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Bubbles
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Bubble tube scales

0 10 30 &0 .
||I|I|IIII|II®II|IIII|IIII|IIII| astrological

zzzzz

zzzzzzzzz

zzzzzzzzzzz

Tubular bubble in protective tube

l:;f =

W =

= VAN

Adjusting screws
schemes on a
tubular bubble




horizontal




~ PRIZM,
< _MAGNIFIER,
" PLANPARALLEL
GLASS PLAIN
vV

XV



Glass prism
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GEODESIC
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Simple geodesic telescope
(constant focal length)
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HORIZONTAL
MEASURE-
MENTS

Angles and distances




Theodolite

Telescope
Vertical circle
Index bubble
Alidade bubble tube O
Reading microscope
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Hungarian first rank triangulated basepoints




Point stabilisation

Stonesizes 15 x 15 x 60
20 x 20 x 70
25 x 25 x 60
25 x 25 x 90

Stabilisation of 4th and 5th ranked points
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Point stabilisation
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Copper marker
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Higher order point stabilisation

with earthwork protection

Higher order point
stabilisation with
reinforced concrete
protection
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Point stabilisation

Point below surface
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Setting out lines
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Setting out lines with obstacles
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Detall point
measurement

Orthogonal Polar
Tools: Tools:
Prism, Theodolite,

Measure tape Measure tape



Orthogonal detailpoint
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Example drawing
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Surveying I.

Plane surveying. Fundamental tasks of
surveying. Intersections. Orientation.




The coordinate system

»
»

Northing 2

»

Easting

Northing axis is the projection of the starting meridian

of the projection system, while the Easting axis is
defined as the northing axis rotated by 90° clockwise.



The whole circle bearing

How could the direction of a target from the station be
defined?
N a

“e

>/B

A

> E

Whole circle bearing: the local north is rotated
clockwise to the direction of the target. The angle
which is swept is called the whole circle bearing.

0°<WCB,, <360°



Transferring Whole Circle Bearings

WCB of reverse direction:
WCB,, =WCB ,, £180°

Transferring WCBs: WCB ,; is known, « is measured,

how much is WCB,,.?
N 4

WCB,.=WCB,, +a
or
WCB,, =WCB,. —a




1st fundamental task of surveying

Nh
[IN

AN
3%

A(E,, Np), WCB,g and d,g is known,
B(Eg,Ng)="

AE ,=E,-E, =d, - smWCB,
AN ;,=N,-N,=d ,-cosWCB ,
U
E,=E, +d, - smWCB,,,
N,=N,+d -cosWCB ,.



2nd fundamental task of surveying

Nh “N

Ne-N,
2@

A(E,, N,), B(EB,NB) is known,
WCBAB=? and dAB=?

d :\/(EB _EA)2+(NB _NA)2

E,—F
o =arctan—2——4 |
B _NA

WCB,,=a+c




2nd fundamental task of surveying

a<0 P\ <IOLA\WCB’*B aB> 0
N |
dyy=(E,—E,) +(N, - N,
s

E,—F
o = arctan —2——4

s
B A

WCB,,=a+c

e
L/

B

Quadrant Es-E4 Ni-N, v
L + + 0
II. + - +180°
II1. - +180°
IV. + +360°




Intersections

Aim: the coordinates of an unknown point should be
computed. Measurements are taken from two
different stations to the unknown point, and the so
formed triangle should be solved.
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Foresection with inner angles

A (EAINA)
B (Eg,Ng) are known
a, B are observed

1. Compute WCB,g, d,g using the 2nd fundamental task of
surveying.
2. Using the sine theorem compute d,, and dgp!

sin 3 d -4 sina
P sin(a + ) e Ar sin(a + )

3. Compute WCB,, and WCBg;:
WCB,,=WCB,,—a  WCB,,=WCB,, + f3

d,=d




Foresection with inner angles

4. Compute the coordinates of P:

From A
E)=E,+d ,sinWCB,,  Nj=N,+d,,cosWCB,,,
From B :
E}=E,+d,,sinWCB,,  Nj=N,+d,, cosWCB,,,,
U

g -EetE  y _NptNp
’ 2 ’ 2




Orientation

How can the WCB be determined from observations?

