16 Let stations A & B be the terminal stations of the chain

Assign the angle lcEFaso line AB.

In Triangle CEF 17 Selecttwo convenientstations C and D on the banks of

CF2=CE? + EF?- 2CE .EF.Cos 6 theriver.

2CE.EF.Cos 6 =CE* + EF?- CF? 18 Find station ‘E’ such that CE perpendicular to ED ie.,
CE?+ EF?- CF? CED =90°

Cos 0 = e >(1) 19 measure the distance ED.
2 CE.EF 20 Extend the line ED to F such that ED = DF.

In Triangle CED 21 Select the station G on the chain line AB such that FG

perpendicularto the FD.

CD?=CE?+ ED?-2CE.ED.Cos g
22 Measure the distance DG, then DG will be equal to the

2CE.ED.Cos g =CE?+ED?-CD? obstructed distance of CD.
CE?+ ED? - CD?
CoS O = e >(2)
2CE.ED

TASK 3: Measure the obstructed distance even both chaining and ranging obstructed

1 LetBHbe the obstructed distance passing through the 3 Mark the point C on the chain line AB such that BD =

building in the chain line AB. (Fig 1) BC.
_ 4 From C, erect a perpendicular and mark E such that
Fig1 E D F G BD = CE.
\></ \></ 5 Tocheckthe accuracy of the framework, measure the
% %/ T . diagonals BE and CD. BE and CD will be equal.
A J X
z 6 Prolong ED to past the obstacle.

h h ints F h I line.
2 Erectaperpendiculartoaconvenientdistance BD such Choose the two points F and G on the prolonged line

that BD is perpendicular to BA.
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10
11

Erect the perpendicular from F and G to a distance
which is equal to BD.

Denote, itas Hand | as shown in figure which isin line
with AB produced.

Prolong the line through HI.

Now obstructed distance BH can be measured by
measuring DF.

Case (ii)

1

Let BK be the obstructed distance passing through the
building in the chain line AB in Fig 2.

With AB as base construct an equilateral triangle ABC
by swinging equal arcs with a tape.

Produce AC to D and take a point E on DA.

4 Againconstructan equilateral triangle DEF with DE as

80

base.

Produce the line DF to G such that DG =DA. Now ADG
forms an equilateral triangle and G is a point on the
chain line. AB produced.

SUN1324X2

Choose the second pointK on the chain line by forming
an equilateral triangle GHK on GH as base.

Theline joining KG determines the direction of the chain
line past the obstacle.

The obstructed length BK = AG - AB - GK.
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Construction
Surveyor - Chain Surveying

Exercise 1.3.22

Practice on Ranging and chaining in sloping ground

Objective: At the end of this exercise you shall be able to

* range and chaining in sloping ground.

Requirements

Tools/Equipments/Instruments

¢ Metric chain 20m/30m -1 Nos. * Plumb bOb, Splrlt level. -1 No. each
+ Ranging rod 2/3m-3cm ¢ - 5Nos. * Arrows - 10 Nos.
* Measuring tape steel (30m) - 1 No.
PROCEDURE
Task 1: Ranging and chaining on sloping ground
1 Select a small hilly area to be surveyed.
Fig 2 A 2

2 Fixthe station points A and B and erect ranging rods.
(Both A & B are intervisible) (Fig 1)

Fig 1

STEPPING

D

(a)
METHOD OF STEPPING

SUN1325H1

3 Hold the zero end of the steel tape at A on the ground
by follower.

4 Holdthe otherend ofthe tape by the leader and moves
suitable length |, (not exceeding 6m) towards B and
stretch it horizontally.

5 The follower directs the leader in line with B.

Leader holds the plumb bob at 1" and transfer it on the
ground say 1 and record the distance |.. (Fig 2)

4
b
\E APPROX.
1.2m
1
1

(b)
THE VERTICAL DISTANCE 11,22, 33....efc.,
SHOULD BE APPROXIMATELY 1.2m

SUN1325H2

7 Thefollowerthen moves to the point 1 and holding the
zero ends of the tape.

8 Theleadermovestothe point2 and stretches the tape
horizontally.

9 Theleaderholdthe plumbbob at2 andtransfera point
2 on the ground and the record distance I,

10 Similarly moving towards B measure all the distances
say |, |, and |,.

11 The length of AB =1, + 1+ 1, +1, +
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Construction
Surveyor - Chain Surveying

Exercise 1.3.23

Practice on Chain survey around a given small building by triangulation and

traversing

Objectives: At the end of this exercise you shall be able to

» chain survey around a given small building by triangulation
» chain survey around a given small building by traversing
* chain survey around a given small building by traversing using chain angle method and plotting on the map.

Requirements

Tools/Equipments/Instruments

e 30m chain -1 No.

e Arrows 40cm long - 10 Nos.
* Ranging rod 2/3m long -4 Nos.

* 30m steel tape -1 No.

* Cross staff -1 No.

« Peg 15cm long - 5 Nos.

Materials

* Drawing sheet A3 -1 No.

+ Pencil HB - 1 No.

+ Eraser - 1 No.

» Set of scale - One set.
* Cellotape

* Field note -1 No.

PROCEDURE

TASK 1: Chain survey around a given small building by Triangulation. (Fig 1)

Fig 1 c
N\
N
LA
: P
/AN
P2
Field work

1 Prepare arough sketch ofthe given smallbuildinginthe
field book.

2 Fix the Triangulation station points A,B and C around
the building which are intervisible.

Prepare reference sketches to stations A,B and C.
4 Run the chain line from A to B.

5 Take chain ages and offsets of the corners of the
building and enter in the field book.

6 Markapoint‘d’ & ‘f onthe chainline AB to check chain
angle.

7 Similarly follow the same procedure for chainlines ‘BC’
and ‘CA’
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8 Alsomark a points ‘g’ and ‘j’ on the chain line ‘BC’ and
‘e’ and ‘h’ on the chainline ‘CA’ and fix arrows.

9 Measure check lines distances ‘de’,'fg’ and ‘hj’ and
enter in the field book.

Office work

10 Draw the chain line ‘AB’ to a suitable scale on the
drawing sheet.

11 Draw an arc of radius equal to AC with centre ‘A’.
12 Draw an arc of radius equal to BC with centre as ‘B’.

13 Denote the point ‘c’ where the above arcs meet each
other.

14 Join AC and BC.

15 Mark the check line points ‘d’ and ‘f’ on the chain line
‘AB’.

16 Similarly mark the check line points g, jand ‘h’,’e’ on
the check line BC and CA respectively.

17 Measure the checkline distances‘de’, ‘hjand ‘gf’inthe
drawing.

18 Checkthe measureddistances with field measurements
for accurancy of the frame work.

19 Plot the chain ages and offsets to all chain lines
according to the field book.

20 Join all the offset points to get the actual shape of the
building.



TASK 2: Chain survey around a given small building by traversing (Fig 2)

Fig 2
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Field work

1 Prepare arough sketch ofthe given smallbuildinginthe
field book.

2 Select and fix survey stations ‘A’ and ‘B’ which are
intervisible to each other.

Prepare reference sketches to stations ‘A’ and ‘B’.
Run the chain line from A to B for a known length.
Note the chain ages and measure the offsets.

Enter the chain ages and offsets in the field book.

N o o b~ W

Locate the interior corner (s) of the building by taking
oblique offsets from any two fixed round chain ages.

8 Locate the station ‘c’ by sighting station ‘A’ using the
cross staff at B.

9 Run the chain line from B to C and locate the details
along BC.

10 From station ‘c’, erect perpendicular line ‘CD’ to ‘BC’
which is approximately equal in length ‘AB’.

11 Fix aranging rod on D’.
12 Fix a cross staff at ‘A’ and sight ‘B’.

13 Move the ranging rod along CD’ to locate D by sighting
through the another Groove in the cross staff at A.

14 Run the chain line from C to D and locate the details
alongCD

15 Similarly, Runthe chainlinefromDto A, and locate the
details along DA.

Office work
16 Draw a chain line ‘AB’ to a suitable scale.

17 Drawa perpendicularline to AB from B foradistance BC
to locate ‘C’.

18 Similarly locate the station D and check it from station
A.

19 Mark the chain ages on the correspond chain lines.
20 Draw the offsets from the correspond chain lines

21 Connect all the offset points to get the actual outlines
of the buildings

TASK 3 : Chain survey around a given small building by traversing using chain angle method. (Fig 3)

Fig 3

V.

SUN1326J3

Field work

1 Prepare arough sketch ofthe given smallbuildinginthe
field book.

2 Fix survey stations A and B which are intervisible to
each other.

Prepare reference sketches to the station A and B.

Runachainline from Ato B to aknown length and note
the chain ages.

5 Measure the offsets and enter in the field book.

6 Fix a check line point ‘a’ on the chain line ‘AB’ where
more than 3m from station B and fix an arrow.

7 According to the ground conditions run the chain line
from B to C at any angle using chain angle method.

8 Take chain ages and offsets on the chain line BC.
9 Fix a chain line point ‘b’ in the chain line BC.

10 Measure the distance ‘ab’ and enter in the field book.

Use chain angle method when the chain line
is not possible to run at right angle to each
other.

11 Similarly follow the above procedure for the chain lines
CD and DA.

Office work
12 Draw the chain line AB to a suitable scale.

13 Mark the chain lines and offsets on the chainline AB as
per field book measurements.

14 Mark the check line point ‘a’ on the chainline AB.

15 Draw an arc with centre as ‘a’ and radii as ‘ab’.
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16 Draw another arc with centre as B and radii as ‘Bb’. 19 Mark the chain ages and offsets on the chain line BC.

17 Denote the check line point ‘b’ where the above two 20 Follow the above procedure for remaining chain lines
arcs intersect each other. CD and DA.

18 Join Bb and prolong it up to station C.

Skill Sequence

Preparing reference sketch to stations

Objective: This shall help you to
» prepare reference sketch to the stations.

1 Mark the station on the field book as shown in Fig 1. 2 Observe the permanent objects which are located
around the station.
e ReE vouse I 3 Markthe permanentobjectsinthe field book by drawing
~ ]t rough sketch.
88 4 Measure the distances.

Note the distances in the field book.
/655
J

ELECTRIC.POLE

SUN1326X1

Plotting a chain survey

Objective: At the end of this exercise you shall be able to
* plot a chain survey.

Choose asuitable scale according to the importance 7 Mark the chain age of the points along the chain line
of the work. from where offsets were measured.
1 Allocate a margin of 2cm around the paper. 8 Drawthe perpendicularlines with setsquare and scale

2 Select a suitable position of the baseline. oflength of the offsets.

9 Keep the field book side by side in the same direction

3 Draw the base line by pencil. when plotting.

The accuracy of entire framework is mainly 10 Inkthe lines and objects after completing and checking.
depends upon the accuracy of base line.

11 Write the title of the survey in right hand corner at the
bottom of the drawing.

Mark the intermediate stations on the base line.

Similarly complete the frame work. 12 Write the scale of the plan below the title.

13 Markthe north direction atthe Right hand cornerabove

Check the accuracy of the plotted frame work by the drawing

means of check and Tie lines.

Practice on Chain survey around a given group of buildings by triangulation
and plotting the same

Objectives: At the end of this exercise you shall be able to

e prepare key plan of the site

* select and fix stations, base lines, check lines, tie lines
« take reference sketches for stations

¢ run the chain line and locate the details.
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Requirements

Tools/Equipments/Instruments Materials
* 30m chain -1 No. Drawing sheet A3 -1 No.
* Metallic tape 30m length -1 No. Pencil HB -1 No.
* Ranging rods 2 to 3m length -4 Nos. Eraser -1 No.
« Cross staff (or) optical square -1 No. Set of scale -1 set.
« Pegs 15cm long - 24 Nos. Cellotape -1 No.
* Arrows - 10 Nos. Field note -1 No.
+ Junior drafter -1 No.

PROCEDURE

TASK 1: Prepare key plan of the site (Fig 1)

Fig 1 Field work

CHECK LINE

MODEL SITE

SUN1326Y1

Make reconnaissance survey, prepare arough sketches
of the given site in the field book.

TASK 2: Select and fix stations, base lines, check lines and tie lines (Fig 2)

Fig 2

s TIE LINE |
& ;
Q)V'
CHECK LINE

6

SUN1326Y2

Select and mark the main line control stations ABCD
and E on the site, to cover the whole area to be
surveyed.

Select the base line AC.
Select and mark the check line Ea, Ed.

Select and mark the tie lines ab and bc.

TASK 3: Take reference sketches for stations

1 Takereference sketches for the main stations A, B, C,

D and E.

Fig 2 shows about the selection of main
stations, base line, tie line and check line.

TASK 4: Run the chain line and locate the details

1 Runthe chain and measure the baseline AC and main
lines AB, BC, CD, DA and CE enter in the field book.

2 Measure check line Ea and Ed and enter in the field

book.

Measure Tie lines ab and bc and enterin the field book.

From the above measurements draw the frame work
joining all the control points to a suitable scale on the
drawing sheet.
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To check the accuracy of the frame work, measure
checklines Ed and Eatielines ab and bcin the plotting
and verify with the field measurements.

Limit of permissible error

The maximum permissible error is 1 in 1000 (for
example = 1m for every 1000m)

If the error is within the maximum permissible
value then adjust the lengths of the sides of the
wrong triangles after that continue to locate
the interior offset details.

If the error exceeds the permissible value then
resurvey the wronglines to continue the survey.

If there is no error, continuing the survey work,
measuring the chain ages offsets onboth sides
of the chain lines and enter in the field book.

Plot the details as per field book entries.

Print the title of the survey in right hand corner at the
bottom or at the top of the drawing thus note the scale
of the drawing below it.

Mark the north directionin righttop corner ofthe drawing
sheet.

Determination of area of a plotfrom plan using planimeter
and from field notes.

Practice on Chain survey around campus, locating details, booking, plotting,

inking and colouring

Objective: At the end of this exercise you shall be able to
e survey and plot your ITI with chain.

Requirements

Tools/Equipments/Instruments Materials

e 30m chain -1 No. * Drawing sheet A2 -1 No.
+  Metallic tape 30m length -1 No. * Pencil HB - 1 No.
 Ranging rod 2/3m length - 4 Nos. * FEraser -1 No.
« Cross staff -1 No + Set of scale - Oneset
« Pegs 15cmlong - 24 Nos. . C.ellotape

« Field book -1 No. * Field note book -1 No.
* Nails

* Arrows 40cm long -10 Nos.

+ Junior drafter - 1 No.

TA

SK 1: Survey and plot your ITI with chain

Fig 1 shows the model site of the exercise.

Field work

1

Make reconnaissance survey prepare rough sketch of
the given site in the field book.

Select and mark the control stations for the main line/
base line Ato N covering the whole areato be surveyed.

Select the Base line AB and main lines BC, CD, DE,
EF, FG, GH, FJ, JK & KL etc. (Fig 2)

If the error is within maximum permissible
value, then adjust the lengths of the sides of the
wrong triangles, after that continue the survey.

If the error exceeds the permissible value then
resurvey the wrong lines after that continue the
same.

If there is no error, continuing the survey work
measuring the chain ages, and offsets on both
sides of the chain lines and enter in the field

4 Select the check line BC, BN,NT etc. book
5 Selectthetie stations T1,T2 etc., as required fortaking
internal details. Office Work
6 Take reference sketches for the main stations. 9 Plotthe details with conventional signs as perfield book
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Runthe chainand measure the baseline AB, mainlines
check lines, and Tie lines and enter in the field book.

From the above measurements plot the frame work
joining all points to a suitable scale and check the
accuracy.

entries.

10 Print the title of the survey in right hand corner at the

bottom or atthe top of the drawing. Then note the scale
of the drawing below it.
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12 Draw all the boundary lines with Indian ink.

11 Mark the north direction its right top corner of the
13 Give colouring according to the symbol.

drawing sheet.

Use the conventional signs forthe various types

of objects

Fig 1
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Fig 2

SUN1326Z2
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Construction
Surveyor - Chain Surveying

Exercise 1.3.24

Plot and calculate the area of the given closed polygonal shape of field

ABCDE & F on a ground by cross staff

Objectives: At the end of this exercise you shall be able to

* calculate the area of the polygonal shaped land
 calculate the same by planimeter.

Requirements

Tools/Equipments/Instruments

* Metric Chain 30mm -1 No.

* Arrow 40cm long - 10 Nos.
» Ranging Rods 2/3m - 6 Nos.
* Cross staff -1 No.

* Junior drafter -1 No.

Materials

* DrawingsheetA2 -1 No.

+ Pencil HB -1 No.

+ Eraser -1 No.

+ Set of scale - One set
* Cellotape

PROCEDURE

TASK 1: Calculate the area of the polygonal shaped land

Field work

1 Markthe given points ABCDE &F onthe ground. (Given
by the Instructor) (Fig 1)

Fig 1

SUN1327H1

2 Select the longest distance between any two points
say AD as the base line.

Run the chain line along AD.
Locate the perpendicular offset FG.

Note the chain age at G and measure off set FG and
enter in the field book.

6 Repeattheabove processforlocating the perpendicular
offsets BH,EK and CL.

7 Note the chain ages at H,K and L and measure offset
BH, EKand CL and enter in the field book.

Office work

8 Drawthebaseline ADtoasuitable scale onthe drawing
sheet.

9 Mark the chain ages G,H,K and L on AD.

10 Draw perpendicular offsets say FG,BH,EK and CL as
per the field book.

11 Divide the polygonal shaped area into number of
triangles and trapezium by joining the polygonal points
AB,C,D,E,F & A.

12 Calculate the area of the divided triangles and
trapezium.

13 Calculate the total area by adding the area of above
segments. (1 to 6)

TASK 2 : Calculate the area of the polygonal shaped land by planimeter

1 Setthe vernier of the index mark to the corresponding
tothe scale. (i.e.,) If the scale is 1:100, the index mark
should be setto 33:33 as per the manufacturer’s guide
and so on.

2 Fixanchor point outside the figure. If the areais large,
it should be divided into sections.

3 Fix the anchor point is firmly in the paper inside (or)
outside of the figure.

4 Reach the tracing point is easily every point on the

boundaryline.

5 Select a point on the boundary of the map and the
tracing point is placed on it.
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6 Observe the disc, wheel and the vernier, the initial
readingis recordedi.e. (I.R).

7 Movethetracing pointis gently in a clockwise direction
along the boundary of the area.

8 Observe the number of times (N) the zero mark of the
dial passes the index mark in clockwise (or)
anticlockwise direction.

9 Observe the disc, wheel and the vernier, the final
reading (F.R) is recorded, after reaching the starting
point.

10 Calculate area of the figure by applying the formula. (i.e)
Area=M (F.R-1.R+ 10N + C)

where
M = Multiplying constant given in the table

N = Number of times the zero mark of the dial passes
the index mark.

C = The constant given in the table
F.R = Final reading

I.R = Initial reading

‘N’ is considered to be positive when the zero
of the dial passes the index mark in clockwise
direction.

‘N’ is considered to be negative when the zero
of the dial passes the index mark in anti
clockwise direction.

The value of C is added only when the anchor
point is inside the figure.

While using the planimeter, the following
points to be remembered.

1 The map must be placed over a horizontal
plane.

2 The anchor point should preferably be kept
outside the figure to avoid additive
constant.

11 Measure the area of the figure twice from different
starting points.

12 Ifthe areaislarge, divide into anumber of sections, the
area of each section may be calculated separately and
then added to obtain the total area.

13 Setthe initial reading to zero for the sack of simplicity.

14 Move the tracing point gently and exactly along the
boundaryline.

15 The map should not be folded.

16 The surface of the map should be smooth.
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Construction
Surveyor - Chain Surveying

Exercise 1.3.25

Practice on Chain survey to an open land for layout plots

Objectives: At the end of this exercise you shall be able to

 survey the open land for layout planning
* mark the layout as per prepared drawing.

PROCEDURE

TASK 1: Prepare detailed survey for layout plan

1 Fixabaselinefollowing boundary line ordiagonalto the
boundary corners (Fig 1).

2 Samebaseline/chainlineto be retained or permanently
marked for laying of layout plots.

Fig 1
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TASK 2: Mark the layout as per prepared drawing

1 Inthelayoutplandraw baseline diagonally or following
boundary corner to corner. (Fig 2)

Fig 2
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SUN1328H2

Locate all boundary corners and existing or access
roads, natural and manmade features if it required.

Prepare a detailed survey drawing of the land.

Prepare the layout plan as per requirements with
norms which is applicable to the particular land.

Planning to be made without wasting of any land,
necessary access roads and regular plots.

Tomarkthe layoutatthe ground take rightangle offsets
with reference to baseline/chainline.

Take right angle offsets to road and site corners.

Check the boundary and diagonal distance of the land
where the layout to be laid.

After checking boundary distance and diagonal
distance, establish baseline on the ground.

Setoutrightangle offsets with reference to baseline as
per layout plan.

Mark layout plans as per size with reference to Road
and side corners.

Stones to be fixed at Road and site corners and
painted in yellow colour and numbered in red.
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Construction
Surveyor - Compass Surveying

Exersice 1.4.26

Centering of compass/Temporary adjustment of compass

Objective: At the end of this exercise you shall be able to

» center the compass exactly over the station.

1 Drive aniron or wooden peg on the station.

Spread the tripod legs by loosening the leather strap

w

Place the tripod legs firmly on the ground approximately
over the station.

Take out the compass from leather/plastic cover.
Remove the metal cover of the compass

Fix the compass on the top of the tripod.

N o o b~

Bring the object vane to vertical position as shown in Fig
1(a) and Fig 1(b).

8 Bringthe prism arrangementfrom position | to position
Il as shown in Fig 1(a) and Fig 1(b).

Fig 1(a)

=

SUN1429H1

FIGURE SHOWING POSITION 1

Levelling the compass

Fig 1(b)

SUN1429H2

FIGURE SHOWING POSITION 2

9 Drop a small pebble from centre of the tripod

If the pebble falls on the centre of the peg, the
compass is exactly centered over the station.

Ifthe pebble does notfall onthe peg, adjustthe legs
of the tripod

Again drop a small pebble from centre of the tripod.

10 Repeatthe above procedurettillthe pebble falls exactly
overthe peg.

Objective: This shall help you to
¢ level the instrument

1 Adjust the compass by using the ball and socket
arrangement till the graduated ring swings freely after
centering

2 Levelitby eye judgement.

Check:

Place a spirit level on glass cover of the
compass

If the bubble of the spirit level is at its centre,
the compass is in levelled position.

It the bubble is not at it’s centre repeat the
above procedure to being it at it’s centre
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Focusing the prism: Move the prism attachmentslightly

upward or downward till the readings can be seen sharp &
clear afterlevelling.



Construction
Surveyor - Compass Surveying

Exercise 1.4.27

Determine the bearings of a given line AB

Objectives: At the end of this exercise you shall be able to

* observe and record the bearings
» check the accuracy of the instrument.

Requirements

Tools/Equipments/Instruments

* Prismatic compass with tripod -1 No.
* Measuring tape 30m -1 No.
* Ranging rod 2/3m long -2 Nos.
* Arrows 40cm long - 2 Nos.

Materials
* Field book -1 No.
* Inkpen -1 No.

PROCEDURE

TASK 1: Observe and record the bearings and personal error

1 Select aline AB on a firm ground to a given length of
10m. (Fig 1)

Fig 1

>§ BB=222°30"

AB =10M

SUN1430H1

The stations A and B should be selected free
from local attraction.

Fix arrows at stations ‘A’ and ‘B’.
Setup the prismatic compass over the station ‘A’.
Centre the compass over the station ‘A’ and level it.

Fix a ranging rod at the station ‘B’.

oo g b W N

Turnthe compass box until the ranging rod at station ‘B’
is bisected by the vertical hair of the object vane through
the slit of the eye vane.

7 Whenthe graduated ringcomestorestlook throughthe
prism and note the reading (42° 30’) at which the hair
line produced appears to cutthe image of the graduated
ring (Fig 1(a)).

8 Thus the required for bearing of line AB is 42° 30’ and
record it in the Field Book.

Fig 1(a)

HORSE HAIR

OBJECT VANE 4»“ H

25 42°30 o

AT STATION A’

SUN1430H2

The sighting of the object and reading of the

graduated ring are done simultaneously

9 Shift the instrument and setup at station ‘B’.
10 Fix the Ranging rod at station ‘A’.
11 Turn the compass Box, to sight the station ‘A’.

12 Observe the bearing i.e. Back Bearing of the line ‘AB’
(222° 30’) Fig 1(b) and record it in the Field book.

Fig 1(b)

HORSE HAIR \
OBJECT VANE “ H

225 222°30 220

AT STATION B’
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TASK 2: Check the accuracy of the instrument and personal error

i Backbearing ofthe givenline ABis equal to fore bearing
of the given line AB + 180°

Observing the bearings

Caution: If the above conditionis not satisfied
with the observed back bearing of AB, then the
instrument is having some error due to local
attraction or wrong observation or wrong en-
try in the field book.

Objective: At the end of this exercise you shall be able to
* observe the bearings.

1 Fix aranging rod where the bearing is to be found.

Fig 1
2 Atftercenteringlevellingand focusing the prism, turnthe HORSE HAIR
compass box until the ranging rod is bisected by the
hair when looked through the slit in the prism.
3 Allow the magnetic needle comes to rest. OBJECTVANE “ H
Observe through the prism
Note the reading at which the hair line cuts the image |
of the graduated ring as shown in Fig 1. a5 V' 40
Sighting of the object and reading of the 5
graduated ring should be done simultaneously. §
Plotting
Objective: At the end of this exercise you shall be able to
* plot the observed bearings of the traverse.
1 Before starting the plotting work calculate the included Fig 1

angles of the closed transverse
2 Sum all the included angles.

Check the included angles with (2n+4) x right angles
(where ‘n’ is the number of sides).

4 Selectasuitable size of drawing sheetaccording to the
size of the site to be plotted.

Fix the drawing sheet on the board.

6 Drawborderline andindicate the North directionon the
right hand top corner of the sheet.

Method 1 - Parallel meridian method (Fig 1)

7 Select a suitable position to plot the first station ‘A’
such that all the stations can be plotted with in the
drawing sheet.

8 Setthe drafter parallel to the North direction and draw
a vertical line on the first station ‘A’

DRAWING SHEET
ﬁ BORDER LINE

PARALLEL MERIDIAN METHOD

SUN1430X1
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9 Coincide the zero mark of the circular protractor with
North direction already drawn on ‘A’.

