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Cadastral Surveying

Stage: 2nd .Surveying/ Second semester

Assistant Lecturer: Athraa abbas kadhim
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Course Objective

After studying this course the student should be able to

1- Known the types of angles and traverses
2- Compute the coordinates of points

3. calculate the unknown measurement
4.divsion and subdivision of lands.

Target Audience: 2nd .Surveying student

Course Description: 2hr Theoretical ,2hr Application




Lecture (1)

Measurement of angles

Deflection angle .- The angle between aline and prolongation of the
preceding line . It recorded as right or left .

Interior angles .= In closed polygon the angle inside the figure between
adjacent lines .

Angles to the Right:- The angle between aline and the preceding line
in clock wise direction .

Observation of Horizontal and Vertical Angles
Angles observed in surveying are classified as either horizontal or vertical depending
on the plane in which they are measured. Horizontal angles are the basic observations
needed for determining bearings and azimuths. Vertical angles are used in
trigonometric leveling and for the reduction of distances to horizontal.




Horizontal angle:-is the angle formed in ahorizontal plane by two
intersecting vertical planes.The theodolite is an instrument used for measuring
horizontal and vertical angles .

Two classes of instrument are used to measure horizontal angles. These are

a- Repeating theodolite .

b- Direction theodolite .

Measuring ahorizontal angle :-There are two methods.

1-Direction _method :-
a- Set up the theodolite at station B.

b- Set the vernier to read 0" or take initial reading.

c- Set the telescope to bisect station A.

d- Loosen the upper plat and turn telescope in clockwise direction until the
line of sight is set approximately on the right hand sight C.

e- Tighten the upper clamp bisect point C exactly and take reading .which
gives the angle ABC if the initially reading = zero.

f- Change the face of the instrument and repeat the whole process. The

mean of the two readings gives the value of the angle ABC.

Double Sighting:- measuring the angle once with the telescope in the
direct position and once with the telescope in the reversed position .

EX./ A direction theodolite is used to measure angle at Q from P to R, the
following observation taken .find the angle PQR.

Ins. | Station | Circle reading | Horizontal | Circle reading | Horizontal

station | bisected | Face Left(L) angle Face Right(R) angle
P 10° 37" 00" 190° 37' 40"
Q 34° 38' 40" 34° 38' 06"
R 45° 15" 40" 225° 15" 46"

<PQR _34° 38 40" +34° 38'06" _ 34° 38" 23"




2

EX./ Comput the angle SRT from the following observation

Ins. Station Circle Horizontal
station | bisected | Ielescope face reading angle
S L 00° 00" 40"
R T L 170° 30' 20" | 170° 29' 40"
T R 350° 30' 00" | 170° 29' 20"

< SRT = 170° 29°407+170° 29" 20 = 170° 29" 30"

FL=FR-180 i
2- Repetition Method:-

To improve upon the accuracy for measuring a single horizontal angle , the
method of repeation is used .

For reading angle BOC :-
1- The instrument is setup O , make vernier zero or take initial reading .
2-The lower clamp is loosened , bisect station B , the adjustment of bisection
is done by the lower tangent screw .
3- The upper clamp is loosened and the station B bisected any adjustment
required in bisection is done by upper clamp, take reading .
4-The first station B bisected again by loosening the lower clamp, and by
loosening the upper clamp dissect C.
5-Repeat the process for example 3 time (No. of repetitions) .
6-The final reading dividing by 3 (No. of repetitions) gives the angle .
7-The same process is repeated on the other face .
8-Mean of two faces is taken as correct horizontal angle .




Examples

Ex. / An angle is measured by repetition . The initial mean reading is 32" 12 20"".
After first repetition the reading is 49 13" 40", after sixth repetition the
reading is 134" 19" 20" .Compute the value of the angle .

Sol /

The approximate angle =49 13" 40" - 32" 12" 20" =17 01" 20"

The angle after repetition = last reading - initial reading
No. of repetitions

 134°19207°-32°12720™
B 6

—17°01'10"

Ex. / Compute the value of angle if initial reading =136 01" 50" and the first
reading =216 21" 00" , reading after 6 repetition =257 57" 50" .
(Ans=80" 19 20")

Sol. /.