Recall the definition of mean direction: 0

All the angular observations refer
to the index of the horizontal

circle, but they should refer to the
Northing instead!

l

Orientation

z, — orientation angle




Orientation

How to find the orientation angle?

A,B are known points,
MD,p and MD,g are
observed.

Aim: Compute WCB',p

Compute the orientation angle:
2,=WCB,5-MD,g

Computing the WCB’,p:
WCB'pp=2,+MDyp




Computing the mean orientation angle

In case of more orientations, as many orientation
angles can be computed as many control points are
sighted:

2,8, z,¢ and z,P are usually slightly different due
observation and coordinate error.

However, the orientation angle is constant for a
station and a set of observations.

i i D B C D
Mean orientation angle: . - z8d ,+25-d, . +2°-d,,
dAB + dAC + dAD




WCB vs provisional WCB

N 4
[IN

b,

A

> E

Whole circle bearing (WCB,;): computed from
coordinates, between two points, which coordinates are
known.

Provisional whole circle bearing (WCB’,3): an
angular quantity, which is similar to the whole circle
bearing. However it is computed from observations, by
summing up the (mean) orientation angle and the
mean direction.



Foresection with WCBs

What happens, when B is not observable from A?

WCB,

A,B,C and D are known points, o and p are measured.




Foresection with WCBs

,/.'\\ P
C \‘\\ \
nee. > WCB', =WCB,. +a
WCB,, =WCB,, +
WCB, BP BD IB
A d,

WCB

The equations of the lines AP and BP:

N,=N,+(E-E,)-cotWCB,,
N, =N, +(E—E,)-cotWCB,,




Foresection with WCBs

Let’s compute the intersection of the lines AP and BP:

N, =N,

E(cotWCB ,, —cotWCB,,)= N, —N ,+ E, cot WCB ,, — E,, cot WCB,,
_Ny,—N,+E, cotWCB,, — E, cotWCB,,

; cotWCB ,, —cotWCB,,

N,=N,+(E,—E,)cotWCB ,

Ep




Different types of intersections

How can we use intersections, when A or B is not
suitable for setting up the instrument:

WCB,.

a can be computed by a=180°-y-B. => Foresection.



Resection

A,B,C are known control points
& and n are observed angles

Aim: compute the coordinates of P (the station)




Resection

Compute the coordinates of T, and T,!
E,-E, — Ny—N,

=coté
N,-N, E, -E,
U
N, = E,—E,—N,coté
' coté

£ _Ny,—N,+E, coté
¢ coté '




Resection

Since Ty, P and T, are on a straight line:
WCB,, =WCB,,
WCB, =WCB,, +90°

l

Foresection with WCBs




Resection — the dangerous circle

What happens, if all the four points are on one
circumscribed circle?

%



Arcsection

A, B are known control
points,
Dap and Dgp are measured.

Aim: compute the
coordinates of P!

Using the cosine theorem, compute the angle a:
D;, =D, +d>,-2D,d , cosa
U
D;p+ds — Dy
2D ,pd 4p

& = arccos




Arcsection

A

Compute WCB,g from the coordinates of A and B,

WCBAP = WCBAB'(X,

1st fundamental task of surveying



Thank You for Your Attention!




Surveying 1. (BSc)

Trigonometric heighting.
Distance measurements, corrections and
reductions



How could the height of skyscrapers be measured?




The principle of trigonometric heighting




The principle of trigonometric heighting




The principle of trigonometric heighting

Vertical




The principle of trigonometric heighting

Vertical




Am

The principle of trigonometric heighting

Vertical

dcotz




Trigonometric levelling




Trigonometric levelling




Trigonometric levelling




Trigonometric levelling




Trigonometric levelling

Vertical
'Il/ ’II/
w(\

m=?




