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Evaluation of Laboratory Marks for Il Year (Internal Exams)

The internal lab examination schedules will be given by the Examination
Branch.

During a year there will be three lab exams and each exam will be evaluated
for 25 marks.

Average of three lab exams will be the final internal lab exam marks.

First laboratory exam will be conducted on First 1/3 of the total number of
experiments, Second Laboratory Exam will be conducted on the Second 1/3
of experiments and the Third Laboratory Exam will be conducted on the last
1/3 of experiments.

The evaluation is as follows
l. Continuous evaluation - 15 marks
Il. Internal Laboratory Exam - 10 marks

Continuous Evaluation

Day to day evaluation - 10 marks
Each experiment / program will be evaluated for 10 marks.
The splitting of marks is as follows

Attendance - 2 marks
The student should attend the lab regularly; if he/she is absent he/she will
be losing 2 marks.

Experiments / program and observation
The student should complete the program / experiment within the assigned
time otherwise he / she will be losing 2 marks.

Experiment result will carry 4 marks.

iv) Record 2 marks
Student must submit the record in the next lab session.

V) Average marks of the Half of the experiments will be considered for
day to day evaluation for 10 marks separately for lab examination one
and two.

Lab knowledge Test (Quiz)5 marks

A quiz will be conducted along with the internal lab exam and
schedule will be given separately.

The quiz will be conducted for 20 minutes. The quiz contains 20
questions of type multiple choice. Each question carrying 0.25 marks.
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Internal laboratory examination - 10 marks

Exam - 7 marks
The Splitting of marks as follows

i) Experiments / Program write up - 4 marks
ii) Result and Graphs - 3 marks

Viva Voce - 3 marks

The internal lab examination duration - 2 hours

Every student will be given programs / experiments in the internal lab
exam. In case the student wishes to change the programs / experiments 1
mark will be deducted. A time slot of 45 minutes is given for write up of
programs / experiments.

The student is expected to complete the assigned program / experiment
within 1 hour and the remaining 15 minutes will be utilized for viva voce

examination.

There shall be no supplementary exams in case the student fails to attend
internal lab and quiz exam as per schedule.

Evaluation of Laboratory Marks (End exams)

The external lab examination schedules will be given by the Examination
Branch.

Duration of External lab examinations - 3 Hours
Exam will be evaluated for 50 Marks

The Splitting of marks is as follows

l. Experiment write-up / Program with algorithm - 10 marks
Il. Experiment Setup / Program execution - 10 marks
Il. Result - 10 marks
V. Viva -Voce - 20 marks
a) Written Viva - 10 marks
b) Oral Viva - 10 marks

Written Viva-Voce Exam will be consisting of 10 questions of short answer type and
fill in the blanks. Each question will carry equal marks and allotted time is 15
minutes.
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LAB CODE
Students should report to the labs concerned as per the timetable.

Students who turn up late to the labs will in no case be permitted to
perform the experiment scheduled for the day.

After completion of the experiment, certification of the staff in-charge
concerned in the observation book is necessary.

Students should bring a notebook of about 100 pages and should enter the
readings/observations/results into the notebook while performing the
experiment.

The record of observations along with the detailed experimental procedure
of the experiment performed in the immediate previous session should be
submitted and certified by the staff member in-charge.

Not more than three students in a group are permitted to perform the
experiment on a set up.

The group-wise division made in the beginning should be adhered to, and no
mix up of student among different groups will be permitted later.

The components required pertaining to the experiment should be collected
from Lab- in-charge after duly filling in the requisition form.

When the experiment is completed, students should disconnect the setup
made by them, and should return all the components/instruments taken for
the purpose.

Any damage of the equipment or burnout of components will be viewed
seriously either by putting penalty or by dismissing the total group of
students from the lab for the semester/year.

Students should be present in the labs for the total scheduled duration.

Students are expected to prepare thoroughly to perform the experiment
before coming to Laboratory.

Procedure sheets/data sheets provided to the students’ groups should be
maintained neatly and are to be returned after the experiment.

DRESS CODE:

Boys - Formal white shirt neatly tucked in, and white trousers, white / black
/ brown / tan shoes and belt, I-cards worn round neck

Girls - Formal white Salwar Kameez, white / black / brown / tan shoes, I-
cards worn round neck




PRINCIPLES OF
SURVEYING




fl"i Aurora’s Technological & Research Institute Surveying Lab

PRINCIPLES OF SURVEYING

The fundamental principles upon which the surveying is being carried out are
Working from whole to part.
After deciding the position of any point, its reference must be kept from at
least two permanent objects or stations whose position have already been
well defined.

The purpose of working from whole to part is
To localize the errors and
To control the accumulation of errors.

This is being achieved by establishing a hierarchy of networks of control points
(Stations having known position). The less precise networks are established within
the higher precise network and thus restrict the errors. To minimise the error
limit, highest precise network (primary network) Fig.1 of control points are
established using the most accurate / precise instruments for collection of data
and rigorous methods of analysis are employed to find network parameters. This
also involves most skilled manpower and costly resources which are rare and cost
intensive.
72t 747
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points

Fig.1 Network of Control Points
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THEODOLITE SURVEYING

INTRODUCTION

The Theodolite is one of the most precise surveying instruments and is suitable for
measurement of horizontal as well as vertical angles. It has a powerful telescope
and so it can be used also for distance sighting. Theodolites are of two types.
They are

i) Transit type
ii) Non-Transit type

A transit Theodolite is one in which the line of sight can be reversed by reversing
the telescope through 180° in the vertical plane. The non-transit Theodolites are
either plain Theodolites or Y-Theodolites in which the telescope can not be
transited. Now day’s only transit Theodolites are being used.

PARTS OF TRANSIT THEODOLITE

TRIVET

It is a plate having a central circular threaded hole for fixing hole for fixing the
Theodolite on tripod stand by a wing nut. It is also called the base plate or lower
tribrach.

FOOT SCREW
These are meant for leveling the instrument. There are three foot screws

arranged in between trivet and tribrach.

TRI BRACH
It is a triangular plate carrying the three-foot screws at its ends.

LEVELLING HEAD

Trivet, foot screws and tribrach together form leveling head. Levelling the
instruments, fixing the tripod, supporting the main instrument assembly are its
uses.

SPINDELS (OR) AXES

Two spindles one inner and other outer. Inner one is solid and rigid and outer one
is hollow. To outer spindle lower plate is attached. To inner spindle upper plate
is attached.

LOWER PLATE
Graduated from 0° to 360° in clockwise direction provided with a lower clamping
and tangent screw.

UPPER PLATE
Contains vernier ‘A’ and ‘B’ provided with upper clamping and upper tangent
SCrew.




fl"i Aurora’s Technological & Research Institute

WHRINSGHAWN=

\i\

muuw k
' —

Surveying Lab

Fig.2 Theodolite and its Parts
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PLATE BUBBLE
It is meant for leveling the instrument at the time of measuring horizontal angles.

STANDARD (OR) A - FRAME
Two frames are provided on upper plate to support the telescope assembly.

TELESCOPE
Fitted in between standards. Perpendicular to the horizontal axes provided with a
focusing screw, clamping screw and tangent screw.

VERTICAL CIRCLE
Fixed rigidly with the telescope and moves with it. Each quadrant is graduated
from 00 to 90°. Zero is marked at the ends of horizontal diameter.

INDEX BAR (OR) T-FRAME

Provided on the stand in front of the vertical circle. It carries the vernier ‘C’ and
‘D’. These verniers are used for taking the readings of the vertical circle. The
vertical log of Index bar is provided with a clip screw. At the lower end by means
of which the altitude bubbles can be brought to the center.

ALTITUDE BUBBLE
Provided on top of index bar. It is to be leveled while taking vertical angle
readings.

TRIPOD
The tripod head carries at its upper surface an external screw to which trivet plate
of base plate of the leveling head may be screwed.

PLUMB BOB
It is used for centering the Theodolite.

COMPASS
Some Theodolites are provided with a compass, which can be either tubular type
(or) trough type.

TERMS USED

CENTERING
Keeping the instrument exactly above the station mark, by means of a plumb bob
is known as centering.

TRANSITING
Turning the telescope about the horizontal axis in the vertical plane through 180°
is called transiting.

FACE LEFT
If the vertical circle of the Theodolite is on the left of observer at the time of
taking readings. It is known as face left and also called as telescope normal (or)
bubble up.
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FACE RIGHT
If the vertical circle of the Theodolite is on the right of observer at the time of

taking readings it is knows as face right. It is also called as telescope inverted (or)
bubble down.

CHANGING FACE

Operation of bringing the vertical circle from one side of the observer to the other
side is known as changing face. It is done by transiting the telescope and turning it
through 180° in the horizontal plane.

SWINGING THE TELESCOPE

It is the process of turning the telescope in horizontal plane. If the telescope is
rotated in clockwise direction. It is known as right swing. If the telescope is
rotated in anticlockwise direction. It is known as left swing.

LINE OF COLLIMATION
It is the line joining the intersection of cross hairs and optical center of the objects
glass and its continuation.

AXIS OF TELESCOPE
Imaginary line passing through the optical center of the objects glass and the
optical center of the eyepiece.

AXIS OF BUBBLE TUBE
It is an imaginary line tangential to the longitudinal curve of the bubble tube at its
middle.

HORIZONTAL AXIS
It is the axis about which the Theodolite of the telescope rotates in the horizontal
plane.

VERTICAL AXIS
It is the axis about which the Theodolite of the telescope rotates in the vertical
plane.

TEMPORARY ADJUSTMENTS

The temporary adjustments are to be done at every set up of the instrument.
These mainly involves -

1. Centering

2. Leveling

3. Focusing

1. CENTERING THE THEODOLITE OVER THE STATION

(i) Place the tripod over the station and fix the Theodolite using wing out.
(i) Approximate centering and leveling is done by tripod stand

(iii) Accurate centering is done with the help of shifting head.

2. LEVELLING
(i) Approximate leveling is made with the help of tripod legs
(i1) Accurate leveling is made with the help of foot screws.
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3. FOCUSSING

THE EYE PIECE

A piece of white paper is held in front of the object glass and eye piece is moved
in (or) out by turning it clockwise (or) anti clockwise until cross wires appear
distinct and sharp.

THE OBJECT GLASS

The telescope is directed towards the objects and focusing screw is turned
clockwise (or) anticlockwise until the image appears clean and sharp.

SETTING THE VERNIER

The vernier ‘A’ is set to zero. Lower clamping screw is fixed and upper clamping is
rotated till the Index of vernier shows zero. Upper tangent screw is used for
setting the vernier exactly to zero.

PRECAUTIONS

i) Leveling and centering must be done perfectly.

ii) Relation of fundamental lines at Theodolite must be maintained while taking
readings.

iii) Ranging rod should not be disturbed for taking preceding angles.

iv) Care should be exercised in taking out the Theodolite from the box and in
screwing it to the tripod. A Theodolite fitted on a tripod should never be set up
on the floor as it may lead to serious damage. While placing the Theodolite into
the box, the leveling head should be shifted to a central position and the foot
screws should be evened all around. The clamp should be released during
transit so that the different parts can yield without being damaged, in case it
strikes some obstruction.

v) Clamps and screws should especially be carefully operated. Unnecessary
pressure should not be used in tightening them. If the screws do not turn easily,
they should be cleaned with a good solvent such as alcohol or gasoline.

vi) The wing nuts on the tripod must be tight so as to prevent slippage and rotation
of the head. The tripod legs should be well spread out to furnish stability to the
instrument and to permit placement of the telescope at a convenient height for
the observer.