The approximate angle =216 21" 00" - 136" 01" 50" =80 19" 10"

The approximate reading =80" 19° 10" x 6 =481" 55" 00"

-. Last reading =257 57" 50" +360 =617 57" 50"

H. angle - 817°5750 g136 050" _ g orgoe




Ex. / Compute the horizontal angle .

Station | Station | No. of face Circle readin
Inst. | bisected Rep. &
E 0 L 70° 10" 30"

G 1 L 170" 30" 30"

F G 6 L 312° 11" 00"
G 6 R 312° 12" 00"

Sol. /
The approximate angle =170 30" 30"* - 70" 10° 30" =100" 20" 00"

The approximate reading = 100" 20" 00" x 6 = 602°
. Last reading=312" 11" 00" +360° =672" 11' 00"

_672°1100"-70°1030""

L.Angle = s =100°2005""
R Angle — 57271200 6—70 1030" | hoogyse
Mean angle =@ =100°2010™

H.W./ Compute the angles AOB, BOC from the following observation at O.




Vertical Angle

A vertical angle is an angle measured in a vertical plane from horizontal line
upward or downward to give negative or positive value .

Sometimes referred to elevation or depression .

vertical angle lies between 0 and + 90" .

Zenith angle :- is an angle measured in a vertical plane downward from an
upward direction vertical line through the instrument .it is thus between 0" and

180°

a=90°—Z(F.L)
o =Z(F.R)-270°

0° zenith angle o
zenith angle
vertical angle vertical angle
(@) (a)
/ —
270° — “ 90° 270 ;‘ / 90
) J/ P
verticakangle vertical angle
A @) 5 @)
zenith angle 180° 180
zenith angle

a bove horizontal Below horizontal

Ex./ A vertical angle is measured to target on top of hill with telescope in direct
position (F.L) , the circle reads (67 23' 50), with the telescope in the reversed
(E.R) position the circle reads (292" 36" 16") compute the vertical angle .
o =90°— F.L(F.R—270°)
a =90°—-67°2350" = +22°3610"
Sol/ ¢ = 292°3616"—270° = +22°3616™
o= 22°36710 '+22°3616™
2

=22°3613"




Traversing

Traverse :- A polygon consisting of series of straight lines related to one another
by known angles .

The traverse may be classified as :-
1- Closed traverse :- if the last point closes on the starting point .

2-Open traverse :- if the last point terminates at any point which except
the starting

Angles of the traverse may be measured by obkerving :-

1-Interior angles.
2-Deflection angles.
3-Angles to the right.

Balancing a traverse

1-Interior angles  4lalall Gig 3l

The _sum of the included angles =(n-2)x180
n=number of the angles .
The error should not exceed =(3— a2 use Za-/x {(allowable error)z ganaal] Undd],
a=least count of instrument (8l jgadisel
Magd 43 7= ganaall o A1 Badl] IS 131 el Blg 3 Ao & 59 4y 7 goeanll Tndl] oy B Undl] oS 130)
(]




EX:Compute the coordinates points for the following traverse if,
Az.AW=234° 17" 1§ ,XA=10000, YA=5000

803739

W

Solution:

I Theoretical Interior Angles = (n-2) * 180

I Theoretical Interior Angles = (5 -2) * 1807 = 54070000
I measured angles = 34070105

e=5400000- 54000105 = 0000105

c==xk \E

c==000030V5

c==000107

R R e

T.Cfor Interior angles
n

Correction / angle =

Correction / angle = = USI o _ 0001y

Point Int. angle Corr. Corrected Int. angle
A 10074548 -13 10074535
B 2312354 -13 231°23°41
C 171309 -13 171256
D 8903739 -13 890326
E 10173435 -13 1013427
z 5400 0105 -1'05 5400007007




Directions

The directions of the lines:- are fixed by measuring the angle between the lines
and fixed line of reference .

