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Course Objectives & e,
»  To study and understand the different methods involved in survey field work Pse:. ¢
> To know the importance of theodolite, total station and their practical applications "

» To study the basic concept of trigonometrical levelling, and field applications
» To analyse the curves for survey work related to Roads and Railways
> To study the applications of GPS for field work.
Course Outcomes i
After completing the course, the students will able to
Compute lengths, areas and bearings of the given field work
Understand the basic working principles of theodolite and total station
Compute setting out data for setting out of horizontal curves by various methods

Understand and learn the basic concepts related to GPS
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List of Experiments:
1. . Applications of chain traversing to locate a building and field objects by taking
perpendicular and oblique offsets and recording in the field book.
Study of prismatic compass and setting out a polygon
Plane table survey: Radiation & Intersection methods
Introduction to levelling: Differential lev?lling using dumpy/Auto level
Profile and cross-sectional levelling usin% Dumpy/Auto level
Measurement of horizontal angles by repetition and reiteration methods using Vemier
Theodolite. . i 5
7.  Measurement of vertical angle: Applicatién to simple problems of height and distance by
measuring angle of elevation and depression :
8. Single plane method: Determination of R.L. of an elevated Object using two Instrument
Stations which are placed in a same vertical plane- when base of the Objectinaccessible.
9.  Two plane method: Determination of R.L. of an_ elevated Object using two
~ Instrument Stations which are not placed in the same vertical plane- when base of the Object
inaccessible. i
10. Setting out of a simple circular curve by linear method
11.  Setting out of a simple circular curve by angular method
12.  Introduction to Total station and applications: To determine difference in elevation of any
, two given points. The introduction includes, setting up of the Total station over a station,
! input values, field measurements, downloading of the data in to acomputer.
13. Total station and applications: Application to simple problems of height and distance by
measuring angle of elevation and depression and determination of R.L of thetarget object.
14.  Total station and applications: Determination of area enclosed in a closed traverse having
minimum 5 stations. Plot the measured values by using a software package.
15.  Global Positioning System (GPS): Determination of Latitude and Longitude of any four
stations and computation of the area.
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Note: At least 10 experiments must be performed during the semester
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MUFFAKHAM JAH COLLEGE OF ENGINEERING AND TECHNOLOGY
CIVIL ENGINEERING DEPARTMENT
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CHAIN SURVEYING

INTRODUCTION:

Chain surveying is the method of land surveying in which only linear
Measurements are made. No angular measurements are taken. This is the simplest
type of surveying and consists of measuring the lengths of the lines marked out in the
field. Chain surveying requires only simple instruments like chain, tape & few ranging
rods but it is much time consuming. It is suitable only when the ground to be
surveyed is flat and the area to be surveyed is small. '

~ The process of measuring the horizontal distance between two terminal
stations is known as chaining, which may be done either along a level .ground or
along a sloping ground. For measuring the lengths of the lines it is important that the
chain should follow as far as possible straight line between the terminal points. If the
line is long or if the terminal stations are not intervisible, the it is necessary to place
ranging rods at intermediate points to maintain the direction. This operation of
establishing intermediate points on a straight line between the terminal points is
known as ranging. :

Instruments used in chain surveying:-

The following are some of the instruments used in chain surveying.

1. CHAIN:- Chains are used for linear measurements. Metric chains are generally
available in 20m or 30m length. A chain is composed of links of gaivanised mild
steel wire of 4mm diameter. Each metre length is divided into 5links, each of
20cm length measured from the centre to centre of links.

BRES AvC, A
VoY METRE

The following chains are used in countries where the unit of linear
measurement is foot.




S.No. Name Length No. of links
. Gunters chain 66ft 100
2. Revenue chain 33ft 16
3. Engineer’s chain 100ft 100

2. METALLIC TAPE:- This is made of linen cloth reinforced with brass or copper

wires tc_: prevent undue stretching. The tape is 12mm wide, the zero being at the
end of its brass terminal loop. The common lengths of tapes used are 15m, 20m
or 30m and are coiled into a circular flat leather or plastic box by means of a

brass-handle which can be folded by a winding device.
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Steel tape

3. ARROWS:- These are used to mark the end of te chain Iehgth by inserting them
into the ground. These are steel pins 400mm long and are pointed at one end.
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They have a ring at the other end to facilitate in carrying them. A bunch of 10
arrows is atways camied along with the chain.

4. PEGS:- Pegs are made from hard timber and tapered at one end. They are
usually 2.5cm square and 15cm long. These are driven into the ground to mark
the positions of the stations.

5. PLUMB BOB:- It is required when measuring distances along slopes in a hilly
country to transfer the points to the ground as in the method of stepping and also
used for testing the verticality of the ranging poles.

6. RANGING RODS:- These are wooden or metal poles of 2m or 3m length with
30mm diameter. They are provided with iron shoes at their lower ends to facilitate
easy driving into the ground. They are pointed in bands alternately black and
white or red and white for better visibility. These are used to define a station point
and also for ranging the line. For distant stations a coloured flag is inserted at the
tori for clear identification of a station. In such case they are also termed as flag
poles. :

7. OFFSET RODS:- It has two short narrow vertical slots passing through the centre
- of the section at right angles to one another and set at about the eye level.

8. CROSS STAFF:-The cross staff is the simplest instrument for setting out right
anglesThe different types of cross staves are 1)Open cross staff 2)French cross
staff. The French cross staff consists of a hallow octagonal brass box with sighting
slits cut in the the middle of each face such that the lines between the centres of
opposites slits make angles of 45 with each other.Therefore it is possible to set

out angles of either 45 or 90 with this instrument.
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ain:- To spread the chain on the ground, it is unstrapped and
hurled on to the ground with right hand, as far as possible in the direction of the line
to be measured. One person holds one handle firmly under his foot and another
person pulls the other handle with a jerk to remove any kinks and then spreads the
chain in a straight line.

To fold a spread chain, its two handles are brought together and the chain is
folded starting from the central tally collecting the two links on either side of it at the
same distance from it and folding them back to back. Then the chain is strapped. 3
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PRINCIPLES OF CHAIN S

. i area to be surveyeq ;
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details. The plan of the area & the details are p

measurements taken in the field. _

For large areas, the system consists of a frame work of triangles.
Basic definitions:-

1) Main Survey stations:- Main survey stations are prominent points which are
connected by survey lines to
form the triangles. These are
the points at the beginning
and at the end of the survey
lines. For example in A, B, C,
& D are the main stations.

2) Main Survey Lines:- The
lines joining the main survey
stations are called main
survey lines or chain lines.

3) Check lines:- These are the
lines which are run to check
the accuracy of the frame work of trianglés. The chec

plotting the triangles. A check line is m i
L el casured in the field during the surveying
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4) Offsets:- :
Offsets are the lateral distances measured from the survey lines. Offsets

are taken from the survey lines to determine the location of the details.

The offsets are of two types:
1) Perpendicular Offsets. 2) Oblique Offsets.

The perpendicular offset is perpendicular to tf_1e survey lines. The oblique
offset is a short measurement inclined to the chain line.
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5) Tie lines:- .
If the distance of the point of detail from the chain line is very larqe,'long
offsets have to be taken. The tie lines are the lines run to locate details to

avoid long offsets.

6) Base lines:- . oy
The base line is a long survey line which runs through the middle of the
area to be surveyed. The frame work of triangles is buitt up on the base line.

Well Conditioned Triangle

In chain surveying, an attempt should be made to select main survey stations
so that they form well conditioned triangles. A triangle is said to be well conditioned if
it can be plotted accurately by the intersection of arcs from the ends of the base line.
An equilateral triangle is said to be an ideal well conditioned triangle. If equilateral
triangle is not possible due to site conditions, an attempt should be made to form a
triangle in which no angle is less than 30° nor more than 120°. This will give a fairy
good intersection when plotting the triangles.
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5. The main survey line should form well con(:;:la N ihere are no obstacles in chaining

6. The survey lines should be selected such
and ranging. ) . .

7. ke surser;glines should be closed to the detail to avoid Io_ngt;atl)(fefsientsr.neasurem_

8. Each triangle should have a check line to detect the mls‘ e e_nts
and plotting. T . o g

9. While selecting the main stations and survey lines, the basic - principle of
surveying of working from whole to part should be followed.

ground as far as possible so that

FIELD WORK IN CHAIN SURVEYING:

The field work in chain surveying can be divided into the followipg four stages.
1. Reconnaissance 2.Marking stations 3.Running survey lines 4.Taking offsets

1. Reconnaissance:
Reconnaissance is the preliminary inspection of the area to be survey to have some

idea of the terrain and the principal features of the ground. In reconnaissance, the
surveyor thoroughly examines the ground and then decides upon the best possible
arrangements of triangles. Suitable positions of main survey stations and survey lines
are then selected. The intervisibility of the selected stations are checked after fixing

the ranging rods.

During reconnaissance, the surveyor generally makes an index sketch of
the key pla'n. to show the principal features, such as buildings, roads, boundaries
etc.The positions of the stations and survey lines are also marked' '

2. Marking Stations:

Reference sketch for stations:
Reference sketches are required to

locat
positions of the stations at a futyre date. Aft - e the @
er the statj
been marked, its distances from PeManent refere tation has Q\ P
around the station are measured. The st Nce points NN
located by taking suitable measurements fr‘;""f are to pe G2 sTATON
any three \E
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and easily recognisable, such as the comer of the building, gate pillars, boundary

stones, fence etc.

h two measurements are sufficient to locate the stations from the

Althoug
rement to taken to serve as a check.

reference point a third measu

3. Running Survey Line: . _
Survey lines are run to measure the distance between main stations and

locate the adjacent details by offsets. The chaining usually commences from
the base line and is continued to other survey lines. ‘

4. Taking Offsets:
The process of taking the offsets is also known as offsetting. The offsets are

generally measured with a metallic tape in chain surveying. An offset rod can be

also used for taking short offsets if the tape is not available. The offsets are

generally termed short if they are less than 15 metres in length. The offsets are

" long offsets when they are more than 15 metres in length. The maximum length of

the offsets is generally limited to 1 tape length, usually 30metres. When the length

~ exceeds 30 metres, a tie line should be run to take the offsets. However the
- maximum length of offset depends on the scale of plot chosen for drawing.
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Plotting of a Chain Surveying Work:

The main object of a Chain
Survey is to produce plans and maps of
the area surveyed. These plans and
maps also indicate the various details of
the area. Before plofting the plan, the
scale is to be selected.

The base line which is generally
the longest line is plotted first in the
middle of the drawing paper. The
intermediate stations on the base line
are then marked by scaling the
comresponding chainages. The positions
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QUESTIONS FOR VIVA-VOCE

Define surveying.

Give the names of different types of surveying.

What do you understand by cadastral surveys?

What is meant by geodetic surveys?

Bl_‘leﬂy explain the meaning of topographic surveys.

Give the names of some of the survey instruments in which telescope is attached.
Which instruments are used when horizontal angles are to taken?

Give the names of some instrument from which angles of elevation as well as
angles of depression both can be read.
9. How will you define a scale?

10. In what ways a scale may be represented? 1 |
11. Define Representative Fraction. > %I IAGE Lo
12. What is the full form of R.F? K JH/ ‘
13. Differentiate between Scale and R.F.

14. What do you understand by Least Count in a scale?

15. How will you define least count in a vemier scale?

16. Why the chain and tape survey is so named?

17. What instruments are required for chain and tape survey?

18. Of what material is the chain made?

19. Name different parts of chain. ' _
20. Of what material the arrows or pins, handles of the chain and the tags made?
21. Of what material are the links and the rings in the chain made of? ;
22. Why tags are generally made of brass?

23. What is the purpose of the tags in the chain?

24. What is the function of the arrows or pins?

25. Of what material the ranging rods are made?

26. What is the size of a ranging rod?

27. Why are the ranging rods altemately coloured?

28. How many types of chains do you know?

29. What is the name of the chain that you use in your surveys?

30. What is an Engineer’s chain?

31. What is a metric chain?

32. What is the length of a metric chain?

33. How are the tags placed in a metric chain?

34. What is an offset?

35. What is an optical square?

36. What is a cross staff?

37. What is the best time of survey?

38. How to cross a narrow river in chain and tape survey?

39. How to avoid an obstacle in chaining?

40. How to tum a chain a t right angles wit the help of chain and tape?

41. Describe a Gunter's chain.

42. What are the advantages of a Gunter's chain?

43. Give the names of different types of tapes.

44. What is the name of the tape which you generally use in surveys?

45. What is an invar steel tape?

46. How to carry o chain and tape survey in a thick jungle?

47. How to measure the horizontal distances on a steep slope?

48. What is a field book?

49. What are probable errors in chain and tape surveying?

50. When is the chain and tape survey most suitable

51. What are the objects of surveying?

52. What is the principle of surveying?
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gi. Explain the methods of chaining along @ sloping ground?
55. xplagn how a chain is tested and adjusted?
. Explain the following terms.
a)Chaining b) Ranging c) Compe
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60. ; A 2
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: ‘ with sketches how you would ove i i
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b; T::gse which obstruct ranging but not chaining.
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MUFFAKHAM JAH COLLEGE OF ENGINEERING AND TECHNOLOGY
CIVIL ENGINEERING DEPARTMENT -
Surveying Laboratory

COMPASS SURVEY

INTRODUCTION:-

Surveying in which a compass is used to measure the direction of survey line
in a traverse is known as compass survey. Compass surveying is suitable in the
following situations.

a) When the surveying has to be done quickly and .other types of surveying are
considered difficult.

b) When the area is hilly & chaining is difficult:

c) When the surveying is to be done in dense forest.

d) When the area cannot be divided into triangles like in urban areas.

e) When the area to be surveyed is too long & narrow, eg = Road, Canal etc. .

f) When the area is large with few details. -

) However compass sutvey is not suitable in area having magnetlc rock,
iron ore, power transmission lines etc, which™ will affect the magnet of the compass.

COMPASS:

The angles at stations B — ~
are measured with the help of
a compass. The prismatic
compass ‘is the one which is
most commonly used by
engineers.

PRISMATIC COMPASS

(1)At the centre of the metal
box there is a pivot (2) It
carmries a magnetic needle (3)
The needle is attached to an

aluminum ring which is G

graduated to ¥ degree (4) A

light ‘spring brake (16) Is ]' ~g

attached to the inside of the ' @)
box to damp the oscillations

of the needle and bring it to

rest before taking a reading. 1.Compass box. 10. Colourcd glasses.
The spring is brought to rest 2 pivoL 11. Focussing $crew.
by means of the inward brake 3. Magnctic needle. 12. Object-vane.
pin (15) A reflecting pn'?m (h7) 4 Geasimicauine 13. tHonclwr
facilitates reading of the 1 l j T
angles and is protected from 5. Agate cap. o m
moisture and dust etc., by a  6.Glass cover. 15. | l

prism cap (8) A sighting slit 7.Prism. ' 16. Spmgm
(9) is provided through which 8 Prism czp. 17. | Liftiog pin.
the readings can be read. The 9. Sighting elit. _ 18. ! Ll\ing lever.
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: ding. Th
are made convex which mag(nﬂc)asT:;eof;:d' vgane iz
i iusted by means of the focussing sajm the side of the box and
rocu?s o Cantpiaigjzzposite to the prism (12) “b: hing® n the face of the
ocated diametn : can : or in (17) This

i [ ifting pin (

giﬁigﬁgﬂy lifts the pivot by the lifting s, ded on the side of 1Ehe Iobjecc:

t f the pivot. A tilted reflecting mirro . ken. A pair of coloure
g e e Jow objects to be ta ble sighting the

vane to enable bearings of very high or | . ne to ena
5 the object va
glasses (10) are provided between the slit and rovidéd o enclose the compass and

sun or any luminous object. A metal cover IS P
the object vane.

prism base and vertical faces

Bearing of a line:-

The bearing of de |
= ken as reference line In compas

reference line. Magnetic meridian is ta

" TRUE MERIDIAN _ .
AGNETIC MERIDIAN

Tr'l-Je' Meridian:-

The line or plane passing through the
geographical north pole, south pole and -any
convenient point on the surface of the earth is’
known as the true meridian. True meridian is
constant at a station. The angle between the
true meridian and a line is known as ‘true
bearing’ or ‘Azimuth’.

Magnetic Meridian:-

When a magnetic needle is suspended freely and balanced properly,
unaffected by magnetic substances, it indicates a direction. This direction is known

" as ‘magnetic meridian’.

The angle between magnetic meridian and a line is known as the ‘magnetic
bearing’ or simply ‘bearing’ of the line.

