CIVIL

ENGINEERING

Surveying and
Geology

Comprehensive Theory
with Solved Examples and Practice Questions

N=

PUBLICATIONS

www.madeeasypublications.org



NS

PUBLICATIONS

MADE EASY Publications Pvt. Ltd.
Corporate Office: 44-A/4, Kalu Sarai (Near Hauz Khas Metro
Station), New Delhi-110016 | Ph.: 9021300500

Email : inffomep@madeeasy.in | Web : www.madeeasypublications.org

Surveying and Geology

Copyright © by MADE EASY Publications Pvt. Ltd.

All rights are reserved. No part of this publication may be
reproduced, stored in or introduced into a retrieval system,
or transmitted in any form or by any means (electronic,
mechanical, photo-copying, recording or otherwise),
without the prior written permission of the above mentioned
publisher of this book.

ALY

MADE EASY Publications Pvt. Ltd. has taken due care
in collecting the data and providing the solutions, before
publishing this book. Inspite of this, if any inaccuracy or
printing error occurs then MADE EASY Publications Pvt.
Ltd. owes no responsibility. We will be grateful if you could

point out any such error. Your suggestions will be appreciated.

First Edition: 2015
Second Edition: 2016
Third Edition: 2017
Fourth Edition: 2018
Fifth Edition: 2019
Sixth Edition: 2020
Seventh Edition: 2021
Eighth Edition: 2022
Ninth Edition: 2023

Tenth Edition : 2024




CONTENTS

Surveying and Geology

CHAPTER 1

Fundamentals of Surveying..........ccoucuu..... 1-13
1.1 Introduction 1
1.2 Objective of Surveying 1
1.3 Type of survey 1
1.4  Principles of Surveying 4
1.5  Units of Measurement 5
1.6 Basics Measurements in SUIrVEYiNg ......ceeecessecens 6
1.7 Planand Map 6
1.8 Errorsincurring Due to Shrinkage of Map ........ccouvverneeee 9
1.9  Distinction between Precision and Accuracy.............. 10
1.10  Errors incurring Due to Wrong Measuring Scale......... 10

Objective Brain Teasers 11

Conventional Brain Teasers 13
Linear Measurements............ccccouuuuerrrnne 14 - 45
2.1 Introduction 14
2.2 Methods of Linear Measurements ..........eceereesenns 14
2.3 Approximate Methods of Linear Measurements......... 14
24  Chain Surveying 15
2.5  Principles of Chain Surveying 15
2.6 Terminologies in Chain Surveying 16
2.7 Well Conditioned Triangle 17
2.8 Surveying Chains 18
2.9 Measuring Tapes 20
2.10 Instruments Used for Linear Measurement ................... 21
2.11 Mistakes in Linear Measurements..............oecewecrverennee 25
2.12 Obstacles/Difficulties in Ranging 25
2.13 Obstacles in Chaining and Ranging both..........cccc........ 26

2.14
2.15
2.16
217
2.18
2.19

Errors in Chaining 27
Required Field Work in Chain Surveying.......ccoeeceenes 34
Limiting Length of the Offset 35
Cross Staff Survey 38
Plotting of Chain Survey Work 38

Precautions to be Taken While Plotting the Offsets....39

Objective Brain Teasers 40

Conventional Brain Teasers 44

CHAPTER 3

Compass Traverse .......cooeeeuseeensereessseees 46 - 17
3.1 Introduction 46
3.2 Traversing Methods 46
3.3 Types of Traverse 47
3.4 Traverse Surveying versus Chain Surveying.............. 47
3.5 Compass Traverse 48
3.6 Bearings Designation 50
3.7 Fore Bearing and Back Bearing 52
3.8 Included Angles 52
3.9 Magnetic Declination 54
3.10 Variations in Magnetic Declination ... 55
3.11 Effect of Variation in Magnetic Declination on Survey

3.12

3.13

3.14

3.15

3.16

3.17

Works 56
True Bearing from the Magnetic Bearing.........ccccoueeeen. 56
Dip 58
Plotting a Compass Traverse 58
Adjustment of Angles 60
Local Attraction 60

Magnetic Needle 64




Surveying and Geology

3.18 Surveyor’s Compass 64 5.11 Orienting the Plane Table 94
3.19 Prismatic Compass 65 5.12 Methods of plane table surveying ... 95
3.20 Permanent Adjustment of a8 COMPASS......ooewrerersreee 65 513 Methods of Resection 97
321 Temporary Adjustments 66 5.14 Contouring in Plane Table Surveying........coccoeeecveeee 102

5.15 Errors in Plane Tabling 103

3.22 Prismatic Compass versus the Surveyor’s Compass....67
5.16 Advantages and Disadvantages of

3.23 Errorsin Compass Surveying 68
Plane Table Surveying 103
3.24 Limits of Accuracy 68 L .
Objective Brain Teasers 104
Objective Brain Teasers 69

