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.. What is Surveying?
v A4
o0The art of making measurements of the
relative positions of natural and man-made
features on the Earth’s surface, and the
presentation of this information either

raphically or numerically.
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' ,The art of measuring distances, angles, and
position on or near surface of earth,
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Surveying Branches
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Classes of surveys

1 The preliminary survey: (data gathering)

Collection of distances, angles, and difference in elévatlon
data to locate physical features so data can be plotted to scale on
a map.

sa O
2-@[out surveys: Making on the ground the features shown on

a design plan (using wood stakes, 1ron bars l\ép inum and concrete
monuments, nails, etc.). s 10

Cdle __lle_.\o._.

\

3. Control surveys: To reference preliminary and layout surveys.

* Horizontal control can be anyth
stations. =5

Vertical controls are a series of benchmarks having X, Y & Z coordinate.

but usually roadways or coordinate control
- \gaety,

Types of Surveys
UG o) Saap
* Topographic surveys : To prepare a plan/ map of a region
which includes natural as well as man-made features including
elevation.> Preliminary survey

SHEENN
* Hydrographic surveys: Used to 1\e in underw ter featuresto
surface control points. Usually sh8Télihes, marine eatures and

water depths are shown on the hydrographlc map-> Preliminary
surveys

* Route surveys: They range over a narrow but long strip of land.

Like highways, rajjroads, ...etc. 2 preliminary+ layout+ control
surveys §P\'A i

- -

{:V’

* Property surveys (cadastral or land surveys): Determinin

boundary locations or laying out new property boundaries >
‘preliminary+ layout+ control surveys

> phs
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¢, » Final (“as built’

e\,o £

| Types of Surveys
) surveys: similar to preliminary surveys;
je in f hat have been constructed to
. a] surveys tie 1n featurest :

F:.I;iiSe a ﬁz;al record of the construction and to check that
gw construction has Ergceedeq according to the design '

plans. \LJ \_‘Jf’j-)JLE 4.1
-~ 05 s (220))
. Aerial surveys: preliminary and final surveys that use
both traditional aerial photography and aerial imagery.

S R

« Construction surveys: Surveys which are required for

establishment of points, lines, grades, and for staking out

engineering works (after the plans have been prepared and

the structural design has been done)—> layout surveys
lagor o 2up @\ cha ) 2

* GPS: N, Eand elevation using NAVSTAR satellite signal.

_— ) B

~s+ 5547 * t0 maintain the geometric o

Z
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The Role of Surveying

In Civil Engineering Practic
Surveyors are needed: '
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Surveying Instruments

1. Chain and Tape  ~''/ .,

Chains or tapes are used to measure distances on the field.
A chain is made up of connected steel segments, or links, which each
measure 20 cm. Usually, a chain has a total length of 20 meters (66 ft),

N

A o e ;
Measuring tapes: are made of steel, coated linen, or synthetic material. They

are available in lengths of 20, 30 and 50 m. Centimeters, decimeters and
meters are usually indicated on the tape.

Surveying Instruments

2. Measuring Rod (level staff or
graduated rod) B thss

A measuring rod is a straight lath
with a length varying from 2 m to 5

m. The rod is usually marked in the rvf'_-m;f*- -
same way as a measuring tape, e L.
indicating centimeters, decimeters ¥ g'
and meters. 3

Lorneeatisnd ANk
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Surveying Instruments
JPARSA
3. Plumb Bob
~y W a2 _"/L*L"‘:.)\b Jo ol wms SR :
A plumb bob is used to check if ?,;:;&\0

objects are vertical. A plumb bob

consists of a piece of metal (called a
bob) pointing downwards, which is
attached to a cord. When the plumb
bob is hanging free and not moving,

the{ cord is vertical.
aa\,w_,})-’

<1

Sur i <
g veying Instruments

4. Hand Leve]

Each tubd is sealed and partially fi i

The remainin i
g Space is air, visib]
two marks, Only whon (o DSt l(; as a bubble. On the glass tube there
are

bubble exact
ctly between these two (s, (or vertical) js the air
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Ay A Surveying Instruments
g’, Ranging Poles 7" <izsms
anging poles are used to mark areas and to set out straight |
) tlines on th
They are also used to mark points which must be seen frgm a dist:rrllce l?nﬁeld.

which case a flag may be attached to improve the visibility.

b

Ranging poles are straight round stalks, 3 to 4 ¢cm thick and about 3
They are made of wood or metal. about 2 m long.

REMEMBER: Ranging poles may never be curved.
Ranging poles are usually painted with alternate red-white or black-white

bands.

Surveying Instruments

6. Pegs and chaining pins >l

' KZ\':"’Q\"\-JA*’) o LD 15) D\ 5500
Pegs are used when certain points on the field require more permanent
marking. Pegs are generally made of wood; sometimes pieces of tree-
branches, properly sharpened, are good enough. The size of the pegs (40
to 60 cm) depends on the type of survey work they are used for and the
type of soil they have to be driven in. The pegs should be driven
vertically into the soil and the top should be clearly visible.

5
RIGHT

on
i~ WRONG
<> F7
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surveying Instruments

maty all _,..LI:
o\ 2 . |
nic distance measurement (EDM):

7. Electro

indirectly determining the N
i ces measure lengths by ind. term be,
Tl;lese ((izl;\;lceizl waves of transmitted electromagnetic energy requir, ir
full and part , ‘

traveling between the two ends of a line.

tice, t i itted from one end of the line to the

n prac i he energy Is transmi : .

) ther ar:d r'etumed to the starting point; thus, it travels the double Path
0

¢
distance. oy e A e D
/ ot Ao

Surveying Instruments

DE £,
|»° 8. Levels:
A
Levels are used tg

: Syl

determine elevations in 3
wide variety of surveying,
mapping, and engineering
applications

Bor(!

JEI
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Surveying Instruments
2P

9. Theodolites:

byl

- J A .

| The_odolites,(somet_imes called

transits) are used in measuring
horizontal and vertical angles
and for establishing linear and
curved alignments in the field.

Surveying Instruments ...
Ui s = bbus” el

10. Total stations:

Vel YLy PN
Total stations combine EDM with
an electronic theodolite. In
addition, it is equipped with a
central processor, which enables
the computation of horizontal and
vertical distances. The central
processor also monitors
instrument status and executes
software programs that enables the
surveyor to perform a wide variety
of surveying applications.
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Surveying Instruments

11. Global Navigation Satellite System
(GNSS):

Is a term used world-wide to describe the various
satellite positioning systems now in use. Global
positioning system (GPS) is the term used to
describe the U.S. NAVSTAR positioning system,
which was the original fully-operational global
navigation satellite systems (GNSS). GLONASS- the
. Russian GNSS, G@;}epé{he Europsgn GNSS,

“’ s Peidoué China’sGNSS

‘A satellite positioning receiver captures signals
\ ¢y transmitted by four or more positioning satellites in
"\‘\ order to determine position coordinates (e.g.
northing, easting, and elevation) of a survey station. /

l Position Referencing
~2p5pes kb LS U sa1- Geographic Reference “hism
walle 280

Surveying includes measuring the location of physical land features

relative to one another and relative to a defined reference on the surface of
the earth.

The earth’s reference system is composed of the surface divisions denoted
by geographic latitudes and longitudes «—

e NEPTS l’-ﬁm,o 5,::,)‘-*"9
. Latltude l)es r}Pﬁ?st[msLand are parallel to the equator.

/

The latitude lines are formed by projecting the latitude angle out from
the center of the earth to its surface.

)
The latitude angle itself is measured (90 degrees maximum) at the

earth’s anteWrom the equatorial plane.

“
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hup://modemsurvivalblog.com/survival-sIdlls/basic-map-rezding-latjtude-longimde/

"Dyl D bl a0 ~
N

Position Referencing
1- Geographic Reference

Longitude lines run north/south, converging at the poles.

Yo bt

Tl.le line of longitudes (meridians) are formed by projecting the
Longltuq? angle at the equator out to the surface of the earth .

The longitude angle itself is measured at the earth’s center,
Eastor west (180 degrees maximum) from 0° longitude, which _——
€en arbitrarily placed through Greenwich, England.

hasb

Jéo L'”Q H

Markings of the prime meridian at the
Royal Observatory, Greenwich.
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What are the Latitude and
o Longitude of Amman city?

http://kaffee.SOwebs.com/Science/activities/Astro/Activity-Latitude.Longitude.htm

Position Referencing

_w,%s72- Grid Reference
x/j Y 4

0  Grid references define locations on maps using Cartesian coordinates.

% -
0  Grid lines on maps define the coordinate system, and are numbered to
provide a unique reference to features.

3 /Q\‘Q"f .
¢  Grid systems vary, but the most common is a square grid with grid
lines intersecting each other at right angles and iumbered
sequentially from the origin at the bottbm left of the map.

[
as')
¢  The grid numbers on the east-west (horizontal) axis are called

Eastings, and the grid numbers on the north-south (vertical) axis are
called Northings.
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Position Referencing
2- Grid Reference
¢ Numerical grid references consist of an even number of
- digits. Eastings are written before Northings. Thusinag

digit grid reference 1_2:3_4_5/_, the Easting component is 123
and the Northing component is 456.

0 The grid is limited in area e.g. 1 squared. Km, no serious
errors resulting from ignoring curvature

A\ .
(\;?ﬁ“‘”w 0 Ease of calculations (plane geometry and trigonometry)

¢ Translation to geographic coordinates could be accomplisheq,

__

“aaeadd  Position Referencing
¢  2-Grid Reference
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Position Referencing

> A 3 Vartical Reference

VoA \
(e

[n addition to the X and Y dimensions of any feature, a

vertical dimension can be referenced to any datum,
usually MWI (MSL).

Locating Point Reference to a Line

Point "P" may be located relative to line AB by:

5 T ine AR ‘e nrevinndy opas :
B 1INe A5 1S g.?fe.{'f% i%if?\.)‘f; $akrisey ok

p T Y e W e d wmmieed EF aemiatiera Fr IINIO ' 2
j—iffi}{]li.*t(} to wocatle ?i}'{*}i!{ P reiative 1o Qe AL

oy

1: Right-Angle offset tie (rectangulartie): —1
R ¢
r’,';,?
P ,
' i~ ud—'
Yo Ot TR
34 e X »
\;2_/9 3
4
A
Distance CH or CA
Distance CP
Angle C (90°)
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F//./—’.: Reference to g v.
Locatlng POln \%
2:  Angle-Distance tie (polar tie):

H

—
'9)41’7J
</ 7

/

/'Xp

-

R ey
[\ - Distanen AP
A Angle 0

3¢ Intersection technique:

w U5
-
C~
. e
S~ * -
. -t
) ’ / |
A ' OR
AnzleA:mlB
e oo Accuracy & Precision
e 9 Accuracy: is the relationship between the value of 3
& Measurement ang the “trye” Value of the Imensijon being
EmT measured "
Pelripl m%/a]@{
Sy ;,i 9 Precision: de
b

scribes the refinement of the
€ me
and the ability to reépeat the sam

mal] Variationg in

Consistently g

asured using two
el ) M-
: distan
Fiberglagg tape 157.27 15 ) n—
Stee] tape 157,27 g 240
157,23 0.01 '

PO !
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Quepttltly —— B 2 BRyecision, 3.
iy o s |

&Ew,&.}_]w}; 55 1a)) g
26\ AT T
Accuracy & Precision j

High AccuraCY/ High precision High Accuracy/ Low precision -
i

L Accuracy/ High Precision Low Accuracy / Low precision
ow

Accuracy & Precision B30t

A5 \l‘ ) M&_r;
Accuracy Ratio: is the ratio of error of closuretot
The error of closure: is the difference between the measured value and the

theoretical correct value.

he distance measured

0 Ex: a distance was[measuredjand found to be 250.56 ft. the distance was
previously known to be 250.50 ft. the error is 0.06 ft in a distance of 250.50 ft.

’ﬁ?&\ Azm .

¢ Accuracy ratio (AR)= 0.06/ 250.50 Try
=1/ 4175 R1/4200 —o L— dhupsd
¢ ARis expressed as a fraction whose numerator is unity and whose

denominator is round '
id taﬁg)sest 105) units il ek i Sl <\l x
T gond) ¢ ) ] " _ul
o~ A e QZ' 7] -
red internal angles in a triangle are: 7112’13,

55¢ ‘277 ’ ”
34’27, and 532 56’ 37 , find the error of CQIosure and the accuracy -
O (!

ratio in the meqg

urements. L / - 5

' . NS, 1 _Mwedwio]) - :
K rors W0 07 19 1o o'n? #\ o\ A= ( 0o )

e

0 Practice: If the me
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el Errors
1. Systematic errors: errors whose magnitude and algebraj,
J\y-2 sign can be determined.
e surveyor can eliminate them to improve the accuracy

e Example: effect of temperature on steel tape

L 2. Random errors (accidental error): Occurs in every
';,f"’ ' surveying measurement and:is beyond the control of the
surveyor. It is due to the nature of human being.

olf surveyor is skilled and careful, random error will not
significant.

4% Mistakes

=2l

Mistakes are blunders made by a survey personnel.

Example:
o transposing figures (recording a tape value of 68 as 86)

¢ Measuring from jl_nd to the wrong point
‘b;)o

\1.(;-: _i—a{’_\lj , . + & .

3 ¢ They should be discovered and eliminated, by verification
(repeating the measurement, or geometric or
trigonometric analysis).
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Job gyl
- Stationing

re called: Stationsor Chai};lage.

o Distances along paseline a

angles to baseline are called: Offsets.

0 Measurements atright
Stations of the two corners of the
playground are 0+50 & 3+00
| 250 m Offset of the two corners of the
| g playground are 60 & 60 m.
I Hand-Ball Playground = f“ m | Q1. \What are the Stations and offsets
-l : . £ /’ of the twa comers of the Engineering
& ‘ ' Bldg.?
gl : -~
-1 I Colloge of Engineering Parking Lot _ _ .
5L altm - = g =
21 - g 2 F 0@
N i ] H
\" s A/_g 1 ?’ B o o ah 5 N “ . , ~37 | ._—1"‘- A':« H/
A Sagins T
A 1€ i
N
‘LT;;\ Ml( o) @
1

* g‘\kfion -“béjt?/;ag f;J“ *Pllﬂ:‘f,zﬂ'm + Ul .
. Stationing

Many highway agencies use 1000 unit station 1+000 ,

= Fullstation  100m or100 ft_

= Halfsation - K
= Partial statj
tion 20 m we c éqr

19
NN 4 >
N .
QAT e

0 Example: .
are tall)(el;lef:?}? ::)aotlon of a certain position is 21‘{- 36.72 and stati
m. Then the distance of that position from the

base point is o
2 ’ 4
@? =200 + 36.72
: ‘3 / =236.72
{
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. ‘A)um pJalchTsJ_A
Field Management

¢ Survey Crew
¢ Chief: responsible about the whole work.

2 Instrument oper?or: operation and care of the instrument.

‘%%(S\\( '3”': 0 Survey ajgijstanc\‘: perform taping and carry the rods and prismes,
© ] i § Y
o \F WP
0 Field.Books\"\%ﬂ\”
¢ Bound books.
0 Loose leaf books.
0
¢ Include name and address in the first page.
S ::;_,_Q_Biglip_ages* are kept for the sketches.
" il i 0 Pages should be numbered.

,J,.)?Je’é:’/ -¥0 Should show project name, number, weather, date, used instruments a

first page of the project (lab).

0 Field Notes should be” CAN” Complete, Accurate, & Neat

 Se i 5 o SR S L P A A e L O AN A S A i

Surveying
110401365

Dr: Taleb M, AI—Rousan
l‘)ept. of Civil Engineen‘n
The Hashemijte Um'versi(y

.....
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Pacing

Imprecise>" |
Medium ( neither long or short ] .

Pace length depends on legs opening.

Very useful
0 Accuracy on level ground 1 /50 to 1/100

¢ Inaccurgte in hilly areas

// w\ g
2 4 R

/
Note: One pace = perimeter in m/ perimeter in pace

NN N

oy

Car Odometer & Measuring
Wheel 20 5ok 5y d) Smes

traffi
20ne rey =D o IC accident scene
hen, n rey d
then ¢ =
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Gunter’s chain-
. 10N 6(1121)}5
9 The Gunter’s chain used to survey North America

was 66 ft long and composed of 100 links
(chain=100 link) | -

o Very old WY fp ~
0 Not used anymore
o 80 chains = 1 mile
¢ 10 square chain = 1@&@ /po\»‘b

NS

Handles

Traditional method of measuring distance.

