Field Based Methods

Objectives

This unit will introduce some methods to collect Planimetric, height, slope,
thematic and phenomenon information in the field. Then the available
equipments will be briefly introduced. However, the detail use of equipments will
be referred to the equipment manual. At the end of the unit, the student will learn
methods conceptually and mathematically, and be prepared to use instruments
to capture Planimetric, height and slope information in the field.

1. Introduction to Ground Survey

The Planimetric, height, slope, thematic and phenomenon information is obtained
based on direct measurements.

Strong control network is fundamental necessary before detail work is carried
out. Control survey produces control points, which will form the control
framework. Without a good, strong framework, detail survey will not be
successful and the location errors will be much more difficult to manage.

(http://www.swisstopo.ch/geoaktuell/en/geo/fixpunktnetze.htm)

Detail field survey works are carried out to provide (1) Planimetric information (2)
height and slope information (3) together with thematic and phenomenon
information, particular interest to field scientists or surveyors.

2. Obtaining Planimetric Information

The term location and position only have meaning in mapping context if they are
defined with respect to a fixed reference system.

In the polar coordinate system, the bearing or angle measured clockwise from
North and distance from the point of origin are required to give a unique location.
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Polar coordinate System

In the rectangular coordinate system, a position is defined by two distance
measurements in two directions at right angles to one another.
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- A based on casterly distance of B
West : Fas Tom the north-south axis thm.ugh A
\ (dE) and, the corresponding distance
measured 1o B from the east-west axis
through A (dMN}
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Rectangular coordinate system

These two reference system has the following simple relationship.
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b AN D= cos aor dN = D cos a
dE 7 dM = tan a
West East [ is possible to convert from one
A reference system to another
South

Relation between rectangular and polar coordinate System

In general at least two observations will be necessary to fix a Planimetric location
of a point regardless of reference system.

Triangulation

Triangulation based on the measurement of angles. It has been used extensively
in providing control networks in national surveys.

y A and B are know position and can be
A plotted on the map.

! b The angle (a) from A to C and the angle
i \ (b) from B to C is measured in the field.

: \ A protractor is used to set off or

’\ v measure out angles (a) and (b). The
—) position C is at the intersection of the

B two lines.

Triangulation
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This procedure of intersection can be repeated from line AC or BC, which is
already determined and by measuring and setting off the angle (i) and (0) to

establish the point D.

/
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! !
/ \ !
! \ /
] \\ /
_," \ I" The specialized thematic information and
! ‘k 4 phenomenon information at point C and D are
1 v 8 “}" measured and recorded in the field based on

(
,":\ (* v observation or using specialized instrument.
i ] “:‘)

A B
Triangulation

Trilateration
Trilateration based on the measurements of distances.

A and B ar¢ known points and can be plotted on the

NG map. Therefore, the baseline AB is known.
/N
P o The specialized thematic information and phenomenon
- A information are measured and recorded in the ficld based
l}" Y, onobservation or using specialized instrument.
C D)
A B An Arc of a circle with radius AC from A and an Arc of a
: , circle with radius BC from B are drawn. The Point C is
Trilateration found at the intersection of two arcs.
Radiation

Radiation method based on the measurement of angle and distance. Radiation
method applies the polar coordinate system.
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A and B are known points and can be plotted on the map.
Therefore, direction or bearing of AB is known based on
P polar coordinate system.

Based on the bearing of AB as orientation, the angle and
distance to point P and point  are measured in the field.

The specialized thematic information and phenomenon
information are measured and recorded in the field based
on observationor using specialized instrument.

The point P and () can be plotted using protractor and scale.

Radiation

Traversing

Traversing also uses both angle and distance measurement and is very similar in
principle to radiation.

©dl e

A
.":i. and B are known points and can be plotted :méih.t.' muap. Therefore, direction or beanng of AT 15
known based on polar coordinate svstem.
Based on the bearing of AB as onientation, the angle (a: fore bearing w P from A) and distance (d1)
to point P are measured in the field as in radiation. The angle to be measured iz always from the old
station to the new station. Then fix the point P il the field. Then take the back bearing from P to A
as a gross error check, Tt should differ by 180 degree (or approximate to 180 degree) from fore
bearing. Then measure the angle (b: fore bearing to ) from P) and distance (d2) to point C). Then
fix the point ©) in the figld. Then the procedure is repeated until the last point which is also normally
a known point.