Conventional Brain Teasers 74 CHAPTER 6
CHAPTER 4 Levelling and Contouring..................... 107 - 146

6.1 Introduction 107
Theodolites ..........cooeeeeeemmeeereereeeeennnsaaeens 18 -88 62 Terminologies in Levelling 107
41 Introduction 78 6.3  Basic Principle of Levelling 109
42  Classification /8 6.4 Different types of levelling 110
43  Components of a Vernier Theodolite ... 79 6.5 Classification of Direct Levelling .......cccccoeeeeermeceeneceunnens 110
44 Terminologies in Theodolite SUrVEYiNG......cccouveevermueens 81 66 The surveying telescope 114
4.5 Fundamental Lines of theodolite .........ueeersrecrevnnncens 82 6.7 Sensitivity of Level tube 114
4.6  Errorsin Theodolite Work 82 68 Levelling Instrument 117
4.7 Measurement of Horizontal Angles.........cwcomrernerrnnnns 83 6.9 Theory of Simple Levelling 119
48  Theodolite asa Level 85 6.10 Reciprocal Levelling 119
49  Angular Measurement Methods 85 6.11 Balancing of Foresights and Backsights...........cccec... 120
4.10 Mistakes in Theodolite SUrVeYiNg.......ccmceuecrerennncens 86 6.12 Level Field Book 121
Objective Brain Teasers 87 6.13 Effect of Earth’s Curvature and Refraction.................. 125
6.14 Distance of Visible Horizon 127
6.15 Errorsin Levelling 128
Plane Table Surveying..........ccooeeeuueeeec. 89 - 106 6.16 Mistakes in Levelling 130
5.1 Introduction 89 6.17 Contour 131
5.2 PlaneTable and its Types 89 6.18 Characteristics of Contours 131
53 Alidade 90 6.19 Various Methods of Locating the Contours................. 132
54  Plumbing Fork 91 6.20 Direct Method of Contouring 132
55 LevelTube 91 6.21 Indirect Methods of CONtOUIING ...ccvveverscreerrsssnnrerrssns 133
5.6 Trough Compass 92 6.22 Uses of Contour Maps 135
5.7  Drawing Sheet 92 Objective Brain Teasers 135
5.8  Pencil and Eraser 92 Conventional Brain Teasers 143
5.9 Terminologies in Plane Tabling 92

5.10 Setting up of the Plane Table 93




Surveying and Geology
CHAPTER 7

Theory of Errors and Survey

Adjustments........oceeeeeeeureereneeseesesssenns 147 - 165
7.1 Introduction 147
7.2 Types of Errors 147
7.3 Law of accidental error 148
7.4  Terminologies in Theory of Errors........eecenn 150
7.5 Indices of Precision for Observations of

Same Weight 151
7.6 The Law of Weights 152
7.7 Indices of Precision for Observations of

Different Weights 153
7.8 Corrections to be Applied to Field

Measurements for Closing Error......resecennens 155
7.9 Theory of Least Squares 155
7.10 Most Probable Values (MPV) of Directly Observed

Quantities 156
7.11 Most Probable Values (MPV) of Indirectly

Observed Quantities 157
7.12 The Method of Differences 157
7.13 The Method of Correlates 158
7.14 Adjustment of Two Connected Triangles..........cccoeweuunn. 158
7.15 Adjustment of a Braced Quadrilateral.........cccccoueeeuueen. 159

Objective Brain Teasers 162

Conventional Brain Teasers 164
L LE:\T:] £ 11— 166 - 185
8.1 Introduction 166
8.2 Method of Traversing 166
8.3 Computation of Latitude and Departure.......c.coevvene 166
84 Need for Traverse Adjustment 169
8.5 Relative error of Closure 170
8.6 Methods of Traverse Adjustments.........occeveceermecerrneces 170
8.7 Gale's Traverse Table 174

8.8 Inversing 174
8.9 Omitted Measurements 175

Objective Brain Teasers 179

Conventional Brain Teasers 182
Measurement of Area and Volume.....186 - 204
9.1 Need for Computation of Area and Volume............ 186
9.2 Area Measurement 186
9.3  Calculation of Areas by the Use of

Geometric Figures 186
9.4 Calculation of Areas from Offsets

[Approximate Methods] 187

9.5
9.6

Calculation of Areas from Co-ordinates..........cco..u....