Available in steel, cloth, and fiberglass (good when
working near electric installation)

Steel tapes are available in 20, 30, 50 m (100, 200, and
300 ft).

Cross s%élzcion: light duty (6 mm * 0.3 mm) and heavy
duty (8 mm * 0.454 mm) which can be dragged.

v

v

hd
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Top stadia Cross Hair

{ —
o

—
————
——
—
——
——
—

" ,__...___..._._.‘-‘,_—

C
~— Bottom stadia
C gfevation Crossﬂ_.ﬂ ar_— e

tween the stadia

crosshairs 18 designed SO that the

divergence of the sights across the

two stadia crow ,

when the instrument is 100 feet

The distance be

from the rod.
(Assuming an instrument stadia

factor of 100.)

#l -

{1 ¢ xuss ferelevation

ross Hair

DiSta.l_nce by Sta
requires an

instrument wiy,
stadia Cross halr

Top Stadia Reading 7
§ Elevation
[ < Bottom Stadi Resdry

7777777777777777777
100t "

s -
e

Ryl

. .. 4 "\ a: Lnb &
Stadia &8\ > L
stacdy lsundUPpg—=2 27
L J

Tac hOmetrv technique (uses tl‘igonﬂ_nletl'}f calc ula tion)
Uses the horizontal marks on the theodolite cross-hair

| EyesSiglpt Rays \
Stadia Hairs =
( A\ o 'Q-“ .
Sl 1 -~ Ddistanice=100+5 | | S=
" - — k Difference
between
Level Rod :: :dings

'\53‘ Q\Z»Ao,. o |(
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WJHP e
B L)
| When the top or bottom stadia | —
.’; hair rod reading is ObSCUI‘Cd, a Distance =[(TSR - Flav) x 2] x SF ] o mrrai® 7‘"—;“
. process called 1/2 stadia can | g S ' e 'P:L

' beused. When 1/2 stadiais |
used the elevation crosshair, Oy v L 1

. and which ever stadia N

' erosshair that can be read, is

- used.

Because this stadia interval is

1/2 of the standard interval, it

is multiplied by two.

= [(7.34 - 6.21) x 2] x 100
= 226 ft

Horizontal Distance = [(TSR = Elev) X 2] x 100 l
|

» DistT; - T, =2 m regardless of Temp.

Subtense

e Need a theodolite.

B a r i . Theodalite
c.”uz\z.nnum A——"istance \‘7'>Za
] t) j,’z_ = | ' /
2 7
L ; \ko\”'\mw e Uy g

5 degp 3
i 7:

p Am tan @/2 =1/AB"

: A VAR /
b :l»... Distance AB = tm a/2 ]

; = |

i

e ‘a is independent of any vertical nnglj.v@%

ks / e Very good for hilly or mountainous country

Not very accurate for long distances.
¥ 4 LEL W @ %
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S

The term EDM is used to

-\ = G s ‘AP
)uu@;ﬁ? ‘P’Jff/ = ]! describe a category of

e ———

| sipulon e instruments that casure
e ‘ | | gistance using an eleCtTOHic
Sjgna.l.
The instrument broadcasts 3
focused signal that is retun,
by a prism or reflection frg,
the object.

Very accurate
Using light wave or microws,

By measuring phase
difference between
transmitted and received
signals

EDM

r from to
gﬁgung when top jg hel(f oti(;' b
und to intaj
o Maintain the tape £

way,  Iaping Accessorjes

Plumb Bobh:

B ped s
Ormal ha3 iy
for and leye]
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Taping Accessories/ Clinometer

652

TIU 664 e

T Wl I
" 2yl 1 o
Y S| e
<= 4 >

) h
If the hewght of the evesight of the smvevors l.ﬁ; i the measured angle by
the Clinometer is 33°, and the measwred horizontal distance between the
survevor and building (D) = 10.53, find the total height of the building,
S LS ) — =

Measurement of height building using the Abney Hand Level

Ldn 35= _ll_l_‘ —h, = %37

. Taping Accessories / Clinometer

AT

i

Y

i e
N
N
=]
Pk
w

'::SlopedI . .
" ‘Distance= '

| oiam

35° 27" ! s ) A <cosZ+ g

£S5,
Sloped))?’{l '

Distance = 100m:

{

PR T L A

v 17°48" Sloped Distance = 100m

Jooe =
1

Find the total horizontal distance bet{veen points A & B.

Getting the horizontal distance between two points using the tape to
measure the sloped distances and the Clinometer to measure drop.angles.
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Tension handle

Taplng Metho ds
AN S e

go\ Normally the tape is held }
l : horizontally. Therefore, the | ==
way the tape is held depends =
| on land topography.

Tape§

Hand']’.evel{
There are three methods of

N — Tape
holding the tape,
1- On smooth leveled land,
the tape can be laid on the
ground,
AY :
0. On 1810p1ng lands, Bad . | hgnuf.meneosnnﬁun:i}{fff"
S %€ a plump poy, For extra R, Femew————
g7\ accuragy, a.hand leye] oy e
P 2 tension handjeg are requireq
of 31 If there aye bstacleg two P
Plumb pqy, Tequireq

AY

\Insuu *ent. of: hol lzuntnl thslnme when therei

geuaall
CamScanner + Liss i
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- Rear surveyor alj

epending on a fixed
istance.

After applying the required tension, the front
urveyor places a chaining pin in the ground.
- Both surveyors repeat the procedure, and the

2ar surveyor collects the pins after finishing
om that point.

gns the front surveyor
range pole at the end of the

Taping in Practice
Usually horizontal distance is measured
directly whenever possible. .
If distance is large the ]%Jésakjn%:gta.pe_technique
is used. L
For preliminary route survey using a 100 m
tape, the slope distance is measured using the
‘tape, and the slope angle is measured using the
Abney level. TR

B s

v A -4
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Errors

BN PAS FCNEE Py . erTOrS whose magnitude ang
g tematic errors: € - rmined
1. SySteiia™ pe deter C
algebraic sign ¢ m to improve the
e
o surveyor can

accuracy ture on steel ta e
- of tempera b S2 Ay
. Example: effect OF PTG 07 Lok o

. {ental error): OCCUTS in ey,

errors (accidental |

2. Rand?:1 measurement and is beyond the contrgj,
'f;gls?rvgyor Tt is due to the nature of human being

liminate the

d and careful, random errory;

If surveyor is skille
not be significant.

AW T W

Taping Errors: 5 +ﬁh

’
| oo S — T

| TqWproneguslength  Temperature

r ; ¢ B . + et - )

]

z«?Temp(e}ature S »'Ten_sipnband saﬁ
So )/ A,Sl‘ension'g_mdIS/_zgg T ‘ A]ignment Plw
S3erf2) o el [y Marki

Bt o - Marki A P
Rl <pordid gy i arking andplumb;{lg’/)

1. Why are
Q y some of the errors included in both Systematic and random error

Tape standard Conditions

Foot System (100 ft

s ) steel
| temperature= 68 p R R
> Tape fully E Rl €Mmperature= 20 ¢

e

Metric system (30 m) steel
tape

T e
Tape under g tengjop of 10 Ibs ape fully supporteq

Tape under 4 tension of 50N
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o G’o(ia}i;’q:“baﬂ_)i’)y‘ é“*P‘ vl %
g=¥ bme= v.sg oLl

- Slope angle (0)
Corrections o

'If measurements were
taken on a slope, they @

E must be converted to@ ?
‘ _3\»)\

| their horizontal . i EZ)ZC'““‘ angle (pevds)

| equivalent distance. W )

* 90 -0

;' Using either the slop
' angle or the vertical
" distance.

f o {;e;:t&;cal
'+ Slope might be distance (V)
expressed as a
gradient or rate of

grade

- Gradient (rate

f o0/
. To convert you should of grade) (23%)

“have one of the following: — (V/H) *100 ‘
: S\ f‘ H) o H

i PR

Elevation of point A= A =228.32
Station of point B=7+ 32

9 =X, "

:;“A Required Elevation of point B. 9 0 2R

N

. Example 1. Given Station of point A=2 +23 */E >

Solution : \)//
H=732-225=507Tm | -

g= (V/H) *100 &T
2.5=(V/507)* 100 32 “‘)
V =-0.025 * 507

=-12.68 m
B elevation = 228.32 — 12.68

=215.64 m N
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. A=58+275
. oppoint
tatloﬂt‘i’of of point A= 375.85m

ation of PO ©
i‘l:vlation of point B = 123.67m

- WIH 00

o - (252.18/17770) * 100

Gradient of line AB =1.42% 5+275 H B (12
e 2

Find the error in my solution.
—\¥2/

Tape Length Corrections
a2 Through extensive use of ‘ta'pes, they%:giiﬁnked stretch

repaired. The length can b
X ecom 2
length. In this case, correction l'el:asso‘g)lel:zmg ((1) e
made.

(DCorrectio =
ction per tape length = Actual lengthv S b
\ . —- dSeen Le

otpso<Find the ny us
mber of times the tape was
ed =

D .
Ny (Distance/seen length of tape)
(Correctio S Tot '
n per t al correction =
ape length num;(;trl?)? t—.
lmes the tape wa!

CamScanner = Wgo d>
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Tape Length Corrections

. a4
- Example 1. Given Measured distance = 171278 m. o a
Used tape 30 m (seen)~
: Actual length = 29,996 m (actualy-
% & Required Corrected length.
E
' Solution : Correction per tape length = Actual length — Seen Length
=29.996 - 30.000 = - 0004 m - ?
Number of times the tape was used = 171,278 / 30 = 5709 ~.t
- Total correction =- 0.004 * 5,709 = - 0,023 m gl
- Corrected measured distance = 171.278 - 0,023 = 171.255 m

Tape Length Corrections

5 \ k_{u\ \S\ ),7,
Example 2. Given Distance to lay out = 210.08 m
Used tape 30 m (seen)

Actual length = 30.006 m (actual)
Required Correct length to be laid out.

Solution : Correction per tape length = Actual length — Seen Length
| =30.006 - 30.000 =+ 0.006 m

Number of times the tape will be used = 210,080 / 30 = 7.003

Total correction = + 0,006 * 7.003 =+ 0.042 m

Corrected distance to be laid out = 210,080 - 0.042 =210.038 m
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ik Ci= temperatu're correction
t 3
a = thermal coefficient
oI = Temp. of tape
Ts=> Standard temp

L = Total Distance measured

| _ o
Temperature Corrections
Example 1. Given Distance to lay out =210.08 m [/
Used tape 30 m (seciy
Taggtem_\__wture will be 27°C

; rocs Y oad 2ONTas 5 b
Required  Correct length to be laid ont.

Solution : Temperature Correction = Ci=a*(T-Ty*L

=,
Corrected distance to b 0000116 *(27 - 20) * 210.08 =+0.017 m

e laid out = 210.080 - 0.017 — 210.063_“’_/

= Fornorma] o,
= Foraccurate o,

k=> Air temp will be sufficient.
of (1/10,000)accuracy = use Steel temp
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If a tension other than the Standard tension is used, then a

. tension correction should be used.
, So 2\*.\05 Wg [ =2=

cp=‘@—@*§3/é@ kAD 2 218 2 drane
@) (R

Q.: a

= % § Fan2’/

,} p - apphed tension Nz oion
P, = standard tension (4.5 - 5.0 kg (50N))

“‘ L = length of tape under consideration B - 26% .44 7 l°b
A =tape cross-sectional area

| E = average modulus of elasticity of steel tapes (21ES 21E5 kg/ sq cm)

. 2 Hint: 1 kg = 9.807 N 2\ N3 X 4. F
e ——

If the tape is not fully supported while measurement, then a sag
correction should be used.

Sag Corrections

If the tape is\got fully su
correction shou

orted While measurement, then a sag

g@wd%“ﬂé{- Ou“"l |
= (-@?L3)/ (24 P2)= (-W2L)/ (24 p?)

where,

w = weight of tape per unit, length
W = weight of tape

CamScanner = Ligs d>gwaall
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‘ Tension Corrections
j e=182.716 m
le 1. Given Measured d;s(;alillc
Example 1. e e .
| '}:;e cl-(l))ss sectional area = 0.02 Sq. e
il S;'lndard tension force = 5,0 N N
W@’y\b Uﬁed tension force =100 N

Required Corrected measured distance,

S ion Correction =Cp .
Solution :. Tension — (100 — 50) ¥ 30/ (0.02 * 21E5 * 9.807)

e ——

E¥00036) 4 Aot

Total correction = (182.716/30) * 0.0036 =+ 0.022 m
Corrected measured distance = 182.716 + 0.022 = 182.738 m
—ee S

Sag Corrections

Example 2, Given Measured distance =

42.071 m
Used tape 100 m ~
Mass of the used part of the tape = 1.63kg
Applied tension force = 100N J'—)
sig 3 ~  Tapeis not fully Supported
\\/—'/_—\\’N

Required Corrected measured distance.

Solutigy - Sag Correctiop < Cg

- (1.63 * 9.g¢

T * 42,07 724 + 1002
-0.045 (24 *100

n

' ul‘ i l

|
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A

oo\ ,,p’*’

Angles measur
vertical, depen

ed in surveyin
ding on the plane1l

gare classified as either horizong, Lo
:n which they are observed,

-—

L O a U 5 Lingg « o@5Yl vt
ol S \l!\x_-mnr’ :thencl;aSic observations needed for determining

'Horizontal angles a
pearings and azimuths.

" Vertical angles are used in trigonometric

reducing slgpe distances qhor"zonta!
orwjivé'\l"mqm@\&uj’&

M
&Angles are most often directly

have been used.

instruments, although in the @transig,j%godOIitES, and compagsg
a ri -é)l[:' |

leveling, stadia, and for

Sholes L1
observed in the field with total Sfat\gio
——<231dlign

ol

2p

Three basic requirements to determine an angle

dare.

aopals

(1) reference or starting line

2\ . .
) #°(2) direction of turning, and

(3) angular distapce (value of the angle)
e).

teference or starting line

|

Direction of
turning ()

Anguiar distance
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2049 Ay Vs )

847 {C‘»'Mlsl'k
I rorenced s 10> edal il eyigyagg )
Lrtical Angles are referenceq ¢ : ;: _jZJL?’*lC*“ﬂ‘il*
‘The horizon BY PIUS (up) ormiy 45, S
.The zenith: directly above the ¢ “elal, By el ] #
rhe nadir: directly below the ol Mok 38350
?"x 2 avpl ol fled) Jolly o) %

3 '\P&ﬁ
Theodolits . ]
T P v
Fonzonra Lane
“ &
- 3 ,

P

= —
~Theodolites/ Transits

; , both words
Older versions were called Transntfl. _Ngg\r’gg%; oDy,
Transits and Theodolites) are usedn

i ortir).
° Measure horizontal angles (deviation from the

from horizon,

Usage:

Nadir, or
jation )
% Measure vertical angles (deviatl

1
=
Dt
&
e/

\‘ﬁ“;\&\’ a5t gha, =l
| Establish straight lines-

oot b ot

i dia.
i s by using sta
o Establish horizontal and Vertical distances by

d V in machine.
as le eli 4

i en use

jon wh

;‘; Bl Establish difference in elevat
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Theodolites:

Theodolites (sometimes called
transits) are used in measuring
horizontal and vertical angles

and for establishing linear and_ "\l
QoasBD op-

curved alignments in the field. 5 bl
Q—' i ”

g o\ébﬁ\?’“f{.' )
- ng % -~ ‘Targets: are plates having their center marked

-1

Types ofTheodo“(e;”

==

e ePeS o Thodolites

=2

'n le
ms of
lllod
L‘l;

- Enginee.. P

- o9 i
—lr L‘SA
—>  Horj;
zenith 0Pt seqy,
g 0°
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7™ L0 Check if the

[} S‘m e ]tes
A 1 eodoHte> the i
| thed s high ~ O-dOIlte'ls measuring j,
cisio Nadlr YA 8
' "P{e tal readoufs (no HOriz,o e?mth, or from
/yp‘gl ]3(100) n:
terp?
o-set buttons Put te] :
BY ontal angles can be ‘elescope in a horizo
_yHoriZ .d left or right Position and tilt it slight]
mmaﬁc repeat - angle and check reading:
" Au“?n:aoing - If rt.aading close to zerc
g e. D;'I = Total Reading from horizon
»AddED- * 1f<90 b Zenith
Station + 1f> 90 b Nadir

s . . e 55{»%"\36@47
 Measuring_Horizontal Angles

Turning the angle at least twice (plunging\transiting tl
telescope) will eliminate mistakes, most instrument
errors, and increase precision.