The vertical circle should be cleaned if tarnished in use. However, excessive
rubbing should be avoided, otherwise the engraved graduations will get
impaired.

vii)The Theodolite should be protected from moisture and dust as far as possible.
If it has been exposed to moisture it should be wiped dry before replacing it in
the box.

APPLICATIONS

Laying off horizontal angles, locating points on line, prolonging survey lines,
establishing grades,  determining difference in elevation, setting out curves etc.
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EXERCISE 1
(A) MEASUREMENT OF HORIZONTAL ANGLE

Aim:
To determine the horizontal angle by using transit Theodolite

Equipment:
Theodolite, Tripod Stand, Ranging Rods, Plumb Bob and Pegs.

Principle:

The Theodolite is most accurate instrument used for measurement of horizontal
and vertical angles. To measure the horizontal angle, the angles obtained
are added and is divided with number of angles. Firstly for taking every angle
vernier ‘A’ is made to zero, if it is provided with ‘B’ also make it to zero,
otherwise its vernier reading is noted down. The angles are measured by keeping
the telescope in normal and inverted positions. Then the readings are taken by
swinging the telescope to the right and left, which is called as right swing and left
swing.

The average included angle is obtained as
Average included Angle = Sum of included angles of both faces
No. of times

Procedure:

To measure horizontal angles say angle PQR (Fig.3), the following procedure is

followed.

i)  Set-up the instrument at Q and level it.

ii) Loose the upper clamp and turn the upper plate until the index arrow of the
vernier ‘A’ nearly coincides with the horizontal circle. Now tight the upper
clamp.

Turn the upper slow motion (tangent) screw so as to make the two zeros
exactly coincide, so that ‘A’ vernier reads zero and ‘B’ vernier reads 180°.
Loose the lower clamp and direct the telescope to sight station P. The
approximate bisection of the station is done by sighting from over the
telescope through a pin and hole arrangement provided over its top. Now
tighten the lower clamp.

Bisect station ‘P’ exactly by using the lower slow motion (tangent screw)
Unclamp the upper clamp and swing the telescope and bisect the station R.
Now tighten the upper clamp and bisect R accurately using the upper tangent
screw.

Read the verniers, the reading of vernier ‘A’ gives the angle PQR directly
while the vernier ‘B’ obtained by deducting 180°.

While entering the reading the full reading of vernier ‘A’, i.e., degree,
minutes and seconds and only minutes and seconds of vernier ‘B’ are entered,
the mean of the two readings gives the angle PQR.

Change the face of the instrument repeat the procedure, thus a second value
of the angle PQR is obtained. The average of these two values is the
requirement i.e. to say required angle.
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Fig.3 Measurement of Horizontal Angle

Observations and Calculations:
PPQR =

Result:
The required average included angle PQR that is horizontal is determined by using
transit theodolite as BPQR =

Comments/Inference:
Write your comments and observations on the result obtained.

(B) MEASUREMENT OF VERTICAL ANGLE
Aim:
To measure the vertical angle subtended by the line of sight of a given rod with
reference to the horizontal axis at a selected station.

Equipment:
Transit Theodolite, Tripod Stand, Plumb Bob, Ranging Rod and Pegs.

Principle:

The vertical angle is the angle made by an inclined line of sight with horizontal
line of sight. Vertical angles are measured by using telescope clamping and
telescope tangent screws.

Procedure:

1) Let DAOB is to be measured (Fig.4):

i) Setup the instrument doing the exact adjustments (centering, leveling and
focusing the eyepiece)

ii) The centering is done with reference to altitude bubble.

iii)  Keep the instrument in the left position make the vernier ‘C’ read zero with
the help of vertical circle clamp & tangent screws.

iv) Bring the altitude bubble to zero when the telescope is horizontal.

V) Direct the telescope to the object and bisect it accurately by means of the
vertical circle clamp and tangent screw.

vi) Read both the vernier ‘C’ and ‘D’ and take the average, which gives the
value of vertical angle.
Change the face and repeat the procedure.
The required vertical angle is the average of face left and face right.
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Let DAOC is to be measured (Fig.4):

The instrument is already setup on the station at ‘O’.

Direct the telescope to the top of the rod and bisect it accurately by means
of the vertical.

Read the both verniers ‘C’ and ‘D’ and take the average which gives the
value of vertical angle ‘a’.

Then the telescope is bisected to the bottom of the rod. Then read the both
verniers ‘C’ and ‘D’ readings the average gives the value of vertical angle
‘b’.

The summation of a & b gives the BAOC.

The face is changed and same procedure should be repeated then find
DBAOC.

The average of this two gives the BAOC.

Fig.4 Measurement of Vertical Angle

Observations and Calculations:
a-= b-

Horizontal Distance, D =
Vertical Height = D (Tana+Tanb)

Result:
The vertical angle to the given ranging rod is measured as DAOC =
Height of the given object =

Comments/Inference:
Write your comments and observations on the result obtained.




fl"h Aurora’s Technological & Research Institute Surveying Lab

EXERCISE 2

(A) MEASUREMENT OF HORIZONTAL ANGLE
(BY REPETITION METHOD)
Aim:
To determine a horizontal angle by the method of repetition.

Equipment:
Transit Theodolite, Tripod, Plumb Bob, Ranging Rods and Pegs.

Principle:

In the method of repetition, the angle is measured and added to itself several
times and divided by the number of times it is added. It is then possible to obtain
the value of angle to a greater degree of accuracy than the least count of the
vernier. The error due to imperfect graduations is also minimized.

Procedure:

The method of repetition is used to measure a horizontal angle to a finer degree of
accuracy than that obtainable with the least count of the vernier. By this method
an angle is measured two (or) more times by allowing the vernier to remain
clamped each time at the end of each measurement instead of setting it back at
zero when sighting at the previous station. Thus an angle reading is mechanically
added several times depending upon the number of repetitions. The average
horizontal angle is then obtained by dividing the final reading by number of
repetitions. Generally six repetitions are done three with the telescope normal and
three with the telescope inverted.

To measure the horizontal angle, say angle PQR (Fig.5) the following procedure is

followed.

i) Setup the instrument at ‘Q’ and level it.

ii) Loosen the upper clamp and turn the upper plate until the index of vernier
‘A’ nearly coincide with the horizontal circle. Now tight the upper clamp.
Turn the upper tangent screw so as to make the two zeros exactly coincide.
So that ‘A’ vernier reads 0° and ‘B’ vernier reads 180°.
Sight station ‘P’, tighten the lower clamp and bisect station ‘P’ exactly by
using the lower tangent screw.
Unclamp the upper clamp and swing the telescope, bisect station ‘R’ by
using the upper clamp and upper tangent screw.
Read both the verniers take average to getBDPQR.

Unclamp the lower clamp and swing the telescope and bisect station ‘P’
accurately by using the lower clamp and lower tangent screw.

Read both the verniers check the vernier reading it should be the same
(unchanged) as that obtained in step 6.

Release the upper plate by using upper clamp and bisect station ‘R’
accurately by using upper tangent screw. The vernier will read twice the
DPQR

Repeat the procedure for required number of times say three times and find
out the value of DPQR.
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Change face and make three more repetitions as described above. Find the
average angle with face right by dividing the final reading by three or what
ever the number of repetitions.

The average Horizontal angle is then obtained by taking the average of the
two angles obtained with face left and face right.

P R

2

Q

Fig.5 Measurement of Horizontal Angle (Repetition Method)

Observations and Calculations:
Observations are entered in the field book and the angles are calculated.

Right Face - Right swing Left Face - Right swing | Average
A B Mean | Included A B Mean | Included | Included
angle angle angle
0 o1, |,, 0 0O, |, [0, |,

Result:
The angle is measured by the method of repetition and the obtained Horizontal

angle is DPQR =

Comments/Inference:
Write your comments and observations on the result obtained.
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(B) MEASUREMENT OF INCLUDED ANGLES BETWEEN
VARIOUS POINTS (REITERATION METHOD)
Aim:
To measure included angles between various points around the instrument station.

Equipment:
Vernier Transit Theodolite, Tripod Stand, Plumb Bob, Ranging Rods and Pegs.

Principle:

Several angles at a station are measured one after the other and finally the origin
is closed by sighting the first station. If there is any error in the first and final
readings taken on the initial station, the error is distributed equally among all the
measured angles.

Procedure:

It is most commonly used in triangulation survey. The method in measuring a
horizontal angle is preferred when several angular measurements are to be made
at a station all the angles are measured successively and finally the origin is
closed. The final reading and vernier ‘A’ should be same as the initial zero. If not
the discrepancy is equally distributed among all the angles.

To measure the angles AOB, BOC, COD, DOA etc. (Fig.6), by method of reiteration
the following procedure is adopted.

Step (1): Set up instrument at ‘O’ and level it.

Step (2): Set the vernier ‘A’ to read zero using upper clamp and upper tangent
SCrew.

Step (3): Direct the telescope towards point ‘B’ and bisect it exactly using the
lower clamp and lower tangent screw.

Step (4): Loosen the upper clamp and bisect point ‘C’ accurately using upper
tangent screw. Read the both vernier ‘A’ &’ ‘B and take mean value.

Step (5): Similarly bisect D etc, and Finally ‘B’ and read both the verniers in all
the cases. The last reading and vernier ‘A’ should be 360°. If not the
discrepancy is noted and distributed.
Step (6): Repeat the procedure by changing the face.

A

Fig.6 Measurement of Horizontal Angle (Reiteration Method)
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Observations and Calculations:
Observations are noted down in the field book and angles are calculated.

Instrument | Sight

Station To Right Face Right Swing

Included
Angle

B Mean
1 ' 0

{4

Instrument

Station Left Face Right Swing

Included

Mean Angle

Total included angle = Error =

Result:
The various angles at station ‘O’ are measured by reiteration are =

Comments/Inference:
Write your comments and observations on the result obtained.
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EXERCISE 3

HEIGHTS AND DISTANCES (TRIGONOMETRIC LEVELLING)

(A) BASE ACCESSIBLE
Aim:
To find the elevation of the top of a spire / tower / building using the principle of
trigonometric leveling.

Equipment:
Transit Vernier Theodolite, Tripod stand, Plumb bob, Tape, Leveling Staff and
Pegs.

Procedure:

It is required to find the elevation (R.L.) of the top of a tower ‘Q’ from the
instrument station ‘P’ as shown in Fig.7.

Fig.7 Base Accessible
Let,
P= instrument station
Q= Point to be observed
A= center of the instrument
D= horizontal distance between P and Q
h’ = height of the instrument at P
Q’=Projection of Q on horizontal plane
S= Reading on staff kept on B.M, with line of sight on horizontal
a = Angle of elevation from A to Q

Setup the Theodolite at P and level if accurately w.r.t. the altitude bubble.
See that the vertical circle reads 0°0’0” when the line of sight is horizontal.
Direct the telescope towards Q and bisect it accurately clamp both the
plates. Read the vertical angle ‘a’.

Plunge the telescope and sight to the same point ‘Q’ and take the vertical
angle ‘a’ calculate the avg. of the vertical angles measured in both faces.
With the vertical vernier set to zero reading and the altitude bubble in the
center of its run take the reading on the leveling staff kept at A.B.M. Let it
be ‘S’.
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Observations and Calculations:

Vertical Angle, a = Staff Reading, S (m) = Horizontal
Distance, D (m) =

From Triangle AQQ’: h =D tana

R.L. of Q (m) = R.L of B.M + S + h where h = D tana

(Or)

R.L. of Q (m) = R.L of instrument axis + D tana

(Or)

R.L. of Q (m) = R.Lof P + h’ + D tana, if R.L of P is Known

Result:
R.L. of Q (m) = R.L of B.M + S + h where h = D tana

Comments/Inference:
Write your comments and observations on the result obtained.
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(B) BASE INACCESSIBLE (SINGLE PLANE METHOD)

Aim:
To find the elevation of the top of a building using the principle of trigonometrical

leveling with the instrument stations having their vertical axes in the same plane
as the object.