Calculation of Area from Latitude

192

and Meridian Distance 192
9.7 Calculation of Area from Departure

and Total Latitude 195
9.8 Calculation of Area from Co-ordinate Squares....... 196
9.9 Errors in Calculation of Area 196
9.10 Mistakes in Calculation of Area ........eccenns 196
9.11 Measurement of Volume 196

Objective Brain Teasers 199

Conventional Brain Teasers 200
H T 41T 205 - 239
10.1 Introduction 205
10.2 Horizontal Curves 205
10.3 Vertical Curves 207
10.4 Simple Circular Curve-A Detailed Overview........... 208
10.5 Setting Out a Simple Circular CUrve .....evceeeeenrrenne 212
10.6 Curve Passing Through a Fixed Point......cccccccveeeuunnee 221

10.7

10.8

Compound Curve

Reverse Curve

221

224



Surveying and Geology

10.9 Transition Curve 226
10.10 Requirements of a Transition CUrve..........coewcemseeernnns 226
10.11 Ideal Transition Curve 226
10.12 Insertion of the Transition CUIVe .........eeeneeeeennnne 228
10.13 Lemniscate as a Transition Curve

(at the end of Circular Curve) 231
10.17 Comparison of Transition CUrVes.........cerermeesesenns 232

Objective Brain Teasers 233

Conventional Brain Teasers 236
Trigonometric Levelling ........ccccooeeec... 240 - 251
11.1 Introduction 240
11.2 Determination of the height of top level

of a high object when its base in accessible............ 240
11.3 Determination of Height of Top Level of a High

Object when its Base is not Accessible.........oveeennee. 243
11.4 Determination of the Height of Object when the

Two Instrument Stations are not in the same

Vertical Plane 247
11.5 Indirect Levelling on a Steep SIOpe ......ccceveeveerecernes 249
11.6 Effect Due to Refraction 250
11.7 Effect Due to Curvature of Earth.......coveveceevneccennnne. 251
11.8 Total Correction Due to Curvature

and Refraction 252
11.9 Axis Signal Correction 252

Objective Brain Teasers 255

Conventional Brain Teasers 256
Tacheometric Surveying ..................... 258 - 218
12.1 Introduction 258
12.2 Advantages of Tacheometric Surveying .......co..coeee. 258
12.3 Tacheometer 259
12.4 Major Characteristics of a Tacheometer ........cccccuuen.. 259
12.5 Stadia Rod 259
12.6 Systems of Tacheometric Measurements................... 260

12.7 Principle of Stadia Method of Tacheometry................ 261
12.8 Tacheometric Measurement with inclined

Line of Sight and Staff Vertical 263
12.9 Inclined Line of Sight with Staff Normal to

the Line of Sight 267
12.10 Advantages of Holding the Staff Vertical........cccocc..... 268
12.11 Advantages of Holding the Staff Normal to

The Line of Sight 268
12.12 Tangential Method of Tacheometry ......cccccooveeeeeernneees 269
12.13 Disadvantages of Tangential Method

of Tacheometry 271
12.14 Errors in Tacheometric SUrveying.....eeesecesnes 271

Objective Brain Teasers 273

Conventional Brain Teasers 275
L LGE: T TT1 L 1] PO —— 2179 - 291
13.1 Introduction 279
13.2 Importance of Triangulation 280
13.3 Principle of Triangulation 280
13.4 Use of triangulation 280
13.5 Triangulation System 281
13.6 System of Framework in Triangulation ............cccoeecee... 283
13.7 Classification of Triangulation System ..........ccccccoeeeueee. 284
13.8 Signals 284
13.9 Selection of Triangulation Stations...........ccoeeeneeens 288
13.10 Base Line 288
13.11 Computations in Triangulation 290

Objective Brain Teasers 293

Conventional Brain Teasers 294
Aerial Surveying ........coeeeeereeeeenueeene 298 - 319
14.1 Introduction 298
14.2 Terrestrial Photograph and Terrestrial

Photogrammetry 298
14.3 Aerial Photograph and Aerial Photogrammetry ....... 298
14.4 Aerial Photograph 299




Surveying and Geology

14.5 Difference between Map and Aerial Photograph..... 300
14.6 Terminologies in Aerial SUrveying.....cneenseenens 300
14.7 Ground Co-ordinates 304
14.8 Relief Displacement 307
14.9 Area Covered by One Photograph ........oceceenecenn. 308
14.10 Exposure Interval 308
14.11 Air Base 31

Objective Brain Teasers 313

Conventional Brain Teasers 316
ASTIONOMY .......coueerercescnsrenesesscnssenssenns 320 - 341
15.1 Introduction 320
15.2 The Earth 320
15.3 Terminologies in Astronomy 320
15.4 Spherical triangle 323
15.5 The Sun 325
15.6 Locating the Position of Celestial Body........ccoovcernneen. 326
15.7 Useful Relations 329
15.8 Astronomical Triangle 330
15.9 Star at Elongation 331
15.10 Star at Prime Vertical 333
15.11 Star at Horizon 333
15.12 Circumpolar Star 334
15.13 Time 336

Objective Brain Teasers 339

Conventional Brain Teasers 340
GIS, GPS & Remote Sensing ............... 342 - 358

A. GIS (Geographical Information System)

16.1 Introduction 342

16.2 Development of GIS 342
16.3 Importance of GIS 343
16.4 Components of GIS 343
16.5 Applications of GIS 344
B. GPS (Global Positioning System)
16.6 Introduction 344
16.7 Working of GPS 345
16.8 Structure of GPS 345
16.9 Applications of GPS 346
C. Remote Sensing

