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Basic Land Surveying

Recap on Theory Lecture

Principles of Levelling





Height Measurement
Trigonometric Heighting using theodolite

Procedure:-

 Set up instrument 

 Measure vertical angle between horizontal and  

object to be measured

 Measure horizontal distance using tape or stadia 

method 

 Measure height between ground level and 

horizontal plane or datum 

Height (H1 +H 2) = (tan Ø X L) + H2



Traversing



What is Traversing ? 

• A traverse consists of a series of straight lines connecting successive points.

• The points defining the ends of the traverse lines are called traverse stations or traverse
points

• Distance along the line between successive traverse points is determined either by
direct measurement using a tape or electronic distance measuring (EDM) equipment, or
by indirect measurement using tachometric methods.

• At each point where the traverse changes direction, an angular measurement is taken
using a theodolite.



Close and Open Traverse 

Open Traverse Close Traverse 



Terms  in Traversing 

 Whole Circle Bearing or Azimuth is
defined as horizontal angle turned
clockwise from the reference line. Which
is between the ranges from 0° to 360°.

 For example: 128°, 239° and 351°.
Generally, the angles should be
measured only from the north.



Whole Circle Bearing 
Whole circle bearing (W.C.B) of a line is the horizontal angle measured clockwise from 

the North limb of the meridian. It varies from 0° to 360°



Bearing 
Bearings is defined as an acute angle which is less than 90°. It is a horizontal angles

measured from the meridian either east or west.

Usually required two letter with an acute angle which is North (N), South (S), East (E) &
West (W).

 The different between azimuths and
bearing is bearing can be measured both
either clockwise or counter clockwise. It
can be measured from North or South axis
of the meridian.



Angular Measurement 
Angles in traversing are measured in degrees, 
minutes, seconds 

How to convert degrees, minutes, seconds to 
decimal degrees

One degree is equal to 60 minutes and equal to 
3600 seconds:

1° = 60' = 3600"

One minute is equal to 1/60 degrees:

1' = (1/60)° = 0.01666667°

One second is equal to 1/3600 degrees:

• 1" = (1/3600)° = 2.77778e-4° = 0.000277778°

One minute is equal to 1/60 degrees:

1' = (1/60)° = 0.01666667°

One second is equal to 1/3600 degrees:

1" = (1/3600)° = 2.77778e-4° = 0.000277778°

For angle with d integer degrees m minutes and 
s seconds:

d° m' s"



Example 
Convert 30 degrees 15 minutes and 50 seconds angle to 
decimal degrees:

30° 15' 50"

The decimal degrees dd is equal to:

dd = d + m/60 + s/3600 = 30° + 15'/60 + 50"/3600 = 
30.263888889°





Fore bearing or Forward Bearing:
The bearing of a line measured in
the forward direction (i.e., along the
progress of survey) is known as fore
bearing.

Fore bearing = Back bearing ± 180°

 Back Bearing: The bearing of a line
measured in the backward direction
(i.e., opposite to the direction of
progress of survey) is known as back
bearing.

 Back Bearing = Fore Bearing ± 180°

Fore Bearing and Back Bearing



Example of Field Data  
Station Field Angles
A 86° 44’ 20’’
B 92° 39’ 40’’
C 86° 46’ 20’’
D 93° 46’ 40’’
Total 357° 175’ 120’’

Unadjusted 
Field Data



Computation of Angular Error and Adjustments of Angles  

The sum of the interior angles in any loop traverse must equal to 360°.

Total angular error = 360° - 359° 57’ 00’’
= 00° 03’ 00’’

Error per angle = 00° 03’ 00’’ / 4

= 00° 00’ 45’’ / 45’’ per angle



Station  Field Angle Correction Adjusted 
Angles

A 86° 44’ 20’’ + 00° 00’ 45’’ 86° 45’ 05’’

B 92° 39’ 40’’ + 00° 00’ 45’’ 92° 40’ 25’’

C 86° 46’ 20’’ + 00° 00’ 45’’ 86° 47’ 05’’

D 93° 46’ 40’’ + 00° 00’ 45’’ 93° 47’ 25’’

Total 359° 57’ 
00”

360° 00’ 
00’’



Calculating  Bearings and Whole Circle Bearings  

A

80°

• Bearing from A – B is N80°E
• WCB A - B is 80°
• The Bearing from B – A is S80°W
• WCB B-A is 260°(80 + 180) 

80°

B



Closed Traverse

A
B

C

D

E
F

In a closed traverse the lines form 
a closed polygon.
Exterior angles are measured in a 
clockwise direction. ( Interior 
angles in an anticlockwise 
direction can also be measured 
instead).