10 Mark a point corresponding to the bearing of the firstline
‘AB’.

11 Join the station ‘A’ and the point noted for the bearing.

12 Extend it to a convenient length.

13 Choose a suitable scale and mark the distance of the
line ‘AB’.

14 Denote the station as ‘B’

15 Setthedrafteragain parallel to the North direction at ‘B’

16 Continue the plotting work as mentioned above till all
the stations are plotted.

Method 2 - Included Angle Method (Fig 2)

Fig 2

DRAWING SHEET
ﬁ BORDER LINE

INCLUDED ANGLE METHOD

SUN1430x2

1 Mark the station ‘A’ and draw the first chain line AB to
a suitable scale as mentioned in the method I.

2 Mark the station ‘B’ to a convienent scale.

3 Place the zero end of the circular protractor along BA.

4 Mark a point such that Z/ABC should be the same as
calculated earlier.

5 Prolong the line through the point from B.
6 Mark the ‘C’ on the line to the same scale.

7 Continue the above process till all stations are plotted.

Method 3 - Central Meridian (or) Paper Protractor

Fig 3

method (Fig 3)
E
D
C@
B A

CENTRAL MERIDIAN METHOD

SUN1430X3

1 Selecta point ‘0’ in the centre of the drawing sheet.
2 Mark the North direction (meridian) on the point.

Keep the 0° and 180° graduations of the circular
protractor coinciding with the north & south direction
line with centre point ‘O’.

4 Plot the bearing of all the lines with reference to the
north direction as shown in Fig 3.

5 Select a suitable location to plot the first station ‘A’
such that all the stations can be plotted within the
drawing sheet.

6 Select a suitable scale for marking field distances on
the drawing sheet.

7 Set the drafter parallel to the line AB in the paper
protractor which is already drawn.

8 Keepthedrafteron Aanddrawaline paralleltotheline
AB which is in the paper protractor to a convenient
length.

9 Mark the station B on the line, with the selected scale.

10 Set the drafter parallel to the line BC in the paper
protractor which is already drawn.

11 Keepthe drafteron B and draw aline parallel to the line
BC which is in the paper protractor to a convenient
length.

12 Mark the station ‘C’ on the line to the same scale.

13 Continue the above procedure till all the stations are
plotted.

14 Erase the excess lines.
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Construction Exercise 1.4.28
Surveyor - Compass Surveying

Observe the bearings of a given triangular plot of ABC and calculate the
included angles

Objectives: At the end of this exercise you shall be able to
* observe the bearings of a given triangular plot
 calculate and check the included angles

* plot the area.

Requirements

Tools/Equipments/Instruments Materials
* Prismatic compass with tripod -1 No. * Drawing sheet A3 -1 No.
* Rangingrods - 2Nos. » Field book -1 No.
*  Wooden peg - 3Nos. * PencilHB -1 No.
e Chainortape 30m -1 No. » Eraser -1 No.
*  Arrows -10Nos. * Cellotape

» Setof scale -1 set

PROCEDURE

TASK 1: Observe the bearings of a given triangular plot

1 Selectand drive pegs at A,B and C stations which are 6 Similarly observe the reading by sighting ‘C’ and note it
intervisible to each other. (Fig 1) on (5) in the table.

7 Shift the compass to station ‘B’.
Fig 1
° \ 8 Fix the ranging rod at ‘A’.

9 Setup the compass over the station ‘B’.

10 Observe the readings by sighting ‘C’ and ‘A’ and note
them on (6) and (7) in the table respectively.

11 Shift and setup the compass to station ‘C’.
12 Fix the ranging rods at ‘B’.

SUN1431H1

TRIANGULAR PLOT

13 Observe the readings by sighting ‘A’ and ‘B’ and note

2 Measure the horizontal distance of AB,BC and CA and them on (8) and (9) in the table.
note the readings at (1),(2) and (3) in the table Table
respectively.

Line | Lengthin(m) | Fore bearing Back bearing

Fix ranging rods at stations ‘B’ and ‘C’.

Set up and level the compass over the station ‘A’. AB (1) (4) (7)
5 Observethereadingby sighting ‘B’and noteiton (4)in BC (2) (6) ©)
the table. CA 3) (8) (5)
TASK 2: Calculate and check the included angles
1 Calculate the included angles using fore bearing and 2 Check the calculated the included angels of the
back bearing. triangles with the theoretical sum of angelsis equal to
180°.

TASK 3 : Plot the area

1 Plotthe triangular plot with the observed readings
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Construction
Surveyor - Compass Surveying

Exercise 1.4.29

Observe the bearings of a given hexagonal plot of ABCDEF and calculate

the included angles

Objectives: At the end of this exercise you shall be able to

» observe the bearings of a given hexagonal plot
 calculate and check the included angles
* plot the area.

Requirements
Tools/Equipments/Instruments Materials
* Prismatic compass with tripod -1 No. » Drawing sheet A3 -1 No.
* Rangingrods -2 Nos. » Field book -1 No.
*  Woodenpeg - 6 Nos. + Pencil HB -1 No.
» Chainortape 30m -1 No. » Eraser -1 No.
* Arrows - 10 Nos. » Cellotape

» Set of scale -1 set

PROCEDURE

TASK 1: Observe the bearings of a given hexagonal plot

1 Selectand drive pegs at all the stations A, B, C, D, E
and F which are intervisible to each other. (Fig 1)

2 Measure the horizontal distance of AB, BC, CD etc.
and note them as mentioned in the previous method
against each line.

Set up the compass on first station ‘A’ and level it.

Fix ranging rods at station ‘B’ and ‘F’ where the
bearing is to be located and observe the bearings.

Note down the bearings in the field book.

Repeat the procedure as explained in the previous
exercise and note the bearings.

TASK 2: Calculate and check the included angles
1 Calculatetheincluded angles using fore bearings and
back bearings.

2 Check the included angles by using the theoretical
formula (2 N £ 4) Right angles

TASK 3: Plot the area

1 Plot the polygonal figure and check it with the
calculated included angles.

Fig 1
BEARING OF BC

BEARING OF BA

BEARING OF CD

BEARING
OF AB

BEARING OF CB

BEARING OF DE

BEARING OF EF

HEXAGONAL PLOT

SUN1432H1

Where N is the number of sides
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Plot the given station A to F in the field by taking bearings from angles as a
open traverse

Objectives: At the end of this exercise you shall be able to
* observe the bearings of a given stations

* calculate & check the fore bearing & back bearing

* find the local attraction in any

Requirements

Tools/Equipments/Instruments Materials
» Prismatic compass with tripod -1 No. * DrawingsheetA3 -1 No.
* Rangingrods -2 Nos. + Field book -1 No.
» Woodenpeg - 6 Nos. « Pencil HB -1 No.
* Chainortape 30m -1 No. « Eraser -1 No.
b Arrows - 10 Nos. + Cellotape

« Setof scale - 1 set
PROCEDURE

TASK 1: Select and drive the pegs ABCDE & F which are intervisible to each other

Fig1

SUN1432J1

TASK 2: Observe the bearing (Fore bearing & Back bearing )

1 Take bearing & check F.B with B.B. 5 Notedownthebearingsinthefield book at each station
2 Measure the horizontal distance of AB, BC, CD, DE& BCD & E.
EF and note in field book. 6 While proceeding the survey taking bearings check for

Setup the compass on station ‘A’ & Level it. bearing with back bearing,

The F.B & B.B are tallied/otherwise there is local

4 Fixtherangingrods atstation B to E where the bearings ;
attraction.

is to be located and observe the bearings.
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Set out the closed traverse of a Recti-linear (Rectangular) field ABCDA for the

given bearings and lengths in an open field

Objective: At the end of this exercise you shall be able to
* set out the rectilinear field as a per the given readings.

Requirements

Tools/Equipments/Instruments Materials
» Prismatic compass -1 No. * Drawing sheetA3 -1 No.
* Rangingrods - 2 Nos. * Field book with given data -1 No.
*  Woodenpeg -4 Nos. * PencilHB -1 No.
* Chainortape 30m -1 No. » FEraser -1 No.
* Arrows - 10 Nos. * Cellotape
+ Setof scale - 1 set
PROCEDURE
TASK 1: Set out the rectilinear field as a per the given readings
1 Before setting outthe traverse inthe field, calculate the 9 Shift the compass and setup over the station ‘B’.
interior angles for the station A, B, C and D and check . o
it with the sum of included angles. (2n + 4) 90°. 10 Observe the back bearing of AB and check it with the
givenbearingof236°30’.
2 Plot the traverse ABCDA with the given bearings and
lengths. If the observed back bearing of AB is not same
3 Selectafield without local attraction as far as possible as the given bearing the occurred error maybe,

_ Personal error (or)
Fig 1

Natural error

process from the beginning.

To rectify the above error, repeat the whole

and sight through the line of sight.

11 Setthe given bearing of BC of 112°30’ in the compass

12 Mark the given distance of BC of 21m and drive a peg

atC.
13 Repeatthe above procedure to complete the traverse
ABCDA.
< Line | Lengthin(m) | Fore bearing Back bearing
CLOSED TRAVERSE OF A RECTANGULAR PLOT % AB 2400 56° 30, 236° 30,
4 Select a station ’A’ in the field. BC 21.00 112° 30’ 292° 30’
5 Set up the compass over the station ’A’.
6 Setthe given bearing of AB 56°30’ in the compass. cb 27.00 195730 15730
7 Sightthrough eye vane and objectvane andfixaranging DA 37.50 300° 30’ 120° 30°
rod approximately equalto the givendistanceintheline
of sight.
8 Markthe distance AB of 24m along the above line and
fix a peg at ‘B’.
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Construction

Surveyor - Computer Aided Drafting

Exercise 1.5.30

Understanding computer

Objectives: At the end of this exercise you shall be able to

« identify basic computer terms
« start auto CAD four ways.

STARTING AutoCAD

To Start AutoCAD, select the START button/PROGRAMS/
AutoCAD.

Prefer these dialog boxes for trainee new to AutoCAD.
But after you become an “expert” you may disable this
option.

Notice the four buttons located in the upper left corner of
this dialog box. Each button provides a different way to
start a drawing. A brief description of each is listed below.

Open a Drawing

Allows you to select a drawing from a list of the most
recently opened drawings or select the “Browse” button to
search for more drawing files. After you select the file
desired, select the OK button. The file selected will
appear on your screen. (This option is only active when
you first enter AutoCAD. Normally you will use File/Open.

W Select File

v e R @ XA Vews v Tok v

Preview

Look in Practical

MName
M 507-1

508
@ DC1401E1

Date taken m

@ DC1402E1
8 DC1403EL
8 DC1404EL ‘

8 DC1405EL
8 DC1406EL
P8 DC1406ELA

m

& DC1407EL
{8 DC1407E2
P8 DC1407E3

3 DC1408HL s
4| m *

[] Select Initial View

Foms DC1407E2 = % j

v] [ Cancel ]

Files of type [meing (".dwa)

Start From Scratch

Allows you to begin a new drawing from scratch. Starting
from scratch means all settings are preset by AutoCAD.

You must select the measurement system on which to
base your new drawing; Imperial or Metric.

Use a Template: Allows you to choose a previously
created template. You can choose one of the templates
supplied with AutoCAD or create your own.

We will be creating a Template in exercise 6.03

Use a wizard: Allows you to start a new drawing using
either the “Quick” or “Advanced” setup wizard. The wizard
sets the units, angle, angle measurement, angle direction
and area for your new drawing.

100

M Create New Drawing

@ [0 O

Default Settings

() Imperial feet and inches)

© Metric

Tip
Uses the default metric settings.

™ Create New Drawing
Select a Template:

Am_bsi dwt -
Am_csn dwt
Am_din dwt
Am_gb.dwt
Am_iso dwt

Am_jis.dwt
Fi1105e1.dwt T

N ‘ Use a Template

Browse...

Template Description
8

oK | [ Ccancel

OPENING AutoCAD

For starting Auto CAD, double click the Auto CAD icon on
the desk top or Auto CAD from start menu, if startup
dialog box not shown in GUI, follow the follwing:

Procedure: right click on the screen

Select Option

Option dialogue box

Select system tab

Click on the Startup

select show startup dialogue box
Startup dialogue box shown below. In the startup
dialogue box, four options are available such as, open

drawing, start from scratch, use a template and use a
wizard.



Startup dialogue box shown below. In the startup dialogue
box, four options are available such as, open drawing,
start from scratch, use a template and use a wizard.

1. Opening a drawing
2. Start from scratch
3. Use template

4. Use a wizard

Select a Wizard:

Quick Setup

Wizard Description

Sets the units, angle. angle measure, angle direction, and area for your new
drawing. Based on the template acadiso.dwt.

|+ Options. - (2 [ |

<<ACADMPP>>

Curert profile Drawing2.dwg

[ Files | Display | Open and Save | Piot and Publish | System | User Preferences | Drafting | 3D Madeling | Selection [P+ [+

8 Cument drawing:

30 Performancs
[ Performance Settings ]

General Options
Display OLE Text Size Dialog

7] Show all waming messages
[] Beep on emorin u:
7] Load acad lsp wih
A [iliow Jong symbel names!

Current Poirting Device
[Cument System Pointing Device -

Accept i

@
Layout Regen Options

(©) Begen when switching layouts

() Cache model tab and last layout

@ Cache model tab and all layouts

Live Enabler Options
[T] Check Web for Live Enablers

Maximum number of unsuccessful checks
dbConnect Options

[#] Store Links index in drawing file
[Z]Cpen tables in read-only mods

[ ok ][ cencel J[ Aoy |[ hel

3 Create Mew Drawing

o ‘ Start from Scratch
Default Settings
() Imperial {feet and inches)
@) Metric
[ = D:I
Tip
Uses the default metric settings.
[ ok ][ cance |

Open a drawing:-to open an already saved drawings.

2 Starts an empty drawing using default imperial or metric
settings. Auto CAD stores this setting in the
MEASUREMENT system variable. You can change
measurement system for a given drawing by using the
MEASUREMENT system variable.

Imperial: Starts a new drawing based on the Imperial
measurement system. The default drawing boundary (The
drawing limits) is 12 x 9 inches.

Metric: Starts new drawing based on the Metric
measurement system. The default drawing boundary (the
drawing limits) is 420 x 297 millimeters.

3 Use atemplate:- Starts a drawing based on a drawing
template file.

4 Use a Wizard: Sets up a drawing using a step-by-
step guide. You can choose from two wizards: Quick
set up and Advanced Set up.

Getting familiar with the AutoCAD window

Objectives: At the end of this exercise you shall be able to
¢ identify graphical user interface of (GUI) of AutoCAD.

« identify function keys.
« identify pull down menu bar, dial box, tool bars.

Getting familiar with the AutoCAD window: Before
you can start drawing you need to get familiar with the
AutoCAD window. In the following lessons, | will be referring
to all of the areas described below.

So itis important for you to understand each of them. But
remember, this page will always be here for you.

1 Drawing area
Location: The large area in the center of the screen.

This is where you will draw. This area represents a piece
of paper.

The color of this area can be changed using Tools/Option/
Display/ Color.

2 Crosshairs/ Cursor
Location: Can be anywhere in the drawing Area.

The movement of the cursor is controlled by the movement
of the pointing device such as a mouse. You will use the
cursor to locate points, make selections and draw objects.
The size can be changed using Tools/Options/Display/
Crosshair Size.

3 Command line

Location: The three lines at the bottom of the screen. This
is where you enter commands and AutoCAD will prompt
you to input information.
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4 Coordinate display (F6)

Location: Lower left corner

In the Absolute mode (coords =1) displays the location of
the crosshairs / cursor in reference to the origin. The first
number represents the horizontal movement (X axis), the
second number represents the vertical movement (Y axis)
and the third number is the Z axis which is used for 3D.

In the Relative Polar mode (coords = 2) displays the
distance and angle of the cursor from the last point entered.
(Distance <Angle)

5 Status Bar: Location: Below the command line.

Display your current settings. These settings can be turned
on the and off by clicking on the word (snap, grid, ortho,
etc.)or by pressing the function keys, F1, F2 etc. See
button description below.

[Snap] (F9)

Increment snap controls the movement of the cursor. If it
is off, the cursor will move smoothly. Ifitis ON, the cursor
will jump in an incremental movement.

The increment spacing can be changed at any time using
Tools/Drafting Settings / Snap and Grid. The default
spacing is 250.

[Grid] (F7)

The grid (dots) is merely a visual “drawing aid”. The default
spacing is 1 unit.You may change the grid spacing at any
time using Tools/Drafting Settings/ Snap and Grid.
[Ortho] (F8)

When Ortho is ON, cursor movement is restricted to
horizontal or vertical. When Ortho is OFF, the cursor
moves freely.
[Polar] (F10)

Polar tracking creates “Alignment paths” at specified
angles.

[Osnap] (F3)

Running object Snap. Specific object snaps can be set to
stay active until you turn them off.

[Otrack] (F11)

Object Snap tracking

Creates Alignment paths at precise positions using objects
snap locations.

[LWT]

Line weight. Displays the width assigned to each object.
MODEL

Switches your drawing between paper space and model
space.

6 UCSICON (User Coordinate System)

Location: Lower left corner of the screen. The UCS icon
indicates the location of the Origin. The UCS icon

appearance can be changed using: View/Display/lcon/
Properties.

7 Origin: The location where the X, Y, and Z axes
intersect. 0,0,0

(Don’t worry about this now. We will talk more in
Lesson 9)

FUNCTION KEYS
F1 Help

Explanations of commands.
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F2 Flip screen Toggles from Text Screen to Graphics Screen.
F3 Osnap Toggles Osnap On and Off.

F4 Tablet Toggles the tablet On and Off.

F5 Isoplane Changes the Isoplane from Top to Right to Left.
F6 Coordinate Display Changes the display from ON/Off/

F7 Grid Toggles the Grid On or Off.

F8 Ortho Toggles Ortho On or Off.

F9 Snap Toggles Increment Snap on or off.

F10 Polar Toggles Polar Tracking On or Off.

F11 Otrack Toggles Object Snap Tracking On and Off.

SPECIAL KEY FUNCTIONS: Escape key Cancels the Space Bar Same as the Enter Key, except when entering

current command, menu or Dialog box. text.

Enter key Ends a command, or will repeat the previous PULL-DOWN “MENU BAR”

command if the command line is blank. (1) The pull-down “MENU BAR” is located at the top of the
screen.

File Edit ‘iew Insert Format Tools Craw Dimension Modify Express Window Help

by selecting any of the words in the MENU BAR, a (2) if you select a word with (5) Ellipse... a dialog box will

Pull - down menu appears. If you select a word from the appear.
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DIALOG BOX

Many commands have multiple options and require you
to make selections. These commands will display a dialog
box. Dialog boxes, such as the Hatch dialog box shown
here, make selecting and setting options easy.

Tool Bars

AutoCAD provides several toolbars to access frequently
used commands.

The Standard, Object Properties, Draw, and Modify
toolbars are displayed by default.

Toolbars contain Icon Buttons If you place the pointer on any icon and wait a second, a
tool tip will appear and a Help Message will appear at

These icon buttons can be selected to Draw or Edit objects
the bottom of the screen.

and manage files.
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Basic commands - |

Objectives: At the end of this exercise you shall be able to
e create Circle

¢ create Arcs

¢ create Polygon

Creating Circles: The menus and toolbars is AutoCAD 2. In the aws a circle based on two endpoints of the
2013 are designed to allow the CAD operators to quickly diameter.

activate the desired commands. Notice the different options available under the circle

1 Inthe Draw toolbar, click on the little triangle below the submenu:
circle icon. Note that the little triangle indicates o

o~ . 3 Center, Radius: Draws a circle based on a center point
additional options are available.

and a radius.
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* Center, Diameter: Draws a circle based on a center
point and a diameter.

* 2 points: Draws a circle based on two

¢ 3 Points: Draws a circle based on three points on the
circumference.

e TTR - Tangent, Tangent, Radius: Draws a circle
with a specified radius tangent to two objects.

e TTT - Tangent, Tangent, Tangent: Draws a circle
tangent to three objects.

Circle
AutoCAD provides the following ways of drawing circles.
1 Centre and radius

This is the classical method. The first point define the
circle's center,

The second one radius

Example:

Command : Circleor C
3P /2P /TTR /<Center point>  :200,200
Diameter / <Radius> 1150

2 Centre and diameter

After the circle’s center has been defined the diameter
can be given

Example:

Command : Circleor C

3P/2P/TTR/<Center Point> : 200, 200
Diameter/<Radius> :D
Diameter 1300
Fig 1
K%
200,200
PRACTICE ON CIRCLE COMMAND %
Fig 2
00,200
PRACTICE ON CIRCLE COMMAND (%
3 2 Points

With this option, the user can specify two points
constituting the end points of the circles diameter.

Example:
Command : Circleor C
3P/2P/TTT/<Center point> 1 2P
First point on Diameter : 200,200
Second point on Diameter 400,400
Fig 3
B
A 2

PRACTICE ON CIRCLE COMMAND %

4 3Points

With this option the user can specify two points
constituting the end points of the circles diameter.

Example:

Command : Circle or C
3P/2P/TTR/<Center point> ;3P

First point on Diameter :200,200
Second point on Diameter :400,400
Third point on Diameter 300,350
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Fig 4

SUN1533H4

PRACTICE ON CIRCLE COMMAND

5. Tangent, Tangent and Radius

This option allows the user to define two tangential points
and then the circle’s radius. In order to invoke this option,
it should have two entities draw. The circle can be drawn
between Tangentially to two lines, two circles, or two Arc’s
or combination of any two.

Example:

Command : Circleor C
3P/2P/TTR/<Center point> :TTR

Enter Tangent Space : Pick by using

mouse on the
entity drawn already

Enter second Tangent Space: Pick by using mouse on
the other entity drawn already

Radius 2100

Fig 5

B (03

SUN1533H5

PRACTICE ON CIRCLE COMMAND

AutoCAD proceedes 11 different ways of drawing Arcs.
1 3 Points

In this method three points define the Arc’s Start point,
Second point that the Arc passes through, and the Arc’s
End point.

2 Start point, centre, end point (S,C,E)

Center refers to the center point of the circle of while the
arc is a part.

Example:

Command :ArcorA
Center/<Start point> :400,400
Center/End<Second point> :C
Center point : 350,400

Angle/Length of chord/<End point>: 50,450

View Insert Format Tools |

inotate  Parametric  View  Manage

- o O+ - &
WS EC
@& - G A 7] -

5
= | Arc N oo
* |E- [ ol ega- &
- f/‘a-Pc.int L
| /-J:Starl:r Center, End —l
+ o

. ﬁfj Start, Center, Angle
+ o
i Start, Center, Length
| &7 o

. K{’_‘?Start, End, Angle
|+

’ Vﬂ Start, End, Direction
!

_ /I Start, End, Radius
{

Center, 5t End
/—j enerhart,n

L4

' F Center, ; ;

. + Center, Start, End

_ Cent Creates an arc using a cer
. SMEL| that determines the en dp

.K_:C::-ntin ;AR{:

Press F1 for more help

Fig 6
'9 175,225
125,220
200,200 ©
:
PRACTICE ON ARC COMMAND %
Fig 7
(350,450)
(E.P)
_|_
(350,400) (400,400)
(C.P) (S.P)

SUN1533H7

PRACTICE ON ARC COMMAND

3 Start point, centre, included angle (S,C,A)

In this method first specify the start point of the arc, then
the center point or the arc, and then they include angle
between the start point and the end point of the arc.

106 Construction: Surveyor (NSQF - Revised 2022) - Exercise 1.5.30



Example:

Command :ArcorA
Center/<Start point> 1 400,400
Center/End<Second point> :C

Center point : 350,400

Angle/Length of Chord/<End point>: A
Included Angle 190

Fig 8

(350,400) (400,400)
(C.P) (8.P)

PRACTICE ON ARC COMMAND

SUN1533H8

4 Start point. centre, length of chord (S,C,L)

In this method first specify the start point of the arc, then
the center point of the arc and then the chord length.

Example

Command :ArcorA
Center/<Start point> 400,400
Center/End<Second point> :C
Center Point :350,400

Angle/Length of Chord/<End point>: L

Length of Chord : 80
Fig 9
(3;(')_400 (400,400)
(C.P) ) (8-P) 2
P
o
PRACTICE ON ARC COMMAND Z
w

5 Start point, end point, radius (S,E,R)

In this method first specify the start point of the arc, then
the end point and finally the radius of the arc.

Example:

Command :ArcorA
Center/<Start point> 400,400
Center/End<Second point> =

End point :350,450

Angle/Direction/Radius/<Center point>: R
Radius 175

Fig 10 (350,450)
(CP)

(400,400)
(S.P)

PRACTICE ON ARC COMMAND

SUN1533HA

6 Start point, end point, included angle (S,E,A)

In this method first specify the start point of the arc, then
the end point and finally the included angle of the arc.

Example:
Command :Arc or A
Cener/<Start Point> 400,400
Center/End<Second point> =
End point : 350,450
Angle/Direction/Radius/<Center poinmt>A
Included angle 190

Fig 11 (350,450)

(E.P)

(400,400)
(S.P)

PRACTICE ON ARC COMMAND

SUN1533Hb

7 Start point, end point, starting direction (S,E,D)

In this method first specify the start point of the arc, then
the end point and finally the starting direction of the arc
from the start point.

Example:

Command : ArcorA
Center/<Start point> : 400,400
Center/End<Second point> . E

End point : 350,450

Angle/Direction/Radius/<Center point>: D
Direction from start point 90

8 Start point, end point, centre point (S,E,C)
In this method first specify the start point of the arc,
then the end point and finally the center point of the
arc.

Example:

Command :ArcorA
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Center/<Start Point> : 400,400
Center/End<Second point> ' E
End point : 250,450
Angle/Direction/Radius/<Center point>: 350,400
Fig 12
(350,400)
EP)
\l\i@;
(400,400) 2
SP) 2
PRACTICE ON LINE COMMANDS é
. 350,450
Fig 13 @ 1150)
(400,400)
(S.P)
+ (350,400) o
(C.P) =
PRACTICE ON ARC COMMAND %

9 Centre point, start point, end point (C,S,E)

In this method first specify the center point of the arc,
then the start point and finally the end point of the arc.

Example:

Command : ArcorA
Center/<Start point> :C
Center point : 350,400
Stat point : 400,400

Angle/Length of chord/<End point>: 350,450

Flg 14 (350,4 )
(E.P)
(350,400) (400,400)
(C.P) (S.P) w
PRACTICE ON ARC COMMAND §

10 Centre point, start point, length of the chord (C,S,L)

In this method first specify the center point of the arc,
then the start point and finally the length of chord.

Example:

Command : ArcorA
Center/<Start point> :C
Center point : 350,400
Start point 400,400

Angle/Length of chord/<End point>: L

Length of chord 175
Fig 15
+ (400,400)
(350,400) T
(C.P) (S-P) 2
PRACTICE ON ARC COMMAND é

11. Centre point, start point, included angle (C,S,A)

In this method first specify the center point of the arc,
then the start point and finally the included angle.

