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 Earthwork 
 Mass Diagrams 
 How a Mass Diagram is Used 
 
 
 
 
Note: All information is taken from the NDDOT Standard Specifications for Road and Bridge Construction  and the Construction Manual unless 

otherwise noted. 



 
 

Earthwork 



Earthwork Topics 
 Cross Sections 
 Quantities- Excavation and Embankment 

using average end area method 
 Total Quantities- Topsoil 
 Shrinkage 
 



Cross Sections 
 Two Types 
1. Existing 
2. Proposed 
 Cross sections tell us the amount of cut and 

fill at each station. 
 

 
 



Quantities 
 Excavation- the amount of material that 

needs to be removed from the grade. 
 Embankment- the amount of material that 

needs to be added to the grade. 
 Excavation and embankment are calculated 

with cross sections using the average end 
area method. 



Average End Area Method 
 The area between the existing ground and 

proposed ground is calculated at each cross-
section. 

 The area between two consecutive cross-
sections is averaged. 

 This area is multiplied by the distance 
between two cross-sections. 



 



Total Quantities 
 Topsoil- topsoil quantities are not calculated 

into the excavation or embankment.  This is a 
separate value that has to be dealt with 
separately. 

 Imported topsoil is needed if the stripping 
volume acquired does not fulfill the quantity 
of topsoil that is proposed. 
 

 



Shrinkage 
 Shrinkage is the % additional volume added 

to the embankment quantity. 
Three States of Material 
1. Bank 
2. Loose 
3. Compacted 
 





Shrinkage 
 In NDDOT plan sets, it will state that “XX% 

additional volume has been added to the 
embankment quantity to account for 
shrinkage”. 

 In other words, compacted cubic yards have 
been converted into bank cubic yards so you 
can compare “apples to apples”. 



SEEDING

A B C D TS TP SD

LOCATION

Calculated 

Embankment 

Available*      

(Cut)

Calculated 

Embankment 

Required**      

(Fill)

Calculated 

Embankment: 

(+) Excess         

(-) Short

Trench 

Excavation

Topsoil            

Salvaged

Topsoil         

Proposed
Seeding Area

Begin End CY CY CY CY CY CY ACRE

Highway 2 169+16 182+87 7,665 2,450 +5,215 0 1,965 1,599 2.97

55th Street South 94+77 98+50 1,127 132 +995 0 198 132 0.25

55th Street North 100+50 103+73 508 227 +281 0 124 58 0.11

169+98 169+98 225 0 +225 225 0 0 0

176+75 176+75 518 0 +518 518 0 0 0

182+00 182+00 201 0 +201 201 0 0 0

95+47 95+47 44 0 +44 44 0 0 0

98+12 98+28 205 0 +205 205 0 0 0

100+59 100+59 165 0 +165 165 0 0 0

10,658 2,809 +7,849 1,358 2,287 1,789 3.33TOTALS

Pipes Highway 2

Pipes 55th Street

EARTHWORK TOPSOIL

Pay Item Computation Variable

STATION

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*Any existing pavement and base has been calculated and removed from this quantity. 

**25% additional volume has been added to embankment to account for shrinkage. 

4" was the thickness used for the topsoil computations. 

The Excess Topsoil shall be utilized as per note 203-P01. 

The Trench Excavation material from the pipes shall be paid for as per Standard Drawing D-714-26. 

 

Computation

Quantity    

(CY)

B 2,809

TS 2,287

C - D 6,491

Computation

Quantity 

(ACRE)

SD 3.33

SD 3.33SEEDING - HYDROMULCH

Pay Item

Pay Item

COMMON EXCAVATION-TYPE A

TOPSOIL

COMMON EXCAVATION-WASTE

SEEDING - TYPE B - Cl II



 
 
 

Mass Diagrams 



Mass Diagram Topics 
 Basic Definitions 
 Mass Ordinates 
 Plot of Mass Ordinate 
 





Basic Definitions 
  Mass Diagram- A graphical representation of 

the cumulative amount of earthwork moved 
along the centerline and distances over which 
the earth and materials are to be transported. 

 
 
 
 
 

 
 

Photo from : http://www.webs1.uidaho.edu/niatt_labmanual/Chapters/roadwaydesign/theoryandconcepts/ImageFiles/EarthworkMassDiagram.jpg 



 Vertical Axis- Cubic Yards (excavation and 
embankment). 

 Horizontal Axis- Stationing 



Mass Ordinates 
 Mass ordinates are the cumulative total of 

the excavation and embankment on the 
project. Mass 

Ordinates. 



Graph 
 Uphill line indicates cut 
 Downhill line indicates fill 
 Flat line indicates cut and fill are equal 
 Balance point is where the diagram intersects 

the baseline and indicates where the cut and 
fill have balanced out. 



 



What do they tell us? 
 Mass diagrams determine the average haul, 

free haul, and overhaul on a given segment of 
roadway. 

 Mass diagrams tell the contractors and 
inspectors the quantity of material moved 
and how far it can be economically moved. 



 
 

How a Mass Diagram is Used 

How do we use this 
thing? 

Why do we need this in 
the first place? 



Topics 
 Basic Definitions- Haul, Average Haul, 

Overhaul 
 How to Calculate Average haul 
 Borrow 

 
 



Definitions 
 Haul- the transportation of excavated 

material from its original position to is final 
location in the work or other disposal area.  
This is also know as authorized haul. 

 
Haul= Unit of Excavation x Mean Haul 

Distance 



Definitions 
 Average haul- determined from mass 

diagram.  Average haul is the area of the 
mass diagram representing the number of 
cubic yard stations of haul between balance 
points divided by the ordinate of the mass 
which the yardage is hauled. 

 
Average haul (sta.)= CY sta. of haul /CY 

hauled 
 
 

 



 Mass Diagrams are used to calculate the 
average or free haul between two given 
balance points and also the average or free 
haul for the entire project area.   

 They also tell the contractor which way the 
dirt is to be moved and the quantity of dirt to 
be moved. 



Calculation of Average or Free Haul 
 The two values you need for the calculation 

of average or free haul are an area and a 
volume.   

 These two values can be obtained from the 
mass diagram. 

 The area you use is the area under the curve 
and the volume you use is the sum of the 
peaks and valleys on the diagram. 

 



Calculation of Average or Free Haul 
Area- Shaded Portions 
 

Area 



Calculation of Average or Free Haul 
Peaks and Valleys- Above balance line, add 
peaks and subtract valleys.  Below balance line, 
add valleys and subtract peaks. 
 



 Peaks and Valleys 
Peak 

Balance Line 

Valley 



Calculation of Average or Free Haul 
 The equation for average or free haul is as 

follows:  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐻𝑎𝑢𝑙 =  
𝐴𝑟𝑒𝑎

 𝑃𝑒𝑎𝑘𝑠/𝑉𝑎𝑙𝑙𝑒𝑦𝑠
 

 
 Area= CY-sta. 
 Peaks/Valleys= CY 
 In order to get correct units, this value has to be 

divided by 1 Sta. 
 The resulting number will be in Sta. 

 



Calculation of Average or Free Haul 

Balance 
Points 



 Example of Average Haul 
 



 Example of Average Haul 
 

Area of Shaded Portion= 
232,536 CY-Sta. 

The Sum of the Peaks and 
Valleys= 18867 CY 

Therefore: Average Haul= 
𝟐𝟑𝟐,𝟓𝟑𝟔

𝟏𝟖𝟖𝟔𝟕
= 12.33 Sta. 



Calculation of Average or Free Haul 
 The equation for average or free haul for the 

entire project is as follows 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐻𝑎𝑢𝑙 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 =
 𝐴𝑟𝑒𝑎𝑠

 𝑃𝑒𝑎𝑘𝑠/𝑉𝑎𝑙𝑙𝑒𝑦𝑠
 

 
 Areas= CY-Sta. 
 Peaks/Valleys= CY 
 The resulting number will be in Sta. 



Calculation of Average or Free Haul 
 With the average haul value, you can 

determine when and where to pay for 
overhaul. 

 When you exceed this average haul distance, 
you must begin paying for overhaul with a 
few exceptions. 



Definitions 
 Overhaul- the authorized hauling of 

excavation beyond the specified free-haul 
distance.   

 Free haul=Average haul for project 
 

Overhaul distance= (Distance between 
centers of gravity) – (Free haul distance) 



Overhaul Exceptions 
 Overhaul is paid for when you exceed the 

average or free haul distance. 
 Overhaul is only paid if you are outside of the 

balance points. 
 This means that if your average or free haul 

distance is exceeded within the balance 
point, you do NOT have to pay for overhaul. 



Borrow 
 When using borrow, the dead haul is not 

included in calculations.  The mass is entered 
into the diagram where it enters into the 
project. 

 This is represented by a vertical line. 



What We Covered 
 Earthwork- cross sections, quantities, 

average end area method, topsoil, shrinkage. 
 Mass Diagrams- mass ordinates, plot of mass 

diagram. 
 How a Mass Diagram is Used- haul, average 

haul, how to calculate average haul, overhaul, 
borrow. 
 



 
 
 

Questions? 



CIVIL ENGINEERING



ENGINEERING
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DEPARTMENT OF CIVIL ENGINEERING

SURVEYING 

COURSE LECTURER

B SURESH

Assistant Professor



COURSE GOAL

 To introduce the students to various surveying 

techniques such as leveling contouring

 Measurement of area and volume

 To impart knowledge regarding various survey 

instruments like Theodolites compass tachometers 

etc..,



Course outline Unit Title content

I INTRODUCTION

DISTANCES AND DIRECTION

Overview of plane surveying (chain, 

compass and plane table), Objectives, 

Principles and classifications, scales, 

conventional symbols, signals.

DISTANCES AND 

DIRECTION: Distance measurement 

methods; use of chain tape and Electronic 

distance measurements, Meridians, 

Azimuths and Bearings, declination, 

computation of angle 

Distance measurement methods; use of 

chain tape and Electronic distance 

measurements, Meridians, Azimuths and 

Bearings, declination, computation of 

angle.



II LEVELING

CONTOURING

Concept and Terminology, Temporary and 

permanent Adjustments, method of leveling.

CONTOURING: Characteristics and Uses of 

contours- methods of conducting contour surveys 

and their plotting.

Characteristics and Uses of contours- methods of 

conducting contour surveys and their plotting

III COMPUTATION OF 

AREAS AND 

VOLUMES

Area from field notes, computation of areas along irregular 

boundaries and area consisting of regular boundaries. 

Embankments and cutting for a level section and two level 

sections with and without transverse slopes, determination 

of the capacity of reservoir, volume of barrow pits

IV THEODOLITE Theodolite, description, uses and adjustments - temporary 

and permanent, Measurement of horizontal and vertical 

angles. Principles of Electronic Theodolite, Trigonometrical

leveling, Traversing.



V TACHEOMETRIC 

SURVEYING

CURVES

INTRODUCTION TO 

ADVANCED SURVEYING: 

: Stadia and tangential 

methods of tachometry. 

Distance and Elevation 

formulae for Staff vertical 

position.

Types of curves, design 

and setting out – simple 

and compound curves.

Total Station and Global 

positioning system, 

Introduction to 

Geographic information 

system (GIS).









































































Levelling & Contouring



Definition, Principle, & Object of  Levelling

Definition:- Levelling is defined as “an art of  

determining the relative height of different  

points on, above or below the surface”.



Principle of levelling
 Principle:- The principle of levelling is to obtain  

horizontal line of sight with respect to which  

vertical distances of the points above or below this  

line of sight are found.



Object of levelling

The objective of levelling is to

1) Find the elevation of given point with  

respect to some assumed reference line called  

datum.

2)To establish point at required elevation  

with respect to datum.





Definitions used in levelling
 Level surface:- It is the surface parallel to the

mean spheroidal surface of the earth

 Level line:- Line lying on level surface.

Horizontal plane:- Horizontal plane through a  

point is a plane tangential to level surface.

Horizontal line:- It is a straight line tangential

to level line.



 Datum:- “It is an arbitrary level surface from which  

elevation of points may be referred”. In India mean sea level  

is considered as datum of zero elevation it is situated at  

Karachi.

Mean sea level is the average height of sea for all stages of

tides it is derived by averaging the hourly tide height over a

period of 19 years.

 Elevation or Reduced level:- It is height or depth of any  

point above or below any datum. It is denoted as R.L.



 Bench Mark (B.M.):- It is a fixed reference point of known  

elevation with respect to datum.

 Line of collimation:- It is a line joining the intersection of  

cross hairs of diaphragm to the optical centre of object glass  

and its continuation. It is also known as line of sight.

 Height of instrument:- It is the elevation of line of  

collimation with respect to datum

 Back sight:- It is a staff reading taken at a known  

elevation. It is the first staff reading taken after setup of  

instrument.



 Fore sight( F.S.):- It is the last staff reading taken denoting

the shifting of the instrument.

 Intermediate sight.(I.S.):-It is staff reading taken on a  

point whose elevation is to be determined.All staff reading  

between B.S. and F.S. are Intermediate sight.

 Change Point:- It is a point on which both fore and back

sight are taken.



Instruments for levelling
The following instruments are essentially

required

 for levelling

 Level

 Levelling staff



Level and types of level
 Level:-The instrument used to furnish horizontal line  

of sight for observing staff readings and determining  

R.L.s

 Types

 Dumpy level

 Tilting level

 Wye level

 Automatic level



Dumpy level

 The Dumpy level is a simple, compact and stable

instrument. The telescope is rigidly fixed to its supports.

Hence it cannot be rotated about horizontal axis.



Tilting level

 It is also known as I.O.P. level (Indian office Pattern). In

this level the telescope tilts about its horizontal axis

hence it is called tilting level



Wye level
 The essential difference between wye level and other levels is  

that in wye level the telescope is carried by two vertical wye  

supports. The telescope can be rotated, moved or even raised in  

wyes.



Automatic level

 It is also known as self aligning level. It is a recent development.  

The fundamental difference between auto level and other levels  

is that the levelling is not manually but it is levelled  

automatically. It is achieved by inclination compensating device.





Levelling Staffs
 Levelling staffs are scales on which these distances

are measured.

 Levelling staffs are of two types

 Self reading staff

Target staff



Self reading staff
 The self reading staff can be read directly by the level

man looking through the telescope.

 Common types of self reading staffs

 Ordinary staff

 Sopwith telescopic staff

 Folding Staff



Target staff
 For very precise works and sight target staff are used.A  movable 

target is provided in this staff.A vernier is  provided on 

target to give precise reading. In target staff  level man 

directs the staff man to move the target up  and down until 

it bisects by the line of sight.The staff  man observe the staff

reading





Bench Marks
Bench mark is a point of known elevation

There are 4 kinds of bench marks

GTS (Great trigonometrically survey bench mark)

 Permanent bench mark

Arbitrary bench mark

Temporary bench mark



GTS Bench mark
 They are the bench marks established with very high degree of  

precision at regular intervals by the survey of India Department  

all over the country Their position and R.Ls values above mean  

seal level at Karachi are given in catalogue formed by the  

department.

 Mean sea level



Permanent Bench mark
 Permanent bench marks are fixed in between GTS bench marks by

govt. agencies such as railways, PWD, etc. This bench marks are

written on permanent objects such as milestones, culverts, bridges

etc their value are clearly written and their position are recorded

for future reference.



 Arbitrary bench marks:-These are reference points whose

R.L.s are arbitrarily assumed.They are used in small works  

such bench mark may be assumed as 100. or 50 m

 Temporary bench marks:-They are the reference points  

established during the levelling operations when there is a  

break in work, or at the end of day’s work the value of  

reduced levels are marked on some permanent objects such  

as stones, trees etc.



Temporary Adjustments of a level
 These adjustments are performed at every setup of

instrument

 Setting up of level

 Levelling of telescope

 Focusing of the eye peace

 Focusing of object glass



 Setting up the level:-Thisincludes

 A) Fixing the instrument on tripod

 B) Levelling the instrument approximately byTripod

 Levelling:- Levelling Levelling is done with the help of foot screws.
The purpose of levelling is to make vertical axis truly vertical. It is
done with the help of foot screws

 A) Place the telescope parallel to a pair of foot screw then hold the  
foot screws between thumb and first finger and turn them either  
inward or outward until the longitudinal bubble comes in the  
centre.

 B)Turn the telescope through 900 so that it lies parallel to third foot
screw, turn the screw until the bubble comes in the centre.



 Focusing the eye piece:- To focus the eye piece, hold a white

paper in front of object glass, and move the eye piece in or

out till the cross hair are distinctly seen.

 Focusing of object glass:- Direct the telescope to the  

levelling staff and on looking through the telescope, turn  

the focusing screw till the image appears clear and sharp.