Trigonometric levelling

|21




Trigonometric levelling

Advantage: I
- the instrument height is not |
necessary; 'E *x
* non intervisible points can be S ZB
measured, too. 'E A
>
m=?

mz(dB cotzB—EB)—(dA cotzA—EA)

(tB COS Z, —EB)—(tA COS Z, —EA)



Trigonometric heighting

Advantages compared to optical levelling:

A large elevation difference can be measured over short
distances;

The elevation difference of distant points can be measured
(mountain peaks);

The elevation of inaccessible points can be measured (towers,
chimneys, etc.)

Disadvantages compared to optical levelling:

The accuracy of the measured elevation difference is usually
lower.

The distance between the points must be known (or measured) in
order to compute the elevation difference



The determination of the heights of buildings




The determination of the heights of buildings

Vertical
.*_ T N
V2

N,




The determination of the heights of buildings

N-————————n

Am

Vertical
.*_ T =
\%

N,




The determination of the heights of buildings
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The horizontal distance is observable, therefore:

Am=d ,cotz,

m=I[,+d ,cotz,



Determination of the height of buildings

The distance 1s not observable.




Determination of the height of buildings




Determination of the height of buildings




Determination of the height of buildings




Determination of the height of buildings

horizontal p

vertical plane of AP




Determination of the height of buildings

horizontal p

vertical
L J I —
V_N
\
\
\

vertical plane of AP




Determination of the height of buildings

Using the sine-theorem:

?’AP _ a —~d, —a .sm,b’
sinff sin(180—a - f) sin(a + )
dgp _ a g ., Sha

sina sin(180—a — 3) " sin(a + p)



Determination of the height of buildings




Determination of the height of buildings

i ZA > -
|

I horizontal
=%

4 _
m°=Il,+d, ,cotz,



Determination of the height of buildings

Using the observations in pont B:

B 1B
m” =1, +d,,cotz,

(mA +mB)

m =

2



Surveying I.

Tacheometry




Principle of tacheometry

Tacheometry

»Fast measurement” — measurement of horizontal and
vertical coordinates of detail points in one step.

Principle of tacheometry

The horizontal position of the detail point is computed
using the polar coordinates (WCB & d,), while the
elevation is measured using trigonometric heighting.



Principle of tacheometry

Horizontal coordinates:

e (N, En) and (N, Eq)
are known;
® ppp, dap iS Measured.

H4®

|IN

Exercise: compute the
coordinates of P

Solution:
e WCB,; is computed (2nd fundamental task of surveying;

e WCB,; is computed by transfering the WCB from AT to AP
(WCBp=WCByr+0pp);

« the horizontal coordinates of P are computed by the 1st fundamental task
of surveying




Principle of tacheometry

Vertical coordinates:

h; — instrument height
hs — signal height -
C5 — zenith angle Measured Ahpp=7
d; — slope distance

AhAP= hI+d5COSCAp'hS




Measuring the slope distance

Older instruments: use the optical method (stadia
lines) to measure the distance. The maximal range is
150-200m, and the accuracy 15-20cm.

Latest instruments: EDMs are used to measure the
slope distance. The maximal range is usually 2-3 km,
accuracy is 1-2 cm.



Electronic tacheometers (Total Stations)

Important features:

e automated distance measurements and angular
observations;

e the observations can be corrected for the effect of
systematic error, and reduced to the MSL;

e the data can be recorded for later use;

e observation software enables the instrument to
compute coordinates and stake out.



Operation of Total Stations

e Centering and leveling the instrument by the operator

e observing the slope distance (d.), correcting the
effect of the reflector constant, the frequency error and
the meteorological correction;

e the horizontal (Hz) and vertical (V) angles are read,
and the effects of the collimation and index error are
accounted for;

e the horizontal distance (d,) and the elevation
difference is (Ah) is computed (instrument and signal
height must be entered previously);

e the data set (d,, Hz, V) or (Hz, d;, Ah) is logged.