Equipment:
Transit Vernier Theodolite, Tripod Stand, Plumb Bob, Tape, Leveling Staff and
Pegs.

Procedure:

It is required to find the elevation (R.L.) of the top of a building ‘Q’ from the
instrument stations P & R as shown in Fig.8.

Fig.8 (a) Instrument Axis at Same Levels

h=QQ’

b = Horizontal dist. b/w P & R

D = Horizontal dist. b/wP & Q
a1 = angle of elevation from A to Q
az = angle of elevation from B to Q

Yoo RIS PRI TPy

le— b

FrrrTr T I

Fig.8 (b) Instrument Axes at Different Levels
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Setup the Theodolite at P and level it accurately with respect to the
altitude bubble. See that the vertical circle reads 0°0’0” when the line of
sight is horizontal.

Direct the telescope towards Q and bisect it accurately clamp both the
plates. Read the vertical angle as.

Transit the telescope so that the line of sight is reversed. Mark the
instrument station R on the ground along the line of sight. Measure the dist.
b/w P&R accurately. Let it be ‘b’ repeat the steps (2) & (3) for both face
observations. The mean values should be adopted in the calculations.

With the vertical vernier set to zero reading and the altitude bubble in the
center of its run take the reading on the leveling staff kept at A.B.M. Let it
be ‘S’ if both the instrument axis are at same level and ‘S¢’ if they are at
different levels.

Shift the instrument to R and set up the Theodolite there. Measure the
vertical angle ‘a;’ to Q with both face observations.

In case of instrument axis at different levels repeat the step (4) and let the
reading at R be ‘S;’.

Observations and Calculations:
Vertical Angles, ar = Staff Readings S1 (m) = (or) S (m) =
az = S2 (m)

Horizontal dist. b/ WP & R=Db =

In case of instrument axis at same level:
From triangle AQQ’
h =D tana
From triangle BQQ’
h = (b + D) tana
D= btanaz .
tanas - tana
R.L.of Q(m) =R.L. of B.M. +S +h

In case of instrument axis at different levels:
hi-hz=52-51=S
D= S+btanay.
tanas - tana
hy = D tana
h, = (b + D) tanaz
R.L. of Q = R.L. of B.M. + S1 + hj4
R.L. of Q=RL of B.M. +S2 + hz

Result:
R.L. of given point Q (m) =

Comments/Inference:
Write your comments and observations on the result obtained.
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(C) BASE INACCESSIBLE (DOUBLE PLANE METHOD)
Aim:
To find the R.L. of the top of an object, when the base of the object is
inaccessible and the instrument stations are not in the same vertical plane as the
elevated object, adopt trigonometrical leveling (double plane method).

Equipment:
Transit Vernier Theodolite, Tripod Stand, Plumb Bob, Tape, Leveling Staff and Pegs

Procedure:

Let P&R be the two instruments stations which are not in the same vertical plane
as that of the elevated object ‘Q’ as shown in Fig.9 P&R are should be selected
such that the D'® PQR is a well conditioned triangle.

Fig.9 Base Inaccessible (Double Plane Method)
It is required to find out the elevation of the top of an object ‘Q’

1. Setup the instruments at P and level it accurately w.r.t. the altitude
bubble. Bisect the point Q and measure the angle of elevation ‘a+’.

2. Sight to point R with reading on horizontal circle as zero and measure the
horizontal angle RPQ1 (g1) from P.

3. Take a back sight ‘S’ on the staff kept at A.B.M.

4. Shift the instrument to R and measure ‘a;‘and ‘g2’ from R.

5 Measure the distance b/w two instrument stations R & P (equals to ‘b’)

Let
Q1= projection of Q on the horizontal line thought A,

Q2= projection of Q on the horizontal line thought B,
AQ1= horizontal line though A,

BQ2= horizontal line though B,

AQQ1 is the vertical plane simultaneously,

BQQ2 is the vertical plane simultaneously,

PRQ3 is a horizontal plane

g1= Horizontal angle measured at P,

g2= Horizontal angle measured at R,

a1= Vertical angle measured at A,
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a2= Vertical angle measured at B.

From D' AQQ’, hi= D tana

From D PRQs, angle PQiR = g3 = 180° - (g1 + q2)
By applying sine rule

(PQ1/singz) = (RQ1/Singq1) = (RP/sings)

PQi =D = b singz/ {sin (g1+q2)}

And RQ1= b singi/ {sin (g1+02)}

Observations and Calculations:
Vertical Angles, ar = Staff Readings S1 (m) = Horizontal
Angles, (o[ =

az = S2 (m) =

02 -

hy = D tana1 or h, = RQitana

R.L. of Q (m) = RL. Of A.B.M. +S1 + h4

(Or)

R.L. of Q (m) = R.L. of A.B.M. +S; (from B) + h; =

Result:
R.L. of given station Q (m) =

Comments/Inference:
Write your comments and observations on the result obtained.
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EXERCISE 4
CURVE SETTING - DIFFERENT METHODS

(A)  SETTING OUT A SIMPLE CURVE BY MEANS OF OFFSETS FROM
LONG CHORD

Aim:
To setout the simple curve of given radius and length of long chord by means of
offsets from the long chord.

Equipment:
Theodolite, Tripod Stand, Cross-Staff, Ranging Rods, Pegs, Chain and Tape.

Principle:

Setting out a curve by method of offsets from long chord is linear method. It
involves setting out the normal offsets of the long chord at specified intervals and
joining them.

The length of offsets at any distance ‘x’ from the mid points of the long chord is
given by

0,=VRE- - |RP- B0

&2 5

Where Ox = length of offset at a distance ‘x’ from the mid of long chord.
X = specified distance between offsets.

= length of the long chord.

= Radius of the curve

.2
0,=R- |Re- %2 (Mid Ordinate)
(%]

Usually, the offsets from the mid of long chord towards the end are setout and the
curve is symmetric over the central offset line.

Procedure:

1.  The obtained length of long chord is first setout on the field by proper
ranging and mid point is established (Fig.10)

2.  The length of offsets at mid length is to be setout. For this, a person holds
the cross-staff at required point and aligns the slit with the end station
ranging rods. At this instant another person looks through the normal slit
and guides a person with a ranging rod to come into its view thus along this
line normal to long chord, the calculated offset is setout.

The cross staff is shifted to next point distance ‘x’ as specified and above
step is repeated the offset corresponding to that distance is set out from
that point.
Pegs are marked at the end of the offsets, the joining of which completes
the setting.
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Observations and Calculations:
Distance (X m) =
Ordinate (Y m) =

Fig.10 (b) Setting Out By Perpendicular Offsets

Result:
The simple curve is setout by the method of offsets from long chord in the field.

Comments/Inference:
Write your comments and observations on the result obtained.

Applications:
Curves are used on highways and railways where it is necessary to change the

direction of motion.
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(B) SETTING OUT A SIMPLE CURVE BY RANKINE’S METHOD

Aim:

Two tangents intersect at a given chainage & with the given deflection angle.
Calculate all the data necessary for setting out a curve with a given radius by
Rankine’s method or Deflection Angle Method or One Theodolite Method. The peg
interval is 30m.

Equipment:
Transit Theodolite, Tripod Stand, Tape & Chain, Ranging Rods, and Pegs.

Principle:
A substance of this method of setting out a simple curve is the location of various
points on the curve from their total deflection angles.

Total deflection of a point is the angle made by a chord joining that point to the
point of curvature with the rare tangent. It is indicated by ‘D’.

A deflection angle of a chord is the angle made by the chord with the tangent
drawn at the straight starting point of the chord. It is denoted by ‘d’. ‘d’ for given

chord lengths are determined by d = 17?'9C

Where C = Length of chord, R = Radius of curve

Fig.11 Setting Out By Rankine’s Method
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Procedure:
Locate points T4, T2 and V (Fig.11).
Setup the Theodolite exactly at point T:1 and make its temporary
adjustments.
Set the ‘A’ - vernier to zero degrees and bisect the point V, clamp the lower
plate.
Release the upper plate and set the ‘A’-vernier to read D; the line of sight is
thus directed along T1 A.
Hold the zero of the tape at Ty & take a distance C1 (T1A) and swing the
tape with an arrow till it is bisected by the Theodolite. This establishes the
first point A on the curve.
Set the second deflection angle D, on the vernier so that the line of sight is
set along T1B.
Hold the zero of the tape at point A and an arrow at the other end (AB),
swing the tape about point A till the arrow is bisected at point B. This
establishes the second point B on the curve.
The same steps are repeated till the last point T is reached.

Observations and Calculations:

:17§'9C = deflection angle, d, ,d,, d,... etc., are the successive deflection

angles
Where C = Length of chord, C4, C2,...etc., are the successive chord lengths
R = Radius of curve

Let ABCD ..... be the points on the curve the total deflection angles of which are
D1 D Ds .. then

Length of Long Chord L = 2R SIN D/2

Tangent length (T41V) = R Tan D/2

Length of Curve =R D (P /180)

Chainage of point T1 = Chainage of V - TV

Chainage of point T2 = Chainage of Ty + Length of Curve

Result:
The required simple circular curve is set out in the field by Rankine’s Method.

Comments/Inference:
Write your comments and observations on the result obtained.
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(C) SETTING OUT A SIMPLE CURVE BY TWO-THEODOLITE METHOD
Aim:
Two tangents intersect at a given chainage with a given deflection angle. Calculate
all the necessary data for setting out a curve with a given radius by two Theodolite
method. The peg interval is 30m.

Equipment:
Two Transit Theodolites, Tripod Stands, Ranging Rods and Pegs.

Principle:

In this method two Theodolites are used one at T1 (P.C) and the other at T, (P.T).
The method is used when the ground is unsuitable for chaining and is based on the
principle that the angle between the tangent and the chord is equal to the angle
which that chord subtends in the opposite segment.

Thus, BVT,A=D, = deflection angle for ‘A’ but BAT,T, is the angle subtended by
the chord T,A in the opposite segment. PAT,T, =DVT,A=D,

Similarly
PVT,B=D, =DT,T,B
PVTC=D,=DTT,C

bVIT, =D, =bTTV

Procedure:
Set up one transit at P.C. (T1) and the other at P.T. (T2) (Fig.12).
Clamp the both plates of each transit to zero reading.
With the zero reading, direct the line of sight of the transit T4 towards V.
Similarly, direct the line of sight of the other transit at T, towards T4+ when
the reading is zero. Both the transits are thus correctly oriented.
Set the reading of each of the transits to the deflection angle for the first
point ‘A’. The line of sight of both the Theodolites are thus directed
towards ‘A’ along T1A and T2A respectively.
Move the ranging rod or arrow in such a way that it is bisected
simultaneously by cross hairs of the both instruments. Thus point A is
selected.
To fix the second point ‘B’. Set reading D; on both instruments & bisect the
ranging rod.
Repeat the steps (4) & (5) for calculation of all the points.
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Fig.12 Setting Out By Two-Theodolite Method

Result:
The required simple circular curve is setout in the field by two-theodolite method.