Classification of levelling
 Simple levelling

 Differential leveling

 Fly levelling

 Check levelling

 Profile levelling

 Cross levelling

 Reciprocal levelling

 Precise levelling

 Trignometric levelling

 Barometric levelling

 Hypersometric levelling



 Simple levelling:- It is the simplest method used, when it is

required to find the difference in elevation between 2 points.

 Differential Levelling:-This method is used to find the  

difference in the elevation between points if they are too far  

apart or the difference in elevation between them is too much.





 Fly levelling:- Fly levelling is just like differential levelling  

carried out to check the accuracy of levelling work. In fly  

levelling only B.S.and F.S. are taken



 Check levelling:-This kind of levelling is carried out to  

check the accuracy of work. It is done at the end of the days  

work in the form of fly levelling to connect the finishing  

point and starting point.

 Profile levelling or L-Section:-This method is used for  

taking levels along the centre line of any alignment like  

road, railway canal etc.The object is to determine the  

undulations of the ground surface along the alignment





 Cross- sectioning:- This operation is carried out  

perpendicular to alignment at an interval of 10, 20 ,30,  

40 m.The idea is to make an estimate of earthwork.

 Precise levelling:- It is used for establishing bench marks for  

future public use. It is carried out with high degree of  

accuracy using advanced instruments

 Trignometric levelling:- In this method vertical distances  

between points are computed by observing horizontal  

distances and vertical angle between points.



 Barometric levelling:- In this method the altitude difference

is determined by means of a barometer.

 Hyposometric levelling:- The working of Hyposometry for

determining the elevation depends upon the fact that the

temperature at which water boils varies with the

atmospheric pressure. The boiling point of water reduces at

higher altitude thus knowing the boiling point of water, the

atmospheric pressure can be calculated and knowing the

atmospheric pressure altitude or elevation can be

determined



Reciprocal levelling

 Reciprocal levelling:-This method is adopted to accurately

determine the difference of level between two points which are far

apart. It is also used when it is not possible to set up level in mid way

between two points

 Let A and B be the two points on opposite banks of a river. It is

required to find out the level difference between A & B

 Set up the level very near to A and take the reading at A and B let

the reading be a1 and b1

 Shift the level and set up very near to B and observe A and B to get

reading a2 and b2

 Let d is the true difference of level between A and B, and e= error

due to curvature, refrection and imperfect adjustment.



b1’

e  
b1

 Thus to eliminate the error take an average of the difference in

elevation taken from 2 points

 i.e. from A the true difference will be=(bb11-’e)-a1

 From B the difference will be= b2-((aa2-’e)

 Therefore dd=={{((bb11-’a1)+  (b2-a‘2)}/2

a1
Line of collimation

level Line

A B

River



b2

a2

e

a2’

Line of collimation

level Line

A B

River

 Thus to eliminate the error take an average of the difference in elevation

taken from 2 points

 i.e. from A the true difference will be=(b1’-e)-a1

 From B the difference will be= b2-(a2’-e)

 Therefore d={(b1-a1)+ (b2-a2)}/2



Methods of Reducing levels
 Height of Instrument Method:-This method consist of  

finding H.I. for every setup of instrument, and then  

obtaining the R.L. of point of reference with respect to  

H.I



Station B.S I.S F.S H.I R.L Remark

A 0.9 100.9 100.00 B.M

B 1.1 99.800

C 1.450 1.05 101.3 99.850 C.P.

D 1.550 99.750

F.S=1.55 m

A 100m

I.S

B 991..18mm

F.S 1.05m B.S 1.45m

C 99.85m D 99.750m

B.S 0.9m
B.M

100

M.

HI

C .P.



Rise and fall method

 This method consist of determining the difference of

level between consecutive points by comparing each

point with immediate preceding point.



Rise And Fall Method

Station B.S I.S F.S Rise Fall R.L Remark

A 0.9 100.00 B.M

B 1.1 0.2 99.800

C 1.450 1.05 0.05 99.850 C.P.

D 1.550 0.1 99.750

F.S1.05m B.S 1.45m F.S=1.55 m

A 100m

I.S 1.1m

B 99.8m

C 99.85m

B.S 0.9m
B.M

100

M.
D 99.750 mC .P.



Example
 The following staff readings were observed successively with  

a level the instrument is moved by third sixth and eighth  

readings.

 : 2.228 :1.606 :0.988 :2.090 :2.864 :1.262 0.602 :1.982

:1.044 :2.684 m enter the reading in record book and

calculate R.L. if the first reading was taken at a B.M of

432.383m



H.I. Method
Station B.S I.S F.S HI RL REMAR  

KS

1 2.228 434.612 432.384 M B.M.

2 1.606 433.006

3 2.090 0.988 435.714 433.624 3RD C.P.

4 2.864 432.850

5 0.602 1.262 435.054 434.452 6TH C.P

6 1.044 1.982 434.116 433.072 8TH C.P

7 2.684 431.432

5.964 6.916

CHECK ∑ B.S- ∑ F.S= 5.964-6.916= -0.952 = LAST R.L- FIRST R.L= 431.432-432.384=-0.952



Rise and fall method
Station B.S I.S F.S Rise Fall RL REMARKS

1 2.228 432.384 M B.M.

2 1.606 0.622 433.006

3 2.090 0.988 0.618 433.624 3RD C.P.

4 2.864 0.774 432.850

5 0.602 1.262 1.602 434.452 6TH C.P

6 1.044 1.982 1.38 433.072 8TH C.P

7 2.684 1.64 431.432

5.964 6.916

CHECK ∑ B.S- ∑ F.S= 5.964-6.916= -0.952 =  

LAST R.L- FIRST R.L= 431.432-432.384=-0.952

∑RISE- ∑ FALL= 2.842-3.794=-0.952



Contour

100

105 110

120

A contour is an imaginary line joining points of equal

elevation



Contour Interval
 The vertical distance between any two consecutive

contours is known as contour interval

Contour interval



Characteristics of contour lines
 A series of contour lines with higher value inside

indicate a hill

 A series of contour lines with lower value inside the loop  
always indicate depression

 Close contour lines indicate steep slope

 Wide contour lines indicate flatter slope

 Contour lines never cross each other except in case of  
overhanging cliff.

 All points on a contour lines have equal elevation





Uses of Contours
 The nature of ground surface of a region can be known

 Contour map helps in locating proper site for bridges,

dams, reservoirs etc.

 Capacity of a reservoir can be calculated with the help

of contour map

 The quantity of cutting and filling can be determined  

from contour maps.

 Routes for roads,railways,canals etc can be traced.



Errors in Levelling
 The following are the different sources of Errors

 Personal Error

 The Instruments may not be leveled

 The focusing of eye piece and objective glass may not be  

perfect

 The parallax may not be eliminated

 The position of staff may have changed

 Entry and recording in the field book may not be correct

 The staff may not be fully extended, may not be held

vertical.



 Instrumental Error:

The Permanent adjustment of the instrument may

not be perfect. That is the line of collimation may

not be horizontal line

The internal arrangement of focusing tube may

not be correct

The graduation of the staff may not be perfect



 Errors due to Natural Causes:

The Curvature of the Earth may affect the staff

readings when the distance of sight is long.

The effect of refraction may cause a wrong staff  

reading

There are some errors in staff readings due to  

high velocity wind.



Curvature Correction
 For long sights the curvature of earth can effect staff

readings. The line of sight is horizontal but the level line is

curved and parallel to the mean spheroidal surface of the

earth. The vertical distance between the line of sight and level

line at particular place is called the curvature correction

 The effect of curvature is to cause the object sighted to

appear lower than they really are.

 Curvature correction is always Subtractive (-)

 True staff reading= (Observed staff reading- 0.0785 D2 ) m

 Where D= distance in Km.



Curvature Correction

(-)

Curvature

effect



Refraction
 The ray of light pass through layers of air of different

densities and refract or bent down. The effect of refraction is

to make the object appear higher then they really are.

Refraction varies considerably with climate conditions.

 However it is taken as

 Cr= 0.0112 D2 m (+)

 Refraction is always additive

 True staff reading= Observed staff reading + Refraction  

correction.



Refraction

(+)

Refraction  

effect



GPS Surveying 

GPS -- how it works

GPS -- Garmin 12



The Garmin 12 GPSChange 

windows
Confirm

Get back to a point

Use to scroll and for keying

TURN ON





Trilateration and a 4th for timing



First page up….

4 important 

pieces of data

The satillite
It’s signal

Nav
Error



Once you 

have a fix

Where you are

Your elevation

(flaky)

Are you late?

Are you moving?



Getting back to 

where you 

started

Follow the arrow

Monitor Speed

Check Distance

Hit GOTO

Pick a Waypoint



Non-corrected    5-30 m

Beacon-corrected    1 m

Radio-corrected    cms

Post-processed  dm to m

GPS Accuracy



Differential GPS for precision surveying 

of river terraces and alluvial fans



Crash Course in Surveying With an

Auto Level:



:( (:

1

First thing first: Gotta level the it



CENTER LINE - ELEVATION D

BOTTOM = DISTANCE

TOP = DISTANCE

1



1

The Auto Level:

The Instrument

And Tripod

The Stadia Rod

Or Surveyor’s Staff

= l (m) * 100 (m)



How to read the Stadia Rod:

11 meters on the dot

10.8 meters on the dot

Each Black

Rectangle =

1 cm

Same for

Each white

one
So what’s 

this height?

10.66 meters



What you’ll see through the eyepiece:

Stadia Lines Height = 10.85 m

Top Stadia = 10.91 m

Bottom Stadia = 10.79 m

To Get Distance Away:

1) (Top - Bottom Stadia) = 0.12 m

2)  Multiply difference by 100: Distance = 12 meters



1

For your X-section, be sure to get any

Major changes in slope

Distance

H
ei

gh
t

(X, Y)



How to collect the data:

NOTE: When shooting features off your line, you will

also need a bearing





?



Side-Scan LiDAR:

GeoArcheology





“Project North” is at the white house, 

And that is BM1

Figure out appropriate scale for x:

1 box = 1 meter?  10 meters?  You want your entire survey to fit!

Sa
m

e 
sc

al
e 

as
 x

-a
xi

s

BM 1

BM 2

BM 3

BM 4

PN
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THEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

So far we have been measuring horizontal
angles by using a Compass with respect to meridian,
which is less accurate and also it is not possible to
measure vertical angles with a Compass.

So when the objects are at a considerable
distance or situated at a considerable elevation or
depression ,it becomes necessary to measure horizontal
and vertical angles more precisely. So these
measurements are taken by an instrument known as a
theodolite.

2
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THEODOLITE  SURVEYING

The system of surveying in which the angles are
measured with the help of a theodolite, is called
Theodolite surveying.

3



THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

THEODOLITE
The Theodolite is a most accurate surveying

instrument mainly used for :
• Measuring horizontal and vertical angles.

• Locating points on a line.

• Prolonging survey lines.

• Finding difference of level.

• Setting out grades

• Ranging curves

• Tacheometric Survey

4
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TRANSIT  VERNIER  THEODOLITE

THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING 5



THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

TRANSIT  VERNIER  THEODOLITE

THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING 6

Fig. Details if  Upper & Lower Plates.
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TRANSIT  VERNIER  THEODOLITE

THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING 7



THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

CLASSIFICATION OF THEODOLITES
Theodolites may be classified as ;

A.

i) Transit Theodolite.

ii) Non Transit Theodolite.

B.

i) Vernier Theodolites.

ii) Micrometer Theodolites.

8
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CLASSIFICATION OF THEODOLITES

A. Transit Theodolite: A theodolite is called a transit
theodolite when its telescope can be transited i.e
revolved through a complete revolution about its
horizontal axis in the vertical plane, whereas in a-

Non-Transit type, the telescope cannot be
transited. They are inferior in utility and have now
become obsolete.
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THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

CLASSIFICATION OF THEODOLITES
B. Vernier Theodolite: For reading the graduated

circle if verniers are used ,the theodolite is called as a
Vernier Theodolite.

Whereas, if a micrometer is provided to read
the graduated circle the same is called as a
Micrometer Theodolite.

Vernier type theodolites are commonly used .

10



THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

SIZE  OF  THEODOLITE

A theodolite is designated by diameter of the
graduated circle on the lower plate.

The common sizes are 8cm to 12 cm while 14 cm to
25 cm instrument are used for triangulation work.

Greater accuracy is achieved with larger
theodolites as they have bigger graduated circle with
larger divisions hence used where the survey works
require high degree of accuracy.

11
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DESCRIPTION OF   A  

TRANSIT   VERNIER THEODOLITE

DESCRIPTION OF   A  

TRANSIT   VERNIER THEODOLITE
A Transit vernier theodolite essentially consist of the

following :

1. Levelling Head. 6. T- Frame.

2. Lower Circular Plate. 7. Plumb –bob.

3. Upper Plate. 8. Tripod Stand.

4. Telescope.

5. Vernier Scale.

12



THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

TERMS USED IN MANIPULATING A TRANSIT VERNIER THEODOLITE.TERMS USED IN MANIPULATING A TRANSIT VERNIER THEODOLITE.

1.Centering : Centering means setting the
theodolite exactly over an instrument- station
so that its vertical axis lies immediately above
the station- mark. It can be done by means of
plumb bob suspended from a small hook
attached to the vertical axis of the theodolite.

The centre shifting
arrangement if provided with the instrument
helps in easy and rapid performance of the
centring.

13
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TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.

2. Transiting :

Transiting is also known as plunging or
reversing. It is the process of turning the
telescope about its horizontal axis through 1800

in the vertical plane thus bringing it upside
down and making it point , exactly in opposite
direction.

14
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TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.
TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.

3. Swinging the telescope

It means turning the telescope about its
vertical axis in the horizontal plane.

A swing is called right or left according as the
telescope is rotated clockwise or counter
clockwise.

15
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TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.
TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.

4. Face Left

If the vertical circle of the instrument is on
the left side of the observer while taking a
reading ,the position is called the face left and

the observation taken on the horizontal or
vertical circle in this position, is known as the
face left observation

16
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TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.
TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.

5. Face Right

If the vertical circle of the instrument is on
the right side of the observer while taking a
reading ,the position is called the face right and

the observation taken on the horizontal or
vertical circle in this position, is known as the
face right observation.

17
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TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.
TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.
6. Changing Face

It is the operation of bringing the vertical
circle to the right of the observer ,if originally it
is to the left , and vice – versa.

It is done in two steps; Firstly revolve the
telescope through 1800 in a vertical plane and
then rotate it through 1800 in the horizontal
plane i.e first transit the telescope and then
swing it through 1800.

18
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TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.
TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.

7. Line of Collimation

LINE OF 
COLLIMATION

DIAPHRAGM

TELESCOPE

It is also known as the line of sight .It is an
imaginary line joining the intersection of the
cross- hairs of the diaphragm to the optical
centre of the object- glass and its continuation.

19
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TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.
TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.

8. Axis of the telescope

AXIS OF THE TELESCOPE

TELESCOPE

It is also known an imaginary line joining the
optical centre of the object- glass to the centre
of eye piece.

OBJECT GLASS

.
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TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.
TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.

9. Axis of the Level Tube

It is also called the bubble line.

It is a straight line tangential to the longitudinal
curve of the level tube at the centre of the tube.
It is horizontal when the bubble is in the centre.
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TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.
TERMS USED IN MANIPULATING A 
TRANSIT VERNIER THEODOLITE.

10. Vertical Axis

It is the axis about which the telescope can be
rotated in the horizontal plane.

11. Horizontal Axis
It is the axis about which the telescope can be 

rotated in the vertical plane.
It is also called the trunion axis.
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ADJUSTMENT  OF A THEODOLITEADJUSTMENT  OF A THEODOLITE

The adjustments of a theodolite are of two kinds :-

1.  Permanent Adjustments.

2.  Temporary Adjustments.

1) Permanent adjustments: The permanent
adjustments are made to establish the relationship
between the fundamental lines of the theodolite and ,
once made , they last for a long time. They are essential
for the accuracy of observations.
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ADJUSTMENT  OF A THEODOLITEADJUSTMENT  OF A THEODOLITE

1. Permanent adjustments: The permanent
adjustments in case of a transit theodolites are :-

i) Adjustment of Horizontal Plate Levels. The axis of
the plate levels must be perpendicular to the vertical
axis.

ii) Collimation Adjustment. The line of collimation
should coincide with the axis of the telescope and
the axis of the objective slide and should be at right
angles to the horizontal axis.

iii) Horizontal axis adjustment. The horizontal axis
must be perpendicular to the vertical axis.
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ADJUSTMENT  OF A THEODOLITEADJUSTMENT  OF A THEODOLITE

1. Permanent adjustments (contd.):

iv) Adjustment of Telescope Level or the Altitude Level
Plate Levels. The axis of the telescope levels or the
altitude level must be parallel to the line of
collimation.

v) Vertical Circle Index Adjustment. The vertical
circle vernier must read zero when the line of
collimation is horizontal.
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ADJUSTMENT  OF A THEODOLITEADJUSTMENT  OF A THEODOLITE

2. Temporary Adjustment

The temporary adjustments are made at each set
up of the instrument before we start taking
observations with the instrument. There are three
temporary adjustments of a theodolite:-

i) Centering.

ii) Levelling.

iii) Focussing.