Example:

Command : ArcorA
Center/<Start point> :C
Center point : 350,400
Stat point : 400,400
Angle/Length of chord/<End point>: A
Included angle : 90
ELLIPSE

This command approximates an ellipse is to choose the
default options:

1. Ellipse by axis and eccentricity

Example:

Command : Ellipse or EL
Axis end point of ellipse or (Arc/Center) : 400,400

: 500,400

Distance to other axis or [Rotation] 175

Other end point of axis

Fig 16

(400,400) (500;400)

%
~

PRACTICE ON ELLIPSE COMMAND

SUN1533HG

2 Ellipse by axis and rotation
Example:
Command : Ellipse or EL

Axis end point of ellipse or (Arc/center): 400,400

Other end point of axis : 500,400
Distance to other axis or [Rotation] 'R
Rotation around major axis : 60
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Fig 17 [Inscribed in circle/Circumscribed about circle]<I>:1

Specify radius of circle 150

(400,400) (500,400) Fig 20

PRACTICE ON ELLIPSE COMMAND

SUN1533HH

3 Ellipse by centre and two axes

SUN1533HK

Exam ple: PRACTICE ON POLYGON COMMAND
Command : Ellipse or EL 2 Centre of polygon, circumscribed about circle
Axis end point of ellipse or (Arc/center): 400,400 radius of circle
Center of ellipse 400,400 Example:
Axis end point :500,400 Command : Polygon/POL
Distance to other axis or [Rotation]: 75 POLYGON Enter number of sides <default>: 6

Fig 18 Center of polygon or [Edge] 400,400

( [Inscribed in circle/Circumscribed about circle]<I>: C
400,400)

+

(500,400)

Radius of circle : 50

Fig 21

PRACTICE ON ELLIPSE COMMAND

SUN1533HI

4 Ellipse by centre, one axis, and rotation

Example:
Command : Ellipse or EL PRACTICE ON POLYGON COMMAND

SUN1533HL

Axis end point of ellipse or (Arc/center): C
3. EDGE OPTION

Center of ellipse 400,400 c |
Axis end point 500,400 xampie:
Distance to other axis or [Rotation]: R Command : Polygon/POL
POLYGON Enter number of sides <default>: 6
Rotation around major axis 160
Center of polygon or [Edge] ' E
Fig 19 LT First end point of edge : 400,400
/ \ Second end point of edge 400,500
(500,400) Fig 22

(400,400)
(400,500)

SUN1533HJ

PRACTICE ON ELLIPSE COMMAND
(400,400)

POLYGON

PRACTICE ON POLYGON COMMAND

SUN1533HM

This command allows the user to draw regular 2D polygons.

1 Centre of polygon, inscribed circle, radius DOUGHNUT (DONUT)

Example: This command allows the user to draw filled circles and
Command : POL nngs

POLYGON Enter number of sides <default>: 6 Example of filled circle option:

Center of polygon or [Edge] :400,400 Command - Donut
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Inside diameter <default>: 0
Outside diameter <default>: 50
Center of doughnut 100,100

Center of doughnut

Example for rings

Command : Donut
Inside diameter <default>: 30
Outside diameter <default>: 50

Center of doughnut 100,100
Fig 23 Center of doughnut
Fig 24
PRACTICE ON DOUGHNUT COMMAND § .
- PRACTICE ON DOUGHNUT COMMAND §
Fig 25
10,5 60,50
50
10,10 (a) 60,10 (b)
Q
/Q/“‘
Nﬂ 60
(C) (d)
»y
| 40 |
() p (9)
(f)
EXERCISE

SUN1533HP
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Basic commands - Il

Objectives: At the end of this exercise you shall be able to

e familiarize with the commands

* erase, oops, move, copy, offset, rotate

* erase, oops, move, copy, offset, rotate

e scale, fillet, trim, chamfer, extend, break

* join, mirror, array, stretch, lengthen, explode.

Modifying commands: Modifying commands are used
for modifying the existing drawings. Thus it helps to
prepare a final drawing incorporating the necessary
changes and a lot of time is saved. Modifying commands
are properties, erase, copy, mirror, offset, array, move,
rotate, scale, trim, extend, explode etc.

1 Erase

This command allows the user to specify entities
permanently removed from the drawing. The selection
can be made with any of the standard SELECT OBJECT
method

Tool bar : Modify, Erase
Pull down : Modify, Erase
Command : Erase./ E
Example:
Command : Erase or E

Select objects : Select the objects using mouse

Select objects

Fig 1

Q O

BEFORE ERASE

AFTER ERASE

SUN1533J1

ERASE COMMAND

2 Oops

This command restore objects that have been unexpectedly
erased by the previous ERASE command

Example
Command : Erase or E

Select objects : Select the objects using mouse
Select objects

Command : Oops

O O

BEFORE ERASE

AFTER ERASE AFTER OOPS

OOPS COMMAND

SUN1533J2

3 Move

This command is used to move a single or a set of objects
to a new location on a drawing.
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Tool bar : Modify, Move

Pull down : Modify, Move
Command : Move /M

Example

Command :Move orM
Select objects : Select circle
Select objects : One found

Select objects
Base point or displacement: Click A as basepoint
Second point of displacement: Select B

Fig 3
©
MOVE COMMAND §
Copy
Tool bar : Modify, Copy
Pull down : Modify, Copy
Command : Copy

This command is used to copy the existing drawing to
another place
Example
Command : Copy or Coor CP
Select objects : Select object to Copy
Select objects : One found

Select objects

Base point or displacement : Select a base point

Second point of displacement: Drag cursor at desired place
and click mouse

Fig 4

S (O

BEFORE COPY AFTER COPY

COPY COMMAND

SUN1533J4
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-—



5 Offset
Tool bar : Modify, Offset
Pull down: Modify, Offset
Command: Offset/ O

This command is used to draw parallel lines, concentric
circle, arcs etc. When offset is used, it is necessary to
specify the offset distance and side of offset.

: Offsetor O

Offset distance or through <current>: 10

Command

Select the object to offset: Select the circle

Side to offset  : Specify the side for offsetting

Fig5

BEFORE OFFSET
10

AFTER OFFSET

OFFSET COMMAND

SUN1533J5

6 Rotate

This command is used to rotate an object or set of objects
to a specified angle.

Tool bar : Modify, Rotate

Pull Down : Modify, Rotate
Command : Rotate / Ro

Fig 6

Example

Command : Rotate / Ro

Select objects : Select the object by

window

Select objects : Three found

Select objects
Specify base point or displacement: Click A as basepoint

Specify rotation angle or [Copy / Reference] < default>:
20

7 Scale

This command is used to change the size of an object

Tool bar : Modify, Scale

Pull down : Modify, Scale
Command : Scale / SC
Example

Command : Scale / SC

Select objects : Select the object by window

Select objects : Three found
Select objects

Specify scale factor or [Copy/Reference]<Default>: 2

Fig 7

BEFORE SCALE AFTER SCALE

SCALE COMMAND

SUN1533J7

8 Fillet

This command is used to connect two parallel lines, arcs
etc., smoothly by a curve of specified radius

Tool bar : Modify, Fillet
Pull down : Modify, Fillet
Command : Filletor F
Example
Command : Filletor F

Current settings : TRIM, Radius = 0,0000

Fig 8

BEFORE FILLET AFTER FILLET

FILLET COMMAND

SUN1533J8

Select first object or [Undo/Polyline/Radius/Trim/Multiple]:
R

Specify fillet radius<0.0000>

Select first object or [Undo/Polyline/Radius/Trim/Multiple]:
Select A
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Select second object or shift - selected to apply corner:
Select B

9 Trim

This command is used to removed a part of a line, circle
or arc based on a cutting edge.

Tool bar : Modify, Trim
Pull Down : Modify, Trim
Command :Trimor TR
Example

Command :TRTRIM

Select objects or <Select all>: Select cutting edge, 1 found
Select objects:
Select object to trim of shift - select to extend or

[Fence / Crossing / Project/ Edge / eRase / Undo]: Select
object to trim

Select object to trim or shift - select to extend or

[Fence / Crossing / Project / Edge/ eRase/ Undo]:

Fig 9

CUTTING EDGE

BEFORE TRIM AFTER TRIM

TRIM COMMAND

SUN1533J9

10 Chamfer

This command is used to join two non parallel lines with
an intermediate line. It produces an inclined surface at
the edge of two intersetting lines.

Tool bar : Modify, Chamfer
Pull down : Modify, Chamfer
Command : Chamfer or CHA
Example:

Command : CHAMFER OR CH

(TRIM mode) Current chamfer Dist1 <Default>, Dist2
<Default>

Select first line or [Undo Polyline/Distance/Angle/
Trim/mEthod/Multiple] : D

Specify first chamfer distance <0.5000>

Specify second chamfer distance <3.0000>
Select first line:

Select second line:

11 Extend

This command is used to extend the shorter lines to meet
another object.
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Tool bar : Modify, Extend
Pull down : Modify, Extend
Command : Extend or EX
Example

Command : Extend or EX

Select boundary edges..
Select objects or <Select all>: Select A, 1 found
Select objects:

Select object to extend or shift - select to trim or [Fence/
Crossing/Project/Edge/Undo]:Select B

Select object to extend or shift - select to trim or [Fence/
Crossing/Project/Edge/Undo]:

Fig 10

BEFORE CHAMFER

AFTER CHAMFER

CHAMFER COMMAND

SUN1533JA

12 Break

Fig 11

/ BOUNDARY EDGE

B —_——jB

BEFORE EXTEND AFTER EXTEND

EXTEND COMMAND

SUN1533JB

This command is used to erase a part of an object
between two points.

Tool bar : Modify, Break
Pull Down : Modify, Break
Command : Break or BR
Example 1: To break a line
Command : Break or BR

Select objects : Select A

Specify second break point : Select B

Fig 12

A B A B

BEFORE BREAK AFTER BREAK

SUN1533JC

BREAK COMMAND

-
-
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13 Join

This command is used to join two lines.

Tool bar : Modify, Join

Pull down : Modify, Join

Command :JoinordJ

Example

Command : Join or J: Select source object

Select lines to join to source: Select Aand B

Fig 13
A B A B
BEFORE JOIN AFTER JOIN 5
JOIN COMMAND %
14 Mirror
Tool bar : Modify, Mirror
Pull down : Modify, Mirror
Command : Mirror or Ml

This command is used to create a mirror image of the
select objects. After selecting the objects, the beginning
point and end point of a mirror line is entered.

Example
Command : Mirror
Select object  : Select the object

Select object

First point of mirror line : Specify the first point
Second point : Specify the second point

Delete old object ? <N> : EnterY for deletion, N for retaining
the previous object

MIRROR LINE
END POINT 1—»”

O] |

Fig 14

O

MIRRORED OBJECT

ORIGINAL OBJECT
END POINT 2 —»‘

MIRROR COMMAND

SUN1533JE

15. Array

Tool bar : Modify, Array
Pull down : Modify, Array
:Array or AR

This command is used to make multiple copies of an object
in rectangular or polar (circular) patterns.

Command

Example: 1
Command :Array
Select objects : Select circle of radius 5
Select objects

Rectangular or polar Array (R/P) : R

Number or Rows (----) <1>:4

Number of columns (Ill) <1>: 3

Unit cell or distance between Rows (----) : 3

Distance between columns (lll) : 3

OO0
OO0
OO0
OO0

AFTER ARRAY

Fig 15

O

BEFORE ARRAY

BEFORE ARRAY AFTER ARRAY

ARRAY COMMAND

SUN1533JF

Example: 2
Command :Array
Select objects : Select circle C1
Select objects

Rectangular or polar Array (R/P) : P

Base /<Centre point of Array>: Select circle C2
Number or ltems : 4
Angle to fill <360> : Press to accept 360°
Rotate objects as they are copied ? <Y>: Enter Y or N

16 Strech

Tool bar : Modify, Stretch
Pull down : Modify, Stretch
Command : Stretch or S

This command is used to lengthen or shorten the line or
objects
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Example: 1

Command : STRETCH

Select objects to stretch by crossing - window

Select objects: Select A and B by crossing - window
Select objects:

Specify base point or [Displacement] <Displacement>

Specify second point: Mouse click at C

Fig 16

A B A B [o]

BEFORE STRETCH AFTER STRETCH

STRETCH COMMAND

SUN1533JG

17 Lengthen
Tool bar : Modify, Lengthen
Pull down: Modify, Lengthen
Command: Lengthen or LEN
This command is used to lengthen or shorten a line.
Example: 1
Command : LEN or LENGTHEN
Select an object or [DElta/Percent/Total/Dynamic]: T
(Currentlength: 10)
Specify total length of [Angle] <1.0000)>:15
Select an object to change or [Undo]: Select line AB

Select an object to change or [Undo]:

Fig 17
4'% | 15 |
A B A B
BEFORE LENGTHEN AFTER LENGTHEN .
LENGTHEN COMMAND %
18 Explode
Tool bar : Modify, Explode
Pull down : Modify, Explode
Command : Explode or X

This command will split the component objects such as
blocks, polylines, regions etc. If you explode a polyline
the result will be ordinary lines or arcs.

Example:1
Command : EXPLODE or X

Select an object : Select the rectangle

Fig 18
1l

19. SCALE

Choose Modify, Scale.

Click the Scale icon.

Type SCALE at the command prompt
Command : SCALE
Select objects: (Select Objects)

Pick A pivot point to scale about base
point : (point)

Type A rotation angle <Scale factor>/
Reference: (number)

or
Pick A scale factor< Scale Factor>/

Reference: (Point)
Scale factor / Reference: (points)
Scale by specifying Length

You can show AutoCAD the reference length (by pointing
to the two endpoints of a line to be scaled), and then
specify the new length. You can specify the new length by
pointing, or by dragging the object.

Fig 19
L L 1
T
||
||
SCALE COMMAND ‘é
Type R to define a reference length
Scale factor / Reference: (R)
2 Choose A reference scale factor
Reference length; (number or points)
3 Choose A new scale factor

New length: (number of points)
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Fig 20
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EXERCISE
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Construction
Surveyor - Plane Table Surveying

Exercise 1.6.31

Demonstration of instrument used for plane table surveying & their uses
(alidade, U fork, trough compass) Set up the plane table

Objective: At the end of this exercise you shall be able to

 orientation of plane table.

Requirements

Tools/Instruments

* Plane table with Tripod -1 No.
* Alidade -1 No.
» Spiritlevel -1 No.
» Troughcompass -1 No.
*  Plumbing fork with plumb bob -1 No.
* Measuringtape 30m -1 No.
*  Arrows - 10 Nos.
* Peg15cmlong - 6 Nos.

* Ranging Rod 2/3m long - 2 Nos.
Materials

« Set of scale - 1 Set
e Pencil, HB - 1 No.
* Eraser -1 No.
* Drawing sheet A3 -1 No.
+ Cello tape -1 No.

PROCEDURE

TASK 1: Orienting the plane table with a magnetic compass

1 Select a station A and setup the table over the station
and mark it as ‘a’ in the drawing sheet.

2 Placethetrough compass ontherighthand top corner
of drawing sheet at the first station.

3 Draw a line along the longer edge of the Trough
compasswhenthe needle shows north direction exactly.

Select and fix a ranging rod at the next station ‘B’.

Keep the alidade touching the first station point on the
drawing sheet.

6 Sight the next station through the alidade and draw a
ray.

7 Measurethedistance ‘AB’ onthe ground and markiton
the sheet as ‘ab’ to a convenient scale. Fig. 1a.

8 Shiftthe plane table to the station ‘B’ after taking all the
details from the first station.

9 Level and centre the plane table at the station ‘B’ with
plumbing fork with plumb bob.

10 Placethe compass alongthe northline already marked
on the sheet.

11 Unclamp and turn the table until the needle show
exactly in north direction. (Fig 1b)

Fig 1
'/— PLANE TABLE /» TROUGH COMPASS

- _ e B'
STATION

— .
a b

PLANE TABLE AT ‘A'
(a)

PLANE TABLE *\

Ao ——————— | L
STATION

TROUGH
COMPASS

— =
a b

PLANE TABLE AT 'B'
(b)
ORIENTATION WITH MAGNETIC COMPASS

SUN2134H1

12 Clamp the board in this oriented position of the table.

This method of orientation is not an accurate
if any of the stations are affected by local
attraction.
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TASK 2: Orienting the plane table by back sighting

1 Follow the first eight steps as in the previous skill
(Orientating the plane table with a magnetic compass)

2 Leveland centre the plane table at the station ‘B’, with

6 Repeatthe above two process simultaneously until to
get the exact orientation. Fig 2b.

plumbing fork with plumb bob. (Fig 2a) Fig 2 DLANE TABLE
3 Placethealidade alongtheray ‘ba’ already drawnfrom rﬁ
the previous station to sight ‘A’.
Rotate the table until the line of sight bisects the ranging S T
rod at the previous station ‘A’.
PLANE TABLE AT 'A'
This method of orientation will be accurate @
even all stations, are affected by Local PLANE TABLE
attraction. \\
4 Now checkthe centering of the plane table over station ]
‘B’ with plotted position ‘b’ and correct it by bodily STATION a 3
shifting the table. SLANE TAETRL o
5 Again keep the alidade along ‘ba’ and sight ‘A’ and (®) %
rotate the table until it bisects ‘A’. ORIENTATION WITH BACKISICHTING 2
Skill Sequence
Levelling the plane table
Objective: This shall help you to
¢ level the plane table.
1 Spread the legs of the tripod in firm position
approximately over the station. Fig 1

2 Place the plane table over the tripod and tighten the
clamp.

3 Adjust the legs of the tripod to bring the table to a
convenient height of the surveyor.

4 Bring the longer edge of the table parallel to any two
legs by rotating it about its vertical axis.

5 Place the spiritlevel on the table parallel to the longer
edge of the table as in position 1 of Fig 1.

6 Bringthebubble ofthe spiritleveltoits centre by moving
the third leg to its left or right.

7 Place the spirit level on the table perpendicular to its
previous position as in position 2 of Fig 1.

8 Bringthebubble ofthe spiritlevel toits centre by moving
the third leg to forward or backward.

9 Check the bubble of the spirit level remains central in
all positions.

10 Repeatthe above process until the bubble of the spirit
level remains central in all positions.

2

— SPIRIT LEVEL
\ LONGER EDGE

LEG

IRON SHOE

SUN2134J1

LEVELLING THE PLANE TABLE
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Centering the plane table

Objective: At the end of this exercise you shall be able to

» center the plane table over a station.

1

Clampthe board, after completing the levelling, centering
should be done.

Select a point on the drawing sheet for the station
occupied by the plane table by observing such that all
the objects should be covered within the drawing sheet.

(Fig1)
Fix a pin on the point.

Place the pointed end of the plumbing fork (or) ‘U’ frame
touching the pin on the paper.

Shift the table bodily until the plumb -bob hangs exactly
over the centre of the station peg.

Fig 1

POINT

,V—/

x STATION

CENTERING THE STATION

SUN2134X1
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Construction

Surveyor - Plane Table Surveying

Exercise 1.6.32

Practice the method of plane tabling by radiation method

Objective: At the end of this exercise you shall be able to

* locate and reproduce the ground boundary points on the sheet.

Requirements

Tools/Instruments

* Plane table with Tripod
* Alidade

» Spiritlevel

e Troughcompass

*  Plumbing fork with plumb bob -1 No.
* Measuringtape 30m -1 No.
*  Arrows -10Nos.
* Peg15cmlong -6 Nos.
* Ranging Rod 2/3mlong -2 Nos.

Materials

» Set of scale -1 Set
* Pencil, HB -1 No.
* Eraser -1 No.
+ Drawing sheet A3 - 1 No.
* Cello tape

PROCEDURE

TASK 1: locate and reproduce the ground boundary points on the sheet

1 Select the given boundary points A,B,C,D,E and F on
the ground and drive pegs.

2 Selectthe point T sothatall points A,B,C,D,EandF are
visible from station T.

Fig 1

RADIATION

SUN2135H1

7

8

Mark the magnetic north on the right hand top corner
with the help of trough compass.

Fix a pin on drawing sheet at ‘1".

Pivot the alidade on ‘' sight the points A,B,C,D,E and
F and draw rays along the fiducial edge of the alidade,
anddenote a,b,c,d,e andf to theirrespective rays with
a pencil.

10 Measure the ground distances TA,TB,TC,TD,TE and

TF by tape.

11 Plot the distances to a convenient scale along the

respective rays, thus getting a, b, ¢, d, e and f.

12 Join the points a,b,c,d,e and f on the sheet to give the

outline of the Boundary. (Fig 1)

Set up the plane table over the station T.

4 Clampthe board after centering and levelling the plane
table.

Fix the given drawing sheet over the plane table.

6 Selectapoint‘t’ on the drawing sheet exactly over the
ground station T with the help of plumbing fork and
plumb bob.
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Care must be taken to see that the alidade is
touching the point ‘t’ while the sights are being
taken

Check:

The field work can be checked by measuring
the distances AB,BC,CD etc., and comparing
them with their plotted lengths of ab,bc,cd,dc,ef
and fa.




Practice on locating boundaries with interior details by radiation method

Objective: At the end of this exercise you shall be able to

* survey and locate the boundaries and details of land by Radiation method.

PROCEDURE

TASK 1: Survey and locate the boundaries and details of land by radiation method.

1 Select 1,2,3,4,5,6,7 & 8 be the boundary points to be
surveyed with some objects of an area as shown in
Fig 1.

Fig 1

RADIATION METHOD

SUN2135J1

2

Let tree, temple, Hut & well be some objects situated
within the boundary as shown in Fig 1.

Select a station point ‘p’ which is visible from all the
boundary points and the objects with in the boundary.

Set up the table over ‘p’ and mark ‘p’ on the drawing
sheet and centre it.

Locate all the boundary points with suitable scale by
the Radiation method on the drawing sheetwith alidade.

With the same instrument position locate the
objects such as tree, temple, hut, well etc. With
the use of alidade.

With the same scale mark and draw the
conventional symbols for the different details.

Practice the method of plane tabling by intersection method

Objective: At the end of this exercise you shall be able to

* survey and locate the boundaries by intersection method.

PROCEDURE

TASK 1: Survey and locate the boundaries by intersection method

1 Select 5 boundary points C,D,E,F & G on the ground
and drive pegs. (Fig 1)

Fig 1

SUN2135X1

INTERSECTION

2 Selecttwo base stations A, B on the ground so that all
boundary points are visible from the stations.

Set up the table at A and level it.

Clamp the board after centering and levelling the
plane table over station A.

5

Transfer the ground station ‘A’ as ‘a’ in the drawing
sheet.

Keep the alidade touching ‘a’ sight ranging rod at the
point ¢ and draw a ray with pencil.

Similarly sightand draw the other rays from ‘a’ to other
points D,E,F and G.

Sightthe station B draw aray and measure the distance
scale it and mark as ‘b’

The line joining the base stations ‘A’ and ‘B’
known as base line should be visible to all
points and be a round figure say 5 or 10m

Shift the plane table over station B and level, centre
and orient it.

10 Keepthealidade touching ‘b’ sightthe previous point‘C’

and draw the ray to intersect corresponding ray at ‘c’.

11 Similarly sight and intersect all other points D,E,F and

G to corresponding rays at d,e,fand g.

12 join the intersection of all these points ¢,d,e,fand g are

the required boundary line.
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Practice the method of plane tabling by traversing method (Closed Traverse)

Objective: At the end of this exercise you shall be able to

e survey, locate and check the boundaries by traversing method (closed traverse)

PROCEDURE

TASK 1: Survey, locate and check the boundaries by the traverse method (closed traverse)

1 Selectthe running survey stations A,B,C,D,E to cover
the whole area to be surveyed. (Fig 1)

2 Setup the table with drawing sheet over the station A
level and centre it and mark as ‘a’

3 With the help of a trough compass mark the magnetic
north line on the right top corner of the drawing sheet.

4 Keep the alidade touching ‘a’ sight the station B and
draw a ray and scale it with ground distance AB and
mark as ‘b’.

5 Similarly sight the station E and draw a ray measure
‘AE’ and mark as ‘e’.

6 Shift the table to ‘B’ centre it level and orient it with
station A.

7 Keep alidade touching ‘b’ sight the station C and draw
a ray, scale it with ground distance BC and mark as
C.

8 Similarly, sight, measure and mark the other points up
to D.

9 Also sight measure and mark the check lines CE and
DB when the table is at ‘C’ and ‘D’.

10 When the table is at D, sight the station E, measure
and draw the ray ‘de’.

Fig 1
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SUN2135Y1

TRAVERSING

This should be the exact point of ground
station E, which is already draw from A as back
ray.

11 Check if ‘de’ coincides with point E, already plotted
point ‘e’ there is no closing error.

12 If not, join ‘de’ and find the closing error.

Prctice the resection Method of Plane Table Survey

Objective: At the end of this exercise you shall be able to

¢ survey, locate and check the boundaries by the resection method of plane table survey.

PROCEDURE

TASK 1: Survey, locate and check the boundaries by the resection method of plane table survey.

» Itis used for locating the station points only. (Fig 1)

Fig 1

SUN213521

» The main feature of resection is that the point plotted
on the sheetis the station occupied by the plane table.

» Afterstations arefixed the details are taken by radiation
or intersection, or sometimes both.

» Select a base line AB on the ground.

* Measure the distance accurately and then plot ‘ab’ in
a convenient position.

» Setupandlevelthetable at ‘B’ so that ‘b’ lies vertically

above B and orient the table by placing the alidade
along ‘ab’ and turning the table till ‘A’ is bisected and
then clamp it.

» Withthe alidade touching ‘b’ sight the station ‘C’ which

is to be plotted by resection and draw a ray.

+ Estimate the distance BC by judgement only and

move the point ‘C’ and along a ray to represent the
approximate position of ‘C’.

+ Shift the table and set it up with ¢, on the ground point

C.

» Orient the table by taking back sight on ‘B’ and clamp

it.

« With the alidade pivoted on ‘a’ sight the station ‘A’ and

draw a ray.

* The pointofintersection of this ray and that previously

drawn from ‘b’ gives the required point ‘c’. (i.e.) true
position of ‘c’.

* If necessary, locate the other station in the above

manner. It is also known as back ray method.

122 Construction: Surveyor (NSQF - Revised 2022) - Exercise 1.6.32



Construction Exercise 1.6.33
Surveyor - Plane Table Surveying

Determination of height by telescopic alidade

Objective: At the end of this exercise you shall be able to
* find the height of building using Telescopic Alidade

Requirements

Tools/Instruments Materials

* Plane table with Tripod -1 No. » Set of scale - 1 Set
» Telescopic alidade -1 No. *  Pencil -1 No.
o Spirit level -1 No. * Eraser -1 No.
* Trough compass - 1 No. * Drawing sheet A3 -1 No.
* Plumbing fork with plumb bob -1 No. * Cello tape -1 No.
* Measuring tape 30m - 1 No.

PROCEDURE

TASK 1: Determine the height of building by Telescopic Alidade.

» Select a point ‘p’ at a convenient distance from the Where,

building Z = Horizontal distance form building to plane table.