To check the accuracy of the 
measured exterior angles this 
small formula is used:-

(2n+4)90 where ‘n’ is the sum of 
the number of sides.

((2x6)+4)x90 = 1440



Computation of Latitude and Departure  (Northings and Eastings)

• Latitude (Northing) of a line is the distances measured parallel to the 
north south of the North-South direction

• Departure (Easting) of the line is the distance measured parallel to the 
east-west direction



Latitudes and Departures are now 
considered positive and negative 

Northings and Eastings

Computation of Latitude and Departure  (Northings and Eastings)



Class Exercise 1
A contractor requires new fencing to the one edge of a site boundary. 

The two end points of the boundary ‘A and B’ have given Northing and 
Eastings positions. 

Calculate the distance between the two points to determine the length of 
fencing required, and calculate the Whole Circle Bearing from A – B to allow 
setting out of the fencing along the angle. 

WCB must be expressed in Degrees, Minutes and Seconds.

Point A 100N 100E

Point B 150N 200E
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Pythagorean Theorem  a² + b² = c²

TrigonometryClass Exercise 1

Distance AB 

50² + 100² = AB²
√(50² + 100²) = AB

AB = 111.803m 

Whole Circle Bearing α

Tan α = Opp/Adj
Tan α = 100/50

α = (100/50)tan-1

α = 63.43494882º

α = 63º 26’ 06’’ 



Class Exercise 2
A new swale is required to cross a proposed wetland site. You have been 
asked to mark out the position of the swale from limited field data.

Point A 100E 100N

Point B 50E 75N

Point C is 75m away from Point A and an exterior angle BAC of 170degs was 
measured. 

Calculate:
The distance between B and A 
The Whole Circle Bearing from B – A 
WCB from A – C
The Northings and Eastings of point C

WCB must be expressed in Degrees, Minutes and Seconds.



125
50

100 25

75

50

25

0 0 25 50 75 100 125

A
B

α

Class Exercise 2 Distance AB 

25² + 50² = AB²
√(25² + 50²) = AB

AB = 55.902m 

WCB α

Tan α = Opp/Adj
Tan α = 100/50

α = (50/25)tan-1
α = 63.43494882º
α = 63º 26’ 06’’ 

As all angles in a 
triangle add to 180º

ƅ = 180º - 90º - α
ƅ = 26º 33’ 54’’

C

ƅ

ͼ170º

WCB ͼ

= 170º - 90º - ƅ
= 170º - 90º - 26º 33’ 54’’
WCB ͼ = 53º 26’ 06’’

Northings & Eastings of C

Sin ͼ = opp/hyp
Sin (53º 26’ 06) = opp / 75
Opp = 60.24m

Eastings of Point C
= 100 + 60.24 = 160.24E

Cos ͼ = adj/hyp
Cos (53º 26’ 06) = Adj / 75
Adj = 44.68m

Northings of Point C
=100 + 44.68 = 144.68N

60.24m

44.68m



Levelling



What is Levelling?

Levelling is the general term applied to any of the various processes by which
elevations of points or differences in elevation are determined.

Levelling is defined as ‘an art of determining the relative height of different points on,
above or below the surface’.

The principle of levelling is to obtain the horizontal reference line to which vertical
distances of points can be measured.

 Instruments of levelling can be used for building and infrastructure projects thus
assisting in the design the highways, sewers, railways and other built forms of
construction.

 It can used to calculate the volumes of earthworks and used as site layout for new
foundations, contouring, drainage and estimate the fall / gradient of pipework.



When do we level? 

To determine the difference in height between two or more points.

To determine the height of discrete points.

To provide spot heights or contours on plan.

To provide the data for road cross-sections or volume of the earthworks.

To provide a level or inclined plane in the setting out of construction works.



Levelling Equipment
For carrying out your project work you need to borrow the following equipment:
Level

Tripod

Staff (5 metre)

Staff bubble

Field book

Measuring tape (50 metre)

Plumb bob



Care of Equipment 

Ensure that tripod screws and hinges are kept tight.

Always transport the level in a padded box.

When removing from the box lift it by the centre and not by the eyepiece or objective
end of the telescope.

Screw it firmly onto the tripod, whilst holding it in one hand (make certain that it is not
cross-threaded and that threads are compatible).

When carrying the level tripod assembly in the field, support it over the shoulder or, in
bush, crooked over an arm with the telescope unclamped (i.e. free to rotate).

Automatic levels should not be carried in a vertical or near-vertical position, as the
compensator will swing about and be prone to damage



Staves are too much of a precision item of equipment to be used in place of a slasher,
vaulting pole, etc.