The specialized thematic information and phenomencn information are measured and recorded in
the field based on observation or using specialized instrument at point P, () and B eic...

The point (F, O, B eic.) can be plotied using circular protracior, scale and north-south grid line. 1t is
important to correct grid north and magnetic north when drafiing the points,
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Traverses, which start and finish at points of known position, are called closed
traverses, while those, which do not close on a known point, are called open
traverses. Open traverse is very weak survey system and should never be used
for control surveys.

Offset or rectangular method

Rectangular method based on the measurement of distance within a system of
right angles. The two distances to be measured are right angle to each other.

B

Le
. Offset or rectangular method
........ e . ,:'_
A and B are known points, Therefore line AB is known,
L To fix unknown point C, construct a perpendicular linge from
A

C to AB line and measure the distance . Then measure the
distance from A {L+) or B(Lg)to the foot of the perpendicular
or offsct.

The specialized thematic information and phenomenon
A information are measured and recorded in the field based
on observation or using specialized mstrument at point C.

These methods are basic for all Planimetric surveying, which can be divided into
control survey or detail survey. They are used separately or in combination. The
accuracy of measurements depends on the equipment used, numerical or
graphical methods employed and accuracy of controlling network.

3. Brief introduction to survey equipments for measuring Planimetric information
Chain and/or tape

The Gunter's chain, foot chain, metric chain and surveyor's tapes are used to
measure
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- the straight horizontal lines in flat and
- the straight horizontal lines in non-flat terrains

by using the trilateration and offset methods.

The Gunter's chain is 66 ft in length and is divided into 100 parts known as link.
The 100-foot chain and the metric chain (either 20 m or 30 m) are more common.
The 100-foot chain is divided into 100 links. Therefore each link is 1 ft. In metric
chain, each link is 200 mm.

The chain survey is suitable to survey a small area at a fairly large scale for the
purpose of sampling or monitoring changes. Refer to the equipment manual for
detail use.

(http://www.orbitals.com/self/survey/chain/chain.html)
Plane Table

The Plane Table is used to measure the angles by triangulation method for
establishment of control networks or fixing a few points of detail over long
distances especially to map greater than 1:2500 scale.

For the large-scale survey, plane table can be used to establish close detail by
using the method of radiation, which is based on the measurement of angles and
distance. In such application, the distance is measured by chain or tape and
angle is measured by the plane table.

Traversing, which uses both angle and distance measurement, is suitable for
control surveys where measurement along the line is required. The detail
surveying can be carried out by radiation, intersection or offsets from the traverse
control stations. Traversing with compass and chain can supplement control
establishment by traversing with plane table especially in areas (where all-round
vision is restricted and having problems connected with the formation of triangles
with good intersection angles) causing difficulty for triangulation.

Refer to the equipment manual for detail use.

Visit the site for more information on Plane table.

Compass and chain

Traversing with compass and chain can be carried out to measure angles or
bearing with a surveyor compass or a prismatic compass and distances with a
surveyor’s chain or tape. This method can supplement control establishment with
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plane table especially in areas where all -round vision is restricted and causing
difficulty for triangulation.

Visit the following page to view the prismatic compass.

Refer to the equipment manual for detail use.
Theodolites

Visit the following page to view the surveyor compass

Theodolites are most extensively used of all survey equipments. All theodolites
are designed to perform two simple operations, namely to measure angles in
horizontal and vertical planes.

Measurement of horizontal angles is applied for a triangulation scheme, for
intersection ( method of fixing in which angular observations are taken at known
points to fix the position of unknown points), for resection (method of fixing in
which angular observations are taken at an unknown point to at least three
known points whose positions are already or can be mapped), for radiation
method and for traverse method. Plane table can be replaced by theodolites.

Radiation using theodolites and tape can be very efficient method of producing a
detailed survey at a large scale.

A theodolite can be used to set out lines at right angles very readily.

Visit to the following link for more information on Theodolites equipment.

Refer to the equipment manual for detail use.

4. Obtaining Height and Slope Information

The gradient of a slope, the relative height of a point to another, the absolute
height of a point and the vertical dimension of an object are several forms of
following triangular situation.
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The gradient of line AB can be obtained from
R the angle of slope (2) or the ratio of the
distances BC and A0,
The height difference between A and B is the
vertical difference CH.
The absolute height of A and B can be found
from A and DB, the vertical distances from
) the datom line (¥
A I\}' O C Thus, it two quantities in triangle ARC can be

determined. all other gquantity can be found by

- Horizontal Datum - simple trigonometry.