1.

4,

Important software of Total Stations

Free station establishment

The station coordinates are computed using
angular and distance observations to known
points (resection, arc-section and their
combination). In most cases the orientation is
also done.

Determination of the elevation of the
station
by trigonometric heighting to known stations.

Orientation of the horizontal circle
by taking horizontal angle observations to known
stations.

Computation of rectangular coordinates
(N,E)

using the polar coordinates (provisional WCB and
horizontal distance)



Important software of Total Stations

5. Tie distance

The horizontal distance between two measured
detail points can be computed using their
coordinates.

6. Remote object
by measuring the horizontal distance to the
vertical of a remote object, and the zenith angle.




Detail surveys using tacheometry

Preparation
e densification of control network;

e finding suitable places for free station
establishment.

Detail survey
e detail points of:
e buildings;
e linear objects (e.g. electric poles);
e rectangular buildings;
* arcs;

e topography.




Detail surveys using tacheometry

Identifying the detail points

e drawing a sketch of the area, and marking the detail
points on it with ID numbers;

e recording the coordinates or observations with the
same ID numbers;

e ensure that the two numberings are identical;

Mapping the survey

e marking the positions of the detail points in a given
scale;

e the elevation of topographic points should be written
on the map;

e contour lines are interpolated between the measured
topographic points.




Thank You for Your Attention!




Surveying I.

Traversing




Principle of Traversing

deflection angle

%/\\/ N
\ e

S 2

traverse legs

e Determine the WCB of the first leg;

e measure the length of the first leg;

e compute the coordinates of the traverse point No. 1,
using the 1st fundamental task of surveying;

e measure the deflection angle at point 1;

e compute the WCB of the second leg;

e continue with step 2.



Types of traverse lines

Closed Loop Unclosed
/‘\ e Free traverse
\ ]

e Inserted traverse
./0\ ./.

e Closed line traverse

\/\7




Computation of the closed line traverse

Controlling the angular observations:
e sum of the inner angles

WCBg, + B, + B, + B, + B +90°+90°

e theory
[(n+2)-2]-180°




Computation of the closed line traverse

Angular misclosure:
AB =n-180°—(WCBg, + 5, + 3, + B + B +90°+90°)
U
n—1
sp=tyso (0]
i=0

where S, =WCBq,

How to correct for the angular error?
The accuracy of the angular observations can supposed to be

at the same level, therefore the same correction should be
applied to each observed angle (n).

V/B:7 :Bi,:ﬂi‘H’/B



Computation of the closed line traverse

y
E

Controlling the distance observations:

e the computed coordinate differences between S
and E should be equal to the known coordinate
differences




Computation of the closed line traverse

Compute the provisional WCB of the traverse legs:
WCB, ., =WCB,_,+ B, +180°

i,i+1
Easting and Northing coordinate differences:
AE,,. =d,,. -sinWCB,

i,i+1 i,i+1°

AN, ., =d, ., -cosWCB,

i,i+1 i,i+1°
The coordinate misclosure:

i,i+1

n—2
AAE =(E,—Eg)->d,,,, -sinWCB

~

n—2
AAN = (N, —=Ny)->'d, ., -cosWCB

i=0

i,i+1
The linear misclosure:
AL =/ AAE? + AAN?




Computation of the closed line traverse

How to correct for the coordinate misclosure?
e coordinate error is caused by the distance

observations;
e the accuracy of distance observations is proportional

with the distance.

Corrections of the computed coordinate differences:

di i+1 AAE
VAEi,i+1 =5 )
Zdi,iﬂ
i=0
di i+l AAN
VAN, ’ .

ii+l —

n—2
Z di,i+1
i=0



Computation of the closed line traverse

Computing the corrected coordinate differences:
AE' . =AE. . +VAE,

ii+l ii+1 i,i+1?