26
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:

There are three methods of measuring horizontal
angles:-

i) Ordinary Method.

ii) Repetition Method.

iii) Reiteration Method.

27
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MEASUREMENT  OF  HORIZONTAL  ANGLES:MEASUREMENT  OF  HORIZONTAL  ANGLES:
i) Ordinary Method. To measure horizontal angle AOB:-

i) Set up the theodolite at station point O
and level it accurately.

ii) Set the vernier A to the zero or 3600 of
the horizontal circle. Tighten the
upper clamp.

iii) Loosen the lower clamp. Turn the
instrument and direct the telescope
towards A to bisect it accurately with
the use of tangent screw. After
bisecting accurately check the reading
which must still read zero. Read the
vernier B and record both the
readings.

o

A B

HORIZONTAL ANGLE AOB
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:
i) Ordinary Method. To measure horizontal angle AOB:-

iv) Loosen the upper clamp and turn the
telescope clockwise until line of sight
bisects point B on the right hand side.
Then tighten the upper clamp and
bisect it accurately by turning its
tangent screw.

v) Read both verniers. The reading of the
vernier a which was initially set at
zero gives the value of the angle AOB
directly and that of the other vernier
B by deducting 1800 .The mean of the
two vernier readings gives the value of
the required angle AOB.

o

A B

HORIZONTAL ANGLE AOB
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:
i) Ordinary Method. To measure horizontal angle AOB:-

vi) Change the face of the instrument
and repeat the whole process. The
mean of the two vernier readings gives
the second value of the angle AOB
which should be approximately or
exactly equal to the previous value.

vii) The mean of the two values of the
angle AOB ,one with face left and the
other with face right ,gives the
required angle free from all
instrumental errors.

o

A B

HORIZONTAL ANGLE AOB
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:

ii) Repetition Method.
This method is used for very accurate
work. In this method ,the same angle
is added several times mechanically
and the correct value of the angle is
obtained by dividing the accumulated
reading by the no. of repetitions.

The No. of repetitions made usually in
this method is six, three with the face
left and three with the face right .In
this way ,angles can be measured to a
finer degree of accuracy than that
obtainable with the least count of the
vernier.

o

A B

HORIZONTAL ANGLE AOB
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:

ii) Repetition Method.
To measure horizontal angle by
repetitions:-

i) Set up the theodolite at starting point
O and level it accurately.

ii) Measure The horizontal angle AOB.

iii) Loosen the lower clamp and turn the
telescope clock – wise until the object
(A) is sighted again. Bisect B
accurately by using the upper tangent
screw. The verniers will now read the
twice the value of the angle now.

o

A B

HORIZONTAL ANGLE AOB
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:
ii) Repetition Method contd...
iv) Repeat the process until the angle is

repeated the required number of times
(usually 3). Read again both verniers .
The final reading after n repetitions
should be approximately n X (angle).
Divide the sum by the number of
repetitions and the result thus obtained
gives the correct value of the angle AOB.

v) Change the face of the instrument.
Repeat exactly in the same manner and
find another value of the angle AOB. The
average of two readings gives the
required precise value of the angle AOB.

o

A B

HORIZONTAL ANGLE AOB
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:

iii) Reiteration Method.

o

A B

Reiteration Method

C

D

This method is another precise and
comparatively less tedious method
of measuring the horizontal angles.

It is generally preferred when
several angles are to be measured
at a particular station.

This method consists in measuring
several angles successively and
finally closing the horizon at the
starting point. The final reading of
the vernier A should be same as its
initial reading.
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:

iii) Reiteration Method.

o

A B

Reiteration Method

C

D

…If not ,the discrepancy is equally
distributed among all the
measured angles.

Procedure

Suppose it is required to measure
the angles AOB,BOC and COD.
Then to measure these angles by
repetition method :

i) Set up the instrument over
station point O and level it
accurately.
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:
iii) Reiteration Method.

o

A B

Reiteration Method

C

D

Procedure

ii) Direct the telescope towards
point A which is known as
referring object. Bisect it
accurately and check the reading
of vernier as 0 or 3600 . Loosen the
lower clamp and turn the telescope
clockwise to sight point B exactly.
Read the verniers again and The
mean reading will give the value of
angle AOB.

iii) Similarly bisect C & D
successively, read both verniers at-
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MEASUREMENT OF HORIZONTAL ANGLES:MEASUREMENT OF HORIZONTAL ANGLES:
iii) Reiteration Method (contd.).

o

A B

Reiteration Method

C

D

Procedure. each bisection, find the
value of the angle BOC and COD.

iv) Finally close the horizon by sighting
towards the referring object (point A).

v) The vernier A should now read 3600.
If not note down the error .This error
occurs due to slip etc.

vi) If the error is small, it is equally
distributed among the several angles .If
large the readings should be discarded
and a new set of readings be taken.
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MEASUREMENT  OF  VERTICAL  ANGLES:MEASUREMENT  OF  VERTICAL  ANGLES:

Vertical Angle : A vertical angle is an angle between the
inclined line of sight and the horizontal. It may be an
angle of elevation or depression according as the object is
above or below the horizontal plane.

A

B

O O

A

B

A

B

O
HORI.  LINE

HORI.  LINE

β

HORI.  LINE

VERTICAL ANGLE
Fig.a

Fig. b Fig. c

AOB= α+ β

AOB= α - β
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MEASUREMENT  OF  VERTICAL  ANGLES:MEASUREMENT  OF  VERTICAL  ANGLES:
To Measure the Vertical Angle of an object A at a station O:

(i) Set up the theodolite at station point O and level it
accurately with reference to the altitude bubble.

(ii) Set the zero of vertical vernier exactly to the zero of the
vertical circle clamp and tangent screw.

(iii) Bring the bubble of the altitude level in the central position
by using clip screw. The line of sight is thus made horizontal
and vernier still reads zero.

(iv) Loosen the vertical circle clamp screw and direct the
telescope towards the object A and sight it exactly by using
the vertical circle tangent screw.
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MEASUREMENT  OF  VERTICAL  ANGLES:MEASUREMENT  OF  VERTICAL  ANGLES:

(v) Read both verniers on the vertical circle, The mean of
the two vernier readings gives the value of the required
angle.

(vi) Change the face of the instrument and repeat the
process. The mean of of the two vernier readings gives the
second value of the required angle.

(vii) The average of the two values of the angles thus
obtained, is the required value of the angle free from
instrumental errors.
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MEASUREMENT  OF  VERTICAL  ANGLES:MEASUREMENT  OF  VERTICAL  ANGLES:

For measuring Vertical Angle between two points A &B
i) Sight A as before , and take the mean of the two vernier
readings at the vertical circle. Let it be α

ii) Similarly, sight B and take the mean of the two vernier 
readings at the vertical  circle. Let it be

iii) The sum or difference of these dings will give the value of the 
vertical angle between A and B according as one  of the points is 
above and the other below the horizontal plane. or both points  
are on the same side of the horizontal plane Fig b & c
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READING  MAGNETIC  BEARING  OF  A  LINEREADING  MAGNETIC  BEARING  OF  A  LINE
To find the bearing of a line AB as shown in fig .below

i) Set up the instrument over A and level it accurately

ii) Set the vernier to the zero of the horizontal circle.
N

A

B

Fig.
Magnetic Bearing of a Line

iii) Release the magnetic needle and loosen the    
….. lower clamp.

iv) Rotate the instrument till magnetic needle
points to North. Now clamp the lower clamp with
the help of lower tangent screw .Bring the needle
exactly against the mark in order to bring it in
magnetic meridian. At this stage the line of sight
will also be in magnetic meridian.
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READING  MAGNETIC  BEARING  OF  A  LINEREADING  MAGNETIC  BEARING  OF  A  LINE

iv) Now loose the upper clamp and point the
telescope towards B .With the help of upper
tangent screw ,bisect B accurately and read both
the verniers .The mean of the two readings will be
recorded as magnetic bearing of line. N

A

B

Fig.
Magnetic Bearing of a Line

v) Change the face of the instrument
for accurate magnetic bearing of the
line and repeat .the mean of the two
values will give the correct bearing of
the line AB.
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THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINEPROLONGING   A   STRAIGHT   A   LINE
There are two methods of prolonging a given line such as AB

(1) Fore sight method ,and (2) Back Sight Method

Fig.

(1)Fore Sight Method. As shown in the fig. below

A             B               C              D                                              Z

i) Set up the theodolite at A and level it accurately .Bisect the
point b correctly. Establish a point C in the line beyond B
approximately by looking over the top of the telescope and 
accurately by sighting through the telescope.

ii) Shift the instrument to B ,take a fore sight on C and establish  
a point D in line beyond C.

iii) Repeat the process until  the last point Z is reached.
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THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINEPROLONGING   A   STRAIGHT   A   LINE
(2) Back  Sight Method. As shown in the fig. below

A                     B                     C                      D                       Z

i) Set up the instrument at B and level it accurately .

ii)   Take a back sight on A.

iii) Tighten the upper and lower clamps, transit the telescope
and establish a point C in the line beyond B.

iv) Shift the theodolite to C ,back sight on B transit the telescope
and establish a point D in line beyond C. Repeat the process
until the last point ( Z) is established.

C’
D’
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THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINEPROLONGING   A   STRAIGHT   A   LINE
(2) Back  Sight Method.(contd.) As shown in the fig. below

A                     B                     C                      D                       Z

Now if the instrument is in adjustment, the points
A,B,C,D and Z will be in one line, which is straight but if
it is not in adjustment i.e. line of collimation is not
perpendicular to the horizontal axis ,then C’, D’ and Z’
will not be in a straight line.

C’
D’

46



THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINEPROLONGING   A   STRAIGHT   A   LINE
Double reversing Method

A                  B                     C                      D                            Z

When the line is to be prolonged with high precision
or when the instrument is in imperfect adjustment, the
process of double sighting or double reversing, is used.

Suppose the line AB is to be prolonged to a point Z.

Procedure: As shown below:
C1

C2

D1

D2
Double Sighting / Reversing Method
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THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINEPROLONGING   A   STRAIGHT   A   LINE
Double reversing Method

i) Set up the theodolite at B and level it accurately.

ii) With the face of instrument left, back sight on A and
…. clamp both the upper and lower motions.

iii) Transit the telescope and set a point C1 ahead in line.

A                  B                     C                      D                            Z

C1

C2

D1

D2
Double Sighting / Reversing Method
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THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINEPROLONGING   A   STRAIGHT   A   LINE
Double reversing Method (contd.)

iv) Loosen the lower clamp ,revolve the telescope in the
horizontal plane and back sight on A .Bisect A exactly by
using the lower clamp and its tangent screw. Now the face of
instrument is right.

v) Transit the telescope and establish a point C2 in line
beside the point C1.

A                  B                     C                      D                            Z

C1

C2

D1

D2
Double Sighting / Reversing Method
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THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINEPROLONGING   A   STRAIGHT   A   LINE
Double reversing Method (contd.)

vi) The exact position of the true point C must be mid-way
…..between C1 and C2 .

vii) Measure C1 C2 and establish a point C exactly mid-way,
….which lies on the true prolongation of AB.

A                  B                     C                      D                            Z

C1

C2

D1

D2
Fig. Double Sighting / Reversing Method
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THEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYINGTHEODOLITE    SURVEYING

PROLONGING   A   STRAIGHT   A   LINEPROLONGING   A   STRAIGHT   A   LINE
Double reversing Method (contd.)

viii) Shift the instrument to C, double sight on B ,establish the
…..point D1 and D2 and locate the true point D as before .

ix) Continue the process until the last point Z is established.

A                  B                     C                      D                             Z

C1

C2

D1

D2
Double Sighting / Reversing Method
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CURVES

Curves are usually employed in lines of

communication in order that the change of direction

at the intersection of the straight line shall be

gradual.

The lines connected by the curves are

tangential to it and are called as tangents or

straights.



NECESSITY OF CURVES:-

Straight route of road or track is always desirable, since it

provides economy in construction, transportation and

maintenance.

But when there is change in alignment or gradient of road or

track, then it becomes a need to provide curves under following

circumstances

1. Excessive cutting and filling can be prevented by providing

the change in alignment by curves.

2. The obstruction which came in the way of straight alignment

can be made easier by providing by pass with the help of

curves.

3. In the straight route gradient are made more comfortable

and easy providing diversions with help of curves.

4. In the straight route costly land comes in the way then it can

avoided by providing diversions with the help of curves.



TYPES OF CURVES:-

VERTIAL CURVESHORIZONTAL CURVES

SIMPLE CURVE

COMPOUND CURVE

REVERSE CURVE

TRANSITION CURVE

SUMMIT CURVE

VALLEY CURVE

COMBINED CURVE



1. SIMPLE  CURVE;-

A simple curve consist of a single arc

connecting two straights or tangents.

simple curve is normally represented by the length of its

radius or by the degree of curve.



2.   COMPOUND  CURVE;-

A compound curve consist of two

arcs of different radii curving in the same direction and

lying on the same side of their common tangent , their

centers being on the same side of the curve



3.   REVERSE  CURVE;-

A reverse curve is composed of

two arcs of equal or different radii bending or curving in

opposite direction with common tangent at their junction,

their centers being in opposite sides of the curve.



NOMENCLATURE OF CURVE

A curve is designated by the angle subtended by a

chord of a specified length or by the radius.

In England the usual method of designating the curve

is by its radius e.g. 400 m radius curve. Sometimes it is

designated by a number of degrees subtended at the

centre by a chord of 100 links e.g. 2º curve.

In India so far the standard chord was 100ft. With metric

conversion this may be changed to 30 m. However the

length of 20 m is more convenient.



Let , 

R = the radius of a curve in m

D = the degrees of the curves

MN = the chord 30 m long

P = its mid point



IN the ∆ OMP, OM=R; MP=1/2MN= 15 m. MOP= D/2

Then,                                                           ………..(1)                                                      

When D is small, sin (D/2) may be taken approximately equal 

to D/2 in radians.    

If MN =100 links (20m) and R is expressed in links degree of 

the curve can be shown as

With R= 600m = 3000 links

A curve of 600 m radius is equivalent to 1.910 curve.



Notation for circular curve:-
1.  The straight lines AB and 

BC, which are connected by 

the curve are called the 

tangents or straights to the 

curve.

2.  The point B at which the 

two tangent lines AB and BC 

intersect is known as the 

point of intersection (P.I.) or 
the vertex (V). 



3. If the curve deflects to the right of direction of progress of

survey (AB), it is called as right hand curve, if to the left , it is

called as left hand curve.

4. The tangent line AB is called the first tangent or rear tangent

(also called the back tangent)

5. The tangent line BC is called as the second tangent or

forward tangent.

6. The points (T1 and T2) at which the curve touches the

straights are called tangent point(T.P.). The beginning of the

curve (T1) Is called the point of curve.(P.C.) or the tangent

curve (T.C.). The end of the curve (T2) is known as the point

of tangency(P.T.) or the curve tangent(C.T.).

7. The ABCے between the tangent lines AB and BC is called

the angle of intersection (I). The B'BCے (i.e. the angle by

which the forward tangent deflects from the rear tangent) is

known as the deflection angle (ø) of the curve.



8. The distance from the point of intersection to the tangent point

is called the tangent distance or tangent length.

(BT1 and BT2).

9. The line T1T2 joining the two point (T1 and T2) is known as the

long chord.(L).
10.The arc T1FT2 is called the length of the curve.(l).

11.The mid point F of the arc T1FT2 is known as the apex or the

summit of the curve and lies on the bisector of the angle of

the intersection.

12. The distance BF from the point of the intersection to the apex

of the curve is called the apex distance of external distance.

13.The angle T1OT2 subtended at the centre of curve by the arc

T1FT2 is known as the central angle, and is equal to the

deflection angle.(ø)

14.The intercept EF on the line OB between the apex (F) of the

curve and the midpoint (E) of the long chord is called the

versed sine of the curve.