Arbitrary Meridian:-

Sometimes for tﬁe survey of a small area, a convenient direction i '
by S : ' ection is as
as meridian (especially in theodolite traversing) which is known as arbitrary me?ilcjirigid

Whole Circle bearing (W.C.B):-

The magnetic bearing of a line measured in clock-wi
R -wise
towards the line is known as the 'whole circle bearing’, of that Ii:: mV\;g% north pole
any value between 0°to 360°. The WCB  of a line is obtaine may' hes
compass. % ined by prismatic
Quadrantal Bearing (QB):-

The magnetic bearing of a line measured clo
the Nprth pole or South pole (whichever is nearer
west is known as quadrantal bearing like NE, SE

ckwise or counter clockwise from

tosae line) towards the east or

\ & NW. The value in this
1
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system lies between 0° & 90°, but quadrant should always be mentioned. QB are
obtained by Surveyor's Compass

Reduced Bearing (RB):

When the WCB of a line is converted into QB, it is termed as reduced bearing

(RB).
WCB between Corresponding RB Quadrant
0°-90° RB = WCB ‘ NE
0° - 180° RB=180°-WCB SE
180° - 270° RB = WCB - 180° e
270° - 360° : ‘RB e 360° — WCB NW

Fore Bearing and Back Beai’ing:-'

The bearing of the line measured in the direction of the progress of survey is
known as fore bearing (FB) of the line.

The bearing ofAth'e_ line meéét];ed in the direction opposite to the survey is
known as ‘back bearing’ (BB) of the line.

Magnetic Declination:

The horizontal angle between magnetlc meridian and true mendlan is know
as ‘magnetic declination’. >

Isogonic and Agonic lines:-

Lines passing through the points of equal declination are known as ‘Isogonic
lines’. ' 4 ;
The line passing through the points of zero declination is said to be ‘Agonic
line'. '

Dip of the magnetic needle:-

If a needle is properly balanced before magnetisation, it does not remain in
the balanced position after it is magnetised. This is due to the magnetic influence of
the earth. The needle is found to be inclined towards the pole. This inclination of the
needle with the horizontal is knows as the dip of the ‘magnetic needle’.

South end of the magnetic needle is deflected downwards in the southem
hemisphere and North end is deflected in the northem hemisphere and needle is just
horizontal at equator.

y

Local Attraction:-
When a magnetic needle comes near some magnetlc substances, such as iron ore,
steel structures, electric cables conveying current etc, it deﬂects from its true

)
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Principles of Compass surveyind:-

pass surveying

. . 4 ivolves a series of
: versing, which Invo 4 _
is traversing. - o asured by prismatic

f the lines are

The principle of com
tape. Such survey do not

connected lines. The magnetic _bearings Od ok
compass & distance of the lines IS measured DY

require formation of network of a triangles.

hain or

Traversing is of two t_ypes':

a) Closed traverse b) Open trave‘fse. _ gt
In traversing, FB & BB's of the traverse legs aré mea_sured by pt.1smat|cdcompassssa &
sides of the traverse by chain or tape. Observed beanngs are vepﬁed and necessary
comections for local attraction are applied. In this method, clgsmg Ft:rrkc;r-may occur

i ing * 's Rule’.

when plotted. This eror is adjusted gra

CHECK ON CLOSED TRAVERSE:-

i) The sum of the measured interior angles should be equal to (2N — 4)x90

N is the number of sides of the traverse.
ii) Sum of the measured exterior angles should be equal to (2N + 4) x 90°.

iii) The algebraic sum of the deflection angles should be equal to 360°.

° where

CHECK ON LINEAR MEASUREMENT:-

a) The lines should be measured once each on two different days (along opposite

directions). Both measurements should tally.
b) Linear measurements should also be taken by the stadia method. The

measurements by chaining and by the stadia method should tally.

.CHECK ON OPEN TRAVERSE:-

In open traverse, measurements cannot be checked in the field. B

.Bu _
measurements can be taken to check the accuracy of the work Thtesf‘z)rl?:vwgﬁld 5
the field measurements taken for check. i 95 £

(1) '_rIE LINE OR CUT-OFF LINE:- Tie lines or Cut-off
lines are taken between some intermediate stations
of the open traverse. Suppose ABCDEFG
represents an open traverse. Let AD and DG be the
cut-off lines. The lengths and magnetic bearings of
the cut-off lines are measured accurately S33\&0
plotting the traverse, the distances and bearin -
noted from the map. If these distances and begs' b
tally with the field measurements, then th "
is said to be corredt. : e
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(2) AUXILARY POINT:- Let ABCDEF be an
open traverse. A pemmanent point ‘P is
selected on one side of it. The magnetic
bearings of this point are taken from the
traverse stations A.B,.C.D.E & F. If the
survey is carmried out accurately & plotted
correctly, then all the measured beanngs
of 'P' when plotted should meet at the
point ‘P’. The pemmanent point ‘P’ is
known as an ‘auxiliary point’.

TYPES OF COMPASS

There are two types of compass:
1. The prismatic compass,
. 2. The-surveyor's compass.

1. The Prismatic compass:- In this
compass, the readings are taken
with. the help of a prism. The
following are the essential parts of
this compass:

(a) Compass Box: The compass box
is a circular metallic box (the metal
should be non-magnetic) of
diameter 8 to 10cm. A pivot with a
sharp point is provided at the
centre of the box.

(b) Magnetic Needle and Graduated
Ring. The magnetic needle is
made of a broad, magnetised iron

bar. The bar is pointed at both
ends. The magnetic needle is attached to a graduated aluminium ring.The ring is

graduated from 0° to 360° clockwise, and the-graduations begin from the south
end of the needle. Thus 0° is marked at the south; 90° at west, 180° at the north
and 270° at the east. The degrees are again subdivided into half-degrees. The
figures are written upside down. The arrangement of the needle and ring contains
an agate cap pivoted on the central pivot point. A rider of brass or silver coil is

provided with the needle to counterbalance its dip.

(c) Sight Vane and Prism: The sight vane and the reflecting prism are fixed
diametrically opposite to the box. The sight vane is hinged with the metal box and
consists of a horsehair at the centre. The prism consists of a sighting slit at the
top and two small circular holes, one at the bottom of the prism and the other at

the side of the observer’s eye. |
1

(d) Dark Glasses: Two dark glasses are provided with the prism. The red glass is

meant for sighting luminous objects at night and the blue glass for red+cing the
strain on the observer's eye in bright daylight. !

|
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. e. The miror can be
with the s;ggéjzgnis 100 low or t0o high

provided .
djusted to observe it through

be inclined. If an
irror can be 2

; 3 mirror is
(e) Adjustable Mirror- A g iso

lowered or raised, and '
with respect to the line of sight, the m

reflection. of the sight vane. If pressed

i i j e base
(f) Brake Pin: A brake pin ls'provuded just at th
gently, it stops the oscillations of the nng-

(9) Lifting Pin: A lifting pin is provided just below the sight vane. When the sight vane
is folded, it presses the lifting pin. The lifting pin then lifts the‘magnetlc needle out

~ of the pivot point to prevent damage to the pivot head. i
(h) Glass Cover: A glass cover is provided on top of the box to protect the aluminum

ring from dust .

2. The Surveyor's compass:- The surveyors 'comp'ass is similar to the prismatic
compass except for the following points.

@,
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(a) LINE OF S((;u‘r IN

* () LINE ——
MAGNETIC MERIDIAN VLINE OF SIGHT TOwARDS 6

BEARING N 30°€

(a) There is no prism on it. Readings are takén dire i
. - Rea ctly with e
(b) It consists of an eye-vane (in place of prism) with : fine si;re\i slit

(c) The graduated aluminium ring is attach ; :
magnetic needle. : g t!me circular box. It is not fixed to the

(d) The magnetic needle moves freely ow i
on the graduated ring. " over the pivot. The needle shows the reading
(e) The ring is graduated from 0° to 90°
ol ok ilodbvaos E (east) and
- m ir true positio ! and W (west) are
(f) No mirror is attached to the object \:l:n;l'he Ures are written the nght way UK)>-



SOURCES OF ERROR IN COMPASS

The following are the kinds of error which may occur while taking readings
with a compass:

1. Instrumental errors

(a) The needle may not be perfectly straight and might not be balanced properly.

" (b) The pivot point may be eccentric.

(c) The graduations of the ring may not be uniform.

(d) The ring may not rotate freely on account of the pivot point being blunt. This may

occur due to the head of the pivot being broken because of careless handling.

(e) The sight vane may not be vertical.
() The horse hair may not be straight and vertical.

2. Personal errors

(a) The centering may-not be done perfectly over the station.
{b) The graduated ring may not-be levelied. -

(c) The object might not be bisected properiy

(d) The readings may be taken or entered carelessly.

(e) The observer may be carrying magnetic substances.

3. Other sources of error

(a) There may be local attracnon due to the presence of magnetic substances near

the station.
(b) The magnetic field could vary on account of some natural causes.

(c) The magnetic declination might vary.

PRECAUTIONS TO BE TAKEN IN COMPASS SURVEYING

The following precautions should be taken while conducting a compass traverse:

1. The centering should be done perfectly.
2. To stop the rotation of the graduated ring, the brake pin should be pressed very :

gently and not suddenly.

3. Readings should be taken along the line of sight and not from any side.

4. When the compass has to be shifted from one station to other, the sight vane
should be folded over the glass cover. This is done to lift the ring out of the pivot
to avoid unnecessary wear of the pivot head.

5. The compass box should be tapped gently before takmg the reading. Thls is done
to find out whether the needle rotates freely. , :

6. The stations should not be selected near magnetic substances.

7. The observer should not camry magnetic substances.

8. The glass cover should not be dusted with a handkerchief, because the glass
may be charged with electricity and the needle may be deflected from its true
direction. The glass cover should be cleaned with'a moist finger.

i
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TEMPORARY ADJUSTME S
OF OBSERVING BEARING)

MPASS FIELD PROCEDURE

] e measuﬁng the bearing by prismati

d

procedure shoul

. od stand is placed at
with _tri od stand: gpr:atic compass is held by mee

Fixin edthf tf:(,’,mw&s':s legs well apart Thenot?fh 2nstand. i, the coniil

required statio laced over the threa_decz t;’;’nd' Thus the threaded base of the

ded top of the stand:

left hand and p . o
box is tumed clockwise Yy

compass box is fixed with the threa . . f

mpass IS centered by dropping a piece 0 stone from

ing: co with the ai

fr:]enéiﬁgn{ cr;lfoﬁr:?g'mtl;zss box. Centering M2y ?f‘s?urbnii%';eis availabk:ld of a

plsmb bob held centrally below the compass box, P ;

: ball-and-socket arrangement

Levelling: Levelling is d e ond. This arranger:ent is loosened and the bl
‘ded on top of the tripod stand. 177> ~ . : L

glrggtla%ein chﬁpa way tha{)t(:\e graduated ring rotates freely without touching either

the bottom of the box o the glass cover on top.

Adjustment of prism: The pn

graduated ring are seen sharp an

sm is moved up and down till the figures on the

d clear.

Observation of bearing: After centering and Ievelling the compass box over t.he
station, the ranging rod at the required station is bisected perfectly py _slghtmg
e sight vane. At this time the

through the slit of the prism and horsehair at .th.
graduated ring may rotate rapidly. The brake pin 1S pressed very gently to stop

this rotation. When the ring comes to rest, the box is struck very lightly to verify
the horizontality of the ring and the frictional effect on the pivot point. Then the
reading is taken from the graduated ring through the hole in the prism. The

reading will be the magnetic bearing of the line.
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MUFFAKHAM JAH COLLEGE OF ENGINEERING AND TECHNOLOGY
CIVIL ENGINEERING DEPARTMENT
Surveying Laboratory

EXPERIMENT -

COMPASS TRAVERSING

AIM:- Torun a closed traverse surve

y by using prismatic compass & plotting the
same.

INSTRUMENTS REQUIRED:- P

rismatic compass with all its accessories, tape,
plumb bob, ranging rods, pegs etc.

PROCEDURE:-

FIELD PROCEDURE OF COMPASS TRAVERSING

Prismatic comb_a'ss traversing is conducted in accordanée’mjith the folioi}vir‘)g steps:

(a) Reconnaissance: The area to be surveyed is examined thoroughly to select the
traverse stations. These stations should be intervisible and should cover the
whole area. It should be ensured that there is no magnetic substance near the

. selected stations. The traverse legs should run along fairly level ground.

(b) Preparation of index sketch: After reconnaissance, an index sketch should be
prepared showing the skeleton of the traverse. : ;

(c) Marking the station on the ground: The traverse stations are marked on the
ground by wooden pegs. The pegs should be fixed on the station points in such a
way that a height of about 3cm is always exposed above the ground surface.

Reference sketches should be prepared for all the traverse stations by
taking at least two measurements from some permanent points. This precaution is
- taken so that the stations can be located accurately even if the pegs have been
removed by somebody. : ‘

(d) Measurement of bearings of traverse legs: The traverse stations may be
selected clockwise or anticlockwise order. But the direction of the traverse should
be indicated in the index sketch. Suppose four traverse stations AB,C and D are
selected to enclose an area. The prismatic compass is centered and levelled at

. the starting station A. The fore bearing of AB and back bearing of DA are taken

from this station. The distance AB is measured and offsets are taken along the
line AB and recorded in the field book

Closed Traverse by Compass

76
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_ also, there may be a dlosing €

: and bearings of the lines, or because of an error in plotting

measured lengihs of the

. taton B. the FB of BC
is then shifted ndtg.g gf"fi'n: AB i differ by exactly
iS55 it M0 does, the

The compass

andOBB of AB are taken. Here.|d ort:Be:oe B o perm
error n .

S e l;htfeuobsewed again Now, the line BC 18 measured and

similarty. all the traverse legs are

bearings of the lines shoul

offsets are taken and noted in the field book

measured and noted in the field book. _
After completion of the work, the observations @

corrections applied to eliminate the effect of local attraction.

re tabulated and necessary

PLOTTING OF COMPASS TRAVERSE
suitably selected on the

By considering included angles: The starting station Ais

sheet A line representing the north line is drawn thro ion A. The bearng of

the line AB is plotted by protractor and the distance AB marked to a suitable scale. At

station B the angle <B is plotted and the distance BC marked according to the
tation C and the distance CD is marked.

previous scale. Angle <C is plotted at s
od until all the lines have been plotied In this case

This process is continu
(ror which has to be adjusted graphically.

D

‘CIoclngenon
CAN)  pe _ c

A

B
Plotting of Closed Traverse by Compass

USTMENT OF CLOSING ERROR:-

When a closed traverse is plotted, the finishi ‘
: ) _ f finish starting poi
:onadg%c:‘he distance by which the traverse fails tc;ngo:d is said - mmy e

. anemmyoocurduetonﬁshhesmadehhwk::t”;m |

b

‘ if the closing emor exceeds a ‘
certain permissible \
gbe repe:ted But when the eror is within the kmit, the field
raphically by Bowditch's rule as explained below odiple. Sub A,

Suppose a traverse AB,C .
1CiDIEVA, is plotted according

(RF = 1/400).

In this case, the traverse fai
. ; fails to close .~
by a distance AA,, which is the closi B

emor.

To adjust thi . ,
AA, is drawn to m.;m
d‘a.‘\?wm 10 an
b ). On this
B,C. C:D,. D{E, and “'.‘:"



A perpendicular Asa is drawn equal to the amount of closing error, after which the line
Aa is drawn. From the points

B, C4, Dy and E;, the lines Bib, Cic, Dad ande elare
drawn parallel to Aja

- These intercepts represent the amount by which the
respective stations are to be shifted.

The lines are drawn parallel to the closing error through stations B,, C,, D,
and E,. Then the intercepts

Bsb, Csc, Dyd and E,e are set off along the parallel lines
drawn through the respective stations. In this manner, the adjusted traverse
ABCDEA is obtained.

Limits of closing error:-
mins, where N is the numb

The angular error of closure should not exceed 15' VN
er of sides of the traverse.

Relative closing eror=  amount of closing error
Penmeter of fraverse

The value should not exoeeg 1/600.
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- QUESTIONS FOR VIVA-VOCE

|ane table survey”?

lecting a base line?

What are the accessories for the p

What precautions should be taken while s€
What is meant by Radiation Method?
What is intersection Method?

What is Traverse Method? g

What should be the length o1f‘ :)hasell:;r;ee?tableq
What should be the height 0 ep 7 ) "
If t?wetbase line is too Iogg or too short, what will be_lts effect otnt rt\t;eszlégvnegpiane
Why the trough compass should not be used for orientation @

table station? . e
the scale is large or small:

10. What will happen to the plan if _ A
11. What do you understand by Two Point Problem

12. What is Three Point Problem?
13. What are the different methods
14. What is meant by Resection?
15. What is setting? .
16. What is orientation an how:it is done? .
17. What is the difference between setting an
18. What are Lehman’s Rules? v

19. What will happen if the table is not levelled?

20. What will happen if the table is not properly centered?

21. Name the instrument which is used for centering?

22. How is centering done by centering fork?

23. Describe a centering fork?. bs

24. What is the greatest advantage of plane table survey?

25.What are the probable errors in plane table survey?