16.10 Introduction 347
16.11 Electromagnetic Waves 349
16.12 Scattering of Electromagnetic Radiation..........cccc..u.... 350
16.1 Interaction of Electromagnetic Radiation

with Earth’s Surface 352
16.14 Remote Sensing Observation Platforms...........cc......... 353
16.15 Applications of Remote Sensing ........ccccoveeeermereenecees 354

Objective Brain Teasers 356
Engineering Geology .........oeeceeeeuuueenn. 359 - 372
17.1 Introduction 359
17.2 Geologic Mapping and Remote Sensing........c.cccuu.... 359
17.3 Minerology 360
17.4 Geological Agents 362
17.5 Structural Geology 363
17.6 Importance of Engineering Geology.............ccuecceeeeunn. 370
17.7 Geological Hazards 370

Objective Brain Teasers 371
AppendiX........ .“ .“ «.373







CHAPTER

Fundamentals of
Surveying

1.1 INTRODUCTION

e Surveying is the science of determining the relative positions of different features on ground, along
with their elevations.

e The relative positions are determined by measuring the horizontal distances, horizontal angles,
vertical distances and the vertical angles.

e  Aftertaking observations in the field, computations are done in office to prepare topographic map or
plan of the area.

e These maps or plans are needed for various purposes like computing the volume of earth work,
volume of reservoir, finalizing the alignment of canal, railway line or highway and for this, sufficient
number of points and lines have to be located on the plan.

e Thenew developments that would be impossible without accurate surveys include testing equipment
like rocket tracks, accelerators for atomic research, as well as control for both position and direction
of rockets, intercontinental missiles and space craft.

1.2 OBJECTIVE OF SURVEYING

The objectives of surveying can be stated as follows:

a) Collect and record data of the relative positions of points on the surface of the earth.

(

(b) Compute areas and volumes using data collected from survey, required for various purposes.
(c) Prepare the plans and maps required for various activities.

(d) Layout the various engineering works in correct positions.

(e) Checkthe accuracy of built up structures.

1.3 TYPE OF SURVEY

1.3.1 Classification of Survey Based on Accuracy Desired

(a) Plane Survey: In this type of survey, the mean surface of earth is assumed to be flat and not the
curved one. Here, the level lines are regarded as straight lines and the angle between any two such
lines is taken as the plane angle and not the spherical angle.
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This type of survey is used when the area under consideration is of small extent. (less than 250 km?).
Almost all surveys for various engineering projects like construction of dams, highways, railway
lines, canals etc. use plane survey.

(b) Geodetic Survey: In this type of survey, the shape or the curvature of earth is taken into account in
order to have a higher degree of precision. Such surveys are required for surveying large areas
(more than 250 km?) and measurements are required to be made with the highest possible order of
precision. Here, a line connecting the two points is an arc and not the straight line. This distance
between the two points is corrected for curvature and then plotted on the plan. The angle between
the two lines is the spherical angle. Thus all this requires a high level of computation work.
Geodetic survey is needed to fix the widely spaced control points that are later on used as necessary
control points for fixing the minor control points.

1.3.2 Classification of Survey Based on Place of Survey

(a) Land Survey: It is the survey which is being done on land to prepare plans and maps of a given
area. It involves running of survey lines and determining their length and directions thereby sub
dividing the area into definite shapes and sizes and calculating their areas etc. in order to set up a
structure.

(b) Hydrographic Survey: It involves survey of water bodies like streams, sea, ponds etc. The basic
purpose of this survey is to design water navigation system by determining the shore line. Apart
from this, this survey is done to determine the amount of water stored by a water body, water supply,
under water construction etc.

(¢) Underground Survey: This survey is required for construction of tunnels for highways, railways,
water transport, mines etc. Here in this survey, transfer of surface line coordinates to the underground
line etc. are done.

(d) Aerial Survey: This survey is carried out above ground by taking the aerial photographs with cameras
fitted to airplanes, helicopters etc. This survey is particularly required for preparing large scale
maps of an area, for development of projects in areas where ground survey is difficult or too much
time consuming.

1.3.3 Classification of Survey Based on Instrument Used

(a) Chain Survey: Here, only the linear measurements are made with a chain (or a tape) and no angular
measurements are made. This survey is of limited use, since it requires clear ground without any
obstruction like intervening trees, buildings, rivers etc. This survey is particularly useful for laying of
sewer lines, water supply lines, construction of roads etc.

(b) Compass Surveying : In this survey, horizontal angles are measured with the help of a magnetic
compass. Magnetic compass works on the principle that a freely suspended magnetic needle
points in the magnetic north-south direction. A compass together with a chain or tape, can be used
to survey a given area by many methods such as traversing.