This angle is called (( bearing )) of the line .

The reference line is called (( Meridian )) and it may be one of the following

a- True Meridian :- The line connected the earths poles it is fixed .

iaedl Ula) a5 Apua V18 )SI o giadl g Ml (gl paadl (padally lall ol g -: sl olasY)
ASIal) Sla HY1 Ao 53 Cpma s Y Gl g8 5 S jral)
b- Magnetic Meridian:- is the direction which is indicated by freely

suspended magnetic needle at specific time .It varies from time to time .

c- Assumed Meridian;- Any line of survey may be assumed to be meridian

d- Grid Meridian:- A line through one point of survey has been adopted as
areference meridian .

e- Azimuths, and Bearings
Determining the locations of points and orientations of lines frequently
depends on the observation of angles and directions. In surveying, directions
are given by azimuths and bearings
Systems of Directions (bearing) .

bearing are designated by the following system:-

1- Whole circle Bearing ( W.C.B) or Azimuth :-

Azimuths

Azimuths are horizontal angles observed clockwise
from any reference meridian. In plane surveying,azimuths are generally
observed from north as shownin figure below, but astronomers and the
military have used south as the reference direction
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Azimuth traverse. :
Bearings

Bearings are another system for designating directions of lines. The bearing of a line
is defined as the acute horizontal 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°. The letter N or S preceding the angle, and E or W
following it shows the proper quadrant. Thus, a properly expressed bearing includes
quadrant letters and an angular value.
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A
D Reference
3__0_t'._ \‘_njgndlan
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Bearing angles. S
Directions computation
Side Azimuth computation equation Azimuth
AB < WAE — (360- Az AW) + <EAB 1265517
BC < ABC — (360 - Az. BA 1781858
CD < BCD - (360- Az.CB) 153154
DE Az DC + = CDE 2843520
EA AzED+ < DEA 20609 47
Checking AB AzAE + <EAB 1265517




leall 4581 A pall
Dep. or AE = Length of side * sin ( Az, of side)
AE =5 *smn Az
all Al ) 5l
Lat. or AN = Liength of side * cos ( Az. of side)
AN =5 *cos Az
MN(Y)
A
e
AY or AN :
or Latitude
2 5:
|— EQ{J

AX or AE or Departure
o ]

Side Length(m) Direction Dep.(A Easting)  Lat. (ANorthing)

AB 647.286 126 5517 517480 -388.837
BC 203.030 1781858 5.066 -202.042
cD 720.697 153154 102 082 694370
DE 610.210 2843520 -590.536 153.701
EA 285.063 206 0947 -125.686 -255.895
X 2466.286 ZAE=0.206 FAN=0.442

Linear misclosure alaall Jéill i
Lbes g sboy (g3l 5 Al An il g alimall gl (o3 Ll 5k atly alcall 3l s 3y

S g AL

Linear misclosure = EAEZ + EANZ

=+/0.206% + 0.4422
=0487 m.




Total Departure misclosure

Correction for Departure = - x Length of side

Total length Rraversr

Total Latitud iscl
Correction for Latitude = - sare & Muscrosure x Lengt& of side

Total length Rraversr

0.206

i = _{—— -
Correction for Departure { SEE20E ) 647.286
Correction for Departure = - 0.054 m.

0.442

i i =-| —— e

Correction for Latitude { 466286 ) x 647.286

Correction for Latitude = - 0.116m.

Side

Length Computed (m) | Correction (m) Corrected (m)
(m) Dep. Lat. Dep. Lat. Dep. Lat.