D IT the bench mark information is available, the
absolute height of A and B is known. Then the
absolute height can be introduced.

L

Therefore, there are two groups of methods to solve the triangle.

- Methods based on slope angle measurement
- Methods based on height difference measurement directly or indirectly

Measurement of Slop Angles

The measurement of slope angle or gradient of line (a) between two points (A, B)
can be measured directly and relatively simply by using the clinometers, Abney
level or theodolites.

The theodolites are used to measure the vertical angles. Theodolites are most
suitable instruments if the vertical angles are required to a higher degree of
accuracy.
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Trigonometric Heighting

It is indirect method of obtaining height difference because the vertical angle is
measured in the field, not height difference.

The gradient of line AB or the angle of slope
B (2)is measured in the field vsing abney level or
clinpmeter or theodolite in the feld.

Then height difference (BC) can be derived
based on the following relationship.

v BC = AC tan a or BC = AB sin a
A ) 0 C
The accuracy of height difference (BO)
L Horizontal Datum . depends on the measurement of (2] and
L I

distance measurement of cither horizontal
distamce (AL or the slope distance (A5,

Although Abney level and Clinometers can be used to measure rough height
differences over short distances, the theodolites must be employed for high
accuracy over long distances.

Due to the curvature of earth surface and atmospheric refraction, the correction
must be added to the height computed from the aforementioned formula BC =
AC tan a.

ATy is harizontal line at &, The ATy
is at the right angle to gravity at
Point A,

AB is the level line, which is a line
of equal height above some datum,
As AR increases, the discrepaney
DB increases. DB is vertical
distance at point B between the
level line and horizontal line,

It is the effect of earth curvature.

Earth Curvature Effeet

fieldbasedmethods -10 - 20.03.2003



A measuring stall was set up at B
at the right angle to the horizoncal
line AR, Therefore, the measuring
stafl will be in positon BD,

Then, the measuring stafl is viewd
from A along the hovizontal line
Al

Point © would be observed, not
point [} because of the light ray
from ¢ to A will tend to curve
towards the vertical as it passes
through lavers of aiv of less dense

to increazing densie.
It is the effect of atmospheric
refiraction.

Combined effect of earth corvatmre and

atmospheric refraction is calculated as
Tollow.

AH = 0,57 &%, where & is in miles from A to
the neasuring stafl

dH = 00675 5%, where s is in kilometer from
A to the neasuring stall

dH value will be added (o the FTormula

Hi{ = A{ ilan a

The formula to correct earth curvature and atmospheric refraction is approximate
only. More sophisticated procedures must be adopted if high accuracy is required
over long distance.

Theodolites are normally used to measure the vertical angles for trigonometric
heighting to indirectly measure the height.
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Levelling
Levelling is most accurate method of heighting. It is based on direct
measurement of the height difference between a pair of points.

Graturated stail
tIEEE . Set up a level at point P,

Then set up a horizontal line of
sight or ling of collination using a

Gratursted stafl survevor's level,
Huorizental line of sight
1.85 ¢ Eﬂ"ﬁﬁ Then read the point at which the
line of sight cuts a gradwated staift
B~ 7T at A and B,

Reading at A is 1.85 m to the
ground and B is 0.5353m to the
ground.

r

Principle of levelling
The difference in height between A

A and B is (AC - BZ). Therefore,

1L.85-0.55=130m
As the earth surface is not flat and curved, the situation is more complicated than

shown in above.
Giraduaced stafl Graduated stall

[?m-b:nn tal line a .55 m

Y Level line
Earth Surface

Level Surlac

A A Level Surfuct
..---""—-——'—-__ _—-—-‘\"'\- Datum (mean sea level)
A

C£ is horizontal line. Y7V is level lime. B2 is the level surface that pass through Poine B,
LA s the level surface that pass through point A. Therefore the difference in height
between two points (A & B) is more accurately defined as the vertical distance between twis
level lime (4 A" wnd BE') passing through the two points (A and B), that is AR or BA", 11 the
hicight above the datum (can be obtained based on bench mark) AA is known. the absolute
height of B can be caleolated.
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The levelling procedure based on horizontal line instead of level lines can be
developed one of the following conditions holds.