,_%mggiofoimi
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| — al Theodolites: \
. pirectional Theodolites:

jrectiond: ~ , |
(Di ecti(?nlal Theodolites can't be zeroed)
ir

. c _
0 1. Theodolite atA F-,L __DL—JQ (OCIEL/”@

rtical circle g, ;

ile instr t Face-Left (FL), vert on the
02 Whlle,mstr:;negt :t telescope at "L pqthand recorq realé,-“
Slce ofsurvey_FfJ_‘(a] corresponding to point L. - adjy

]
" in the column

, "R" point and record readjp, :
kwise and target at R"poin : Ing jp
0 fé,lﬁ?n ‘;11%(1:‘ (b) corresponding to point R. The difference in thehe
readings in the “FL” Column will be nearly equal to the Value of

the angle.

0 4. Plunge (transit) the telescope, now the instrument is Face
- Right (FR), vertical circle on the right side of surveyor,

0 5. While still targeting on "R", record reading in the column R

corresponding to point R (c). The difference betweerr L and
FR readings for the same point should be around/180°.
4 /\

- Directiong] Theodolites:
(Directiongq] Theodolijtes can’t be zeroed)

. . € and tal‘ e — n (
reading in the colump FRgC(fr(i:, Point "L" and record |
Spondj

ng to point L.

" coly

seconds for each pOimn, take the

d
i Mean of the minutes 2
either from tpo Ntang tak € minute>
FL e th 1
the positions, py. OrOF R Columy, s degrees for that P"le f
degrees valyeg »1In the Wholeut h;“’e to stick to 01
' able for taking the
29. The angle vy
G
between th e letlagey
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Position I Poxir: e M%
ST PT Osttion I %LA&"‘%
— L) (FR) Mean
T Angle
—L '
276° 14237 | ggo 14 S AL
L (a) 14 343, 2']60 M«,\'“‘,[; 3
A (d) 28 ¢k
307°51°33” | 127° 51749 — 6714 95" | 31°37 097
R ) 307° 51°
(C) 37”
ﬁ«’ OQ\\’ (A7° 5T 37
b : : 2
W B o2 N oy ey P ,‘t‘:ggc
;()\7\_]9\ 9\¢ Vv \ @
A 53535 ) W) W e py exfla
31, W\ (~54 )M\ Q2py ,JJ.L?—JLJ!‘_,_.@*

D

irectional Theodolites:

(Directional Theodolites@m@

“10. The angle LAR can be obtained

by calculating

?;ﬁ;’l‘ence in angels from position I (FL) and position II

ST.| PT. M POSITION I (FR.) .

L 2760 1422 96° 14347 L

: | 1270517417

R 3070 51?33” ‘ 1;;

Pr— i : — 31037, 0753 : ?
iy PP ey L ——— -

e 31°37°09”

Mean 6
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0 1. Theodolite at A

0 2. Zero instrument and target L

0 3. Go clockwise and target R
04, Record in (Di're_c.t)

R /*\7' 5 Repeating Theodolites
(Repeating theodolites can be zeroed)

o

A

L
i

~

o .
% S?Pluné\é*ﬁ e t\:fﬁl)'é disengage lower motion gear
0 6. Targetat L, record in (Direct)
07. Go clockwise and target R and record double

. ' N _
~ Gy L i) S 4 LW | D Mezn=]
RQJE.'J ks f‘}_ya.;b_'g L ST Direct Double A

] : ale
D=8 AQR ]
C’:_lér_y 'SLQC':Q;L L,,,QJ ' A 13°20°12” 26°40 28" 13°20°1¥

A-T78 A
B-142 4
C-13 0
D-73 3y
E-103 41

e eeee—
SUNS = 340y (uy

Correct Summation of angles =
(n-2) * 180 =3 * 180 = 540° 00’

Angular error of closure =

ST |  Direct Double ord
Aﬂgz:
A 78:) 497237) 1570 39 0839 TSe _h)u
. It
B | 142°49'53" [ 285°3g 28" P
. 139°0
c | 139°0017° | 278°01 567 .
58
D | 75°3912" | 151°17 s> | 75038
. gl
E | 103°41'10" | 207222 28~ 1014-. \\
) 53909 |
Y : . p Summation .

540° 00’ 00" - 539° 59’ 58" = 02" P RY
Z : -
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AN /\5:

vertlca] angles are angles e
nce being a horizontal o

hgV

€rticy] Angle

lth Zero or

l{‘}:’ nigh point; a (+') vertical angle o

Van angle of elevatig
the low point, a (-ve " and from the
40 nzontal to P (- ) verl lb angle or an angle of depression. 4v=
lon _s)

vertical angles are referred to the verti ' instruments
d called zenithal angles (or zenithg] distances), If the angle lies
;etwee“ 0° and 90° it is an angle of elevation (+*), otherwise it js an
ngle of depression ( *¢) (between 90° and 180°).
2lphs3l 080 1S S
Verncal angles are subject to ifidex error which results from:
a. Displacement of the vertical circle

b Lack of adjustment of the vertical circle reading device.

icalline in moge

The index error is eliminated by sighting in two positions.

Measuring,Vertical.Angles

bd g S
ement Procedure :tion I (Face Left) with the
LSight while the theodolite is in position o
borizontal hajr bisecting the target.

level (match both ends in case of

& Center the bubble of the index heeded in theodolites with

plit bupple levels). This step i not J
Womatie yertjcal collimation. e

.. @70 22'43").
S Take the reading and record it (87

and repeat steps
Right) an
on II (F 1cC

272° 39’57 ")

:. Reverse the telescope to IfoS‘t(
’“3nd 3, Record the reading

; r
3 3 dd both readings and con;l:llue of e
N l‘ence (0°2'407) is tw1ce the

S R TN &

the results with 360°. The
: ndex error. .,
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B

oy Measurl

(ocss) 22702

Wﬂgles
)

G e psz 25

cedurt eir sum a
M%gs such haf’—t:lsl60° 00'00”) Sy
6. Correi: (87° 21’ 23” + 272° 38°377°= .
360° exactly - A ,
/ | ition I from 90° t
b/ Subtract the corrected angle of P‘:,SI_I 20 38° 37 0 get th,
7.0 90° 00’ 0” - 87° 21237 =7 %,ulaﬁ.«)j‘w
vertical angle ( T AQ o 9
, Pg ] &
3 POSITION <M INDEX VERTICy
[ %0- PT. | POSITIONI I Sl ERROR ANGLE
\,:;s\'\A | 302 40" | 2" p‘g,;
: ; A <3/;®— «'f‘»S/ <
b | 870227437 272°39 57 PUYEE ot IO .
o |o87021723" | 272038°37" | 360°00° el
/JDO"?D\)/ i 00" %‘—&#J‘R’o
o= :'j

o

Wna L5 lmys4 )5

o Sy o

eI Bheily

F 1eld Applications
i) Laying out extenile an)gles:

“
Ce,_r ~o
~C = SN -

ot
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W
F LQJb = | , .

ield Ap
P SRy T

5! G
CCd wméfj’)l. . %
S tThcodolitc at B. | an’
, iaht on A and zero Theo ”'
plungc (transit) telescope
¢ 1°20 '10")-
. Locate point C’.
Mttt i

g"]lgazhigﬂgle reading and sight
clease the angle rea again on A.
reqmred angle again. Thdmg’ plunge the telesco
e reading will be doubl Ptehand turn it the
= e 3ng]e value

(240'20").
. Locate point C”.
b L
ocate point C which is mldway between C
>and C”.

_Field Applications

I‘IOIO i
)\M')‘\CAD)OJO

\lvanL
in
eAB = reqmred to prolong

the line

o

PV S

A

_— e

o
lm%dure.
ht on A

&
“Th
Pl gee:)dohte at B and Sig '
Ro elescope and Jocate P"'" C'.
on A

e
k E}' gettzllesc"pe and sight 289"/ .
escope and locate oint C” &
P between € and €™ IJ
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1qgs

t vou can see both points f;, it

U p'mceduré:t point isCe? betweenl the two poims tha
L- Select & B C’ between A & B-
: 7- Roughly align C’ betweell ;3
Q 3 Sight atA. N g,
+- Plunge telescope and locar_e;,.p:vmt.
Qil < \feasure BB" & calcnlate CC.
6- Shifi Theodolite to CT’- _ ‘
< 7- ﬁepear‘ steps 3—6 ontil A, B & Care aligned.
q) WL =, Cr S
= -""Jf\ cn *B"
m ,) s ea=" e »\ | \:’

\

. Field Applications

Vi,
¢ Intersection of ———
two straight Jines U+00

¢ Thisisa COmmgp
situatiop when
the surveyqr g
reql.xired to locate
the intersectjgy,
po"ft when laying
outintersect;,
streets witp the
main Street,

Xy

X

*2

x _..
+ ’ Crossing Street

b X o

e
-
B
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, ield AppliCatiOns ™~

prolonging 2 Jine past an obstacle
ro

Right angle offset

gc =G’ CI a’LmM»_*:"l ' - —
| e FW\

— —

Fiell.dAA licats
y/ ﬁw‘fz’: S, Pplications

Random-line method

D4
— 8 ' \
DR ?_:..}‘ ’ =
: s Y
i RN
\, -:} N 3 B
»

3 S

.
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of the
Surface; cypyeq Surface para]je] to the mean surr{?icaet every
(i.e, Paralle] t, Surface of large body Of water) a Hon in
is Perpendicyjay to the Jocg] Plumb Jine (the direc
| which Bravity Acts), Levye g ces

. shape,

are APProximately spheroid
e F '-)"

evel | aline jy, aleye] Surface (curved line)
0 Horizontal line;

a line

f[’ﬂ%to the vertjcy line

. |
‘ 3 guo 4.'>9"“"““’J
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S e

I Poach >
PSRN U s s,

Gl‘(fnnd S urface

Elevation

.

i . calculations,

Leveling Crew ‘ )

The instrument-man: levels the instrument, takes the readings and
calls them loud,

Two rod-men: choose the turning points, so that the distances to and
from the instrument are equal and hold the rods vertically on the
chosen points using rod levels.

The recorder: takes care of the field book, hears the instrument man,
and calls the readings loud to confirm that what he has heard is

correct. He records the readings and makes the necessary o

4
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Aa oAt g O

details)

Basic level ma chine
Has four leveling scr

* ews

2.  Tilting level

" Advanced leveling technique
and usually more accurate
Has tilting screws

3. Automatic level (Press ont Link to see

AULOHIatIL 23122

details)

>\’ Very popular, quick and easy to
" setup and easy to use and can be
obtained for use at any required
accuracy.
e Equipped with gravity referenced
pfism or mirror

Types of Level Instruments

4. Premse level

e Very precise tilting or automatic
levels usually used to establish
vertical control

Al Digi eve
l\ _/Electronic level)
¢ Automatic level

* LUses coded bars (Press on I;
details) 1 Link to see

Electronic image Processing
Automatic recording of data

Data can be ¢
ransferre
computer d to

s .“\T_\‘
* |Determine height and distance

6. Automatic Self-

Leveling Rotary Lasers

Transmits lage
circulay horilo

-
rbeams to specify a
ntal circle %

Types of Level Instruments

!
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Leveling Accessories

=) i -%1 T e s [
oLevel ROd = = NS 352 | 21'- |
(staff) ?D/ ‘Fl = (e |l L e =
i — 5| EESIE]
0oRod level —a = g_{ ZZ .:}: i;l % e |

| g : 21 oy Sl
~ 0Rod foot .]E E s 21|l 1§ 1!

ﬁ ’1 it a8 EhN 'é,l.ﬁ.h:N,:m-ﬂ:ﬂ: a

' . Types of Leveling Errors: ‘) @

j
1 Curvature error, due to earth curvature.

B R+ C)? = R? + KA?

| RZe2RC+C2=RESAY [ '*

~C (2R + C) =(KAY ' C:(ﬂ N\

oo A KA {0 menmue
2R+C 2R | 7 Rec

taking R\'\%370 knzw 5o

o’Pf/ 2
kzﬂ;ﬂ 0078542 (m) Reg M{W
X
KA:substitutel in  formulae in@ ~ys i

; ce 00 ¥45 kA
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s

‘ ror
0 One seventh of curvature er .
0 Inthe opposite direction of curva

- ature error
Taking refractor error = 1/7 qf curvatur e
and C = 0.0785 KA?

ThenC+5<= 6/7C | o
Shots < 300 (91m): C is negligible . - )}v by
C =.000206' at 100" (30.5 m) ,
C =.00185' at 200" (1 m)

C = 020" at 1000’ (305
r=1¢

‘ ) 1
/?IO\P':M . C = Curvagyre Error
e

]
9
7 I' = Refractor Error g
bS] R = Mean Radujs of
Q
C4p :Ac % _ AB=R > Earth= 6370 o,
-] AE=¢

u’f’c{: BE - Cap

I‘Elllax'Error:
2 Occur

S iftelescope fOCUS and/or €yepj
Yy Plece lell
2 Wil lead to cr, i i
: ’ 0ss hair Not sho n

§ Correctyy, On the py e/is

result gzg:ior i
4. Rod not helq vertlcally Straigh¢ e
Fosle #r e r?’ﬂ)\n\g? A X P /\“\ “““
s e g
not eqﬁallsyacllli(sit(;?:;rf(;‘f)lgl)?ﬂéni%ggﬁﬁ?ght? On turp;

6. Poor turning Point Selecteq, ] g
7. Settlement of ;the tripod whep Set ovep SOft gr.,
8. Bubb]e not in middle of tube a¢ i N

512. Refraction errot.

l

£ - Lo l
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¢ Parallax is the change in the
apparent position of an object ~
when the position of the ¥

observer changes. iy W "
57 ,\(5/

0 If you have placed a pencil on a 2,»?/\/@?&

* meter rule and you are reading its

length then you can place you eye
. everywhere you want.

rd g
o Clearly at these three position we 4
can have the following reading L
:;,:'-"Z:';* e R e e

0 ReadingatA =6.2 cm R
" 0 Reading atB =5.8 cm

. 0 ReadingatC=5.5cm

&

© What do you think would be the \ngw\ %{’(J |

correct reading?

' 0 The correct reading is would be o
obtained when the eye is placed at
B.

The diaphragm (cross-hairs)

To provide visible horizontal and vertical reference lines in the
telescope.

With adjustment screws the diaphragm can be moved in the
telescope to adjust the line of collimation.

>

Line of collimation
N s

|
\L& ol
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ni{ﬁ!ﬂé

@@%P 5

_ &} O Foresight (FS):

Leveling Operation/ Definitiong

¢ Benchmark (BM): A relatively permanent obJec.t, Natury)
or artificial, having a marked point whose elevation abovye
or below a reference datum is known or assumed.
A 3‘7 | |
O\ A f Temporary Benchmark (TBM): is a semi-permanent
V> point of known elevation.

¢ Turning point (TP):

is a point temporarily used to
transfer an elevation,

ordrlaid oy
§‘ g o _shoo Backs_ight (BS): is a rod readi

)
nt (HI): is the elevat;

- sight through the Je on o

vel (i.e. elev, Of BM + gg If{;he line of
isarod reading taken ¢ )

emporary benchmary to
S, HI -FS = elev, of TP

benchmark, ort det rni.ng Point,
elevation; that i )

Mine j
(or BV or ne its

¢ Intermediate sight (IS): is 3 rod reaq

: ; ing tq
pPoint where the elevation is requireq; X

|
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(y1)ees =g S i v
%m uu_()hddb'(;- ) \bﬁ 4 K!—J , QJ\ },’A e

E/' é'\o_,h’l)\ﬁ)i&:\)\ r\_;\@ q(&%M)

i 8.8 (@) 5.0 veling

51 Ao f‘oﬂrwﬁa‘ﬁ A 4[4 conventional method

: (p'g) s fll s in height between
3)‘\;—4«@\@)}@ \e,aéLc_;_)l \)Taé, f

o S AT TR T YT B,

> mm
Y 2;
]»g's

g 4<%

HI = 2054.51

Procedure & Numerical Example

o From the following figure, you are required to get the
difference in elevation between points A & B, and to
get elevation of point B if point A is considered a BM
and has an elevation of 323.24m.

Level Rod
Level Rod Leveling Machine / r‘g

\ Horizontal Line of Sight
-[ alanas

L L L - e - - - -

Difference |
in
Flevation

Rod Reading (R.R.) @ B =125 El e= | W= F-S

[’\ B-M Rod Readlng (R.R.) @ A =345

Difference In Elevation = 2,20
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| A

| S Fg S5 o %

: F.Li=L Eim2bs =2B.s %
3. Change in elevation- summation of 1 Bs- k5. E)g.ﬁzze

the foresight then subtract

Point BS HI Fe
BM, |/ 1264 | 112.64 |
TP, 4\ 1088 | 12041 3, L
™, } 972 127.57 2.56 11785 |
BM, 3.10 124.47

+33.24 U@.W ﬁ
ad J

Change in elevation = 33.24 -8.77 =24 .47 .