(c) Leveling: Here, relative, elevations of different points are determined. A graduated staff and a level
are used for this purpose. Almost all projects require determination of the elevation of the different
points and this is achieved by leveling.

MRDE ERSY www.madeeasypublications.org Solve;{ hﬁiﬁﬂfi CE
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(d) Plane Table survey: In this, survey, observations and plotting are done simultaneously in the field.
The advantage of this method is that there is least possibility of omitting any important measurement
since the actual field being surveyed is in view on the plot in the field itself. The drawbacks of this
method are that it cannot be done in humid or rainy weather and the carrying of plane table apparatus
is cumbersome.

(e) Theodolite Survey: In this type of survey horizontal and vertical angles are measured with the help
of theodolite. A theodolite is a very precise instrument used for measuring horizontal and vertical
angles. Theodolite survey can be broadly classified into two types:

(i) Traverse survey
(i) Triangulation survey

(f) Triangulation: This method of survey is used for large areas. The entire area is divided into a
network of triangles and any one side of any of the triangles so formed is measured very precisely.
This line is referred to as baseline. All the angles of the network are measured. The lengths of the
sides of the triangles are then computed using the laws of triangles.

(g) Tacheometry: Here, in this type of survey, both the horizontal distance and the vertical distance are
measured by sighting a graduated staff with a transit telescope fitted with an analytic lens. It is
particularly useful when direct measurement of horizontal distances are not possible.

(h) EDM Survey: EDM refers to Electronic Distance Measurement and in this method of survey, distances
are measured electronically using wave propagation, reflection and subsequent reception of the
reflected wave. Some of the examples of EDM instruments are tellurometer, distomat, geodiameter
etc.

(i) Total Station Survey: Total station is the combination of conventional transit theodolite with EDM
instrument. It reads and records the horizontal and vertical distances together with slope distances.
This instrument also computes the Cartesian coordinates of the observed points, slope corrections,
elevation of remote objects etc. Survey carried out using total station is referred to as total station
survey.

(j) Satellite Survey: In this method of survey, information about the land or space is determined using
satellite based navigation system like the GPS (Global Positioning System). Another method is the

Remote Sensing wherein the data about an object is acquired using the sensors placed on satellite.

A

w e Trilateration is the type of triangulation in which all the three sides of each triangle are
'5 measured accurately with the help of EDM instrument. Then angles are computed
Z|—=/

indirectly from the known sides of the triangles.

Classification of Survey based on Purpose

(a) Geological Survey: In this type of survey, information about both the surface and sub-surface is
acquired for assessing the extent of different reserves like the minerals, rocks etc. It is also used for
locating the faults, folds and other unconformities in the ground. This survey helps in determining
the type of foundation, soil treatment required etc.

(b) Geographical Survey: This survey is done for preparation of geographical maps depicting the land
use efficiency, irrigation intensity, surface drainage, slope profile, contours, national boundaries etc.

MRDE ERSYH
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(c)

(d)

(e)

(f)

(9)
(h)

Engineering Survey: This survey is required to be done for acquiring information for the planning
and design of engineering projects like the highways, dams, railway line, water supply design,
reservoirs, bridges etc. It involves topographic survey of the area, earthwork measurement etc.
Cadastral Survey: These are done to establish boundary of properties for legal purposes. These
are also called public land survey.

Defence Survey: Such surveys are done for military purpose. They provide strategic information for
deciding the future course of action. Aerial and topographical maps of the area are prepared which

gives crucial information about the existing roads, airports, ordnance depots etc.
Mine Survey: This requires both the surface and the underground surveys. It involves making the
surface map and doing the underground survey for locating the reserves of minerals.

Route Survey: It is a sort of linear survey for deciding the alignment of a highway or a railway.

Archaeological Survey: This is done to gather information about the ancient monuments, towns,
villages, kingdoms, past civilizations, temples, forts etc. buried underground due to natural forces
like earthquakes, landslides, floods etc. It gives an idea about the past history, culture and
development of the civilization that existed in the past. These provide vital links on understanding

the evolution of the present civilisation as well as human beings.

1.4 PRINCIPLES OF SURVEYING

The two basic principles of surveying are as follows:

(@)
(b)

Work from whole to part
Locate a point by at least two measurements (linear or angular).

1.4.1 Work from Whole to Part

It is the first principle of surveying.

By this principle, it means that the surveyor should first establish the large frame work consisting of
main control points, accurately.

In between the large frame work so established, subsidiary small frame works can be established
by a relatively less accurate survey. By doing so, the errors in small frame work get localized and
are not magnified and thus the accumulation of errors gets confined.

In the reverse process of working from part to whole, small errors get magnified due to accumulation
of errors from small frame work to large frame work.

1.4.2 Locate a point by atleast two measurements

According to this principle, the new point (station) should always be fixed by atleast two measurements
(linear or angular) from a fixed reference point.