26. Why one of the Resection Methods is called Trial and Error Method?
27. What is meant by Triangle of Error Method? :

28. What is meant by “Strength of Fix"?

29. What is the practical utility of the two and three point problem?

to cafry on Three Point Problem?

d orientation?
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MUFFAKHAM JAH COLLEGE OF ENGINEERING AND TECHNOLOGY
CIVIL ENGINEERING DEPARTMENT
Surveying Laboratory

PLANE TABLE SURVEYING

INTRODUCTION:-

Plane Table survey is the simplest and best instrument of surveying. It is ideal
for locating objects which are inaccessible like ponds, points across a river etc. It is a
giraphical method of surveying in which the field work and plotting are done
simultaneously and such survey does ot involve the use of a field book. lts is most
suitable for filling in the details between the stations previously fixed by triangulation
or theodolite traversing. It is particularly adopted for small scale mapping. But this
survey is recommended for the work where great accuracy is not required, as the
fitting & fixing arrangement of this instrument is not perfect. . it

Prir?ci'gle:- The principle of plane tabling is parallelism: meaning the rays drawn from
stations to-objects on the paper are parallel to the lines from the stations to the
objects on the ground. The table is always placed at each of the successive stations

parallel to the position it occupied at the starting station.

ACCESSORIES OF PLANE TABLE:-

1. Plane Table: The plane table ‘is a drawing
board of size 750mm x 600mm made of well-
seasoned wood like teak, pine, etc. The top ; :
surface of the table is well levelled. The bottom PN
surface consists of a threaded circular plate for . FN

fixing the table on the tripod stand by a wing ‘ i R LA
nut. - r & X7
The plane table is meant for fixing a G
drawing sheet over it. The positions of Rlizinspliatte
the objects are located on this sheet by
drawing rays and plotting to any
suitable scale.

2. Alidade: There are two types of alidade —
plain and telescopic.

ALIDADE.

(a) Plain alidade: The plain alidade consists of a metal or wooden ruler of length
about 50cm. One of its edges is bevelled. and is known as the fiducial edge. It
consists of two vanes at both ends which are hinged with the ruler. One is known
as the ‘object vane’ and carries a
horse hair; the other is called the
‘sight vane’ and is provided with a
narrow slit.

(b) Telescopic Alidade: \ The
telescopic alidade consists of a
telescope meant for inclined sight e
or sighting distant objects clearly. &=
This alidade has no vanes at the

Tetescopic Alidade.
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3. The Spirit Level: The spi

4. The Compass: There are two kinds of

" a piveted magnetic needle at the

" square base plate.

ends, but is provided with fiducial edgeht I— - <hould be drawn

The function of the alidade is tO sig

along the fiducial edge -
; ing a small bubble

s a small metal tube contain
along a graduated glass tube.

the plane table.
(a) the trough compass. and

rt level i

of spirt. The bubble is visible on the _top
The spirit level is meant for levelling

compass —

(b) the circular box compass.

gh compass is a rectangular box made of

(a) The Trough Compass. The trough
non-magnetic metal containing a magnet{c
needle pivoted at the centre. This
" compass consists of a ‘0" mark at both
ends to locate the N-S direction.

(b) The Circular Box Compass: It carries

‘centre. The circular box is fitted on a

Sometimes two bubble tubes are fixed
‘at right angles to each other on the
marking the north direction of the map.

base plate. The compass is meant for

5. U-fork or Plumbing fork with plumb bob: The
U-fork is a metal strip bent in the shape of a ‘U’
(hair pin) having equal arm lengths. The top arm
is pointed and the bottom arm camies a hook for
suspending a plumb bob. _ ‘
This is meant for centering the table over a

station.

ADVANTAGES OF PLANE TABLING:- (i.) It is most suitable fi i

S OF ABLING:- (I. or preparng S -
scale ‘maps. (ii) It is most rapid. (iii) The field book is not neoessaizy gs pl?)ttirrwn alils
done in the field concurrently with the field work, and hence the mistakes in boogin
the field notes are avoided. (iv) The surveyor can compare'the'plofted work with thg

- -aetdat-features of-the-area- surveyed -and-thus-can- ascertain—if-it represents them

properly, and cannot, therefore, overloo i i :
pquibility of omitting the necessary meastrzge:tisggta; f,;e:t:rgs'lé\{t)egherﬁ i? ?do‘
ggnﬁ)t?smafdn?szsumem'and plotting may be readily detected bp‘ o klnl.t e field.
_ S an gular objects can be represented accuratel o mes..(v!l)
view. (ym) It is part_lcularly advantageous in magnetic area wh{; since the lEele '.ni
not reliable. (ix) It is less costly than a theodolite survey (i) No r;r::{“l:(?lr‘_s survey l:
: at skill is required

to prepare a satisfactory map. (xi) | i -
= s p. (xi) Inaccessible points can be easily located by
N |

DISADVANTAGE .
S OF PLANE TABLING:- (i) The plane table is essentially 3,
;‘

tropical instrument. (i) It is not sui
< table fo i
cumbersome, and dificult to carry.(iv) The rzuvr\:'?t:k n 3 wet climate. (iii) It is heavy.
e |

e :
more and, therefore, they are likely to be lost r of af:cessones to be camied. ami
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PROCEDURE OF SETTING UP PLANE TABLE OVER A STATION

Tthtta_ following steps have to be performed in order to set up a plane table over a
station:

1. Fixing the table on the tripod stand: The tripod stand is placed over the

required station with its legs well apart. Then the table is fixed on it by wing nut at
the bottom.

2. Levelling the table: The table is levelled by placing the spirit level at different
cormers and various positions on the table. The bubble is brought the centre of
its run at every Positions of the table by adjusting the legs.

3. Centring the table: The drawing sheet is fixed on the table. A suitable point P is
selected on the sheet to represent the station P on the ground. A pin is then fixed
on this selected point. The upper pointed end of the U-fork is made in contact
with the station pin and the plumb bob which is suspended from the hook at the
lower end is brought just over the station P by tuming the table clockwise or
anticlockwise or slightly adjusting the legs. This operation is called centring. The -
table is then clamped. Care should'be taken not to disturb the levelling.

4. Marking the north line: The trough compass is placed on the right-hand top
comer with it north end approximately- towards the north. Then the compass is -
turned clockwise or anticlockwise so that the needle exactly coincides with the 0-
0 mark. Now a line representing the north line is drawn through the edge of the
compass. It should be ensured that the table is not tumed.

-5. Orientation: When plane table survey is to be conducted by connecting several
stations, the orientation must be performed at every successive station. It may be
done by magnetic needle or by the backsighting method. The back sighting
process is always preferred, because it is reliable. During orientation,. it should
always be remembered that the requirements of centering, levelling, and
orientation must be satisfied simultaneously. i

ORIENTATION:- The operation of keeping the table at each of the successive
stations parallel to the position which it occupied at the first station is known as

one station. When the table is properly oriented, the lines on the paper are
parallel to the lines on the ground; which they represent. There are two methods
of orienting the table, (i.) By the use of the magnetic needle, and (ii) By
backsighting. Orientation may also be effected by solving the two-point problem
and three-point problem. :

0d

1. Orientation by the Magnetic Needle:- To orient the table at any subsequent
station, the trough compass (or circular box compass) is placed along the line
representing the magnetic meridain which has been drawn on the first station,
and the board is then tumed until the ends of the needle are oppostie to the zeros
of the scale. The board is then clamped in position. This method is sufficiently
accurate provided there is no local attraction. It is suitable ‘for rough small-scale

mapping.

2. Orientation by Backsighting:- This is the most accurate method of orientation

and is always to be preferred. Suppose the table is set up over the station Q on
the line PQ which has been previously drawn as pq from the station P. The
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i [ is then tumed until the line of sight
i laced along the line gp. The t?oard is : .
ﬁ::jeacc:: t|ts1epraa(;ging rog at P. The board is then properly oriented and clamped in

i iti ken to placed the table at each of the successive
e it cents g of the table is least altered when the

stations in such a position that the centerin | : sl L
i i imuth for orientation. To ensure this, the line (qp) joining
e el ) plotted on the paper should be as nearly

station (q) and the preceding one (p_ . .
parallel as possible to the corresponding line (QP) on the ground.

ERRORS IN PLANE TABLING:- The following are the chief sources of errors:

1. The board not being horizontal.
2. The table not being accurately centered. ' _ :
3. The table not being correctly oriented. To guard against this error, the orientation

of the table should be checked at as many stations as possible by sighting to a
distant and prominent object, which has been previously plotted. ;
The table rotating between sights due to insufficient clamping. The orientation
should be checked after the observations at a station are completed.

The objects not being sighted accurately. ,

The alidade not being corréctly centered on.the-station point on the paper.
The rays not being accurately drawn through the station point.

Inaccuracy in plotting. 2

The expansion and contraction of the paper.

5

e R R

NOTE:- The following are some of the important points to be noted down while
surveying with the plane table.

(1) The small letters a,b,c, denote the points plotted on the sheet to represent the
corresponding point A,B,C, etc., on the ground.

(2) The table remains clamped in position while the objects are sighted. It is the
alidade that is moved on the table to bisect the objects. .

(3) While the sights are being taken, the alidade must be centered or pivoted on (i.e.
the fiducial edge of the alidade must be set to) the plotted station point on the

sheet.

(4) The board is tumed only when the table is to be oriented. After the table is.

properly oriented, the board must be clamped in position.

r'd .1
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MUFFAKHAM JAH COLLEGE OF ENGINEERING AND TECHNOLOGY
CIVIL ENGINEERING DEPARTMENT

Surveying Laboratory
| ﬂ[ (
|\ S\E
l N~ EXPERIMENT -

AC

RADIATION METHOD

AIM & THEORY:-

In this method the point is located on plan by drawing a ray from the plane
table station to the point, and plotting to scale along the ray the distance measured
from the station to the point. The method is suitable for the survey of the small areas
which can be commanded from a single station. It is chiefly used for locating the
details from stations, which have been previously established by other methods of
surveying such as triangulation or transit-tape traversing.

INSTRUMENTS REQUIRED:- Plane table & it's accessoﬁes,.'rangingirods, tape etc.
PROCEDURE:- k%

1) Select a point P so that all points to be located are visible from it.

2) Set up the table at P and after levelling it, clamp the board.

3) Select a point P on the sheet so that it is exactly over the station P on the ground
by the use of U frame. The point represents on the sheet the instrument station.P
on the ground. A . y : e :

4) Mark the direction of the magnetic meridian with the help of the compass (trough
or circular) in the top comer of the sheet. A

5) Centering the alidade on p, sight the various points A.B,C etc. and draw rays
along the fiducial edge of the alidade lightly with a chisel-pointed pencil.

6) Measure the distances PA,PB,PC, etc., from P to the various points with the
chain or tape, or by stadia and plot them to scale along the corresponding rays.
Join the points a,b,c, etc., to give the outline of the survey. - ; )

Care must be taken to see that the alidade is touching the point p while
the sights are being taken. To avoid confusion, the various rays should be
referenced. The field work can be checked by measuring the distances AB,
BC, CD, etc., and comparing them with their plotted lengths ab, bc, cd, etc.

B
SN
el \

RESULT:- The area enclosed by the given stations ABCDEF = Sq. metres.

&
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MUFFAKHAM JAH COLLEGE OF ENGINEERING AND TECHNOL

CIVIL ENGINEERING DEPARTMENT
Surveying Laboratory

EXPERIMENT -

INTERSECTION METHOD

AIM:- To fix a point on the plan by the intersection of the rays drawn from the two
instrument stations.

INSTRUMENTS REQUIRED:- Plane table & its accessories, ranging rods, pegs,
tape etc.

THEORY:- In this method the point is fixed on plan by the intersection of the rays
drawn from the two instrument stations. The line joining-these stations is-called the
base line. In this method only the base line is measured. . :

. The method is commonly employed for locating (1) the details pertaining to the
brokén boundaries(ii) the distant and inaccessible points. (i) the rivers, lakes etc.,
(iv) the points which may be used subsequently as the instrument stations. It is
suitable when it is difficult or impossible to measure distances as in the case of the
survey of a hilly terrain. It is also used for checking distant objects. ;

PROCEDURE:-

1) Select two points P and Q in a commanding position so that all points to be
plotted are visible from both P and Q. The line joining the stations P and Q is

known as the base line.

2) With the table set up and levelled at P, select ‘a_ suitable point p on the paper SO
that it is over the instrument station P on the ground, and mark the direction of the

magnetic meridian by means of the compass.

3) With the alidade pivoted on the point P, sight the station Q and other objects
A,B,C, etc., to be located and draw rays along the fiducial edge of the alidade

towards Q,A,B,C, etc.

4) Measure the distance from P to Q, accurately with the steel tape and set it of to

scale along the ray drawn to Q thus fixing the position of q on the sheet.

5) Shift the table and set it up at Q. Centre the table so that the point Q is directly

above the point Q on the ground and level it.

6) Place the alidade along QP, and after orienting the table by bécksighting oniiR;

clamp it.

i) Wlth thg alidade touching Q, sight the same objects and draw rays. The
intersections of these rays with the corresponding rays drawn from P determine

the positions of the objects A B,C, etc., on the sheet.

Care should be taken to avoid very acute or obtuse inte i
imi rsecti
extreme limits for the angles of intersection being 30° and 120° e

[
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"RESULT:- Map of the field is plotted to a suitable scale, fumishing all the details
- such as scale, location, names of the survey party etc & is submitted as ‘Result'.
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QUESTIONS FOR VIVA-VOCE

re the accessories for the plane table survey? ,
\\;VV::: srecautions should be taken while selecting a base line?
What is meant by Radiation Method?
What is intersection Method?
What is Traverse Method?
What should be the length of base line?

What should be the height of the plane table? _ _ F
If the base line is too long or too short, what will be its effect on the survey:

Why the trough compass should not be used for orientation at the second plane
table station? '

What will happen to the plan if the scale is large or small?

What do you understand by Two Point Problem?

What is Three Point Problem? :

What are the different methods to carry on Three Point Problem?

What is meant by Resection?

What is setting?

What is orientation an how it is done? ;

What is the difference between setting and orientation?

What are Lehman’s Rules? - ' :

What will happen if the table is not levelled?-

What will happen if the table is not properly centered?

Name the instrument which is used for centering?
How is centering done by centering fork?
Describe a centering fork? ; »
What is the greatest advantage of plane table survey?

What are the probable errors in plane table survey?

Why one of the Resection Methods is called Trial and Error Method?
What is meant by Triangle of Error Method?

What is meant by “Strength of Fix"?

What is the practical utility of the two and three point problem?
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MUFFAKHAM JAH COLLEGE OF ENGINEERING AND TECHNOLOGY
CIVIL ENGINEERING DEPARTMENT
Surveying Laboratory

LEVELLING - INTRODUCTION

OBJECT AND USE OF LEVELLING

Object:- The AIM of levelling is to determine the relative heights of different objects
on or below the surface of the earth and to determine the undulation of the ground
surface. The elevation of a point is its vertical distance above or below a
reference level, called datum. The most commonly used datum is the mean sea level
(M.S.L.). The levelling deals with distances in a vertical plane. -

Uses:- Levelling is done for the following purposes:

1. To prepare a contour map for fixing sites for reservoirs, dams, barrages, etc., and
to fix the alignment of roads, railways, imrigation canals, and so on. * - L

2. To determine the altitudes of different important points on a hill or to know the
reduced levels of different points on or below the surface of the earth. ‘

3. To prepare a longitudinal section ad cross-sections of a project (roads, raitlways,
irmigation canals, etc) in order to determine the volume of earth work. f :

4. To prepare a layout map for water supply, sanitary or drainage schemes.

Levelling is -an important method of surveying for many engineering works =
and construction ‘projects. Levelling is required to determine the undulations of "
the earth’s surface for topographic mapping. Levelling is needed for the design of
highways, railways, canals, sewers, etc., and for locating the gradient lines.
Levelling is essential for the layout of construction projects, for locating the
excavation levels, and for the control of various elevations in buildings, bridges,
dams, etc, : . .

The drainage characteristics of the area can be obtained by leveling. The
results of the levelling can be used to determine the catchment area, volume of
the reservoir and the area submerged by a reservoir. The results of levelling can
also be used to determine the volume of earthwork for roads, railways, etc.

Levelling is required in almost all engineering work of imponancé in one form
or the other. E | :

DEFINITIONS

1. Levelling: The art of determining the relative heights of different points on or
below the surface of the earth is known as levelling. Thus, levelling deals with
measurements in the vertical plane: ‘ .

2. Level surface: Any surface parallel to the mean spheroidal surface of the earth is
said to be a level surface. Such a surface is obviously curved. The water surface
of a still lake is also considered to be a level surface.

3. Level line: Any line lying on a level surface is called a level line. This line is
normal to the plumb line (direction of gravity) at all points.

4. Horizontal plane: Any plane tangentialto the level surface at any point is known
as the horizontal plane. It is perpendicular to the plumb line which indicates the

direction of gravity. |
&)
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Horizontal line: Any line-lying on the horizontal plane is said to be a horizontal
line. It is a straight line tangential to the level line. o
Vertical line: The direction indicated by a plumb line ( the direction of gravity) is
known as the vertical line. This line is perpendicular to the horizontal line.