AB 647.286 517480 | -388.837 | -0.034 | -0.116 | 517426 | -388.953

BC 203.030 5.066 -202.042 | -0.017 | -0.036 5.949 -202.978

CD 720.697 192082 | 694379 | -0.060 | -0120 | 102022 | §94.250

DE 610210 [ -390.536 | 153,701 | -0.051 | -0.109 | -300.587 | 153.692

EA 285063 | -125.686 | -255.805 | -0.024 | -0.051 | -125.710 | 255010

X 2466.286 0.206 0.442 -0.206 | -0.442 0.000 0.000

Coordinates Computation

Gl st (il
X5 = X4 + Dep.ag (AX a5)
Or
Eg =Es +Dep.ag (AE.45)

Eg=Ep+S.5* Sin(Az »5)

Jradmill  los) Cliesd Ll
Yg=Ya+ Lap.sg(AY s5)
Or
Ng=Nj + Lap an (AN s15)
Ng=Na+ S ap* Cos (Az x58)

polygon diliall Cilelimall s (413 O gloa) g Ll Clilan ¥l ptea e (gl Sy G,
uﬂ_}m.] LJ...;.—m.'.' a-;-j 5_}_._'!5.3' il ‘_.__il?- _"'I...qiE-le'-_" s _J—:'J o e ‘_,__i_g‘.ill A | QI__'ILJ_'LI 1_-..J.|;'.. I:ll__
ezl Cllien a3




Pont X (m) Y (m)
A 10000 5000
B 10517 426 4611.047
C 10523 375 4408.069
D 10716.297 5102.319
E 10125.710 5255.011
A 10000 50001

2-Exterior angles

EX./ Adjusted the following traverse s angles

measured

Station | Angles to the nght |correction | Adjusted angles
254 300 007 +15° 254 45 007
B 248" 15° 007 +15° 248 307 007
C 276" 30° 00 +15° 276" 45" 007
D 299 45 00T +15° 300 00 00"
SUM 1079° 00° 00 +1 1080° 00" 007

The sum of angle to the right should
The sum =(4+2)180 =1080°

Error =3 theoretical - > measured

Error =1080"

Total correction = +1°

u}

. 1
Correction_angle = +T

0
- =415
4

be =(n+2)180

00 007 - 1079 000 00 = +1°




3-Dellection angles

The sum of nght deflection angle - The sum of left deflection angle =360°

YR - TL = 360°

EX./ The following deflection angles were measured in atraverse that beginning and
closes at station A what are the adjusted deflection angles .

Station | Deflection angles correction | Adjusted angles

A 113~ 39* 00 L |-307 113 38 30" L

B 98" 15 300 L |-307 98" 15" 00" L

C 88" 19° 30 L |-307 88" 19° 00" L

D 117 43" 00 L =307 117 42 30 L

E 57 34 30" R [ +307 570 35" 00" R

SUM >L =417 55 00™

>R= 57" 55" 00

=360 00" 00"

Angles to_theleft =417 55° 00 L

Angles to_the right =57° 55° 00" R
=57° 55°.00" - 417" 55° 00° =-360" 02' 30" (hlull 55V Segd)

Error=360" 02" 307 - 360" =+ 02" 307

27307

Correction_angles = —— 30




H.W: In the closed traverse ABCD. compute the Azimuth for each

sideAZ,p = 31°33"

point Deflection angle
A +143°16'R
B -51°16" L
C +150°34°R
D +116°52°R
2- connected traverse {Link)
EX: P, B 5
AN T
‘\‘ 390' ‘\‘ ‘Q\\?
‘\\‘ “\-‘ t"-:u;\o
\“‘ \ ‘%,
®
A C R
Sol ;
point | Angle to the |correction | Cor.angle
Right
A 82°34° -00°04° 82°30°
B 237°14° -00°04° 237°10°
C 119°44° -00°04° 119°40°
D 246°04° -00°04° 246°00°
Z = 685°36" 685°20"




Ltheory = az, = Az, + LAngles(B) — (n = 180°)
AZp = 160°00° + L685°36" — (4 = 180°)
AZp = 125°36"
roaall gl 7l ASY el & gas I Ga ok
Error=4Z, — AZp =3 125°36" — 125°20" = 00r 16"

T.C=—00°16"

rd -orle

Correction=— = = —00°04"
n 1

AZp = 160°00° + 685°36° — 720°00° = 125°20°




Lecture (2) and(3)