If the level is midway between A and B, (CY' = ZY, and therefore Y'A - YB = CA -
ZB)

If the distance from the levelling instrument to the graduated staff is short (if less
than 150 m), the level line and horizontal line can be considered to be coincident.

Level instrument is required to measure the height directly. The level instrument
defines a horizontal line, and a staff graduated in suitable units. There are three
main types of level is available, namely dumpy level, the tilting level and the
automatic level. Refer to the manual of each specific instrument for technical
detail.

Global Positioning System provided Planimetric information and elevation
information from 100 meter accuracy to sub-cm accuracy. Therefore, GPS and
GPS integrated surveying instruments are substituting the traditional field
surveys. Moreover, the data dictionary can be designed and integrated into GPS
in order to record attribute, thematic and phenomenon details of particular
interest by the field scientists or field data collectors.

5. Obtaining Thematic and Phenomenon Information

The location specific phenomenon and attribute of soil, vegetation, land, water,
noise, air, ecological and natural resources are measured in the field using
specialized equipments in addition to the Planimetric and height information.
These instruments used to measure specific chemical properties, physical
properties and electronic properties by the field scientists and field data collector
based on their interests. The measurements are recorded in analogous form as
alphanumeric and graphic or digital form on magnetic tape, CD-ROM or DVD-
ROM or solid-state memory. Refer to the specialized subject and instrument for
collection of specialized attribute and phenomenon.
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6. Automated Surveying

The horizontal position, the vertical position, distance, direction and attributes can be collected by ground
or field survey using chains, tapes of various materials, transits, theodolites and modern GPS integrated
electronic systems such as total station. Electronic system measures distance using the time of travel of

beams of light or radio waves.

The total station captures distance and direction data in digital form by referencing a reference point, which
is generally accepted and properly defined coordinate system. These data can be downloaded to a host

computer system and software such as

( ) at the end of the data collection section for

direct input to GIS, or other programs and to construct the geometry and topology.

The traditional and automated surveying is applied to collect the series of point locations and attributes
through data loggers or hand units. These point data can be directly exported to a GIS through an exchange

format. These point data can be then interpolated to generate a continuous surface.

7. GPS

GPS has the capability to collect the X, Y coordinates (geographical location) and altitudes (Z), to
a varying degree of accuracy. Moreover, the GPS can collect attributes of spatial objects, point,
line and polygons data. Moreover, GPS also provides precise time, direction and velocity.

Depending on the type of GPS and method of data collection, the spatial accuracy may achieve
100 meters to 1 millimetre.
Low-cost, single-receiver with Standard Positioning Service (SPS) may achieve 100
meter accuracy.

Medium-cost, differential SPS code Positioning may achieve 1-10 meter accuracy.

High-cost, single-receiver with Precise Positioning Service (PPS) may achieve 20 meter
accuracy.

High-cost, differential carrier phase surveys may receive 1 mm to 1 cm accuracy.

The data dictionary can be designed and transferred to GPS unit, in order to ensure collecting all
the required attributes of spatial object or phenomenon in the field. The attribute values can be
entered through GPS interface menu while collecting the geometry of point, line and polygon
objects in the fields.

A GPS receiver can determine the geographic location and altitude of a point on earth surface
through triangulation geometry based on signals transmitted by NAVSTAR GPS satellites. There
are 24 NAVSTAR GPS Satellites (21 operational and 3 space spare) in the constellation of
NAVSTAR GPS Satellite system. These satellites are arranged to be able to see or communicate
from GPS receiver to at least 4 satellites from anywhere in the world.
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A GPS receiver must receive the signal from at least 4 satellites that provides details of their
orbital position and atomic clock correction in order to triangulate and calculate the position of the
GPS antenna. Visit to the for more information on how GPS works.

Triangunlation You are somewhere here!

11,000 miles from satellite-1 11000 miles from satellite -1 and
12000 miles from satellite -2

Position is calculated from distance measurements (ranges) to satellites, Three ranges are enough if we reject ridiculous

answers or use another tricks

Idathematically we need 4 satellites ranges to determine location.