Vertical plane: Any plane passing through the vertical line is known as the
vertical plane. : ,
Vertical Angle: It is the angle measured in a vertical plane. The vertical angle is
usually measured with respect to a horizontal line at that point.

The vertical angle is the angle of elevation if measured above the horizontal
line, and the angle of depression if measured below the horizontal line. A
Datum surface or line: It is an imaginary level surface which is taken as a
reference surface for the determination of elevations of various points (above or
below this line). The datum most commonly used is the mean sea level (M.S.L).
Mean Sea Level: The water level in a sea also represents a level surface if it is
not affected by tides. The mean sea level at a location is obtained by averaging
the height of the surface of the sea for all stages of the tides for a long period,
usually 19 years. The mean sea level is commonly taken as the reference level
surface.

Reduced level ( RL ): The vertical distance of a point above or below the datum
line is known as the reduced level (RL) of that point. The RL of a point may be
positive or negative according as the point is above or below the datum.

Line of qollimation:_ Itis an imaginary line‘passing through the intersection of the
cross-hairs at the diaphragm and the optical centre of the object glass and its
continuation. Itis also known as the fine of sight. X

Axis of the telescope: This axis is an imaginary line passi i i
cer;ter fof the object glass and the optical ce%trergf the 2ye-pl>?gc:3h roughthe CE
Axis of bubble tube: It is an imaginary line ta i anial
the bubble tube at its middle poim(fJ 4 ngential to the longitudinal curve of

Bench-marks (BM): These are fixed points or marks of known RL determined

with reference to the datum line. These are very important marks They serve as

reference points for finding the RL of new poi
. A . A ints i i
operations in projects involving roads, ra"ways.petc_ or for conduc'ang levelling

BENCH MARKS (B.M.)

Bench marks established by im

: ort ;
metal discs, generally bronze discs, set ip ant agencies i usually in the form of

A triangle is generally cut or painted aro

n concrete, large rock footpath
' " Ol' ke‘bs' etc
und the bench mark to indicate the location.

@)
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17.
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The fi i
ollowing types of bench marks are established and used, depending

upon the permanency and precision

1.

16.

7.

r?\atkss aBr:nghtaltﬂ)a_rks: The great tnigonometrical survey (G.T.S.) bench

elevations of tsh l')!:hed by the Survey of India throughout the country. The

aie of e G e bench marks are correct to two decimal places of a metre. The
e G.T.S. bench marks are determined very accurately with respect to

the mean sea_level at Bombay port. Formerly, these referred to main sea level at
Karachi (now in Pakistan).

TI-he' G.T.S. bench marks are depicted on topo sheets published by the Survey of
ndla.omesg are also published in leveling pamphlets for each belt of 1° latitude
and 1" longitude over the entire country.

Permanent Bench Marks: The permanent bench marks are established at a
closer interval between widely spaced G.T.S. bench marks. These bench marks
are estabiished by the Survey of India or some other government agency such as

permanent bench marks ere usually estabiished on’ relatively
: %ﬁﬁcﬁal'points, _such as isolated rocks, culverts, gate pillars
ic buildings: The elevations of the permanent bench marks are generally
less accurate than those of G.T.S. be_@ marks, ‘

“ - Lel;

3 ¥

Temporary Bench m These ard,the bench marks established temporarily
whenever required. These are gencrally the points at which @ day's work is
closed and from which next day’s work is started. ) A

=3

The temporary bench marks should be carefully established on relatively -
permanent or stable points, such as boundary walls, gate pillars, roots of old
trees, etc. The comect descriptions of all the temporary bench marks so
established should be invariably given in the level field book.

. Arbitrary Bench Marks: These are the bench marks whose elevations are

arbitrary assumed for leveling of a small area. The elevations assumed do not
refer to any fixed datum such as M.S.L.

Height of Instrument (HI): When the leveling instrument is properly leveled, the
RL of the line of collation is with reference to the datum is known as the height of
the instrument. This is obtained by adding the BS reading to the RL of the BM or
CP on which the staff reading was taken. Height of Instrument is not the height of
the L.O.S above the ground where the leveling instrument is set up.

Focussing: The operation of setting the eye-piece and the object glass a propér
distance apart for clear vision of the object is known as focussing. This is done by
turning the focussing screw clockwise or anti-clockwise.

The function of the object glass is to bring, the object into focus on the
diaphragm, and that of the eye-piece is to magnify the cross-hairs and object.

Focussing is done in two steps as follows.
(a) Focussing the eye-piece: A sheet of white paper is held in front of the

telescope and the eye-piece is tumned clockwise or anti clockwise slowly until
the cross-hairs appear distinct and clear.

&
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18. Parallax: The apparent move

19. Backsight reading (BS): It is the rea

to the object and the

o is directed :
et ntil the image 1S clear

i - The telesco :
object glass: ti clockwise U

ing the
(b) Focussing rockwise of an

focussing screws tumed C

and sharp.
relative to the cross-hairs 1Is

image
ment of the imag when the image does

known as parallax. This occurs due to imperfect focussing,
not fall in the plane of the diaphragm.

wn. If the focussing is not
_hairs. If the focussing
The parallax may be

The parallax is tested by moving the eye up and do
comect, the image moves up and down relative to the cross
is perfect, the image appears fixed to the cross-hairs.
eliminated by properly focussing the telescope.

ding taken on a staff held at a ;_)oint of
levation has already been determined, to

known elevation or at the point whose e _
bove the point & thus to obtain

ascertain the amount by which the line of sight is a

. the height of instrument. -

The back sight is usually the- first reading taken after setting up the
_instrument. The back sight is taken on a B.M. for the first setting of the instrument
and on a tuming point (T.P.) for the subsequent settings because the level of
furning point can be determined before the shifting of the instrument. :
The backsight is used to qetennine the height of the instrument (H.L).

Height of instrumeht = known é}évéﬁon + Back sight ’

The back sight is also known as the plus sight.

20. Fore sight (FS): It is the reading taken on the staff either held at the last point

21.

whose elevation is required or heid at the tuming point just before shifting the
instrument, to ascertain the amount by which the point is below the line of sight.

The fore sight is used to detemiine the elevation of the staff station.
Elevation = Height of instrument — Forésight.

The foresight is also known as the minus sight. It is ’ ;
before shifting the instrument. gnt. 1t is usuallyStheSlactives it

;l;}uming Point (T.P) or Change point (C.P): For |evelling'over a Ibng distance
T Estdrument has to be set up a number of times. A tuming point should be
selected on the route before shifting the instrument. The tuming point should be

selected on a firm ground or rock. Th i int i
(C.P.). e turning point is also called a change point

The staff is kept on the tumiﬁ i : i
L 3 g point and a fores i
Zt;{ftmg ':he instrument. The staff should not be mové%h;,(r::éi't)':: taien befor_e
ing shifted. After the instrument has been shifted and set up a:nuit;u o
new

location, a back sight (B.S.) is taken

B 3 2ok on the staff st " .

Thus it is a point on which both foresight & backsz;wtt;?:’ t::(;he t”""f‘g point.
n. :
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23.

reac‘i[i-:;sdg:zrtelce between an intermediate sight and a fore sight is both the

on a point wh? en to determme the elevation of a point. But the foresight is taken
sight is tak ich is the turning point or the last point, whereas the intermediate
sight(B.S aken at any other point. Al the readings taken between a back
takon o ) and fore sight (F.S.) are intermediate sights. However, the reading
aken at the staff held at the last point is always a fore sight.

The intermediate sights are taken at points of less importance. These sights

do not play any part in the continuity of the level line, whereas B.S. and F.S. play
a vital part. ,

B_alancing of Sights: To reduce the effect of instrumental and other errors, the
distance of the point where a back sight is taken and the distance of the point
where a fore sight is taken, as measured from the instrument station, should be
approximately equal. This is known as balancing of sights. i

. reet

ntis used to make!heﬁe :

e’ used fo compute the difference ‘In -

ivertical ‘distances

s
7

elevations of various points. The direct fevelling is also known as spirit levelliig. -
. Trigonometric Levelling: This is the method of levelling in which the difference *

of elevations is determined indirectly from the horizontal distance and the vertical =
angle. As trigonometrical relations are used to determine the elevations, the

method is known as trigonometrical levelling.

Trigonometric levelling is generally used when direct levelling beComes -
difficult. For example, the elevations of inaccessible points, such as mountain
peaks, top of towers, etc. can be determined by trigonometric levelling.

H=D tané@

Where H is the height. of the top of fower above the horizontal line of sight, D
is the horizontal distance and 0 is the vertical line. )

Barometric Levelling: Barometric levelling is another type of indirect levelling in
which the elevations are determined indirectly from the changes in the
atmospheric pressure. the atmospheric pressure decreases with an increase in
elevation. Generally, an aneroid barometer is used for determining the changes
in atmospheric pressure. These barometers are known as altimeters. The aneroid
barometer is quite light, sturdy and convenient as compared with the mercury
barometer which is fragile and cumbersome. However, the aneroid barometer is
not as accurate as the mercury barometer. ; ;

The altimeters are used for reconnaissari‘oe and preliminary surveys: The
elevations obtained by an altimeter may be accurate to the nearest 1m or 2m.

i
i
1

b
i




rometers, petter accuracy can

-size ba
however, with careful procedures and largé

be achieved.

i i jis also
quick method of levelling. The altimeter-1s

ic levelling is a
Barometnc g the attitude of an aeroplane.

commonly used to determine b
: leveling is another method of indirect

i i i ing down
tions is determined by noting
bl As the latitude of the place

4. Hypsometric Leveling: Hypsometnc
leveling. In this method, the difference o a
the temperature at which water starts boiling.
increases, the boiling point of water decreases.

i i f
Hypsometric leveling is very rough method of levelling. The htig;ts:z gf
‘mountains can be determined approximately from the boiling tempe
water. However, the method is rarely used by a surveyor.

. . TYPES OF LEVELLING OPERATION

~ . Thedirect levelling can be further classified into the following methods. -

éll;njdf%frhis is'the easiest type of direct fevelling. In this n'iethod only
2of thezinstrun ?‘f;;s;’c;ge. The method s used for determining the

 poirds which Sron 4 el posltioo of

re two steps'in levellir - (a) To find by how much amount the line of sight
& _is above the bench mark, and (b) to ascertain by how much amount the next point
s is below or above the line of sight. ik ;

It is to'be noted that if a back sight is taken on a bench mark located on the
roof of a tunnel or on the ceiling of a room with the instrument at a lower
elevation, the back sight must be subtracted from the elevation to get the height
of the instrument. Similarly, if a foresight is taken on a point higher tHan" the _
instrument, the foresight must be added to the height of the instrument, to get the -
elevation of the point. ] : g

2. Differential levelling: Differential levelling is adopted when:(i.) the points are a |
great distance apart, (i) the difference of elevation between the points is large, (iii)
there are obstacles between the.points. : : '

This method is also known as com

- pound levelli nti oy
this method the level is set up at severa b gl o

| suitable positions and staff readings are
velhng:} Is also required in profile levelling,
_ ous ot i i

levelling means the differential levellin oo il e

. , because i i .
of the instrument are generally reqmrec? ¢ In practice a number of setting

Knowing the RL of A, that of B can be calculated
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just midway betwe
precision is low. €n the BS and the FS. The fly levelling is done rapidly, but

4. Longitudinal or Profj
the purpose of determ
The operation of takin
railway line, sewer i
In this operation, t
taken at regularin
points are noted

!e levelling: This is a type of differential levelling done for
Ine he elevations of the ground surface along a fixed line.
g levels along the center line of any alignment (road, canal,
ne etc) at_ regular intervals is known as longitudinal levelling.
he back sight, intermediate sight and foresight readings are
_tervals, at every set up of the instrument. The chainages of the
Haie e e ot und:; tt'he level book. This operation is undertaken in order to
it | ations of the ground surface along the profile line. The levels

profile leveling are used for plotting the longitudinal section which is

required for various purposes such as fixing the gradients, determine the earth
work quantities.

§. Cross-section Levelling: This type of differential levelling is done to determine
the difference of elevations of the ground surface along the lines perpendicular to
the center line of the proposed road, canal, etc. generally, the profile levelling and

cross-section levelling are done 'simulthrieouslyi 3

6. Check: levelling: It is a fype-of.differential levelling -done for the purpose of L+

checking of elevations which have already been obtained: The fly leveliing done -

.t the end of day’s work to connect the finishing point with the starting point.on- ..

‘that particutar day is known as check levelling: It is undertaken in order o check
the accuracy of the day’s work. Some times, the day’s work in checked by
connecting the tast station to a point of known elevationortoaBM.

7. Reciprocal Levelling: It is a method of levelling used for the determination of the
difference of elevations of the two points which are situated quite apart, and it is
nat possible to set up the instrument midway between the points. For example, if
the two points are located on the opposite banks of a niver, it would not be
possible to set up the instrument in the river bed. The difference-of elevations
between the two points is determined by reciprocal levelling by first setting up the
instrument at one bank and holding the.staff at the other bank and then
interchanging the positions of the staff and the instrument. "

8. Precise Levelling: This is a very accurate method of differential levelling used
when high precision is required. The instruments and methods used ate such that
a very high degree of accuracy is achieved. Itis a specialized form of levelling.

As the cost of the levelling increase rapidly with an increase in accuracy, the
precise levelling is used only when a high degree of precision is essential.

DIFFERENT TYPES OF LEVELS

The following are the different types of level.

1. The Dumpy level: The dumpy level is originally designed by Gravatt.The
telescope of the dumpy level is rigidly fixed to its supports. It cannot be removed

LN




n it be rotated

4o supports nor ¢
frogwitsts I nt adjustment for

is stable and retains permane
commonly used. '
The telescop€ i

2. The Wye level (Y-level):
«ed from one en C
ips which may be ra!

removed from the support
other end. The 'Y’ supports consi >
the telescope can bé rotated about its longitu

st of two curved cl
dinal axis.

3. Cooke's reversible level: This is a combinatio
level. It is supported by two rigid sockets. The tele
longitudinal axis, withdrawn from the socket and

telescope to the other end.
4. Cushipg's level: The telescope cannot'be remov
about its longitudinal axis. The eye-piece an
be interchanged from one end of the telescol

‘ .5‘ The Modern Tilting levet: The telescope can be titted

- made:horizontal for each obseryation by,
“ifbe filted slightly,without itin

6. The Automatic level: This s also ¥hown as the

“avtomtic level.: the LOS. s

s held in tw!

n of the dumpy lev
scope can be rota
replaced from one en

d object glass are rem
pe to the other end.

axis with the help of a titing screw. In ihi> instrument the fine
sorew. s Insbumert 20 0

nal axis. The instrumept

‘e longitudi \
about its Ia ?ong time. This instument 1S

o Y support. it can be

d of the telescop€ to the
sed. Thus

el and the Y-

ted about its
d of the

ed from the sockets and rotated -

ovable_and can

slightly about its horizontal .
of collimation is

* 5,

filting S

self-aligning: fevel . an

“also’ Kk as.
automatically made perpendicular fo' the veitical

omatcaty within a cerah called _compensator. This instrument is levelied
tit °°mpensator' Tlaie certain tiit range by means of a compensating ice (the
)- image is erect and bright. It has a high mstdevm bo

accurate staff readings.

Description of Dumpy Level

7
A Telescope - e s
A B. Level Tube "_mln-
:):.."r L'Mh,
E l‘?‘“"“m "3 1. Crosewire Focuesiag Sorew
F. Spiri Level e Lize o Collimation
s ol : F
‘ p o =g ’
K 8
r - —
J 7 L
G .\H
l Al
T
E
& 0
o
o |

(]

1. Tripod stand: The tripod stand consi
nsi

framed. The legs are made of light an

are fitted with steel shoes. d hard wood

st of three le

gs which ma
y be solid
The lower ends of thé le;;
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3. Foot screws: Three f,
! : 00 : .
tuning the foot ! screws are provided between the trivet and tribrach. By

Screws : i
to the centre of its run, the tribrach can be raised or lowered to bring the bubble

i : lescope just i e
diaphragm carries Cross-hairs. Th Pe Just in front of the eye-piece. The

focussing screw and may have ej

e telescope is focussed by means of the
ther external focussing, or internal focussing.

S

.

ubble. - called the longitudinal-bubble fube and .-
> tube, ‘are placed at right angles to each other. These®
tubes contain spit it bubble. The bubble is brought-to the center with the help of
vfootscrews.meb@blemb&careﬁxedontop:ofﬁletelescope.- s R

6. Compass: A compass is provided just below the telescope for taking the ’
magnetic bearingof a line when required. ' 3

The compass is graduated in such a way that a ‘pointer’, which is fixed to
the body of compass, indicates a reading of 0° when the telescope is directed
along the north line. .