4 The initial backsight (BS)is taken to a point of
known elevation Ry X VS w3

' 5. The backsight reading is added to the elevation of
. the known point fo compute the height of the
instrument (HI) nHee

6. The level may be mwﬂy point called a
B,

turning point (TP)
Ny
7. The elevation of a point is the height of the
instrument (HI) minus the foresight (FS)

_—
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prive= arerequireq
S Wing e Yo" o

een pomtsA&D
om the foll levﬂt“’ e onsidered ndth
Fffference in €7 ¢ p if poir ptAlsc aBMaOE“
oation P20 7, Points A& fﬁfzr ?pa !
ion 0 i ere e
anelevatloﬂ lnlll oints ar (()lfthe Na ddlh0
therefor® ired to , find elevations intery, dle
0 10
you are’
poilltS

2662 |
i i 0§
IT 2 I ! l ’

(2.6 4 3728 . HI= 2505 . T Al
MF’ C— A o il 345 A lzog }‘é‘. ;“;(: /HI 2462 ‘
Blv:itkh v N "05') | St 2 B el (5T CFEY nj& By
E \“&fm\e&'ex T ¥ ! TS St¢ |

. By © W | TRl s

_d
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s ¥4 1.

Differential Leveling

Computation of Elevations

Elevation 356.68 =

2, Moving the furnin

. Field note mist

. Mistakes with

Point BS HI FS Eleva’rion
BM; | 127 | 357.95 356.68
TP, | 233 | 35537 NE2Y! 353.04
TP, ) 617 L5 3495

- Differentia] LeVeling

Common Mistakes

Misreading the

od - reading 3.54
instead of 3.45

g point - yse ¢
well-defineq TP

akes - work within

Your group to check You records

extended rod -
make sure the leveling rod is fully
extended

RIS 55 & SR A SN - . Vo ‘
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BS IS FS HI Elevation Remarks
- m ) | m) | m) | (m)
2.03 26.62 23.67 PointA (BM) [z
3.01 23.61 %
1.77 24.85 '
1.66 323 25.05 23.39 Point B
245 22.60
2.96 22.09
1.67 2338 N
- 1.88 23.17
, 1.89 2.32 2462 ° 22.73 Point C
2.49 22.13
2.68 . 21.04
1.71 R 2291
3.19 21.43 - PoimtD
6.30 8.74 Sum
224 =224 Difference

Example: 2 % ‘ 2 s
/—’L e 1 aJ,_,,;;_gJéuJ,Ca_o?[i'-'—@ WS HB&.

< Prepare a set of level notes for the| ‘ ; X 64—') e K *‘3
the elevations of points TP, and TP, ; (‘ ’ e

|

Elevation 356.68

OO
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' Common Mistakes

& PRI ’
5. Level rod noT vertical T e e M

6. Settling of levelmg FQd,-M

7. Leveling rod not fully extended op
incorrect length; A5 Qo Joh

8. Level instrument not leve]
9. Instrument out of adjustment

10 Environment - W|\ndand heat

Suggestions for Good Leveling

1. Anchor tripod legs flrmly"f‘FU}%-Pé_gs e
) iy

) L%
2. Check the bubble level before a?\)d af’rer' each reading

=3,
3. Take as In’r’rle ‘rlme as possuble be'rween BS and FS
4. Try to keep the dls‘rance to the BS and the FS equal

Ol

. Provide the rod persop with a level for the rod
hﬁ 5 ¢ ¥
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/ VEL 5 o o
pIFFE @;fﬂu\i,ké/q,ﬁ( ] TR
/m 1 ’,ﬁﬁ/-’a—c‘f""‘fjﬂ"’/ P ;_4 , kAL dai {uts A
Gta. }Q//LL’ // fﬁ{.i'/li»-%a———-!—b‘ vl blo| :
/// 05318 :10/52'@‘ ;ﬂ,?,__—;,‘i_.’ﬁif.!’.l_,}:“- It 42 P
=3 /:;/“"~ : I U} i | af sy A ~ {
B M. ’,1.;.// 004 51‘,,%2,—%;5::——%1” nr ‘
/9»715’4'51 (22 ” ;7 i rpAnt rbgtp |2 14 11 Aty
— 1 0.22 8.37 04614 261 ’~f"~’—"'1"7-’-’r*‘[’— NGARS
,jﬂ/.iu:f,—/f 2L 0B fERGN: o A 14id.|BrPbas EPRRy
201556 2B (;Q,Q.Q;‘el,-/ EEEESSuAl 1] A AR | M
/‘,__/4—4 ----- NoAs s A p AL - wy v | iy
— e L — ~por |02BE 205844 Aidtiip ‘JJFG pepp AP ANNTNEEIER R
manklai s 203041 (-ooR) —— il e 445 npgd 1M1 1T
— Lalnl A e A Y |
ra | oA —" 7z zgz@;?:zzzﬁ& LU AEN -
i 20285 —— (oce)] —— Ao} bpd tel 444t v ax
am Oak| 1195 | a7 Preitiay 201942 LE‘JLL!E!’.’J,YL: ] g AtEd ]
J—— /29999,/ (o2 1 — ﬁggg'jg"_gj_tj qrid 414 i
ra_| 1255 2.61 20287812 2876 ﬁﬂﬁ;jggﬁiigﬂzfc L F ] |
,,,_/;QL‘;. -0.026) ———— £u‘4&£1ii:qr~.m:«_r_v;cn y s
""""”/2'@;"—12 ""—-—"I———*—J—G'D’O L ,I;.@Er—.’.f—t,—;‘li Vi | g 44
;ﬂi‘/—_,_,_,/ p.21_|208228 2052.18 | ]| EEEI
44——— anzal X= 40,21 —"[“"’ T L
. /;% z |- I I B bbbt Lz iy
/ 203,18 - BRERREE e o =t @0z |
Vo4 ————“_,f’,i——-' < I oo mA _
V4 —d-—__,_,_,,zéo_e;‘r,_—__’_/ — —'———i‘gﬁii’iihhshle‘”_ o bb oA LI 4 ‘x |l
——’——_—-—e_f.ﬁ:ﬁ. e | L =KX 370N
e I B - 4 |
I _a21 L BEBRREES 2.05 F ||
S ro53.21| Check —T  AARrmECs = shks i l i
e 2 I E— ;~ A b2 et R 1 ‘
SEEA i il i
. LﬂLfL
3 { ’TMULD:*V

In norm
al practi
ce
, to check accuracy of me
asureme
nts, the

leveling is
checked b
elevation (mi y closing |
et be - BM g it to either a poi
point of known

back leveling,

c 0\..._(.

) or '
to the point of beginning by
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Leveling error/ misclosure

The Federal Geodetic Control Subcommittee (FGCS) recommends the
following formula to compute allowable isclosures:

Ao\o g O ;\{‘} [

ertord— -
W }Q'-M!J VT

Where: {M\ag{omf W—
C is the allowable loop or section misclosure, inlmillimetis‘;]

m: is a constant; and

K: the total length leveled, in Lot

For “loops” (w&%g%)_% d-en-the-sanre-benchmar,
total perimeter distan e,an ie FGCS/specifies constants of 4 T

_@g the five classes oflevgJing, designated, respectively, as ( )ﬁlgf-\‘ =
/orderclass 1, (2) first-order “class II, (3) second-ordeéclass I, (4)

| second-order cggass I, apd (5). thirld-(')rder. ) Jﬂug e e PO 7.

——

. Leveling error/ misclosure
5208 N5 513 —wile SN i)l ) izl

-—

) . )}
0 If the allowable misclosure is exceeded, one or more
additional runs must be made (survey operation has to be

repeated). »\).,\;y@&,'agwi\“ L) 35 0k

0 When acceptable misclosure is achieved, final elevations are
obtained by making an adju;bmelj!t.’ ¢ )

0 The error is distributed according to traveled distance \
between the traverse points. Therefore, correction to the
observed elevation of any point included in the survey is:

5\"‘“ s}lh" '—‘Pﬂ"\?g‘ I/
_ . Di m previcuspoint
Elevalmncorrectivan='Dmtan ca 1y X KError

‘. Totaltraveﬂedﬂrtm{c‘-g o5 28
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Example:
A differential leveling loo

apoint3.2 km a@% ;
What order leveling does this represent? o m ‘0

¢ i
11'
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|
[

\
» distances are not known t} .
| Ifthe ten the cory TP ¢
" umber of instrument positions ection can be dlstubzgl\,accordmg to the
PN B
Example \, J fd’" ”13
Aoj%b\)-\n‘-éy cona ToF —'1~~-e[ Ay B
i d e ps”
xpomt , measuled x numbel ofset T o S
; ,ele\atlon L }up to the Polnt ’ Ol),e_c_ui’L,-_ c;)netcted !
e xlOO 000 LY S __| elevation
£ 102458 35 Z’fﬂf’/ )= 0.000 [100.000
xB il i.w_.n.e:z,i_w._....,._w |-0.02*(1/5)=0.00 004 |102.454
c I103539 12 KL )
= “];;;”5“5“ T 02 (Z/j):_-o 008 !103 531
‘D 101389 *'-;Zm-__ b . 02"‘(3'/5)= -0.012° g 1()2 541 |
E" "'1’6'6'0’2"““\//“ I 0.02*(4/5)=0.016 | 101373
14 1 R CI S .02(5/5)=0.020 | 100600 |
e 10067 _ o= 0 A\_‘. BT ,-?‘_ C
— \I‘
E = D

Example:
For the following closed leveling Complete fL hle

]
~ _

B.M #
16
|
/
L R
164
19' : (82 /
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| /’, kdwi«m? Caron Y sl
| 2. Profile Leveling:

. . —uw y LAT A
) profile leveling C9nSlsts: simply of differential leveling with the addition of
intermedlate minus sights (uforesig'lé}é) taken at required points along
foiis Tu T a ] ng
the referencelm'e . leeke. AT ol (e mwloke
) Whether the stationing is in feet or meters,
taken at all full stations.

- \
» If stationing is in feet and the survey area s irﬁ*{f?g%d terrain or in an urban

area, the specifications may require that readings also be taken at half- or
even quarter-stations.

intermediate sights are usually

» If stationing is in meters, depending on conditions, intermediate sights may
be taken at 40-, 30-, 20-, or 10-m increments.

o In any case, sights are also taken at high and low points along the alignment,

as well as.at chafnges in slope. TS w250 21001\ b 5
o Intermediate sights should always be taken on’ “critical” points such as

railroad tracks, highway ce ines, gutters, and drainage ditches.
Pesr P 2op A5

e

M

2. Profile Leveling:

As in differential leveling, the page check should be made for each left-hand
sheet. However in profile leveling, intermediate minus sights 3 play no part in
this computation, Fof’%

The Page check is made by adding the algebraic sum of the.columr.l of plus
“Ights and the column of minus sights to the beginning elevatlf)ll. 'lh.lS should
®qual the Jast elevation tabulated on the page for either a turning point or the

e"di“g benchmark if that is the case
co HC‘tL'on

In the adjustment process, E_E are adjusted, because they will affect computed

Profile elevations, The adjustment is made progressively in proportion to the

0ta] nUmbe ‘ i Cuit- ”
el e L o o i 2

elevations are computed by subtracting
ir corresponding adjusted HIs. -

ﬁftter adjusting the Hls, profile
*Mediate minus sights from the

=i

i - M

[ 3 P PO AT P e et ¥ "
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Stavion| Siahy | @1

QPROFILE

 BM ROA

D to BM sTORE

EFE62 W iTERCSRRENN S EZ53EEEI
Bl Foad| 10.15 | 37065 Rk Gs.i‘ HEEs SEINg SRR TE
GGG FUsneRAnE" 00
G420 3 T :f_'c%k"]‘ FHEARSNERD]
146G 36413 ,364.12 TTT TV AR EA L T ] l\
id 2 4 ' 3 a {.\. p '-L- ’! , b
2400 431 36633 16632 m' 1disdn
2: 60 37 | 36693 36692 Ry .
2400 Z1_| 36353 36382 FoarERRRTpE:
3+90 17 35893 35892 Al
: 359.42
| _A+O0 2\ 4 .2 ::19:: 361.12 | [%[
‘l Li?__ .@%‘é 9.5 3+ Mt
TPt A 266.5G| 1147 559,18 35915 SElNN
Py o K0 : : 35808
“"2_ . 8.4 | 3581 -
5,54 108 |: 3554 35540 NEpen s ¥
5:74 log6 . 58 AR ] ;
| 5194 11.06 | 354 7 |
" _.__._,9*50 105 | 59 seo L !
| 7:00 -‘-?’*B'og 3.77) 1 se0s LT |
1 T et 154 36122 |
—TP2 | 2 1 2.568 63. 8 5 28 ,'543. 44~ ;‘
| 200 12| 2626 357 S ‘,
| —2:00 39 | 2500 ms; T 9 3 |
| 2:25.2 a4 | %604 26037 1he b _;u; o i |
| 2:+25.3 4G 530.2 15917 Ho . dnf P45 Edrp. ..‘. T, |
e . 22 | s6i6. wist glipatl ) 2 !
EM Srard 076 363.04 36331 E 5 : Pdrpdric): < ] &
Y| 20.05 ; : Store fo mm wall. 37 brivss dia
\ : B svere gigv: = 567 ¢
e

Y. A
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3. GRID, CROSS-SECTION, OR BORROW-
PIT LEVELING

Grid leveling is a method for locating contours,
‘\_________\

/

}ﬁévaﬂu

It is accomplished by staking an area in Squares of 10, 20, 50, 100, or

more feet (5, 10, 20, or 40 m) and determining the corner elevations by
differential leveling.

T};e grid size chosen depends

on the project extent,_g%
and accuracy required. \

Tl )
| - 292 S50 s j
In plotting contours by the grid method, a widely spaced grid can be

N\, 1
used for gently sloping areas, but it muyst be made_denfg[ forareas 11—
where the relief is rolling or ru : . padol jou

; 5, —92
o@yfuj;g»\x?v- op (S hr\2? g s _—zl* 5
}éonto/urs are interpolated lﬁt)%vy‘;en the corner elevations (alongthe™ 1\ -°
sides of the blocks) by estimation or by calculated proportignal
distances. | VAV p o>

FY.3 ~» LQ:A.Q) 4
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b
borrow-pit leveling Earth -,
Volume Calculation

M—\

The level machine can be used to .
calculate volume of granular material
(rock, gravel, sand), and volume of cuts

and fills. o ___,___—————\

1- Establish one or two external reference
baselines ‘

2. Locate two external Bench Marks at
convenient locations

3. Cross sections are establis}led over
andbeyond thearea & ij!

4. Establish datumX, Y and Z coordinate
points and get original volume of

material,

5. Measure changes in Z coordinate and %Lé?)\

convert them to volume changes. 4@ % h

,, -

. [ 8
\ume ”P\ _I'%'\"SJ\f“f—“)\.‘)f—'y—jgé*
Vo :
"\‘-Vé e S .
i N
e M20ftE, C R, E ors g ]
e > ‘
b O 1
(aV]

.1;”. 1 € D, £,
i \
2 A 2 < ' O:. Pp \w\

B ool Loy

Ay 5
@ BM
3k o A 0, :
Clnle
i
4‘1 B'l ) oy ; [
Bo;rowpif leveling. ‘ i
: -

/
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r\-\h')&@% j// * c’.)LLeIJw 4/] Aas
,—~~i;)\?.\,ﬁﬂ2§l\"3 1 &’J‘LL(;;) ,‘%J J

PN (o Jgnemy -
Example: .
w4 , &) S
DH\ee A"g'g U wybJt

- ,/f e ? e /‘LIJ ,&i =) q,}')ﬂbﬁJ‘ nf%fru '\—W

BORROW-P lefruw \a,
a3 _AJ)\ /:)‘ 3n
o Tedn T = (-) Lo U/’ P _fb
IMEoasl 422 |=gazo| e \m gz ”
ren I - !}-}) '.‘_3 & \\ 4{ (“‘D_)_ﬂ - _,S!)
- A _ | ‘54 5 \ 1 )
() et 87 1.0 11}9\ = J_E:‘hk/&'} j h
30 | 59 o 0.8
E0 ] G2 | 385] 05 /
1
AL 1 | 47 Ta600] 20
£ 48 | 3535 10 43 ) ]!
G 52 | 2535] 15 44 IEnng
5.4 55 | 3532 12 EE ] T |
E1 5 = o (=19 T
£ & 3582l oo RE
2.2 42 2.5 A4
B
52 47 2.0 ER: i
c2 48 1.9 . [
2.2 5.0 1.7 4 e N
Az 28 2. 2.8 34 hnall —
5.2 20 | =071 27 hE
= 46 | 3a0, 213 4.3
D= 46 360 2.1 a7 v pnde CEL
Az 2 1562 | 33 14 | [BlE p| (' 3
i3 = ~
5.4 37 | sew | 30 | pYadle Ty b L [apraNd st /) BT ELE)
c4 42 | 3605] 25 e R R ]
BM Road 422 125048 ERANT VP
| (7)—‘;’{ S le 04 &% i ﬁ"‘ 1 ' 4
L
— :

. Plate 2.2 : s .