Take two control points A and B and the distance between them is accurately measured. By using
A and B, two control points whose positions are already known on the plan, the position of C can be
plotted by any of the following methods:

www.madeeasypublications.org Solve;{ hﬁiﬁﬂfi CE
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B
L
b Offsets c
P
A
A
(a) (By measuring distance AC & BC) (b) By measuring distance CD at right angles to AB,
while distance AD or distance BD is known
B
(o)
0
Ad
(c) By measuring distance AC and angles 6 (d) By measuring angle 0,,& angle 0,

Fig. Location of unknown point from two known points

1.5 UNITS OF MEASUREMENT

There are many units of measurement that are prevalent worldwide like the CGS System, FPS System,
MKS System but the standard one is the Sl System.

Past records of all survey works are usually in FPS System. Thus to use those records and any other
records that are in different units, those have to be converted into Sl unit or other unit that is in use.

Length Unit Conversion Area Unit Conversion
Unit Conversion factor for m Unit Conversion factor for m’
1 astronomical unit 149597870691 1 acre 4046.85
1 angstrom 1x10"° 1 are 100
1 chain 20.1168 1 hectare 10°
1 fathom 1.8288 e 00929
1 foot 0.3048 1inch 6.4516 x 10
1 furlong 201.168 1 mile2 2589988.11
1 inch 0.0254 1 yard2 0.8361
1 light year 9460730472581000
1 mile 1609.344
1 nautical mile 1852
1 yard 0.9144

MRDE ERSYH www.madeeasypublications.org 301veg hﬁiﬁinvﬁfg; CE
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Volume Unit Conversion Pressure Unit Conversion
Unit Conversion factor for m3 Unit Conversion factor for N/m2
1 barrel 0.1589873 1 atm 101325
1yard® 0.765 1 bar 1x10°
1.US gallon 3.785 x 10‘2 1 mm Hg 133.3
1UK 93”0” 4.546 x 10 1 pound per sq. feet (psf) 47.88
1 liter 0.001 1 pound per sq. inch (psi) 6894.75
1 torr 133.32
1.6 BASICS MEASUREMENTS IN SURVEYING

e Insurveying, the direction of gravity is taken as reference for all measurements.

e The direction of gravity is established by suspending a plumb bob freely. This direction of gravity is
taken as the vertical direction. Thus horizontal direction is at right angle to the vertical direction.

e Any plane which contains the horizontal line and perpendicular to the vertical direction is called as
horizontal plane. The plane containing the vertical line is called as vertical plane.

In surveying, the following basic measurements made are:

(a) Horizontal distance: The horizontal distance is measured in horizontal plane. On slopping ground,
the distance between two points is reduced to horizontal equivalent.

(b) Horizontal angle: The horizontal angle is measured between two lines in horizontal plane. Theoretically,
the angle between two lines can vary from 0° to 360°.

(c) Vertical distance: As stated above, the direction of gravity is taken as vertical direction and thus
vertical distances are measured in the direction of gravity. The vertical distances are measured to
determine the difference of elevations between the various points.

(d) Vertical angle: Vertical angle is measured between two lines in vertical plane.

1.6.1 Instruments Used for Various Types of Measurement

(a) For horizontal distance measurement : Tape, chain, tacheometer, EDM etc.

(b) For horizontal angle measurement : Magnetic compass, theodolites, total station, sextant etc.

(c) For vertical distance measurement : Tacheometer, levelling instruments like dumpy level etc.

(d) For vertical angle measurement : Sextant, clinometer, theodolite etc.

1.7 PLAN AND MAP

e Plan: It is the graphical representation of various features on or near to the earth’s surface as
projected on a horizontal plane. Plan represents the area on a earth surface. The horizontal distances
are measured between the various points on earth surface. Because of small areas involved in
surveying as compared to earth’s total area, the areas may be regarded as flat surface and the plan
is constructed by orthographic projections. A plan is usually drawn on a relatively large scale.

e Map: In this, the scale of graphical projection on horizontal plane is small. Due to small scales a
map depicts a large number of details as compared to plan. Some additional features are also
shown on map like reliefs, contour lines, undulations etc.

MEDE ERSYH P Theory with
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e Therefore, alarge scale representation of small areas in engineering surveys are called plans whereas
small scale representation of large area are called maps.

1.7.1 Scale of Map
e A map is made on a sheet of paper which has limited dimensions.
e Onthisrestricted area, a large number of details have to be shown.

e Thus original distances between various points on earth’s surface have to be reduced so that these
points can be accommodated on the sheet of paper.

e The ratio of distance between two points on map to corresponding distance on ground is called as
Scale of Map.

Distance between two points on map
Corresponding distance between those two points on ground

Thus, Scale of Map =

e The scale of map should neither be too small nor too large
Scales are generally classified as small, medium and large

Small scale 1cm = 100 m or more
Medium scale 1cm=10mto 100 m
Large scale 1cm = 10mor less

In most of the engineering projects, scale variesfrom1cm=25mto1cm =100 m.