In some compasses, the pointer shows a reading of a few degrees when the
telescope is directed towards the north. This reading should be taken as the initial
reading. The bearing is obtained by deducting the initial reading from the final

" reading of the compass. 2 :

TEMPRORAY ADJUSTMENT OF LEVEL

The adjustments made at every set up of the level before the staff readings
are taken are known as temporary adjustment. The following are the different steps
to be followed in temporary adjustment. - : :

1. Selection of suitable position: A suitable position is selected for setting the
level. From this position, it should be possible to take the greatest humber. of
observations without any difficulty. The ground should be fairly level and firm.

|




the centre of their run. Two legs of

Fixing level with tripod S d is placed at the required
P mmly to the grou
according to the fixing

position with its legs we ‘
The level IS fixed on the top of the tripod sta
arrangement provided for that particular level. It should be remembered that the

level is not to be set at any station of point along the alignment.

gs of tripod stand: The foot screw are brought to
the tripod stand are firmly fixed into the

ground. Then the third leg is moved to the leg is moved to the left or right, in or
out until the bubble is approximately at the centre of its run.

ews: As the longitudinal bubble is on the top of the
foot screws (i.e. first position)

Approximate levelling by e

perfect levelling by foot scr

telescope, the latter is placed parallel to any pair of
the foot screws equally either

and the bubble is brought to the center by tuming

both inwards or both outwards. The telescope is then tumed through 90° (i.e.

second position) and brought over the third foot screws, and bubble is brought to

the centre by tuming this foot screw dockwise or anticlockwise. The telescope is

again brought 1o tits original posifion (the first position) and the bubble is brought

s s repeated several times until the bubble remains in
5 II'as the second position. Then the telescope .

(B &s 2
e bubble spll;ggg\_gngs;:;ﬁgﬂwe_penﬁai?ﬁgsﬁién.»-,.the :
% ks the permanent adjusimen Bl f the

s ot

I ) 2
RSO 4l

N
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Focussing the e i : i
ye-piece: A piece of whi
L iy e e o ite paper is held i
ss and th g in front of the object
until the cross-hairs can be se\:an deaor; o e (anﬁdod\wise
y.

Focussing the obj
. ject glass: The
staff L ‘ : telescope is di
ooking through the eye-piece, the f Pis'?ngduected towards the levelling
> screw is tumed .
clockwise or

anticlockwise until the :
T graduation of :
is eliminated. To elimin of the staff is disti :
ate the parallax istinctly visible and
. the e the paraliax

whether the graduati -
graduation of the staff remains ﬁx:: Is moved up and down to verify

. Taking the . L
g staff readings: Finally, the levelii mlau‘ve to the cross-hairs

tuming the telescope i
pe in any diredti
and cn ny direction. Whe
tplesoooss bubbles) remain in the n the bubbles (the -
B pe, the staff readings are takencentrm position for longitudinal bubble
- : any direction of the
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Le lling Stafs

dis  »ces between the '® @ gradu: 1 wooden rod used for measuring the verticai
stz . ig pta:nts on t+  round and the line of collimation. Levelling
O YOgroups  the target staff. and (Il) the self-reading staff -

Fhiehiciae ‘ ts of a movable target The target is provided
‘€l man, so that th e 7e staff man, according to directions from the

(I '€ target cc  ides with the collimation hair. After this. the
‘en or the level man. This staff is used for long

2. Self-reading staff: The following are the different types of self-reading staffs:

(a) Sop-with Telescopic Staff: Such a staff is arranged in three len i
k . , gths placed orie
into the other. ltvcan be extended to its fyl| length by pulling. The to;f portion is
solid and of length 1.25m, the central box portion is hoflow and of length 1.25m

marked in black on the right.

(b) Folding Meﬁ;ic Staff: This staff is made of well-seasoned timber, and is of width
75mm, thickness 18mm, and length 4m_ it js divided into two pa}ts of length 2m

having a locking arrangement. It €an be folded o i ;
graduated likei the telescopic staff. r detached when required. it is

@




“(c) One —Léh§th Staff: The one-length staff, is solid ‘and made of seasoned timber. . -

. cross-hairs, which get magnified

S

It is 3m long and graduated in the same way as the telescopic staff.

(d) Invar Staff: The invar staff is also 3m long. An invar band is fitted to a wooden
staff. The band is graduated in millimeters. It is used for precise levelling wprk.

Diaphragm

The diaphragm is a brass ring fitted
inside the telescope, just in front of
the eye-piece. It can be adjusted by
four screws. The ring carries the

when viewed through the eye-
piece. The cross-hairs may be
marked in the following ways:

1l With- .spider webs
stretched across the
ring.

2. By very fine scratch
marks made in a glass

fo
fitted with the ring, or cirfWTrd o
3. By mea f i el
- By ns of platinum
wires or silk threads 2. When usi
stretched  across  the 1 g

ring. outto its full
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< of Graduations on Stff

casoned timber. :
f.

ed to a wooden
velling work.

length. The
distance betitlgen nt for determining the horizontal

the position of level and that of the staff.

Points to be Remembereq by Staffman

1.
2.
3

4. The

Polnts to be'Remembered by Level Man

the

The staff should be

bt Y made vertical by holding it with both arms while standing
. The staff should be held on firm ground.

n the telescopic staff is to be extended A it
! , care should be taken so that it is
perfectly stretched and Properly fixed on the spring catcher.
bottom of the staff should be kept clean.

objective should be focussed by pointing the telescope towards the staff.

The verticality of the staff shouid be verified by observing the two vertical hairs -

andbynoﬁngmeminirmfhmdhgonmestaﬁvmenitismoved along the line of .
iaht 3 : ; :

When looked at through the telescope, the staff appears inverted. So, the reading
should be taken carefully from the top down wards.

10. After taking the staff reading, the position of the bubble should be verified. If it is

disturbed, the reading should be taken again.

PRECAUTIONS IN LEVELLING

The following precautions should be taken while levelling.

1.

The staff should be held vertical when the reading is taken. the staffman should
stand behind the staff and hold the staff between the palms of the hands. The
bottom of the staff should be held between the toes. To ensure the verticality, the
staff.is first waved slightly towards the instrument and then slightly away from the
instrument. The process is known as rocking of the staff. The instrument man
should-take the smallest reading so obtained. This ensures the ‘verticality in the
forward and backward direction. The verticality can-be also be checked with a
circular level, if attached to the staff.

When using a folding staff, always ensure that each section of the staff is drawn
out to its full extent when extended and the spring clips are secured.




3.

10.

11.

12.
13.

14,

RIPSPSSNNSVLS S 3 St 1

the level tube is
nearly in line with

f
s always make sure that the pubble O
| tilting screw in the

S t
t by using the foot screw which is mos

When taking reading ¢ mo
se of a dumpy level. Centre it using the

central. If not, centre i
the telescope in the ¢
case of a tilting level.
When the graduations on
should be read in the d
increase.

However, in some staves the
through a telescope, they appear ere
a case. m s T .

The basic principle is to read in the direction In which
increase.

he S/ aff are € i tained is inverted. It
rect, the readmg Ob' X
twnwztard :!rirection in which direction the graduatlons
O L

and when viewed

i inverted 2
graduatlons are | 4 upward in <lith

ct. The staff should be rea
the graduations

g the image of the staff between the

f the staff. Always use the portion’ of
rs for taking the staff re_adlng

If the diaphragm has two vertical hairs, ‘bn'n
two vertical hairs and check the verticality O >
the horizontal cross hair between the vertical hai

because the horizontal hair may be slightly inclined.
s two stadia-hairs in addition fo.the central horizontal hair,

is

to check whetl t of plumb f{)margor.badwa(d.‘
AL L and

‘the central’
N

culd be nearly équal.
1.should be ori the fine.

firmly set up on the ground. ’

The instrument man should not griﬁ the tﬁpod or rest hi; ha - ing -
readings. He should not straddle the legs of the tripod. o .

When moving round the i S
- ng round the instrument, he should keep his feet clear of the tripod

Use a base plate below the foot of the staff fo ing

. 0 i ‘
points) when the ground is soft. : tumlng. s
Do no drag the staff on the
surface.
Read the staff correctly. There sh

: ; ould
estimated to the nearest mm, even wi
very long sights.
Avoid error in booking a reading. To ensure th

correctly, the normal practice is to at the reading i
: read back the recor ading is booked -
recorded observation |

ground. The metal base should not strke a hard

be no parallax . '
hen tho.gr - The staff reading can be

aduations are at 5mm. Avoid

Avoid the mistake of readi

- : ng the meter B
necessary, ask the st - NelEr and g :
decimeter mark. S aflmangto slightly raise the St:f(;'r?oetzri i
: : ote the meter or

®
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15. To avoid unequal h

eating of ;
should be shaded. 9 of the various parts of the instrument, the instrument

16. Very intense sun shi
, ne -
readings less than 0.5m,causes the air close to the ground to shimmer. Avoid

HAND SIGNALS DURING OBSERVATIONS

When levelling i 4
becomes difficult ftlal:‘ ?h:asirc:sotrr\fmaosfnfonStmmio‘n Si't e b sy aeas, 1
staff atithe ofheriarel T, man to give instructions to the man holding the

are found tolbal i i ocal sounds. In that case, the following hand signals
f Hand Si
. and Signals Mes=age
‘ a) Movement of left over 90° Move to my left
ir, . b M : 4 '
rd‘ , . ) ‘ov.gment of right arm over 90 - Move to my right
alr Al :
dia K Movement of left arm over 30° Move top of staff to my left
Lh e gl ) d) Movement of right arm over 30° Mave top of staff to my right
om = R i
‘the™ e) Extension of arm horizontals and Raise height peg or staff
al. moving hand upwards e ;
ine. IR ] | . ]
: / f) Extension of arm horizontally and Lower height peg or staff
j be moving hand downwards i i
g) Extension of both arms and : Establish the position
—_— slightly and thrusting downwards
I . . 4
h) Extension of arms and placements Retumn to me
ipod of hand on top of head.
f
 hard
()
an be
Avoid
ooked AL /s
ta) . i (a)
ctly. If
eter or
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LEVEL FIELD BOOK

d reducing the levels

used for booking aq
reducing the levels:
methods.

A level field book or a level booK ifS
of various points. There are two methods for

(1) Height of Instrument method, (2) Rise and Fall
w shows a pagé of the level

n seven columns. The first

d: The table given belo
The second column is for

ent method. There ca
which the staff is placed.

1. Height of Instrument Metho
book for the height of instrum
column indicates the station at
the back sight (B.S.).

~ HEIGHT OF INSTRUMENT METHOD

Station

(1)

B.S
@)

5

3)

F.S
)

HI
(5)

RL
(6)

Remark

7).

Arithmetic Cheek: The arithmetic calculations made in the computations of the
height of instrument (H.l.) and the reduced levels (R.L.) can be checked by applying

the following simple arithmetic check.

>B.S.-YFS.=LlastR.L.—First R.L.

It may be noted that if & B.S. is greater than X F.S., the last point is higher
than the first point, and if it is smaller, the last point is lower.

) It may be noted that the above check is only on the arithmeti i

! metic calculation
and not on the field work. If the staff readings are to correctly taken and entered th:
reduced levels will be wrong even if the arithmetic check is satisfied ‘Such erro;'s i
the field work can be detected only be relevelling. ' i

In the arithmetic check, the computations, i i
~ Inthe. _  th s, involved '
.the {ntgnnedlatg points are not checked even arithmeticlanll;['h _elfretguced e
intermediate stations have been wrongly computed, these would ﬁot beede‘?elzz-t C;f S
ular ed.

the rise and fall method. There are 8

‘ : colu i
the same asin Table. Instead of the colum;nposr' J‘Te e
(6) marked rise and fall respectively. o

r four columns are exactly
 (here are two columns (5) and

RISE AND FALL METHOD

Staton | BS | |s :
(1) () 3) Z)S Rise | Fay RL

(5) 6) @)

(0

AR
VO



5 In

Arithmetic Check:
arithmetic check.

Comparison of the two Mmethods of reductio
y 8

2.

bl o4

It may be noteq that g
the R.L., of th

BS. - = i
>B.S ZES = 2 Rise - Y Fall = LastRL — First R.L.

S the Computations of the ri i
e int . 4 € nse and falls also involve the I.S.,
€Mediate stations are also checked in the rise and fall method.

n.
The hei i is si i
i fa?l'gr’r?; t?:; Ejstmment Mmethod is simpler, less tedious and quicker than the rise
In the he_lght of ir)strument method, the mistake in the computation of R.L. of an
Intermediate station goes Undetected, whe

3 : reas in the rise and fall method, the
'Mmediate station js also checked. ’

of important intermediate stations, the rise and fall
method should be used. I ; '
The fise and fall methog should.be

-be used for a Iéng run of differential levelfing for
important works. e ok Al - ]
The height of instrument methoq can be used when there are no intermediate
sights. ; : :

The héight of instrument method is,

number of intermediate sights are to be ta
the setting out. =~ - '

however, more convenient if a Iarge
ken such as in profile levelling and in




CIVIL EN

surveying Laboratoy

EXPERIMENT -

SIMPLE LEVELLING

: i hown 0N the
AIM:-To find out elevation (i.e. Reduced levels) of different points S
ground w.rt given arbitrary B.M.

INSTRUMENTS REQUIRED:- Dumpy level, levelling staff etc.

Theory and Significance:

It is simplest form of levelling, where in the elevation <_)f different points cgn bef
found out with a single set up of the instrument. The elevation or R.L.' of the l‘lne o
- sight is established first by taking B.S: on a B.M. Once the elevation of line of
collimation is known, the olevations. of other points can be determined just by
determining the amount by which the given point is lying above or below the line of -

sight with the help of a levelling staff s0 that

R.L. of the point = Height of collimation + staff reading

Use — when the point is lying below the liné of sight and
Use + when the point is lying above the line of sight.

_ The method adopted to find out the R.L’s of points is known as “height of
collimation” method, where in we the elevation of line of sight is established first and’

later deter!ninir_wg by how much distance the given-point is lying above or below this ]
line of collimation. The normal check adopted to determine accuracy of the work in ' j 10C

Height of collimation method is.
Y F.S.-Y.B.S. =lastRL - First RL
From the above, it is clear that no check is available for intermediate sights

This is the simplest form of levelli i
| B A J
understanding the principle involved in levelling. 9 and is @ LT

;

{
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v
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PROCEDURE:-

O

Set up the instrum

ent at a conven; ; )
visible property. enient point so that all the points and B.M. are
Do the tem

porary adjustments s ; Arinler
horizontal. Property and make the line of sig y

PIEtialeieibace Sight by focussing the telescope towards the staff held on the

bench mark, th‘e R.L. of which can be assumed suitably (50.00m/100.00m) and
enter staff readings in the B.S. column of level book.

Calculate elevation of the line of sight as H.|. orHC.=R.L. of BM+B.S.

Now focus the telescope towards the staff held on different points on the ground

and note down their corresponding readings and enter them in the 1.S. columns
of the level book. The R.L’s of these points can be calculated as

R.L. of the given point=H.|. - | S.

The last reading should be entered in the foresight (F.S.) coltumn so as to

have a proper check on the accuracy or work. However R.L. is cal_gulated ina
similar manner. : :

RESULT:-

Reduced levels of given points w.rt. assumed arbitrgry B.M. of R.L. of

100.00m :

Point: 10 = e e e

POINt2 = . ocoviiiiocniineenenes




- points some distance apart or to esta
" -levels. . 5 o
line of sight are know

EGE OF ENGIN!
RING DE
Laboratory

MUFFAKHAM JAH coLL
CIVIL ENGINEE

surveying

EXPERIMENT -

DIFFERENTIAL LEVELLING

elevation between two poin
nch mark and checking th

wn which aré too

ts sho
the work

AIM:- To find out the difference of e accuracy of

far apart with respect to a given be
by Fly back.

INSTRUMENTS REQUIRED:- Dumpy level, levelling staff.

Theory and_Siqniﬁcance:

ermine the elevations of

ration of ievelling to det i :
: Iso known as taking fly

Differential levelling is the ope :
blish bechmad(s. Itis a

. The datum points lying above the
marks”. In such cases, the B.S. reading is
zero end touches B.M. and the staff reading (i.e.B.S.

elling work can be checked by flyback. As the
d out in the reverse direction after reaching
F.S. taken on the last point

taken by holding the staff inverted so that
) will be negative.

The overall accuracy of any lev
name suggests, levelling work is carrie
_th_e last points so as to reach the B.M. at the end. The
will be the B.S. for fly back levelling.