2~ ‘;BﬁCross-Section Leveling

Profile: is a side view or elevation of a certain area (surface of
road or top of pipeline) in which the longitudinal surfaces are
obtained. Profile’levels are taken along a path (center line of a_
road) that is of interest to the engineer.

rz%s’ sectlon, shows the end view of a section at a certain
S’tatlon and is at right angles to the center line. \

|
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|5 4p2° _ A wh
S abskgls Y \p P | tween A& B =3.222-1414 _ by

o__!;.j E;
A

B:LS&\"J L‘Jé*

Jwal el "2 & Fall Method

\_,B

e A Y‘C[ﬂﬂ"\/c 3
ol

emwarvenrne height of lananF »E;;j]_’ative tog

.

ding at B is greater than A, or of tﬁe‘ﬁirect_ion of
0;fu trl:,c; }I;Gizszl flpo%n B tOJAg’ then the difference in e}evatlon woulj
representa fall in the height of land at A relative to B,

BM? — 101y 11— | 1052569

— 0 [l
Sum | 823 [ 4‘68 035 105386
— et 433 EM
K0 \/
: Y. ne

0 If the actual level of one of the two points is known, the ey
the other may be found by either adding the rise or
subtracting the fa]l, ,

BM1 | 328 Ti&@ﬂ Elevation |  Remas_
\

) {n
\o;_3;~\ x _1~1050.17 | BM 1050411,
2 @%LWSMZ ~o ww

B

- T L e BTy e
T e AL DU
248 [t — | 105067 wse=T P

N‘?\\O\i 105036 fo tos0c7= 2%

Vi | o 1 [

CamScanner = Wgs d> guadll


https://v3.camscanner.com/user/download

Checking Computation ip
Rise & FaJy

pThe following conditions shoy|q be met: L

The number of B.S. = The number of pg.

Sum (B.S) — Sum (E.S) = Sum (Rises) - Sum (Falls)
= LastR.L - First R L,

Checking Computation in Rise & Fall Example

¢No. of B.S readings = 3
9No. of ES readings = 3
1% condition is 0.K

=4.02m
">um (B.S) - Sum (E.S) =8.23 - 4-21 0 31 = 4.02m
8um (Rises) - Sum (Falls) = 4.33 - 56 17 =4.02 m
“Last R L - First RL = 1054.19 - 1050.

o2md Condition is 0.K.”
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In this particular example, the

effect is to read too high on the
staff.

For a typical collimation error of
20", over a sight length of 50m
the effect is 5mm.

If the sight lengths for backsight
and foresight are equal, the

|
| linear effect is the same for both
l readings.

|

|

When the height difference is
- calculated, this effect cancels:

223V 280 .
Bh = (b+s%) - (f+s.q)
b-f

—
—

Thatis, the effect of the
collimation error is eliminated if
sight lengths are kept equal.

...............
WH S A

(= IR osd e, ... b
(3 > - - -
4= el gt ;,i
fmtion A L

2

B TON(11 ) PR — (1001 4|
First Setip

Horizoral line

Statien 3
80 m (200 ) f
LEGEND: Second Setup
€ = error
. fn
- ¢ N~ 13 Vé(”/”j 5majg(
S

°<‘f"-§———{> C=Sok

called Two-peg test.
1. Place the level

error),

is placed

DETERMINATION OF COLLIMATION ERROR

Collimation error is much more significant than the other errors. It should be
kept as small as possible so that one need not be too precise in ensuring that
fore- and back sights are of equal length (these are usually paced out). It is

| possible to determine the collimation error and reduce its size using the so-

between two rods which are 60 m apart.

2. Take Rod Readings for both rods. If line of sight is not horizontal, the
error in rod readings (Ae,) will be identical. :
3. Calculate difference in elévation between A &
difference since both stations have equal éej_.‘f—do‘qﬂ’,ﬂsf

4. Move level close to Station A. Get difference in elevation between A & B.

5. Calculate the difference in the readings (Ae,) from point 3 (true
difference in elevation) and point 4 (difference in elevation containing

6. Divide De, by the total distance (60m). Obtained value in (m/m) is
called collimation factor (C factor).

0 To elimi ffect of the collimation error, the leveling machine
Eidway ?etween the BS and FS.

this is the correct
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‘ ‘\i\”J\g B AN, rs_f%;;\l;
) Y ‘0
JV%”":\H 2 Lo V7,

Move the leve] to point D (Fj
Take the two readings a, a
clevation difference:

12)

S ~o W\L\amul)!ﬂ@_-,j\_é{fe

gure 4.15b) so that the distance AC = BD.
L Aand b, at B. Calculate the second

skl ey opl gba, 13-

AH, = a, - b,
o) @AonsTa Af et w4
Calculate the correct elevation di Box 2 A cley

‘—'i?cw,‘o]s:g\-?;é @mef-ébgﬂ\ ilup
8. Trigonometric leveling

LA 35 szl S o,

1. Target point is hlgher than the Theodolite

The Theodolite (angles measuring equipment) can also be used to calculate
differences in elevations. There are three cases for the target point position:

ko), Jj o 3s18
TRl Reading i RR

Q* ,DD~ ,\=S'suu
= oo/

— _;aa “;\":'\G?. . A\
TaF._ b“ﬂvrb b : ‘r:, |
= L
hig JAS
[ s
V=Ssina ‘

ETevation ot B (Rod position) = Elevww
n : ;: 2 LA E
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r than the Theodolite;

9. Target point is lowe

e

- aule

Ssina . |
::llevatlon of B (Rod position)= Elevation of A (Theodolite posig,

+hi-V-RR

BEca 0.001)
3. Targetpoint is at the same level of the Theodolite (a = 0.09

In this case the Theodolite is handled similar to the level becausé nowil

horizontal. /f'))

V= Ssm/

a=0

sl
Elevation of B (Rod position) = Elevation of A (Theodollte po
+hi-RR —

—

o -

R s ccman S ™~
Ce

O 22)° 38
@ 35°Y6%0°

g__\___/

y
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For Reminder:
== “ff’cff.[;si’ Herz= f'\“'l’ '3/-75'—) ) ({ G . f
v Determining the locations of points and orientations?o

lines frequently depends on the observation of angles &
=" directions.

¢ Angles measured in syry
horizontal or vertical,
they are obseryeq.

eying are classified as either
depending on the plane in whi

¢ Horizontal angleg
_ saret i
determining heayi ne basic

M.

| ¢ Vertical angleg W,
and forr dg A€ Useq i;};#*l‘i' < Lol
educing sjgp, distangonomEtriC leveling

g €€s to horizontal J
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==
. . GLES —
glinds of horizontal angles m gy Commg
i g nl obseryegq i Suryey:
2pls L'J{ <’< SUm of 411 ; i
1]l“teﬁ0r ot e an all interjo, angles j
[z)A“gles o ther 5 And Lhglygon must equal "
{S)Degecqpn angles. n- 0°
e
a
/</ 13
E(/ :;
| &
S
Y
Fén. ) g3

— e gF -

Closed p<o :;'gon .

(t=3}
e lw ©) la Dl

(a) C-lockwi:'ve Ol s | (b} Counterdlock-
interier angles . Bl wWise intferior angles
{cw), {O:ngles. to the left).

L

’Exterior angles, located outside a closed polygon, ‘54
explement interior angles. (explement: the quantity by
which an angle or an arc falls short of 360° or a circle).

"The advantage to be gained by observing them is their use
3Sanother check, since the sum of the interior and
“Xterior angles at any station must total 360°.

. che(2)

0 -
Angles to the right are measured clockwise from the rear

Wthe ,
orw. _ |
ard station R
0 .
l(\)al?st data collectors require that angles to the right be
Served in the field.

A ise from the rear
- s:;%:g;to the left, turned counferclockw
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e

\14_\._3} = Yo+ 50+90=1%6
¢ ot = 3204270430 .10 Zo
(2+2) «1F0= (342) #1000 = J0q
Angles to ‘the right can  be either interior or exterior angT;s\
of a closed polygon traverse.

Whether the angle is an interior or exterior angle depends
on the direction the instrument proceeds around the
traverse. .

If the direction around the traverse is counterclockwise,

then the angles to the right will be interior angles.
asld'—s e ,...9‘_,\?_-_’05' S

However, if the instrument proceeds clockwise around the
traverse, then exterior angles will be observed.
w0 s v 2

If this is the case, the sum of the exferlg angles for a

closed-polygon traverse will be (n+2)* 1807 Analysis of a
simple sketch should make these observations clear.

PJJ W«/—Céf)\mjm)_! AC)L@Q—’&J"—J
Deflection angles

Deflection angles are observed from an
extension of the back line to the forward |

station. They are used principally on the long D\rf________-..xs
linear alignments of route surveys. &,
’\ ’
+ Deflection angles may be observed to the right Ve
(clockwise) or to the 1¢ft (counterclockwise) &
depending on the direction of the route. {:’
):}
+ Clockwise angles are considered plus, and \
counterclockwise ones minus, as shown in the 2 A
figure.

| Doblcsanay) tn
-+ Deflection angles are always smaller than

180° and appending an R or L to the numerical
value identifies the direction of turning.

‘_
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vertical Angles are referenced to:

.The horizon by plus (up) or minus (down) angles.
.The zenith: directly above the observer.

-The nadir: directly below the observer.

enith -
?’nefrnou UJ ,'“ ZE
| A |5
| tl_ 4

| DIRECTION OF A LINE

' The direction of a line is defined by the horizontal angle
. between the line and an arbitrarily chosen reference line
called a meridian.

I op

Different meridians are used for specifving directions
including:

() geodetic (also often called true),
~ - (b) astronomic, oL

- (9 magngﬁ‘é, Lot

.~ (d) grid,

:"ff;_' (e) record, and
(f a’ssglg_‘t}eq_.i ‘
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R T ATH'S GRID sy,
\ 3 . S
_:,\ “, Onty the tity of p TEM
: 153184 at the u’?w Orleans, La, is

SRS west fine o 3 Of .

- ne ; ¥ Clthe 39

204 the 3ah noce O the E:ua'lg
th e tor

of the prime '»"eri':f-:.;-m" Im

o 13
iL::‘fs.."‘" latituds crogg
Sngtude a¢ nght .":;':zts of

< 2%
T Errwdnpass Srtamrc s e

True South

) %
Sl Pl a)

Grid

035 cenp @

Magnetic

Magnet:c
South

refers to directional
recorded documents from a p
particular parcel of land.

3 0An assumed meridian can be esta

assigning any arbitrary =
a certain street line t
] other

3

| directions of al
relation to it.

directio

lines are

l7dad ) e

oln boundary surveys, the term r
references

revious survey of a

ecord meéridian
g
quoted in the

blished by merely
n—for example,
o be north. The

then found in
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T °  AZIMU Q|6
a;L»C.JJwL @ l ®

0 Azimuths are horizontal 2
clockwise from any refere
surveying, azimuths are g

north. Range: 0 - 369° Lf \
2&&“ :
oA line’s forward direction can be given by its
— forward azimuth, and its reverse direction by its
1, “back azimuth. In plane surveying, forward
" azimuths are converted to back azimuths, and
vice versa, by adding or subtracting 180°.

N
A - R
C§ \ " mengince For example,
\.,_\"' )
' )/ ifthe azimuth of 0A is 70°
' \, \ €azimuth of AQ is 70°+
B e 180°=25¢°
: e o the azimuth of op is 330°
© azimuth of pQ js 330°-
\\ 180 — 1500.
4 S 2
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mh TR fsadcahil
erS 190 ~o 3 Cild1 o) 5 0 gt

g
‘ /N//- tmlﬂ%@ﬁ{c‘“"'—’_ﬁ)ﬂo[&w&%,t
t (et Comer? (s

70 & zimuith Al
A zimuth By

Bearing - B=S66" %
B = M E67 MW

Rearing B

he Azimuths of lines 14

ractice: Calculate t -
i /%d 3
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§ pied Yl b5 ¥

ATy
/
]

: sSHaLL . h Y < \ A ) );
M sty 3 2w iled BEARINGS
or\ - - - &
S Bearings are another system l(fqr designating directjg,
eari et
g
lines. - } e ; }

The bearing oﬁa line is defined as the acute h‘_mZOntal
angle between a reference meridian and the line.

The angle is observed from either the north or south
toward the east or west, to give a reading smaller than
90°. , b .- e |

The letter N or S preceding the angle,and E or W
following it shows the proper quadrant.

K

S()f

Bearing: Acute angle pe i .
line measy &l€ between N-S meridian and the

rclockwise
W N gy ——
(3) S # 4y " Wee N
N ke ) (2)
\ Q )
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- \(le b R -
i

Al
SOI:P ingg In quadrant
o are counterclockwise
from the '
/\_ . mendlan, S0 0B j
a 835°E. Similarly, the ®aring
0 B of O S55°y
S nd that of 1))} N30°W
in the c2rding) directjo Ons, " beanngs '
lineS atr:d as Du~ North,” “Dye East,” pye South; " Due W
lis
Jibe o
J p should have the sam
bearlng

h\Z“L . ," o I
X A
k v

!/V'
1. . A
Toreverse Bearin .ers
verse direction lett

AB _BA

N s
S5 N
E- w
Wo E

)Q(/‘ .7()/5‘} EBE

311(1 gles stay as is.

'l()
Qv 8/ e
AL ngJ/_ﬁf“ Agwgwhg

&L ysass F et

‘ ] 4)9‘“AA.”
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\Lappls = 260 gg\@;ﬂ\ s U
| 22l tonlparq) 3@
x zimuths to bearings for directions of

Borohnfe S a6 sier to work with, especially when
S0 3 plinsJol s ) S %0 computers.

azimuth angles provide correct
ures and latitudes

Azimuth calculations are best made with the aid of a sketch

¢ Traverse angles must be adjusted to the proper geometric tota]
before azimuths are computed.

¢in a closed-polygon traverse, the sum of interior angles
equals 180(n-2)

2 If the traverse angles fail to close, it should be adjusted prior
to computing azimuths

— ——
€ ) AGE

#. AZimuth Computation

1: Check interior angles sum = (n-2)180°
oo V! JERNG
:‘—hz; Aesd = fua'l.:l’—’i‘l

Yo®o’s”
=g +b

2: Counterclockwise (recommended)

a- reverse Azimuth
b- add next interior angle

C- gotostartang check %2; 1331“3 4 J_,AJ,L R

0 3: Clockwise

a- find the Azimuth of
t .
e T fhe e, he startmg line (going cloc
c- subtract interjor angle
d- go to start to check

kwise)

t ¢ Note: you may

need
cuhtraction. to add 36n0.._
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B 218 b)) 2 e el _ a)blaaw“ the Right [Figure 7:2(all

e 7]\ AO"D;’ G 21151’ = DE
WA e - P .
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. Find the Bear ing / AZimy;
rExample o lines of the traverss Uth

(N 9%

r
—_! |
~180- _ e S Il
: “;gzx., =g
B 820“,\1800
~ U388 ne LN
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S
ﬂngd‘cg

V0 82 e

127-99:30

Ly

{

<X =180° - 128° = 52° .
Bearing Angle = 180° — 98° - 52° = 30 J
CD=S30°W

/ 30/// H3o0Fs— Dc

Solution/ | ie

\

4- LineDE= 0
S E

\ go,, (g ‘{0-30) = 664/‘ D£

X : ., ’
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+DE E‘.‘.&E—‘J\QJ JL L._c.

WML &+ A
" S?"“A/.Q-AE

<X = 66° Why?
<Y =180 - 120° = 60° -
Bearing Angle = 180° — 60° -
EA=N54°E

66° = 54°
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%:,”' + — 45733

g,,ms‘ in N.E. quadrant
e N62°55" E

Magnetic Directio
D A WOy Qo
ieNorth Magnetic Pole is the point on the surface of Earth's Northern
enisphere at which the planet's magnetic field points vertically
“mwards (in other words, if a magnetic compass needle is allowed to
Yate about a horizontal axis, it will point straight down).