Getting Perfect Timing

Synchronizing the watches of satellites and receivers. In order to calculate the range based on travel time of signal

between satellite and receiver

ATOMIC CLOCK onboard satellite (cost BOK to 100K 15,

Receivers use much less accurate clocks and brilliant trick, which is to make an extra satellite measurement

6 seconds

3 seconds
4 zeconds & seconds {wrong i

7 seconds
[wrong time)

Wrong position

fieldbasedmethods -15 - 20.03.2003


http://www.trimble.com/gps/

ou are at one of the Green SPOTS

N ormally, one of the spots is not on the earth

Another measurement is required for
clock error correction in 30 sparce.

11000 miles from satellite -1 and 12000 miles from
Satellite - 2 and 13000 miles from satellite - 3

Positioning with GPS can be in Absolute Positioning or Differential Positioning.

Absolute positioning relies upon a single receiver station. It is also referred to as ‘stand-alone’
GPS, because, unlike differential positioning, ranging is carried out strictly between the satellite
and the receiver station, not on a ground-based reference station that assists with the
computation of error corrections. As a result, the positions derived in absolute mode are subject
to the unmitigated errors inherent in satellite positioning. Overall accuracy of absolute positioning
is considered to be no greater than 50 meters at best to 100 meters accuracy.

Absolute Positioning

Latitude and Longitude of GPS Antenna

Differential positioning carries the triangulation principle one step further, with a second receiver
at a known reference point. To further facilitate determination of a point's position, relative to the

known earth surface point, this configuration demands collection of an error-correcting message
from the reference receiver.

Differential-mode positioning relies upon an established control point. The reference station is

placed on the control point. This allows for a correction factor to be calculated and applied to
other roving GPS units used in the same area and in the same time series. Inaccuracies in the
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control point's coordinate are directly added to errors inherent in the satellite positioning process.
Error corrections derived by the reference station vary rapidly as the factors propagating position
errors are not static over time. This error correction allows for a considerable amount of error to
be negated, potentially as much as 90 per cent.

Differential Positioning

Error Correction Message e

k/

Base Reference Station
Position to be determined

Differential error correction allows for a considerable amount of error to be negated, potentially as
much as 90 per cent.

GPS ERROR Summary in meter

* Per Satellite Accuracy Standard GPS DGPS
* Satellite clock 1.5 0

*  Orbit error 2.5 0

* TIonosphere 5.0 0.4
* Troposphere 0.5 0.2
* Receiver noise 0.3 0.3
* Multipath 0.6 0.6
* SA 30.0 0

Typical Position Accuracy

* Horizontal S0 1.3
*  Vertical 78 2.0
s 3D 93 2.8

* Differential GPS can eliminate almost all error
8. Practical Session
Measuring Horizontal Angle with Theodolites
Try to figure out the calculation of mean, clockwise angle and direction from the
following theodolites measurements. The difference between FL (Face Left) and
FR (Face Right) should be 180 if no error in pointing. However, due to the

instrumental error and observation error, the difference normally will slightly vary
from 180. Instrumental errors can be eliminated mostly if mean of FL and FR is
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used. The Degree value from FL is retained. The seconds and if necessary
minutes of the FL and FR are meaned and entered into mean column.

Consult to vour Theodolite manual on

how to set up the theodolite, reading

L.
horizontal scale (FL & FR) and zero
B setting to reference object,
-._H-\_h"‘%\-._h__ In this example, C is reference ohject.
— Theodolite is stationes at point A, The
first four colums are reading from
A b Theodoliie, clockwise starting (rom
reference object (C, D, B).
Station] Tq Face | Reading Mean Clockwise angle Dhirection
A L FL a2 1030 | g2 ro 35 LLLUR VAT
FR 182 10 40
¥ | FL 652450 | coop 45 (65244502 1035 =63 1410 [ 00 1+ 63 14 10 = 63 14 10
FR 245 24 40 T
B
FL 220 40 X0 B » - =
220 4025|220 40 15 - 65 24 45 =155 1540 | 43 14 10+ 155 15 40 = 215 29 50
FR 40 40 30 ; '
36l (63 14 10 = |55 18 141 30 19
£l

i Db 1)

Measuring Vertical Angle with Theodolites

Consult the manual of particular theodolite to setup, reading vertical angle at (FL
& FR). In the following figure, the theodolite is stationed at A. The measurement

is taken to C, D and B.
On FL (Face Left), the Vertical angle = 90 - Reading
On FR (Face Right), the vertical angle = Reading - 270

Try to figure out the calculation of vertical angle and mean in the following table.
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B
[ W
—
—
A
)
Station To Face ; Reading Vertical angle Mean (a) Description
A C FL B 24 20 90 - B 24 20 =03 35 40 03 35 15 '
R 173353 | 273ISI0-2T0=03 3530 phniakal J_
= 1]
D [ FL | 921015 90 -92 10 15=-02 10 15 -02 10 24.5 J:
FR 167 49 26 | 26749 26- 270 =- 02 10 34
B FL B 51 30 90 - B9 E1 30 = 0i) (08 30 ) OR 15 E_:' .
FR 1 2700820 | 399 58 20- 270 = 00 08 20

Levelling with Levels

The control for levelling is provided by the National Survey benchmarks. The
height of benchmark referred to the national datum of mean sea level.