2 242-590 &
S| _242:024 » =2 = -
8 . 242-212 .
g E:
- AT
mK TP . | v
b T
(240-000) sl . 240-400) BN
PROCEDURE:-
1. Set up the instrument n
‘ ear the B.M
2. Take B.S. én Bench nd do the temporary aq
so that zero end togncit;s. Iftrtxhe e inverted, th% sta?’f :ﬂJUStmems
negative sign. ° BM and BS. reading Sho:jludldbbe el reie i
€ entered with

3. Take a series of |.S’s on near
on first tuming point (T.P )

4. Continue levelling by takin F.S
reached. Calculate R.| s o g

'S and

. =

as “inverted bench '

B.S
¢ . 'S on ; :
all the points. T.P’s until the [agt point is

RESULT
1. Tihele
2. RN

3. Perce

TABLE:-

N

[sNoBl

-

CONCLusIC




5. Now the Ievelling pro
cess j ;

to pheck the accuracy. orlt?-.' ated in the reverse directi
point caln be treateq as B¢ iSithe k5, taken on last pc:gtd I(‘)Irll blg‘gwsn Gotbate
6. Now calculate the g e wi -S. so that last

-L.S of |. g

geLatigU;‘a‘te, the R | of B. S Wh:fh e required in the fly back. For the work to
- Al s assymeqy at the p, inni €Mined shoylg confirm suitably with the
Calculate the _R‘L-'S and apply theeg 3:“"9 of the work within experimental limits.

ecks Suitably

RESULT:-
1. The difference of elevation between two show points = .......... m (rise or fall) -
2. R.L. of bench mark after fly back= ... m.
3. Percentage of eror ' 100 (AssumedR L R.L. afterfyback) S %
~ Assumed R.L. i
TABLE:- .
S.No. BS 1.S F.s H.I R.L Remarks

i be made about the relative elevation of different
CONCLUSION:- A conclusion can '
ground points. In addition, the accuracy of work can also be checked.

1

{

Q)
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pPROFILE LEVE ) of @ given area by “Profile
re

g natu
siopplng
M:- To represent the gen‘?rzzlnproﬂle( Ieve“ing staff, compass,
Al:- ctioning - e
Levelling” and Cross 8¢ oumpy level with fipe
p:- bu

s REQUIRE etc.
n:]s;Rgl;‘IeEhgngmg rods, crossStef
chain, ' . ) .

iqnifi - e is to determine the
L veling wherein the:pUpo- d thus outline of the

[

- . f J iven line an
ing is the type © ~Art along @ gIvVe!
Profile le \t’eg;‘ Endwn distances apa{; ented graphtcally.
elevation OFI Fﬁlfun dulations can be repre
ground surfa : :

PROCEDURE: .
_ RATILL
Centre Lne of ok S
i /roddﬂf‘“‘ (< S P ;
g X : S \..'I 7
- ; ‘ 54
nBM >.< S‘O" glq(q“s ’ lnst.SL'3

Inst, st-1

. ion is i ngin
1. To begin with, the line along which section is to be tgken is mark_ed by ranging
" rods and fore bearings is taken. Let AB be this centre line.

. ape - r
2. The level is set up on firm ground at some suitable posmon_elther to th;.? fg r?d'
: right of centre line, so as to command a large number of points on the lin
temporary adjustments are done properly.

3. A back sight is taken on B.M. to determine H.I.
4. Having stretched the chain from A in lin

point A, and at the representative point i.
ground surface changes appreciably are t

e with AB, staff readings are taken :et 1
e., the points at which the slope of t
aken and entered in the I.S. column.

Generally staff readings are taken at equal i : : i line besi
the points where the slo qualintervals along the chain line

Pe changes a ; =y al
be noted down in the ‘Remarks’ colum":prec‘ably and their distances should
|

5. Cross-sections are taken by seiy . : C
either side. The staff is helq 5 eac% ‘1"(1; PePendicular lines to section lines
change in slope along th m poin ' -

; ese ;
entered in |.S. column only. Thgeg.gte;:églllar

section
measu

Cross

6. When |
selecte
shifting
centrel

7. Chaina
back b
taken z

corresp
continu

8: After re
back™u

" Then th
descﬁbe

Plotting th

2¢

AL

Chaina

A ho!
staff-points
Perpendicul:
respective le

The
ordinates wa
varies betwe
assumed as

The
Usually ten tir



section is taken and the g
: distan
measured with tape, left ang ﬁgf?teosf 2; nStaff Points along t

tre stat ge Cross-section lines

0N are note,

Tument, a suitable change point is
ect and a F.S. is taken on it before
ING. Any point lying on section or
cted as change point.

selected on a firm ground or

lec c Mane j
shrftlng and a BS. mmediately‘afterntsg?fi
centreline or cross sectional line CGan be sele

7. Chainage and readings are continued ag
bakck bea;r:g of section line AB and fore bearing of a new centre line BC are
taken an "€ operations of taking down Staff readings and noting down their
corresponding distances either along centre fine or along cross sectional lines is
continued for required length. s i

before until point B is reached. The

8.. After reaching end point, accura

Cy of the work should be c¢hecked by “Flying
_back” until reaching the B.M. esta

blished at the beginning of work.

" Then the général profile of the

ground and cross-sectional slope ‘are plotted as
described below. :

Plotting the Profile:

o

" : e s e,
2100, —- q \““*ﬁ v
omuM|
205 :
3 3 3 8 2 r
. 0 o S ? :
2. o S e i 7
« 9 sl ~ i;o:--__éo “—‘%o W0 %600 18d
Cuar 20000 0 ‘?towlw.ﬂ‘!‘.“- SECTION

: ; the chainages of
datum as a datum and X:
' izc ine is first drawn s 3 € convenient scale.
A horizogGERTE gtr:?ion or centre lines are maarkedantg on these lines, the
Slaff-points S alongthzn drawn at each plotted f:haln ge ,
Perpendicular lines are
; ff.
levels are seto 5o
R e should be. so gssum;dl- f:agf g‘ige:f;:?tpoints
The elevation of datdcm to 15 cm. Suppose ﬁg\i) of datum line can be
ordinates would be bemezn211m the elevation (i.e. R.
n 1
varies between 208m 3
assumed as 205m.

um lin

tting exaggerated i.e. larger than horizontal,

in plo
The vertical scale used in P

Usually ten times. @




jon |
_sectio orizontll ;‘Ccm—s o

Plotting the Cross=S===== H
5CALE yertica!

levelling except that the scale used
s of datum line may be different for
cross sections to keep the ordinates ! The (_jatum and ground "“eS are
drawn in black ink and the ordinates shown as thin blue lines. The datum level should
be written above the datum line. The chainages and the re_duoed level _Of the points
should be written against the ordinates and the description of prominent objects
written in its appropriate position on the section.

manner as profile
me. The elevation
fairly short.

k It is'.plotted in the same
for horizontal and vertical are sa

RESULT:

The longitudinal section (i.e.profile) and cross sections should be plotted and

gzr:prlletedfm all relspects such as scale chosen.. Location of survey, details of
rings of various lines, details, about s ' itted i

Rl urvey party etc. and submitted along with

SI. Chainage in m
No. Left [ Centre Right | B.S. [I.S. | F.S.| H.| R.L. |Remark
8. . j ma

/3

s 2.

iy

o i e . )
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CMEOLLE.GE OF ENGINEERING AND TECH
ENGlNEERING DEPARTMENT ki
Sumylnq Laboratory

aandolte 1 supposed 1o be the most

woontal and vertical angles Le. angles Sophisticated instrument for measuring the

sad where great accuracy is require d‘“ horizontal and vertical planes. It is therefore

; specially for findi i : i
vabon. laying horizontal angles etc. o linding out minor difference in
.:m,- woad types of theodolites:g elc. As far as their function is concerned, there are

) Transit theodolites i

\ b plane?mes ln' which the telgscope can be rotated through 360" in

Q) Non-Transit theodolites in which the tel h
360° in vertical 2 : elescope cannot be rotated throug

The size of the theodolites is pronounced against the size of the horizontal circle
e # it has.a diameter of 12 centimetres, the theodolite will be named 12 cm.
theodolite. Depending upon the type of survey to be performed , there are
- various sizes e.g. 8 to-12 tm theodolites which are used where great precision is
not required i.e. for general survey work and 12 to 25 cm, theodolites are used
where great precision is required e.g. in triangulation work. . '

. &
9
H. Spirit Level for Vertical Angle

s o . Telescope

2 GL:;TL‘:d ' J. Eyepiece

0. Lower Horizoal Plate K_ Focussing Screw
. ntal Plate L. Object Glass

: uw.' i M. Plumb Bob

p ;cq::n ‘c:w ‘ N, Plumbing Hook
G Circle




parts of Theodolite

pottom

] = rtin ) { part w

Snxgr?j'é fnt:: ofg:he most’lml sﬂan orr: b
isptn'pod. it is made up of highly with .
hardwood. It has three firm 95 the B
pointed metallic shoes t(f)the b0 s ‘ ;
theodolite ﬁrmly. At the tt’(;)ﬁm IC)J, A ihe Z.
another metallic part 'opemng  which n

tripod with @ threade ogs of
thz theodolite is fitted. The thrttzsel a?l e
the tripod are joined to one ano

top usually by wing nut SCrew-

\S\.

@
NS

the bottom of A
which  “gleat 2 el
k fFO m. i N aﬁADtNEé D .\<\!i\\\\/\/\:\/\/\\\\Q

4%

i
N

plumbing Hook : Just at
the theodolite there is a 1O
the Plumb Bob is suspend
help of which the instrument
over the station. :

—~

OTNRNNN
SN

“ -
AN

s centered .

SN N N

-

SN

Centering Plate: This plate is thr_eadgd o -
the main instrument. By unscrewing it, the
entire instrument can be slided on the
base sideways for the purpose of finer
centering. When the plumb bob is exactly
over the station point, the centering plate
is tightened.

Levelling Screws or Foot Screws:
Earfier there used to be four levelling
screws but now-a-days there are three
" levelling screw.- The function of these :
screws is to bring the instrument in a perfect horizontal plane. They are attached to @
Spirit Level. The bubble in which has to be brought in ter of i i
instrument in level position. e the centerGliS I to. bring the

' Tracsit Veruier Thoodolite (Soctional Elcvetica)

Lower Horizontal Plate : Above the levelling screws are two circular horizontal plates

covered in a box with two openings at 180° fror
from 0° to 360° in a clockwise direction. The from one another, This plate is graduat

(each degree being divided into three equ least count on this plate is of 20 minutes
theodolite is named as 12 cm, 25 cm. et th:odolit
g e.

Clamp Screw for the Lower Plate -

lower plate to move.

T ; X Just :
which when tightened will not allow the below the lower horizontal plate is @ screw.

Tangent Screw for the L
It functions only whe ower Plate: This screy i '
n the Clamp SC rew IS also g
the lower horizontal plate - 'ew has called finer adjustment SC

ti
accurately. be moved very S|0Mghtened~ With the help of this SC
Y and the object can be sighted
Upper Horizontal Plate - Thic "
on the lower horizonta| platelsc()::]rc#:

ar plate yhink
seconds. It has 20 big Ly : which s also |

IS Plate a
each divige. ¢, 9Rduatj : :
dlwded it Uations to read minutes M .

§ ree e i
Qual parts: Ht helps in t

D YN T W WV e

| parts). Upon the size of this plate, the

g | U
nside a covered box MOY

instrument
theodolite &
screw is as:

vertical Ci
the box, slic
and over \
written whe
glasses. Th
it. The grad

Spirit Leve
horizontal
circle. While
also to be t
the help of
and thus le

Telescope

-is to sight t

power of th
The main p
i) Eye

i - cm
focu
i) Foc
han
focy

thre

V) ob



ttached to a
to bring the

ontal plates
s graduated
20 minutes.
s plate, the

is a screw

1ent screw:
this screw.
ghted very

g‘;:;, ; g 4
Maﬁ v Q-"“ e * Y

curate readings by vemier
acmier A whereas on the ion 18
ate i clamped, the uUpper plapemng , 180° of th
pnclamPEd and the u
Iatel itis als 1, ]
he lower P O Provided wit ..
pe ame is it of the ey et W1 g
uncilamped, then the upper pjate

amran
Other gpcment

PPper plate clam CGan Move ind €. vemier B.

e:w?r plate is
usly. Just like
o 1€ lower piage WS, there function bei
p: S Will moye independent:)s/.dam and the upper pl;g
agnifying Glass : At both the i

;Jndgone for vemier B. Since Zpg‘rg’;%s-tt_here are magnifying glasses i
graduations so that they can be reaq eas;iily'ons N e ey he";?:eeﬁ;:;ge{hg

Spirit Level for Vertical Angles : At right' angles to the spirit level attached to the

horizontal plate, there is another spirit level attached to the outer cover of the vertical

circle. While taking angles of elevations 'or depression, the bubble in this spirit level has.
also to be brought in the center along with the one attached to the horizontal plate. With
the help of a levelling screw for this: spirit level, the bubble can be brought in the center
and thus leveled. :

.Telesbope: One of tﬁ';'most ifnportan,'t'f;éi-f of the theodolite is the telescope. lts pgrpé_se.
is to sight the object clearly. Inside the:telescope lenses are amranged and the sighting:
power of the instrument depends on this,arrangement. :

The main parts of the teieSCOpe are

i) Eyepiece : Through tﬁe eyepiece the object is sighted and focussed.
eyepiece is attached a screw known as

. y % i X e
" Crosswire Focussing Screw o the crosswire is sharply focussed.

focussing screw. By tuming the screwl

- i and in some instruments on the right

W) Focussing Screw : Just aftert htgfe ei);esrl;ﬁer screw type amangement called the
hand side of the:telescope, help of this screw the object is sharply f9cussed.
focussing screw. V\ﬁth he ssed, the object becomes out of focus. But in two or
When the crosswire 1S fO(:tl:em will be sharply focussed and there will be no
three attempts, both °.f o with respect to the crosswire by sudgway or up and

displacement of thtfe ggehead and the parallax error will be said to have been

down movement 0 ‘

removed. : ‘

telescope, opposite to the eye piece through

is called the object glass.

e far end of the

Object Glass : The 187 © 1 ope

which the ray enters the




v)

vi)

vii)

1)

2)
3)
4)

they have been provided 0% (o portio
through the teles

" Adjustments:

art of the telescope by

¢ actually nolt zo?)pe. They Since looking

d Sighting Hole - “’;Z{ 2oVer of the :;, ian be sighteg(-3 thefefor_z to

: n the outet = n of the area = '\ ole has been provideq
sightind ided towards th

n provi e

faciitate quick SOPTEL of the tekeSCORC ighing the Ok op of the sighting pin
towards to eyepie e it | o

X nd O iect will now appear in the

f;f&%i’s?t eshou|d be first © n doné, (;‘z ::Jgrought on the cross wire

R W
d the sighting hole. Ukl
?eqesoope as well after which it ¢2

very easily.

Sighting Pin a

cope only @3

hand sidé of the telescope there is g
ight ha

. Since the
; f the telescopeé
for the telescope yovement ©
scéfgv'f \f/cr:]?c?rv:, when tightened StopS :hheasm been named Clamp Se

: is screw, i :
telescope is clamped &Y (1S <crew for the telescope has

. he camp .
Tangent Screw for the telescope: when t tangent SCrew. with the help

s w called p .
been tightened, just below it 1S anotherS ;(;:?y This screw is also calle d Finer
' ry ~ o :

of which the telescope moves Ve ‘_
Adjustment Screw. " . i,

g 5 ' will function onl
For all the Clamp Screws there ar¢ tangent sCrews but they . y
when the clamp screw has been tightened.

oriematlc Compass: With the hetp of this Prismatic Compass, beanigsei

points which are sighted can to be taken.

In the theodolite there are-two-types of -adjustments-Temporary
and Permanent. ' g

Temporary Adjustments: The adjustments done at each of the instrument
stations are called Temporary adjustment. They lnvplve ;

i) Setting the instrument at the station and centering it. It has to be

done very accurately. The instrument is centered with the help of

a plump bob suspended from the centering hook at the bottom 0
the theodolite.

ii) Levelling:

iii) Focussing: The object and the

Cross wire ssed in
such a way that by movin s should be focus

; =0y moving the head side ways or up and down,

&ifnlssu::‘}? ;eéit\;eti grlls_placement of the crosswire and the object.
is arri i .

to have been remoyed amved at, the parallax error is supposed

pPermanent adjustmnts done in the instrument by the

checked prior to starting the actual survey work
o

‘ are as follows:
The hon‘zontal.axis Or trunion axis of the ;
the Vertical Axis o the instrume
The axis of the horizontal ¢j

- c )
The vertical crosswire shoul|r §© should be at right an

; ey lie i : gles to th ; i
The line of Collimation N a plane at O the vertical axis
Axis. should be 5 right anst;les t angles to the horizontal axis:

0 th

N e -

Nt should be at right angles

e Horizontal axis or trunio”

5)
6)

7)

8)

sSom

Cent
theo!
over

Leve
posit
Plate

Hori

" plane

‘Vert

Tran
vertic

Line
centi
entel

static

Face
Circle
be in

Face
han;i
~and ¢

~ Swi
teles

Swin
Swun

Norn
Instru
horiz
plate



e byt
'oking
ore to
vided
S the
h the
J pin
) the
wire

is 3
the

has
elp
ner

e
of
of

L R |

|
|
|

TR

The axis of the e

. s

5 The vertical circle sﬁoﬂ?dshould be Parallg|

2 telescope is in the Ntre ofr?'ad Zerg Whe?\ :0 € Line of Collirmas:
The graduations i the ve Ty he bubbleg iy, Mation.