= L:é in the
E,eﬂt:-mh Magnetic Pole moves over MM

SCore, |
l ’HZ)J W ~2 2P Loop f’;;loi Since the
Elsouthern hemisphere counterpart is the Sout]htll\:l:gf:)
'S x trical,
Magh Magnetic field is not exactly sym .me drawn from one to

e .
gy U Poles are not antipodal: i€ 2 liné

Ot pass tric Ce . 1
) through the geogme -~ bkt o7
| edir : -ned to em
;vmagnet(‘?:“"“ of magnetic field 1in€ ar‘;
- outh pole and enter the mas
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OTrue North (geodetic north) 1s the direction
along the earth's surface towards the
geographic North Pole.

oTrue geodetic north differs from magnetic
north.

—_— ; : ') -
PRy = P |

—
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7~ _tic North and Magneti -

Mﬂg 1 N o gnetic Declination
,ss aligns itself to the local geomagnetic field, which vari

) ariesina

omp
mec ner over the Earth'
P exman s surface,

forﬂp

, heloca] angular difference between magnetic north and true north is

il # the magnetic declination.

dl m Y

. e dubls oas

Jstmap coordinate systems are based on true ncYI{tph, and magnetic
ften shown on map legends so that the direction of true

,dedinatioﬂ iso )
orth can be determined from north as indicated by a compass.

. -~ | . — .

&_-ﬁ‘&b qgt‘“} et G b lous 101D 4§ "

\Nany countries issue isogonic chiarts, usually every 5-10 years, on which

lines are drawn (isogonic lines) thatjoin points on the ear

hatare experiencing equal annual changes in magnetic de
2 ndﬁcjﬁ@ a/ L0 m.'_'/&/—t’ L"L’)l.&u& o (_&_'

iDie to uncertainties of determinlilg magnetic declination, magnetic

drections are not employed for aly put the lowest order of surveys.

th’s surface
clination.

r USA - 2010 epoch

' Magnetic Declination fo
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Open Traverses

o A series of measured straight lines and angles that do not
geometrically close.
0 No geometric verification of stations. So for field verifications:

o Distances measured twice
o Angles doubled

© When traverse stations can be tied to control monuments (BM’s)
or by using accurate GPS then verification is possible (it becomes
Closed Travers).

¢ In route survey, open traverse stations can be verified by tying
in the initial and terminal stations of a route survey to
coordinate grid monuments whose positions are known.

¢ In this case, the route survey becomes a closed traverse and is
subject to geometric verification and analysis

_-——-_
C2ody b ﬁ,;sungsm Aidnee 2 o ol5h S5
Open Traverses

}””EJM LW otz g ot
% (1) S R

prolonged back lines

“\

R

|

; J o
theqni Joivd

algh

L g5

/

N
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Field notes of the aboye draw
_\

/Z /,;r:ct/ Double Mean mE?
% ﬁ 180° 00’ 90° 0g? W
% ?;1’,7 50°26° 250 137 TE
2{ ’4’;;:0—”— 840 38’ W?
% ﬁ 61052’ W“R\ |
L 2250l Chainages T
] Direct Revlerse M( Corrected |
P Chainage
0+00
| 2643 264.5 2644 35644
| 482 248.0 2431 _—
| wsa 445.8 4456 94581
235.7 235.9 23538 114939

10!

7 + 60.20

A = Control Station

QO ‘= Traverse Station
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Closed Traverse

i averse
0 Begins and ends at the same points (Loop tr )

0 Begins and ends at points of known position

0 Balancing Angles:

0 This is the first step in Traverse calculation

0 Interior angle sum = (n - 2) 180

0 Distribute error equally (recommended), arbitrary or according
to weights.

0 Acceptable angular closure error is usually quite small (i.e., < 03

gt 8

s}

o

4

Traverse Computations

Traverse computations include the following:

e <@ SR s
{%alﬁcﬁé‘ﬁdwﬁlﬁélessﬁ{’——é( Comagfioh  wb J)
2.Compute latitudes and departures——ﬁb
3.Compute traverse error . \M?Jp
4.Balance latitudes and departures
5.Adjust original distances and directions
6.Compute coordinates of the traverse stations
7.Compute area enclosed by a closed traverse
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"Closed Traverse / Exam
Ad]UStlllg sum of angle

following traverse.

o the
a"'"

- [12) alg0

T R—

J

S according to weights

—_—

ple

e k2
bie=(5.2)4m= 50

arnrs 50.57 %4 - -

J\QL’Q'MD = T
~ BJJ{Q-/M . IJE;[{ZZJ”
L,
Q’ﬂdgn ) ke
— Point Angle Value \ \_‘!l;. e Jie
78°2 RS E AT
A 78° 49' (S
B = il (13249
. e +00° 00' 48"
C 139° 01" + 00° 00" 46"
D 75°37 +00° 00’ 25" 75037 "
E 103° 41 = 00° 00 35" 103° 41' 35"
Total 539°57' +00° 03' 540° 00' 00"
' et cdaz (3) & oo (2 Ads1sllsy 2 O
Qgsed Traverse/ Example .
aWas & "2’-._‘21’_ S Ly acde x

(%;,.o ) Table 61 TWO METHODS OF ADJYSTING FELD ANGLES

2ok e Balinced

”"“wd Saion  Ficld Angle  Ambitarily Balanced  Equally B nee

A 101° 24'00" 101° 24'00 101 24‘ ]-'
o 13'00" 149° 13" 12

B 1490 lSOO" l49 l300 30" R 4!
| " §0° 59'00" §° 3842

Qi XE R0 S e e e 19 12"
D >‘\ 116° 19 0" “60 (l)z %. 30" 920 (4' 42"

' o " s =
REVIFAg SOl R e 1y 10’
prp 538° 119'00" “8012000 s o0 00"
535, 8y o 5390—.59@0" i d00 L. Balanced

= %L d—— Error = _()i'. . 3 ,Balancc 60 .
“’gt Ry Correcuon/an;,lc -
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E =+ve
W =—ve

%ﬁ Ojfz,,, O,JJ) 1))

:>Deparrure§A9 = dist (H)

or

Latitudes & Departures

‘

—> Latitude (Ay) = disiﬁﬂ) co.

—

h rectangular component of a line

—> Latitude: North/Sout
N=+ve 1Y
=-ve -4
=> Departure: East/West rectangular component

N

-

i

=
re

-1

(48

six

1 e g~ Msin ) (1)

where, H= horizontal dist of Traverse course

Bearing (sign must be eptered)
earing (sign 931,_{9

42

a = is Azimuth (sign is automatically corrected)

Latitudes & Departures

(4) LU T TR | REAE

Amcdcendaa socscccaranas

1}1

Ve Dep.« Hvin &

(1)

@

oo mmessonsana

svelat. o H cot

Fresaveorvisnneas

selat~ Mooy v

» [
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In a perfect (or cm'recred)

SUlve
¥ +ve Latitudes = b i

-Ve Latjt

¥, +ve Departures = Z-\-e Dey

: isthe net accu

Mulation of
ent of traverge angles and

ey 2N field engries -
si"‘“aitthe *aring of the linear error of closure and check to see ifi
Re’"‘easu 22 Courge bearing (150)

khﬁng s-re,the Sides of the
&“‘a clmllar to the linear
Qt“de O:Te B is %o

traverse, beginning with a course_ha\nn)g a
error of closure bearing (if there is or;]e

for a measured side, try that value in t ?Sion
ation to determine the new level of prec :

e I
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cm—é—nﬁgl\ _
’ N T T TA

Cdep =012

ol pl ok

2 2
Cf.:u + C&p

AA'=

_ (0.02)" +(-0.12)* —g12

C ey |
bearing of A4'=tan" =

far

Jz.!",J J b&iﬁB 2 L:)L:"S' = t;in'i (0.12 /- 0.02)

=S 80°32' 16"E

Error of Closure

Accuracy

¢Accuracy ratio not enough for ensuring accuracy!

¢Errors might cancel each other

¢ So in addition to accuracy ratio:

¢ Check max allowable error in angle E
¢Check overall max llowable angular error

Usld

i M&\xg;}\ qa \/n ‘%:Q”
o9 ————’X .

; i
—— S — - e e )
CamScanner 2 Wgasd d>guwaall
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Traverse Adjustments

e Compass rule adjustment for lat & dep:-

Al aduly H
' => Correction in Lat = — (errorin Lat) * »
L) §an
R\ 840
/nyf Jep © = Correction in Dep = — (error in Dep) *\\ 3
where,

H = side length (Horizontal distance)

P => perimeter length (3.£)

Jw

¢ Once the latitudes and departures have been adjusted,
the original polar coordinates (distance and direction)
will no longer be valid

¢ The distances and directions should be corrected

distance corrected = +/lat? + dep?
- ’&_ﬂ

tan(bearingangle) = %
-7 a
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\ao W d |
fo-j JL@M,*‘@AJIAHJ*

\wn)f J &[qo
s 14'@ ] 'z’l Eb)fj yB S L P! ZLQJ()L“_;—k‘

—
grection of the previous example 5 QE =¥ 'ﬁol LW
— ‘ ] ‘ C X :
muth | Bears Lat. | Dep- I:’a’;';s; (e Iogo | A A
//;/,_—-——— BUxsalp : LoA JJJ@D T
1= 107 ______:_9:——-—-"‘ 221 11.17 ’{ BY ]qung;LcC.,. o é CPAMWARS =
- L*_{\ ,AB \ine

/// ; ad xA
— \ g 2B
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18 L2~y meagy

j ence of ObStaCleS llke tr
S

Ment

. . ees, Water t
pre etimes it is difficult tq direct] Unne, or
Lysomet rse Y Measyre
’hway’ fthe tl ave .
169714 ¢ ) 'de 0
S 7 ' ique of latitudes and departyre
[ chn

S €an he used

FIR.19

""Cwﬂlﬂt side, and complete the traverge
o

jeais to arrange the sides in
ide

a form of closed
with one side missing.

A — e

D24~ W ’}"(\rsc

yyou have to stick to a certain direction
"“f"q-ée or counterclockwise) in naming and solving
JKW
) «fraverse.

Jé‘7"= LJI Soewo C)T %mo@)—o/{“d S
sample | Find the missin AP dop _é,boje‘?'j
Ay 4
yariures | [/;ﬁl c__f—n-’-b . _“‘
| T T e
3 2 v Zm J"g“"" o - \ 2N
— | \31 odep 217
WA (essured . lﬂ\i PR
W27 i : X \a}
wz | / "‘—’. e
s | 3 . () \?,};)‘EEP Qs
W Uep) |
- | “ / REx o RO
8,53 [ 3 3
1361 i
1864
KO Chegy
e

i’- | 7"‘-'_

P o e l
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Area ui a viused traverse by the
coordinate method

-
N3
—p-X
)=area of trapezoid 4'433'+ Area l Area ]
area of trapezoid 3'322’ ;
Area of Traverse = Area 2- Area |

i=area of trapezoid 4'411’+ SRS N

area of trapezond 1’122’
~ B R e = “
( )% > Q;JL-'Q)JLa_ 2 o/
2/
8t sy (1) 4[4y
F aly-y) .
B psa 2 A pea qustos
|
—»\
2= area oftrapezold 4'433'+ FAATA L- alCa UL Uaplavia s va 1'+
area of trapezoid 3'322' area of trapezoid 1122’
=% (X4+X3)(Y4-Y3) + = Vo (X4+X1)(Y4-Y1) +
% (X3+X2)(Y3-Y2) Y4 (X1+X2)(Y1-Y2)
E
" 1% (X4+4X3)(Y4-Y3) + % (X3+X2)(Y3-¥2)] - [% (X4+X1)(Y4-Y1) + % (X1+X2)(Y1-Y2)]
%Nﬁngbo% e ——

:“ [(X4+X3)(Y4-Y3) + (X3+X2)(Y3-Y2)] - [(X4+X1)(Y4-Y1) + (X1+X2)(Y1-Y2)]
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2 Area= X4’41-X4Y3+X3Y4-X3//3+X?//3-X3Y2+X2Y3-X242

O\ [x4%-><4v1 +X1Y4-X 1Y 1 +X74 1-X1Y2+X2Y1 Klé 2]

e
>2 Area = X1(Y2-Y4)+X2(Y3-Y1)+X3 (Y4-Y2)+X4(Y1-Y3)

\R

Simply, thre double area of a closed traverse is the algebraic sum of each x

coordinate mulitiplied by the difference between the y coordinates of the adjace)
stations.

4

The final area can result in a positive or a negative number, reflecting only the
direction of computation (CW or CCW). The physical area is, of course, positive.

,\5,2?\9 Calculate the area of the closed traverse ABCI
Xam p!e: Using the area by coordinates method?

XA(YB-YE)= 1000(1250.73-688.69)=+56204(
XB(YC-YA)= 1313.61(1302.96-1000)=+39797
XC(YD-YB)= 1692.14(934.77-1250.73)=-534¢
XD(YE-YC)= 1684.54(688.69-1302.96=-1034"
XE(YA-YD)= 1160.27(1000-934.77)=+75684

CW -533716 ft2

)\ 2A= 533716 ft2
‘;{__A b ._’{?'{};"ﬁ-ﬁ,’f"".“l’i‘)':(')'(-’)".‘(")"'(i"f'tl‘iéigff:’{ii@d&bbfﬁ FCs —p2E§ By
;B_ - 125073 131361
g wes Semae
JE . 68869 /"1166;27 '
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‘ l‘se b

¢ ' yt

" coordinate Methg he
reduced to an easily remembeyeq "

o [cﬂch point in succession i tWo colyy r

08 Ooi" ¢ repeated at the end, 1

P

id oted by diagonal arrows a

M hy ”Stin

NS, With ¢, Bthe Xanq y

Ordinates of
I ascertaine

ucts :115 and solid ones minus, The algebrajc ¢ :mwniqthcf]aShe datroses
rcvscoml’"ted and its absolute valye divided by » o ;ezot’i: of all
i €dreq,
al Y1 &l - E
Az >+< Y2 a e S ST TP
X3 >< Y3 Al
> . Pl
X4 « s Y4 \J.”_, A 7 W
D D ! - .3 T
X1 >< Yl;'/‘Q ; ’\:)J.% C&JQL@‘MI p

XIY2+ X2Y3 4 X3Y4 4 X4Y1) - X2Y1 -X3Y2 - X4Y3 - X1Y4
|

=> Eguation of tine P1P2°

y=n 222 05
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_ contour ln?e: aline on g ap representing an
— imaginary line on the land surface, all points of

) | which are at the same elevatioy above a datum
Plane, usually mean seq level.

Y s sy . c—

el
. e —— e —
T —— — — — —

w
S R

—— — — —

-\,
.

Sobodi g #
_é[;}\)}u'éc)@’

TR

e

"""""" contour map
{top view)

© 201] Encyrppade Briannica, he

“S OF CONTOURS
CHARACTERISTICS OF CONTOUR

. = cAmTALS (B0 &S
T anf - £ ato mes wnick aslp o CiRTnAT OF TER0INE B CONTOLT MBR S
I [ srTOUC GTES LR AR IR DRTLAE S =

i -z raster nlios OF LONTOUT et

ing ot ‘: .’:"i '_t -:«’.1~f-_r -\‘

e e — ;D .
| =ity in tne moas ofthe giEn .
. =t rlcse rsCﬁtﬁECﬁ‘Sf:"!l_‘el-.t'\_l g i s s ke zamounr ot Slcaz and
] T e T il coatobs linss ingicems shE 2ol
5 2.7as hoozonei
1
i

VEMRS AVErSElY

3.vwidely spaced

ses figt SULFS €.
- e evoon tlooa i
- —~— o 2 j~arcs SISS =
- VR P T L - ] T ’___J.L-—r-ﬂq
:csely s2sCed ToNIour indicates 535 -
&, PTSEly S e f =

— ' ?“J'J‘_’ 79 /——/L-”L/—_ﬁ"'é ) flo
' —_—L .