ELEMENTS OF THE CURVE;-

T1BT2 + B’BT2 = 1800 or I + Ø =1800 ……….…(2)

The angle T1OT2 = 1800 - I = Ø ……………(3)

Tangent length = BT1 = BT2 = OT1 tan(Ø/2) = R tan(Ø/2) … ..(4)

Length of the chord (L) = 2T1E = 2OT1 sin (Ø/2)=2R sin (Ø/2)…(5)

Length of the curve(l) = length of the arc T1FT2

= R X Ø (in radians) = ( RØ) / 1800 …………….(6)

If the curve be designated by the degrees of the curve(D),

Length of the curve =(30 Ø)/D (30 m chord) ………….(6a)

= (20 Ø)/D (20 m chord) ………....(6b)

Apex distance = BF = BO – OF = OT1 sec (Ø/2) – OF

….……(7)



Versed sine of the curve = EF = OF – OE=OF – OT1 COS(Ø/2)

……(8)

Methods of curve ranging:-

The methods of setting out curves may be divided in two classes

according to the instrument employed.

1. Linear or chain and tape method:-

Linear methods are those in

which the curve is set out with chain and tape only.

2. Angular or instrumental method:-

instrumental methods are those in

which theodolite with or without a chain is employed to set out

curve.



Peg interval :-
It is the usual practice to fix pegs at equal interval

on the curve as along the straight. The interval between the

peg is usually 20 to 30 m. strictly speaking this interval must be

measured as the arch intercept between them. However as it is

necessarily measured along the chord, the curve consist of

series of a chord rather than of arcs. In other words, the length

of the chord is assume to be equal to be that of the arc. In

order that the difference in length between the arc and chord

may be negligible, the length of the chord should not be more

than 1/20th of the radius of the curve.

The length of unit chord (peg interval) is,

therefore, 30m for flat curve, 20m for sharp curve, and 10 m or

less for very sharp curve. When the curve is of a small radius,

the peg interval are considered to be along the arc and the

length of the corresponding chords are calculated to locate the
pegs.



Location of tangent points :-

To locate the tangent point T1 and T2 proceed as fallows:-

1. Having fixed the direction of the tangents, produce them so as

to meet at the point B.

2. Set up the theodolite at the intersection point B and measure

the angle of intersection T1BT2. Find the deflection angle Ø

from the relation I + Ø =1800



3. Calculate the tangent length from the formula (4)

i.e. Tangent length = BT1 = BT2 = OT1 tan(Ø/2) = R tan(Ø/2)

4. Locate T1 by measuring the tangent length backward along the

rear tangent AB from the intersection point B.

5. Similarly, locate the T2 by measuring the same distance along

the forward tangent BC from B.



Chain and tape (or linear) Methods of setting out curves

1.   By offsets or ordinates from the long chord  



Let AB and BC = the tangents to the curve T1DT2

T1 and T2 = tangent points

T1T2 = the long chord of length L.

ED = O0 = the offsets at the midpoint of T1T2 (the versed sine)

PQ = Ox = the offsets at a distance x from E so that EP = x

OT1 = OT2 = OD = R = The radius of the curve.

The exact formula for the offset at any point on the long chord

may be deduced as follows:-

Draw QQ1 parallel to T1T2, meeting ED at Q1 join OQ cutting

TT1 in P1.

Now in the ∆OT1E, OT1 = R; T1E = (L/2) ;

OE = OD – ED = R – O0,

OT12 = T1E2 + OE2 or R2 = (L/2)2 + (R – O0)2

………………….(9)



Of the three quantities O0, L and R, two quantities L and R, or L

and O0 are usually known. The remaining unknown may be

calculated from the above formula.

From the ∆OQQ1, OQ2 = OQ12 + OQ12.

But QQ1= OE + EQ1 =OE + Ox = (R-O0) + Ox

QQ1 = x; OQ = R.

R2 = x2 + {( R - O0) +Ox } 2

Or Ox + (R – O0) = √ R2 – Ox2

Hence Ox = √ R2 – x2 − (R – O0) (exact) ………..(10 )

When the radius of curve is large as compared with the length of

the long chord, the offsets may be calculated from the

approximate formula, which may be deduced as fallows,

In this case PQ is very nearly equal to the radial ordinate QP1

Then QP1 X 2R = T1P X PT2

Now, T1P = x; T1T2 = L hence PT2 = L – x; QP1 = Ox.

(Approximate) ………..(11)



Procedure :-
To set out the curve ,

i. Divide the long chord into an even number of equal parts.

ii. Set out the offsets as calculated from formula no.10 at each

of the points of division, thus obtaining the required points on

the curve. Since the curve is symmetrical along ED, the

offsets for the right half of the curve will be same as those for

the left half.

If the offsets are calculated from formula (11), the long chord

should be divided into a convenient number of equal parts

and the calculated offsets set out at each points of division.

This method is usually adopted for setting out short curves.

e.g. curves for street kerbs.



2. By successive bisections of arcs:-

Let,T1andT2 be the tangent points. Join T1and T2 and bisect at

E.

Set out the offset ED ,



Thus determining the point D on the curve. Join T1D and
DT2 and bisect them at F and G respectively.

At F and G set out the offsets FH and GK each equal to

R [1 – cos(ø/4)], thus obtaining two more points H and K on

the curve, By repeating the process, set out as many points
as required.

3. By offsets from the tangents:-

In this method the offsets are set

out either radially or perpendicular to the tangents BA and BC

according as the centre (O) of the curve is accessible or

inaccessible.

a) By Radial offsets:-

Let T1 be the first tangent point

EE1 = Ox= the radial offset at E at a distance of x from T1

along the tangent AB.



Let, T1 be the first tangent point

EE1 = Ox= the radial offset at E at a distance of x from T1

along the tangent AB.

Now in the ∆OT1E, OT1 = R; T1E = x; OE = OE1+EE1 =R + Ox

Now, OE2 = OT12 + T1E2

(R + Ox)2 = R2 + x2. i.e. Ox = √R2 – x2 – R ……………..(12)

a) By Radial offsets:-



When the radius is large, the offsets may be calculated by the 

approximate formula, which may be deduced as follows : 

ET12 = EE1 × (2R + EE1)    i.e. x2 = Ox × (2R – Ox) 

Since Ox2 is very small as compared with 2R, it may be neglected. 

Ox = ( x2 / 2R ) ……………….( 13 )

The formula may be obtained from the exact ones thus :

Expanding the factor = √R2 – x2 , we have

Neglecting the other terms except the first two, we get,



b) By offsets perpendicular to tangents:-

Let, EE1 be the perpendicular offset at a distance x measured 

along the tangent AB from the tangent point T1 so that  T1E = 

x.



Through E1 draw E1E2 parallel to BT1, meeting OT   at E2.

Then     E1E2 = T1E = x;    T1E2 = EE1 = Ox;

OE2 = OT1 – T1E2 = (R - Ox)

Now, from  ∆OE1E2, OE12 = E1E22 + OE22

i.e. R2 = x2 ( R – Ox)     or   Ox = R - √ R2 – x2 exact ……(14)

From which, the corresponding approximate formula may be 

obtained by expanding the factor √ R2 – x2 . Thus, we have

Neglecting higher powers of R2  we get

(app)……..( 14 )



Procedure:-

To set out the curve

i. Locate the tangent points T1 and T2, by measuring a distance

equal to the tangent length R tan( ø/2), backward along the

tangent BA from the point of intersection(B) and the same

distance forward along the tangent BC.

ii. Measure equal distances, say, 20 or 30m along the tangent

T1B from T1.

iii. Set out the offsets calculated from formula(14) or (13)

perpendicular to T1B at each distance, thus obtaining the

required points in the curve.

iv. Continue the process until the apex of the curve is reached.

v. Set out the remaining half of the curve from the second

tangent.



4)  By offsets from chord produced :-



Let,

AB = the rear tangent ; T1 = the first tangent point.

E,F,G etc. = the successive points on the curve.

T1E1 = T1E = the first chord of length b1.

EF,FG, etc = the successive chords of length b2 ,b3 etc each

being equal to the length of unit chord.

BT1E = α in radian = the angle between the tangent BT1 and the

first chord TE1.

E1E = O1 = the offset from the tangent BT1.

E2F = O2 = the offset from the preceding chord T1E produced.

Draw the tangent DEF1 at E1 meeting the rear tangent at D.

Produce T1E to E2 so that EE2 = b2.

Let, F1 be the point of intersection of DEF1 and E2F. The formula

for the offsets may be deduced as follows:

The angle subtended at the centre (O) of the curve by the arc

T1E is obviously equal to 2α.



But the chord T1E = arc T1E very nearly

= R × 2 α or α = (T1E / 2R)

Similarly, the chord E1E = arc E1E nearly.

The first offset (O1) = E1E = T1E × α = ……( 15 )

Now E2EF1ے = DET1ے (vertically opposite);

DET1ے = ,DT1Eے since DT1 = DE, both being tangent to the circle

E2EF1ے = DT1Eے = E1T1Eے

The ∆s E1T1E and E2EF1 being nearly isosceles, may be

considered approximately similar.

F1F being the offset from the tangent at E, is equal to



Now the second offset (O2) E2F = E2F1 + F1F

………………..( 17 )

Similarly, the third offset (O3) …………( 18 )

Since b2 = b3 = b4 =…………

Each of the successive offsets O4, O5, etc. except the last one

(On) is equal to O3. Since the length of the last chord is usually

less than the length of unit chord (b2),

The last offset ………...( 19 )



Mode of Procedure:-

i. Having the fixed directions of the tangents AB and BC, locate 

the first tangent point T1 by measuring backward distance equal 

to the length ( R tan(Ø/2) ), along the tangent from the point of 

intersection (B).                                                               

Similarly, mark the other tangent point T2 by measuring forward 

the same distance along the tangent BC.

ii. Measure the distance equal to the length of the first chord (T1E)

along T1B. Thus marking the point E1.

iii. With the zero end of the chain (or tape) pinned down at T1,

swing the portion of the chain (=T1E1) around the point T1

through the calculated offset O1, thus fixing the first point E on

the curve.

iv. Pull the chain forward in the direction of T1E produced, until

EE2 equals the length (1 chain or ½ chain) of the second chord

(b2).

v. Hold fast the zero end of the chain at E and swing the chain

around E through the second calculated offset O2, thus locating

the second point F on the curve.



vi. Repeat the process until the end of the curve is reached. The

last point thus fixed should coincide with the previously

located point T2. If not, find the closing error. If it is large, the

whole curve must set out again . But if it is small, all the points

are moved sideways by an amount proportional to the square

of their distances from the beginning of the curve (T1) thus

distributing the closing error among all the points.

This method is largely used for road curves. It gives better

result than those obtained by the preceding method. It can be

used in confined situations, since all the work is done in the

immediate proximity of the curve. The most serious objection

to this method is that if any point is inaccurately fixed, its error

is carried forward through all the subsequent points.



INSTRUMENTAL  OR  ANGULAR   METHODS

1. Rankine’s method of tangential angle:-

. 



In this method the curve is set out by the tangential angles(often

called the deflection angles) with a theodolite and a chain or

tape.

The derivation of the formula for calculating the deflection angle

it as fallows :-

Let,

AB = the rear tangent to the curve.

T1 and T2 = the tangent points

D,E,F, etc. = the successive points on the curve.

δ1, δ2,δ3, etc = the tangential angles which each of the

successive chord T1D, DE. EF etc makes with

the respective tangents at T1, D, E, etc.

∆1,∆2,∆3, etc = the total tangential or deflection angles

(between the rear tangent AB and each of the

lines T1D, DE, EF, etc.

c1,c2,c3 etc = the lengths of the chord T1D, DE, EF, etc.

R = radius of the curve

Chord T1D = arc T1D (very small ) = c1.



BT1D = δ1 =½ T1OD    i.e. T1D = 2δ1

NOW, 

Hence,

…………..( 20 )

Similarly,                                                                 and so on.

…………………..( 20 a)

Since the chord lengths c2, c3, …….cn-1 is equal to the  length of 

the unit chord (peg interval), δ2=δ3= δ4= δn-1.
Now, the total tangential (deflection) angle (∆1) for the first chord 

(T1D) = BT1D.      ∆1 = δ1.
The total tangential angle (∆2) for the second chord (DE) =BT1E.

But    BT1E = BT1D + DT1E.   



Now the angle DT1E is the angle subtended by the chord DE in

the opposite segment and therefore, equals the tangential angle

(δ2) between the tangent at D and the chord DE.

Therefore, ∆2 = δ1 + δ2 = ∆1 + δ2

Similarly, ∆3 = δ1 + δ2 + δ3 = ∆2 + δ3

∆n = δ1 + δ2 + δ3+………... + δn

∆n = ∆n-1 + δn ……………………………..( 21 )

Check;- The total deflection angle (BT1T2) = ∆n = ( ø/2 )

where ø is the deflection angle of the curve.

From the above, it will be seen that the deflection angle (∆) for any

chord is equal to the deflection angle for preceding chord plus

the tangential angle for the chord/

If the degree of the curve (D) be given, the deflection angle for

30m chord is equal to ½ D degrees, and that for the sub chord

is equal to (c1×D)/60 degrees, where c1 is the length of the first

chord ,



If the degree of the curve (D) be given, the deflection angle for

30m chord is equal to ½ D degrees, and that for the sub

chord is equal to (c1×D)/60 degrees,

where c1 is the length of the first chord,

Hence,

………….. ( 22 )

In the case of left hand curve each of the values ∆1,∆2,∆3, etc

should be subtracted from 3600 to obtain required value to

which the vernier of the instrument is to be set.



Procedure:-

To set out a curve 

i. Set up the theodolite over first tangent point (T1) and level it.

ii. With both plates clamped at zero, direct the telescope to the

ranging rod at the point of intersection B and bisect it.

iii. Release the vernier plate and set the vernier A to first

deflection angle (∆1), the telescope being thus directed along
T1D.

iv. Pin down the zero end of the chain or tape at T1, and holding

the arrow at the distance on the chain equal to the length of

the first chord, swing the chain around T1 until the arrow is

bisected by the cross-hairs, thus fixing the first point D on the

curve.

v. Unclamp the upper plate and set the vernier to the second

deflection angle ∆2, the line of sight bring now directed along

T1E.



vi. Hold the zero end of the chain at D and swing the other end

around D until the arrow held at other end is bisected by the

line of sight , thus locating the second point on the curve.

vii. Repeat the process until the end of the curve is reached.

Check:-

The last point thus located must coincide with the

previously located tangent point T2. If not, find the distance

between them which is actual error. If it is within the

permissible limit, the last few pegs may be adjusted, if it is

exceeds the limit, the entire work must be checked.



2.   Two theodolite method :-

. 



This method is used when the ground is not

favourable for accurate chaining e.g. rough ground. It is based on

the fact that angle between the tangent and the chord is equal to

the angle which that chord subtends in the opposite segment.

Let, D, E, etc. be the points on the curve . The angle (∆1)

between the tangent T1B and the chord T1D = BT1D = T1T2D.

Similarly, the angle BT1E = ∆2 = T1T2E, the total tangential or

deflection angles ∆1, ∆2, ∆3 being calculated as in the first method.

Procedure:-

To set out the curve

i. Set up theodolite over T1 and another over T2.

ii. Set the vernier of each instrument to zero.

iii. Direct the instrument at T1 to the ranging rod at the point of

intersection B and bisect it.

iv. Direct the instrument at T2 to the first tangent point T1 and

bisect it.



v. Set the vernier of each of the instrument to read the deflection

angle ∆1. Thus the line of sight of the instrument at T1 is

directed along the T1D and that of the other instrument at T2

along T2D. Their point of intersection gives the required point

on the curve.

vi. Move the ranging rod until it is bisected by the crosshairs of

both instruments, thus locating the point D on the curve.

vii. To obtain the second point on the curve, set the vernier of

each of the instruments to the second deflection angle ∆2 and

proceed as before.

If the first tangent point T1 cannot be sighted from the

instrument at T2 the ranging rod at the point of intersection B

may be sighted. The procedure will be then be as follows:-

i. With both plates of the second instrument clamped at zero,

bisect the signal at B

ii. Release the vernier plate and swing the telescope (clockwise)

through (3600 – ø/2), thus directing the line of sight along T2T1.



iii. To obtain the first point on the curve, set the vernier to the first

deflection angle ∆1. the vernier reading will then be

(3600 – ø/2) + ∆1 instead of ∆1 as in the first case.

iv. The rest of the procedure is exactly the same as before.

Instead of sighting the intersection point B, any point K in the

forward direction of the tangent line T2C may be used.