» Setup and level the plane table by X = Height of plane table

» Leveliingthe planetable Y = Height of building from plane table level.
H = Total height of building
@ = Angle of elevation from plane table station

(x+y) = Height of the building (H)

» Centeringthe plane table
» Orientating the plane table

» Fixthe drawing sheet carefully on plane table without
any dislocation of plane of table.

» Transfer the ground point ‘p’ to the sheet by using ‘U’ Y=2Z(tano)
fork & plumb bob. X+Y = (Height of building)
» Place the Telescopic alidade on the table & level the H=x+ztan g
telescope to the horizontal, gently use the telescope
and tight or loose the nut. Fig 1
» From the station point ‘p’ to the foot of the building
range through telescope alidade and take the reading va
and find the R.L of the point (Fig 1)
» Measure the distance form point ‘p’ to the foot of the 2 E
building m gl =
< >
*  Where the R.L.reading taken @
* Note down the distance in metre 7&\ M <
» Then slowly tilt the telescope of alidade by loose the " Z (METERS)
telescope nut to the apex point of the building. ! %
» Note down the angle of telescope elevation. %

» Then calculate the height of building as follows.
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Construction
Surveyor - Theodolite

Exercise 1.7.34

Practice to setup of theodolite

Objectives: At the end of this exercise you shall be able to

* unplace and place theodolite from and to the theodolite box respectively
* how to fix and remove theodolite to and from the tripod respectively.

Requirements

Tools / Instruments

Theodolite with tripod
Plumb bob

* Peg

 Hammer

-1 No.

Materials

*  White paper -1 No.

PROCEDURE

1 Settwo legs of the tripod firmly into the ground.

2 Adjust the third leg in circumferential direction so that
the top of tripod becomes approximately horizontal

3 Open the instrument box and not, how the instrument
is placed in the box.

4 Take out the instrument from the box. Hold it with right
hand.

5 Turning the trivet in clockwise direction, screw the
instrument firmly on the tripod.

Temporary adjustments of theodolite

8 Show and explain parts of the theodolite.

9 Remove the theodolite from the tripod by turning the
trivet in anticlockwise direction.

10 Loosen all screws.

11 Place the theodolite in the box safely (vertical circle
on left hand side. One of the foot screw facing the
surveyor) and close the box.

Objectives: At the end of this exercise you shall be able to

* set up the theodolite
* level up the theodolite
 eliminate parallax.

TASK 1: Fixing the instrument

Fixing the instrument
1 Fixthe theodolite over the tripod head.

2 Suspend a plumb bob from the hook attached to the
vertical axis of the theodolite (clearance between
plumb bob and station mark should be 1 cm to 2 cm).

Centering

1 One of the legs of the tripod is moved radially to bring
the plumb bob exactly over the station.
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2 Thelegis pushed into the ground.

(If the instrument station has a shifting head, the
instrument is roughly centered over the station mark and
then by releasing the clamping nut and shifting the head,
the plumb bob can be brought exactly over the station
mark).



TASK 2: Levelling up the theodolite

1

Bring the plate level tube parallel to the line joining
any two foot screws.

Bring the bubble to the centre of its run by moving
these two foot screws either inwards or outwards.

Turn the telescope through 90° so that the bubble tube
lies over the third screw.

Turn this screw inward or outward and bring the bubble
of the plate level tube to the centre of its run.

Turn the telescope to its original position by rotating
through 90° and check the bubble. Repeat the steps 2
to 4 till bubble is central in both the positions of the
bubble tube.

(Rotate the instrument through 180°. Check the bubble
tube. If permanent adjustment is correct bubble will
remain in the centre).

TASK 3: Elimination of parallax

Focusing the eyepiece

1
2

Remove the lid of the telescope.

Hold a white paper in front of the telescope (or direct
the telescope to sky) and move eye piece inward or
outward till the crosshairs are seen distinct and sharp.

Focusing the object glass

1

Direct the telescope towards the object.

2 The focusing screw is turned until the object appear

clear and sharp.

Construction: Surveyor (NSQF - Revised 2022) - Exercise 1.7.34
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Construction
Surveyor - Theodolite

Exercise 1.7.35

Reading the vernier and booking

Objectives: At the end of this exercise you shall be able to

e prepare a table for booking the readings

* read the main scale reading (M.S.R) and vernier scale reading (V.S.R)

* book the readings.

Requirements

Tools / Instruments

» Theodolite with tripod -1 No.
e Plumb bob -1 No.
* Peg -4 Nos
e Hammer -1 No.

Materials

* White paper -1 No.

1 Set up theodolite and do the temporary adjustments.
(Exercise No. 1.7.34)

6 Clamp the plates using lower clamp screw.

Swing the telescope in clockwise direction to sight
the station.

8 Tighten the upper clamp. Bisect the station accurately
using upper tangent screw.

9 Determine value of main scale reading (in degrees and
minutes) passed by the vernier zero (index) on the
scale A.

10 Vernier reading (minutes and seconds) is obtained by
locating the reading at which vernier line coincides with
the main scale line.
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11 Book the readings in column A of the table.

12 Similarly observe the reading on the scale B and book
the readings in respective columns.

13 Find the average of A and B scale readings which is
the desired reading.

14 Loosen all the clamps and cover the objective. Unscrew
theodolite from tripod.

15 Gently place theodolite inside the box so that it fits
properly.



Construction Exercise 1.7.36
Surveyor - Theodolite

Perform permanent adjustment of Theodolite - 1 (Plate level test)

Objectives: At the end of this exercise you shall be able to
* establish relation between fundamental axes

e perform the plate level test

* adjust the instrument.

Requirements

Tools / Instruments Materials

» Theodolite with tripod - 1 No. * White paper -1 No.
*  Plumb bob -1 No.

* Measuring tape - 1 No.

5 Revolve the bubble in the horizontal plane so that
the end S are reversed. (Fig 2)

1 Fix the instrument at station O.

2 Set up the instrument over the station O with
telescope in normal condition (vertical circle left of the Fig 2
observe and bubble is up)

Perform all the temporary adjustments. Q

)

Bring the plate bubble parallel to any two foot screws 1=
and make the bubble to the centre of its run. (Fig 1) =

=0
O

Q BUBBLE AFTER REVERSING

6 Ifthe bubble is out of the centre, count the number of
graduations on the bubble tube.

Adjustment
Q 7 Correct half the error by means of pair of levelling
screws and the remaining correction is made by

means of capstan headed screw provided at the end
of the level tube.

Fig 1

SUN2239H2

O

Qoo

SUN2239H1

BUBBLE AFTER TEMPORARY ADJUSTMENT

Perform permanent adjustment of Theodolite -2 (Cross hair ring test)

Objectives: At the end of this exercise you shall be able to
* establish relation between fundamental axes

» perform the cross hair ring test

* adjust the instrument.

1 Fix the instrument at station O. 5 Direct the telescope to bisect the string of the plumb
bob. (Fig 1)

2 Setup the instrument over the station O with telescope . . .
in normal condition (vertical circle left of the observer Rotate the telescope in the vertical plane. (Fig 2)
and bubble is up) 7 Ifthe relative motion of the string is not along the vertical
: cross hair, the instrument needs adjustment.
Perform all the temporary adjustments.

Hang a plumb bob at a reasonable distance from the

instrument.
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Fig 1

=

TELESCOPE DIRECTED TO BISECT THE STRING

SUN2239J1

Fig 2

=

ROTATING TELESCOPE IN THE VERTICAL PLANE

SUN2239J2

Adjustment

8 Loosen all four capstan screws on the cross - hair
ring. Rotate the ring carefully so that the image of
the string and the vertical cross hair coincide. (Fig 3)

9 The screws are then tightened.

Fig 3

STRING OF
PLUMB BOB

VERTICAL CROSS HAIR VERTICAL CROSS HAIR AND
AND STRING COINCIDENT STRING NOT COINCIDENT

SUN2239J3

CROSS-HAIR RING TEST

Perform permanent adjustment of Theodolite - 3 (Collimation)

Objectives: At the end of this exercise you shall be able to

¢ establish relation between fundamental axes
¢ perform the collimation test
* adjust the instrument.

1 Fix the instrument at station O.

2 Setup the instrument over the station O with telescope
in normal condition in midway of an open field (should

have an unobstructed view of 200m).
Perform all the temporary adjustments.
4 Sight a point, A. (Fig 1)

Fig 1

Ae Oe

PLAN

SIGHT APOINT A

SUN2239X1

5 Transitthe telescope and fix another point, B, (Fig 2)

Fig 2

Ae Oe

PLAN

SUN2239X2

FIXING ANOTHER POINTB 1

6 Change face of the instrument and again bisect the
first point, A. (Fig 3)

7 Transit the telescope. If the line of sight passes through
the already fixed point, then the line of sight is
perpendicular to the horizontal axis.
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Fig 3

Ae O

PLAN

SUN2239X3

BISECTING AFTER CHANGING FACE

8 If not fix the new point, B, (Fig 4)
9 Measure the distance between the points B, and B,,.

10 Measure a quarter of the distance from the last point,
i.e., B,

Adjustment

11 Adjust the vertical hair by means of two opposite

capstan headed screws so that the line of sight
passes through the quarter distance.

12 Repeat the test till line of sight passes through the
same point in both face observations. (Fig 5)

Fig4
A o B2
°B.
Ae Oe
°B. <
3
PLAN %]
8
FIXING NEW POINTB : a
Fig5
Bs {
d
Ae Oe

d/4

=

B:

PLAN

COLLIMATION TEST

SUN2239X5

Perform permanent adjustment of Theodolite - 4 (Spire test)

Objectives: At the end of this exercise you shall be able to

» establish relation between fundamental axes
* perform the spire test
* adjust the instrument.

1 Fix up the instrument near to any tall object, at an
instrument station O.

2 Setup the instrument over the station O with telescope
in normal condition.

Perform all the temporary adjustments.
Sight a well-defined point, S. (Fig 1)

Fig 1
W

0

SUN2239Y1

SIGHTING A WELL DEFINED POINT, S

5 Lower the telescope and find a point on the ground, S.
(Fig 2)

6 Change face of the instrument and again sight S.
(Fig 3)

Fig 2

SUN2239Y2

FINDING A POINT, §'

Fig 3

/ﬁ ner

SUN2239Y3

§'IS SIGHTED AGAIN
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7 Lower the telescope.

8 If S’is sighted, then the telescope is in adjustment. If
not, instrument needs adjustment.

Adjustment

9 Distance between foot distance is measured and
mark half the midway between the distance, S’.

10 Centre point is bisected and rise the telescope to
sight the point, S. (Fig 4)

11 One end of the horizontal axis is moved with the
adjusting screw until the line of sight bisects the point,
S.

12 Repeat the test and check the adjustment.

Fig 4

SPIRE TEST

SUN2239Y4

Perform permanent adjustment of Theodolite- 5 (Vertical circle index test)

Objectives: At the end of this exercise you shall be able to

¢ establish relation between fundamental axes
¢ perform the vertical circle index test
* adjust the instrument.

1 Fix up the instrument near to any tall object, at an
instrument station O.

2. Setup the instrument over the station O with telescope
in normal condition.

3. Perform all the temporary adjustments.
4 Set the vertical vernier to zero.

A staff is held vertical at about 60 m from the
instrument and the reading is taken by face left
observation. (Fig 1)

6 Then the face is changed and the staff is read again.
If there is an error, the face readings will be different.

Adjustment

7 The telescope is set to read the mean of the two
staff readings.

8 Then the vertical circle should be brought back to read
zero using the clip screws.

Fig 1

JON
L g7 OBSERVAT
HORIZONTAL LINE OF SIGHT

F,
ACE RIGHT OBSERVAT!ON

60M
APPROX.

SUN223971

VERTICAL CIRCLE INDEX TEST

Perform permanent adjustment of Theodolite - 6 (Vertical arc test)

Objectives: At the end of this exercise you shall be able to

e establish relation between fundamental axes
e perform the vertical arc test
¢ adjust the instrument.

1 Fix up the instrument near to any tall object, at an
instrument station O.

2 Setup the instrument over the station O with telescope
in normal condition.

Perform all the temporary adjustments.

4 Centre the altitude bubble on the telescope

5 The zero of the vernier of the vertical circle should
coincide with the zero on the main scale of the
vertical circle. If it doesn’t coincide, it needs
adjustment.

Adjustment

6 The capstan head screws are loosened and the
vernier is moved till the zero coincides with that of
the main scale.
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Exercise 1.7.37

Measurement of horizontal angle by various methods (Ordinary method)

Objective: At the end of this exercise you shall be able to

* measure the horizontal angle between two given points.

Requirements

Tools / Instruments

* Theodolite with tripod -1 No.
* Pegs -5Nos.
* Rangingrods -4 Nos.

¢ Hammer - 1 No.
Materials
* White paper -1 No.

1 Erect two stations, P and Q by driving pegs on the
field and erect ranging rods vertically behind the pegs.

(Fig 1)

Fig 1
LEFT HAND STATION RIGHT HAND STATION

P TURN CLOCKWISE Q

INITIAL READING FINAL READING

o
INSTRUMENT STATION

SUN2240H1

FACE LEFT, RIGHT SWING

N

Fix an instrument station O.

w

Set up the instrument over the station O with telescope
in normal condition (vertical circle left of the observer
and bubble is up) (Fig 1)

Perform all the temporary adjustments.

a b

Release both upper and lower clamps.

6 Turn the upper plate until the index of vernier of ‘A
nearly coincides with the zero of the main scale. Lock
the upper clamp.

~

Turn the upper tangent (slow motion) screw to make
the two zeros exactly coincident. (After setting 00°
00’00” on ‘A’ scale, check the reading on the ‘B’ of
main scale, which should read 180° 00°00” if there is
no instrumental error).

8 Direct the telescope to sight the ranging rod at the
left hand station (P) and bisect the station.
(Approximate bisection of the station is done by
sighting over the telescope through a pin- and - hole
arrangement provided over the top of the telescope).

9 Lock the lower clamp.

10 Bisect the station P exactly by using the tangent
screw. (For exact bisection - bring the station mark
exactly at the intersection of horizontal and vertical
hairs of the station, vertical circle clamp and its tangent
have to be use)

11 Once more check both the vernier Aand B and ensure
readings remain unchanged.

12 Enter readings in the respective columns of table.
(A scale reading is entered fully while only minutes
and seconds of B scale are entered).

13 Release the upper clamp and swing the telescope to
bisect the station ‘Q’.

14 Lock the upper clamp and get exact bisection using
upper tangent screw.

15 Read and enter readings in the respective columns
of the table 1.

16 Change face of the instrument by transiting and
swinging. (Fig 2)

Fig 2

LEFT HAND STATION RIGHT HAND STATION
P Q

INITIAL READING FINAL READING

TURN ANTICLOCKWISE [e}
INSTRUMENT STATION

SUN2240H2

FACE RIGHT, LEFT SWING

17 Follow steps 5 to 15.

18 Angle POQ is the average of angles obtained from
both face observations.

19 Loosen all clamps. Remove the theodolite from the
tripod and gently place it in the box.
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Measurement of horizontal angle by various method (Repetition method)

Objectives: At the end of this exercise you shall be able to

» operate theodolite
» observe and tabulate readings

» determine horizontal angle by repetition method.

1 Follow the steps 1 to 15 of the exercise 1.7.37
(measurement of horizontal angle)

2 Unlock the lower clamp and swing the telescope in
clockwise direction to bisect the station ‘P’. (Fig 1)

3 Lock the lower clamp. Exact bisection of ‘P’ is done
using lower tangent screw.

Fig 1
LEFT HAND RIGHT HAND LEFT HAND RIGHT HAND
STATION STATION STATION STATION
p TURN Q Q
CLOCKWISE
gt INITIAL
INITIAL FINAL READING FINAL
READING READING READING
TURN
ANTI-CLOCKWISE
o o
INSTRUMENT STATION INSTRUMENT STATION
LEFT HAND RIGHT HAND LEFT HAND RIGHT HAND
STATION STATION STATION STATION
P TURN Q p Q
CLOCKWISE INITIAL
/—..
INITIAL FINAL READING FINAL
READING READING READING
TURN
ANTI-CLOCKWISE
o o
INSTRUMENT STATION INSTRUMENT STATION
FACE LEFT, RIGHT SWING FACE RIGHT, LEFT SWING

MEASURING HORIZONTAL ANGLE BY REPETITION METHOD

SUN2240J1

4 Once more read the scales and check whether the
readings remain unchanged.

5 Release the upper clamp and swing the telescope to
bisect the station ‘Q’.

6 Lock the upper clamp. Exact bisection of ‘Q’ is done
using upper tangent screw.

7 Follow the steps for required number of times, say
three times and find out the value of angle POQ. (The
average observed reading sighting ‘Q’ after last
repetition divided by the number of repetitions is the
angle POQ for the respective face observation)

8 Change face of the instrument.
9 Release both upper and lower clamps.

10 Set zero of the vernier coincides with zero of the main
scale A.

11 Direct the telescope to sight the left hand station,
say ‘P’ and bisect it.

12 Once more check both the vernier’s ‘A’ and ‘B’ and
ensure readings remain unchanged.

13 Enter readings in the respective columns of table.

14 Release the upper clamp and swing the telescope
in anticlockwise direction to bisect the right hand
station ‘Q’.

15 Read and enter readings in the respective columns
of the table 2.

16 Follow steps 5to 7.

17 Angle POQ is the average of angles obtained from
both face observations.

18 Loosen all clamps. Remove the theodolite from the
tripod and gently place it in the box.

Measurement of horizontal angle by various method (Reiteration method)

Objectives: At the end of this exercise you shall be able to

» adopt reiteration method
» observe and tabulate readings
* applying corrections for included angles

* determine horizontal angles POQ, QOR, ROS and SOP by reiteration method.

1 Erect four stations P, Q R and S by driving pegs on
the field and erect ranging rods vertically behind the
pegs. (Fig 1)

2 Fix an instrument station ‘O’ so as to get complete
sight of the stations.

3 Follow steps 3 to 15 of exercise 2.2.40 measurement
of horizontal angle.

4 Release the upper clamp and swing the telescope
to bisect the station ‘Q’.

5 Lock the upper clamp and get exact bisection using
upper tangent screw.

6 Read and enter readings in the respective columns of
the table.
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Fig 1

Q

<POQ=<P0OQ
<QOR=<POR-<POQ

I <ROS = <POS - <POR
<SOP = <POP -<POS

S

HORIZON STATION INITIAL READING USUALLY 00°00'00"
CLOSING THE HORIZON SHOULD BE INITAL READING

S

MEASURING HORIZONTAL ANGLE BY REITERATION METHOD

SUN2240X1

Release the upper clamp and swing the telescope to
bisect the station ‘Q’.

Lock the upper clamp and get exact bisection using
upper tangent screw.

9 Read and enter readings in the bisection using upper
tangent screw.

10 Similarly bisect stations ‘R’and ‘S’ using upper clamp
screws and its tangent and enter readings in the
respective columns.

11 Finally close the horizon (sight the station P) and
observe the reading.

12 Change face of the instrument and follow steps 5 to
15 of exercise 2.2.40 Measurement of horizontal
angle.

13 Follow above steps 4 to 11

14 Determine average horizontal angles POQ, QOR,
ROS and SOP. (Apply corrections, if closing error
exists).

15 Loosen all clamps. Remove the theodolite from the
tripod and gently place it in the box.
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Exercise 1.7.38

Setting out an angle (Ordinary method)

Objectives: At the end of this exercise you shall be able to

* set given angle in theodolite
* operate theodolite
 set out the given angle POQ on the field.

Requirements

Tools / Instruments

* Theodolite with tripod -1 No.
*  Plumb bob -1 No.
* Ranging rods -2 No.
* Pegs - 3 Nos.
e Hammer -1 No.

Materials

»  White paper -1 No.

1 Erect a station, P by driving pegs on the field and
erect ranging rods vertically behind the pegs.

2 Fix an instrument station O. (Fig 1)

Fig 1

TELESCOPE ROTATED IN
HORIZONTAL PLANE

SUN2241H1

SIGHTING POINT Q

3 Setup the instrument over the station O with telescope
in normal condition

4 Perform all the temporary adjustments.
Release both upper and lower clamps.

6 Turn the upper plate until the index of vernier of 'A’
exactly coincides with the zero of the main scale.

7 Direct the telescope to sight the ranging rod at the
left hand station (P) and bisect the station.

Lock the lower clamp.

Bisect the station P exactly by using the tangent
screw.

10 Once more check both the vernier A and B and
ensure readings remain unchanged.

136

11 Loosen the upper clamp.

12 Turn the telescope in the clockwise direction to set
the horizontal angles as per given value. Lock the
upper clamp.

13 Exact setting of the angular value is done using upper
tangent screw.

14 Direct the surveyor man with ranging rod along the
line of sight and fix the point, Q on the ground along
the line of sight. (Fig 2)

Fig 2 P

REQUIRED ANGLE

SUN2241H2

SETTING OF AN ANGLE

15 Check the angular value and the point, Q sighted.
16 Drive a peg on the ground.

17 Loosen all clamps. Remove the theodolite from the
tripod and gently place it in the box.
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Surveyor - Theodolite

Exercise 1.7.39

Measurement of vertical angle (Angle of elevation)

Objectives: At the end of this exercise you shall be able to

* operate the instrument
* tabulate the readings
* measure a vertical angle.

Requirements

Tools / Instruments

» Theodolite with tripod - 1 No.
*  Plumb bob - 1 No.
* Ranging rod - 2 Nos.

* Pegs - 5 Nos.
e Hammer - 1 Nos.
Materials

* White paper -1 No.

1 Erect a station A by driving peg on an open and fair
ground.

2 Set up the instrument at A. (Fig 1)

Fig 1

SUN2242H1

MEASURING VERTICAL ANGLE (FACE LEFT)

Perform all the temporary adjustments.

Level the instrument with respect to altitude bubble
level (steps for keeping the plate bubble parallel are
followed. But instead of bringing plate level parallel and
perpendicular, bring altitude bubble).

Direct the telescope upwards to sight ‘P’.

Lock horizontal movement of plates.

7 Tighten vertical clamp screw.

8 Bisect ‘P’ exactly using tangent screws. (Fig 2)

Fig 2

s

3
e
(S

)
2O
S

SU2313E2

MEASURING VERTICAL ANGLE (FACE RIGHT)

9 Measure vertical angle, +oL from C scale and D scale.
10 Record the readings with sign.
11 Mean reading is the vertical angle.

12 Change face of the instrument and measure vertical
angle following appropriate above steps.

13 Average of both face readings is the angle of
elevation (+o) to ‘p’ from ‘A’

Measurement of vertical angle (Angle of depression)

Objectives: At the end of this exercise you shall be able to

* operate the instrument
* tabulate the readings
* measure a vertical angle of depression

1 Erect a station by driving peg on an open and fair
ground.

2 Setup the instrument atA. (Fig 1)
Perform all the temporary adjustments.

4 Level the instrument with respect to altitude bubble
level (steps for keeping the plate bubble parallel is
followed. But instead of bringing plate level parallel and
perpendicular, bring altitude bubble).

Direct horizontal downwards to sight ‘Q’.

Lock horizontal movement of plates.

Tighten vertical clamp screw.

Bisect ‘Q’ exactly using tangent screws. (Fig 2)

© 00 N O O,

Measure vertical angle, —o. from C scale and D scale.
10 Record the readings with sign (-ve sign). (Table 1)
11 Mean reading is the vertical angle.
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Fig 1

SUN2242J1

MEASURING VERTICAL ANGLE OF DEPRESSION - FACE LEFT

12 Change face of the instrument and measure vertical
angle following appropriate above steps.

Measurement of deflection angle

Fig 2

SUN2242J2

MEASURING VERTICAL ANGLE OF DEPRESSION - FACE RIGHT

13 Average of both face readings is the angle of depression
(—o) to ‘Q’ from ‘A

Objectives: At the end of this exercise you shall be able to

» operating theodolite
» observe and tabulate readings

* measure the deflection angles PQR, QRS and RST.

1 Erectfive stations P, Q, R, S and T by driving pegs on
the field and erect ranging rods vertically behind the
pegs P and R. (Figs 1 & 2)

Fig 1

SUN2242X1

MEASUREMENT OF DEFLECTION ANGLE

Fig 2
Y Qe
© \g)\%\%ﬂé\\
O KL
& WS
& ) {\\Y‘ £ &
S P N
@
Q

TUgN IN THIS
DIRECTION

Tu}eN IN THIS &
DIRECTION

RIGHT DEFLECTION ANGLE AT STATION Q (TWO REPETITIONS)

SUN2242X2

MEASUREMENT OF DEFLECTION ANGLE

Fix the instrument at the station Q.

3 Setup the instrument over the station Q with telescope
in normal condition (vertical circle left of the observer
and bubble is up).

4 Follow the steps 4 to 12 of exercise 2.2.40
measurement of horizontal angle.

5 Transit the telescope. Ensure scale readings still
remain unchanged.

6 Unclamp the upper plate, swing the telescope to sight
station R.

7 Lock the upper clamp and get exact bisection using
upper tangent screw.

8 Read and enter readings indicating direction of swing
in the respective column of the table 1.

9 Loosen the lower clamp and sight P.

10 Lock the lower clamp. Bisect P accurately with lower
tangent screw.

11 Follow above steps 5 to 8.
12 Average value is the value of the deflection angle.
13 Measure the length, PQ.

14 Shift the instrument and set up the instrument over
the station R. Erect ranging rods vertically behind
the pegs Q and S.

15 Follow above steps 4 and 5.

16 Unclamp the upper plate, swing the telescope
clockwise to sight station S.

17 Follow above steps 7 and 8.
18 Loosen the lower clamp and sight Q.

19 Lock the lower clamp. Bisect Q accurately with lower
tangent screw.

20 Transit the telescope. Ensure scale readings still
remain unchanged.

21 Unclamp the upper plate, swing the telescope to sight
station S.

22 Follow above steps 7 and 8.
23 Average value is the value of the deflection angle.
24 Measure the length, QR.

25 Similarly take readings from station S and measure
the sides.

26 Loosen all clamps. Remove the theodolite from the
tripod and gently place it in the box.

Construction: Surveyor (NSQF - Revised 2022) - Exercise 1.7.39 139



Construction
Surveyor - Theodolite

Exercise 1.7.40

Prolongation of line by various methods (Method - 1)

Objectives: At the end of this exercise you shall be able to

* set out a line AB
e prolong the line AB
* erect two points C and D on prolonged line.