/\ \-——\/___ 810!9 slope

terrain
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S Egually spaced contour indicstzg uriform siepe,

ighi Unitorm slope
\k lerrain
> e
\/‘ }' A“‘o

~—f

Contours of Terraln having different types of slope

ComtTur showag waiform siope t2reain

€, leregulss contours indicsis uneven surizca,

T. ADoroNimately CONCERtnc desed contours with decreasing values wwards 2entre indicat 3
.“;:p\pe-;_ (R =g EN B

( ‘L%XUGL-AJ\ () 3o gbs s

ny

Pond and its contour

Ford ane its cantour

CamScanner = oo d> guuadll



https://v3.camscanner.com/user/download

L A[ERIDIBYS 1Y =¥ = CUSTY CORTOULS Waith iarr -
.:.,‘:‘[ VN NLrezsig Values 1 )
“‘ l.ﬁrd \‘:.II’ “_:" 5

——

-’fp i -!

g‘ CC“[O r i rps \\L :l ] S\.\ ﬁri ‘3" City ‘Y\l-y v r ‘\ 1 ” d l" l- s -‘
5 11R] 1 | L E [ [ \: L'{ I i i J il
l gi "”E \” La—.‘x' all,_\ ‘“EhEl -‘._”_H]J l“.; ‘.-

,-

10, Conmour lines with V-sn

Rl 100 " N

\ vﬂidge ine

'H:
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11. Contour Iines gererally do not meet or intersect each ather. If conteur fines are meeting in

some portion, it shoves existence of a vertical chiff.

o

el - - - - - -

Vertical cliff and its contours

Vertical dif and its contour

12, Conteurs of different elevations{cannot cross each other]zf contour fines cross each other, it

- e . o - .

N\

- - —

Overhanging cliff and its contour

vernsnging cliff and s cantour
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B £the narmsi of the

nooer fﬁ':"‘,eﬁo oy

< SUTUCiures sug

403
|02
- w
- // / / / i i
™
/ Permanent Structure

=  Scale and precision

1:100 =>lemon map'-:lmonl:nd
or

1" onmap = 100" on land
T —O on Q,b 1
Latge scale Intermediate Small scale ma P ( ( -/170 _{{‘)
: 100 5 20— (JL
1:200 1:2,000 1:20, 3l
1:500 1:5,000 1 : 50,000 6’5
1:1000 1:10,000 1:100,000
1 : 200,000 ;
1 : 500,000
1 : 1,000,000
1ecm=10Km

—  Field precision should be compatible with possible on map plotting precision at the designated map scale.

Example 1.

If points can be plotted to the closest 0.5 mm at scale 1:500

- «__ 3 £2.1d nracicion = 05= 500 mm
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https://v3.camscanner.com/user/download

= ‘v)JJ vJﬂS&n ls/

‘.—CJJHWQ‘UEMJWJ{‘_J’O‘Q_‘

l - 7 => Cross section: a series of elevations taken at ri‘ ght angles to a baseline at Specific statiops,
20 L o1 ¢ Rigitof (1 Z
e i 2
“lm 2m f2m JSm_|
I
Had
énil il 1l
I:AL BN Fiigat ;
) Y Yail
: R SR L | ‘
17¢ 207 0.81 jf\ 1.4 122 0.8°[ 031 /
/ /
é Statlon 2 + 60

Profiles
;,

Cross Sections &

‘____'__‘< i f"‘t o : e ,
) Frout View Gl e

& Profiles:  a series of elevations taken along a baseline at some specified repetitive station interval

‘—‘rbab\w‘gn;ce{/% _}woiﬁ ps

la 0 S0 - : ?

v
b
-
’,

Qm&§~seaﬂon

Cross Sections &
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SR
Stadia Prl \

nciple S
yTachometry technique

(uses trigono
- me
calculation) to measure dist i try

pUsed in topographic surveys wh |
around 1/400. ys where accuracy is

0 Uses the horizontal marks on the theodolite or
level cross-hair.

o Stadia hairs are positioned in the reticle so
that, if a rod is held 100m away from
instrument, the difference between lipper and
lower stadia hairs readings on a level rod is 1m.

Eye -Sight Hays
N

;
i = » S=
! D =distance =100"S [
v dance 10005
{ {
; T LevelRed | | -
D | i el
) ¢ ~]
= /
Theodeli
Ielescop! P |
yeticd

Stadia PrincClp

— Horizontal distance (D) = Rod interval (S) * 100

vt
..............

]

eI T |

{ D SN ' {
e

Growgg SUrfe
. N

e Iflevel or theodolite with Jeveled telescope in addition to the rod are used
« Horizontal distance D)= Rod interval(S) * 100
« Flevation of B= Elevation of A+ hi— RR ; il VR

CamScanner - Lgo &> guaall
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_o Homitlie-byi oy A @l I
Lo lop) pin 315 6FE

bbbt 2pil4— 2 Measurements
o 2l jleagia b
# s applied when the rod is

‘ scope will be inclined
Tedble read interval.

sloped sighting must be
rerval would have been if

en perpendicular to the

rod.
¢ The read interval is §’, while the corrected interval

L . A \D

o
\ 52" *\l‘ ala) 0 c:-/o
p \

Ho=10cos
D& D/thd
tnluruf«thlnq

S o—'bé \—Q*Pﬁ*’}l» lgo Gek,»u \,, “~--w et
(S S'ws@) |
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¢ D=1005cos
V=10085"co: e sin o
Elexhtlon 0f B = Elevation of A+ hi+ V—RR o ¥

————— —_
——

he vertical distance (V) should e taken with its sign. ¥

Le., A it lower than B = the angle o.is n angle of inclination {-ve) leading to (-v¢) V.
e, if A is higher than B =» the angle «is an angle of depression (-ve) leading to (ve) V.

meb 0.1X% = cos 1195 x0-765 * |
| .25 = oFExI® = Slope | Niag

. MNI- V- Re eckd <+ N
in the following figure:

Q sihol= W —b dep

7285

—> RR =2 376
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BRic e

Q2. Célculate. elevation of point A in the following figure:

Elet//{= HT+ B.Mev- RR

€ S/ qus 0’4
S: 0"4 22

Slope=1Y2.

v=22.

Q 3. Calculate elevation of point A in the following figure:

, 1524 x 3ub. gy 40t
NS :

/ 1
PR T T A dedududubail %
1.524 b

- - -
---------
-

HRR - 345 [ Ag
E o p
ke
BAl a 345078

'S
1
S
- o =0l B4
BM AT Reeployy 0 Sy, |
\F\

7 i
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— ————mawa g ICIu l’raCthe

o ..;

4 .
-L.- .
|

e 0y -<50e | P

e ou Z:-k
U

Q1. If the'coordinates of Station 0+00 are (245.47,
348.57 ) find the (X, y, z) coordinates of all the stations
and points shown in the above figure.

[
1 '
‘I

|
f
t
‘
!
@
4
i
|
|
!
{
f

. Hor. Hor.
Stati - . E
on Angle Rod Interval Ver. Angle Jistance
\
lYsee
0+00 ¥ . Theodolite at this S?'P‘\& hi = 1.55
1400 0°30° 02 | +5 36‘7 99.2¢ 1.55
F
2 +00 520" 0.401 -1°24° 40.1 1.55 -0.98 221.34
(0] 93° 25’ 0.723 +5°38 71.6 1.55 7.06 229.38
e 73° 47" 1.245 S0 54 122.1 2.03 -16.95 204.89
©)] ) 68° 32’ 2.075 -12°24 197.9 1.32 -43.52 179.03
® 35°20° 0.224 0° 00’ 224 222 0.00 221.65
® 80° 30’ 3.123 +42°24 170.3 1.87 155.51 377.51

» H =100 §* cos= o =100 * 1.002 * (cos (+ 3¢ 35?))« =092
#¢+ vV =1008"cosa sin o =100 # 1,002 * cos (+ 5° 367) * sin (+ 5° 16’)=971

+  ElevationofB= = Flevation of A+ hi—V —RR=2223‘*+1~:,- 9,73 — 1.55=222.05

In some table formats th \ column is omitted and i RR is equal to hithe RR
Ris ot equal to hi the valueisplacedin the same
1

value is not mentioned. If
lue. (See textbook for an exam

cell'of the Ver. angle va

CamScanner = Wigd &> gwaall


https://v3.camscanner.com/user/download

| n
H cos 73 47 l\

0+ 00

o} > 5
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Drafting Cross Sections
N’ s o 25 '

. - Ccﬁ(‘)}r‘:wggﬁl?r%%levation atrightangles to a proposed route,
Cross se - tZ/és (Eﬁ/’

»  Used for determining quantities of cut and fill.

« Can be developed from a contour plan.

. The cross-section at station 0+00 will appear like thls

=yt
{

Earth Cross-Section @ Statlon 0 + 00

Contre T ine ‘Exrth Sarf; y
I
Right
Left l

]

8 -4 0 4 3

Dianre fo comter ne

-~ Volume Calcufati(')ns

Qv 5555
End Area Method
¢ Not Precise

Cross section area = A,
Cross section area = A,
Average area = (A, + A;)/2

Volume = [, * average area.

"Eud Nies o 2-ou

Vohune of (i1 1, ¢y, 2400 & 3500 =
ul‘nd-u;,z [0 &S00

*00+ End ayea @300 2y 1pg
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" 1e calculatlon/ End Areg Methg q

(“M
1 o {"”A

Sectlon 1 T—

Al

PR N

Volumeaf cut betweenSec 1 & Sec. 2=Mx
2

0]
re crost sections ave both fill sections =
ffruccess -
()\n}

Section 1 X Section 2

; pp——
A2
Al

L }

Volumeof fill betweenSec1& Sec. 2 ’u*“zk

@

tlume Calculation/ End Area Method

ont of the successive cross sections is fill and the other oue s (ut=

] Section 1

Ty

R o

] e 7
V, = ¢ —— )
O\m\c -.A—Q.L&J-b R X w;

Section 2

&Ug : g 5 \:’S Gﬁmgthofabfmm:
Vol _.'2 /\')/P — w
W @ 5= A;,bc & ;S“x-ab )
2
—ol ) 4
élume ofcut=172%Al ab @
3 0]
\"olum:ofﬁll-m*.u be
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V=L M"Lﬂﬂ%ﬁ
T2
A,

\/:\.

E@Jﬁ 1 Counting coordin

Volume Calculation/Prismoidal Formula

in parallel planes;
e Prismoid: many-sided body with two bases that are polygons in p p .

More precise than end area volume

Good when sections are changing from cut to fill

Usually used for expensive cut and fill operatio

+4; . X ; % y
Mg =t 1 M? ) £ LA "Dﬂ‘-‘/ Y saone440

‘ P\\-’(W P L1_>\.g,1,7Q) -

\ é ~_Ay: Facearea ] [ ,
Ap: Middle area (at % L) '
Aj: Back area

L: Distance between A & A

The prismoidal formula generally gives a volume SMALLER than that found
by the average-end-area formula.

METHODS OF MEASURING AREA
Both field and map measurements are used to determine area.
\»
C i
Field measureme_nlt methods are the mo

1. division oﬁ'f?é tci_aeét into simple fig

and trapezoids), L & Ui (e

2. coordinates, and C)\;L‘P |

3. double-meridjan distances, &bé{, AW

2o\ 4 Offsetfrom a straight line,
q_,y\»d\:v\u-adbd.: $

re accurate and include:
ures (triangles, rectangles,

atesquares, - \s_
g 3 GTrER LI <l J\ >
2. dividing the area int gy
riangles, r
geometric shapes, s f- oéw ' Jectangles, or other egular

digitizingcoordin i
ates, and M ot

L :
unning 3 Planimetey over the enclosing lines

CamScanner = Wgs d> guadll



https://v3.camscanner.com/user/download

il AN RV

(39-37/36)2 ~ 1]

u hectares 9594
o acres 199:37/14.356 3 122 = 3.47099
W” MQ = 0.40470

| AREA BY DIVISION INTO SIMPLE FIGURES

fract can usually be divided into simple geometric figures such as
imgles, rectangles, or trapezoids. The sides and angles of these
ares can be observed in the field and their individual areas
doulated and totaled.

‘nexample of a parcel subdivided into triangles is shown in the

figure below: %\L,oil W\ Bspo
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/“ﬁL\
i - d trapezoids are we} '
Formulas for computing areas of rectangles an p ) Y

\ \'j
known, b - Uk >
agtec i, o
The area of a triangle whose_l'gngt!lsbf.:ild,eig\ﬂr
computed by the Formula:@n S F?l mula .’}\

=

L) - j__ / /
‘t[}uf“w —&32&06\2\33 area = \/s(s —a)(s— b)(s -— c ang R
where a, b, and c are the lengths of sides of the triang | i F

s ’ ’ 1 \ \
s==(a+b+c) /{\/ A\

ws e (A ;

b \‘B‘” . ﬁ/

] v .
gp\?‘? Another formula for tli¢'area om

sin9o
V) v
area=%absin(,;;,,,{> Apd iz,

where Cis the angle included between sides a and b.

iate Equation will depend
i hether to use the appropria on wi en
E‘l?eetf'lilz;)ligeo;;vrtg that are most conveniently determined; a decision

ordinarily dictated by the nature of the area and the type of equipment
available. -

AREA BY OFFSETS FROM STRAIGHT LINES
(oh (235 22ty vandiy i

By ¢ Irregular tracts can be reduced to a series of
M-

5 trapezoids by observing right-angle offsets from
Ol 9\.»59 points along a reference line.
/A .

e

¢ The spacing between offsets
orirregular, depending on t

may be either regular
he conditions.
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~ 4 Regularly space S\,
: d offses
1. Mid ordinates py

rdh
1T A
)

\
‘. |
; |
| yl y|| || '
Y12 = 14 Yis Yie |y
\

i

| 1
(I !
\ |
| \
1 |

|
|
| .
%L—%‘ = . _ | .
_ = | 3
d o sleeg—whear—at

(e aread of AFCQ qf the Figure above, the base is divided into
ofequal Strips width d. Bsd 3y d G

AW

G

fthe trapezoidal rule, the greater the number of intervals used the

sccurate the result.

rectangular (see AA'D'D in figure above) and

istrip assumed to be a
ltiplied by mid-ordinate yi

fitis equal to base mu

H

‘te, the approximate ar
req =y,d + y.d* y3d
whel‘e
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1
= —la(hy + hy) - by
1 2 2)+C(I7+h3)7~]
. are the varying offset s
ANV Spaces, and i, J
Trfs - \P‘)\ i hc—\o’ hl’hll"- are the obseryed
o o \wO
-\~

§OF PARCELS WITH CIRCULAR BOUNDARIES <"

'The area of a tract that has a circular curve for one
boundary can be found by dividing itinto two parts:

.0
B ABCDEGFA and
/\/\/\

5 polygon
E | sector EGF.
/\
| ///9 \\R
F‘(———-GG
. B

CamScanner = Ligs d>guwaall


https://v3.camscanner.com/user/download

T T T T vty Ay )|

A:—;:l“z ” A=(6/2n’)xnxr{ %
‘ S~ =(8/2)xr?

- are using radians for the angles.

ea of Sector = %2 X @ x r2 (when 8 is in radians)
ea of Sector = 2 x (8 X m/180) x r2 (when @ is in degrees)

ie Area of a Segment is the area of a sector minus the
angular piece (shown in light blue here). Az%x(0-sin6)xp

Area of Segment = %2 x (6 - sin 8) x r2 (when 0 is in radians)

Area of Segment = %2 x ((0 x 1/ 180) - sin 6} x r2 (when 0 is in degrees)

1: re 1- Double mieridian distance DMD
Ve
Area 2- Coordinated method

3- Planimeter

Calculation

® for irregular shapes

® oraphical
ﬂ
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Area calculation/ Trapizoidg]

regular shapes

accurate .
areas are taken as triangles

re considered trapezoids

Semi ir

oo &> |
AD=(8.1%26.1)/2 =106 m? 2.1$241y0.5- 106
x
AS=(111%200)/2 =111 m? aor0.5ull- 1=l
TS e

O_thﬁg areas are taken as trapezoids

ey &akp "
_Ayeey!
Areg=x1( +h, e g P
%‘éi 6\;&, 2 + 2 + 3 T eewnse -1
“’heIe

X = common interval between the lines
h = Offset measurement |
1 = number of offset measurements

_ & 45125

(352+34.8-+41.8

=4134 m2 7) 6‘\/
TOt&lAl'ea = 41}(_’_ 106 i_ 111 ::}}?ﬁl2

. mel v

562 ‘
Area=)5(28.1+20.0 +45.1+405303+250)
2

Y248 26

e

%
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Area Calculation/ udnmpson S

);‘,\\M\’ X = 4

_ep

A-J)/-
- erval(’ll+h +22hodd+42heven)
by 1)
PREEEI I SRR

For semi irregular
shapes

Assumes that an odd
number of offsets is
involved and thatlines
joining the ends of three
successive offset lines
are parabolicin

hr-

configuration
o More accurate than RYES
Trapizoidal. 4=2[26.1+200+2(34.8+45.1+30.3)- 4832 +41.8+ 405+ 25, o)]
o If offsets are even then * , 3 K&
last area is calculated =/4w{ ) \
using teapezaldal Total Area = 4183 + 106 + 111 =4353 m’ ,\

technique

You are required to connect
aroad between the two
marked points

NP B apa Gt o =
1. Connect the two points with
straight sections. The best section
is the direct connection. Due to
large differences in elevations or
presence of obstacles, the

connecting road mightinclude
some turns.