In this case, however, the angle through which the telescope has

to be turned, after having the signal at K with both plates

clamped at zero, is equal to (1800 – ø/2). The line of

collimation is thus directed along the line T2T1. To obtain the

first point on the curve, the vernier reading must be

(1800 – ø/2) + ∆1.

It will seen that in this method no chain or tape is used to fix the

points on the curve, but they are located by the intersection of

the lines of the sight of the two instruments. The method is

simple and accurate, but it is expensive, since two surveyors

and two instruments are required to use this method.



Obstacles in setting out curves:-

The following obstacles occurring in common practice will now be

considered:-

1) When the point of the intersection of the tangent lines is

inaccessible:-

e.g. when the intersection falls in the lake, river. or wood.



Let, AB and BC be the two tangent lines intersecting at the point

B, and T1 and T2 the tangent points. It is required to determine

the value of the deflection angle (ø) between the tangents and

to locate the tangent point T1 and T2.

Procedure:-

a) Fix points M and N suitably on the tangents AB and BC resp.

so that M and N are intervisible, and the line MN runs on

moderately level ground in order that accurate chaining may

be possible. If the ground beyond the curve is not suitable, the

points may be fixed inside the curve as at M and N. Measure

MN accurately.

b) Set up the instrument at M and measure the angle AMN(ϴ1)

between AB and MN.

Transfer the instrument to N and measure the angle CNM (ϴ2)

between BC and MN.

Now in the ∆ ∠BMN, ∠BMN = α =1800 − ∠AMN = 1800 − ϴ1,

∠BNM = β = 1800 − ∠CNM = 1800 − ϴ2.



The deflection angle (ø) = ∠BMN + ∠BNM = α + β

or = 3600 − sum of measured angles.

= 3600 − (ϴ1 + ϴ2).

c) Solve the triangle BMN to obtain the distance BM and BN.

d) Calculate the tangent length BT1 and BT2from the formula

T= R ( tan ø/2).

e) Obtain the distances MT1 and NT2.

MT1 = BT1 – BM and NT2 = BT2 – BN.

f) Measure the distance MT1 from M along the tangent line BA.

Thus locating the first tangent point T1.

similarly, locate the second tangent point T2 by measuring the

distance NT2 from N along the tangent BC.

If the point fixed inside the curve, the procedure is same as

above, except for the distances to be measured from the

points M1 and N1 to locate the tangent point T1 and T.



If the point fixed inside the curve, the procedure is same as

above, except for the distances to be measured from the

points M1 and N1 to locate the tangent point T1 and T2.

MT1 and NT2 being respectively equal to (BM1 – BT1)

and ( BN1 = BT2).

When it is found impossible to obtain a clear line MN, a traverse is

run between M and N to find the length and bearing of the line

MN. From the known bearing of the tangent lines and the

calculated bearing of the line MN, the angles α and β may

easily be obtained. The distances BM and BN are then

calculated as before.



2. When the curve can not be set out from the tangent points,

vision being obstructed:-

.



2. When the curve can not be set out from the tangent points,

vision being obstructed:-

As a rule, the whole curve is set out

from the first tangent point T1. But this is possible only when

the curve is short and ground is moderately level and free

from all the obstructions. However, it is often found that this

cannot be done on account of great length of the curve, or

obstructions intervening the line of sight such as buildings,

cluster of trees, plantations, etc. In such a case, the

instrument requires to be set up at one or more points along

the curve.

Procedure ( first method ):-

Suppose the first four points have been located

by the deflection angles from the instrument at T1, when it is

found necessary to shift the instrument.



Let, d be the last point located from T1 and its deflection angle ∆.

i. Shift the instrument and set it up at d.

ii. With both plates clamped at zero, take a backsight on T1 and

transit the telescope.

iii. To locate the next point e, set the vernier to read the deflection

angle ∆5, thus directing the line of sight along de.

iv. Using the same tabulated deflection angles, continue the

setting out of the curve from d as already explained.

Proof:-

Draw the tangent d1dd2 at d, meeting the first tangent BT1 at

d1. Produce T1d to K.

Kdd2 = d1dT1 (vertically opposite); d1dT1 = d1T1d, since

d1T1 = d1d. But d1T1d = ∆4, so, Kdd2 = d1T1d = ∆4.

The tangential angle for the chord de = d2de = δ5 = dT1e.

Kde = ∆4 + δ5 = ∆5.

The total tangential (or deflection) angle for the chord

de =d1T1e = d1T1d + dT1e = ∆4 + δ5 = ∆



Thus is well be seen that when the telescope is transited after a

backsight was taken with the vernier reading zero, the line of

sight directed along dK and when the telescope is turned

through the angle ∆4, it is in the direction of tangent at d.

To use this method instrument must be in perfect adjustment

Second method:-

Suppose d is the last point located from the

instrument at T1.

i. Suppose the instrument is at T1, fix any point K in the line T1d

produced.

ii. Move the instrument to d and with the vernier set to zero

bisect K.

iii. Release the vernier plate and set the vernier to ∆5, to locate

the next point e.



When the

obstacle to chaining

occurs:-



Third method:-

Suppose that the first four points have been

located from T1, d being the last point located and that the

portion of the curve between d and f cannot be chained

across.

In such a case, the following procedure may be adopted:-

Let g be the next station on the curve which can be seen from T1.

i. Calculate the length of long chord T1g from the formula,

T1g = 2R sin ∆4.

ii. Set the vernier A to the deflection angle ∆4, thus directing the

line of sight along T1g. Measure the distance T1g along this

direction, and locate the point g on the curve. Locate the

remaining points in the usual way. Alternatively, set out the

curve T2g in the reverse direction from the second tangent

point T2.

iii. The point e and f, which were left out, will be located sfter the

obstruction is removed.



COMPOUND CURVE:-



In the figure it is shown that a compound curve which is 

tangential in three straights AB, BC and KM at T1,T2 and N 

respectively. The two circular arcs T1N and NT2 having centres 

at the point N, OS and OL being in straight line. The arc having a 

smaller radius may be first or second.

Let, the tangents AB and BC intersect at the point B, AB and KM

and BC at M.

Notation:-

Let , Rs = the smaller radius OsT1.

RL = the larger radius OLT2.

Ts = the smaller tangent length (BT1)

TL = the larger tangent length (BT2)

ø = the deflection angle between the rear tangent (AB) and 

forward tangent (BC)

α = the deflection angle between the rear tangent (AB) and 

common tangent (KM) = ےBKM.

β = the deflection angle between the forward tangent (AB)

and common tangent (KM) = ےBMK.



ts = the length of the tangent to the arc (NT1) having a

smaller radius

tL = the length of the tangent to the arc (NT2) having a

larger radius.

Elements of the compound curve:-

Ø = α + β

KN = KT1 = ts = Rs tan ( α/2 )

MN = MT2 = tL = RL tan ( β/2 )

Length of common tangent (KM) =

KM = KN + MN = Rs tan (α/2)+ RL tan ( β/2 )

In the ∆BKM,

Now                                                                                      ………….(A)

…………..(B)

***



Substituting the values of ts and tL in the equation A and B we 

get,

Of the seven quantities Rs, RL, Ts, TL, Ø, α and β four must be 

known. Then remaining three may be calculated from the above 

equations,

The following equation gives the relationship between the seven 

elements involved in compact form 

Ø = α + β



Procedure :-

The curve may be setout by the method of deflection angles from 

the two points T1 and N, the first branch from T1 and second 

from N.

1. The four quantities of the curve being known, calculate the 

other three.

2. Locate B, T1 and T2 as already explained, obtain the 

chainage of T1 from the known chainage of B.

3. Calculate the length of the first arc and add it to the chainage 

of T1 to obtain the chainage of N. Similarly, compute the 

length of the second arc which added to the chainage of 

chainage of N gives the chainage of T2.

4. Calculate the deflection angles for both the arcs.

5. With the theodolite set up over T1 set out the first branch 

already explain in Rankine’s  method.

6. Shift the instrument and set up at N, with the vernier set to 

(α/2) behind zero i.e. (360 - α/2 ), take a backsight on T1 and 

plunge the telescope which is thus directed along T1N



produced. ( if the telescope is now swing through an angle α/2 

the line of sight will be directed along the common tangent NM 

and the vernier will read 360 )

6. Set the vernier to the first deflection angle ∆1 as calculated 

for the second arc.

7. Repeat the process until the end of the second arc is 

reached i.e. T2.

Check :-



TRANSITION CURVE

A curve of varying radius is known as

‘transition curve’. The radius of such curve varies

from infinity to certain fixed value. A transition curve

is provided on both ends of the circular curve. The

transition curve is also called as spiral or easement

curve.



OBJECTS OF PROVIDING TRANSITION CURVES:-

1. To accomplish gradually the transition from the tangent to

the circular curve, and from the circular curve to the

tangent.

2. To obtain a gradual increase of curvature from zero at the

tangent point to the specified quantity at the junction of the

transition curve with the circular curve.

3. To provide the superelevation gradually from zero at the

tangent point to the specified amount on the circular curve.

4. To avoid the overturning of the vehicle.



REQUIREMENT OF IDEALTRANSITION CURVES:-

1. It should meet the original straight tangentially.

2. It should meet the circular curve tangentially.

3. Its radius at the junction with the circular curve should be

the same as that of the circular curve.

4. The rate of increase of curvature along the transition curve

should be same as that of in increase of superelevation.

5. The length should be such that the full superelevation is

attained at the junction with the circular curve.

The types of transition curve which are in common use are

1. A Cubic parabola

2. A clothoid or spiral

3. A lemniscate

the first being used on railways and third one on highways.



SUPERELEVATION:-

When a vehicle passes from a straight path

to curved one, the forces acting on it are

i. The weight of the vehicle.

ii. The centrifugal force both acting through the CG of vehicle.

Since the centrifugal force is always acts in the direction

perpendicular to the axis of rotation which is vertical, its

direction is always horizontal. The effect of the centrifugal force

is to push the vehicle off the track or rail. In order to

counteract the action, the plane of rails or the road surface

is made perpendicular to the resultant of centrifugal force

and weight of the vehicle.

In other word, the outer rail is superelevated or raised above

the inner one. Similarly the road should be “banked”, i.e.

the outer edge of the road should be raised above the inner

one, the raising of the outer rail or outer edge above the

inner one, being called as superelevation or cant.

The amount of cant is depend on vehicle and radius of curve.



Let,

W = weight of the vehicle

P = the centrifugal force.

v = the speed of the vehicle in m/s.

g =the acceleration due to gravity = 9.81 m/s2

R = the radius of the curve in m

h = the superelevation in m



b = the width of the road in m

G = the distance between centers of the rails in m.

Then the equilibrium, the resultant of the weight and the

centrifugal force must be equal and opposite to the reaction

perpendicular to the road or rail surface.

If ϴ be the inclination of the road or rail surface, the inclination of

the resultant to the vertical is also ϴ, therefore we have

Hence the amount of superelevation h

on roads

on railways



The amount of superelevation is limited about 1/12th of the

gauge, 1/10th being permitted under special circumstances.

The maximum superelevation recommended for broad gauge

(1676 mm) , meter gauge (1000 mm) and narrow gauge

( 762 mm) are 140mm (165 mm) , 90 mm ( 102 mm ) and 65

mm ( 75 mm ) respectively



LENGTH OF TRANSITION CURVE:-

The length of the transition curve may be

determined in the following ways

1. By an arbitrary gradient :-

The length may be such that the superelevation is applied

at a uniform rate of 1in n, the value of n varying from 300 to

1200.

Therefore, L = nh …………..( 1 )

where, L = the length of transition curve in m

h = the superelevation in m

1 in n = the rate of canting

2. By the time rate:- The transition curve may be such a

length that the cant is applied at an arbitrary time rate of a

cm per second, a varying from 2.5 to 5 cm.

Let, L = the length of transition curve in m

h’ = the amount of superelevation in cm.

v = the speed in m/sec

a = the time rate ( cm/sec )



Time taken by vehicle in passing over the transition curve

Superelevation attained in this time

…………….( 2 )

3. By the rate of change of radial acceleration:-

This rate should be such that the passenger should

not experience any sensation of discomfort when the train

travelling over the curve. It is taken as 30 cm per sec3 .

Now the radial acceleration on the circular curve (m/sec2)

Time taken by the vehicle to pass over the transition curve

seconds.



Radial acceleration attained in L/v seconds at the rate of

0.3m/sec3

……………( 3 )

If v = speed in km/hr.

The ratio of centrifugal force and the weight is called the

centrifugal ratio.

Centrifugal ratio ……….( 4 )

The maximum value of the centrifugal ratio on roads is taken as

1/4 and for railways as 1/8.

On roads



Now from the formula

………..( 5 )

On railways

……( 6 )

The equation 5 or 6 is to be used only when the full centrifugal

force is developed and when the rate of gain of radial

acceleration is 0.3 m /sec.



Ideal transition curve:-

The equation of the ideal transition curve (clothoid spiral) may

be as follows:-

Let, TB = the initial tangent

T = the beginning of the transition curve

E = the point of junction of the transition curve with the

circular curve.



M = any point on the transition curve, l m along it from T.

r = the radius of the transition curve at M.

R = the radius of the circular curve.

Ø = the inclination of the tangent to the transition curve

at M to the initial tangent TB.

Ø1 = the angle between the tangent TB and the tangent

to the transition curve at the junction point E.

( this angle is known as spiral angle)

L = the length of the transition curve.

α is the deflection angle i.e. angle MTB between the tangent

at T and line from T to any point (M) on the curve

The fundamental requirement of the spiral curve is that its
radius vary inversely as the distance( l ) from the beginning of

the curve.

Therefore,

Now for all curve



Integrating we get, …………( 7 )

The constant of integration being zero, since ø = 0, when l=0.

At the junction point E, l = L, r = R, and ø = ø1.

Substituting the value of m in equation 7, we get

…………( 8 )

where



If the curve is to set out by offsets from the tangent at the

commencement of the curve (T), it is necessary to calculate the

rectangular (cartesian) coordinates, the ‘the axes of the

coordinates’ being the tangent at T as the x axis and a line

perpendicular to it as the y axis.

Let, M and N be the two points at a distance δl apart on the
curve. Let the coordinates of M and N be (x,y)and (x+ δx, y+ δy)
And the respective inclinations of the tangents at M and N to the



initial tangent  (TB) at T  Ø and Ø + δØ.

…………….( 9)

………….(10)

Rejecting all the terms of the expressions 9 and 10 except the first 

we have,                                                     …………….( 11 )

Which is the equation of curve parabola, the length of the curve 

being measured along x axis the cubic parabola is known as 

Froude’s transition or easement curve.   



Taking  the first two terms of the expressions 9 and 10

We get,                                

…………….( 12)

………….(13)

From which the coordinates of any point on the true or clothoid 

spiral can be obtained.

If we take the first term only of expansion 10, we get the equation 

for cubic parabola. 

…………………..( 14 )

…………..( 15) 



Characteristics of a transition curve:-

Let, TB = the original tangent

T = the commencement of the transition curve.



E = the end of the transition curve

EE2 = the tangent to both the transition and the circular curve

at E.

Y = EE1 = the offset to the junction point (E) of both the curves.

X = TE1 = the x coordinate of E.

EE’ = the redundant circular curve.

T1 = the point of intersection of the line (OE’)

perpendicular to the tangent to the circular curve at

E’ and the origin at tangent TB.

S= E’T1= the shift of the circular curve.

N = the point in which OE’ cuts the transition curve.

Ø1= the spiral angle (EE2B) between the common tangent

EE2 and the original tangent TB.

R = the radius of the circular curve (OE)

L = the length of the transition curve.

a) Now EE’ =R Ø1; but Ø1= L/2R EE’ = L/2

EE’ nearly equal to EN, EN = L/2 ………… ( 16 )



i.e. The shift (E’T1) bisect the transition curve at N.

Hence TN = L/2 ……………( 17 )

b) Draw ED perpendicular to OE’

Now S = E’T1 = Y – R (1 – cosØ1) …...……….(18)

or S = Y – 2R sin2 (Ø1/2)

……....(19 )

Also, ………..( 20 )

i.e. the transition curve bisect the shift.

c) The total tangent length BT :-

a) True spiral (clothoid) BT = BT1 + T1T

……( 21 )



b) cubic parabola:- in this case of cubic parabola the length

of the curve is measured along the x axis (TB)

Therefore, TE = L = TE1 = X

…………( 22 )

The amount S tan (∆/2) is called the shift increment , and

( x - R sinØ1 ) is the spiral extension.

Thus it will be noticed that when the transition curve is inserted

in between the tangent and the circular curve, the length of the

combined curve is greater than that of simple curve (= R tan

∆/2) by an amount depending upon the transition curve used.