A scale may be represented either numerically by engineer’s scale or representative fraction or
graphically.

—a— ° Graphicalscale has an advantage over numerical scale. Over a period of time, the

|I'I_'I paper on which map is drawn may shrinks.
Q Vi e |nthis case of shrinkage of map, graphical scale also changes with map therefore
< ! the ratio is unaffected and distance can be found accurately. But numerical scale
may not give accurate results in case of shrinkage of may.
Example 1.1 A plan represents a rectangular area of 61965 m? and measures 8.5 cm by

10 cm. What is the scale of map?

Solution:
Area of plan = 8.5 x 10 cm? = 85 cm?
But actual area = Plan area x (scale)?

= Scale = {61965 =27
85

. Time scaleis 1 cm =27 m.

1.7.2 Representation of Scale

(a) Engineer’s scale: This scale is represented by a statement like 1 cm =50m or 1 cm = 180 m etc.
A scale of 1 cm = 80 m implies 80 m on ground is represented by 1 cm on map.
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(b) Representative fraction (RF): This scale is expressed as fractions in same units. For example, 1

cm =50 m is represented in RF as 1 : 5000 or 1/5000. Here 50 m is converted as 5000 cm.

(c) Graphical scale: It is the line drawn on map such that its map distance corresponds to a convenient

unit of length on ground.

10 0 10 20 30 40 50
(NINEN | | | | |
(a)

10 10 20 30 40 50

0
HH —— ——
(b)
Fig: Graphical scale

1.7.3 TypesofScales

Scales may be classified as follows:

1. Plainscale 2. Diagonal scale

3. Vernier scale 4. Scale of chords

1. Plain scale: Itis the scale on which itis possible to measure two dimensions only such as units and
lengths, meters and decimeters, cm and mm etc.

2. Diagonal scale: On a diagonal scale, it is possible to measure there dimensions such as meters,
decimeters and centimeter.

3. Vernier Scale: A vernier is a device for measuring accurately to fractional part of the smallest
division on a graduated scale i.e. main scale. It consists of a small auxiliary scale which slides
along side the main scale. It is known as vernier scale. It consists of an index mark which point out
zero of the vernier scale. The divisions of vernier scale are made either slightly shorter or slightly
longer than that of the main scale.

The vernier can be divided into following classes:

(a) Direct vernier: The vernier which extends in the same direction as that of the main scale and in
which the smallest division on the vernier is shorter than the smallest division on the main scale,
is known as direct vernier. Let n divisions of vernier scale are equal in length to (n— 1) divisions
on main scale.

Thus, nv =(n-1)8
n-1
V — _.S
n
Where v = Length of one division on vernier scale
and S = Length of one division on the main scale
The least count (L.C.) is, given by
LC =s-v
(n-1)
or LC. =s- 5
n
s
or LC =—
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e Theleastcount(L.C.)of the vernier is thus equal to the value of the smallest division on the main
scale(s) divided by the total number (n) of divisions on the vernier.

(b) RetrogradeVernier: A retrograde vernier has divisions which are slightly longer than
those of the main scale. If n divisions of the vernier scale are equal to (n + 1) divisions
onthe main scale,

nv =(n+1)s
n+1
or v = —( )s
n
Therefore, leastcount (L.C.) =v-s
]
INGL) W
n
or LC = S
n

As in the case of a direct vernier, the least count is equal to the smallest division on the main
scale (s) divided by the number (n) of divisions on the vernier.

It may be noted that the readings in the case of a retrograde vernier increase in a direction
opposite to that of the main scale, whereas in the case of a direct vernier both increase in the
same direction.

(c) Double Vernier: A double vernier is a vernier scale with its zero at the centre and extending in
both directions from the centre. It is used where there are two main scales running in opposite
direction. The vernier to be used will run in the same direction as the main scale.

(d) Extended vernier: Extended verniers are used when the main scale divisions are very close
and it is difficult to judge the coincidence. In this case (2n — 1) divisions of main scale are
divided into n divisions of the vernier scale. The least count is m/n.

Vernier division, v = (2n—1)m/n

4. Scale of chords: Scale of chords is sued to measure an angle and is marked either rectangular
protractor or an ordinary box wood scale.

1.8 ERRORS INCURRING DUE TO SHRINKAGE OF MAP

¢  Drawing sheets or map shrink due to temperature, humidity etc.
e Obviously, the lines present on map will shrink.
e Thelengths measured from the shrunk map do not represent the correct distances.

e Graphical scale has the advantage that the amount of shrinkage of map and the graphical scale is
the same.

e Butinthe absence of graphical scale, correct lengths has to be worked out. Here, we define shrinkage
ratios (or shrinkage factor) as

Shrunk length  Shrunk scale  Shrunk R.F.
Actual length ~ Original scale ~ Original R.F.