Comments/Inference:
Write your comments and observations on the result obtained.




TACHEOMETRIC
SURVEY
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TACHEOMETRIC SURVEY

INTRODUCTION
Tacheometer in general sense, is a transit Theodolite fitted with anallactic lens

(Fig.13) and a stadia diaphragm (Fig.14) consisting of one stadia hair above and the
other at equal distance below the horizontal cross hair (Fig.15).

The stadia hairs are kept in the same vertical plane as the other cross hairs.

Fig.13 Tacheometer
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TYPES OF STADIA DIAPHRAGM

Fig.14 Stadia Diaphragms

STADIA RODS
1. For the short distances ordinary leveling staffs may be used
2. For greater distance the stadia rods of 3 to 4 meters in length are generally used

STADIA READINGS

Upper

Middle

~— Lower

Fig.15 Stadia Readings

TYPES OF TELESCOPES USED IN STADIA SURVEYING
X The simple external-focusing telescope.

X The external-focusing anallactic telescope.

<> The internal telescope

CHARACTERISTICS OF TACHEOMETER

X The value of the constant f/i should be 100.
The telescope should be fitted with an anallactic lens.
The axial horizontal line should be at center of the other two horizontal line
The telescope should be powerful, the magnification being 20 to 30
diameter.
The aperture of the objective should be 35 to 45mm in diameter.
The magnifying power of the eyepiece should be greater to render staff
graduations clearer at long distance.
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PRECAUTIONS

i) Leveling and centering must be done perfectly.

ii) Relation of fundamental lines at Theodolite must be maintained while
taking readings.

iii) Ranging rod should not be disturbed for taking preceding angles.

iv) Care should be exercised in taking out the Theodolite from the box and in
screwing it to the tripod. A Theodolite fitted on a tripod should never be set
up on the floor as it may lead to serious damage. While placing the
Theodolite into the box, the leveling head should be shifted to a central
position and the foot screws should be evened all around. The clamp should
be released during transit so that the different parts can yield without being
damaged, in case it strikes some obstruction.

Clamps and screws should especially be carefully operated. Unnecessary
pressure should not be used in tightening them. If the screws do not turn
easily, they should be cleaned with a good solvent such as alcohol or
gasoline.

The wing nuts on the tripod must be tight so as to prevent slippage and
rotation of the head. The tripod legs should be well spread out to furnish
stability to the instrument and to permit placement of the telescope at a
convenient height for the observer.

vii)  The vertical circle should be cleaned if tarnished in use. However, excessive
rubbing should be avoided, otherwise the engraved graduations will get
impaired.

viii) The Theodolite should be protected from moisture and dust as far as
possible. If it has been exposed to moisture it should be wiped dry before
replacing it in the box.

APPLICATIONS
X Tacheometer prime object is to prepare contour maps (or) plans requiring
both the horizontal as well as vertical control.
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EXERCISE 5

HEIGHTS AND DISTANCES USING PRINCIPLES OF
TACHEOMETRIC SURVEYING

TACHEOMETRIC CONSTANTS

Aim:
To determine the Tacheometric constants using Tacheometer.

Equipment:
Tacheometer, Chain (or) Tape, Pegs and Levelling Staff.

Principle:
Distance between two points is given by (Fig.16)

D:,i' s+(f +d)
[

Where f/iis called the multiplying constant.

(f + d) is called additive constant.

Fig.16 Tacheometric Constants
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Procedure:

X Setup the instrument at one end of a straight line say 50m

X Drive pegs at 10m, 20m, 25m and at 50m lengths...
Keep the staff on the pegs and observe the corresponding staff intercepts
with horizontal sight.
Knowing the values of ‘S’ and corresponding ‘D’ values for different peg
intervals a number of similar equations can be formed by substituting the
values of ‘S’ and ‘D’ in equation

D=KS+C

The simultaneous equations are taken two at a time to find the values of ‘K’
and ‘C’.
The average values of ‘K’ and ‘C’ are found.

Observations and Calculations:
Horizontal Distance, D (m) =

Staff Intercept, S (m) =
D=KS+C

Result:
For the given instrument

f/i = multiplying constant (K)
f+d = Additive constant (C)

Comments/Inference:
Write your comments and observations on the result obtained.
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(A)  DISTANCE BETWEEN ACCESSIBLE POINTS BY STADIA METHOD

Aim:
To measure the horizontal distance between two accessible points

Equipment:
Tacheometer, Tripod Stand, Tape, Plumb Bob, Pegs and Ranging Rods.

Principle:
1) Staff held Vertical:
a) Angle of elevation

Fig.17 Angle of Elevation

From right angle triangle OFC (Fig.17)
BOCF =90- q
DBBCB'=q
DA'CB=DBCB'=q
Let ‘a’ be the angle
DCOA'= a/2
DCA'0O=90- (a/2)
DCA'A=180- (90-a /2)=90+a /2
A'B’=AC+BC

= ACCOS 6+ BC COS 6

= (AC +BC) COS 6

=S COS 6
Inclined distance L= KSCOS 06 +C=K (A’'B’) +C
Horizontal distance D = KS COS? 6+ C COS6
V=LSINOG=FC

= (KSCOSOSINO)+CSINO

V=%KSSIN26 +CSINO
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Angle of depression
0

5 i

e

Fig.18 Angle of Depression

From Fig.18,
Inclined distance L= KS COS 6 + C
Horizontal distance D = KS COS2 6+ C COS 6
V=LSING

=(KSCOSOSINB)+CSINO
V=" KSSIN20+CSINO

2) Staff held Normal:
a) Angle of elevation

Fig.19 Angle of Elevation

From Fig.19,
L=KS+C
D=0F +FF’

=L COS6+HCOS6
D= (KS+C)COSO+HSING
V=LSING
V=(KS+C)SINO
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b) Angle of depression

Fig.20 Angle of Depression

From Fig.20,
L=KS+C
D=0F -FF’

=L COS6-HCOS®6
D= (KS + C) COS6 _ H SIN®
V=LSINO
V=(KS+C)SINO

Procedure:
Fix the two stations ‘P’ and ‘Q’, those are unknown distance.
Set the Theodolite over station ‘O’ & do the temporary adjustments and
keep the instrument in face left position.
Set the vernier reading ‘P’ reading 0° 0’ 0” by using upper clamp screw and
upper tangential screw.
Release the lower clamp, sight ‘P’ and clamp the lower clamp screw. Use
the lower tangential screw for exact bisection.
Release the upper clamping screw and rotate clockwise direction to sight
‘Q’. Use the upper clamp and upper tangent screw for exact bisection.
Note the readings of vernier ‘P’ and ‘Q’. The average of vernier ‘P’ and ‘Q’
gives the angle ‘q’ on face left (Fig.21).
Repeat the same procedure on face right, the average of face left and face
right gives the angle POQ and measured distances OP and OQ.

P R

B
0O

Fig.21 Measurement of Vertical Angle

Observations and Calculations:
D = KS Cos?g + C Cosq
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PQ? =0OP2+0Q%- 20P OQ COSq

Result:
The horizontal distance between accessible points “PQ’ is =

Comments/Inference:
Write your comments and observations on the result obtained.
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(B) DISTANCE BETWEEN TWO ACCESSIABLE POINTS BY TANGENTIAL
TACHEOMETRY METHOD
Aim:
To determine the horizontal distance between two accessible points by tangential
Tacheometer.

Equipment:
Tacheometer, Tripod Stand, Tape, Plumb Bob, Pegs and Ranging Rods.

Principle:
i) Both angles are angles of elevation:
Let
‘P’ position of the instrument
‘M’ Position of instrument axis
‘Q°  Staff station
A, B are position of vanes
‘S’ is the distance between the vanes (i.e. staff intercept)
is the angle of elevation corresponding to ‘A’
is the angle of elevation corresponding to ‘B’.
Horizontal distance b/n P and Q = MQ'.
Vertical intercept between the lower vane and the horizontal line of sight.
height of the instrument = MP
is the height of the lower vane above the foot of the staff which is equal to
staff reading at lower vane = BQ

Observations and Calculations:

Instrument | Staff Horizontal Vertical Staff Horizontal
at station angle angle readings distance
(m)

o P
Q

Fig.22 Both Angles are Angles of Elevation

From Triangle MBQ’ (Fig.22),
V =D Tana:

Llary Triangle AMQ’

V +S =D Tana

D =S/ (Tanas - Tanaz)

V =S Tana/ (Tana1 - Tanaz)
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ii) Both angles are angles of depression:

0
Fig.23 Both Angles are Angles of Depression

From Triangle MBQ’ (Fig.23),
V=D Tana;

Llary Triangle AMQ’

V - S =D Tanas

D =S/ (Tanaz - Tanai)

V =S Tana/ (Tanaz - Tana)

One angle of elevation and the other of depression:

R o -

F
r

Fig.24 One Angle of Elevation and the Other of Depression:

FREATTINS L v

D

From Triangle MBQ’ (Fig.24),
V =D Tana;

ATriangle AMQ’
S-V=DTanas

D =S / (Tanaz +Tanai)

V =S Tana;/ (Tana; + Tanai)

Procedure:

i. Set up instrument at ‘P’ and do the temporary adjustments.

ii. Set the vernier ‘A’ to zero and vertical angle circle read to zero by using
telescope clamping screw and tangent screw.

iii. Turn the telescope in vertical plane and bisect the point ‘A’ at a station ‘Q’.
The staffs intercept reading and corresponding reading on vertical circle is
to be noted down.
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Thus, turn the telescope and bisect the staff at a point ‘B’ of station held at
‘Q’ of 1m reading & corresponding reading on vertical circle is to be noted
down.
The horizontal distance between’ ‘P’ and ‘Q’ points is to be calculated by
using the formula.

S

" tana, *tana,
Where ‘S’ is the difference between two intercepts.

Result:
The horizontal distance between two accessible points is measured to be:

Comments/Inference:
Write your comments and observations on the result obtained.
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SETTING OUT
WORKS
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SETTING OUT WORKS

INTRODUCTION

Setting out is a survey undertaken in order to transfer onto the site the plans
prepared as a result of some previous survey. Setting out, in a sense, is the
reverse of the conventional surveying. Here, instead of using data from the site to
prepare plans, the plans and designs prepared by the designer are transferred
accurately onto the actual site. It may be described as the fixing of well-defined
points in the field showing the horizontal and vertical positions required by the
plans.

To build according to the plan, a contractor must have reference lines and points
established in the field. This involves placing of pegs or marks to define the lines
and levels of work where after, the construction proceeds according to these
marks. Some factors to be considered during setting out works are:

The reference lines and points should be well defined, not easily perishable,
close to the work yet out of the way or actual construction operations.

A very high degree of accuracy should be maintained and only extremely low
tolerances should be allowed. In order to achieve this, frequent and
independent checking should be done.

The instruments used should be checked frequently and discrepancies, if
any, should be removed.

In most of the setting out works, the principle is very simple, but in practice,
difficulties like skew plans, obstructions, etc. are encountered which often
necessitate the use of indirect methods. The use of surveying methods provides
the tool for layout or setting out works as well as the control which makes the
proper layout possible.

The contemporary construction scenario encompasses a wide variety of structures.
As such, it will be impossible to cover every conceivable setting out problem in this
book. Instead, a few more common and important ones are discussed herein.

DEFINITIONS

Some terms which are used frequently in setting out works are defined below.
Stake:The term stake refers to any type of keel, which is driven into the ground so
as to act as a permanent identification mark. Stakes may be made of timber,
steel, copper, etc. Generally these are pointed at one end to facilitate their
anchoring into the ground. Depending upon the purpose it serves, it is termed as
guard, grade, or line stake.