Requirements

Tools / Instruments + Pegs -5 Nos.
. I * Hammer - 1 No.
» Theodolite with tripod -1 No. ]
+  Plumb bob -1 No. Materials
* Ranging rods - 2 Nos. - White paper -1 No.
1 Setaline AB and erect pegs at the ends of this line. S
ig
2 Set up the instrument over the station A. (Fig 1)
A B C
@ e e

Fig 1

®>
o

PLAN

SUN2243H1

PROLONGING A STRAIGHT LINE - METHOD -1

3 Perform all the temporary adjustments

4 Bisect station B accurately with tangent screws after
fixing horizontal motion (clamp plates).

5 Move the telescope in vertical plane and looking
through the pin and hole arrangement, direct the
surveyor, with ranging rod, in line.

6 Exactly bisect the ranging rod and fix the point, C by
driving peg. (Figs 2 & 3)

Fig 2

[ 33
o
[ I}

PLAN

SUN2243H2

POINT C IS ERECTED ON THE PROLONGED LINE
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PLAN

SUN2243H3

PROLONGING A LINE -METHOD |

7 Move the instrumentto B
8 Similarly fix another point D. (Fig 4)

9 Loosen all clamps. Remove the theodolite from the
tripod and gently place it in the box.

Fig 4

o
®o
®c

A
@
PLAN

LINE PROLONGED TO POINT D

SUN2243H4




Prolongation of line by various methods (Method - Il)

Objectives: At the end of this exercise you shall be able to

* set out a line AB
* prolong the line AB minimizing error
* erect two points C and D on prolonged line.

1 Fixaline AB and erect pegs at the ends of this line.

2 Set up the instrument over the station B. (Fig 1)

6 Point C is located on the ground by driving peg.
7 Move the instrument to C. (Fig 2)

Fig 1

®>
ow

PLAN

PROLONGING A LINE -METHOD -1l

SUN2243J1

Fig 2
A B C
@ @ ®
PLAN
T A

SUN2243J2

PROLONGING A LINE -METHOD Il

Perform all the temporary adjustments.

Bisect station A accurately with tangent screws after

fixing horizontal motion.

5 Transit the telescope and looking through the pin
and hole arrangement direct the surveyor, with

ranging rod, in line.

8 Similarly fix another point D.

9 Loosen all clamps. Remove the theodolite from the
tripod and gently place it in the box.

Prolongation of line by various methods (Method - Ill) (Double sighting)

Objectives: At the end of this exercise you shall be able to
» prolong the line AB using defective instrument
 eliminate error due to permanent adjustment defects

* erect two points C and D on prolonged line.

1 Fix aline AB and erect pegs at the ends of this line.

2 setup the instrument over the station B (Fig 1)

Fig 1

o>
o

PLAN

DOUBLE SIGHTING

SUN2243X1

3 Perform all the temporary adjustments.

4 Bisect station A accurately with tangent screws after

arresting horizontal motion.

5 Transit the telescope and locate the point, say C1.
(Fig2)

Fig 2

®>
ow
®0

PLAN

SUN2243X2

DOUBLE SIGHTING
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6 Change the face and follow above steps 4. (Fig 3)
Fig 3
C:
)
A B
e @
PLAN
3
DOUBLE SIGHTING %
7 Transit the telescope and locate a point, say C2.

9

(Fig4)
Measure C1 C2, Find middle of C1 C2, which is the
required point C, line with AB.

Move the instrument to C.

Fig 4

c@®

[ 33
®
®o

PLAN

i

SUN2243X4

DOUBLE SIGHTING

10 Similarly following above steps fix another point D.

11 Loosen all clamps. Remove the theodolite from the

tripod and gently place it in the box.

Ranging when ends intervisible (Lining in)

Objectives: At the end of this exercise you shall be able to

* set out a line AB
e operate the instrument

¢ establish two intermediate points C and D in the line.

1

Set a line AB of reasonable length on the ground and
erect pegs at the ends of this line.

2 Set up the instrument over the station A. (Figs 1 & 2)
Fig 1
A B
e )
PLAN
&
LINING IN %
Fig 2
A B [o]
e e e

PLAN

LINING IN

SUN2243Y2
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w

Perform all the temporary adjustments.

Bisect station B accurately with tangent screws after
fixing horizontal motion (clamp plates)

Move the telescope in vertical plane and looking
through the pin and hole arrangement direct the
surveyor, with ranging rod, between pegs Aand B in
the line.

Exactly bisect the ranging rod and fix the point, C by
driving peg.

Without changing the setup of the instrument, follow
the above step 5 and fix another point D.

Loosen all clamps. Remove the theodolite from the
tripod and gently place it in the box.
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Exercise 1.7.41

Determination of height of an inaccessible object by theodolite (Single plane

method)

Objectives: At the end of this exercise you shall be able to

e operate the instrument
* deduce the readings

* find the reduced level of the point ‘Y’ at the top of the building.

Requirements

Tools / Instruments

» Theodolite with tripod -1 No.
*  Plumb bob - 1 No.
* Levelling staff -1 No.
* Measuring tape -1 No.
* Pegs - 2 Nos.

e Hammer -1 No.
Materials
*  White paper -1 No.

1 Selectan instrument station, 'O’ on a fairly open ground
at a reasonable distance from the base of Y’

Set up the instrument at ‘O’
Perform all the temporary adjustments.
Set the vertical vernier 0-0.

Direct the telescope to the staff vertically held at the
given BM (Check altitude bubble).

Clamp both plates. Exactly bisect the staff.
Observe the staff reading (S) and enter it in the table.

8 Loosen the lower clamp ‘turn the telescope towards
£Y1

a s wODN

~N O

Fig 1

h=Dtan 8 |

STAFF

+8

D

BM

SUN2244H1

TRIGNOMETRIC LEVELLING

Fig 2

BM

SINGLE PLANE METHOD

SUN2244H2

Fig 2

=

ROTATING TELESCOPE IN THE VERTICAL PLANE

SUN2239J2

9 Lock lower clamp, tighten the vertical circle clamping
screw. (Fig 1)

10 Plunge the telescope and locate a point ‘P’ on the
ground by erecting a peg.

11 Measure and record the distance between the station
‘O’ and P (d).

12 Set up the instrument at station ‘P’.
13 Follow steps 3 to 6 of exercise
14 Observe the staff reading (S2) and enter it in the table.

15 Deduce reduced level of 'Y’ from the Hls of instrument
stations ‘O’ and ‘P’. (Figs 2 to 3 ,4)

Fig 4

h=Dtan®
STAFF

o N
—

|
2 r
dy & kﬂﬂ
dy ) ° P

d D

SINGLE PLANE METHOD

SUN2244H4
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Exercise 1.7.42

Traversing (closed & open) using Theodolite & tape/chain (Open traverse

different angle)

Objectives: At the end of this exercise you shall be able to

* erect the stations for the traverse
* measure the deflection angles
* plot the traverse to a suitable scale.

Requirements

Tools / Instruments

* Theodolite with tripod -1 No.
*  Plumb bob -1 No.
* Ranging rods -2 Nos
* Pegs -5 Nos
* Hammer - 1 No.
* Measuring tape -1 No.

Materials

*  White paper -1 No.
+ Nails -1 No.
* Paint -1 No.
+ Brush -1 No.
* A2 sheet -1 No.

1 Reconnaissance the area to be surveyed.
2 Select stations as per field conditions.

3 Mark the stations.
4

Take at least three permanent reference points of
the stations.

5 Set up the instrument at the starting station, say 'A'.
(Fig 1)
Fig 1
ROAD BUILDING F ROAD
T — D
Botl-— //
s
Al o o E

AE-CUT OFF LINE
BF, CF, DF SIGHT TO
BUILDING CORNER

SUN2245H1

OPEN TRAVERSE (DEFLECTION ANGLE)

6 Perform all the temporary adjustments.

7 Measure the magnetic meridian of the line AB using
theodolite if it is fitted with magnetic compass
(otherwise use prismatic compass).

8 Shift and set up the instrument at station 'B'.
9 Set the vernier scale A, 0-0.
10 Perform all the temporary adjustments.

11 Loosen the lower clamp; direct the telescope towards
station A.
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12 Tighten lower clamp and bisect the station exactly
using the lower tangent screw.

13 Transit the telescope.

14 Loosen upper clamp; telescope is turned clockwise
or anticlockwise to sight the forward station 'C'.

15 Observe the horizontal angle and record the angle
indicating the deflection direction. (If the deflection
angle is to the right, the reading itself is the measured
angle, if the deflection angle is to the left, the
difference between 360° and the observed angle
gives the actual value).

16 Loosen the plates.
17 Change the face of the instrument.
18 Follow the above steps 9 to 14.

19 Measure the horizontal distance AB using measuring
tape.

20 Shift the instrument to next station 'C'.
21 Set the vernier scale A, 0-0.

22 Set up the instrument at 'C' and perform all the
temporary adjustments.

23 Loosen the lower clamp; direct the telescope towards
station 'B'.

24 Proceed, following above steps to finish off the
traverse.

25 Cut off lines and bearings of a prominent object from
several are also note down for checking the traverse.
Details can also locate by any method.

26 Plot the traverse to a suitable scale.



Open traverse (Direct angles or angles to the right)

Objectives: At the end of this exercise you shall be able to

* measure the direct angles of the traverse
* check the traverse
 plot the open traverse ABCDEF.

1 Reconnaissance the area to be surveyed.
2 Select stations as per field conditions.

3 Mark the stations.
4

Take atleast three permanent reference points of the
stations. (Fig 1)

Fig 1

SUN2245I1

OPEN TRAVERSE (ANGLES TO THE RIGHT)

5 Set up the instrument at the starting station, say 'A'.
6 Perform all the temporary adjustments.

7 Measure the magnetic meridian of the line AB using
theodolite, if it is fitted with magnetic compass
(otherwise use prismatic compass) .

8 Shift and set up the instrument at station 'B'.

Closed traverse (Deflection angle)

9 Setthe vernier scale A, 0-0.
10 Perform all the temporary adjustments.

11 Loosen the lower clamp; direct the telescope towards
station A.

12 Tighten lower clamp and bisect the station exactly
using the lower tangent screw.

13 Loosen upper clamp; telescope is turned clockwise
to sight the forward station 'C'.

14 Observe the horizontal angle and record the angle.

15 Following appropriate above steps observe a face right
reading.

16 Set up the instrument at forward station 'C'.
17 Follow steps 9 to 15.
18 Similarly proceed further and finish off the traverse.

19 Cut off lines and bearings of a prominent object from
several stations are also note down for checking the
traverse. Details can also locate by any method.

20 Plot the traverse to a suitable scale.

Objectives: At the end of this exercise you shall be able to

* observe the deflection angles of the traverse
* check the deflection angles
* plot the closed traverse.

1 Erect four stations, say A, B, C and D (Running
clockwise), on an open and fair ground by driving pegs.

2 Take at least three permanent reference points of the
stations.

3 Set up the instrument at the station 'B'. (Fig 1)

Fig 1

BUILDING—‘

BEARING
\ SsIGHT

CUT OFF LINE

CLOSED TRAVERSING (DEFLECTION ANGLE)

SUN2245J1

4 Setthe vernier scale A, 0-0.
Perform all the temporary adjustments.

6 Loose the lower clamp; direct the telescope towards
station A.

7 Tighten lower clamp and bisect the station exactly
using the lower tangent screw.

8 Transit the telescope.

a

9 Loosen upper clamp; telescope is turned clockwise
to sight the forward station 'C".

10 Observe the horizontal angle and record the angle
indicating the deflection direction (Right deflection) .

11 Loosen the plates.
12 Change the face of the instrument.
13 Follow the above steps 4 to 11.

14 Measure the horizontal distance AB using measuring
tape.

15 Shift the instrument to next station 'C".

16 Set up the instrument at 'C' and perform all the
temporary adjustments.

17 Follow appropriate steps to complete the loop traverse.
(Cut off lines BD and magnetic bearings from stations
C and Ato any nearest prominent object should record)

18 Check the algebraic sum of the deflections angles.

19 Apply correction at each angle if found error is
reasonable or permissible.

20 Plot the traverse to a suitable scale.
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Closed traverse (Interior angles)

Objectives: At the end of this exercise you shall be able to
* measure the interior angles of the traverse

e check the traverse

e compare the results.

1 Precisely relocate stations A, B, C and D established 8 Tighten lower clamp and bisect the station exactly
in the exercise 2.2.45 closed traverse (deflection using the lower tangent screw.
angle). 9 Loosen upper clamp; telescope is turned clockwise
2 Check the sides of the established frame work. to sight the forward station 'B'.
Set up the instrument at the station 'A". (Fig 1) 10 Observe the horizontal angle.
11 Loosen the plates.
Fig 1
9 12 Following appropriate above steps observe a face right
reading.
BU,LD,NG_‘ /%\ 13 Shift the instrument to next stations and observe the
BEARING horizontal angles.
Y \ siGHT c . . .
BEARING SIGHT. CUT OFF LINE 14 Shift the instrument of next station 'C'.
15 Set up the instrument at 'C' and perform all the
s x temporary adjustments.
g 16 Loosen the lower clamp; direct the telescope towards
CLOSED TRAVERSE (INTERIOR ANGLES) =) .
2 station 'B'.
Set the vernier scale A, 0-0. 17 Loosen upper clamp; telescope is turned clockwise
5 Perform all the temporary adjustments. to sight the forward station 'D'.
Measure the magnetic meridian of the line AB using 18 Follow appropriate above steps to complete the loop
theodolite if it is fitted with magnetic compass traverse.
(otherwise use prismatic compass). 19 Plot the traverse to a suitable scale.
7 Loosen the lower clamp; direct the telescope towards 20 Compare the results of the two methods. (Compare
station 'D". this exercise with the exercise closed traverse

(deflection angle)

Closed traverse (Included angles)

Objectives: At the end of this exercise you shall be able to
* measure the included angles

* balance the traverse

 plot closed traverse using coordinates.

1 Follow steps 1 to 7 of the Exercise open traverse 5 Loosen the lower clamp; direct the telescope towards
(deflection angle). the last back sight station D. (Fig 2)
2 Shift and set up the instrument at station 'A". (Fig 1)
Fig 2 B
Fig 1 A

D

SUN2245Y2

CLOSED TRAVERSE (INTERIOR ANGLES)

D

CLOSED TRAVERSE (INTERIOR ANGLES)

SUN2245Y1

6 Tighten lower clamp; telescope is turned to sight the
forward station 'C'.

3 Setthe vernier scale A, 0-0. . .
vern! 7 Loosen upper clamp; telescope is turned to sight the

4 perform all the temporary adjustments. forward station 'C'. (Fig 3)
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Fig 3 B

c INITIAL READING
00°00'00"

D

SUN2245Y3

CLOSED TRAVERSE (INTERIOR ANGLES)

8 Tighten upper clamp. Bisect 'C' exactly and observe
the horizontal angle.

9 Following appropriate above steps observe a face
right reading.

10 Measure horizontal angles by both face observations
at each station.

11 Measure the length of the side.

12 Proceed thus to finish off the traverse. (Figs 4 to 6)
13 Balance the traverse if error exists.

14 Plot the traverse using coordinates.

15 Balance the traverse graphically if traverse failed to
close while plotting. (Traverse can be plotted by
included angles and balance it graphically for
comparison of balancing methods).

Balancing closed traverse

Fig 4 FINAL READING
B

TURN TELESCOPE L
INITIAL READING
00°00'00"

D
CLOSED TRAVERSE (INTERIOR ANGLES)

SUN2245Y4

Fig 5 B

>

c INITIAL READING
00°00'00"

D

SUN2245Y5

CLOSED TRAVERSE (INTERIOR ANGLES)

Fig 6
B FINAL READING
TURN TELESCOPE
TURN TELESCOPE
INITIAL READING

00°00'00"

D
CLOSED TRAVERSE (INTERIOR ANGLES)

SUN2245Y6

Objectives: At the end of this exercise you shall be able to

* measure the included angles

* balance the traverse

* plot closed traverse using coordinates
* find the area by coordinates method.

1 Follow steps 1 to 7 of the exercise open traverse
(deflection angle)

2 Shift and set up the instrument at station 'A'. (Fig 1)

Fig 1

c <

BUILDING

D L«,—I E

BALANCING CLOSED TRAVERSE

BUILDING

SUN224521

3 Setthe vernier scale A, 0-0.
Perform all the temporary adjustments.

5 Loosen the lower clamp; direct the telescope towards
the last back sight station.

6 Tighten lower clamp and bisect the station exactly
using the lower tangent screw.

7 Loosen upper clamp; telescope is turned to sight the
forward station 'C'.

8 Tighten upper clamp. Bisect 'C' exactly and observe
the horizontal angle.

9 Following appropriate above steps observer a face right
reading.

10 Measure horizontal angles by both face observations
at each station.

11 Measure the length of the side.
12 Proceed thus to finish off the traverse.

13 Details can also be located by any methods (Details
can be located by offsetting, angles or bearings from
a point. Separately record the detailing if necessary).

14 Compute the traverse.
15 Balance the traverse if error exists.
16 Plot the traverse using coordinates.

17 Balance the traverse graphically if traverse failed to
close while plotting.

18 Find the area of the traverse by coordinates method.

Construction: Surveyor (NSQF - Revised 2022) - Exercise 1.7.42 147



Construction
Surveyor - Theodolite

Exercise 1.7.43

Measurement of horizontal angle and bearing of line

Objective: At the end of this exercise you shall be able to

¢ find the bearing of a line AB

Requirements

Tools / Instruments

* Theodolite with tripod
* Trough compass
*  Plumb bob

-1 No.
-1 No.
-1 No.

Materials

White paper -1 No.

PROCEDURE

Find the bearing of a line AB

1 Setup the instrument over A and level it accurately.

(Fig 1)

Fig 1

S

SUN2246H1

2 Setthe vernier Ato the zero of the horizontal circle

3 Release the magnetic needle and loosen the lower

clamp.
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9

Rotate the Instrument in the horizontal plane until the
magnetic needle comes the normal position

The zero of the small scale in the trough compass

Tighten lower clamp and use its tangent screw for the
exact coincidence

The line of sight is parallel to magnetic meridian and
the vernier Areads zero

Loose the upper clamp, turn the telescope and sight
the object B

Bisect B by using the upper tangent screw

10 Read both vernier’s on horizontal circle

11 The mean of the two vernier readings gives the

magnetic bearing of the line AB.



Construction
Surveyor - Theodolite

Exercise 1.7.44

Computation of Co-ordinate from the bearing angle and length

Objectives: At the end of this exercise you shall be able to

* what are the rules used to solve the problem
* method of solving

Rules for solving (Fig 1)
| = length of line: 6 is its reduced bearing

1) Latitude = L cos 6

departure =1sin 6

departure

2)tan 9 = -
Latitude

3)(a)l= \/(Iatitude)2 + (departure)2
(b) I = latitude x sec 6

(c) | = departure x cosec 6

Example: The co-ordinates of two points A and B are as
given

Find the length and bearing of AB

Point co ordinates
Northing Easting
500.25 640.75
B 840.78 315.60
Solution:
| = length of AB

@ = reduced bearing of AB

Latitude of AB = The difference between the north co -
ordinates of AB.

= 840.78 -500.25

= 340.53

Fig 1

LATTITUDE

\

ICOS6
@

ISING = OPPOSITE

SUN2247H1

Departure of AB = The difference between the east co -
ordinates of AB.

=315.60 - 640.75
=-325.15

departure  325.15

= 34053 0.9548

tan 6 = :
latitude

0 =43° 47

The latitude is positive (+) and the departure is negative
(-) the line AB lies in the IV th quadrant (NW)

Reduced bearing of AB = N 43° 41" W
In whole circle bearing of AB = 360° - 43° 41’ = 316° 19’

Length of line AB = /1 )2 | (D)2

2

= (340.53)2+ (325.15)2
=470.83 m
check: length of AB = latitude of AB x Sec 6
= 340.53 x sec 43° 471’

=470.88 m
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Surveyor - Theodolite

Exercise 1.7.45

Preparation of gales traverse table

Objective: At the end of this exercise you shall be able to

* preparation of gales traverse table

PROCEDURE

1
2

Add up all the included angles.

Check the sum of the corrected angles equal to right
angle.

Calculate the bearing of the first line equal to its
observed bearing.

Correct the W.C bearinginto R.B and determine the
quadrants.

From the known length, calculate R.B of the line and
find out their latitudes and departures.

150

Add up all northing southing.
Find out the difference between the two sums.

Similarly determine the difference between the sum of
all eastings and sum of all westings.

The sum of the latitudes and departure equal to sum of
the southing the sum ofthe northing. Similary, the sum
of eastings equal to the sum of the westing.

10 Find the independent co-ordinates of the line from the

consecutive co-ordinates. They are all positive .The
whole traverse may lie in the first quadrant (NE).
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Construction
Surveyor - Theodolite

Exercise 1.7.46

Computation of area using co-ordinates (Gales traverse)

Objectives: At the end of this exercise you shall be able to

« calculate the closing error of traverse
¢ find the relative closing error
* find the area of field

Calculation of Area (Fig 1)

Fig 1
105 280.123  288.45 142.12 59.540 1056
IV 7 7/ 7 7 //
IV Y Y 7 7/
7 7 7 7 7 7
,/ IV IV 7 7 7
305 3421 232.12 71.45 203.55 305

Relative closing error

Closing Error  ClError

Perimeter - 815.20

SUN2249E1

Area =1/2{ (105 x 341.21) - (280.123 x 305) +
+[(280 .123 x 232.12) - (341.21 x 288.45)] +
+[(288.45 x 71.45) - (232.12 x 142.12)] +

+[(142.12 x 203.55) - (71.45 x 59.540)] +

+[(59.540 x 305) - (203.55 x105)]

= 1/2 [49610 +32056 +12334 +24650 +3213)
=60331.5 m?

Relative closing Error: (Fig 2)

Closing error = \/(_ ()_71)2 +(+0.71)2
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Fig 2
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GALE'S TRAVERSE TABLE

£ 8
g 1,2 _£22 5 g
n © Y o c = c o < o
l 5 |S52388 €8 5%
[ ?o @ 5 < ° E c 9 = s <
0 2 © =) o o
SEVES® 8% £E53
- [7.]
[]
§ § | Easting (+) 305.00 341.210 232.120 71.450 203.55 305.00
sl g3
209
[o]
= O | Northing (+) | 105.00 280.123 288.45 142.12 59.540 105.00
(V]
2 Westing (-) - 152.019 151.139 - - 303.942
3 8
U o
- € £ | Easting (+) 414.88 158.380 104.674 303.942
-l ©OF
- O
£ & | southing () - - 133.731 86.24 - 219.971
[J]
S Northing (+) | 170.357 0.330 - - 49.284 219.971
Westing (-) - 0.019 0.038 - - -0.057
s
5 Easting (+) 0.008 - - 0.032 0.017 +0.057
o @
S | southing (- - - 0.065 0.090 - (-)0.155
Northing (+) |  0.087 0.015 - - 0.054 +0.156
» -303.177
S Q_ = ) - _ _
§ 8 Northing (-) 152.0 151.177 DEPs 710
5 +303.887
g Easting (+) 41.480 - - 158.350 104.057
9l o
>
2 -220.525
‘g Southing (-) - - 134.59 85.935 -
3
S| ® +219.815
8 | | Northing (+)| 170°.270 0.315 - - 49.230 0
= Point D E F G H D
o Length in 'M" 175 150.10 198.70 179.00 112.40 815.20
o Line DE EF FG GH HD
~ Quadrant NE NW SW SE NE
© RB 13°.13'.0" | 1°.12'.40" | 48°.52'.30 | 61°.7'.40" | 65°.41'.10"
0 WCB 13°.30.00" | 271°.42'40" | 228.52°.30' | 118°.52'20" | 65°.41'.10"
< Corrected | 1,20 49" 50" | 79°.42'.40" | 139°.39'.00"| 71°.59'50 |129°.48' 50"
angles
® Correction +50" +50" +50" +50" +50" 4'10"
~ Angles  |128°.48'.00"| 79°.41'50" |139°.39'.00"| 71°.59'.00 |129°.48'.00"|549°.55'50"
- Station D E F G H
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Surveyor - Theodolite

Exercise 1.7.47

Determine omitted measurement

Objectives: At the end of this exercise you shall be able to

* operate theodolite
» observe and tabulate readings
« determine omitted side of the triangle POQ.

Requirements
Tools / Instruments Materials
«  Theodolite with tripod -1 No. White paper -1No.
*  Plumb bob -1 No.
* Ranging rods -4 Nos
* Pegs -4 Nos
*  Hammer -1 No.
* Measuring tape -1 No.
PROCEDURE
1 Erect two stations, P and Q by driving pegs on the Fig 1

w

N o o b

field and erect ranging rods vertically behind the pegs.
Fix an instrument station O. (Fig 1)

Set up the instrument over the station O with telescope
normal.

Perform all the temporary adjustments.
Release both upper and lower clamps.
Set the vernier A to the zero. Lock the upper clamp.

Direct the telescope to sight the ranging rod at the left
hand station (P) and bisect the station.

Lock the lower clamp.

Loosen the upper clamp, turn the telescope in the
clockwise direction to sight Q.

10 Observe and enter readings in the respective columns

of table 1.

(OBSTRUCTION
ON PQ

REQUIRED
ANGLE

¢]
OMITTED SIDE OF A TRIANGLE

SUN2250H1

11 Change face of the instrument and repeat appropriate
steps and complete set of readings.

12 Measure the horizontal distance OP and OQ.

13 Deduce the distance PQ using cosine rule.

Omitted side of a traverse measurement

Objectives: At the end of this exercise you shall be able to

* operate theodolite
» observe and tabulate readings
* determine omitted side of the closed traverse OPQRO.

1

Erect four stations O, P, Q and R, by driving pegs on
the field and erect ranging rods vertically behind the

pegs.
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2 Take magnetic bearing of the line OP.

3 Setup the theodolite over the station O with telescope
normal. (Fig 1)



Fig 1

SUN2245J1

OMITTED SIDE OF A TRAVERSE

o N o o b

Perform all the temporary adjustments.

Set the vernier A to the zero. Lock the upper clamp.
Direct the telescope and sight the station R.

Lock the lower clamp.

Loosen the upper clamp, turn the telescope in the
clockwise direction to sight P.

Construction: Surveyor (NSQF - Revised 2022) - Exercise 1.7.47

9 Observe and enter readings in the respective columns
of table (Minimum two repetitions should be done)

10 Change face of the instrument and repeat appropriate
steps and complete set of readings.

11 Run traverse anticlockwise and observe possible
horizontal angles at each stations.

12 Measure the horizontal distance OP, PQ and QR.

13 From stations Q and R, take BM readings keeping
vertical angle zero and an angle of elevations to the
corner of the buildings A.

14 Measure the horizontal distance QA and RA.
15 Omitted length and direction of side OR is calculated.

16 Loosen all clamps. Remove the theodolite from the
tripod and gently place it in the box.

17 Enter the table 1.
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Construction
Surveyor - Levelling

Exercise 1.8.48

Practice in setting up of dumpy level and performing temporary adjustments

Objectives: At the end of this exercise you shall be able to

 set up the tripod on the ground

¢ fix the instrument on the tripod

¢ level the instrument

e perform elimination of parallax.