Shown lines are the plan of the
center— line of the road,

rJL.pI /«m
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design speed.
. 29 3%
. ajs

3. Locate the Stations.
%»f X

e

Complete Road Lay-Qyt Exa
}[»/ b

2. Design the turns, These
turns are circular horizontal
curves. The minimum radius of
these curves is controlled by
allowable fuper-elevation and

mple

4. Find the elevations of all
 the stations by reading them
directly from the control map.

CUIAJIQLL%Q‘ g2 P 5

\.A.g,xsr o

Prola

5. From the obtained table,
draw the earth profile of the
Center line of the road.

| 'ﬁuwﬁ/ﬂ -
=R o 3,1 ¥

Complete Road Lay-Out Example

Station | Elevation
0+ 00 | 75
1+00 | 66.5
2+ 00 | 535
3+ 00 | 61
4+00 | 78
5+00 | 65.5
6+ 00 | 75
7+ 00 | 87.5
7+35 | 84.7

CamScanner = Ligs d>gwaall


https://v3.camscanner.com/user/download

v X.Pal =X £E

sls pe

Ji=
L.

-

&) =

-~ )
4 Buril Profile

= - (
Tess s :
s~ 1
% J ‘ Ruad b
v} VY pronl =44
2y réu*j‘?. g

000
1200
2000
J900:. 4

:I b . ‘-m'-—
2500
(LY
7400
7%

Complete Road Lay-Out Example

6. On the profile, connect the start zfnd cfnd p.omtvsv:’;tt:; ;t;‘:;égtl;lt;lmes.
When connecting, select the connecting lines in a lone of the Hnes is

amount of cut to be equal to the fill amount. Thf ; ep
controlled by the maximum allowable vertical slope.

” : Cut Area
55 [
4 FEarh Profile
g P
£ b
g Road
2 ad Profile
65 ~ : '
j T = —Vertwal Curve !
o (Paradol) t
] T Area %
E<3 r" |

~a§L

blopsg Zansle Noobs

\éﬁx_&l 4%7 To get the

Complete Road Lay

F:j d4— ngp 4—
cross section
(ground elevations) at the
different stations,
perpendicular lines are drawn
in the contour map on all the
stations. The length of these
lines is equal to the width of the
right of way (ROW) of the road,

8. The constructed lin
into equal distances, Ground

elevations are taken at these
divisions.

es are divided

-Ou

tE

X, ‘ .
e Fs
% LT

xample
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K right-of-way
f road—-‘»ide roadsid i
| 8 |e& $0q s >
i e 22 o abroadway v, .
}J ~ ground line ()1\3.:@\;- J*&fu)b \
g raveled = = |
B l black slope = 4 Way \
' (cut slope) = _ o,
| N
W N - o
S N e S 4
N T . 3 2
; D =
drainage ditch | N © 9
| Moo \ L L |
b
: |- roadbed > fil slope \i\\ \
Note: Shapes and dimensions will vary to fit local conditions l - 0 > \
] See drawings for typical sections Q‘B g‘ Gp@
x and y denote clearing outside of roadway )

Complete Road Lay-Out Example

88

9. Obtained elevations at each
station will be used to draw P
the cross sections.

Farth Surfadl
1} x/

10. Get the elevation of the road
center-line from the road
profile. Then layout the
aqvement cross-section on the
earth _cross-section for each

R VY g

<
A Highway Surface

7%
E 11

1»‘.‘..- |

| |
o Ress pomieg; T : \ ' .
“ “4 N . 3

H
;
. -
er
ge
e
J——
S
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P2 50l (S
: d railroad : o
highway an construction, excavation or cut ial i
i m
d to build embankments or fill sections. cut material is

N3us= alt Gos G52,
ynless there are other controlling factors, a well-designed grade line
should nearly balance total cut volume against total fill volume.

I
use

) To accomplish a balance, either fill volumes must be expanded or cut
yolumes i{lfgpl( (Expansion of fill volttmeiis generally preferred).
>y

¢ ’;'_-cgjl‘ob_f:ﬂ 5

» This is necessary because, except for rock cuts, embankments are
compacted to a density greater than that of material excavated from
its natural state, and to balance earthwork this must be considered.

comPacfionc e <V N elgsp (Soe

aterial and can never

o The rate of expansion depends on the type of m
be estimated exactly.

gﬁ)‘

&;,‘4823) 5k ol -2l

35t s o om0
o However, samples and records of past projects in the immediate
area are helpfulin assigning reasonable factors.

0 To investigate whether or not an earthwork balance is achieved,
cumulative volumes are computed.

o This involves adding cut and expanded fill volumes algebraically

from project beginning to end, with cuts consideréd positive and
%negative. ' ﬁ“ Zavals
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Complete Road Lay-Out Example
11. Calculate the cut and fill areas for each Cross
section. Then, fill the mass diagram table. &R

0 H

o

. - 3062s -

/\7

Station  Distance  CutArea(m2)  Fil Am(mz).ms il Volume (h3) Shrinkage (10% (m3), Tathl"( Net Volume [m]) i wltive (m3)

s i 5400 i - -5940 it T
Q 100 \ 3100 A 4 L _9 2840
i : -100 : -1105 f :
. 100 e ~ . 4f° . 10050 ; : 11055 ~ -10605
2400 . 0 123 " e !
100 \LD 350 -10850 -1085 5 -11935 -11585
3+00 } 94 Lt : :
' © 100 10850 4700 -470 5170 5680 gomd
4000. . 0 : : e
- 100 (Bq\ 11400 -3400 -340 -3740 .. 7660 11656
5+00 68’ e
100 p L 1050 -7300 . =730 8030 75950 18670
6+00 73 _ 78 : i
Eoiy 100 >/\ 6200 -3900 - -390 4290 1910 - 16780
Q‘" 7400 £ 121 0 : RO S it .
St . 7875 e 78S 219625

*A‘Shrm‘% — {Q‘IVDMﬁ*

| Tl Fil- ﬁl\volMoﬁsbﬁp% Diagram

[ Vo[u/mc % swi_” An9 : ; _
54\ Swi ) = 100 200 300 400 500 600 700 800
— -
f)iy\ h‘:lg\, 5000 ’
-10000 \ ‘2(\\\\\
S
\ \
+15000 9
A /f/ Bl
OUJ“'IJ"‘ F v
-25000 }””% .................... -
Aoo ‘I/ﬁ#‘fzﬂ pmunr/ L’I/f’j
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o BEHRTE %3 Lodb A i ze VAL,
Bas;cl ¢ nition of Mass Diagram: A graphical re .
qmulative amount of presentation of the

earthwork moved alo i
. . ng the ce
distances over which the earth and materialsgare to %)l::t(t:::lxlr:lsep?)rrl&d.

; Characteristics of Mass Cupye:, | ;5]
)

- Risin ﬁ%gt_lﬁ_ns_of the Imass curve indicates areas re excavating
exceeds 1ill, whereas fallm_g sections indicate where fill exceeds excavation.

7-Steep slopes reflect h;gi’ry cuts & Fill ; e
cnall amount of earthwork. ills, while flat slopes indicate areas fro

3-The difference in ordinates between any two points indicate net excess of
excavation over embankment or vise versa. r"éff LR ~iguuia ) A5

4- Any horizontal line drawn to intersect two points within the same curve

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

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

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

crossing points between the grade line\‘2 adway level) and natural ground
level. 3o\ 9

~ Y-b)‘:,j

What does a Mass,Diagram tejl us? -

1.Mass diagrarcr%\é)é)err\ﬁr% %‘*ﬁ’\’r‘erage haul, free haul, and
overhaul on a given segment of roadway.

2.Mass diagrams tell the contractors and inspectors the quantity
of material moved an%l;‘l‘ow far it can be economically moved.
Sl ,

De&%g}tions j))l 060 4| 24b )G no o\l

0 Haul : the transportation of excavated material from its
original position to is final location in the work or other
disposal area. This is also know as authorized haul.

(=

0 Average haul : determined from mass diagram, Average haul is —
the area of the mass diagram representing the number of Pravoy
cubic yard stations of haul between balance points divided by
the ordinate of the mass which the yardage is hauled.

o Overhaul ; the authorized hauling of excavation beyond the
specified free-haul distance. — Q'te}m/ weaall 2 bre W)

o Free haul: Average haul for project that is free._,
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Wpl ol o GPS 6P Lt
iginally Navstar is
0 The Global Positioning Sys.tem- (GPS),t Orl;l fi ‘med by
a satellite-based radionavigation syste€ ted by the United
the United States government and opera Aed
States Space Force.
5ol 9 SBgi, e Olosho s 5 .
olItis o?r?egafthéjJ glggal n)é%o{ﬁgation satellite syst.ems (GNSS)
that provides geolocation and time information to a G_PS
receiver anywhere on or near the Earth where there-ls an
unobstructed line of sight to four or more GPS satellites.
GPS <l fooy, Gl Yy JLad s>
0 Obstacles sucﬁ%s"mou tains and buildings block the
relatively weak GPS signals.

0 Used to find the position of a point on earth (x, y, z) called
Northing, Easting, and elevation.

Al s GP S by e
Lol Gl Ly (xiyz) =
¢ A minimum of four satellites musfabe tracked at any position to

calculate the three unknowns(x, y, z) and to calculate the time
difference between the satellite and receiver.

0 Satellites weigh 860 Kg and span 5m, and include solar panels.
They orbit the earth at 20,000 km in a period of 11 hrs and 58
min. jj‘mﬁly"_l’ /-'_-.a—‘—ppc:)j/‘;ﬂé_ig

¢ The GPS consists of|24 satelliteslorbiting the earth in six orbits
with additionally three spare satellites. Therefore, there are
always at least four satellites visible at any point on earth.

@ o) pleni 3y yelipsay oo

¢ GPS satellites are Block Il meaning a life span of seven years.

7 Trackina ctatinme avn lamas 3 -2 3200 & — 222 — o oo o2l &
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GPS 7o st

¢ Russia has another 24 satellites (GLONASS) at an elevation of -
19,100 km with an orbit time of 11 hrs15 min. GLONASS can
be added to GPS devices, making more satellites available
and enabling positions to be fixed more quickly and
accurately, to within two meters .

¢ China's BeiDou Navigation Satellite System began global
services in 2018, and finished its full deployment in
2020. There are also the European Union Galileo positionin

system, and India's NavIC. Japan's Quasi-Zenith Satellit ~
System (QZSS) is a GPS satellite-based augmentation Jpae ol
system to enhance GPS's accuracy in Asia-Oceania, 2o 5L

with satellite navigation independent of GPS scheduled for

2023 |
GUY  aucaly |

0 The combination of GPS, GLONASS, and Galileo is called GNSS |

(Global Navigation Satellite System). \

Ton B o le, (o] Gl %
ey o
“ “” GPS Accuracy

2 When selective availability was lifted in 2000, GPS had about a

five-meter (16 ft) accuracy. The latest stage of accuracy
enhancement uses the L5 band and is now fully deployed. GPS

receivers released in 2018 that use the L5 band can have
much higher accuracy, pinpointing to within 30 centimeters
or 11.8 inches.

o0 The US military's GPS is still more accurate than what m.ost of
us can access. It's good to the centimetre level, becg}lse ituses
two frequencies to ping between satellites and}:ecellverqs, one
of which is encrypted. (35 yFs0 22T T3 X O[%ﬁco

0 GPS-enabled smartphones are typically accurate to within a
4.9 m (16 ft.) radius under pen slfy . How.ever,
their accuracy worsens near buildings, bridges, and trees.
High-end users boost GPS agcuracy w1t!1 dual-
frequency receivers and/or/augmentation systems
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Jl"’"“"““ ! GPS Receivers

0 A GPS Receiver is a L-band radio processor capable
of solving the navigation equations in order to
determine the user position, velocity and precise time
(PVT), by processing the signal broadcasted by GPS
satellites. o Yla J;ejg»(é‘ L caly floflam! ) les
(2 cagw) S5 S pitae
0 Any navigation solution provided by a GNSS Receiver is
based on the computation of its distance to a set of
satellites, by means of extracting the propagation time
of the incoming signals traveling through space at the

speed of light, according to the satellite and receiver
local clocks. w
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= GPS Receivers

Receivers can be categorized by their type in different
ways, and under different criteria.
L\)LE"“"J ler » Receivers can be stand-alone, or may benefit from

corrections or measurements provided by augmentation
system or by receivers in the vicinities (DGPS).

¥5>2>>70 Receivers might be generic all purpose receivers or can |
39 ,_J"*—“ built specifically having the application in mind:
navigation, accurate positioning or timing, surveying, et
o In addition to position and velocity, GPS receivers also
provide time. An important amount of economic activit
such wireless telephone, electrical power orids or

financial networks rely on precision ti_ming for
synchronization and operational efficiency. GPS enabl«

the users to determine the time with a }}igh precision
without needing to use expensive atomic clocks.

CamScanner = Ligo d>guaall



https://v3.camscanner.com/user/download

GPS Recelvers \
T P GWp By 4 \

0 The initial purpose of the GPS system was military
but with the free availability of GPS signals and
the availability of cheap GNSS receivers, the GPS
technology is having a pervasive use in civil,
industrial, scientific areas.

o0 Currently the use of GPS in Civil Applications is
generalized, and it is well known that GPS
Receivers have been spread very fast as well as the
manufacturers dedicated to this
(e.g. CSR, BroadCom, Garmin,...).

¢ Range in ability and cost from high precision used in
surveying operations, to mapping and Geographic
Information System (GIS), to marine navigation receivers, and
finally to positioning and low-precision mapping and GIS
receivers.

Yudtalps s sualpe iz (3

¢ They differ in 1) Number of satellites that can be tracked at
one time. 2) Whether receiver is double frequency or single
frequency receiver (L1 and / or L2), in addition can it receive

code phase or carrier phase.
s @ slofl 9590 iz Wilep [2 o2l Copklesrs o & upll) s

o Higher cost receivers are dual frequency,require shorter
observation times, and can be. gggg for real-time positioning.

¢ General purpose receivers track one satellite ata
time. Sequencing from satellite to satellite as tracking

progresgjeo‘s}.!gﬁ —“/)54_/“}':‘70)‘3} 6o )l Jlezu Ul 55ep! 27

e A A A S
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GPS Recelvers

0 Most GPS receivers consist of three basic components:
(1) an antenna, which receives the signal and, in some
cases, has anti-jamming capabilities; (2) a receiver-
processor unit, which converts the radio signal to a

useable navigation solution; and (3) a control/display
unit, which displays the positioning information ...

0 GPS receivers can be divided into three general
classes: survey-grade, mapping-grade and consumer-
grade (or recreational-grade).

éﬂ_&liWI,_f }oj{/,o ru/__z &,u.wJLQ,,A |
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e |

e &7% y Satellite Signals

o Satellites generate two codes: clab o1z
0 - Coarse Acquisition (C/A) available to the public.
0 - Code designed mainly for the military use exclusively.
s
0 Two types of carrier waves (L1 and L2) at two different
wave lengths carry these codes.

0 Receivers can use carrier phase measurement and / or
code measurement. Carrier phase measurement is
more accurate than code measurement.

- fgw_BﬂJ;# '\)*'1:‘5

0 Accuracy of the receivers increases by the increase in
number of measurements and frequencies.

DDJ?‘)OL“_[:; W B> L_‘y@m = )\{')T
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Position Measurements

&b 14 5#53%6)9395 _ I
2 Single Point Positioning: uses one GPS receiver to trac

satellite code signals.

7 o 2 e =T .

2 Relative Positioning: employs two GPS receivers to track
satellite signals to determine baseline vector (DX, DY,
and DZ) between both stations. Data should be collected

from both receivers by the same set of satellites
simultaneously. O x5y, 20
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¢ Differential Global Positioning System (DGPS): uses two or
more GPS receivers to track the same satellites

simultaneously. Atleast one receiver must be set up ata
station of known coordinates. Therefore, it consists of one

base receiver with radio and a set of rover receivers in a
radius < 15 km. ()U 25y e 4 Doible Ay
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