Post: In the setting out works, post is used to refer to any circular or square pole,
generally wooden, which is used for various purposes, e.g. acting as a peg to
support horizontal members like sight rails.

Batter-board: This is also known as a slope rail. In setting out works of large
magnitudes, where absolute accuracy is required, batter-boards are used in
conjunction with the wooden stakes or pins. A batter-board is generally a flat,
square, wooden board, which is forced on top of a pin anchored in ground. Nails
are driven in this board to indicate the direction of various lines that may give the
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boundary of a building, mark of an excavation, etc. Strings or wires can be
stretched between two batter-boards using the nails driven in them.
Batter-boards and wires over wooden stakes as shown in Fig.25.

Guard slake

Line stake —

i
oh
e
-t

Fig.26 (a) Batter-by
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Fig.26 (b) Use of Batter-Board

Crosshead: A crosshead consists of two vertical posts 1-1.5 m high, firmly
embedded in ground, on each side of the trench with a horizontal rail nailed to
these posts across the trench.

Sight Rails: The horizontal member of the crosshead, i.e. the timber beam nailed
to the posts is referred to as a sight rail. A sight rail is in itself a kind of batter-
board. The upper edge of the crosspiece is set to a convenient height above the
ground so that a surveyor may align his eye with the upper edge. A single sight rail
is used for road works, footings, etc., whereas two sight rails at right angles are
used for building corners. For trenches and large diameter pipes, sight rail is used.
Sight rail shown in Fig.27 is used for highly undulating and steep grounds.

Sight ra|

id]

Fig.27 Sight Rails
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Boning Rod: It is a T-shaped wooden rod as shown in Fig.28. The top piece is
generally 10cm x 40 cm and is 3 cm thick. This is nailed to an upright pole. It is
generally used in the layout of trenches for sewers, pipe lines, etc. The length of a
boning rod for each trench section is kept the same.

Fig.28 (a) Boning Rod

Sl qhi |'EI||

lJ;

Bonmng rod

Foot of bonding at
formation level

Flg 28 (b) Use of Boning Rod

Travelling Rod: A traveling rod (Fig.29) is a special type of boning rod in which
the horizontal piece, called traveler, can be moved along a graduated vertical
staff and can be conveniently clamped at any desired height.
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Travelling rod

Fig.29 Travelling Rod
Precautions

Hold the tape such that it is in horizontal plane.

Hold the cross staff over the point in perfectly vertical position.
Use wooden or MS pegs for marking the points.

Place the batter board & sight-rails in horizontal position using the spirit
level.
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EXERCISE 6

SETTING OUT OF STRUCTURES
Aim:
To set out work for a given plan of a building.

Equipment:
Cross-Staff, Spirit Level, 30m Tape, 5m Pocket Tape, Pegs, Wooden Stakes And
Threads/Wire/Rope.

Principle:

Setting out of a building involves the transfer of the architect’s plan from paper
onto the actual site. The object of setting out a building is to provide the builder
with clearly defined outlines for excavations. Two methods are generally used for
setting out a building.

Procedure:
A. By using a circumscribing rectangle
Since stakes cannot be set at the exact corner points of a building (if set so, these
will be lost during excavations), these are fixed at the corners of a bigger
rectangle circumscribing the actual chosen, but a distance of usually 2-4 m is
considered to be ideal. The actual procedure consists of the following steps:
(@)  Preparation of the foundation trench plan showing the width of the
foundations for various walls.
Temporary pegs are driven at the actual corner points of the building.
Then using these pegs as reference, a parallel line, say AB as shown in
Fig.30 of required length is set out at an arbitrarily selected distance (say
2m) from the actual center line.
A chord is stretched between the pegs A and B. At A, a line is set out
perpendicular to AB (with a tape using 3, 4, 5 method). On this line, the
position D is marked by setting a peg.
Step (d) is repeated at point B so as to obtain point C.
Having now set out the reference rectangle ABCD, the actual corners can be
marked using the sides of the reference rectangle ABCD.
Once all the points are staked, a chord is passed around the periphery of the
rectangle and the actual excavation lines are marked using lime.

D..

1 - C
_2rn

AL ! 4B

Fig.30 Setting-out Structures by Using a Circumscribing Rectangle
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Checks:

(i) In steps (d) and (e), after marking points D and C, respectively, the
diagonals BD and AC should be measured. These lengths should correspond
to the distances on the plan.

(i)  After setting out the point C, the length CD should be measured and should
be exactly same as that of AB.

B. By making use of the rectangle formed by centerlines of the outer walls
of a building

In this method the rectangle formed by the centerlines of the outer walls of the

building is used. The steps involved are:

(@) The temporary stakes are fixed at the points that represent the corners of
the center line rectangle. The procedure is similar to the one used in the
first method while plotting the circumscribed rectangle.

Since these pegs are not permanent and will be lost during excavation, the
sides of the rectangle are produced on both the sides and permanent stakes
are fixed on each of the prolongations, at a fixed distance, say 2m, as
shown in Fig.31.

By using these stakes, the position of any point can be obtained by plotting
its coordinates using the reference stakes.

o ol
Fig.31 Setting-out by Using Rectangle Formed by Centerlines of the Outer Walls
of a Building
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TOTAL STATION
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TOTAL STATION

INTRODUCTION
Total Station is three-dimensional surveying technology unit. Total station
combines the follow three basic components into one integral unit (Fig.32).

an electronic distance measurement instrument

an electronic digital Theodolite

a computer or microprocessor

Total station can automatically measure horizontal and vertical angles as well as
slope distances from a single setup. From these data it can instantaneously
compute:

horizontal and vertical distance components

elevations

coordinates
and display the results on an LCD.

Total station can also store data either on board in internal memory or in external
data collectors. Data can be uploaded and can be downloaded to a computer. It
can also perform basic co-ordinate geometry functions like area and perimeter
calculations.

Distance Measurement: When a distance is measured with a total station a
electromagnetic pulse is used for measurement - this is propagated through the
atmosphere from instrument to a prismatic reflector or target and back during
measurement. Distances are obtained by measuring the time taken for a laser
radiation to travel from the instrument to a prism (or target) and back. The pulses
are derived from an infrared or visible laser diode and they are transmitted
through the telescope towards the remote end of the distance being measured,
where they are reflected from a reflector and return to the instrument. Since the
velocity v of the pulses can be accurately determined, the distance D can be
obtained using 2D = vt, where t is the time taken for a single pulse to travel from
instrument-target-instrument. This is also known as the timed-pulse or time of
flight measurement technique, in which the transit time t is measured using
electronic signal processing technique.

When measuring distances to a reflector telescope uses a wide visible red laser
beam, which emerges coaxially from the telescope’s objective.

When reflector less measurements are made telescope uses a narrow visible red
laser beam which emerges coaxially from the telescope’s objective
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Level bubble |

Footscrew

Fig.32 Total Station
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PRECAUTIONS
Total stations are very expensive and can be damaged by forcing or dropping the
equipment. Please be extremely careful with this expensive equipment and make
sure it does not get wet.
Never Place the Total Station directly on the ground.
Do not aim the telescope at the sun.
Protect the Total Station with an umbrella.
Never carry the Total Station on the tripod to another site
Handle the Total Station with care. Avoid heavy shocks or vibration.
When the operator leaves the Total Station, the vinyl cover should be
placed on the instrument.
Always switch the power off before removing the standard battery.
Remove the standard battery from the Total Station before putting it in the
case.
When the Total Station is placed in the carrying case, follow the layout
plan.

Important parts

Ciplical sighl
Inlzurated yuide lighl EGL {oplicnal)
Wt lical diive
Rattrny
Rattory stand for GERTT1
Mattary rover
bEvzoece: tocussirg grabouls
Focuss ng telescope image
Celactsblz carrving brandle wilh mounbing
HUIEWS
[0 Scrial intorface Reda2
17} Foot scrow
12 Cibjecrive: with infegrsred Floctronic Nistance
Mrasurement (FIHW) Ream cwif
13) Lisplay
14) Kevocard
15) Crrcu'ar level
16) O O cey
T) Trigger key
Imstrment with Fil Instrumicnt withoor FGl 121 Horizartal drve

12 14 1516 17 18

Technical terms and abbreviations

£ = Line of sight  collimation asis

| elescope axs =lins from the retcke bo the centra of
the ﬂhj-l."!f'.‘:'i'\.'l':

£4 = Standing axls

Wi lival ioalbor axs of he lelescops.

K& = Tilting axis

| larizznial rotation axi2 of the telescope (Trunion
KIS ).

YV om Vartical angle [ zanith angls

WK = Verlzal zlrele

WLl coded cinoular division Ton reading Bz v angle.

Hz = Horizontal direction

HK = Horizomtal circle
With coded circular dwizion for reading the Hz-
anie.
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Power Supply

Jze the Leica Gensysters bateries, charoers and
ACCEsSONss OoF sccessonies recormmsended by Leica

Geosystems to ensure the correct functionality of
e sl uimenl,
Puowe [or Lhe msbomenl can be supplied eithe
intzrnzliy or cxternally. An cternal batiory 5
cormzcled o e msbumenl using @ LEMO cbls,
»  Imtenal battery:

Cne O 11T o 12 hattery it in the nabiery

COMpARTTEnT.

Extarral battary-

Cne GEB17 | banery connected via cabla.

Surveying Lab

GEB121
ST
Sinyle ezl i e bal ey adaper GADSEE

Your Lecca Goosysioms instrument is powerod by
srhd uesdbls plug-in balleres, For this product, we
=camimend the basic batiery (GEB111) ar the Pro
catieny (GEB 1 21). Opticnzlly six single cells can be
uszd wih the GAD battery adacter.

S single rell hakenes (1 2V 2ach) suppy 9 Vnlts
The voltrmeicr on the instrument @3 designed fora
vollage of 6 Yolls (GEE1117 GEB121)

g |hebsttery charge snot dsplayed comrectly
when using single cells. Uize the single cellswith the
~abeny ardapter 25 emergency powsr supply The
sdvariage ofthe singls cells is in & lower rats of
UisCTarye even uven long periods

Operating the Instrument

| e On U <ew 13 located on the side cover of the
TS

B A shown displays ae exanples: s
possible that local softwars versions are d fferent o
the basic version.

MERELIRE @14

| ocus

Artively measured field

Syrribols

Fixed keys

Kozys wath fimaly aszignod tunctions.

Mavigation keys
Conrrol of input barin =dit and inpod mode or
control of focus Lar,

Function keys

Are assigned the varable tunchons displayed at
e ballom of the scieer.

Softkey bar

Displays functions that can be caled up withtre
Fanction koys
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Fixed keys

[PASE] Scrols b rext page when a diaogus

consists of several pages.

Accessss progian s, selings, he dala

manager adjustments, communica

flons paramciess, system mormation

ard data transfar

Key, programimacie wvaih funchion from

the FNC menu.

Lucs-acoess to measurcment-

suproTing functicns

Cuit a dialog or the odit modc with act-

vatinn of *he "previcns" val e Rehonto

nzx: higher lzvel.

A Cofirm an input cortinee o the nest
ficly.

[MENLI]

JLASL ]
[FNL)

[EST]

Surveying Lab

Trigger key

The: measurement trigger has three setfings (Al
DIST, OFF).
The ke ran ne activated in the configuration meno

Seleciion of Language

Afer switchirg rn the instrument the user is abde o
choaose his prefarred language.