N them are Perfect or noy Mical o T b © SPiit level of e
The Centering o the Pt . 04 e yarr

B not. IUmbmg Hook is €Xxact] ke attached to

Y In the Centre of the theodolite or

some technical termg used in Theodolite .
Urvey:

centering : Itis the methoq of setti

theodolite which is taken as ing the theodolite in sy

over the station point on the ground. 'Ng hook at the bottom of thye ; ;eohe center of the

dolite is exactly

Plate is always in the center of S, € spirit level Which is attached to the Horizontal

Horizontal Axis: {t is the axjs about which the : . | .
“plane. Itis called trunion Axis | the '”Stwent can be rotated in a vertical

Vertical Axis: - Itis the axis about which instrument can be rotated in a horizontal plane

Transiting: When the telescope is capable of marking a complete revolution the
vertical, plane, the movement is called transiting. A .

Line of Collimation or Line of Sight: Itis an imaginary line passing through the optical

centre of the object glass, and plane passing through the centre of the eye piece and
entering the eye. e

-Setting: When the theodolite has been levelled and Cf_anteréd perfectly at the instrument
station the process is called setting i.e. the instryment Is now ready for use.

» ' - d sighting and object, the vertical
; oking through the telescope an the ver
(’;iargﬁa f-segr; YI'Y: (le:ft k}:and iide of the telescope and the observer. thg theodolite is said to

be in Face Left position.

Face Right: In the same way while sighting an object, if the vertical circle, is on the right
ce Right: In

h ite is sai in Face right position
an the theodolite is said to be in F »
hand side of the telescope observer,

and observer.

S . \Whil tal;iHQ horizontal angles, the telescope is rotated clock\{wse the
wing Right. ile fight.
telescope is said to have been swung ng | e
: y if it has been rotated anti-clockwise, it is said to a;v,
Swing Left: In the same wa -
e with the theodolite, the nommal position of the
nd zero or 360° of the main scale or the lower

h zero of vemier scale or the upper ht'?rizontal

Normal position: While §UN§3i’"r‘]$ A
INStrument is Face Left, SWind R0 b
horizontal plate is exactly coinc

Plate at Vemier A. z

69

(

g g



e deﬁned as the minimum
that can be taken by an

fi
Least Count: In any ! ie
reading power of the mstrumen»t |

ise from 0° to

ided ¢l
instrument,. : ; e is divide C

_ | circle O the main scﬁal parts of 20 m|nut_e8_each.. The
In the theodolite. the horizonta ~ide to threé the yemier scale coincide with 59

s

360° each degree further bel 5
arrangement is such that 60_5420;1‘& ry
secondary divisions © the main

The least count will be calculated thus:

iisi = in scale
60 vernier scale division are = 59 main

' . e
1 vemier scale division = 59 main scale dvisto
60

=59 x20 minutes.

Least Count =1 M. sD -1V.SD
= (20 — 59/3) minutes.

= 60 — 59 minutes
3

7 1/3 minutes.

=1x60 seconds.
3

least count = 20 seconds.

e the least count Eoto
B e b g égev‘ter:ﬁpdohte in which | M.S.D. is equal to 20" and
i O, (0] o),

cale dlw_suons will be 20 seconds.



mum
)y an

0° to

th 59

' and

AM:- To determine the horizont
object P and Q shown, by the met

INSTRUMENTS REQUIRED:- Theodq

i surement instead of setting it back . \
fre previous station . <. g it back to zero

average horizontal angle in then obtained by dividing the final accumulated reading by
the number of repetitions. This method o

clockwise any desired number of time (usually 6.), half of
telescope normal and the other half with the telescope inverte

PROCEDURE :-

- — ~—— T R
g .

. . = . e
LA ’

RING AND TECHNOLOGY

al angle POQ y;
ith res :
hod of repetition Pect to the station O and the

lite, ranging rods etc.

In the method; the angle is added several times mechanically. The value of

f repetition consists in measuring the angle

which are made with the
d. i

/‘ - i
Station P Station Q

Instrument station

(@)



0)

(it)

(iii)

(iv) .

)

(vi)

(vii)

(viii)
“(ix)

()

(xi)

1 accurate'Y- ( The face of the

d level normal position ) ang set

& the station scopé I
_Se: the ":sg:gjgtbit left and the tele o
instrumen ! ; P
ranging rods at P and Q. ot the vemier A 20 2rew '%‘teﬂ the
d lower clamp SGEY e of UpPe" tangent SCTEW. Also take
o mea
Release the upper an 0° by

upper clamp. Bring it exactly to h
the reading of vemier B- oint it at the station P (represep
ane P the lower clamp. Bisect the

an
hten ;
s on the h Sllgze:i?angent screw:(Sight al’botiomfey
ing the

rods)

. I
Tum the telescope in the horizontal P

by a ranging rod) which i
ranging rod at Q exactly by US
nearest to the bottom of ranging
er readings have NO
kwise until the line of sight
telescopé cloc _
: screw. Turm the i? rod). Tighten the u
!-005;3 Zr:hti: F;tp:trioiag p(represented by another_ nra. tﬁ;’ll% b t)angent ot~ pper .
g«’=\sr:13p Bisect the ranging rod at p exactly by us! g ! :

. t changed.
Check that the vem!

‘ - the angle.POQ.
Read both the vemiers. Determine the means value of gle.l &
B Sy ¢ i ight the ranging rod
( ‘ ‘ lescope clockwise to sight 9
Unclamp the lower plate and tum the te o
at P agpain. Tighten the lower clamp. Use the lower tange_nt screw for exact
‘bisection. - :
Check that the vemier readings have not changed.
Release the upper élamp’ and tum the telescope c!ockwise to sight the ra_nging
rod at Q. Tighten the upper clamp. Bisect the ranging rod at Q exactly by using

the upper tangent screw. 4

Repeat the process until the angle is repeated the required number of times
(usually 3) ; ' :

Divide the final reading by 3 to.get the average value of the horizontal angle POQ
with face left. .

Change the face of the. instrument to right and make 3 more repetitions as

described above. Divide the final reading b :
angle with face right . g by 3 to get the average value of the

The average horizontal angle POQ ai it
2 angles obtained with face left and }Ztcgeggt:]?talned P teking the aveizciil

Advantage of Method of Repetition :

The method of repetition is a
B s s cause the following errors are eliminated of

()

(ii)

The errors due to eccentr

reading both the vemiers City of the centr.

es a :
and averaging nd of the vemiers are eliminated by

the readin
The errors due tg im -
7 erf i |
horizontal axis of the té)lesgd adjustment of the |j
right observations OP€ are eliminateg by talrl:e o el S
Ing both face left and fac®

¥

(iil)

Limita

Inst at

F-—




ce of the
and set

Ihten the
\Iso take

present
sect the
ttom or

of sight
> Upper
o

Ing rod
- exact

inging
using

times’

POQ

s as
f the

f the

9;%*?; ” W ‘1' ,;'U’
The error due to INaccurate
. : graduatj
pll) measuring the angle on diff Ons on the g
€Nt parts of fhe circ|e.mam scale are minimized by
umm‘“ons of Method of Repetition:
, when sight distance are relativel
X : sh
l advantage In using the methog fZepeﬁgénS:iy less than 100m, there is littie
the telesco_pe correctly and setting up the N that case, the errors In pointing
more significant than the InCreased Instrument over the station exactly are
repetition. precision achieved in the method of
. The error due to slip, the ;
0) vertical aXaS bR F:h o bu‘:;;f:a;)ement of signals and the non-verticality of the
repetition, S out of ‘centre cannot be eliminated even by
(BSERVATIONS:-
[ observation (0; - 0°) =
2 observation (8, -6, )=
39 observation-( 65 - 0, ) =
Average horizontal angle POQ =
OBSERVATION TABLE:-
. -y T ol
Horizontal Angle : T '\
Sight to Face left observations Face right observations l
Ver.A Ver. B Average Ave.
Ver. A Ver.B AeTES i Hori. Angle | Remarks \
A Iz a[1, G A< S I 0 i o f
| i | |
( : Ist i
(}; ) : : Repetilion ’
P\ REE ; - | 2nd
0 : 1 { Repetition
P\ s | 3ed "
i Repemtion
v s :
2| BEE L |




RESULT:-

The average horizontal angle PORQigr:l)
(Average of Face left and Face

Number of repetitions (n) =3

. Correct observed angles =

PRECAUTIONS : -

curately
(1) Centering & levelling should be done ac

(2) Clenps should be tightened prqpedy.

(3) Bisect the ranging / Statior:s accur'a.te_ly s

(4) Reading should be taken yvithout any Qafa

flax error.

Lt i e T i P | | - PY TR T

a on

=3



EXPERIMENT i
MEASUREMENT OF HORIZ

yM:- To measure the horizonta) incly
own with respect to the s

¥ €d angleg
tat!on O.T €asure the h it
5oP, etc. by the method of reiteration

Onzon(a| 5
NSTRUMENTS REQUIRED.. Theodolite, rangin
=

biects P.Q R g elc.
ngles POQ. QOP ROS.

iteration of direction method ies |
k_. . “\(N m t
used when several_an% at'the same staiigrc\).d Ac;if tiinarig;feieanrzrauy
. | measured successively §tart{ng from the initial, station. The angle between the [ast
| station and the initial station IS also measureqd and thus the harizon is clo
horizon is the process of Measuring the ang|
fo obtain a check on their sy

es at an instrumen station round the point
m, which should equal 360°). Th
should be the same as its initial reading. If no

e final reading of the vemier
t, the discrepan
among all the angles measured. ; :

Cy is equally distributed
PROCEDURE :-

e T SR Y U

.(closing'the it




= - both the u
5o o d |eve| it accurately. Release pper
3 % (1) Set the instrument at the station O an R
™ and lower clamps. Bring the vernienn ; 095
% 5 . rew . n "
Set the verier A to 0°. Tight in the upperreriamp sC /‘
‘exactly to 0° using the upper (aqgent dsgt b Tighten the lower clamp scrti\;:v(;j c
(i) Direct the telescope to the ranglf:g :r)ew '( Generally the object at P 1s €@ st at| *
Bisect P using the lower tangen screw.
‘reference object ‘).Read both the vemiers. A ;
i ntil the ranging |
telescope ClockwiS€ u L—
clamp screw and tum the tangent screw for
ST TR o 5§Z?gt?seb?§ep§;d. Ti(_;)hten the upper clamp - Use the upper tang
exact bisection. ’
' : i horizontal
Read both the vemiers. The mean of the vemier readings gIves the i
angle POQ. (04) R
: : - lesco clockwise until the station
N (iv) Loosen the upper clamp screw and tum the te Sse tFt)wee b tangent screw for ) ‘
A R is bisected. Tighten.the upper clamp screw. T
J exact bisection.  ° C o ; | S P
] i - ; '
; ' : ; erence
4 Read both the verniers, the angle QOR IS obtained by taking the diff .-
\ between the readings on R and Q, (62—81) = ZQOR. . &
The va
(v) Determine the angle ROS similarly . (63—-062)= ZROS
N ZP0OQ
(vi) ...E_inally close the horizon by sightin'g_th_e reference object P again. /QOR
The vemier A should now read 360° (or 0°). If not, note the vernier readings and Z/ROS
find the error due to slip etc. i ' ;
; ' : £ZSOP
(vii) If the error is small, distribute it €qually to all the angles. If.-the error is large,
discard the readings and take a fresh set of readings.
i i PREC!

(vii)  Now change the face of the instrument io face right by transitin thé e :
and swinging it through 180°. : g scope

Set the vernier A ot 0°

(ix)  Measure the angles in the same manner by turnin

irattion. g the telescope in the clockwise

(x) The mean of the two results gives the true value of the angles‘

CALCULATIONS:-

£POQ = 01 =

ZQOR

1

(62- 61) = {
~ROS = (63 -82 ) = !

JSOP = (04 - Ha s i




OBSERVATION TABLE-

Horizontal Angle

Inst at Slght to Face lefl Face Right
Ver. A Ver. B Average | Ver.A Ver. B Average Ave.
: ; : : Hori. Angle
0 . .t 0 .o 0 . o 0 . (3] 0 . . 0 . . () '

RESULT:-

The values of the horizontal angles
£POQ =

ZQOR =

ZROS =

/SOP =

PRECAUTIONS':- 1) Cen.ten'ng & leveling Should be done accurately .
o (é) Set the Vernier ‘A’ to zero accurately. .

(3) -Claﬁpé should be tightened propeﬂy ks

4) Biséct the ranging rods / stations aééurately.

(5) Reédings should be taken without any parallax error.

®



OBSERVATION TABLE:

Horizontal Angle

—=

T T e
. —/T Face Right N
Instat| Sight to ace left A Ver. B Average Ave,
Ver.A | Ver.B Average Ver. L T P:)on. Angle
0~ ¢ 0 < 0 b 2 __g_"—‘—,—»———o‘f g &
RESULT:-

The values of the horizontal angles

£POQ =
ZQOR =

ZR0OS

ZSOP =

PRECAUTIONS:- (1) Centering & leveling Should be done accurately .

(2) Setthe Vemier ‘A’ to zero accurately.

(3) Clamps should be tightened properly .

(4) Bisect the ranging rods / stations accurately.

(5) Readings should be taken without any parallax error
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Surveying Laboratory

TRIGONOMETR

CcL
(HEIGHTS 5 EVELLLING

DISTANCES;

EXPERIMENT .
TO FIND THE R.L.

WHEN BASE OF THE OBJECT I INACCESSIBLE

(SINGLE PLANE METHOD

AM:-  To find the reduced level of the top of an
given the R.L. of the B.M. by Single Plane

object when the base is inaccessible,
method.

INSTRUMENTS REQUIRED:- Theodolite, le\)elling staff, steel tape, ranging rod , pegs
efc. ' o

PRINCIPLE:- When ‘the horizontal distance -between t
cannot be measured due to obstacles etc, two instrumen
are in the same vertical plane as the e
the same level or at different levels.

he object and the “instrument

t stations are used so that they
levated objected The instruments axis can be at

-~ -

A ::3@.- I i -

PROCEDURE :-

1. Setup the ;theodolite at P and level it accurately with respect to the altitude but‘)bleA

2. Direct the telescope towards Q and bisect it accurately. Clamp both the plates. Read
the vertical angle aj.

it the: telescope so that the line of sight is reversed. Mark the second instrument
3 Zt':t?(;srlx R on the ground. Measure the distance RP (d) accurately.

3) for both face observations. The mean value should be

4. Repeat steps (2) and (
adopted.

f
\

o s —

—



and the a"nudg pubble 10 thies Cesritres of

5. With the vertical vernier set to zero reading. oy BM.
its run, take the reading on the staff kept at nes - i
the verical angle

e theodolite there. Measure

6. Shift the instrument to ‘R’ and set up th
ng, and the alttude pubble in the centre of

t the nearby B.M.
poth the stations

7. With the vertical vernier set to zero readi
its run, take the reading on the staff kept &

(a) When the instrument axis is at the same level on

Instrument axes at same level
, h=QQ’
aq = angie of elevation from A to Q

» ’ )‘ "
-- ay = angle of elevation from B to Q

-

S = Staff reading on the B.M. taken from both A and B ( the readi s
same in both cases) ng being the

n

d = horizontal distance between the instrument stations i.e, R and P

1"

D = horizontal distance between P and Q

From A AQQ", h=D tan aq

(1
From ABQQ', h= (D+d)tan up — (2)
Equating (1) and (2) , we get

Dtanag = (D+ d)tan o

= Dtanag + dtana,



D(tan0-1 ta“u2)=dtanu2
dtan az
(tana1 -tan ap)

subsﬁ“‘ﬁng the value of D in equation

S0y,
nh =Dtanal = dtan a4 tan ay
(tan o4 — tan ay)
- RLofQ=RLofBM +S+h
OBSERVATIONS:-
1. Ang\e-of elevation from A to Q (1) |
5 Face left ay=
Faqe nght d.,‘. = |
. Mean value of qﬁ =
| 2 Angle of elevaéfon'f{om B to Q (a2) : T A
' Face leftan = ‘ e el - :’
Face ﬁght’o;zﬁt AN e
Meanaz="“é'% : A find ' e 1
3. Staff) readlng at B.M.fromAorB, S TN

4. Distance between the instrument Statlon R-and Rdi=

CALCULATIONS:-

D = dtanoy =

(tan aq - tan a) ‘

~ h=Dtanm

1

RLeG= RL.ofBM. + S+h

RESULT :-

LD D




F ENGINEERING AND TECHNOLOGY

RING DEPARTMENT
ratory

MUFFAKHAM JAH COLLEGE (0]
CIVIL ENGINEE
gurveying Lab°

EXPERIMENT -

BASE OF THE OBJECT INACCESSIBLE

3 ( DOUBLE PLANE METHOD )
§F

when the base is inaccessible using

object
B.M. as 100.000 m

? AIM: - To find the R.L. of the top of an
theodolite by Double Plane method, given the R.L. of the
INSTRUMENTS REQUIRED:- Theodolite, levelling staff, steel tape, ranging rod, pegs

etc.