In the case of cubic parabola this increase is equal to

while in the case of true spiral or clothoid, it equals



Elements of cubic parabola:-



Elements of cubic parabola:-

Let,x = TM1 = the distance of any point m on the curve

measured along the tangent TB from the

commencement T on the curve.

y = M1M = the perpendicular offset to point M
l = the lengthy of transition curve TM.

X = TE1 = the distance of the junction point E of transition

curve with the circular curve from T measured

along TB

Y = E1E = the perpendicular offset to the junction point E.

L      = the length of the transition curve.

Ø =  ےMM2B= the angle between tangent line AB and tangent to

the transition curve at any point M. 

Ø1 =  ےEE2B= the angle between TB and tangent at E.

R         = the radius of the circular curve.

α .MTB  = the deflection angle to any point Mے  =

α1 =  ےETB  = the deflection angle to the junction E.



…………………..(23)

…………………………(24)

……….. ( 25 )

If the degree (D) of the curve given instead of radius, the

corresponding values α, αn, Ø1, may be found by substituting the

value of R in terms of D, i.e. R=1719/D in equation 24 and 25

….(26) ……….(27)

…………( 28 )



Elements of True spiral:-

Using the same notation the elements are:-

The coordinates of any point:

…………. ( 29 )

………( 30)

The coordinate of the end (E) of the curve:

…..(31)

……….( 32)

The expression for deflection are same as cubic parabola.

The total tangent length



Elements of cubic spiral:-

Using the same notation the elements are:-

Total tangent length



Combined Curve:- when the transition curves are inserted at

each end of the main circular curve, the resulting curve is

known as combined curve.



Length of combined curve:-

The angle subtended at the centre by the circular arc

(EE’) = (∆ - Ø1) degrees.

length of circular arc = EE’ ………..(1A)

the length of the combined curve …(1B)

The length of the curve may also be found out by another way

The central angle subtended by the circular arc

E1E’1 = ∆ degrees

Length of circular curve arc E’E’1 …………(2A)

Length of combined curve ………….(2B)



The calculation required for setting out the combined curve may

be made in the following steps:-

Data:- a) the deflection angle ( ∆) between the straights,

b) the radius (R) of the circular curve

c) the length of the transition curve (L)

d) the chainage of the point of intersection of the two

straights.

1. Find the shift (S) of the circular curve from

2. Compute the total tangent length from the formula according

as a cubic parabola or spiral is used.

3. Calculate the spiral angle Ø1 from radians

4. Calculate the length of the circular curve from formula 1A and

length of the combined curve from formula 1B also check

result from formula 2B.



5. Find the chainage of the beginning (T) of the combined curve

by subtracting the total tangent length from the given chainage

of point of intersection B.

6. Obtain the chainage of the junction point E of the transition

curve with the circular curve by adding the length of the curve

to the chainage of T.

7. Determine the chainage of the other junction point (E’) of the

circular arc with the other transition curve by adding the length

of the circular arc to the chainage of E.

8. Obtain the chainage of the end point (T’) of the combined

curve by adding the length of the combined curve to the

chainage of T.

9. Calculate the deflection angle for the transition curve from

minutes or

And also for circular curve from bearing in



the mind that the points stacked on the compound curve with

through chainage so that there will be sub-chords at each end

of the transition curve and of the circular curve.

10. Find the total tangential angles for the circular curve from

and check the result s by observing if the ∆n

equals 0.5(∆ - 2Ø1 ).

11. Calculate the offsets for the transition curve from in

case of cubic parabola and from

in case of

of true spiral.

12.Finally compute the offsets from chords produced from

for circular curve.



Tabulate the result as under

Station 
no.

Chainage Length 
of chord 

Deflection 
angle α or δ in 

minutes 

Total 
tangential 

angle ∆

∆ in 

º  ̍ ̋

Actual
Instrumen

t
Reading
º  ̍ ̋

Remar
ks 



Setting out the combined curve by deflection angle:-

The first transition curve may be set out from T (i) by the

deflection angles or (ii) by the tangent offsets; and the circular

curve from the junction point E. the second transition curve

may be setout from T’, checking on the junction point E’

previously located.



1. Having the fixed the tangent AB and BC, locate the tangent

point T by measuring the backward the total tangent length

from B and other tangent point T’ by measuring the forward

the same distance from B along the forward tangent BC.

2. From T measure along TB, the distances equal to the ½ L ,

2/3L, and L, the peg these points, which are lettered T1,

E2, and E3 resp.

3. Set up theodolite over T and with both plates clamped at

zero, bisect B.

4. Release the vernier plate and set the vernier to the first

deflection angle as obtained , thus directing the line of sight

to the first point on the transition curve.

5. Pin down the zero end of the tape at T, and holding the

arrow at the distance on the chain equal to the length of the

first chord, swing the chain around T until the arrow is

bisected by the cross-hairs, thus fixing the first point on the

transition curve.



6. Repeat the procedure until the end of the curve (E) is

reached. Check the location of E by measuring the

distance EE2 which should be 4S.

7. To set out circular curve, shift the instrument and set it up to

E.

8. With the vernier set to 2/3 Ø1, behind zero, for right hand

curve, take backsight on T and plunge the telescope which

is thus directed along forward direction ( if the telescope is

now swing through an angle 2/3 Ø1 the line of sight will be

directed along the common tangent and the vernier will

read 360 )

9. Transit the telescope and set the vernier to first deflection

angle for the circular curve and hence the first point on the

curve is obtained.

10.Continue the setting out the circular curve upto E in the

usual way.

11.Set out the other transition curve from T’ as before.



Setting out the Transition curve by tangent offset:-

a) Cubic parabola:-

i) From T measure the x coordinate of points along TB.

ii) Locate the points on the curve by setting out the respective

offsets perpendicular to TB at each distance.

b) Cubic spiral:-

i) Each point is located by swinging the chord length from the

preceding point through the calculated offset.

Setting out the transition curve by offsets from tangent

(TT1) and from the circular arc (E1E):-

This method is based upon the fact that the

often from the circular arc (E1E) to the transition curve at a

distance x from E is equal to the offset from the tangent

(TT1) to the transition curve at a distance x from T, the

transition curve at a distance x from T, the tangent offsets

being calculated from



In this method, therefore, half the transition curve is set out by 

means of offsets from the tangent (TT1) and the remaining half 

by means of offsets from the circular arc E1E. 



Spiralling compound curve:-



When it is required to insert transition curve in between two 

arcs of a compound curve, the following procedure may be 

adopted:-

1.  With the given radii of two circular arcs, the maximum 

speed and distance between the rail heads, calculate the 

amount of superelevation for each arc by the relation 



VERTICAL CURVES

When two different or contrary gradients meet, 

they are connected by  a curve in vertical plane is called 

a vertical curve.

It is advisable to introduce a vertical curve in road 

and in railway work in order to round off the angle and to 

obtain a gradual change in grade so that abrupt change 

in grade is avoided at the apex.



REQUIREMENTS
1. It gives adequate visibility and safety to the traffic.

2. It gives gradual change in grade or slope.

3. It gives adequate comfort to the passengers.



Types of Vertical Curves

1. An up grade followed by a down grade.

2. A down grade followed by an up grade.

3. An up grade followed by another up grade.

4. A down grade followed by another down grade.



1. An up grade followed by a down 
grade.



2. A down grade followed by an up 
grade



3.An up grade followed by another up 
grade.



4. A down grade followed by another 
down grade.



PROPERTIES OF PARABOLA:-

In fig,

OX and OY = the axes of the rectangular co-ordinates passes 

through the point (O) of the vertical curve.

O = origin of the co-ordinates.  



OA and OB = the tangent to the vertical curve 

+g1%         =  the grade of the tangent OB

-g2%         =  the grade of the tangent AB

M           = Any point on the curve whose co-ordinates are x

and y

Now, it may be shown that the equation of the parabola with 

respect to OX and OY is y = cx2 + g1x

Now, OK = x; KM = y; KN = g1x; and NM = KN – KM

NM = g1x – y = -cx2

From which it fallows that vertical distance from tangent to any 

point on the curve varies as the square of its horizontal distance 

from the point of commencement of the curve (the point of the 

tangency). This vertical distance is called as tangent correction.

y = -cx2

When x=2l=L 



When x=l,

By knowing c, the tangent corrections may be computed in the 

following way:-

By tangent correction:-

Let the chainage and elevation of the apex is given
1)  The length of the curve on either side of the A being l m,    

determine the chainages of points of tangency (O and B)       
chainage of O = chainage of A – l.

chainage of B = chainage of A + l.

2)  by knowing the grades of the tangents OA and AB, and the 

elevation of A, compute the elevation of the tangent points O and 

B.
elevation of O = elevation of A – ( lg1/100 )

elevation of B = elevation of A – ( lg2/100 )



3)   Compute the tangent correction from y=cx2 for the stations 

on the curve  yx’ = cx’ 2  

4) Determine the elevations of the corresponding stations on the 

tangent OAG

Elevation of the tangent at any station = elevation of the point 

of tangency (O) + x’g1.

5) Find the elevations of the stations on the curve by adding  

algebraically the tangent corrections to the elevations of the 

corresponding stations on the tangent OA .

Elevation of the station at a distance x’ on the curve = 

elevation of the station on the tangent ± tangent correction yx’

The result may be tabulated as under.

Station Chainage Tangent or 

grade 

elevation

Tangent 

correction

Elevation 

of the 

curve

Remarks 



Location of Highest or Lowest Point
The position and elevation of the highest point

(Summit) or the lowest point at the sag may be calculated as

follows :

In fig. 1 & 2, let P be the required point at a distance x

from the beginning A of the curve. The tangent to the curve at

this point P being a horizontal line, its slope is zero.

The general equation of the parabola is y= cx2 + g1x.

The slope of the tangent at any point on the parabola

= dy/dx.

Now, dy/dx = 2cx + g1



At summits where speeds of 100 kmph are contemplated

the requirement of visibility i.e. the sight line will lead to

longer curves than one obtained by the above formula.

Sight distances:-

Let two points on the curve at a height ‘h’ metres from

the ground be intervisible and let the distance between be

S. A value of 1.1 m is usually taken as the eye level height

above the road surface for an observer sitting in a car. Sight

distances are laid down in the interest of road safety and

the choice for any distance depends on the nature of the

road and the speed of the traffic using it.



There are three cases to consider, 

(a) sight distance equal to the length of the curve.

S = 2L     and      EF = h = (g1-g2 /400)L 

Given h, g1, g2 , L may be determined and the 

offsets computed from 

y = (g1-g2 /400L) x
2 



(b) Sight distance longer than the curve.

h = GK + KJ = GK + EF = GK + AF

Height of A above O = g1 /100L

Height of B above O =  g1 /100L+  g2 /100L

= L/100 (g1+g2 ).

.



the angle between OB and horizontal 

= L/100 x (g1-g2 )/2L 

=  (g1+g2 )/ 200 radians.

Angle KOG =  g1/ 100 - (g1+g2 )/ 200

= (g1 -g2 )/ 200 radians.

But        OK = S/2 –L.

Therefore 

KG = (S/2 –L) ((g1 -g2 )/ 200

h = KG + AF

= (S/2 –L) (g1 -g2 / 200) + = L/100 x (g1-g2 )

= ((S-L)/400) (g1-g2 ) 



(C) Sight distance less than length of the curve.

The offsets from the tangent MFG are given by 

the equation 

y= cx2  

Therefore ,

h = c (S/2) 2 

Therefore , 

c = 4h/S2



At point J,     x =L . 

JO = 4h /S2 x L2

But               JO = EF = AF = L/400 x (g1-g2 )

Therefore, 

4h /S2 x L2 =  L/400 x (g1-g2 ).

Therefore,

L = (g1-g2 ) x S2 /1600 x h ................... 

(3) 



Earthwork Mass Diagrams 
 

Basic Definitions  
 

Mass Diagram- A graphical representation of the cumulative amount of earthwork moved 

along the centerline and distances over which the earth and materials are to be transported.  

  

 

 

 

 

 

Characteristics of Mass Curve: 

 
1- Rising sections of the mass curve indicates areas where excavating exceeds fill, whereas 

falling sections indicate where fill exceeds excavation.  

2- Steep slopes reflect heavy cuts & Fills, while flat slopes indicate areas fro small amount 

of earthwork.  

3- The difference in ordinates between any two points indicate net excess of excavation over 

embankment or vise versa.  

4- Any horizontal line dawn to intersect two points within the same curve indicates a 

balance of excavation (cut) and embankment (fill) quantities between the two points.  

5- Points of zero slope represent points where roadway goes from cut to fill or from fill to 

cut.  

6- The highest or the lowest points of the mass haul diagram represents the crossing points 

between the grade line (roadway level) and natural ground level.  

What does a Mass Diagram tell us? 
 

1. Mass diagrams determine the average haul, free haul, and overhaul on a given segment 

of roadway.  

2. Mass diagrams tell the contractors and inspectors the quantity of material moved and 

how far it can be economically moved.  

Definitions 

 
 

 

Haul the transportation of excavated material from its original position to is final 

location in the work or other disposal area. This is also know as authorized haul.  

Average haul  determined from mass diagram. Average haul is the area of the mass 

diagram representing the number of cubic yard stations of haul between balance points 

divided by the ordinate of the mass which the yardage is hauled.  

Overhaul  the authorized hauling of excavation beyond the specified free-haul distance.  

Free haul Average haul for project that is free  
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Earthwork Mass Diagrams 
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Earthwork Mass Diagrams 



Earthwork Mass Diagrams 

0+00 2+00 1+00 1+50 0+50 2+50 

0+00 2+00 1+00 1+50 0+50 2+50 

Cumulative 

 Cut (ft3) 

Road Profile 

Mass Diagram 

CUT 

FILL 

CUT 

From STA 0+00 to STA 1+00 : This is all cut which is why the  Mass diagram  continues to 

increase. 

 

From STA 1+00 to STA 2+10: This is all fill, so this is why the mass diagram begins 

decreasing in  value. 

 

From STA 2+10 to STA 2+50: This is cut again until the end of the project.  It just so happens 

that the cut and fill are exactly the same in this example. 
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Earthwork Mass Diagrams 

Mass Diagram Problem 1:  

Mass Diagram Solution 1:  
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Earthwork Mass Diagrams 

Mass Diagram Problem 2:  

Mass Diagram Solution 2:  



www.learncivilengineering.com 7 

Earthwork Mass Diagrams 

Mass Diagram Problem 3:  

Mass Diagram Solution 3:  
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Earthwork Mass Diagrams 

Mass Diagram Problem 4:  

Mass Diagram Solution 4:  



 

 

 

 

 

Problem 5.  The free haul distance for a cut and fill 

project 100yds.  Draw the Mass diagram and shade in 

the areas that will cost money to haul. 

 

Station 0+00 to 1+00: 450cy cut 

Station 1+00 to 1+60: 450cy fill 

Station 1+60 to 2+00: 250cy fill 

Station 2+00 to 2+50: 350cy cut 

 

Earth Mass Diagram 

 Problem 5 



 

Earthwork Mass Diagram  Solution #5 
 

  Step 1: Draw a road profile and mass diagram. 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

  Step 2: Find the Free haul areas : Given: 100 ft is free 

   - From Point B to Point C since that is the 100ft haul distance: as you can see 

 you try to find the location at the largest amount of volume. 

  -  From Point D to Point G is free haul, as you can see the distance is a little 

 shorter than 100 ft because the amount of cut is only 100cy so it couldn’t fill 

 the whole way(assuming swell and shrinkage factor is the same) 
 

  Step 3: So the haul areas that are going to cost money are Point A to Point B 

 and Point C to Point D 

      
 

          
 

0+00 2+00 1+00 1+50 0+50 2+50 

0+00 2+00 1+00 1+50 0+50 2+50 

Road Profile 

Mass Diagram 

CUT 

450cy 

FILL 

450 
FILL 

250 

CUT 

350cy 

450cy 

250cy 

100cy 

A B C E F G 

100 ft 
95 ft 

D 



LEVELLING



What is levelling?

Levelling is the process by which elevations of points or 

differences in elevation are determined 

Areas of Application

♦ Design of highways, railroads, canals, etc.

♦ Layout construction projects according to specific design

♦ Calculate earthwork volumes

♦ Investigate drainage characteristics

♦ Develop maps showing general ground configurations

♦ Monitor earth subsidence





Definitions

Mean Sea Level (MSL):

Average elevation of the sea surface based on hourly tide gauge

measurements over a period of 19 years

Bench Mark (BM):

A permanent reference point with a known elevation (relative to

some datum, usually MSL)

Temporary Bench Mark (TBM): 

A point of known height above a pre-defined level. This level is not absolute and 

is defined locally by the surveyor for the purpose of the survey. Based on the 

TBM the survey may then later be reduced to absolute levels if the level of TBM 

is known. 