The dialog to chooss the languags is only shown if
two languages are loaded onto the instrumert and
Lang.cheics: On is 501 in Sctiings dialog.

To lowd ar adcilonal languace connecl the nsb o
menk fo LGO Tools Yorsien 4.0 ar ighcrvia the
serial inferface and ioad using "1 50O Toals - Sot-
wale Upload®

Distanece measurement

A lases distancar (FRM) is incoporatsd ndo the
instrurents of e TRS400 szniss.
In &l versions, tre distance can be determined by
using a laser beam which emerges coaxally from
the wwlescope objective.
& Measurements to strongly reflecting
targets such as to traffic lights in Relleclor EDM
made without prizsm should ke avoided. The
measured distances may be wrong or inaccu-
rats.
For applications without reflector, a3 special arrange
ment of the LD, and spproonats arrangemert ot
the zeam paths. enable ranges of over five kilome-
tres to be attained with stsnoard prisme
IMiniprisms, 3807 1 eflectors and eflector Lapes car
aleo be eec, and measuremant is also poscible
without a refiector.

When a distance measurement is trig-
gerad, the EDM measuras 1o the object which ls
in the beam path at that moment.

If £.5. oeople. cars, animals, swaying branches, =,
cross the lases beam while a measurement is Eeing
tasen, a Tachon of the laser beam = relisctes and
mzy lzad to incorr=d distance values.

Avard intocmupbing the measunng boam while taking
refiecioless measure nenbs o imessuemsnls LI:'-i']l_:]
ref ectiva foils. Measurements o prem reflectors are
anby criical it en objoct crosscs the measunng bocam
at a ristanre of 0 to 3m ard the distance to be
meazured i= more than 300m.

In practice, becauss the m=asurning time is very
short, the user can aways find a way of avoiding
those critical situations.

g Wery shor cistances may be messired
teleclulzss in IR mode o well iefllecing lagels.
Motc fat the distances arc corocied wih the 2ddi-
five ronstant defined Tor tha acve reflector
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Feflactoress

g Be sure that the laser beam is not reflected

ay arylhing duse lo the line of sighl {e.g. ighly

retective obiects).

= Whenadsance measuremsn is inggersd,

'i = the EDOM maasures 10 the object which is in the

ocam path at that memeri. 'n casc of temporany

/ olstruction (e.g. a passing vehicle, heavy rain, fog

ar snow) the ECIM may measure to the obstruction.

g~ Whon measunng lenger distances, any
divergence of the red laser b=am from the line of
sight might lead 1o less acourate measurements.
s 1= because the laser beam might not be
efievl=d fom lhe poinl gl which the gusshairs ane
oointing.

Tharefore, it is recoremerd=d fo venfy that the 13-
ase is wall collimaled will Lhe lelescopes line of
sight [refiar to the chapter "Checking and adjusting” .
e  [Nonof measurs with tuwo instruments (o the
saime Largel sinullansously.

nrarrest resait

Zomset result

Ganaral zoftheys:

ALL] Staris distance and ancle measure
ments anid saves messured valies

MEASURE 3/4 M Atars distance and angle measire-

.
v
m i miens wilhoul savmng ceasued veues,

50.000C g REZ] Saves cisplayed values.

66.6667 @ TR FNTFR] Teletes cumentvali= in the display ard

B7.009 m is ready far the input of a now valuc.
5.887 m ;Er\H] Dpens the coordinate i.n;:u: mnge.
LIZT] Cimplays (he hs of availabls poinls.
e (FIND] Sharls the sewc o e pont enlered
]'HFUT n'{ ST AL l ‘ :EEM__ E‘isplag,.'s EDO s=thi ngs.
T eSS | g es betwaen reflector and reftecto-
el less mieds ureenl ke,

- IST o PREV]  Back to last active dialog.

e

- e i HEXT] Conlinue b next deaoy.
- Returns to highest softkey l=vel

Under scitkeys, a sclection of commands and turc-
T 1o next softkey level

Lions is lisled &l the bullom of the seee. They can !

bz activatcd with the corosponding function koys, UK et disclayed message or dialeg and

Thee availalle scope of eact lunchion depe s on quil diglug.

the apelications 1 furctions carrently active. @~ Find further information sbout menu/appl
raton speche hubons in the relevant sechons
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Symbals

llepenring on scthuare version ditfersnt symibols
arz displayed indicating a particu'ar opesatitg
siatus.

4dp A double avow indicales chuice Nelds

Lls.ng the navigaton keys the
dcsired paramaicr can be
seledzd.

Culs 2 selzcbon wilh the enile

key or e ravigsiion keys
L]

Indicates thzt severa pages are aval-
sbic which can be sclceied wih
[PAGEL

Indicates toicscope poziton 1o |l

Indirates that 1 [7 15 52t 7o "edt side angle
measurement” (ani clockwise).

Surveying Lab

Statirs symbol "EDM type”

m Rficcior ECR mode for measuring to
prizms and refleciive targes.

m Refiectarizss EDIM for measuring to all
largets.

Sitatus symbol "Battery capscity”

i The ballery symbol indicalss the level of
the remainirg Cakery capacioy (75% full
shown in the cxample)

Status symbol "Compensatar”
e I Linmpensator 15 on

I:Ej Uiampensator s oft

Status symbol "Dffzat”
{ ¥taetis achve

Menu tree

[MENU]= & - €% Confim menu sel=ction.
|HAGE] Scroll o next page.
g Lepending on user interface sequence and
amangement of menu items may be different.
Maru
. r Programs
s Surveying
. Eccting cul
lMree DRagion
belereie line
Tie Cictanne
fread Volume
R e Hi=igh i
Lonsinieton
COEC
Frede e Flare
rSettngs
I— Cnatast Trigger ey [ISFR kay WoSethng,
Tilt Correadon
—  Sestur Beeg, Been, e lrceinzidcta,
Hence funin, 5P Healer
— Caia Dwpat GEIEHE, Mask 112732
= Collimczior, Aute OF, Langaaoge
L— Nm=. Readng, Angie Urig, Disfanze Uni, Distznce Decimats
smperature. “ressune
r CDM Settings
— ELNHMCo2
—  Frizm Typa
Frizmn Corstast
—Laser Puicles
— LudzLight

= L Fik Maragamert

E[I — ok

——  Fiacinls
Moaguromants

F— Cles

—  |ritigies Mamory
Mamany Satictn

Calibrat ons
—  He-Cotimaton
l—  Incae
——  Wiew CalbLalson Dalla
Communication Parareters
Baudrato
— Calabis
|—  Parity
— Crdmerk
— Shiphis
Oota Transle-
—  Jub
— Dala
—  [Famme:
Sy stem Info
Batbory
— listicosnd Brrpealuy
|—  [Mmla
— Tima
j— Slart-up SejuEnce

— PN Prmdasdinn
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Surveying Lab

Measuring Preparation / Setting up

Unpacking
Hemave FF=400 from transport case and coedk tor
cor plelerness,

1) Lata cable (optiznst)

2} Fenilh eyepicce on evepece [on sieep angles
‘opricnal)
Total station
Removacle tribrach (optioral’
Nattery charger and aceessones (optinnal)
Bl imenl luols

wattery O IFTTT {(nphanal )

GAD05 Mini priser adaplen (upbonal)
Sattery GEBT21 {optional }

107 Tip fon i prism {oztional)

11) Spacing brackel GHT193 for height metar
ropricimal)

12) Height meter GHMOOT [optional)

13) Mrotective rover /| ens hiood

14 M prisim rods

15 Mini prism + halder (opticnal)

16} Jser Manual

A7) Sountzrweight for Zenith oyepicee (optiona !

2. Remuve salery.

AT

1.

4. Insert battery into battery holder,

4 Insz=rl bellery hobder mbo e esiioment.

Imsert battory comoctly (note pole markings
ar the inside cf the atleny holder). Check and insert
hattery holcer rue o side into the housing.

+  Trchargethe batterny refer o chapter "Changing
e Dalleries”,

« Forthe type of batteny refer to chapter "Tech-
nical deta”.
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VYihon using the GEBET 21 aattcry, remaoves
lhe space: for le GEB11T lum lhe ballery
corpariment.

B~ Charging/ first-time uss

* | he bstterny must be charged orior to using tor
thc first timc bocausc it is delivered with an
energy coment as low as cossitle
Faor new battenes or battenes that have teen
staren for a long hre (> three months) s
effectual inmaks 3 - 5 chargeDischargs cycles
The pemiscible termparzturs range for charging
is bebwewn 0°C o =32°C / +32°F Lo =05°F. Fur
optirmal charging we recommerd charging the
hatteres ata low ambient semperature oF 110170
to +20°C/+80°F 10 +68°F if possible.
ILis vl for e Dallery 1o becoms wadnm
during charging. Using dwe dhangens reomn-
mended by Leics Ceosystems s not oossible
to chargz the batteny if the temperatuns is oo
high

Surveying Lab

@ COperation/Discharging

Thz battzrics can be operatcd from -20°C o
+557C/AF o +131°F.
_owy operating temparatures redoce the capacity
that can be drawn: very high operabting tempsratures
roduce the scrAce it of the catory,

Setting up the tnpod

| pozen the mamping serews on the frina legs,
pull out o the requirec length and tightzn the
clamps

I o der o guaisniee a fion foetbole sullciznlly
press the tnpod legs into the ground. YWhen
pressing the legs nt e ground nole bl e
force must ce apples along the legs.

/7 %\ AN

When if"ﬂll‘lg up te fmpod pay attentinnto a
huniurll,dl posilion o e ipod plats.
Slight corrections of indination can be madc with the
oot screws of bre tribrach | anger correctinns miost
be done with the Tpod lecs

When usng a tnomEch with an optical
plummet, the laser plummest cannot e used.
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Instrument Setup
Descripilon

Tris topic descoribes an nstumsnt setup over a
raried ground point using he @scr plummct i1is
whicays possibre o sel up lhe nsaumenl wil ol e
need for a marked ground poirt.

= lmpoland fealores
« s aways rerommended o sheld e

instrument from direct sunlight and avoid
uriever) lerperalures around e neslr-
manT

The laser plummet described in this topic is
bunlt it the verical ans of the instrument:

Careful handling of tripod

= Chedk al zcrows and bolts for comect .

o Curing lansporl sheays use e oover supphed.
+  li== the Fpon only tor sinveying tasks

It provects a red spot orto the groans,
making it aporeciably e3sier 1o centre the
instrument

The lascr plurmmect cannot be uscd in
conjunction with a tricrach equipped with an
optical plumme:.

Sctup step-hy-step 3 Turn oy the nsburment and swilch on the s
poumineel and elechonic level by vressing [FHNC)
= [Level Plumme:].

Mewve the tnpad legs (1) and 1ss the inorach
fntarrews () [ cenire the plommet (4 over
the ground pont.

Adjusl the nipod legs W level e aoular level
@

Gy nzing the el=ctmnic level tim the trifracs
fnctarrows (8) [ procizely Iovel the irstrument
- Refer o "Levalling up with the electronic
level slep-ty-slep” for more v mrbon.
Centre e instrument precisely over the ground
pint (4} by shifting the trib~ach on the tripod
plate (2]

ldepeat afeps = and § unnl the requiren anni-
racy is achicved

Exlend the ipod leos o allow Tor s comlonbauks
working posture. Fosibon the npod over the
miarknd ground point, eeotring it as well as
possiblc.