Requirements

Tools/Instruments Materials
* Dumpy level with tripod -1 No. + Levelling field book -1 No.
» Telescopic levelling staff -1 No. « Pencil -1 No.
» Level field book -1 No. « Eraser -1 No.
. Pegs - 2 Nos.
» Steel tape 30m - 1 No.

PROCEDURE

TASK 1: Setting up the tripod on the ground (Fig 1)

» Loosen the strap of the tripod Fig 1

» Spread the legs of the tripod to a convenient height

» Keep the twolegs firmly on one side of a non-slippery
ground and the third on the other side.

» Adjust the third leg so that the top of the tripod is
approximately horizontal by eye judgement.

TASK 2: Fix the instrument on the tripod (Fig 1)

» Afternoting the position of the levelin the box, remove
it from the box.

* Release the clamp screw of the instrument and hold it
with right hand.

SUN2351H1

LEG ADJUSTMENT

e Turn round the lower part of the level with the left
hand and screw the instrument firmly on the tripod
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TASK 3: Levelling of the instrument (Fig 2)

1 Place the telescope parallel to the line joining the two
foot screws.

2 Bring the bubble of the spirit level on the telescope to
the centre of its run by turning the foot screws
beneath the telescope either inward or outward.

3 Turn the
position

telescope through 90° to its previous

4 Turn the third foot screw inward or outward and bring
the bubble of the spirit level on the telescope to the
centre of its run.

5 Repeatthe step 2 and step 4 several times so thatthe
bubble remains in the centre in all positions of the
telescope.

TASK 4: Elimination of parallax

i) Focusing of the eye-piece
*  Remove the lid of the telescope.

« Direct the telescope towards the sky or towards a
white paper

» Looking through the telescope, turn the eye-piece
inward or outward till clear image of cross wires is
obtained.

i) Focusing of the object glass (Fig 3)
« Direct the telescope towards the levelling staff

* Turn the focusing screw inward or outward till clear
image of the levelling staff is seen

» Check for the parallax by moving the eye up or down.

Permanent adjustment of levelling

Fig 2
c C\
/ \ \
/ \ \
/ N \
/ AN AN
/ /
g— \ / \
®—¥g®
A B A B o
I
(a) (b) I
z
LEVELLING UP WITH THREE FOOTSCREWS 2
Fig 3

FOCUSSING THE OBJECT

SUN2351H3

Objectives: At the end of this exercise you shall be able to
¢ perform the permanent adjustments of a dumpy level
¢ perform the permanent adjustments of a tilting level.

Perform the permanent adjustments of a dumpy
level

There are two permanent adjustments of a dumpy level.

1 To make the axis of the bubble tube perpendicular to
the vertical axis.

2 To make the line of collimation parallel to the axis of
the bubble tube.

First adjustment

1 To make the axis of bubble tube perpendicular to the
vertical axis.

2 Setupthelevel on afirm ground and level it by giving
temporary adjustments.

3 Bring the telescope through 180° in the horizontal
plane.

N

Check the bubble whether it remains central or not.

5 If the bubble does not remain central, note down the
deviations of the bubble from the centre.

6 Ifthe bubble deviated by say 2n’ divisions, half of the
deviations corrected by raising or lowering the end of
the bubble tube by means of capstan headed nuts.

7 Correct the remaining half of divisions by using a pair
of foot screws.

8 Turn the telescope through 90° so that it lies over the
single foot screw below the telescope and bring the
bubble in the centre of its run by means of this screw.

9 Rotate the telescope and see if the bubble remains
central for all positions of the telescope.

10 Repeat the same procedure until the adjustment is
correct.
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Second adjustment

To make the line of collimation parallel to the axis of
bubble tube.

1 This adjustment is done by two peg method.
Test

2 In Fig 1, drive two pegs A and B at a distance of D
metres on a fairly level ground.

Flg 1 FALSE LINE OF TRUE LINE OF COLLIMATON
/ COLLIMATION HORIZONTAL LINE
| ]
a b
A O ‘B
| D 1
INSTRUMENT AT MID POINT O
Fig 1 FALSE LINE OF COLLIMATION
g 1a / TRUE LINE OF COLLIMATION

INSTRUMENT AT O«

PERMANENT ADJUSTMENTS OF A DUMPY LEVEL

SUN2351J1

3 Driveanother pegat O exactly inthe midway between
A and B.

4 Setupandlevel the instrument at O and take the staff
readings on A and B.

Always the bubble must be in central while
taking readings.

Letthe staffreadingson Aand B ‘a’and ‘b’ respectively.

Infig 1a, shiftthe leveland setitupapointO, ,'d’ metres
away from A along the same line BA.

7 While bubbleincentral, take the staffreadings at Aand
B.

Let the readings be ‘a,’ and ‘b, respectively.

Findthe difference between the staffreadings'a'and'b’
and that between the staff readings'a,'and'b,".

10 Thedifference of staffreadings a and b which gives the
true difference in elevation between A and B as the
instrument was set up exactly midway between them.
Whereas staff reading of a, and b, gives the apparent
difference.

11 Ifthe two differences are equal the line of collimationiis
in adjustment.

12 If not the line of collimation is inclined and it needs
adjustment.

Adjustments

13 Find, whether the difference is a rise or a fall from the
peg A to B.

14 If the reading 'a' is greater than 'b', the peg A is lower
than peg B and the ground is rising from A to B.

15 If the reading 'b' is greater than 'a’, the ground is
falling from A to B.

16 Find the reading on the far peg B, at the same level
as of 'a,' by adding the true difference to a, if it is fall,
(or) by subtracting the true difference from a, if itis a
rise. Let the reading be 'b,'.

(i.e.) b, = a1+ true difference (+ sign for fall, - sign for
rise)

17 Find the difference between the readings 'b,"and'b,".

If 'b," is greater than 'b," the line of collimation
inclined upwards and if b, is smaller than b,
the line of collimation is inclined downwards
(i.e.,) b,-b, and this is the collimation error to
the distance of 'D'".

Find the collimation error per unit distance = b1-b2/D

18 Find the corrections to be applied for the readings
taken on the pegs A and B as per the following
formula.

Correction to the reading on the near peg A

d
= Cn =5 (b,-b,)

Correction to the reading on the far peg B

_d+D

= G (di —b2)

19 Add the corrections if the line of collimation is inclined
downwards and subtract if the line of collimation
inclined upwards.

The correct reading on the nearpeg A=a, + c .

The correct reading on the far peg B = b, * ¢,

The difference between the corrected readings
will be equal to the true difference of level.
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Exercise 1.8.49

Practice in staff reading

Objectives: At the end of this exercise you shall be able to

* observe and enter readings in field book
* reduce the levels in two methods.

Requirements

Tools/Equipments/Instruments

-1 No.
-1 No.

*  Dumpy level with tripod
* Levelling staff

Materials

* Levelling field book -1 No.

PROCEDURE

TASK 1: Observe and enter readings in field book

1 Setup and level the instrument position at'O' which is
visible and approximately equal distance to all station.

(Fig 1)

2 Directthetelescope towards the staff held vertically on
BM and focus it carefully to obtain clear graduations.

3 Take the reading (X) and enter Back sight in a field
book.

4 Send the staff man to the station A

Directthe telescope towards the station A, focus it with
again take the inter sightreading (say X1) and enterin
a field book.

6 Send the staff man to all stations B,C,D direct the
telescope towards the above stations take all the
inter sightreading and enterthe in afield book (say X2,
X3andX4)

7 Send the staff man to the station E and take the fore
sight reading (say X5) and enter in a field book.

TASK 2: Reduce the levels in two methods

1 Reduce the levels to all the stations by either
i Height of collimation method (or)
i Riseand Fall method.

2 Apply usual arithmetical check.

a The specimen page of a level book illustrating the
method of booking staff readings and calculating RL
of stations by Height of collimation method is
shownunder.
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PLAN SHOWING THE INSTRUMENT POSITION AND STATION POINTS

IP - INSTRUMENT POSITION
BM - BENCH MARK
ATOE - STATION POINTS

SUN2352H1

SIMPLE LEVELLING

Height of collimation = R.L of BM + Back sight Reading
X)

Reduced level at A=HCL - Reading at A (x1)
Reduced level at B = HCL - Reading at A (x2
Reduced level at C = HCL - Reading at A (x3
Reduced level at D = HCL - Reading at A (x4

(
(
(
Reduced level at E = HCL - Reading at A (x5

)
)
)
)




Back sight Inter sight Fore sight HC Reduced Levels Remarks
X X1 Reading taken on BM
X2 -do-atA
X3 -do-atB
X4 -do-atC
X5 -do- atD
-do-atE

Arithmetical check

>, Back sight - 3. Fore sight = Last RL - First RL

b The specimen page of a level book illustrating method
of booking staff readings and calculating R.Ls of
stations by the rise and fall method is shown under.

Back sight Inter sight Fore sight Rise | Fall Reduced Levels Remarks
X X Reading taken on BM
x2 -do-atA
x3 -do-atB
X4 -do-atC
X5 -do-atD
-do-atE

If x-x1 is +ve, enter the difference in Rise column. Ifitis
-ve, enter the difference in Fall column.

Similarly x1-x2, x2-x3, x3-x4, x4-x5 is +ve enter the
difference in Rise column. Ifitis -ve, enter the difference

in Fall column.

If the R.L of the BM is known, then R.L of the stations A,
B, C, D and E may be obtained by adding its respective
rise or subtracting its respective fall from the R.L of
proceeding point.

Arithmeticl check
> B.S-YF.S =3 Rise - Y Fall = Last RL - First RL
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Exercise 1.8.50

Practice in Simple levelling

Objectives: At the end of this exercise you shall be able to

¢ measure the level difference between the points A and B

¢ determine the reduced level of one point with reference to the other.

Requirements

Tools / Instruments Materials
* Dumpy level with tripod - 1 No. « Levelling field book, pen -1 No.
» Telescopic levelling staff -1 No.

PROCEDURE

1 Select two station points A and B on a firm ground

2 Set up and level the instrument approximately at
midpoint O. (Fig 1)

3 Take staff readings on A and B, let the readings be
a and b respectively.

4 The level difference between A and B is equal to the
difference of the staff readings observed at station A
and station B

ie., level difference =b - a (if b > a)

5 If the reduced level of A is known, the reduced level
of B = reduced level of A - level difference

162

Fig 1

SIMPLE LEVELLING

SUN2353H1




Construction
Surveyor - Levelling

Exercise 1.8.51

Practice Differential levelling (fly levelling)

Objective: At the end of this exercise you shall be able to

* determine the level difference between two points A and B, when it is not possible to see both stations from

a single set up.

Requirements

Tools / Instruments Materials
*  Dumpy level with tripod - 1 No. * Level field book, pencil, eraser -1 No.
» Telescopic levelling staff -1 No.
« Hammer -1 No.
* Peg -4 Nos.
PROCEDURE

Let Aand B be the two points whose level difference is to
be determined, which are far away from each other.

a Set up and level the instrument at O,. (Fig 1)

Fig 1

DIFFERENTIAL LEVELLING

SUN2354H1

b Take staff readings on stations A and C. Enter the
readings on field book as ‘a’ and ‘X,’ respectively.

¢ Shift and place the instrument on O,. Carry out
temporary adjustments. Then take staff readings on
C and D. Note it on the field book as X, and X,.

d Repeat the process until a foresight reading (b) is taken
on station B.

e Level difference between AandB=aBS-&FS
=(a+X,+X,)- (X, +X,+b)

f Reduced level of B =reduced level of At [ (a+X,+X,) -

(X, +X+D)]

BS IS FS HI RL Remarks
a Station A
X, X Station C
X, X, Station D
b Station B
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Exercise 1.8.52

Practice in Reciprocal levelling

Objectives: At the end of this exercise you shall be able to

¢ determine the true level difference between two points A and B
* determine the total error due to curvature, refracture, refraction and faulty line of collimation.

Requirements
Tools / Instruments
. . Hammer -1 No.
*  Dumpy level with tripod -1 No. ) i
. Telescopic levelling staff -1 No. Level field book, pencil, eraser - 1 No.
* Peg -2 Nos.
PROCEDURE

1 Set up and level the instrument very near to A.

2 Take the staff readings at Aand B and let them be a,
and b, respectively. (Fig 1)

3 Shift the instrument to B and set up and level it very
near to B.

4 Take the staff readings at A and B and let them be
a2 and b2 respectively (Fig 2). Assume that the staff
reading taken at station A is greater than that at B.

(31—b1)+(az —bz)}

True level difference = d= { 2

(81- b1)—(az —bz)j|

Total error=e = [ 2
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Exercise 1.8.53

Carryout levelling field book

Objectives: At the end of this exercise you shall be able to
* hold the levelling staff at a station

* read the levelling staff

* record the level field book.

Requirements

Tools / Instruments

- Dumpy level with tripod -1 No. Level field book, pen -1 No.
» Telescopic levelling staff -1 No.
PROCEDURE

TASK 1: Holding of staff (Fig 1)

Fig 1
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TASK 2: Reading the levelling staff

1 Setup and level the dumpy level at a suitable position.
Hold the staff vertically at staff station.

3 Direct the telescope towards the levelling staff and
focus the telescope.

4 Check the verticality of the staff with the vertical hair
and adjust it with the use of hand signals. (Fig 2)

5 Check the position of the bubble. If it is not at the
centre, bring it to the centre of its run using the foot
screw beneath or nearer to telescope.

Stretch the staff to its full length.
Place the bottom of the staff between the toes.

Hold the staff between the palms of the hands at the
height of the face.

Note the reading against the horizontal hair appears
to cut the staff.

First note the red figure denoting the metre numeral
on the left of the staff.

Secondly note the black figure denoting the
minimum decimeter reading.

Finally count the number of black and white strips
graduated to read the centimeters and millimeters,
where the horizontal cross hair cuts the staff.
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The graduations are marked erect in the staff,
and therefore, while looking through the
telescope the staff is seen as inverted. Hence
the staff should be read from top to bottom.

Signal

Message

Movement of the left arm over 90°

Move to my left

Movement of the right arm over 90°

Move to my right

Movement of the left arm over 30°

Move top of staff to my left

Movement of the right arm over 30°

Move top of staff to my right

Extension of arm horizontally and moving hand upwards

Raise height of peg or staff

Extension of arm horizontally and moving hand downwards

Lower height of peg or staff

Extension of both arms and slightly thrusting downwards

Establish the position

Extension of arms and placement of hand on top of head

Return to me

TASK 3 : Recording Field Book

If the observations X1, X2, X3, X4, and X5 were taken from

1 Height of collimation method

a single set up of level, the readings may be recorded as BS| IS | FS HI RL Remarks
follows.
_ _ _ _ X, HI, = RL BM
Each row represents a station point. The first staff reading R +X
is taken to a point of known elevation and it is known as !
back sight (X1). Itis entered in the BS column in the first X, HI - X, Station A
row. The last staff reading is taken on a point of unknown
elevation (X5). Itis enteredin the FS column. The sights X, HI, - X, Station B
in between BS and FS are called intermediate sights (IS)
i.e. X2, X3, X4. They are entered in the IS column. X, HI, - X, Station C
Check: YBS->FS = LastRL - First RL X HI,-X, Station D
2 Rise and Fall Method
BS IS FS Rise Fall RL Remarks
X RL BM
X, Station A
X, Station B
X Station C
X Station D

Check: (X BS -3 FS)=(SRISE - X FAll) = (Last RL - First RL)
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Construction Exercise 1.8.54

Surveyor - Levelling

Equate reduction of level (Rise and fall method and height of collimation
method) comparison of method

Objectives: At the end of this exercise you shall be able to
 select an instrument position for the successive setup of instrument for finding reduced levels
» determine the RLs of all the given points.

Requirements

Tools / Instruments Materials
*  Dumpy level with tripod - 1 No. + Levelling field book -1 No.
* Levelling staff - 1 No.
PROCEDURE
1 Selectand setup the instrumentat position O1. (Fig 1) 7 Similarly direct the telescope towards the station F
2 Directthetelescope towardslevelling staffheld vertically take readings 2.015 eRISRINTEr sightin the field book.
on BM (A) and focus it carefully and take the reading 8 Send the staff man to the station G (as a charge point
(say 0.535) and enter back sight in a field book. 2) direct the telescope and take readings 3.510 and
Send the staff man to the station B, C and D and take enter fore sighipyaffield book.
inter sight readings 2.145, 2.435, 1.585 and enter in 9 Select shift and setup the instrument at position O3

the field book.

Send the staff man to the station E, (as a change point
1) direct the telescope and take the readings 0.630
and enter fore sight in the field book.

take staff readings 3.340 at station G enter back sight
in the field book.

10 Similarly take staff man readings at station H, | and J
enterthe inter sightreadings 2.910,2.755,1.990in the
field book.

11 Send the levelling staff man at last station 'k’ take fore
sight reading 3.010 enter in the field book.

Select, shift and setup the instrument position at O2.

With the bubble central, take the back sightreadingon
the staff, held vertically at E again 1.535 and enter in

the field book. 12 Reduce the levels by any one method.

13 Apply arithmetical check.

Fig 1
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OBTAINING R.L. BY COLLIMATION METHOD
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Height of collimation method

Backsight Inter sight | Fore sight HC Reduced Levels Remarks
0.535 100.535 100.000 Reading at B.M at A
2.145 98.390 Reading at station B
2.435 98.100 -do-atC
1.585 98.950 -do-atD
1.535 0.630 101.440 99.905 -do-atE
2.015 99.425 -do-atF
3.340 3.510 101.270 97.930 -do-atG
2.910 98.360 -do-atH
2.755 98.515 -do-at|
1.990 99.280 -do-at J
3.010 98.260 -do-atK
5.410 7.150
Arithmetical check: > B.S-Y F.S = LastR.L-FirstR.L
5.410 - 7.150 = 98.260 - 100.00 (-) 1.740 = (-) 1.740
Rise and Fall Method
Reading
Station BS IS FS Rise Fall RL Remarks
01 0.535 100.000 Reading at BM at A
2.145 1.610 98.390 Reading at station B
2.435 0.290 98.100 -do-atC
1.585 0.850 98.950 -do-atD
02 1.535 0.630 0.955 99.905 -do-atE
2.015 0.480 99.425 -do-atF
03 3.340 3.510 1.495 97.930 -do-atG
2.910 0.430 98.360 -do-atH
2.755 0.155 98.515 -do-atl
1.990 0.765 99.280 -do-atJ
3.010 1.020 98.260 -do-atk
Total 5.410 7.150 3.155 4.895

Arithmetical check
> B.S->F.S=Y Rise-Y Fall = Last R.L - First R.L
5.410 -7.150 = 3.155 - 4.895 = 98.260 - 100.000
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Surveyor - Levelling

Exercise 1.8.55

Solve problems on reduction of levels (R L)

Objective: At the end of this exercise you shall be able to

* compute the reduced levels of points and gradients of lines on sloping ground.

Problem in differential levelling
Example

Following consecutive readings were taken on points 1 to
7 along aline

0.785, 1.326, 2.538, 3.435, 1.367, 2.328, 1.234, 1.657

Theinstrumentwas shifted after the fourth reading and the
first reading was taken on BM with RL = 100,00. rule outa
page of level book and work out the RL of all points by
collimation method and rise and fall method.

Solution for the above problem in height of collimation method

Station Readings Height of line of collimation RL Remarks
B.S .S F.S
1 0.785 100.785 100.00 BM
2 1.326 99.459 RL=100
3 2.538 98.247
4 1.367 3.435 98.717 97.350
5 2.328 96.389
6 1.234 97.483
7 1.657 97.060
Total 2.152 5.092

H.I=R.L + B.S=100.00 + 0.785 = 100.785
R.L=H.I-1.S/F.S =100.785 - 1.367 = 99.459

Arithmetical Check
Y B.S-XFS=2152-5.092=-2.940
Last R.L - First R.L = 97.060 - 100.00 = - 2.940 Ans.

Solution for the above problem in Rise and fall method.

Station Readings Rise Fall RL Remarks
BS IS FS
1 0.785 100.00 BM
2 1.326 0.541 99.459 RL =100
3 2.538 1.212 98.247
4 1.367 3.435 0.897 97.350 CP
5 2.328 0.961 96.389
6 1.234 1.094 97.483
7 1.657 0.423 97.060
Total 2.152 5.092 1.094 4.034

Arithmetical check
2B.S-XFS=2152-5.092=-2.940

2 Rise - X Fall = 1.094 - 4.034 = -2.940

Last R.L - First R.L = 97.060 - 100.00 = - 2.940 Ans.

Exercise 1

Following staff readings were taken with a level. The
instrument having been shifted after the fourth. Seventh
and tenth readings. R.L of the starting BM is 150.00m.
Enter the readings in the level book page and reduce
the level by the collimation method and apply the usual
checks.

1.420, 0.650, 3.740, 3.830, 0.830, 2.270, 4.640, 0.960,
1.640, 2.840, 4.680 and 4.980.
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Exercise 1.8.56

Practice levelling with (auto/digital level)

Objectives: At the end of this exercise you shall be able to

* method of setting up on automatic level
* reading the staff
* laser level.

Requirements

Tools/Instruments

-1 No.
-1 No.

* Auto level with tripod
* Levelling staff

Materials

* Level field book, pencil, eraser -1 No each.

PROCEDURE

» Method of setting up on automatic level.

» Setup the tripod at just above chest height.

* make it stable

* Mount the level on the top.

» Adjust the levelling screws until the bubble is central

« Theautomaticcompensators are able tofinely level the
instrument

+ Sight towards the staff using the given sight
» Look through the eyepiece and focus.
» Turn the focusing knob to focus on the staff

« Turnthe fine motion screw to centre the staffin the field
view.

» Turn the focusing knob to eliminate parallax between
the staff.

170

Reading the staff
« Take the number shown below the reticle

«  Count the number while 10mm increments between
the whole number and the reticle

» Estimate the number of mm between the last whole
10 mm block and the centre of the reticle.

» Holding the staff as straight as possible.

* When viewing the staff, the reading will vary between
a high and low point.

» The correct reading is the lowest valve.
Laser level

» Laser level is visible and detectable by a sensor on
levelling rod

« The sensor can be mounted on earth moving
machinery to allow automated grading’s.
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Surveyor - Levelling

Exercise 1.8.57

Practice profile levelling or longitudinal and cross section levelling - plotting

profile

Objectives: At the end of this exercise you shall be able to

» prepare the working profile of the route having gradient 1 in 50

» prepare the cross sections at chain ages ‘O’ and 200.

Requirements

Tools/Instruments

Materials
+ T-Square -1 No.
+ Scale set -1 No. * Level field book, pencil, eraser - 1 No each.
* Drawing sheet - A2 size -1 No.
» Colour pencil / pen -1 set
PROCEDURE

1 Calculate the levels according to 1 in 50 from chain
age 10 to chain age 200. With reduced level at '0'

2 Follow the steps 1 to 11 of Exercise No 2.3.51
(parmanent adjustment)

chainage 680.00
Chain age Ground Level Formation Level Depth of Cutting | Height of Filling

0 680.245 680.00 0.245
10 680.335 680.5 0.165
20 680.395 680.30 0.090
30 680.525 680.45 0.075
40 680.665 680.60 0.065
50 680.775 680.75 0.025
60 680.965 680.90 0.065
70 681.210 681.05 0.160
80 681.370 681.20 0.170
0 681.645 681.35 0.295
100 681.840 681.50 0.340
110 681.930 681.65 0.280
120 682.015 681.80 0.215
130 682.115 681.95 0.165
140 682.240 682.10 0.140
150 682.345 682.25 0.095
160 682.400 682.40 0.000
170 682.520 682.55 0.03
180 682.640 682.70 0.06
190 682.730 682.85 0.12
200 682.825 683.00 0.175

3 Mark a point at 680.000 at ... on Y- Axis
4 Similarly scale of other formation levels on respective

chain age points.

5 Jointhese points with straightline to get the formation

line.

6 Draw the formation line with red ink.
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TASK 2: Preparation of cross section at chain age '0' m and chainage 200m

1 Calculate the formation level for cross section at 3 Marklevels of the respective distances on each cross
chainage '0' and chain age '200' section.
2 Follow the steps 1 to 11 of exercise No 1.8.48 4 Join all these points with a straight line.

Use black colour for the natural surface line and red
colour for formation line.
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Exercise 1.8.58

Check levelling

Objectives: At the end of this exercise you shall be able to
 select on instrument position for the successive get
¢ find the reduced levels of all the given point

* calculate R.L by height of collimation method

* check the readings for accuracy.

up instrument

Requirements
Tools / Instruments Materials
* Auto level with tripod - 1No. + Levelling field note book - 1 No each.
* Levelling staff - 1 No. «  Pencil -1 No.
* Eraser - 1 No.
PROCEDURE
Fig 1
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LEVELLING
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1 Select and setup the instrument at position O1.

2 Direct the telescope towards levelling staff held
vertically on BM (A) and focus it carefully and take
the reading (say 0.535) and enter Back sight in a
field book.

Send the staff to the station B,C and D and take inter
sight readings 2.145, 2.435, 1,585 and enter in the
field book.

4 Send the staff man to the station E, (as a change
point 1) direct the telescope and take the readings
0.630 and enter fore sight in the field book.

Select, shift and setup the instrument position at O2.

6 With the bubble central, take the back sight reading
on the staff, held vertically at E again 1.535 and enter
in the field book.
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7 Similarly direct the telescope towards the station F
take readings 2.015 enter inter sight in the field book.

8 Send the staff to the station G (as a charge point 2)
direct the telescope and take readings 3.510 and enter
fore sightin a field book.

9 Select shift and setup the instrument at position O3
take staff readings 3.340 at station G enter back sight
in the field book.

10 Similarly take staff readings at station H, | and J enter
the intersight readings 2.910, 2.755,1.990 in the field
book.

11 Send the levelling staff at last station ‘k’ take fore sight
reading 3.010 enter in the field book.

12 Finally due to the closing hours, we have to close the
levelling work at the day.

13 So, send the staff man to the beginning station at ‘A
take the reading as same the fore sight. (1.740)

At the closing point, if the reading is coinciding
with the ‘RL’ of the I*t reading, then the levelling
for the day is correct. Check levelling is
completed.

Height of collimation method

Back sight Inter sight Fore sight HC Reduced Levels Remarks

0.535 100.535 100.000 Reading at B.M at A
2.145 98.930 Reading at station B
2.435 98.100 -do-atC
1.585 98.950 -do0atD

1.535 0.630 101.440 99.905 -do-atE
2.015 99.425 -do-atF

3.340 3.510 101.270 97.930 -do-atG
2.910 98.360 -do-atH
2.755 98.515 -do-at |
1.990 99.280 -do-atM.J

3.010 98.260 -do-at K
Total = 5.410 7.150

AC:XB.S—XF.S=LastR.L-FirstR. L
5.410-7.150 =98.260 - 100.00
(-) 1.740 = (-) 1.740
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Exercise 1.9.59

Road Project: Reconnaissance Survey

Objectives: At the end of this exercise you shall be able to

e conduct map study
e conduct reconnaissance survey.