LEVEL

• For Vertical measurements





Parts

• Telescope : used to sight a staff placed at desired station 

and to read staff reading distinctly. 

• Diaphragm : holds the cross hairs (fitted with it). 

• Eye piece : magnifies the image formed in the plane of 

the diaphragm and thus to read staff during leveling. 

• Level Tube : used to make the axis of the telescope 

horizontal and thus the line of sight. 

• Leveling screws : to adjust instrument (level) so that the 

line of sight is horizontal for any orientation of the 

telescope. 

• Tripod stand : to fix the instrument (level) at a convenient 

height of an observer



Parts of level



LEVELLING STAFF



Temporary adjustments

• Temporary adjustments are to be made at each setup of 

the instrument. 

1. Setting up of the level

2. Leveling up

3. Elimination of parallax.



SETTING UP OF THE LEVEL

i) Release the clamp screw of the instrument

ii) Hold the instrument in the right hand and fix it on the tripod by 
turning round only the lower part with the left hand.

iii) Screw the instrument firmly.

iv) Bring all the foot screws to the center of its run.

v) Spread the tripod legs well apart.

vi) Fix any two legs firmly into the ground by pressing them with 
the hand.

vii) Move the third leg to the right or left until the main bubble is 
approximately in the center.

viii) Then move the third leg in or out until the bubbles of the 
cross-level is approximately in the center.

ix) Fix the third leg firmly when the bubbles are approximately in 
the centers of their run.



LEVELLING UP

i) Place the telescope parallel to a pair of foot screws.

ii) Bring the bubble to the center of its run by turning the 
foot screws equally either both inwards and both outwards.

iii) Turn the telescope through 90º so that it lies over the 
third foot screw.

iv) Turn this third foot screw so that the bubble corners to 
the center of its run.

v) Bring the telescope back to the original position without 
reversing the eye-piece and object glass.

vi) Repeat the above operations until the bubble remains in 
the center of its run in both the positions.

vii) Turn the telescope through 180º and check whether the 
bubble remains central



ELIMINATION OF PARALLAX

i) Remove the lid from the object glass.

ii) Hold a sheet of white paper in front of the object glass.

iii) Move the eyepiece in or out until the cross hairs are 

distinctly visible.

iv) Direct the telescope towards the staff.

v) Turn the focusing screw until a clear and sharp image in 

formed in the plane of the cross hairs.



Taking the levels of various points with 

Single setup
1. Set the level at a convenient point.

2. Perform the temporary adjustments.

3. Hold the staff vertically over the Benchmark, Observe the 

staff reading and write in the B.S column of the field book.

4. Hold the staff at other points and note the staff reading in 

the I.S column of the field book.

5. Hold the staff on the last point and enter the staff reading 

in the F.S column of the field book.

6. Find R.L. of all the points by both the methods.

7. Apply arithmetical check.







FLY LEVELLING



1. Let A and B be the two given points whose difference is 
elevation is to be found.

2. Set the level at a convenient point O1 carryout temporary 
adjustments and take B.S on A

3. Take FS on the Point C

4. Shift the instrument to point O2 and perform temporary 
adjustments.

5. Take B.S on C.

6. Take F.S. on D.

7. Shift the instrument to point O3 and perform temporary 
adjustments.

8. Take B.S on D

9. Take F.S on B.

10. Find the difference in elevation between A and B by both the 
methods

FLY LEVELLING



LEVELLING 

Unit-
III



Syllabus

Levelling

• Definitions, technical terms, uses, details of
levels such as dumpy, tilting and auto levelling
staff, Temporary and permanent adjustments of
dumpy and auto level, corrections curvature,
refraction, combine and sensitiveness,
reciprocal levelling, collimation and rise & fall
method, errors, precautions.



Definition

• Levelling is defined as “an art of determining

the relative height of different points on,

above or below the surface”.



Principle of Levelling

• The principle of levelling is to obtain

horizontal line of sight with respect to which

vertical distances of the points above or

below this line of sight are found.



Object of levelling

The objective of Levelling

• To Find the elevation of given point with

respect to some assumed reference line called

datum.

• To establish point at required elevation

respect to datum.



Terms used in Levelling

Level surface

• It is the surface parallel to the mean spheroidal
surface of the earth

Level line

• Line lying on level surface.

Horizontal plane

• Horizontal plane through a point is a plane
tangential to level surface.

Horizontal line

• It is a straight line tangential to level line.



Levelling



Terms used in levelling

Datum “It is an arbitrary level surface from which
elevation of points may be referred”. In India
mean sea level is considered as datum of zero
elevation it is situated at Karachi.

Mean Sea Level is the average height of sea for all
stages of tides it is derived by averaging the
hourly tide height over a period of 19 years.

Elevation or Reduced level It is height or depth of
any point above or below any datum. It is denoted
as R.L.



Terms used in levelling



Terms used in Levelling

Bench Mark (B.M.) It is a fixed reference point of
known elevation with respect to datum.

Line of collimation It is a line joining the
intersection of cross hairs of diaphragm to the
optical centre of object glass and its continuation.
It is also known as line of sight.

Height of instrument It is the elevation of line of
collimation with respect to datum

Back sight It is a staff reading taken at a known
elevation. It is the first staff reading taken after
setup of instrument.



Mean Sea Level



Terms used in Levelling

Fore sight( F.S.) It is the last staff reading taken

denoting the shifting of the instrument.

Intermediate sight.(I.S.) It is staff reading taken

on a point whose elevation is to be determined.

All staff reading between B.S. and F.S. are

Intermediate sight.

Change Point (T.P) It is a point on which both

fore and back sight are taken.



Terms used in Levelling



Instruments for levelling

• The following instruments are essentially

required for levelling

• Level

• Levelling Staff



Instruments for levelling

• Level and types of level

• Level

• The instrument used to furnish horizontal line

of sight for observing staff readings and

determining R.L.s



Types of Level

• Dumpy level

• Tilting level

• Wye level

• Automatic level



Dumpy level

• The Dumpy level is a simple, compact and

stable instrument. The telescope is rigidly

fixed to its supports. Hence it cannot be rotated

about horizontal axis.



Dumpy level



Dumpy level



Tilting Level

• It is also known as I.O.P. level (Indian office

Pattern).In this level the telescope tilts about

its horizontal axis hence it is called tilting level



Tilting Level



Wye level

• The essential difference between wye level and

other levels is that in wye level the telescope is

carried by two vertical wye supports. The

telescope can be rotated, moved or even raised

in wyes.



Wye level



Automatic level

• It is also known as self aligning level. It is a

recent development. The fundamental

difference between auto level and other levels

is that the levelling is not manually but it is

levelled automatically. It is achieved by

inclination compensating device.



Automatic level



Automatic level



Automatic level



Automatic level



Automatic level



Tilt Compensating Device



Tilt Compensating Device



Levelling Staffs

• Levelling staffs are scales on which these

distances are measured.

• Levelling staffs are of two types

• Self Reading staff

• Target staff



Levelling Staffs



Self Reading Staff

• The self reading staff can be read directly by

the level man looking through the telescope.

• Common types of self reading staffs

• Ordinary staff

• Sop-with telescopic staff

• Folding Staff



Ordinary Staff

• The one length staff, is solid and made

of seasoned wood, it is 3 m long and

graduated in the same way as the

telescopic staff



Folding Staff

• The folding staff is made up of well seasoned timber
such as Cyprus. It consists of two 2 m wooden pieces
with a joint assembly. Each piece of the staff is made
of one longitudinal strip without any joint. The folding
joint is of the detachable type with a locking device
at the back. The staff is joined together in such a way
that the staff may be folded from one another when
required.

• The staff has brass cap at the bottom. It has two
folding handles, with spring action. It is provided with
a circular bubble fitted at the back.



Folding Staff



Sop-with Telescopic Staff

• Such a staff is arranged in three lengths
placed one into the other. It can be extended
to its full length by pulling. The top portion
is solid and the central box is hollow the total
length of staff is 4 m.

• The staff is graduated in such a way that
smallest division is of 5 mm. the value in m
are marked in red on the left and those in
decimetre are in black on the right.



Self Reading Staff



Target Staff

• For very precise works and sight target staff

are used. A movable target is provided in this

staff.

• A vernier is provided on target to give precise

reading. In target staff level man directs the

staff man to move the target up and down

until it bisects by the line of sight. The staff

man observe the staff reading



Target Staff



Target Staff



Bench Marks

Bench mark is a point of known elevation

There are 4 kinds of bench marks

• GTS (Great trigonometrically survey bench

mark)

• Permanent bench mark

• Arbitrary bench mark

• Temporary bench mark



GTS Bench Mark

• They are the bench marks established with

very high degree of precision at regular

intervals by the survey of India Department all

over the country Their position and R.Ls

values above mean seal level which was

earlier located at Karachi and now it is taken

at Bombay High, Mumbai and is given in

catalogue formed by the department.



GTS Bench Mark



Permanent Bench Mark

• Permanent bench marks are fixed in between

GTS benchmarks by govt. agencies such as

railways, PWD, etc. This benchmarks are

written on permanent objects such as

milestones, culverts, bridges etc their value are

clearly written and their position are recorded

for future reference.



Permanent Bench Mark



Permanent Bench Mark



Bench Marks

Arbitrary Bench Marks

• These are reference points whose R.L.s are
arbitrarily assumed. They are used in small works
such bench mark may be assumed as 100 or 50 m

Temporary Bench Marks

• They are the reference points established during
the levelling operations when there is a break in
work, or at the end of day’s work the value of
reduced levels are marked on some permanent
objects such as stones, trees etc.



Arbitrary Bench Marks



Temporary Bench Marks



Temporary Adjustments of a 

level

• These adjustments are performed at every

setup of instrument

• Setting up of level

• Levelling of telescope

• Focusing of the eye peace

• Focusing of object glass



Temporary Adjustments of a 

level

Setting up the level

This includes

• A) Fixing the instrument on tripod

• B) Levelling the instrument approximately by

Tripod



Setting up the level



Temporary Adjustments of a 

level
Levelling

Levelling is done with the help of foot screws. The
purpose of levelling is to make vertical axis truly
vertical. It is done with the help of foot screws

• A) Place the telescope parallel to a pair of foot screw
then hold the foot screws between thumb and first
finger and turn them either inward or outward until the
longitudinal bubble comes in the centre.

• B)Turn the telescope through 90 0 so that it lies parallel
to third foot screw, turn the screw until the bubble
comes in the centre.



Temporary Adjustments of a 

level



Temporary Adjustments of a 

level
Focusing the eye piece

• To focus the eye piece, hold a white paper in
front of object glass, and move the eye piece in
or out till the cross hair are distinctly seen.

Focusing of object glass

Direct the telescope to the levelling staff and on
looking through the telescope, turn the
focusing screw till the image appears clear and
sharp.



Temporary Adjustments of a 

level



Permanent adjustment of level

• The establishment of a desired relationship
between the fundamental lines of a leveling
instrument is termed permanent adjustment. So,
permanent adjustment indicates the rectification
of instrumental error.

• The fundamental lines

• The line of collimation

• The axis of the bubble tube

• The vertical axis

• The axis of the telescope



Permanent adjustment of level

• The following relationship between the lines are
desirable

• The line of collimation should be parallel to the
axis of the bubble

• The line of collimation should coincide with the
axis of the telescope

• The axis of the bubble should be perpendicular
to the vertical axis. That is, the bubble should
remain in the central position for all the
directions of the telescope.



Permanent adjustment of level



Permanent adjustment of level

• Two adjustment are required in the dumpy

level

• The first adjustment, to make the axis of the

bubble tube perpendicular to the vertical

axis

• The second adjustment, to make the line of

collimation parallel to the axis of the bubble

tube.



Permanent adjustment of level

• Following procedure is adopted to make the line of
collimation parallel to the axis of the bubble tube.

• The level is set up on fairly level ground, with its legs
well apart, It is firmly fixed to the ground.

• The telescope is placed parallel to any pair of foot
screws and, by turning the foot screw either inward or
outward, the bubble is brought to the centre.

• The telescope is then turned through 90 0, so that it
lies over the third foot screw. Then by turning the third
foot screw the bubble is brought to the centre.

• The process is repeated several times until the bubble is
in the central position in both the direction.



Permanent adjustment of level

• Now the telescope is turned through 180 0 and the
position of the bubble is noted.

• If the bubble still remains in the central position, the
desired relationship is perfect. If not, the amount of
deviation of the bubble is noted.

• Suppose the deviation is 2n division, Now by turning
capstan headed nut (which is at one end of the tube),
the bubble is brought half-way back (i.e. n division)
the remaining half-deviation is adjusted by foot
screws just below the telescope.

• The procedure of adjustment is continued till the bubble
remain in the central position of the telescope.



Permanent adjustment of level



Permanent adjustment of level

• The second adjustment is done by two peg method

• Two pegs A & B are driven at a distance apart on level
and firm ground. The level is set up at P, just mid-way
between A & B. After bringing the bubble to the centre
of its run, the staff readings on A & B are taken.
Suppose the reading are a & b

• Now the difference of level between A & B is
calculated , this difference is true difference, as the
level is set up just mid-way between BS and FS

• Then the rise or fall is determined by comparing the
staff reading.



Permanent adjustment of level



Permanent adjustment of level

• The level is shifted and set up at P1 (very near to A),
say at a distance d from A. Then after proper leveling,
staff reading at A & B are taken. Suppose the reading
are a1 and b1

• Then the apparent difference of level is calculated

• If the true difference and apparent difference are equal,
the line of collimation is in adjustment, if not the line of
collimation is inclined.

• Let e be the staff reading on B at the same level of the
staff reading a1

• Then e= a1 true difference



Permanent adjustment of level

• Use positive sign in case of fall and negative sign when it is
rise

• If b1 is greater than e, the line of collimation is inclined
upwards and if b1 is less than e, it is inclined downwards.

• Collimation error= b1-e (in distance D)

• By applying the principle of similar triangle

• Correction to near peg

• C1= d (b1-e)

D

And correction to far peg

C2= D + d (b1-e)

D



Permanent adjustment of level

Correct staff reading on A= a1 C1

Correct Staff reading on B= b1 C2

Then the cross-hair is brought to the calculated 

correct reading by raising or lowering the 

diaphagram by means of diphagram screw.



Classification of Levelling

• Simple Levelling 

• Differential Levelling

• Fly Levelling

• Check Levelling

• Profile Levelling

• Cross Levelling

• Reciprocal Levelling

• Precise Levelling

• Trigonometric Levelling

• Barometric Levelling

• Hypersometric Levelling



Simple Levelling

• It is the simplest method used, when it is

required to find the difference in elevation

between 2 points.



Differential Levelling

• This method is used to find the difference in

the elevation between points if they are too far

apart or the difference in elevation between

them is too much.



Differential Levelling



Fly Levelling

• Fly levelling is just like differential levelling

carried out to check the accuracy of levelling

work. In fly levelling only B.S. and F.S. are

taken



Fly Levelling



Classification of Levelling

Check levelling

• This kind of levelling is carried out to check the
accuracy of work. It is done at the end of the days
work in the form of fly levelling to connect the
finishing point and starting point.

Profile levelling or L-Section

• This method is used for taking levels along the
centre line of any alignment like road, railway
canal etc. The object is to determine the
undulations of the ground surface along the
alignment



Check levelling



Profile levelling or L-Section



Profile levelling or L-Section



Classification of Levelling

Cross-Sectioning

• This operation is carried out perpendicular to alignment
at an interval of 10, 20 ,30, 40 m. The idea is to make
an estimate of earthwork.

Precise Levelling

• It is used for establishing bench marks for future public
use. It is carried out with high degree of accuracy using
advanced instruments

Trigonometric Levelling

• In this method vertical distances between points are
computed by observing horizontal distances and
vertical angle between points.



Cross-Sectioning



Trigonometric Levelling



Trigonometric Levelling



Classification of Levelling

Barometric Levelling

• In this method the altitude difference is
determined by means of a barometer.

• Barometric leveling is based on the fact that
the atmospheric pressure varies inversely with
height. In this method a barometer is used to
determine the differences in elevation of
points, which differ considerably in heights as
in a hilly area or mountainous country.



Classification of Levelling

• It is chiefly used on exploratory or

reconnaissance surveys. Since the pressure of

the atmospheric at any point is constantly

changing and barometer reading are affected

by the temperature of the air

• Types of barometer in use are

• Mercury Barometer

• Aneroid Barometer



Aneroid Barometer



Mercury Barometer



Hypsometric Levelling

The working of Hypsometry for determining the

elevation depends upon the fact that the

temperature at which water boils varies with

the atmospheric pressure. The boiling point of

water reduces at higher altitude thus knowing

the boiling point of water, the atmospheric

pressure can be calculated and knowing the

atmospheric pressure altitude or elevation can

be determined.