AN!. . =AN,. . +VAN,

ii+l ii+l ii+l*

Computing the final coordinates:

Ei+1 :Ei +AE]

i,i+1°

N, =N, +AN]

i,i+1°



Computation of the inserted traverse

L B 2//m
e
dst 1 d12 dy 3 d3E

S and E are known, the distances and the deflection
angles are measured.

No corrections for the angles (due to the lack of
orientations at the endpoints).

Corrections to the distance observations can be
computed due to the given endpoints.



Computation of the inserted traverse

The coordinates are computed as a free traverse by
using an abritrary starting WCB (WCB*).




Computation of the inserted traverse

Computing the correction to the starting WCB:
AWCB =WCBg, —~WCB._.

Computing the correction to the length of the
traverse legs (scale factor):

dgg
d

SE*

m =




Computation of the inserted traverse

Computing the coordinates as a free traverse using
the following values:

WCB,, =WCB" + AWCB,
d. =m-d.

i,i+1 ii+1°




Localizing blunders in the observations

Distance observations

Compute the WCB of the linear misclosure. The
blunder is made most likely on the traverse leg, which
has a similar provisional WCB.

Angular observations

If only one blunder occurs in the observations, it can
be localized in case of a closed line traverse.

Compute the traverse as a free traverse in the
direction of S->E and E->S as well. The blunder is
made at the station, which has similar coordinates in
both solutions.



Thank You for Your Attention!




DETERMINATION OF HEIGHTS
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Absolute height

Relative height

equipotential surface Q'

equipotential surface p

Adriatic and Baltic height
by

Ma
3| ___Baltic mean sea level

675 mm iati
l 1 Adriatic mean sea level e



Theory of levelling

¥

Am = la - IB
|
tangent \\ ”
- A0\ lh__ o + Eies L
OV | B Am = (la + la) - (la + I3)
e
‘ if the level stands same distance
_ from the levelling rods then
3 o=
T
(O]
>
‘ ol thus
/ 8 I I
ﬂm:[,q+l,q —la—la :l,q—la



Tilting level (levelling instrument)

_~— Levelling bubble tube

i

" Axis of the

Ry .

---------- m ~ levelling bubble

|
o s s N s s csa b s s 2 s o EE—-JF Line of sight
|

Telescope —

Joint —~
Vertical

axis

i \ :
e Levelling screw

" Tribrach & foot screws o



Rules of
leveling



Automatic

_& levelling
= INstrumet

‘ .- F -xll. '
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Magassagi alappontok

Falicsap

4= p
4R p

Ak 2 Raaaannaaa
L:JTI:-‘:J

Szintezési gomb

TIIIIININ, :

Falitarcsa

Falitabla

MAGASSAGJEGY

>
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Line levelling

! e | W L s s
, : s l/ - — =
‘\ *1" S \\‘
o oy ., 5 L, ) % AT
‘.wﬁ"*““\‘*"**xﬁ‘?*\%ww B
" K K2
A
Line levelling measurement log
. . Reading Height difference
Point ID Distance Backsight | Foresight Rise Fall
A 0516 1302
K 60x 1818
K 0822 0360
K: 60x 0462
Kz 1804 1285
| b 58x 0529
B Sum: 3142 1645 1302
Height difference: (0343 0343
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Profile levelling

Hosszszelveny jegyzokonyv

: Tav. Lécleolvasasok Magassang
Pont jele = T . ey x
(ml hatrz kiizép elire latsik pont
A 0,0 23L5 52,345 50,000
2 26,8 0661 51,68
3 60,5 1250 51,10
L 124 .8 1530 31,82
K1 1545 50,800
K1 0331 EIREL
b 1880 59,25
L; 1630 £330
B 2881 48 25
) 0251 50,88
B=K:z om 51,020
K2 1216 52,136
n 2080 30,15
12 0630 51,61
13 0261 51,98
BEkK; 1535 50,801
[h] 3692 [e] 3091
A= oao A= aan




Cross-section levellin

1
|

| !