Fasten the tritrach and instrumant onte the
bipod
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Levelling up with the electronic level
step-by-step
The electronic level can be uses o pracisely level up
the instrumen: using the footscrews of the triorach.
1. Tumn on the instumert and switeh on the cloc-
rronic level by pressing [FMCT > Level!
Plurtiel].
Cenlre (he circutan level aporoximalely by
turming the tootscrews ot the mbrach
g he bubble of the electnonic level and
the arrons for the rotsting direction of the foof-
scraws only appear if the insrument til is inside
d cErlain leve lrg range
Turn e nshmnent unb] s peiallel o ban fool-
SCIEWS.
Cenlre he glec-
ronic level of this |2 o]
axls oy hurmang Fhe P A
T Tootscrews 207
Arrows show the |'|' - i-lllli-llillllllj
dwechion o

T

Surveying Lab

1okzling the oulscrews Whezn the elechiomc
lewes| i= cenlire the @nows dre iepiaced by
checkmarks.

Ceniae [he glec-

T

rwic keve! for e [
second zxis by Pk
fuming the last 20

RRNIL TR |||||

fnrtarmew A
arow shows e
direciion fo
motating the footzcrew, When the electranic lsvsl
is censred the srmow is replaced by a checsmark,

ca  When e

eecionic levelis
centr=d and three
checkmark= a=
shown, the instru-
ment has bezn
perfecily leveled
uz

Avzcepl wilh O],

Laser imensity

Changing the lazer Imensity

Ext=rnal irfluences and the sudace corditions may
roguire the adiustmont of the inensity of the lasor.
The laser can be adjusted in 25% steps as required.

50% Max

Hints for positioning

Positioning over pipas or deprassions

Lnder some circurmsances tne aser spot is nol
wvisible (=.g. over pipes). n this case, the laser spot
can b made visible by using a transparcnt plate 5o
thatthe lassr epot can be easily aligned to the caentra
of the pipe
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Surveying Lab

input mode - method 1

n entry mode, enier i=xt or numenc values.

re| r'l_ Trfis PRO

[IMPLUIT] 1. Delzte entry, display nurmernic/ alpha
s scltkey bar. The cursan indi
cates that the instrumsnt (s eady far
irput.

Selection of rangs of characters’
Ange of numoers
Additional characters! numbers.

. Select the desired characer. Char
acter shiftz to the loft.

Bl i
Delztes inpat and restarss previcls
walue,

Input mode - method 2

In eriry mode, enter text or numenc walues

1

[1izos Weean oo, B+ - |
| +A33 QOEFC RHCER L83

M FE ra 5

[INFUT] 1. The ful ranue ol available charac
ters are displayed on the screen.
&% ¢ Lelechon of range of rharaciers
range of numbers

Frocesd with steps 3 and £ from methoc 1.
@ The method you like o use can be selin lhe
selinys.

Edit made

Existing charzcters are changed in the edit mode.

Fab ok Fa |1,
m
o0 ®a

= =3 I:_§ (&

1 Start edit mode Verhica! edi haris
noaitioned flush right
At nar s poshiones fosn =t
Select range of characters! rangs of
Tumbers
Lodditional ~haractors ) numnees

Overwrite existing characters.

wonfiTm inpar.

Deletos chango and restores
vrevious value.

Erasmy ehareclers
1. Place cursor on
del=tec.
2. Pr=ssing the navigation key cel=ies
rhe relevant character
A Gondirmn inprot

character to be

Dieleles the of range and resiores (he
Frevis valle
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Inserting characters

If a character was skipped {e.q.

you can insert it later.

Surveying Lab

-15 instead of -125)

INDIVIUAL-PPH INPUT

IRDIVIDUAL -PPW THPUT

1. Place cursaor on "1".

2 Inseris an empty character on the

right of "1".

&P - €@ 3. Select range of characters /range of

numbers.

A 5. Confirm input.

€@ 4 Selectrelevant character.

Numerical and Alphanumerical input
Input is made with the softkey bar and the sssigned
function koys.

Fosition the markcr in the rehevant ficld.

[INFLT] 1. Callz up the nput dialogue.

e ¢ Helect range ot chararters frange of
rumbers.

[===] Acdiiona characters £ numbers.

A 5. Confirm nput.
[ Sel=ctonis limited to valid digits for entres,

that duc to their display characienistcs, fall into =
cealain rznge (2. dancles ndegees).

Mumerlcal Input

——

i F4 )

I,,I,r.:n -.'1‘3)) ,_‘__

D D

Alphanumerical input

PLIC:

“taac | oera | ik |
nﬂ-n

€y () (Y O
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Pointsearch

Pentzearch sa globsl unciion us=d by applications
o eq. find internaily saved meazured or fixed

ST HIE

It & poss bie for the user to imit the point s2arch o
a particular jobor 1o search the whole storage.
Thie search mocedore shvays inds Ted poinls
hetore m=as/red pointa that tulkbll the same search
critera. if sovoral pointz moct the scarch eritena,
then the ponts are isted according o thelrage. The
instrumeant finds the most curmest (youngest) ficed
poant first

Direct search

By enteritg an actal point numzer (z2.q. "F137 3l
points vaith the comespond ng pomt nunber are
found.

Surveying Lab

POINT SEARCH
ALL JOBS 4}

FIXPT
KEAD
KEAS

JOB 0K

VIEW] Displays the coordinates and th=
job of the sc ecled point

o manual meuk ofF concthnates
Cinnkirm selectad pomnt

o z=elect a diferent job.

1 NI
K]
JCH)

Wildcard searel

The Wildcard search is indicatad by a ™" The
asterisk is 3 place holdefor any following sequence
of cnaraciers.

Wild o ds gre always used il e poinl nuriber s nol
fully known, or if a batch of poirts is B2 be searched

for.

POINT SEARCH
PROJ 3 4}

P | Starts point szarch.

Examples:

* Al poirts of any l=ngth are found.

A All ponts vath exacily fhe pont number "A" are
found.

N Al points of any length starting with "A" are
townd [= g - AH A1 ALY

Jab: :
PtID:

(et

1 Al poirds orany lcngth with a as the scecong
chascie are found (=g &1, B12 ATC)

A1 Al points of any lengdywith an "A" as the s
crarzacierand a 1" as the third charactor are
founc. {=.g.: A3, AATD0, AS1D).
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Measuring

After switching on and setbng up correcty, the tota
station is mmediztely ready for measuring

In the measurement display it is possible 1o call up
Mxed kevs and uncion keys as well 8s bigyer keys
and thair funchons

F~ Nl shown digplays are examplas. ltis
poss ble that loczl softwars versions are different o
the basic version.

Surveying Lab

Example of a posslible measuring display:

-

MEASURE 2/4
PLID 982
Hz 5C.0000 g
BE.BEET ¢
67.903 m
2887 m

v
-
]

INPUT DIST ALL 4

aGe - @

Calhng up the assigred funchinn

FNC Key

Uncen [FRCT severzl lunchons can be celled op.
Thiesir appheetions are desoibed below,

g~ lunchons ran =2lsn ne stader directly trom
the different applicatons.

g  Each function from the FNC mene can be
assigned 1o the [USER]-wcy (e chapter

M

Sedings").

Light On /Off

Switches display light on / off

Level/Plummet

This funchon enables the gectronic buzsh'e and the
rangc of intensity setlings of the lzsor plummzt.

IR/ Rl Toggle

Zhanoe botwoon the two ECM oes IR [on Refloe-
tors) anc RL (Reflectodess). New setbng is
disnlayed forabout one second

IR, Cislarce measu smeznks with prismes.
FEL. Dislares measm emenls eathoul zrsmmes.
Find rmore information in chepesr "EDM Settings".

Laser Pointer
Switches on or off the visible lzser bzam for illums-

nating the target point. The now sottngs are
displayed for atoul one second 2nc Ben saved.

Free-Coding

Starls "Coding" to select 5 cod= from a codelist or
crter a now code. Some functionality like zoffkey
btton [CODE]

Units

Displays he cunen. dsbanoe and angle il and
awves the possibility 1o change fese
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BASIC STEPS INVOLVED IN SETTING UP A TOTAL STATION

1. SETTING UP TOTAL STATION OVER A POINT FOR THE FIRST TIME
(Aligning to North)

1 Switch on the instrument.

2. Press USER key for Laser Beam for centering and leveling.

3. Press MENU.

4 Press F1 (PROGRAMS).

PROGRAMS 174
F1 Surveying
F2 Stakeout
F3 Free Station

FA Reference Elemoent

SURYEYI NG
Sel Jub
Spt Statinn

Set Orientation
Start

Press F1 (Set Job).
SELECT JOB 171

Jul S DEFAULTHE

Operator:
Date : Z7.11. 2008
T1:710: 494
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To write the name of the job. Press F1 (INPUT) and then using the Function
keys F1 to F4 give the name. Then Press Enter.
Press F4 (OK)
Press F2 (Set Station) to give the station No. Press F1 (INPUT) to give the
station number using the Function keys from F1 to F4.
Press F2 (FIND).
Press F4 (ENH).
Enter the Easting, Northing and Elevation for the point and Press F4 (OK)
Now in front of hi (Instrument Height) give the height of the instrument.
Press F4 (OK)
Press F3 (Set Orientation).

' ORIENTATION

EF1 Huanwal fAogle Scllimg

14 TCoordinates

Press F1 (Manual Angle Setting).

Point the instrument in the North direction and Press F1 (Hz=0).
Press F3 (REC).

Press F4 (START).

SURVEYING 143

50. 0000 4q
BE. BEET 4

19. In front of the (Pt ID) Point ID give the number of the point to shoot.
—
SURVEYING 1/3 ]

-l

(PLID : Al
hr : 1. 507 o=
{Code :

‘Hz : 50, 0000 g =
i : 66. 6667 g
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20. In front of the hr (Reflector height) give the height to which the reflector is
opened.

2. FOR SHIFTING THE STATION BY ALIGNING TO THE BACK POINT (Known
Co-ordinates)
Switch on the instrument.
Press USER key for Laser Beam for centering and leveling.
Press MENU.
Press F1 (PROGRAMS).
Press F1 (SURVEYING).
Press F2 (Set Station) to give the station No.
In front of Station: Enter the Station Number where you are standing. Press
F1 (INPUT) to give the station number using the Function keys from F1 to
F4.
Press F2 (FIND).
Press F4 (OK).
Now Give in front of hi (height of Instrument) and Press F4 (OK).
Press F3 (Set Orientation).
Press F2 (Coordinates).
In front of BS (Back Sight) give the number of the Back Point to which the
Instrument is being aligned. By Pressing F1 (INPUT)
Press F2 (FIND)
Press F4 (OK).
Press PAGE.
Now Sight the back point and Press F1 (DIST).
The value in front of D = will give the relative error in station shifting.
Press F3 (REC).
Now Press F (OK).
Press F4 (START)
And we can continue with the surveying.
To see the Easting, Northing, and Elevation for a Point Press PAGE until you
see East, North, Elevation.
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EXERCISE 7

DETERMINATION OF AREA USING TOTAL STATION
Aim:
To determine area of a piece of land using Total Station.

Equipment:
. Total Station
Tripod
Prism and Pole
Arrows
Field Book

Procedure:

1) Using arrows mark the corners of the land whose area is to be found.

2) Choose a point for the Total station set up such that from this point all the
points marked in step 1 are visible and set up the station on this point.

3) Press MENU.

4) Press F1 (Programs).

5) Press PAGE.

PROGEAKS 244

Tie Distance
firea & Yolume
Remote Height

Construction

Press F2 (Area).