A level line is run from a National Survey benchmark into the area. Then
establishing several temporary bench marks (TBM) and the line is checked by

closing on another National Survey Bench Mark.

The points of detail within the survey area are established using the temporary
bench marks (TBM).

The following figures will illustrate the survey of main level line from benchmark-A

to benchmark-B.
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Spot height

TBMI
&
rd
e —— g - 7
. 1 % ¢
% &
Bench mark-A \ 7
" ’ TBM-3
Fa
oy
, O - -
The elevation at bench mark-A is 25,68 m. T
Backsight, Intermediate sight and foresight '}'.
reading from level at Station-1, 2, 3. 4 to ‘,"' 3
bench marks and Temporary Bench Marks are !
siven in the following figure. N
.--'.__-__-__-‘
P | TBM4
Bench mark -B
BS IS FS RISE FALL  [Elevation (m) |[Remark
3.65m 25.68 BM-A
from 1
3010 m 1.685 m THEMNM-1
from 2 from 1
2.685 m
from 2
1.685 m 1.220 m TBM-3
from 3 from 2
2010 m 3155 m TBM-4
from 4 from 3
3.025m
from 4 BM-B

To find the elevation for TBM-1, Spot height, TBM-3, TEM-4.
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Graturated stall

365 ¢

STATION-1
Graturated stafl

Haorizontal line of sizht

1.685
F

__________ | e ——
THME-1

Rise = 3.65 - 1.685 = 1965

Station-1

Elevation of TEM-1 = 15.68 + 1.965 = 27.645

BM-A 2568 m ahove sea level at A
o Diatum = Mean sea level

STATION-I: TBM1 and Spot height

Graturated stall

ERI L]
C

Graturated stafl

Huorizontal line of sizht

[ I 1685
Z

__________ '.'..——
Spot Heighit

Rise = 3,000 - 2.685 =0.325

Siation-2

Elevation of Spot Height = 27.645 + L3255 = 27.97

27645 m above sea level af TBM-1
THEM-1 Diatum = Mean sea level
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STATTON-2: Spot height and TEM-3

Graturated stafl

Graturated stall

Haorizontal line of sizht

15 L 1.220
Z

2685
C

__________ | —
TEM-3

Rise = 2,685 - 1.220 = 1.465

Siation-2

Elevation of TBM-3 = 17.97 + 1.465 = 29.435

. ) 2797 m ahove sea level at Spot Height
Spet Helght Dhatum = Mean sea level

STATION-3: TBM-3 and TBM-4

Fall = 1.685 - 3.155 = - 1.47

Graturated stafl Elevation of TBM-4 = 29.435 - 1.47 = 27.965
Graturated stafl
Huorizontal line of sizht
- Fs
1685 Rs 13. 155
C
N
TENM-3
TP e
Siation-3 FBM-4
29435 m above sea level at TBVM-3 Datwm = Mean sea level
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STATION=4: TBM-=4 and benchmark-B
Fall = 2.010 - 3,025 =-1.015

Graturated stafl Elevation of BM-B = 27.965 - 1.015 = 26.95

Graturated stafl

Huorizontal line of sizht

F% 5
2.010 RS IR.UI:

TEM-4

Station-d BA-R

27965 m above sea level at TEM-4 Datwm = Mean sea level

BS IS FS RISE FALL [Elevation (m) [Remark
3.65m 25.68 BM-A
from 1

3.010m L685Sm | | oec St TBM-1
from 2 from 1
2.685 m 0.325 27.97
from 2
1.685 m 1.220m | | 445 ) TBM-3
from 3 from 2 19.433
2010 m 3155 m ik wciin TBM-4
from 4 from 3
3.025m i 26,05
from 4 LIS BM-B

To find the elevation for TBM-1, Spot height, TBM-3, TBEM-4.
The computation can be cheeked mathematically. It should hold the following

conditions.