N
.\\\9" \\\\‘

o
>

Keresztszelveny jegyzokonyv

o LEcleolvasasok Magasség
Pont jele FETYER R 2 P
natra kozép elire atsik pont
1218 = 181 163,608 162,127
0+00 & 1522
t 1550
1590
1770
Lz i
B 1581
EP 750
B2z 2E90
(=50 k 15k i
t 590 162,010
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Area levelling

segadalapvonal

0D

L L L L)

mer 0 szalagok

foalapvonal

0 B

[ X}

asi sorrend

lecleolvas
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Teriletszintezési jegyzdkonyv

kezdo magassag 8. covek: 150,000 m

lacleolvasas: 1367 m
latsik: 151,367 m
15137 m

B. covek

319 2713 25 235 250
1L8[18  1Lgl6k  Le[B2  19)02 14887
0 25 afe 23 208
1837 18[718  W9|l9 oL 14929
1 243 o, 198 7
1859 189k W9[L3 W99  149[59
2059 2o % 159 6L
878 MOP1 WoleT 978  1LO[M
P32 1o 5 102 32
1905 Tolk6 w992 B[ 150(05
07 1) 5 103 0[99
w9 1955 mofl2 150BL 150038
89 151 093 ok 0|67
1L9[Le  1LolB6  WOjLk  10[13  150[70
55 1)1 ofis 09 o5
1982 0[5 B0j62  150[88  150[87
s oles  olsa 032 g3
15031 1052 5085  B105 15100

128



Basepoint: 203
Elevation of basepoint: 183,254 m
Reading to the basepoint : 3453

45 1230 44 1a70 43 1680 42 1870 41 1980
185,48 185,24 185,03 18484 184,73
instrument horizon: 186,707 m
Rounded to cm: 186,71 mBf
40|1620 39|1680 38| 1850 37| 2130 36| 2210
185,09 185,03 184,82 184,58 184,50
Linearis interpolacié példa terlletszintezésbdl szintvonalas térkép készitésére
35| 1940 342150 33| 2320 32| 2460 31| 2390
i 184,56 183,39 183,25 184,32 Linear interpolation example for creating a contourline map from area (grid) leveling
=
30| 2220 29|2310 28| 2420 27| 2510 26| 2600 #’1 y
184,49 184,30 184,29 184,20 184,11 — £
I I 5
E | ~
() Il
il £
= N X/2cm=30mm/13cm
25|2510 242600 23| 2670 22|2740 21| 2810 i:l X g_ / /
184,20 184 11 184,04 183,97 183,90 = ,_J ]
] ) X=30mm*2cm/13cm=4,6mm
S ) )
— 0 LN
e Sy o
20| 2780 19| 2850 18| 2000 17| 2950 16| 2980 a = o s —
183,93 183,86 183,81 183,76 183,73 L :- - o £ Y=30mm*11cm/13cm=25,4mm
oM n o
@ < T €
2o X+Y=4,6mm+25,4mm=30mm
—
15| 2970 Ak 13| 3050 12| 3080 113110
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Surveying l.

Setting out straight lines, angles, points in
given elevation, center line of roadworks and
curves.



Setting out points with geometric criteria:

e straight lines: the points must be on a straight line, which is defined by
two marked points;

e horizontal angles: one side of the angle is already set out, the other
side should be set out;

Setting out points with defined horizontal coordinates:

e setting out points with defined horizontal coordinates in a local or
national coordinate system;

e setting out points with defined elevation (local or national reference
system)



Setting out straight lines

Alignment from the endpoint



Alignment (AC’ distance is observable)

c=qtaneg



Alignment (AC’ distance is not observable)




Alignment (C is located on the extension of AB line)

Set out the extension of the line in Face Left!