AREA £ YOLUME
Set Job
Set Station

Set Urientation
Start

The First three steps (F1, F2 and F3) for station setup and orientation (refer
to Step1 and Step 2).
Press F4 (Start).
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fALL RESULT J1FtBack

The points whose area is to be found can be either in the memory or can be shot
directly in the field.
In front of Point ID Enter the number of the first point, then sight the point
by keeping the reflector on that point. Press F1 (ALL) or press the trigger.
Repeat step 9 for the remaining points in a proper sequence until you have
shot all the points. Once you have shot all the point you can see the area
displayed on the screen automatically.

Result:
The area of the given piece of land is, A =

Comments/Inference:
Write your comments and observations on the result obtained.

Applications:

In cadastral surveys it is required to make a plan of land showing all its boundaries
and also obtain its area. This information about the land is useful for land
development and selling and purchase of land.
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EXERCISE 8

TRAVERSING USING TOTAL STATION
Aim:
To do a closed traversing for at least five points using Total Station.

Equipment:
. Total Station

Tripod

Prism and Pole

Arrows

Field Book

Procedure:
Identify the points on the ground for traversing and mark them arrows.
Choose a control point for using it as first station point such that at least
one control point for back-sight is visible
Set up the instrument on the point chosen in step 2.
Press MENU
Press F1 (Programs)
Press F1 (Survey).
For Setting up the job as you know the coordinates of two control points
on the paper follow the following steps.
Press F1 (Set Job).
Press F1 (New).
Enter the New Job Name by pressing F1 (Input).
Give the name of the job by using the Function key F1 to F4.
Press F4 (OK).
Press F2 (Set Station).
In front of the station give the number of the station by giving the
number of the station where you are standing.
Press F2 (FIND).
Press F4 (ENH).
Enter the Easting, Northing and Elevation of the point where you are
standing.
Press F4 (OK).
In front of hi (height of the Instrument) Enter the Instrument height by
measuring it.
Press F3 (Set Orientation).
Press F2 (Coordinates).
In front of BS (Back Sight) Enter the number of the back sight point to
which you are aligning.
Press F4 (ENH).
Press F4 (OK).
Press PAGE.
Press F4 until you have DIST In front of F1.
The value in front of gives the relative error in the station shifting.
Press F2 (REC).
Press F4 (NO).
Press F4 (Start).
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31. Take foresight on first traverse point enter point ID and record its
coordinates. (This point will be the next instrument station)

32. Shift the instrument to first traverse point and follow the standard
procedure to obtain the coordinates of second traverse point.

33.  Continue until you finish all traverse points.

34. Check whether there is any closing error. If it is there apply corrections to
the coordinate and plot the traverse.

(If you are using advanced instruments closing error will be shown automatically in

traverse report and traverse can be adjusted on board)

Result:

Record the coordinates obtained for each point in your field book. If there is a
closing error apply correction to all the coordinates. Plot the survey on a drawing
sheet using the corrected coordinates.

Comments/Inference:
Write your comments and observations on the result obtained.

Applications:

In control surveys and topographical surveys it is required to do traversing. In
control surveys, using the existing control points it is required to establish new
control points. In topographical surveys using the existing control points and also
by establishing new control points it is required obtain the coordinates of various
details like buildings, roads and other features.
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EXERCISE 9

CONTOURING USING TOTAL STATION
Aim:
To prepare Contour map of an area using Total Station

Equipment:
. Total Station

. Tripod

. Prism and Pole
. Arrows

. Field Book

Procedure:
Obtain the coordinates of all the grid points and record them in your field
book
Choose a control point from where all the grid points and at least one
control point for back-sight are visible.
Set up the instrument on the point chosen in step 2.
Press MENU
Press F1 (Programs)
Press F2 (Stake Out).
For Setting up the job as you know the coordinates of two control points
on the paper follow the following steps.
Press F1 (Set Job).
Press F1 (New).
Enter the New Job Name by pressing F1 (Input).
Give the name of the job by using the Function key F1 to F4.
Press F4 (OK).
Press F2 (Set Station).
In front of the station give the number of the station by giving the
number of the station where you are standing.
Press F2 (FIND).
Press F4 (ENH).
Enter the Easting, Northing and Elevation of the point where you are
standing.
Press F4 (OK).
In front of hi (height of the Instrument) Enter the Instrument height by
measuring it.
Press F3 (Set Orientation).
Press F2 (Coordinates).
In front of BS (Back Sight) Enter the number of the back sight point to
which you are aligning.
Press F4 (ENH).
Press F4 (OK).
Press PAGE.
Press F4 until you have DIST In front of F1.
The value in front of gives the relative error in the station shifting.
Press F2 (REC).
Press F4 (NO).




1‘1 Aurora’s Technological & Research Institute Surveying Lab

30. Press F4 (Start).

31.  Press F4 until you have MANUAL in front of F3.

32. Enter East, North and Height for the point to be staked.
e —— = —

STaAKEQUT 143

Search
PHID
Type
hr
AHz
A -
Al

ALL

o0 O O O

Now Move the Instrument until Hz equal to zero.
Now move the prism in this line of sight to the distance given in front of

A - £ mm 0.000 m from the instrument station.
Now with moving the instrument horizontally with moving the telescope up
and down only tell the prism man to come in line of sight of that point.
Again Press F2 (DIST) do this until the value comes near to the limiting
factor and you have the point. Then press All or trigger button to record the
point.

36. For the next point again Press F4 until you have manual in front of F3 and

again enter the coordinates of the next point to be staked repeat this
process for all the points.
37. You can view X, y, z coordinates all the points in file management.

Result:
Record the coordinates of all the points surveyed in your field book and using this
data create a contour map of the area surveyed.

Comments/Inference:
Write your comments and observations on the result obtained.

Applications:

In topographical surveys, it is required to obtain contour maps/ plans of an area.
Contour maps are useful in planning and construction of pipeline works, road works
and residential colonies etc.
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EXERCISE 10
DETERMINATION OF REMOTE HEIGHT USING TOTAL STATION

Aim:
To determine remote height of a point using Total Station.

Equipment:
. Total Station
Tripod
Prism and Pole
Arrows
Field Book

Procedure:
The Remote height program is used to find the elevation of the remote points
where it is possible to place the prism directly below the point the point whose
remote elevation is to be found.
1. Identify the point whose elevation has to found out
2. Choose a point for the Total station set up such that from this point both
the point under consideration and its projection on the ground are visible,
then set up the station over this point.
Press MENU.
Press F1 (Programs).
Press PAGE button.

PROGRAHS 2/4

Tie Distance
firea & Yolume
Kemote Height

Construction

F1 F2

& OF OF (OF

Press F3 (Remote Helght

The First three steps (F1, F2 and F3) for station setup and orientation
(refer to Step1 and Step 2).

Press F4 (Start).
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REHOTE HEIGHT % '
Heasure to base poinfl .

i N A1
Point 1 il =1

hr

9. Focus on the required point and turn telescope towards ground and guide
the prism man for properly placing the prism on the ground.

10.  Now put the prism on the base point and Sight it and press F3 (ALL).

11.  Now move the telescope and focus the top point whose elevation is to be
found.

12.  The height value will be displayed on the screen.

Result:
The remote height of a point, h =

Comments/Inference:
Write your comments and observations on the result obtained.

Applications:
In construction of structures like buildings and bridges etc., it is required to find
height of some points which are difficult to access.
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EXERCISE 11

SETTING OUT USING TOTAL STATION
Aim:
To set out column centres of a proposed building.

Equipment:
. Total Station
Tripod
Prism and Pole
Arrows
Field Book

Procedure:
Obtain the coordinates of all the column centers.
Choose a control point from where all column positions and at least one
control point for back-sight are visible.
Set up the instrument on the point chosen in step 2.
Press MENU
Press F1 (Programs)
Press F2 (Stake Out).
For Setting up the job as you know the coordinates of two control points
on the paper follow the following steps.
Press F1 (Set Job).
Press F1 (New).
Enter the New Job Name by pressing F1 (Input).
Give the name of the job by using the Function key F1 to F4.
Press F4 (OK).
Press F2 (Set Station).
In front of the station give the number of the station by giving the
number of the station where you are standing.
Press F2 (FIND).
Press F4 (ENH).
Enter the Easting, Northing and Elevation of the point where you are
standing.
Press F4 (OK).
In front of hi (height of the Instrument) Enter the Instrument height by
measuring it.
Press F3 (Set Orientation).
Press F2 (Coordinates).
In front of BS (Back Sight) Enter the number of the back sight point to
which you are aligning.
Press F4 (ENH).
Press F4 (OK).
Press PAGE.
Press F4 until you have DIST In front of F1.
The value in front of gives the relative error in the station shifting.
Press F2 (REC).
Press F4 (NO).
Press F4 (Start).
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31.  Press F4 until you have MANUAL in front of F3.
32.  Enter East, North and Helght for the pomt to be staked.

———r
STAKEOUT 1/3 s

Search
PHID

Type

Now Move the Instrument untll Hz equal to zero.
Now move the prism in this line of sight to the distance given in front of

A - £ mm 0. 000 m from the instrument station.

Now with moving the instrument horizontally with moving the telescope
up and down only tell the prism man to come in line of sight of that
point. Again Press F2 (DIST) do this until the value comes near to the
limiting factor and you have the point.

For the next point again Press F4 until you have manual in front of F3
and again enter the coordinates of the next point to be staked repeat
this process for all the points.

Result:
Record the details of points set out in your field book.

Comments/Inference:
Write your comments and observations on the result obtained.

Applications:
In setting out a building, a surveyor has to set out position of columns and other
elements of the building in both horizontal and vertical planes.
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EXERCISE 12

DISTANCE, GRADIENT AND DIFFERENCE OF HEIGHT BETWEEN TWO INACCESSIBLE
POINTS USING TOTAL STATION.

Aim:

To obtain the distance, gradient and difference of height between two in

accessible points using the Total Station.

Equipment:
Total Station

1.
2. Tripod

3. Prism and Pole
4, Field Book

Procedure:

The Tie Distance Program is used to find the horizontal distance between two

points by measurement in the field.

1. Identify the two points for measuring the distance.

2. Choose a point for the Total station set up such that from this point the
two points marked in step 1 are visible and set up the station on this
point.

Press MENU.
Press PAGE.

= - re _—ﬁ_ ———rr—— -I
PROGREAHS 274 -

F1 Tie Distance (5)
FZ Area & Yolume (6)
F3 Remote Height (7)
F4 Construction (8)

F1 F2 Fa

Press F1 (Tie Distance).

The First three steps (F1, F2 and F3) for station setup and orientation (refer
to Step1 and Step 2).

Press F4 (Start).

There are two type of distance Polygonal and Radial.
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TIE DISTaHGE
solpct method!

L)
. .__.
L 2
1 2

FOLYGOH ] RaD 1 aL

e ) e ) e ) P )
The Polygonal is the pomt -to-point distance where as the Radial is used
for finding the distance from a single point being kept fixed.
When the Points are not in memory and you want to operate the program
by taking the measurements right in the field,

TIF DISTaAMCE POLY. 173 '%

11.  In front of the pomt enter the number of the point and Press F3 (ALL).

12.  In front of the point2 Enter the number of the second point again sight it
and press F3 (ALL).

13. Now you can see the results displayed on the screen.

Result:
The distance (d), gradient (s) and difference of height (h) between two in
accessible points are, d = , S = ,h=

Comments/Inference:
Write your comments and observations on the result obtained.

Applications:

In topographical surveys, some times features like buildings etc. are not
accessible. Therefore a surveyor should be familiar with the technique of obtaining
the horizontal distance, difference in height and hence the gradient between two
inaccessible points.