(Sum of BS - Sum of FS) = (Sum of rises - Sum of falls) = (Last Elevation - First
Elevation)

In this particular case, the result of all calculations is 1.27.
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Benchmark-B has known height. It is 27.00 m. Therefore; the difference between
computed height (26.95) and known height is 0.05.

This discrepancy may be ignored if it lies within the tolerance of the survey.

If it is very large, indicating the gross error, the fieldwork may have to be

repeated.

If the error is not too large to repeat the field survey and the error is not too small

to ignore, it can be distributed along the lines of level graphically.

Closing error (correction)

/

e

- E
= E
= .
i~
\ — o e - B Distance
. - -} = =
=] = = &2
-— = = —
W
Control Caleculated height Adjusted height
B 26.95 26.95 m + LO5 m = I7.00 (known height)
TEMN 4 27.965 27.965 m + 0LO35 m = 28.00
TBM3 29,435 29.435 m + (LO28 m = 29.463
Spot Hr. 27.98 27.97 m + 0.022 m = 17.992
TEMI1 27.645 27.645 m + 0,016 m = 27,661

When the main level line is closed, begin on the heighting of points of detail. The

following figures illustrate highting of point of details using the height of

collimation method.
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The elevation at TBM-1 is 27.661. Backsight to stall at
TBM-1 from Station A is 2,357, Therefore, the height of

collimation or horizontal line of instrument is

(27.661 + 2.357) = 30.01% m.
The IS value to points are taken (3.8, 2.4, 1.5, 2.1 m).

The height of points can be obtained by substracting the
reading from the helght of collination.

2357 m
1.5m = o - -
A
21 m
TEM-1
27660 M
Mean sea level = Datum
BS Is Fs Height of collimation Elevation Remark
2.357 J0L018 m 27661 m
from A (27661 + 2.357)
380 m 26218 Poini-1
from A (F0L018 -3.80)
. 27.618 Point-2
from A
1.5 m
B M SN Poini-3
from A
=
L 27.914 Point-4
from A

After taking the all possible reading, a FS is taken to the change point. Then BS
from the new station to change point is taken, to calculate the new height of
collimation.
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5255 m
24 m . |
l Is _ ]
L : 4.05 m
"oy 2.35Tm : :
.5 m e ——— - FS_ _ H435m y e L
L . 1.675 m LB _ _ . B
A
Zlm
| i
TBlI-I\‘\’\
27661 M Change poini
Mean sea level = Datum
BS Is FS Height of collimation Elevation Remark
2,357 0018 m 27661 m
from A (27.661 + 2.35T)
380 m 26,218 Point-I
from A (30018 -3.80)
e 17,618 Point-2
from A
1.5 m
i 2% 518 Point-3
from A o
21lm
; 27918 Poini-4
from A
1.675 m i5m 28,193 m 26.518 I
from B from A (26.518 + 1.675) (30018 - 5.5) _hange Poin
5.255
i 12918 Point-5
from B (28.193 - 5.255)
4.05 m 24.143 Poini-6
from B
3.5 12.693 <= Change point
from B (28.193 - 3.3) Mol drawn in the
oure

The calculation can be checked as following.
(Sum of BS - Sum of FS) = (Last Elevation - First Elevation)

In this particular example, the difference value from both calculations is (-4.968).
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9. Self-Assessment

Calculation

Fill up the appropriate value in the columns Rise, Fall and Elevation in the

following figure.

BS IS FS RISE FALL [Elevation {m) |Remark
2.65m 35.68 BM-A
from 1

4.010 m 5.685m TBM-1
from 2 from 1
3.685m
from 2
3.685m 1.220 m TEM-3
from 3 from 2
4,10 m 3155 m TEM-4
from 4 from 3
3.025m
from 4 BM-B
To find the elevation for TBM-1, Spot height, TBM-3, TBM-4.
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Calculate the elevation of point-1, 2, 3, 4, 5, and 6 based on the level
measurement in the following figure.

T05m
3.35Tm
2.0 m ___________Lh"———-l.'\rll s |
J— 2675m -2 - !
B \
21 m -

TB}IJ\‘\,\

28.69 M Change point
Mean sea level = Datum

10. Share your result

Share your result of calculation by submitting to the e-class share folder.
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