Shrinkage ratio (or shrinkage factor)=
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This shrinkage ratio is always less than one (or unity)

Measured length
Shrinkage ratio

Thus, correct length =

Measured area
(Shrinkage ratio)?

Similarly, Correctarea =

Example 1.2 The plan area of an old survey plotted to a scale of 10 m to 1 cm presently

measures 80.5 cm?. It is believed that plan has shunk so that the original line of 10 cm now measures
9.2 cm. A note on the plan states that chain used was of 20 m and was 8 cm too short. What is the true
area of the survey ?

Solution:

2
10
Original plan area (A) = (@J x80:5 = 95.11 om?

Scale of planis 10 m = 1cm
o Areaonground = 95.11 x 102 = 9511 m?
Now the chain was 8 cm too short and chain length used was of length 20 m
I”’=20-0.08=19.92m

19.92
20

2
True area of field/survey = ( J x9511 = 9435.06 m?

1.9 DISTINCTION BETWEEN PRECISION AND ACCURACY
e Precisionis referred to as the degree of fineness and care with which any physical measurement is
made whereas accuracy is the degree of perfection obtained in the measurement.
e Measurements may be accurate without being precise and Vice Versa.
e Insurveying, to produce a plan, the accuracy required is defined by the scale of the plot.
e A good draughts person can plot a length to within 0.25 mm and so at a scale of 1: 1000i.e. 1 mm
on the plan representing 1 m on the ground, the smallest plotable distance is 0.25 m. Thus for a
survey at 1: 1000 scale all the measurements must be taken such that the relative positions of any
point with respect to any other must be determined to 0.25 m or better.
1.10 ERRORS INCURRING DUE TO WRONG MEASURING SCALE
The measured length of a line on a map (or a plan) will not be correct if a wrong measuring scale is used.
To understand this, let a map is prepared with a scale of 1: 100, but later on the length is taken with a
scale of 1:150. Thus the measured distance of 20 cm. On map will actually represent 20 m on ground,
but would be taken as 30 m due to wrong scale.
Correctlength = Mx Measured length
Correct scale
2
Similarly, Correctarea = Wrong scale x Measured area
Correct scale
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L3

Q.1

Q.2

Q.3

Q.4

Q.5

Q.6

Q.7

OBJECTIVE
BRAIN TEASERS

Which of the following scale in the longest?
(@) 1:50000 (b) Tcm=50m
() 1Tecm=500km (d) R.F.=1/500000

The R.F. of scale 1cm =5km s
(@ 1/5 (b) 1/50
(c) 1/500000 (d) 1/50000

The main principal of survey is

(@) to work from left to right

(b) to work from top to bottom

(c) towork from to left to bottom right
(d) towork from whole to part

Shrinkage ratio is expressed as

(@) shrunklength/original length
(b) shrunklength + original length
(c) shrunk length x original length
(d) None of these

The type of surveying wherein curvature of earth
is also accounted for is known as

(a) plainsurveying

(b) hydrographic surveying

(c) aerial surveying

(d) geodetic surveying

A survey plan was plotted to a scale of 20 m to
1 cm. This scale was reduced in such a way that
originally 20 cm line now measures 19 cm. If
area of reduced plan is 100 cm?, then actual area
of survey was
(a) 44320 m?
(c) 36100m?

(b) 110.8cm?
(d) Datainsufficient

Match List-l with List-1l and select the correct

answer using the codes given below the lists:
List-1

. Stream gauging

. Station pointer

. Tide gauge

. Sounding
List-11

. Solving three point problem

oo o>

—

oo racwace P

Q.8

Q.9
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To determine water level and its variation
The process of determining the river bed depth
To measure turbidity

. Measuring the discharge of a stream

Codes:
A

oA WwN

L
w o s W

@
d

- 0w N~ @
NN =0
o w NN = O

The map projection in which the angle between
any pair of short lines represented correctly is
called

(a) conformal projection

(b) equidistant projection

(c) azimuthal projection

(d) equal area projection

The type of surveying in which the curvature of
the earth is taken into account is called

(a) Geodetic surveying

(b) Plane surveying

(c) Preliminary surveying

(d) Topographical surveying

Q.10 Assertion (A) : Nautical sextant is used in

hydrographic surveying.

Reason (R) : This instrument helps in
determining the depth of water.

(a) Both Assertion (A) and Reason (R) are
individually true and Reason (R) is the
correct explanation of Assertion (A).

Both Assertion (A) and Reason (R) are
individually true but Reason (R) is NOT the
correct explanation of Assertion (A).

(c) Assertion (A)is true but Reason (R) is false.
Assertion (A) is false but Reason (R) is true.

Q.11 Arectangular plot of 50 km? in area is shown on a

map by a similar rectangular area of 2 cm?. RF of
the scale to measure a distance of 50 km will be

1 1

@ J500 ®) 500000
1 1

© 200 @ 75000
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