Staves shall be transported in their protective cases to protect the face from damage.

Wooden staves which become wet should be dismantled and dried out before storing
away.

Any moisture which is evident in an instrument must be allowed to disperse by storing
the level out of its case in a warm room. Should it persist after several days the
instrument may require specialist servicing.

Care of Equipment





Setting up - the tripod

1. Loosen screws of tripod legs, pull out to required 
length and tighten screws.

2. In order to guarantee a firm foothold sufficiently 
press the tripod legs into the ground. When 
pressing the legs into the ground note that the 
force must be applied along the legs.

3. Check all screws and bolts for correct fit.

When setting up the tripod pay attention to the
horizontal position of the tripod plate.
Minor inclinations of the tripod can be corrected
with the foot screws of the tribrach.



Place level onto tripod head. Tighten central
fixing screw of tripod.

Turn foot screws A and B simultaneously in
opposite directions until bubble is in the centre
(on the imaginary "T").

Turn the instrument 90° and then turn the foot
screw C until bubble is centred.



Focusing telescope
Aim telescope against a bright background (e.g. white 

paper).

Turn eyepiece until reticule is sharp-focused and deep 
black. Now the eyepiece is adapted to your eye.

Aim telescope on staff using the coarse aiming device.

Turn focusing knob until image of staff is sharply focused.



Levelling Staff 



Staff Reading 

The figure below shows three different staff 
readings:
It is easy to read (b) and (c) because the 
cross-hair is exactly on a mark division. 
The reading for (a) is between 1.630 and 
1.640. 
To assess the mm reading you have to 
estimate where the position of the cross-
hair is. 
For (a) the reading is 1.636. 
The millimetre reading is to be estimated 
and can very between ± 1 mm.

a.) 1.636  b.) 1.500  c.)1.580



Plumb bobs

A plumb-bob or a plummet is a weight with a pointed tip
on the bottom that is suspended from a string and used
as a vertical reference line.

Small plumb bobs are often included in the kits of
various instruments such as levels and theodolites.

They are used to set the instrument exactly over a
fixed datum marker, prior to taking fresh readings



Methods of 
Levelling



Basic Straight Edge Levelling
A 'straight edge' in conjunction with a spirit level and tape measure can be used to 

establish a gradient. 
The straight edge is usually 3 to 5 metres long and set horizontally with the aid of a 

spirit level. 
This method should be used for the measurement of gradients which continue only for 

short distances, e.g. to calculate the horizontal distance shown in plan-views. The 
figure below shows how a gradient for the ground profile is found.

Gradient = Rise / horizontal distance 



Measurements along a Slope

All distances should be measured 'horizontally'. 

Do not measure along slopes. Sag (tape are not supported for its length will sag 
under the influence of gravity) and to a lesser extent temperature may have an 
effect on the distance measurement also. 

To reduce the sag break tape measurement into shorter lengths.



The sum of horizontal lengths (L1 & L2) equals the horizontal distance of the slope 
from A to C. Remember the horizontal distance is always shorter than the 
measurement on the slope.

For an accurate measurement, the tape should be held horizontal and straight
with a specified tension applied to it.



Slopes - Gradient Calculations
Here are the calculation example of the figures shown in the "Straight edge" section

(a) Gradient 200 : 3000 = 1 : x x = 15 Gradient = 1 :15

(b) Decimal fraction 200/3000 = 0.066666 Fraction = 0.0667

(c) Percentage multiply decimal fraction by 100
0.06666 × 100 = 0.06666 Percentage = 6.667%

(d) Angle in degree inverse tan-function rise over run (tan-1 function on calculator)
tan a = 200/3000 = 0.06666 a = 3.814°



Levelling Terms  

Datum line is the reference line with respect to which the levels of other station points 
are fixed.

Height of instrument: It is the elevation of the plane of sight with respect to assumed 
datum. It is also known as Height /Plane of Collimation.

Back sight(BS): It is the sight taken on the level staff, of a known elevation with the 
intention to obtain the elevation of plane of collimation. (First reading)

 Intermediate sights(IS): These are the sight taken after back sight and before sighting 
the final point. These are called MINUS sights. These are subtracted from plane of 
collimation to find the reduced level of different points. (second reading)



Fore sight(FS): The last reading taken from the instrument. This is also a MINUS sight. 
(Last Reading)

Change point(CP) or turning point(TP): The point at which both BS and FS are taken.

Benchmark (BM). A relatively permanent object, natural or artificial, having a marked 
point whose elevation above or below a reference datum is known or assumed.