»©

Set out the extension of the line in Face Right!



Setting out straight lines




Setting out straight lines
(AC’ and BC’ distance is observable)

c=a-d ab 8”

» a+tb pf
s=a+p



Setting out straight lines
(AC’ and BC’ distance is NOT observable)

Let’s use the formula of the previous case for ¢, and c,!

C E

(b, -
C

ab
Ehaadl C.= £
1 a+b 1

1
2 ag+b 2 282




Setting out straight lines through obstacles




Setting out horizontal angles

C’ -
e
/

Compute ¢ and measure the distance a.
The linear correction ¢ can be computed using ¢ and a.



Setting out coordinated points

Setting out coordinated points

1. Tape surveying (offset surveys)

2. Setting out with polar coordinates (radiation)



Offset surveys




The optical square

Top view




Offset surveys — computation of chainage and offset
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Offset surveys — computation of coordinates

||N E Aa.zal.—a._

I i—1
Ab.=b.—b.
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Setting out with polar coordinates (radiation)

Given: A, B and P

I~
: B
®
pd 2nd fundamental task of surveying:
o ,0 ,t
AB AP AP
a =0 _—0




Setting out points with given elevation

Yeist ik S
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VI. Setting out the centerline of roadworks

S

1. Preparations:

-Gwven: S,E T, T, ...T,andr, 1, ...1,,

- 2nd fundamental task: d,.,.d d o ,0

K112 " n¥V K1 1277 nv



=) -0 (in case of right curves — facing to increasing
I ,i+1 1—] ,i Stationing)

— 5 — 5 (in case of left curves — facing to increasing
i—1,1 i,i+1 stationing)



Tangent-length: ¢ =r tan —

Length of arc: A 27’ y| R -



2. Stationing (computation of chainages)
* The station of S: 0+00
* Round stations between S and CS,

* CS, station: d Kl_tl



 CE, station = CS, Station + Length of Arc

 CE,...CS, first round station is S|, the station of CE,
should be rounded upwards (amount of rounding is A));

* CS, station = CE| station + d, — (¢, + t,)
* between CE| and CS, round stations should be computed



* CE ...E section: first station 1s S , the value is the upward
rounded station of CE

* Station of E=Ce, +(d, ,— 1)

* Round stations between CE_ ¢&s E



3. Computing the coordinates of CL points (stations) — along the straight lines

» Coordinates can be computed based on the distance between the traverse points (T1)
and the WCB between the traverse points.



4. Setting out the CL points:

» Using polar setting out (radiation) from the traverse points.



5. The setting out of principal points on the curves:

Measure the tangent length
from T! Thus the CS and CE
points can be found:

t =rtan —
2

With the distance 7-CM the
points CM can be found:

drcy=r/cos(¢/2)-1

Curve length can be
calculated from:

— 3k
Larc r (I)rad
where:

Orog=¢/180%p



5. The setting out of principal points on the curves:

Measure the tangent length
from T! Thus the CS and CE
points can be found:

t =rtan —
2

With the distance ¢ the
points A and and B can be
found:

@

c =rtan —
4

CM is exactly between A
and B.




5. The setting out of principal points on the curves:

The point CM can be set
out from the chord CS-
CE:

.9
y =rsin —

2

P
X =7—rcos

2



5. The setting out of principal points on the curves:

When T is not suitable for
observations, then the points A" and
B’ are set out.

The distance e = A'B’ is measured,
And the complementer angle of « and £

The distances A'T and B'are computed
(sine-theorem)

The a’ and b’ distances are computed, and the points CS and CE are computed.



6. Setting out the detail points on the curves

X

cs Y y

Detaﬂ pOintS Wlth equal diStancei Detall points Wlth equal Ay dlff
, _® Y 7 sin
n n n
= rsinka' — k.
Y A yk =k-Ay
, 2 2
x =r-—-rcoska X =r—_r —y
k k k