Requirements

Tools / Instruments

* Prismatic compass with tripod

* Plane table with all accessories
* Levels with levelling staff

» Theodolites

* Tapes

Materials

Drawing sheets
Pencils
Eraser.

TASK 1: Map study

1

Mark the various possible routes on the map connecting
the terminal points observing the criteria of route
selection.

TASK 2: Reconnaissance survey

1

Measure the magnetic bearing of the lines of the
alignment by a prismatic compass and note in the
field book.

Measure the distances along the alignment
approximately by pacing.

Note the objects and nature of the ground on both
sides of the alignment up to 50 m on the field book.

Avoid obstacles like religions places or valuable
structure if any while fixing alignment.

Avoid crossing the alignment obliquely over the river
by diverting the alignment suitably.

Study well various routes by conducting
reconnaissance survey.

Note all other important points like the railway crossing,
canal crossing, etc.

Collect the HFL (High Flood Level) ever attained and
the discharge records for the last few yeas from the
appropriate authorities to design the culverts and
bridges.

Prepare preliminary records of properties eligible for
compensation.
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Surveyor - Road Project Survey

Exercise 1.9.60

Road Project: Preliminary Survey

Objective: At the end of this exercise you shall be able to
e conduct preliminary survey.

Requirements

Tools / Instruments

* Prismatic compass with tripod

* Plane table with all accessories
* Levels with levelling staff

* Theodolites

* Tapes

Materials
+ Drawing sheets
¢ Pencils
e Eraser.

TASK 1: Preliminary survey

1

After fixing suitable alignment construct a pillar at the
staring point of the alignment of the road which is
already fixed by reconnaissance survey.

Consider by fly level to connect the nearby GTS bench
mark with the starting point of the road project.

Conduct a prismatic compass survey or plane table
survey to prepare route survey map covering about
50M on both sides of the alignment.

Conduct a longitudinal map levelling along the
alignment at regular interval (say 20 or 40 m).

Take cross sections at regular intervals (say 100 m).

6 Establish permanent bench marks at suitable places
along the alignment for future reference.

7 Take cross sections of the rivers, etc., accurately.

8 Prepare the following drawings:

Route survey map

Longitudinal map section with formation levels
Cross sections with formation width and side slope
Contour map of the strip of land along alignment

Design of curves with setting out tables.

m o o O T Q

Mass diagram for the earthwork.
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Surveyor - Road Project Survey

Exercise 1.9.61

Road Project : Final location Survey

Objectives: At the end of this exercise you shall be able to

* conduct final location survey
* preparing constructionsurvey.

Requirements

Tools / Instruments

* Prismatic compass with tripod

* Plane table with all accessories
* Levels with levelling staff

* Theodolites

* Tapes

Materials

* Drawing sheets
¢ Pencils
e FEraser

TASK 1: Final location survey

1

Fix the centre line of the road after selecting the most
economical alignment by set out pegs or pillars at
intervals of 30m.

TASK 2: Construction survey

1

After location survey retrace the centre line shown on
the plan and referencing centering points on the curve.

Check bench marks, running centre line levels over
the retraced lines.

Take elevations at all stations, at all breaks on the
ground and at other points where it is necessary to
take cross section for volume.

Set slope stakes and grade stakes.

2 Mark the total land width required by pillars at regulars
intervals (say 30 m)

3 Mark tangent points and intersection points of the
curves by pillars.

Set stakes for complete layout of culverts and bridges.
6 Setoutcurves.

7 Report and make advantageous changes, if any in
line grade or minor adjustment of the drainage
structure.

8 Reset the stakes that have been destroyed as the
progresses.
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Exercise 1.9.62

Profile of longitudinal and levelling and plotting

Objective: At the end of this exercise you shall be able to

* determine the reduced levels of points at known distances along the given routs.

Requirements

Tools/Equipments/Instruments

*  Dumpy level with tripod

» Telescopic levelling staff

* Pegs, hammer

» Set Squares, T- Square, Scale set

Materials

* Levelling field book, pencil, eraser
» Drawing sheet - A2 size
» Colour pencil / pen- 1 set

PROCEDURE

1 Mark the end points of the centre line AB with ranging
rods. (Fig 1)

Fig 1

~ N -
NI

N
TOBM INST.STN.O:

LONGITUDINAL LEVELLING

SUN3591H1

2 Measure the direction of the line using prismatic
compass.

3 Measure the length of the line AB using tape and
erect pegs at an interval of 200 m along the line AB.
Also erect pegs at the points where the ground level
changes abruptly.

4 Setup and level the instrument at a suitable point'0,’'
from where maximum number of observations is
possible.

5 TakeaBSreadingonthe bench markandintermediate
sights on the longitudinal section points.

6 Also take a foresight reading on a suitable change
point on account of the length of sight being beyond
the power of the telescope.

7 Shift the instrument to a suitable position and carry
out the temporary adjustments.

8 Take a BS reading on the change point and continue
the process until the last point is reached.

9 Record the readings in the respective columns as
soon as they are taken, in the following tabular form.

10 Calculate the reduced levels of the points by height of
instrumentmethod.

Note: Work should always commence from a
bench mark and should end on a bench mark.

Station Bearing BS

FB BB

Chain age

FS

HI RL Remarks
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Plotting of longitudinal section

Objective: At the end of this exercise you shall be able to

» prepare the longitudinal section of the route.

1 Read and interpret the chain ages and levels of the

route. 100 681.840
110 681.930
Chainage Ground level
120 682.015
0 680.245
130 682.115
1 680.335
140 682.240
20 680.395
150 682.345
30 680.525
160 682.400
40 680.665
170 682.520
50 680.775
180 682.640
60 680.965
190 682.730
70 681.210
2 2.82
80 681.370 00 682.825
2 Select a suitable horizontal scale (1:1000) and a
0 681645 vertical scale (1:100) (Fig 1)
3 Draw a horizontal line of length 20cm, equal to the
length of the section line.
Fig 1
690.00
689.00
688.00
687.00
686.00
685.00
684.00
683.00
s
682.00 e
681.00 ﬁﬂ&/
680.00— |
679.00
678.00
677.00
DATUM:| 676.00
R
SCALE: VERTICAL 1:100 CHAINAGE FROM 0Km to 0.20Km g
HORIZONTAL 1:1000 2
LONGITUDINAL SECTION OF PROPOSED ROUTE ?)
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4 Mark the longitudinal section points on this line and
also note the chain ages of these points.

5 Note the reduced levels of the ground points against
the respective chain age points.

6 Draw another horizontal line parallel and equal to the
first, keeping a vertical distance of 2 cm, representing
the datum line.

7 Choose a suitable datum level 676.000

(Datum level should be selected in such a way that
the length of the ordinate should be between4cmto 15
cm)

Cross sectioning

8 Markthe longitudinal section points onthe datumline.
9 Draw vertical lines through these points.

10 Scale off the ground level and mark the ground levels
on the respective lines.

11 Join these points by straight lines to get the outline of
the ground surface.

Note: The datum line and ground line are
drawn in black and the perpendicular lines in
thin blue lines.

Objective: At the end of this exercise you shall be able to

* determine the reduced levels of points along the transverse direction.

1 Mark the end point of the centre line AB with ranging
rods.

2 Measure the direction of the line using prismatic
compass.

3 Measure the length of the line AB using tape and
erect pegs at an interval of 200m long the line AB.
Also erect pegs at the points where the ground level
changes abruptly.

4 Erect cross section lines at right angles to the
longitudinal section line at an interval of 20 m along
the centre line.

5 Mark cross section points at an interval of 5m from
the centre point on either side of the cross section
line.

Fig 1

/ \
/ \

— — — CRVEILE LINE 7 \
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\ \\f’\‘/

/
b ¢ ?30?/\

| / / \ ;
C/S3 Cis4 Cis4 \Q/ . o5®
= 9
S

\

7 \ 0\5:‘
(4 \
S o5®

|
C/s1 C/s-2

CROSS SECTIONING

SUN3591X1

6 Setup and level the instrument at a suitable point '0’
from where maximum number of observations is
possible.

Take a back sight readings on the bench mark.

8 Also take staff reading at '0' chain age and on the
cross section points on either side of the centre line.

9 The staff reading on the cross section points and their
distance from the centre line are entered in the level
book accordingly as they are on the right or left of
the centre line.

10 Take a foresight reading on a change point on account
of the length of sight being beyond the power of the
telescope.

11 Shift the instrument to a suitable position and carry
out the temporary adjustments.

12 Resume the work from the change point and continue
the process untill the last point is reached.

13 Compute the reduced levels of the points by height of
collimation method.

Note: Work should always commence from a
bench mark and should end on a bench mark.

Observations taken on longitudinal section
points and observations taken on each cross
section line should be recorded separately.

Tabular form - Longitudinal section.

Station | Chainage| BS| IS | FS |H |RL |Remarks

Cross - Section at chain age ‘O’.

Distance [BS | IS |FS | HI |RL | Remarks
L C| R

Station
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Plotting of cross section

Objective: At the end of this exercise you shall be able to

* plot the cross section on a drawing sheet.

1

Read and interpret the given levels.

Cross section at “Om” chain age.

Cross section at “50m” chain age

Distance
Left Right Reduced level
0 680.245
0.75 680.235
1.75 680.215
2.75 680.165
3.0 680.145
35 680.145
4.0 680.135
5.0 680.150
0.75 680.255
1.75 680.295
2.75 680.295
3.0 680.305
3.5 680.320
4.0 680.325
5.0 680.385

Distance
Left Right Reduced level
50 680.775
0.75 68.760
1.75 680.740
2.75 680.740
3.0 680.660
3.5 680.630
4.0 680.645
5.0 680.395
0.75 680.785
1.75 680.785
2.75 680.730
3.0 680.770
3.5 680.795
4.0 680.815
5.0 680.875
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Cross section at “100m” chain age

Distance
Left Right Reduced level
100 681.840
0.75 681.855
1.75 681.870
2.75 681.870
3.0 681.885
3.5 681.850
4.0 681.850
5.0 681.745
0.75 681.760
1.75 681.705
2.75 681.665
3.0 681.665
3.5 681.685
4.0 681.715
5.0 681.735
Cross section at “150m” chain age
Distance
Left Right Reduced level
150 682.345
0.75 682.335
1.75 682.325
2.75 682.310
3.0 682.645
35 682.385
4.0 682.515
5.0 682.590
0.75 682.330
1.75 682.320
2.75 682.300

182

3.0 683.355
3.5 682.385
4.0 682.485
5.0 682.535

Cross Section at “200m” chain age

Distance
Left Right Reduced level
200 682.825
0.75 682.820
1.75 682.865
2.75 682.905
3.0 682.935
4.0 683.095
5.0 683.195
0.75 682.800
1.75 682.800
2.75 682.805
3.0 682.885
3.5 682.915
4.0 682.950
5.0 682.775

8
9

Select a suitable horizontal scale (1:100) and a
vertical scale (1:100).

Draw a horizontal line of length 10 cm, equal to the
length of the section line.

Mark the cross section points on this line and also
write the distance of these points from centre point.

Note also the ground levels of these points.

Draw another horizontal line representing the datum
line, keeping a vertical distance of 2 cm.

Choose a suitable datum level 678.000.
Mark section points on the datum line.
Draw vertical lines through these cross section points.

10 Scale off the ground level and ground points on the

respective vertical lines.

11 Join these points by straight lines to get the ground

surface along the traverse direction.

12 Similarly draw other cross sections. Datum level need

not be constant for all cross sections.
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Read and interpret the given levels of a road profile for cross section

C/S at L.S Om chai nage datum: 678.000 L 3.00 681.885 R 3.00 681.655
Om 680.245m L350  681.850 R 350 681.685
L0.75 680.235 R 0.75 680.255 L4.0 681.830 R 4.00 681.715
L1.75 680.215 R1.75 680.295 L5.0 681.745 R 5.00 681.735
L275  680.165 R 275  680.295 C/S at L.S 150m chain age datum: 681.000
L3.00 680.145 R 3.00 680.305 150m 682.345m

L3.5 680.145 R 3.5 680.320 L0.75  682.335 R0.75  682.330
L 4.0 680.135 R 4.0 680.325 L1.75  682.325 R1.75  682.320
L3.0 680.150 R 5.0 680.385 L2.75  682.310 R 2.75 682.300
C/S at L.S 50m chain age datum: 678.000 L 3.00 682.345 R 3.00 682.355
50m 680.775m L350  682.385 R 350 682.385
L0.75 680.760 R 0.75 680.785 L4.0 682.515 R 4.00 682.485
L1.75 680.740 R1.75 680.780 L5.0 682.590 R 5.00 682.535
L275 680670 R 275 680.730 C/S at L.S 200m chain age datum: 681.000
L3.00 680.660 R 3.00 680.770 200m 682.825m

L3.5 680.630 R 3.5 680.795 L0.75  682.820 R0.75  682.800
L4.0 680.645 R 4.0 680.815 L1.75  682.865 R1.75  682.800
L5.0 680.395 R 5.0 680.875 L2.75  682.905 R 2.75 682.805
C/S at L.S 100m chain age datum: 679.000 L 3.00 682.935 R 3.00 682.885
100m 681.840m L3.50 683.005 R 350 682915
L0.75  681.855 R0.75  681.760 L4.00 683.095 R 400 682.950
L1.75 681.870 R1.75  681.705 L5.00  683.195 R 500 682.775

L2.75 681.870 R 2.75 681.665

Fig 1
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Fig 2
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Fig 5

685.00
684.00
683.00 —y
e |
682.00
DATUM: 681.00
n n n n 0 0 0 n (= L
REDUCED LEVEL 2 g 8 § & 1 g § § 28 &5 o =
(m) 2 2 8 S 8 8 P 88 8 8 8
©o o ©o ©0|© ©o © © © © o o o
8 8 8 8§Ir Q R o R 2 g 8 8 8
CHAINAGE 0 <+ e e - S < - el @« v
LEFT RIGHT
CHAINAGE AT : 0+200M SCALE:  VERTICAL 1:100
HORIZONTAL  1:1000

CROSS SECTION AT CHAINAGE 200M

SUN3591Y5

Construction: Surveyor (NSQF - Revised 2022) - Exercise 1.9.62

185




Construction
Surveyor - CAD

Exercise 1.10.63

Prepare traverse drawing using Auto Cad (Co-ordinate system)

Objectives: At the end of this exercise you shall be able to

* reset model space limit

* draw the given line diagram using absolute co - ordinate method
¢ draw the given figure - using relative co - ordinate method

e draw the given figure - using polar co - ordinate method.

Requirements

Tools / Instruments

Materials
» Computer with CAD software « Paper A4 size
e Printer
PROCEDURE

TASK 1: To draw a line diagram using absolute coordinate method, follow the steps mentioned below (Fig 1)

Command : LIMITS (J)

Reset model space limits:

Specify lower left corner or [ON/OFF]
<0.0000,0.0000> : ()

Specify next point or [Close/Undo] : 30,50()
Specify next point or [Close/Undo] : 20,50()
Specify next point or [Close/Undo] : C ()

4 Save this file.
Specify upper left corner <12.0000,9.0000>:120,90 Output
()
Command : ZOOM (J) Fig 1

Specify corner of window, enter a scale factor (nx or
nxP), or [All/Center/Dynamic/Extents/Previous/Scale/
Window] <real time>: All ()

80
\ \
-0 20 . 20 510 510

P PO P&—P5
Regenerating model space limits: “L o s b7 P
Command : LINE ()
Specify first point 20,20 () T
Specify first point or [Undo] : 100,20 () i_: B P2
Specify next point or [Undo] : 100,50 ()
Specify next point or [Close/Undo] : 90,50 () 11000
Specify next point or [close/Undo] : 86,65 (.J) i

Specify next point or [Close/Undo] : 75,65 ()
Specify next point or [Close/Undo] : 70,50 ()
Specify next point or [Close/Undo] : 50,50 ()
Specify next point or [Close/Undo] : 30,65 ()

1 35.00 |
37.50 |
4250 |
45.00 |
| 50.00

SUN2564H1

ABSOLUTE COORDINATE METHOD

TASK 2 : To draw a line diagram using relative coordinate method, follow the steps mentioned below. (Fig 2)

1 Command : LIMITS ()

Reset model space limits:

Specify

186

lower
0.0000,0.0000> : (J)

left corner or [ON/OFF]



Specify upper right corner <12,0000,9,0000> : 120,90
(&)
Command : ZOOM

Specify corner of window, enter a scale factor (nX or
nXP), or [All/Center/Dynamic/Extents/Previous/ Scale/
Window] <reak time?: All (d) regenerating model.

Command : LINE ()

Specify first point : 20,20 ()

Specify next point or [Undo] :@ 80,0 ()

Specify next point or [Unod] :@ 0,30 ()

Specify next point or [Close/Undo] : @ : -10,0 ()
Specify next point or [Close/Undo] : @ -5,15 ()
Specify next point or [Close/Undo] : @ -10,0 ()
Specify next point or [Close/Undo] : @-5,15 ()
Specify next point or [Close/Undo] : @ -20,0 ()
Specify next point or [Close/Undo] : @ 0,15 ()

Specify next point or [Close/Undo] : @ -20,0 ()
Specify next point or Close/Undo : @ 0,-15
Specify next point or Close/Undo : @ -10,0
Specify next point or Close/Undo : C

4 Save thisfile

Output

Fig 2

| o |
20 ‘_i‘ 10 ‘_i‘ 10 ‘

P10 PY P6 P5
P11 P8 PY P4

g
F P3

P12 P2
‘ 80

RELATIVE COORIDNATE METHOD
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TASK 3 : To draw a line diagram using polar coordinate method, follow the steps mentioned below (Fig 3)

1

Command : LIMITS ()

Reset model space limits:

Specify lower left corner or [ON/OFF]
<0.0000,0.0000>: ()

Specify upper right corner <12.0000,9.0000>:120,90
)
Command : ZOOM ()

Specify corner of window, enter a scale factor (nX or
nXP), or All/Center/Dynamic/Extents/Previous/ Scales/
Window <real time?: All () regenerating model.

Command : LINE ()

Specify first point : 20,20 ()

Specify next point or Undo : @ 80<0 ()

Specify next point or Undo :@ 30<90 ()

Specify next point or close/Undo : @ :10<180 (J)
Specify next point or Close/Undo : @ 15<108 ()
Specify next point or Close/Undo : @ 10<180 ()
Specify next point or Close/Undo : @ 15<252 ()
Specify next point or Close/Undo : @ 20<180 ()

Specify next point or Close/Undo : @ 14.27<90 ()

Specify next point or Close/Undo : @ 20<180 ()

Specify next point or Close/Undo : @ 4.27<270 ()

Specify next point or Close/Undo : @ 10.73<180
Specify next point or Close/Undo : C

4 Save thisfile

Output

()

Fig 3

P12 2
‘ 80

SUN2564H3
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Construction Exercise 1.10.64
Surveyor - CAD

Prepare a simple building

Objectives: At the end of this exercise you shall be able to
e draw the plan, section and elevation of a building

* dimension the drawing

* plot the drawing.

Requirements
Tools / Instruments Materials
¢ Computer with CAD software ¢ Paper A4 size
e Printer
PROCEDURE

¢ Draw the plan section and elevation of the residence (Fig 1)

Fig 1

1-RCC SLAB 1:24,
12CM THICK

Z ——WALLS OF BRICK
%Z 7 % MASONRY IN CM 1:5
— 0 f===—RCC LINTELS

|
T . R

| 901H751

210

[FLOORING

o [RAMMED EARTH|
N 7 FILLING 7.
-~ IR RSEIARTE
WALL FOOTING
ELEVATION SECTION ON AA PGC 1:4:8
A SCHEDULE OF JOINERY
1 60 4 170 | 280 | 180 1
] wa MARK ITEM SIZE TYPE NOS.
D DOOR 110X210 PANELLED 1
g D1 DOOR 100X210 PANELLED 2
ITCHEN N
40X270 D2 DOOR 90X210 PANELLED 1
w1 WINDOW 300X150 GLAZED 1
w2 WINDOW 120X150 GLAZED 1
d w3 WINDOW 150X120 GLAZED 1
270536 5
BED
SBED W2 § \Y VENTILATOR 150X60 GLAZED 1
1 SPECIFICATIONS
o 1) FOUNDATION:-
< 2) WALLS:-
3I_OIE)/)I(I\JB%O | 3) LINTELS:-
4) ROOF SLAB:-
3 5) PLASTERING:-
6) FLOORING:-
— 7) PAINTING:-
kA
PLAN Note:- Provide Foundation according

to the condition of soil
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PLAN AND SECTION OF A BUILDING
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1 Open the AutoCAD software.

2 Draw the building outline of the house by using the
“Line” command. Click the “Line” icon to activate the
command. Left -click to start and end the line.

3 Offset the building outline the desired thickness of the
exterior wall. Use the “Offset” command.

4 Draw all interior walls by using the same “Line” and
“Offset” commands.

5 Use the “Trim” command to trim any messy intersections
on the exterior or interior conditions. Left-click the
“Trim” icon to activate the too. Select the “cutting edge”
line followed by the line that you would like to him off.

6 Cutopenings for doors and windows by drawing lines
and then trimming away the opening. If you want a
3’-0” door (90 cm), draw a line perpendicular to the
wall, set it 3'0”, and trim way the excess lines.

7 Draw the doors and windows where the new openings
exits.

8 Activate the text command to enter the names of
rooms and their sizes.

9 Activate the dimension icon and click the edges of each
wall that you would like to dimension to. This will give
the drawing a more professional look and also gives
people a sense of the space.

10 Insert the table and prepare the details of joinery.

11 Using ploylne command draw a line over the outer wall
and using area command find the area of the building.

12 Plot the drawing to a printer or to a PDF format. Hitthe
plot icon to open the plot settings. Choose the layout
type, pen settings, and window view that you would
like to use.

e Draw the roof plan of the residence
1 Draw the roof plan of the building according to the design

2 Using hatch command draw the roof titles and assign
proper line weights.

3 Complete the roof plan by using dimension and text
commands

Plot the drawing to a printer or to a PDF format. Hit
the plot icon to open the plot setting. Choose the
layout type, pen settings, and window view that you
would like to use.

Draw the elevation of the residence

Draw the base line to draw the elevation of the residence

Draw the projected lines from the plan to create front
view of the residence using line command.

Draw the elevation of the residence using modify
commands like offset, trim, fillet, extend to complete
the outline.

Using block, insert block commands prepare the
doors and windows in elevation

Assign proper line weights to create the effective
appearance of the building.

Plot the drawing to a printer or to a PDF format. Hit
the plot icon to open the plot settings. Choose the
layout type, pen settings, and window view that you
would like to use.

Draw the section of the residence
Draw the base line to draw the section of the residence

According to the section line shown in the plan, the
width of walls, rooms has to be drawn according to
the design using line, offset, trim commands.

Use the hatch commands to show the R.C.C brick
masonry in the section.

Activate the text commands for mentioning the name
and size of the rooms.

Using dimension command complete the
dimensioning of the section drawing.

Plot the drawing to a printer or to a PDF format. Hit
the plot icon to open the plot settings. Choose the
layout type, pen settings. and window view that you
would like to use.
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Construction

Surveyor - Computer aided drafting

Exercise 1.10.65

Drawing using AutoCAD (Starting a drawing)

Objectives: At the end of this exercise you shall be able to

* starting a new drawing
* opening a template
e create a template.

CREATE ATEMPLATE

Now you can create a template. This will be a very
easy task.

1 Start AutoCAD as follows:

| Mew Sheet Set...

(] | B New Inventor Link...

— g & Open.. CTRL+D
Open Erom Vault...
Open Sheet Set...

Ql Load Markup Set...

Cloze

U O L NN

Start Button/programs/AutoCAD.

The 3 letter extension for .dwg file is drawing
If a dialog box appears select the “Cancel”
Button.

2 Select File / Open

Select the Directory in which the files located.(Click
on the)

Lookin; (&l Computer @ H QX Vew v v
» Preview
g Name
= & os(c)

- DATAPARTI (D)

@ (5 RECOVERY (E)
2 DVD RW Drive (F)

L commnew (\\APPSER.
L Viinodh (\\APPSERVER..

4 Select the file “Workbook” and then “Open”  button.
5 Select “File / Save AS”

6 Select the “File of type” down arrow to display
different saving formats. Select “ AutoCAD drawing
template (*.dwt)”.
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Lodicki: MODULE 6 - @@ @ X @ Vews v Toos ¥
- Preview
Mame ol
3 DC2601EL L

@ DC2601E2 |

F% DC2601ES
% DC2601E6
% DC2601ET
% DC2601ES
i3 DC2601ED
% DC2601E10
3 DC2601E11
3 DC2601E12

d j 3 DC2601E13

@ 3 DC2601E3
F% DC2601E4

B B

B neran1F14 =
[] Select Iritial View
Flensme:  DCZBUIIE77dwg

Files of type: [D'EWi”Q (".dwg)

| AU AL TRIE L LRGN alL = LR AL VLA TE P S A LSBT

A[Fle] -

{ Mew Sheet Set...
: @ Mew Inventor Link...
N (¢ Open.. CTRL+O
Cpen From Vault..
Open Sheet Set...
fﬂ Load Markup Set...

Cloze

CTRL+M

Import...

H save CTRL+S

Save As... CTRL+SHIFT+5

e -

LOONL 0L NN

The 3 letter extension for template is “dwt”.

A list of all the AutoCAD templates will appear. (Your
list may be different)

7 Type the new name “1 Workbook” in the File name”.

box and then select the save button.

The “1” before the name will place the file at the top of
the list.



[FEseieciFie [

lockin: )\ MODULE6 v e @ X@ Vews v Toos -
Preview

[ama | »

& DC2601E11
& pC2s01EL2
3 DC2601E13
R NC2GOTF1S -

1]

[7] Select Initial View
Flename  DC2801E77.dwg

< mme =

Files of type

ll Standards {".dws)
DXF [ cbef
Drawing Template (*.cwi)

Auto CAD displays numerical first and then
alphabetical.

O Select template

L e

Lookin: |, Template - W @ X @ Vews v Toos v
Preview

Name
| Lightbackground
. PTWTemplates
[ acad

[ acadiso

[ arn_ansi

[0 ar_bsi

[0 arn_csn

[0 arn_din

[0 arn_gb

[0 am_ise

[0 arn_jis

¥ FIL105EL

File name: - Open Ll ‘

Flesof type: | Drawing Template ~dwt) <[ Canedd | !
— —

8 Type a description and the select the “OK” button.

Using a template as a master setup drawing is good
CAD management.