Reduced Level is the vertical difference between the level point and datum line or the 
mean sea level



Methods of Levelling 

There are two methods for obtaining the elevations at different points: 

Height of instrument / or Height of Collimation method 

Rise and Fall method



Height of Instrument / Height of Collimation Method

The basic equations are:

Height of instrument for the first setting = RL of BM + BS(at BM) 

Subtract the IS and FS from HI to get RL of intermediate stations and 
change points.



Example 1

When the difference in the elevation of two 
nearby points is required then simple levelling 
is performed. 
Assume the elevation of BM Rock is known to 
be 820.00 m
The BS at BM Rock is 8.42m 
So HI/HPC = (820 + 8.42)m. 
Now the FS on “X” is 1.2m. 
So the RL at “X” = HI – FS = 828.42m 

Note: the RL of the instrument station is never
used in the calculation.



Example 2 
Performed when the final point is very far from the final point. 
We have to find RL at B. It is given that RL at A is 100m and BS at A is 2.45m 
Therefore:
HI at L1=(100+2.45)=102.45m 
FS at CP1=2.41m
RL at CP1=(102.45-2.14)=100.31m 
Now BS at CP1=1.43m 
HI at L2=(100.31+1.43)=101.74m 
FS at CP2=2.18m 
RL at CP2=(101.74-2.18)=99.56m 
BS at CP2=1.38m  
HI at L3=(99.56+1.38)m=100.94m 
FS at B=1.54m  
RL at B= (100.94-1.54)=99.4m (ans)



CHECK



Rise and Fall Method of Booking Levels





Procedures
1. Set up the levelling instrument at Level position 1.
2. Hold the staff on the Datum (RL+50 m) and take a reading. This is a back sight, because 

it is the first staff reading after the levelling instrument has been set up.
3. Move the staff to A and take a reading. This will be an intermediate sight.
4. Move the staff to B and take a reading. This is a intermediate sight.
5. Move the staff to C and take a reading. This is another intermediate sight.
6. Move the staff to D and take a reading. This is  a foresight; because after this reading 

the level will be moved. (This is a change point and the staff is held at this position).
7. The distance between the stations should be measured and recorded in the field book.
8. Set up the level at Level position 2 and  take a reading at D. This is a back sight.
9. Move the staff to E and take a reading. This is a intermediate sight.
10. Move the staff to F and take a reading. This is a foresight; because after taking this 

reading the level will be moved.
11. Now move the level to Levelling position 3 and leave the staff at F on the change plate.



Collimation Method of Booking Levels
Back- Inter- Fore- Height of Reduced
sight mediate sight collimation level

2.554 52.554 50.000 0.000 Datum RL+50 m
1.783 50.771 14.990 A
0.926 51.628 29.105 B
1.963 50.591 48.490 C

1.305 3.587 50.272 48.967 63.540 D / change point 1
1.432 48.840 87.665 E

3.250 0.573 52.949 49.699 102.050 F / change point 2
1.925 51.024 113.285 G

3.015 0.496 55.468 52.453 128.345 H / change point 3
0.780 54.688 150.460 TBM J 54.688

Sum of B-sight & F-sight, 
Difference between RL's

-5.436 -50.000 Take smaller from greater

4.688   4.688 Difference should be equal

Distance Remarks

10.124 5.436 54.688



Common Sources of Errors in Levelling 

 Instrument not correctly levelled 

Telescope not correctly focused. 

The wrong cross-hair reading recorded (e.g. top instead of middle). 

Staff incorrectly read or not held vertical.

Staff incorrectly booked. All the above are mistakes (blunders) and cannot be corrected 
unless the work is repeated.



Types of Levelling 

Simple levelling 

Differential levelling 

Fly levelling 

Profile levelling 

Cross sectional levelling 

Reciprocal levelling



Fly Levelling 

Performed when the work site is very far away from the bench mark.
The surveyor starts by taking BS at BM and proceed towards worksite till he 

finds a suitable place for temporary BM. All works are done with respect to 
temporary BM.

At the end of the day the surveyor comes back to original BM.
This is called fly levelling.



Profile Levelling

Profile levelling, which yields elevations at definite points along a reference line, 
provides the needed data for designing facilities such as highways, railroads, 
transmission lines. 

Reduced levels at various points at regular interval along the line is calculated. 

After getting the RL of various points the profile is drawn. Normally vertical scale is 
much larger than horizontal scale for the 



Cross Sectional Levelling 
 In many projects not only profile along the line is required but also profile of cross –

section at a regular interval is required. (here 20m) 
Levels are taken at every 3m distance (till 9m i.e. 3 readings on one side) to left and 

right of the line AB and BC for cross section profile



Reciprocal Levelling 
When levelling across river is required then this method is applied to get rid of various 

errors.
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