Hypsometric Levelling

• The altitudes of various points may be

determined by using hypsometer, also called as

thermo-barometer.



Hypsometric Levelling



Hypsometric Levelling



Hypsometric Levelling



Reciprocal levelling
• Reciprocal Levelling:-

• This method is adopted to accurately determine the
difference of level between two points which are far
apart. It is also used when it is not possible to setup level
in midway between two points

• Let A and B be the two points on opposite banks of a river. It
is required to find out the level difference between A&B

• Setup the level very near to A and take the reading at A and B
let the reading be a1 and b1

• Shift the level and setup very near to B and observe A and B
to get reading a2 and b2

• Let d is the true difference of level between A and B, and
e=error due to curvature, refraction and imperfect
adjustment.



Reciprocal levelling



Reciprocal Levelling

• Thus to eliminate the error take an average of the
difference in elevation taken from 2 points

• i.e. from A the true difference will be

• =(b1-e)-a1

• Or d= (b 1- a1)-e

• From B the difference will be= b2-(a2-e)

• Or d= (b2-a2)+ e

• Adding these two eqn to eliminate e, we get

• Therefore d={(b1-a1)+ (b2-a2)}/2



Reciprocal Levelling



Reciprocal Levelling



Methods of Reducing Levels

Height of Instrument Method

• This method consist of finding H.I. for every

setup of instrument, and then obtaining the

R.L. of point of reference with respect to H.I



Height of Instrument Method



Rise and Fall Method

• This method consist of determining the

difference of level between consecutive points

by comparing each point with immediate

preceding point.



Rise and Fall Method



Errors in Levelling

The following are the different sources of Errors

• Personal Error

• The Instruments may not be levelled

• The focusing of eye piece and objective glass may not 
be perfect

• The parallax may not be eliminated

• The position of staff may have changed

• Entry and recording in the field book may not be 
correct

• The staff may not be fully extended, may not be held 
vertical.



Errors in Levelling

Instrumental Error

• The Permanent adjustment of the instrument may
not be perfect. That is the line of collimation may
not be horizontal line.

• The internal arrangement of focusing tube may
not be correct

• The graduation of the staff may not be perfect

• Defective bubble tube, if the bubble tube is
sluggish, it may apparently be in the mid-position
even though the bubble line is not horizontal.



Errors in Levelling

Errors due to Natural Causes

• The Curvature of the Earth may affect the staff

readings when the distance of sight is long.

• The effect of refraction may cause a wrong

staff reading

• There are some errors in staff readings due to

high velocity wind



Common errors in Leveling

• Foresight and back sight not being taken on
exactly the same point

• Reading the staff upward instead of downward

• Reading of stadia hair

• Reading of wrong number of metre and decimeter

• Entering backsight in F.S and vice versa

• Transposing the figures

• Omitting an entry

• The leveling staff not being fully extended.



Curvature  & Refraction Correction



Curvature Correction

• For long sights the curvature of earth can effect staff

readings. The line of sight is horizontal but the level line

is curved and parallel to the mean spheroidal surface of

the earth.

• The vertical distance between the line of sight and level

line at particular place is called the curvature correction

• The effect of curvature is to cause the object sighted to

appear lower than they really are.

• Curvature correction is always Subtractive(-)

• True staff reading=(Observed staff reading-

0.0785D2)m

• Where D= distance in Km.



Curvature Correction



Refraction

• The ray of light pass through layers of air of
different densities and refractor bent down. The
effect of refraction is to make the object appear
higher then they really are. Refraction varies
considerably with climate conditions.

However it is taken as,

• Cr=0.0112 D2m(+)

• Refraction is always additive

• True staff reading

• =Observed staff Reading+ Refraction
correction.



Refraction



Leveling Examples



Example

• The following staff readings were observed

successively with a level the instrument is moved by

third, sixth and eighth readings.

• 2.228 :1.606 :0.988 :2.090 :2.864 :1.262 0.602 :1.982

:1.044 :2.684 m

• enter the reading in record book and calculate R.L. if

the first reading was taken at a B.M of 432.383m



H.I. Method

CHECK Σ B.S-Σ F.S = 5.964-6.916= -0.952 = LAST R.L-FIRST R.L= 431.432-432.384=-

0.952



Rise and Fall Method

CHECK  Σ B.S-Σ F.S= 5.964-6.916= -0.952 =  LAST R.L-FIRST R.L= 431.432-432.384=-0.952

ΣRISE-Σ FALL= 2.842-3.794=-0.952



• The following readings were taken with a dumpy

level and 4m leveling staff. The instrument was

shifted after 3rd and 6th readings. The readings are

2.665, 3.225, 2.905, 1.85, 0.98, 2.62, 1.585, 0.96,

0.425. m Enter the above readings in a page of level

book and calculate R.L. of points, if the first reading

was taken with a staff held on B.M. of 240 m. use

rise and fall method. Apply arithmetic checks



Rise and Fall Method

Station B.S. I.S. F.S Rise (+) Fall (-) RL Remarks

A 2.665 240 BM

B 3.225 0.56 239.44

C 1.85 2.905 0.32 239.76 3rd CP

D 0.98 0.87 240.63

E 1.585 2.62 1.64 238.99 6th CP 

F 0.96 0.625 239.615

G 0.425 0.535 240.15

CHECK ∑ BS- ∑ FS ∑RISE- ∑ FALL L.RL –F. RL

6.1 5.95 2.35 2.2

∑ BS- ∑ FS=  0.15 ∑RISE- ∑ FALL

=0.15

L.RL –F. RL= 0.15



HI Method
Station B.S. I.S. F.S HI RL Remarks

A 2.665 242.665 240 .00 BM

B 3.225 239.44

C 1.85 2.905 241.61 239.76 3rd CP

D 0.98 240.63

E 1.585 2.62 240.575 238.99 6th CP 

F 0.96 239.615

G 0.425 240.15

CHECK ∑ BS- ∑ FS L.RL –F. RL

6.1 5.95

∑ BS- ∑ FS=  0.15 L.RL –F. RL= 0.15



HI Method
Station B.S. I.S. F.S HI RL Remarks

A 2.665 242.665 240 .00 BM

B 3.225 239.44

C 1.85 2.905 241.61 239.76 3rd CP

D 0.98 240.63

E 1.585 2.62 240.575 238.99 6th CP 

F 0.96 239.615

G 0.425 240.15

CHECK ∑ BS- ∑ FS L.RL –F. RL

6.1 5.95

∑ BS- ∑ FS=  0.15 L.RL –F. RL= 0.15



Example

• The Following observations were taken with dumpy level and

4 m leveling staff. The instrument were shifted after the 4th

and 7th reading. The first reading was taken on a bench mark

whose R.L. was 15.575 m. prepare a page of level book and

calculate RL of all the points. The observations were taken at

every 30 m interval. Also find out the gradient between first

and last point. Also draw the profile of ground. Use H.I.

Method. Observations are: 0.565, 1.250, 1.675, 3.695,0.125,

2.345, 0.500, 1.785, 2.535.



Observations are: 0.565, 1.250, 1.675, 

3.695 (CP),0.125, 2.345, 0.500 (CP), 1.785, 2.535.

Station B.S. I.S. F.S HI RL Remarks

A 0.565 16.14 15.575 BM

B 1.250 14.89

C 1.675 14.46

D 0.125 3.695 12.565 12.44 CP

E 2.345 10.22

F 1.785 0.500 13.85 12.065 CP

G 2.535 11.315

CHECK ∑ BS- ∑ FS L.RL –F. RL

2.47 6.73

∑ BS- ∑ FS=  -4.26 L.RL –F. RL= -4.255



Observations are: 0.565, 1.250, 1.675, 

3.695 (CP),0.125, 2.345, 0.500 (CP), 1.785, 2.535.

Station B.S. I.S. F.S RISE FALL RL Remarks

A 0.565 15.575 BM

B 1.250 0.685 14.89

C 1.675 0.425 14.46

D 0.125 3.695 2.02 12.44 CP

E 2.345 2.22 10.22

F 1.785 0.500 1.845 12.065 CP

G 2.535 0.75 11.315

CHECK ∑ BS- ∑ FS L.RL –F. RL

2.47 6.73

∑ BS- ∑ FS=  -4.26 ∑RISE- ∑ FALL

=-4.26

L.RL –F. RL= -4.26



Observations are: 0.565, 1.250, 1.675, 

3.695 (CP),0.125, 2.345, 0.500 (CP), 1.785, 2.535.

Station B.S. I.S. F.S RISE FALL RL Remarks

A (0 m) 0.565 15.575 BM

B (30 m ) 1.250 0.685 14.89

C (60 m) 1.675 0.425 14.46

D (90 m) 0.125 3.695 2.02 12.44 CP

E (120 m) 2.345 2.22 10.22

F (150 m) 1.785 0.500 1.845 12.065 CP

G (180 m) 2.535 0.75 11.315

CHECK ∑ BS- ∑ FS L.RL –F. RL

2.47 6.73

∑ BS- ∑ FS=  -4.26 ∑RISE- ∑ FALL

=-4.26

L.RL –F. RL= -4.26



GRADIENT

• Gradient of line AG =  Diff of RLs

Length 

• Gradient of line AG =       4.260

180 

=           1

42.25

= 1 in 42.25 Gradient.



Profile

15.575 14.89 14.46 12.44 10.22 12.065 13.315 R.L.

0 30 60 90 120 180 m Distance

Gradient : 1:42.25 

m

Gradient : 1:42.25 

m



Example

The following readings are taken on continuous

falling ground with staff of 4 m the are 0.4 m,

0.765, 1.270, 2.56, 3.22, 3.95, 0.390, 1.690, 3.5,

0.8, 1.920, 2.45, 3.98. Enter the reading in the

page of level book and calculate the RLs of all

point if the first reading was taken on Benchmark

of 100m.



0.400, 0.765, 1.270, 2.560, 3.220, 3.950, 0.390,1.690,3.500,0.800,1.920, 2.450,3.980

(Continuous Sloping Ground) 4m staff

Station B.S. I.S. F.S HI RL Remarks

A 0.400 100.4 100.00 BM

B 0.765 99.635

C 1.270 99.13

D 2.560 97.84

E 3.220 97.18

F 0.390 3.950 96.84 96.45 CP

G 1.690 95.15

H 0.800 3.500 94.14 93.34 CP

I 1.920 92.22 CP

J 2.450 91.69

K 3.98 90.16

∑ 1.59 11.43

CHECK ∑ BS- ∑ FS=  -9.84 m L.RL –F. RL= -9.84 m



0.400, 0.765, 1.270, 2.560, 3.220, 3.950, 0.390,1.690,3.500,0.800,1.920, 2.450,3.980

(Continuous Sloping Ground) 4m staff

Station B.S. I.S. F.S RISE FALL RL Remarks

A 0.400 100.00 BM

B 0.765 0.365 99.635

C 1.270 0.505 99.13

D 2.560 1.29 97.84

E 3.220 0.66 97.18

F 0.390 3.950 0.73 96.45 CP

G 1.690 1.30 95.15

H 0.800 3.500 1.81 93.34 CP

I 1.920 1.12 92.22 CP

J 2.450 0.53 91.69

K 3.98 1.53 90.16

∑ 1.59 11.43 0 9.84

CHECK ∑ BS- ∑ FS=  -9.84 m ∑RISE- ∑ FALL

=--9.84

L.RL –F. RL= -9.84 

m



• The following is an incomplete page of level

book in which X indicates missing Entry line.

Calculate all the missing entries and complete

the page of level book .also give the usual

arithmetical checks.



MISSING READINGS
Station BS IS FS Rise Fall RL Remarks

A 2.560 100.0 BM

B 3.540 X X

C 3.200 X X

D 2.340 X X

E 1.950 X 1.08 X CP1

F 2.440 X X

G 3.465 X X



MISSING READINGS

Station B.S. I.S. F.S RISE FALL RL Remarks

A 2.560 100

B 3.54 X X

C 3.20 X X

D 2.34 X X

E 1.95 X 1.08 X CP

F 2.44 X X

G 3.46 X X

CHECK ∑ BS- ∑ FS L.RL –F. RL

∑ BS- ∑ FS=  L.RL –F. RL= 



Station B.S. I.S. F.S RISE FALL RL Remarks

A 2.560 100

B 3.54 0.98 99.02

C 3.20 0.34 99.36

D 2.34 0.86 100.22

E 1.95 1.26 1.08 101.3 CP

F 2.44 0.49 100.81

G 3.46 1.02 99.79

CHECK ∑ BS- ∑ FS L.RL –F. RL

4.51 4.72

∑ BS- ∑ FS= -0.21 ∑RISE- ∑ FALL

=-0.21

L.RL –F. RL= -0.21

MISSING READINGS



Example

• The following consecutive readings were taken with a level

and a 4m staff at a common interval of 30m; The first reading

was taken at B.M. having R.L. =100m. The instrument were

shifted after the 4th and 9 th readings. Rule out a page of a

level book, enter the readings given and also calculate the

reduced levels of the points by the collimation method. Also

apply arithmetic checks.

• Consecutive readings are: 2.650, 1.745, 0.625, 0.260, 2.525,

2.160, 1.235, 0.870, 1.365, 0.625, 1.790, and 2.535.



Consecutive readings are: 2.650, 1.745, 0.625, 0.260 (CP), 2.525, 2.160,  

1.235, 0.870, 1.365 (CP), 0.625, 1.790, and 2.535.

Station B.S. I.S. F.S RISE FALL RL Remarks

A 2.65 100 m BM

B 1.745 0.905 100.905

C 0.625 1.12 102.025

D 2.525 0.260 0.365 102.39 CP

E 2.160 0.365 102.755

F 1.235 0.925 103.68

G 0.87 0.365 104.045

H 0.625 1.365 0.495 103.55 CP

I 1.79 1.165 102.385

J 2.535 0.745 101.64

K 5.8 4.16 4.045 2.405

∑ 

CHECK ∑ BS- ∑ FS=  1.64 m ∑RISE- ∑ FALL

= 1.64 m

L.RL –F. RL= 1.64 

m



Consecutive readings are: 2.650, 1.745, 0.625, 0.260 (CP), 2.525, 2.160,  

1.235, 0.870, 1.365 (CP), 0.625, 1.790, and 2.535.

Station B.S. I.S. F.S HI RL Remarks

A 2.65 102.65 100 m BM

B 1.745 100.905

C 0.625 102.025

D 2.525 0.260 104.915 102.39 CP

E 2.160 102.755

F 1.235 103.68

G 0.87 104.045

H 0.625 1.365 104.175 103.55 CP

I 1.79 102.385

J 2.535 101.64

K 5.8 4.16

∑ 

CHECK ∑ BS- ∑ FS=  1.64 m L.RL –F. RL= 1.64 m



EXAMPLE

• The following consecutive readings were taken with a

level and a 4m leveling staff on a continuously

sloping ground at a common interval of 30 m on line

AB.

The reduced level (RL) of station A is 50.00. Calculate the

reduced levels at all the points where the leveling staff is placed.

Tabulate the results and apply usual checks. Also determine the

gradient of line AB.

Chainag

e

0 30 60 90 120 150

Level 0.585 0.930 1.95 2.845 3.645 3.93

Station A B



EXAMPLE (Rise and Fall Method)

Station B.S. I.S. F.S RISE FALL RL Remarks

A (0 m) 0.585 50.00 BM

B (30 m ) 0.930 0.345 49.655

C (60 m) 1.950 1.02 48.635

D (90 m) 2.840 0.89 47.745

E (120 m) 3.645 0.805 46.94

F (150 m) 3.930 0.285 46.655

G (180 m)

CHECK ∑ BS- ∑ FS L.RL –F. RL

0.585 3.930 0 3.345 3.345

∑ BS- ∑ FS=  -3.345 m ∑RISE- ∑ FALL

= 3.345 m

L.RL –F. RL= 3.345 

m



EXAMPLE (HI Method)

Station B.S. I.S. F.S HI RL Remarks

A (0 m) 0.585 50.585 50.00 BM

B (30 m ) 0.930 49.655

C (60 m) 1.950 48.635

D (90 m) 2.840 47.745

E (120 m) 3.645 46.94

F (150 m) 3.930 46.655

G (180 m)

CHECK ∑ BS- ∑ FS L.RL –F. RL

0.585 3.930 3.345

∑ BS- ∑ FS=  -3.345 m L.RL –F. RL= 3.345 m
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