PROCEDURE :-.

Instru j
ment and object are not in the same vertical plan
‘ e

Let P and R be the two i
o instrument stati i ‘
and R ion not In th :
are so selected that the APQR is a well oond:i::enc]iet Yemca‘ plane as et el
nangle.

1. Set up the instrum
ent at P and level it
ac Wi
Measure the angle of elevation a4 to Q curately with respect to the altitude bubble.

onzon al Cil'Cl

RPQ,. l.e. horiz ‘
ontal angle 0, at p. e zero and measure the anglé

3. i
Take the back sight S on the staff kept at B.M

4. Shift i
the instrument to R and measure q 4o
. 2 an
2 there.

5. Measure ' ons
the distance between the two instrument sta R
i ti P
and P.

g

@3

rm I

1N



-,

using

egs,

In
From AAQQ

h1 = Dtana1

<RQsP =180 = (81 + 87)

applying sine rule

pQs = RQq_= RP
sinB, sinB¢  sin [180 - (64+02)] .

u %__”;}‘ﬁi ‘ L

» ume”t and object are not in the same vertical plane:

=D

<

™ :
From APRQ. 5

PQq =D = dsin 6y '
Sin(91+82)

RQ4 = dsin 04
Sin(01+02)

Substituting the value of D in @ -

we get el q—

__qQ
Q

hq=Dtan a4,

h, = dsinG4tan aq
sin(@1 +62)

RLof Q=R.Lof BM. +S (from A) + hy
OR

hp=RQqtanaz = d sin 041 tanay
sin(01 + 62)

ie.RLofQ=RLofBM. +S (from B) + hy

OBSERVATIONS:-
1. Angle of elevation a; from AtoQ =
2 Angle of_elevation ap from BtoQ =

3} Hon'zontal angle QPR (61) =

4. Horizonfal angle QiRP (62)=
5 Staff reading on the B.M. from station P =

6 Distanoé petween stations RandP, d =

@

iy

M
t
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it

3

“hy = D tan a1
CALCULATIONS:- D = _dtan 02 '
Sin(01 + 62)

RLofQ=RL.of BM.+ S+hi

RLofQ=RL.of BM. + S2+h2

Note = Adopt the mean value as the reduced level of Q)

0 3 @ (U

. RLof ‘Q =———-— metres
OBSERVATION TABLE:-
- ' ical Angle
Horizontal Angle . Vertical Ang
“llv\'st at | Sightto 5 0 ' . )
Ver. A Ver. B Average | Ver.C Ver. D Average
3 0 ": 23

0 3 I3 ¢ w«

RESULT :-
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CivVIL ENGINEERING DEPARTMENT
Surveying Laboratory

EXPERIMENT -

SETTING OF A SIMPLE CIRCULAR Cu
( RANKINE’S METHOD ) o

AIM:- To lay out a simple circular curv
Rankine’s method. Given the chainag
length = 30 m.

e of radi_us 100 m and deflection angle 52° 30° by
e of (point of intersection) =100 m & normal chord

INSTRUMENTS REQUIRED:-
arrows, flags etc.

Transit - theodolite, chain, tape; ranging rods, pegs,

PRlNCiPLE:-. Rankine's method is based on the principle that the_deflection angle to

any point on & cireular curve is measured by one half the angle subtended by the arc
from point of curve (P.C) to that point . : . b

THEORY:-

Expression _for the Tangential Angles:-l et T.V = rear tangent T, = point of curve
(P.C) :

Setting of Simple Curve by Tangential Angle method

®




b e 3w

2 Release the vemier plate and set angle A,

of the successive chords T, A

ich each A, B etc.

81,52,85 = the tangential angles 2:;5: ;n%ents to the curve at Tt

ith the res
AB, BC etc makes with the resp points A,B,C etc.

" les to the
AvAgAs = Total tangential or the deflection ang

C1.C2.Cs = Length of the chord TiA, AB, BC

A.A = Tangent to the curve at A

- A
From the property of a circle, 2V T/A = % £T1 0

Ly OA =2 Z VT,A = 261, Now /I1QA = 180

c, IR = 1718.9C,, Mi
Or £ T, OA=26,= 180°C; => & = 90C; degrees = QO?SQ‘QI ) ﬂ%J .
MR MR :
Similarly 5, = 1718.9C;; &; = 171329; ---------- e
17189C; |

In general 6 = 1718.9C minutes, where ‘C' is the length of the chord

R > -
For the first chord T+A, the deflection angle = its tangential angle i.e., Aq
For the second point B, let the deflection angle = A ‘
M1B=/A1T1A+AT1B or A2:61+82=A1+2)2

:61

similarly Ay = 848,483 = Ay #8301 Aq = Ay + 8n

Hence the deflection angle for any chord is equal to the deflection angle for the previous
chord plus the tangential angle for that chord. :

PROCEDURE :-

1 Set the theodolite at the point of curve T,. With both plates clamped to iero,

direct the theodolife to bisect the Point of intersection i ight in thi
is the direction of rear tangent. N el st th|s'

(deflection angle for first point on the

curve) on the vemier, the line of sight is directed towards first point

3 W‘ith zero end of tape pinned on T
ch<_)rd length aleng it swing tape ar
hairs. Thus the first point is fi

1and an arrow held at a distance of 1st sub

ound T till the a A i
xed on the cu1rve. ITow Is bisected by the cross

4 Set the second deflection ang

. le A :
directed towards second point. 2 0n the vemier go that the line of sight is

arrow held at distance of 30 »
cross-hairs, thus fixing the M along it, swin

6 Repeat the steps (4) anq o .
. 5 :
located must coincide wiﬂg 2 2" thf: last point T
measurements from the poinr ¢ POt Of tangen
pegs may be adjusted.

2 IS reached. The last point $O

o # thCY (T2) fixed independently by

s more the whole curv: dLSC repancy is small, last few
Should be reset.

~—
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jL ATIONS:- For R = 100 m & deflection angle = 52° 3¢

" following are the calculations.
e

rangent length = R tan A = 100 tan §2° 3¢’

5 =493 m (T4V)
Alength of the curve ' = TR A = IIx 100 x 52° 30" =916
e i

Chainage of Ty = Ch of P.1 - Tangent length = 10049.3 = 50.7m

4 Chainage T = Ch of Ty + length of the curve = 50.7 +91.6 = 142 3m
5 Chainage of point ‘A’ = 60m. Therefore length of initial :
chord length (C4) =60 - 50.7 = 9.30m. .
6 Seoon_d & third chord length = 30 m each (hbmmal chords)
.-.Chamage of second point on the curve (C;) = 60+30 = 90m and
Chainage of third point on the curve =the curve = 90+30 =120 m.
7 Chainage of final sub-chord = 142.3 — 120 =22.3m length of
final sub-ctiord (Cy) 22.3m. A
8 Tangential angle A, = 8§, = 1718.9xC; = 1718.9x 9.3. =2°40' 0"
R . o IR
5, = 8y = 1718.9xC = 1718.9x30 = 8° 35' 40"
R R
8.=1718.C = 1718.9x22.3 =6°23'40"
R R
TABLE:-
e rd Def'l ti Actual
N ; Cho . ection ua
Inst | Sight | Chainage length T: ngle ntéal Angle (A) Theodolite Remarks
at |edto| (m) G | EOUSIRR 1 Reading
~ ' (on Vemier ‘A’)
. 0 W R
T1 Vv 50.7 - - - 2 S ||l = (s -
A 60.0 93 291740 0° | 2% 4% O i 2% pia0r) O
B 90.0 30 |8°| 35 |40"| 117157 40" 112} 15 | 407
% |
G 120.0 30 8°| 35' | 40" | 19° SWL 0" | 19°| ‘51" 207
o | 1423 | 223 |eo| 22| 495 269 14{ a0 | 257 W) 4
] i T i

L ol |
. i e is laid out with the help of data as tabulated above:by
RESULT:- A simple ¢V (‘
Rankine’s method.
@
B

—

P




ERING AND 'lleIIN()l,()GY

_GE OF ENGINE
MUFFAKHAM JAH COLLEGE T TMENT

CIVIL ENGINEERING DEP
surveying Laboratory
EXPERlMENT -1

uT OF SIMPLE CURVES

SETTING O
(BY LINEAR METHODS)
two roads which meet at

- r
AIM:- To setouta simple curve of radius 100 metres fO

an angle of 142° by linear methods.
ws etc.

INSTRUMENTS REQUIRED:- Chain, tape, pegs, aro
- i snding upon
THEORY:- There are two methods for setting and curves depending upo
the instruments used. ' ) ”
A in or tape is used. Linear methods are

. - ods, onl acha :
1) Linear Methods:- In this methods, only & ¢t quired & when the curve is short.

used when a high degree of accuracy is.not re

2) Angular Methods:- In angular method, an instrument such as theodoli’te is used

“with or without a chain ( or tape ).

Some of the linear methods for setting out-simple curves are

1) By ordinates or offsets, from the lcng chord.

2) By successive bisection of arcs.

3) By offsets from the tangents.

4) By offsets, from chords produced ( or by deflection distances). -

PROCEDURE :-

1) By crdinates from the long chord:-




successive bisection of arcs:-

Setﬁdg out of Simple Curve by Successive bisection of Arcs

PROCEDURE :- :
1) Join the tangent points TT.and
equal to the versed sine of the curve

pisect it at D. Erect 2 perpendicular DC (O,) which is

@,=DC=R (1-Cosé/2)

2) Again the lengths T1C & T,C will serve as long chords for the curves between Ty and
C,and ¥z and C. Joint T, C and T.C, measure and bisect them at D; & D; respectively.
=CDo= R(1- Cos ¢/4) to get poinis

3)ATD: & D,, set out perpendicular offsets C1D1
C, & C;onthe curve .

4) By the successive bisection of these chords, more points aré obtained and the
process is continued until the bisection of chords is not practically possible.
ed by rope to show the shape of the curve.

5) Then the points on the curve are join

CALCULATIONS:- (1) 0.=R (1-Cos d) =100 (1-Cos 38°) = 5.4m.
2 2

(2) CiD1=C2Dz = R (1-Cos $) = 100 (1-Cos 3g°) = 1.37Tm
4 4

ext two pisections the ordinates will be

(3) Similarty for n

Cos ¢) =100 (1-Cds§§_‘) = 0.34m, and
8

Rt~
Cos 38°)= 0.08 m
i 16

@

R(1—Cos¢)=100 Vg
16




1

1)
2)

3)

4)

S)

6)

7)

8)

t a point B with deflection angle, ¢ (38°
ata :

Let AB & BC be two tangents meeting DA
tan ¢/2 an 1

The tangent lengths are calculated by the formula R b

T, are marked on the ground with pegs-

formula  2Rsingy/
: jculated by the T 10/2

chord TiTz is €2 rve will be symmetri
T oot e long long 15 bisected at point M and the ¢t e
on both sides of M.

ular intervals
The ordinates are calculated fc:; tze katr\t gzg::;:rg];etr:zglong chordioniihelerisa ks
10m) . Points 1,2 & 3 are marked Wi Ncosiia).
:)oi:t])M. 'I?t:e mid ordinate ME (0o) is calculated by the formula R ( ¢/2)

the equation
The ordinates IP; (O1) , 2P2 (O2) & 3P5(0,) are calgu Ift;;d byihies =
Ox= VRZ= —( R-O.), where x = distance from point M.

: : ' 4 5 method). The .
2 diculars are set out at points 1,2 & 3 ( by 3.4, ) )
caelmgtelg ordinates Oy, O2 & O3 identified along these perpendl_ctfla-rs and points

PP, & P;are marked-with pegs.

imilar sy i i1 ' are marked with pegs and the
Similadly on the right half, points 1 2' & 3 ar _ :
corresponding ordinates (obtained for the left half ) are set out to mark the pv0|nts P,
Psies’. - : :

All these points P1,P2,P3,E , P,',P,' & P'. are on the curve. These points |
are joined by rope or thread to show the shape of the curve along the alignment
( centre iine ) of the road. : ;

CALCULATIONS:- Given ¢=38°; R=100m

1)
2)

3)

4)

5)

Tangent length , R tan ¢/2 = 100 tan 38%2 = 34.43m

Curve length =TIR ¢ = 3.14x100x38 = 66.32 m.
180 180

Length of long chord (L) =2 R sing/2 = 2x 100 x sin 38/2 ke 65.10m

The long chord (T4T>) is divided into two halves,
so each half = 0.5 x 65.10m = 32.55m

Mid ordinates ME (o) = R (1-60s ¢/2) = 100 (1- Gos 38° /2)= 5 4m

The ordinate are calculated at 10m inte tarii
for the left half rvals starting from the center (M) towards T4

O1o=‘l RZ-x?— (R-O,) =+ ‘m_ (100_5-4 ):4 ol

Similarly Oy =V 1007 =202 - (100.5.4 ) = 3 4

.. 5

Os =V 100~ 30* - (100 - 5.4) = gy

e e |
R 100 voss (100-5.4)=0(cﬁecked)

the ordinates for the right half are gjm; !
llar to thoge f
ior the left half -

@
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1 Perpendicular offsets
2 Radial offsets

Procedure for pérpendicular offsets from tangents:-

Setting out Simple Curve by Perpendicular offsets from Tangents

1. Let AB & BC be the two tangents meeting at a point B. Lay the chain arbitarily on the
ground and assumed it to be in the direction of the rear tangent AB.

2. Mark T, (PC) at the starting of the chain by driving a peg atthe zero meter remark.

3. Similarly drive pegs at points 1,2 & 3 at a distance of 1-Om , 20m & 30m respectively -
from point T,. ;

4 Calculate the perpendicular offsets; O,,0; &403 at points 1,2 & 3 by the formula : |
Ox = R - Y(R? = X?), where R = Radius of the curve & ‘X’ = the distance measured

along the read tangent AB from T,

5. Perpendiculars are set out at points 1,2 & 3 ( by 3.4.5, method) and the calculated
ordinates O;,0, & O5 are identified along these perpendiculars and points 1', 2' & 3' |

are marked with pegs.
6. The points 1',2' & 3' are on the curve & the points T', 2" & 3" are joined bﬁy rope to F
show the shape of the curve (Partly). 2 -

e
¥

i
I

®)



CALCULATIONS:-

the perpendicular offsets

For R = 100m; & X4, X2 & X3 = 10m, 20m & 30m respe‘m"e'y'

are

1) Op=(1-1")=R-VR?-X*=100 - 1007 — 10%=0.51m.

2) Op=(2-2")=100 -~ 100%—20% =2.02m

3) Os=(3-3")=100- N 1002 — 30 = 4.61m.

(4) By offsets from chord produced method:-

g curves and is generally used-

This method is very much useful for lon on highway
curves when a theodolite is not available.

A .
Setting out of Simple Curve by Offsets from Chord Produced Method

PROCEDURE :-

1) Let AB and BC be the tangents and ‘B’ is the point of intersection

2) Calculate the length of the tangents & points Ty &T, are marked on the ground with
. pegs. i

3) The curve length is calculated & chainages of T4 & T a>re determined

4) The lengths of the initial fi
dZatennined_g e initial and final sub. chords & the number of full chords are

5) The offsets for the initial sub chord, full chord and final sub chord are calculated

6) The distance T,C, is marked along the rear tangent A ' i
initial sub chord. gent AB so that T:C1 is equal to the

7) With zero mark at Ty, spread the chain ( or tape ) along the rear tangent & rlhark int
poin

C, such that T,C, = length of the initial sub-chord. From C :
to first offset O, Mark the point P, on the curve. 1 setoff a distance C+Piequal

©2



g) Spread the chain along T.Py & pull i L :
zt)aro 0 1Py & pull it straight in this direction to point C, such that the

f the chain ( or tape ) is at P ; 3
<econd chord. ) 1 and the distance P,C, is equal to the length of

9) With the zero end of chain ( or tape ) at P & P4C : . . E’
i e +C, as radius swing the chain ( or tape &
to a point P2 such that C,P, = O, = length of second offset. Fix the F?Oint P, on tl(le curSe?

10) The process is continued until the second tangent point T2 is reached.

11) The Ias@ point should coincide with T,. If it dees not the amount of error is found out. -
If the error is large, the curve should be reset If the error is less, it should be distributed &
to gll the points by moving them sideways by an amount proportional to the square of ‘.
their distance from the point T

12) The points T,,P1,P2,P; are joined to get the shape of the curve. : ' |

CALCULATIONS:- Given R =100 m, ¢ =38°

1 Tangent length = Rtan ¢ = 3443m
oy

9 Length of the curve T = IR ¢ =IIX 100 x38 = 66.32'm
: 180 480

J—

3 First offset 01 =biZ = 102 =0.5m
2R 2x100

4 Second offset, Oz = D2 (byitby) = 10 (10 + 1@ 1m
) 2R 2x100

5 Third offset, 03=b3§b_2+b3) =10 (10 + 10) 1m & soon
i : 2R 2x100

In above equations by bz, by, are the lengths of the first, second and third chords
respectively. :