{5 Template Descriptiiin

=1
Ix

7 De scriplion - rmeen L
i [l for workbook Lessons 2 th €

OK

Cancel i

Flel

I P Hep |

Measurement

{Engish =

Creating a new Drawing
New command

Create a new drawing file.

1 Choose File, New. Or

2 Press CTRL+N or

3 Click The New icon. or

4 Type NEW at the command prompt.

Command: NEW

5 Choose One of the options for creating a
new drawing.

6 Click The OK button.

7 Save The drawing as another name.

TIP: New drawings can also be created from Template
Files.

I Select template — B
Lookin: || Template s @ @ XE Vews v Took ~
Name = Date madified Preview
.. Lightbackground 1/20/2014 2:53 PM
|| PTWTemplates 4/16/2014 3:28 PM
[ acad 2/14/2007 6:59 AM
[0 acadiso 2/14/2007 6:59 AM
[ am_ansi 2/14/2007 6:59 AM
= [ am_bsi 2/14/2007 6:59 AM
[ am_csn 2/14/2007 6:59 AM
[ am_din 2/14/2007 6:59 AM
[ am_gb 2/14/2007 6:59 AM
[0 am_iso 2/14/2007 6:59 AM
[ am jis 2/14/2007 6:59 AM
[ FIL105EL 9/20/20131:15 PM
v
kﬂ O TT— v
File name: g __Mpen Ll
Fies oftyps: | Drawing Template (dwt) ) Cod ]|
|
Open Existing Drawings
1. Choose File, OPEN. or
2. Press CTRL+O
3. Click the OPEN icon. or
4. Type OPEN at the command
prompt.command: OPEN
5. Press ENTER

6. Double Click the desired directory to find the

drawing to open.
7. Click the drawing name to open.
8. Click The OK Button.
=
Lockje i3 Eneie Z S EANG Yoo - Tk

< ] | | Pt

] et
o [t Conwms iy
| DmigrCaridmr
o D ok m
=) iecharical Sarpis
] Yraut Ssitn

VB
h Laaae

drchitatin - v S0 1 E
15 Bockn and Tables - inpria g 22
ER bz avd Taties - Mt e =k
[ Sirdomh v LEHE
'ﬁd—_ﬁmm ]
;'i;.w:;m ‘ia_r:‘:]
0 "

I 9 gl brabiad Wme
Flapsrs |20 Hasmbey
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Saving Drawings

Saves the most recent changes to a drawing. The first
time an unnamed drawing is saved the “Save As” Dialog
box appears. AutoCAD saves its drawings as files with
extensions ending in.DWG.

1. Choose File, Save or Save as
or

2. Type SAVE or SAVES at the command
prompt command: SAVE or
SAVEAS

3. Press ENTER

4. Type A new drawing name or keep the
existing drawing name.

5.Click The OK button.

Saw - e W A X viowa v ooz

Save n: Ky Docamerts
Trevies
Nt Mamre Daktz maodified
it Trwentar /2372008 5271 B

[ Update a-eet ard vice thambrizila nowe
DC2101=2.0wg

3 *.derg)
2D Mechawea 6 Srawrg (*awa
AD 200 Srowi

{* cw;
Drawing I*.dwg)
P L W)

(= b
wng cpkcts .det)
ebd)
) X
STy

Various file type can be saved a‘s

wyn LwT| 5-_3ck| [H ook 1o
S ——Y

Drawing Area Control

TIP: Clicking the dropdown list for File type changes the
format that the drawing can be saved in.

Quick Save

The QSAVE command is equivalent to clicking Save on
the File menu.

1. Press CTRL+S.
or
2. Click the save icon.
or
3. Type QSAVE at the command prompt,

Command: QSAVE

TIPS: Drawings can be saved as different versions of
AutoCAD (e.g. R13, R14, R2000, etc.)

AutoSave settings under Tools, options...

Existing AutoCAD
1. Choose File, Exit.
or
2. Type QUIT at the command prompt.
Command: QUIT
3. Press ENTER
4. Click Yes to save changes or No to

discard changes.

Objectives: At the end of this exercise, you shall be able to,

¢ identify method of Entering commands.
 practice drawing command set up.
e practice drawing Area set up.

Methods of entering commands

AutoCAD has 3 different methods of entering commands.
All 3 methods will accomplish the same end result.

1. Pull down Menu (Select Draw / Line)
a. Move the cursor to the Menu Bar
b. Click on a Menu header such as “Draw”
c. Slide the cursor down the list of commands and
click to select.
2. Tool Bars (Select the line icon from the Draw toolbar)

Move the cursor to an icon on a toolbar and press the
left mouse button.

3. Keyboard (Type L and <enter>)

Type the command on the command line.
Whatis a SHORTCUT menu?
Example

Select: Draw /Circle / Center, Radius

_Circle specify center point for circle or [3P / 2P/ Ttr

(tan tan radius)]:

If you press the right mouse button now, the shortcut menu
on the left will appear. This allows you to select the options
3P, 2P, or Ttr with the mouse rather than typing your
selection.
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@ Center, Radius

() Center, Diameter Angle

Type: Type:
(:} 2 Points [_Decmal IDecimaI Degrees
(¥ 3 Points Architectural Precision:

Engineering lﬂ
Fractional
Scientific

‘EE} Tan, Tan, Radius
{} Tan, Tan, Tan

[7] Clockwise

Insertion scale
LUnits to scale inserted contert:

| Milimeters - |

Drawing Units Setup

Every object we construct in a CAD system is measured
in Units. We should determine the system of units within
the CAD system before creating the first geometric

Sample Cutput
1520

entities.

1 In the Menu Bar select:

Color...

Linetype...
Lineweight...

Text Style 4
,.ﬁ Dimension Style...

Plot Style...

Point Style...

Multiline Style...

Style Importer

=# Thickness 1

Drawing Limits

Eename...

Setup Drawing

[Format] [Units]

1

The AutoCAD Menu Bar contains multiple pull down
menus, where all of the AutoCAD commands can be
accessed.

Click on the Length Type option to display the different
types of length units available. Confirm the Length
Type is set to Decimal.

On your own, examine the other settings that are
available.

In the Drawing Units dialog box, set the Length Type to
Decimal. This will set the measurement to the default
English Units, inches.

Set the Precision to Two digits after the decimal point
as shown in the above figure.

Pick OK to exit the Drawing Units dialog box.
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Lighting
Units for specifying the intensity of lighting:

[Generic v]

Deg/Min/Sec
(Grads

Radians
Surveyor's Units

3450

Lighting
Units for specifying the intensity of lighting:

[Genen'c v]
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Drawing Area Setup

Next, we will set up the Drawing Limits by entering a
command in the command prompt area. Setting the
Drawing Limits controls the extents of the display of the
grid. It also serves as a visual reference that marks the
working area. It can also be used to prevent construction
outside the grid limits and as a plot option that defines an
area to be plotted / printed. Note that this setting does not
limit the region for geometry construction.

1 Inthe Menu Bar select:

[Format] [Drawing Limits]
Workspaces b - | 5
Palettes 4

E Command Line CTRL+9
Clean Screen CTRL+0

Standard

[

v =g

|,

[ Design Mavigation Mode CTRL+D

Layer / Layergroup

I
I -

Format Color...

Draw Order k| Linetype...

Language k Lineweight...

Inqui d

cisnd Text Style »
Quick Select...

Dimension Style...
%= Update Fields 4 B ¥

Point Style...

Load Application...
Script * Multiline Style...
Macro r Style Importer
AutolISP k|
ekt | Units L4
Display Image * | <# Thickness
New UCS ; Drawing Limits
E Mamed UCS... Rename...
Orthographic UCS g Setup Drawing
L l
4] 4|k M Layout] 4 Layout?

2 In the command prompt area, the message “Reset
Model Space Limits: Specify lower left corner or [on/
0ff] <0.00,0.00>.” is displayed. Press the ENTER key
once to accept the default coordinates <0.00,0.00>.

LISILAL Layoutl / Layout2

Reset Model space limits:

Specify lower left corner or [ON/OFF] <0.00,0.00>:

3 In the command prompt area, the message “specify
upper right corner <12.00,9.00>" is displayed. Press
the ENTER key again to accept the default coordinates
<12.00,9.00>.

4 Onyour own, move the graphic cursor near the upper -
right comer inside the drawing area and note that the
drawing area is unchanged. (The Drawing Limits
command is used to set the drawing area, but the
display will not be adjusted until a display command is
used.)

Setting limits of a drawing

In AutoCAD The drawing must be drawn in full scale. So
limits are needed to size up a drawing area. The limits
are determined by the following factor.

i Size of drawing.

i Space needed for dimensions, notes and other
details.

iii Space between different views.’
v Space for the border and a title block etc.
Limits

Pull down: Format, Drwing Limits

Specify lower left corner or [OCN/OFF] «<0.00,0.00>:

Specify upper right cormer <12.00,9.00>:

Command: Limits

The command LIMITS allows you to change the upper
and lower limits of the drawing.

Example: Set the drawing screen to A4 size (210 x 297)
Command: LIMIT

Specify lower left corner or (ON/OFF) <0.000,0.000>:
Specify upper right corner <12.000,9.000>: 210,297

Give ZOOM command with ALL option to view all the drwing
area (A4 size)

MVSETUP = MultiView Setup
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MVSETUP offers two different setup options depending
on whether you are in Model Space or in a Layout (Paper
Space).

In model space- you set the units type, drawing scale
factor, and paper size at the command prompt using
MVSETUP. Using the settings you provide, a rectangular
border is drawn at the grid limits.

Command MVSETUP !
Enable paper space YES/NO : NO +

Enter units type (Scientific, Decimal,

Engineering, Architectural Metric : Select only

Enter scale factor = 1:1

From here, set up dimensions styles, text styles. layer...

If these settings will used in other drawings here are two
suggestions, the first of which is recommended because
it is less error prone.

1. After creating the desired settings, do a save-as and
save t as a . dwt. All of the settings that you created will
be saved.

2. After using this drawing, open it and erase all objects.
The settings will remain but you will have to hunt down
the objects that need to be erased in layouts.

2 Setting Units of a Drawing

Every object you create is measured in drawing units.
Before you start to draw, you must decide what one
drawing unit will represent based on what you plan to draw.
Then you create your drawing at actual size with that
convention. For example, a distance of one drawing unit
typically represents one millimeter, one centimeter, one
inch, or one foot in real - world units.

UNITS Command is used to set the units of measure,
angle measurement, direction and precision. Pull down
Menu: Format, UNITS

Command: UNITS

If you enter - units at the command prompt, UNITS displays
prompts on the command line.

The text window displays the following prompt:

Angle
Type:
v} lDedmaI Degrees vl
Precision: Precizion:
om0 3 @ ]
[ Clockwise
Insertion scale
Inits to scale inserted content:
Inches V]
Sample Output
1.5,2.0039.0
3<dh 0
Lighting
Units for specifying the intensity of lighting;
[Generic v]
| OK || Canced || Diecion. || Hep |

There are five fundamental types of units i.e. Decimal,
Architectural, Engineering, Fractional & Scientific.
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Icon/Button

Description

| Architectural
Engineering
Fractional
Scientific

There are five fundamental types of units i.e. Decimal,
Architectural, Engineering, Fractional & Scientific.

Report formats: (Examples)
1. Scientific (1.55E + 01)

2. Decimal (915.50)

3. Engineering 1’-3.50”

4. Architectural 1°-3 1/2”

5. Fractional 15 1/2

Enter choice, 1to 5 <Current >: Enter a value (1-5) or
press ENTER

The following prompt for decimal precision is displayed if
you specify the scientific, decimal, or engineering format.

Enter number of digits to right of decimal point (0 to
8) <Current >: Enter a value (0-8) or press ENTER.

The following prompt for the denominator of the smallest
fraction is displayed if you specify the architectural or
fraction format.

Enter denominator of smallest fraction to display.

(1,2,4,8,16,32,64,128,0r 256) <current>: Enter a value
(1,2,4,8,16,32,64,128,0r 256) or press ENTER

Insertion scale
|Inits to scale inseted content:

Insertion scale

|nits to scale inserted content:

|nitless
Inches
Fest
Miles

Milimeters 3 ] Centimeters

Meters
Kilometers
Microinches
Mils

Yards
Angstroms
MNanometers
Microns
Decimeters
Dekameters
Hectometers
(Gigameters
Astronomical
Light Years
Parsecs

| Milimeters |

-

Insertion Scale

Controls the unit of measurement for blocks and drawings
that are inserted into the current drawing. A block or a
drawing that is created with units that are different from
the units specified with this option is scaled when
inserted. The insertion scale is the ratio of the units
used in the source block or drawing and the units used
in the target drawing. Select Unit less to insert the block
without scaling it to match the specified units.
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Angle

Tyvpe:

[Dedma] Degrees - ]
Precision:

o 3

[ Clochkwise

Degs/Min/Sec
Grads

Radians
Surveyor's Units

The next prompts is for angle formats and precision
Systems of angle measure: (Examples)
1. Decimal degrees 45.0000
2. Degrees / minutes / seconds 45°0°0”
3. Grads 50.0000g
4.Radians 0. 7854 r
5. Surveyor’s units N 45° 0’0" E

Enter choice, 1 to 5 <Current >: Enter a value (1-5)
orpress ENTER

Enter number of fractional places for display of angles
(0 to 8) <current>: Enter a value (0-8) or press ENTER

The next prompt is for the direction for angle 0:

M Direction Control |2 (S

Base Anale
i@ East 0
() North 90
() West 180
il @ South 270
i Other Pick / Type

Direction for angle 0:
East 3 o’clock=0
North 12 o’clock =90
West 9 o’ clock =180
South 6 o’ clock =270

Enter direction for angle O<current>: Enter a value
orpress ENTER

The default direction for 0 degrees is to the east
quadrant, or 3 o’ clock. The default direction for positive
angular measurement is counterclockwise.

Measure angles clockwise? [Yes/No]
<current>: Entry or n or press ENTER

Select the unit you want from the dialogue box. This
unit is used for dimensioning of the drawing. Input from
the user accepted in this unit only.
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Drafting Setting a Display Commands

Objectives: At the end of this exercise, you shall be able to,
* practice the drafting setting
¢ identify the visual reference
¢ identify Esc, Undo, Redo

 practice display commands.

Drafting Settings

Drafting settings includes the commands for initial setting
of a drawing. Some of the drafting settings are SNAP,
GRID, POLAR TRACKING, OSNAP

Snap and Grid | Polar Tracking | Object Snap | Cynamic lanrt|

[7] 5nap On (F3)
Snap spacing
Snap X spacing: 25

Snap ¥ spacing: 25

[¥] Equal X and Y =pacing

Polar spacing

Snap type
i@ Grd snap

@ Rectangular snap

FGrdOn F7)

(Grid spacing
(Grid X spacing:
Grid Y spacing:

Major line eveny:

Grid behavior

Adaptive grid

[] Mllow subdivision below grid
spacing

[¥] Display grid beyond Limits
[ Follow Dynamic UCS

Switches the grid on/off

Set the size of the grid in
the current drawing units

() lsometric snap

) PolarSnap

SNAP

SNAP is used to move the cursor at a defined value. This
will set a position on the drawing quickly and accurately.
The snap mode can be switched ON / OFF by pressing
function key F9.

GRID

GRID command is used to display dots, which is easy for
us to fix the points. But these dots were not printed. Grid
points have default spacing of one unit. We can change
the spacing too. This mode can be ON / OFF by using
the function key F7.

Object snap settings

Object snap settings are used to pick a geometric point
on an object. Object snap mode can be ON / OFF by
using the function key F3 or by clicking O snap button on
the status bar. There are various options for object snap
settings such as End point, Midpoint, Centre, Quadrant
etc.

Ortho: Ortho Command forces lines to be drawn exactly
perpendicular directions. While using this command we
have to turn Ortho ON /OFF (otherwise press F8) according
to our need.
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iSnap and Grid | Polar Tmckjngi Object Snap | Dynamic Input |

[#] Object Snap Tracking On (F11)

Select All
Clear All

[#] Object Snap On (F3)
Object Snap modes
O [¥] Endpaint [¥] Insertion
[¥] Midpairt [7] Perpendicular
[¥] Center [¥] Tangert
[¥] Node [7] Nearest
[¥] Guadrart Apparent intersection
[¥] Intersection (] Paraliel
. [V] Extension
+  Totrack from an Osnap point, pause over the point while in a

U command. Atracking vector appears when you move the cursor.
- To stop tracking. pause over the point again.

COptions...

Place a tick in the object snap you want a use. The GRID
and SNAP MODE options can be turned ON to rise place
a tick in the object snap you want or OFF through the
Status Bar. The Status Bar area is located at the bottom
left of the AutoCAD drawing screen, next to the cursor
coordinates.

L E—
] 4[» ]} Model { Layout! [ Layout2

Specify next point or [Close/Undo]:
Specify next point or [Close/Undo]:

4 Option Buttons

The second button in the Status Bar is the SNAP MODE
option and the third button is the GRID DISPLAY option.
Note that the buttons in the Status Bar area serve two
functions: (1) the status of the specific option, and (2) as
toggle switches that can be used to turn these special
options ON and OFF. When the corresponding button is
highlighted, the specific option is turned ON. Using the
buttons is quick and easy way to make changes to these
drawing aid options. Another aspect of the buttons in the
Status Bar is these options can be switched on and off in
the middle of another command.

S-FI-ECifo next i:l-DiI"It or ECloseflJndo]:

L

R ] (0 3 ) ] A N

| Snap Mode (F9)

S-FI-ECifo next i':u:lint or ECloseflJndo]:

|-

| ) ER AR B

FEEELs

‘ Grid Display (F7)

GRID ON

1. Left - click the GRID button in the Status Bar to turn
ON the GRID DISPLAY option. (Notice in the command
prompt area, the message “<Grid on>“is also displayed.)

Shecifi{ next hoin‘t or Eclose..l’Llndoj:

3 |-

o e o i i ) R A
g

| Grid Display (F7}

2. Move the cursor inside the graphics window, and
estimate the distance in between the grid lines by watching
the coordinates display at the bottom of the screen.

[ A[¥ [#FI]% Model ¢ Layoutl £ Layout2

The GRID option creates a pattern of lines that extends
over an area on the screen. Using the grid is similar to
placing a sheet of grid paper under a drawing. The grid
helps you align objects and visualize the distance between
them. The grid is not displayed in the plotted drawing.
The default grid spacing, which means the distance in
between two lines on the screen, is 0.5 inches. We can
see that the sketched horizontal line in the sketch is about
4.5 inches long.

Snap mode on

1. Left- click the SNAP MODE button in the Status Bar to
turn ON the SNAP option.

2. Move the cursor inside the graphics window, and move
the cursor diagonally on the screen. Observe the movement
of the cursor and watch the Coordinates display at the
bottom of the screen.
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Command: <Grid on>

Command:

M 4] ], Model ; Layoutl / Layout2

Command :
Command: <Snap on>

»_ |-

%4 B o [0 L]+
g

Snap Mode (F9) I

The SNAP option controls an invisible rectangular grid that
restricts cursor movement to specified intervals. When
SNAP mode is on, the screen cursor and all input
coordinates are snapped to the nearest point on the grid.
The default snap interval is 0.5 inches, and aligned to the
grid points on the screen.

In case of any mistake
Pressing the ESC key

The Esc key at the top of the key board will get you out of
most problems you encounter using AutoCAD. Here are
some examples of the times you would press Esc key.

e Ifa command is not responding the way you expect.
¢ If you want to cancel a command you started
* If you clicked a point on the screen unintentionally

e Ifadialogue box appears on the screen accidently.

In all these cases above, pressing Esc once will free the
command line.

Example:

Issue the line command, click a point on the screen and
then press the Esc key to cancel the command.

Using Undo

| .

You can undo the last command by typing U at the
command line and pressing the enter key, or by clicking
on the Undo icon on the tool bar.

r‘ .

The Redo command will reinstate the last command you
applied undo to. You may undo as may commands as
like you, but you may only redo once

Using Redo

DISPLAY COMMANDS

Zoom

Zoom command enlarges or reduces the view of the drawing. When we are working on a drawing it is always required to
bring the area of our interest to focus on to the screen. The Zoom toolbar may be accessed from the standard tool bar
at the top of the screen or from the dropdown menu > view >Tool bars....> Zoom. The icons are
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Icon

Function

Q\t Bealtime

This allow you to select a window or box around the area you want to magnify

Dynamic

'

This is both zoom and pan. When the command is issued a view box will be
displayed with the drawing inside. The view box can be resized (Zoom) and moved
around pan.

@{ Scale

The drawing is at a scale of 1.A zoom scale of 2 doubles the magnification of the
drawing, while 0.5 halves it.

Allows you to pick a point which will be the center of the zoom area.

Just click on it zoom in on the drawing. You may preset the amount it zooms in a the
command line.

Ei Qut

Just click on it zoom out from the drawing. You may preset the amount it zooms out
at the command line.

@ All

This zooms to show the complete electronic page you set up. It zooms out to the
electronic sheet limits.

| 'a Extents

This will zoom to fit the complete drawing on the screen.

‘E Brevious

This displays the last view created by zoom, pan or view command.

Pan

Pull down menu: view, pan

The cursor changes to a hand cursor

| ‘3‘:3 Realtime
#y Point
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By holding down the pick button on the pointing device,
you lock the cursor to its current location relative to the
view port coordinate system. Graphics within the window
are moved in the same direction as the cursor.

when you reach a logical extent (edge of the drawing
space), bar is displayed on the hand cursor on the side
where the extend has been reached. Also a message is
displayed in the status bar as “already bottom most
extent”. Depending upon whether the logical extent is at
the top, bottom, or side of the drawing, the bar is either
horizontal (top or bottom) or vertical (left or right side)

When you release the pick button, panning stops. You
can release the pick button move the cursor to another
location in the drawing, and the press the pick button again
to pan the display from that location.

On your own, move the graphic cursor near the upper-
right comer inside the drawing area and note that the
drawing area is unchanged. (The Drawing Limits
command is used to set the drawing area, but the display
will not be adjusted until a display command is used.)
Inside the Menu Bar area

B8 AutoCAD Mechanical - [Drawing5.dwg]

" File EditInsert Assist  Design  Modify  Annotate Conten

B STANCD £ Bedraw @ Standard
R E—
=aen }& Boo
Regen All I
i 0 CF Realtime
P »
J: aaz't ; 'E Brevious
S L “3{ Window
) Camera LA :
Walk and FI » Q Dynami
= LS @l Scale
f. Aerial View
| @ Center
6] Clean Screen CTRL+0 @‘l Object
3¢ Viewports P E I
r~ Marmed Views L4 a Qut
< i »
= o @ A
- [ Create Camera | @\ ERin:
i8] B "B Hide T
B Visual Styles L
" ; Render L4
H : @ Motion Path Animations...
H Display
(& Toolbars..,
=z

Select: [View] [Zoom] [All]

Zoom All command will adjust the display so that all objects
in the drawing are displayed to be as large as possible. If
no objects are constructed, the Drawing Limits are used
to adjust the current viewport.

B8 AutoCAD Mechanical - [Drawing5.dwg]

M File Edit Insert Assist  Design  Modify  Annotate  Conte

B sTAND £ Redraw | @ standard
Ri t =
el 1 & oo
Regen All
./ 5 oM 4 _
_.r"‘ : 2 57 Realtime
— . *| €, Point
: C i
i ;.?Tcerad Fl [ et
i s % Right
r- | Aerial View ot
Up
@ Clean Sgreen CTRL+0 | ¥ Down
e Viewports 4
4 MNamed Views L4
< 3D Views ’
L B (i Create Camera
2] l "® Hide
B Visual Styles »
ty
b : Render L
ﬁ : @ Motion Path Animations...
® Display 4
=5 Toolbars...
A

Move the graphic cursor near the upper - right comer inside
the drawing area and note that the display area is updated.

In the Menu Bar area select: [View] [pan] [Realtime]

The available Pan commands enable us to move the view
to a different position. The Pan - Realtime function acts
as if you are using a video camera.

Move the cursor, which appears as a hand inside the
graphics window, near the center of the drawing window,
then push down the left - mouse - button and drag the
display toward the right and top side until we can see the
sketched line. (Notice the scroll bars can also be used to
adjust viewing of the display.)

Practice - |

Instructions

1. Start a New file

2. Draw the objects below using: (Fig 1)
LINE command
Ortho (f8) ON for Horizontal and Vertical lines
Ortho (f8) OFF for lines drawn on an Angle.
Increment Snap (f9) ON Osnap (f3) OFF

3. Save this drawing using: Ctrl+S
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Practice - lll (Fig 3)

Same as Practice I.

Fig 3

I

AT

PRACTICE ON LINE & ERASE COMMANDS

SUN2566E3

Practice - IV (Fig 4)

Fig 1
ﬂ E
2
q
PRACTICE ON LINE COMMANDS é
Practice - Il
Instructions

1 Using drawing DRG NO ERASE the missing lines.
(Fig 2)

2 Save this drawing using
File / Save as/ DRG NO

Fig 2

/N
/AN

PRACTICE ON ERASE COMMAND

=
il

SUN2566E2

Fig4

A
<

PRACTICE ON LINE COMMANDS

SUN2566E4
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Practice on dimensioning line (Figs 5, 6, 7 & 8)

Fig 5

Fig 6

Fig 7

5.50

Fig 8
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0.25
1.50 3.50
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Text

This command is used for entering the related detailsona
drawing. Textis used for entering details in the title blocks,
forlabelling the parts of drawing, For giving specifications
and formaking annotations etc. There are two types of text
used in Auto CAD.

1. Single line text or Dtext

2. Multiline text or M text

1.SINGLE LINE TEXT ORD TEXT

Pull down: Draw, TEXT, single line text
Command: TEXTorDT

Current text style: "Standard"

Text height: 0.2000

Specify start point of text or [Justify/Style]: Select start
point

Specify height<0.2000>: 25

Specify rotation angle of text <0>:

Current text style: STANDARD
Styles:
ﬁ:ﬁg?gﬂ- Fornt Name:
STANDARD Lo
JSER1 lJse Big Font
USER2
USER3 Size

Fant

te layout

I'A" styles Efects

[T] Upside down

] Backwards

[ Annotative (i)

Match text anentation

Type onthe screen: TEXT
2.MULTILINETEXTORMTEXT

Pull down: Draw, TEXT, Multi line text
Command: MTEXT or MT

Current text style: " Standard”

Text height: 0.20000

Specify first corner: Click on the first corner
Specify opposite comer or [Height/Justify/

Line spacing /Rotation/Style/Width]: click on the second
corner Give text height, type, style, etc.

Enter the text, And press button OK.
Text style
This command is used to change the text style.

After giving changes click on apply.

Fort Style:
[F{egular

Width Factor:
1.00

Oblique Angle:
1]

ppby [ Cancel
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