Intersection or Omitted measurements
42 pgamall LBl gl Chaldldsdl

Intersection: two lengths side are unknown (Y sgamall (ualdall Jska ) J ¥l adalidl

P2
M‘G ,/’f <2 \‘\ a
7 K <
l"_.-.-’ {:1 ,{\3‘\.\
P1 . > » Pg
(EIJN1) c (EBJNSJEZ
Az w

Trigonometric method:

1. compute, Az.w ,C

AE
R.B = tan! N ,R.B - Az.w

C=(AE)? + (AN)?
< 1=Az.w— Az, a
<2=RBAz.a— Az f#
<3=Azw—Az,ff or <3 =180°— (< 1+< 2)
2- Comput A and B by using(sins Law)

c*sin << 3 c*sin < 1

 sin < 2 - sin < 2




2- traverse Equation method Ps
ey
2 Dep = AE = (E3 — Ey) iy
Y lat = AN = (Ny — Np) i
N
or * g1
er A+*sindz. a P2 ™=
AE=A+sinAz. a+B*~sindz. f jresssssssssssipstigEnsnsssss |
i B+sindz. f# |
AE=A=cosdz.a+ B+cosdz. f§ tEb
[
5 -
? =
° -
< =
" —
e i
| N
P AE = (Ey, Ey)
(P1,P3)
AE+cosf — AN +sinf g AE+cosa — AN +sina
B sin AZ.(a — ) S sin AZ.(a — )

EP, =EP| t (A*sindZ. a)
NP, =NP, +(A~cosAZ a)
EP; = EP, + (B *sin AZ. 8)
NP; = NP, + (B *cos AZ. 8)

EX: Compute the coordinates of the traverse A, B,C,D if A A=(850,300)
,B=(850,400) by using trigonometric method and check solution by using
traverse method

c?"}"
(8s0400) T . (850,4.00)
A CL B % C =" -&?‘-F-
L T e - )
.-—"#‘éﬂ 1 e O a E T "\.\\ i
_,.-"" . 1 'nﬂo ‘\\
Cor=ammv- PP 4 tn .
Az, A B Iy
B (798.29, 318.74) D Az = 105°30° (850,300)




AE = 850(55 5in249°27") = 798.29
AN = 300(55 cos249°27") = 318.74

R.B=tan! = 532°28"15"w

n-1 798.29-850
318.74—400

AZ W = 180° + 32°2815" = 212°48" 15"

C=(AE): + (AN)E =3 J(798.29 — 850)2+(318.74 — 400)2 = 96.32 m

2-Comput< 1,= 2,=- 3
< 1=Az,a— Az.w = 249°27" — 212°48" 15" = 36°58" 45"
< 2=Az,f— B. Az.a = 105°30" — (249°27" — 180°) = 36°03" 00"

= 106°58" 15"

<3 =180° — (= 1+< 2) = 180° — (36°58" 45" + 36°54" 00"
total angle: < 1, << 2, < 3|
36°58" 45" + 36°03° 00" + 106°58" 15" = 180°

A c c+*sin < 3

- = — =3 A = —
sin<- 3 sin << 2 sin << 2

c+sin << 3  96.32 * sin 106°58" 15”

A= 5 = am3e03 00 190.35m
B c c+sin< 1
sin<1 sin< 2 =}>B=m
= e - 9.32 » Sin 3658 45 =08.45m
sin << 2 sin36°03" 007




Coords. Of p,

EP, =EP, + (A+sindZ. a)
=850 + (156.55 = sin249°27*) = 798.29

NP, =NP t(A+cosAZ a)
=120+ (156.55 > sin 249°27") = 318.74

o Py, E=798.29 N=318.74
Check:

EP; = EP, + (B*sinAZ. 8)
— 798,29 + (98.45 * sin 105°30" ) = 798.28

NP; = NP, + (B* cos AZ.8)
— 318,74 + (98.45 * cos 105°30") = 318.74

2- check by using traverse method
AE=798.29 -850 =—-51.71
AN =318.74 — 400 = —81.26

AE «cosfB — AN *=sin i g AE «cosa — AN *sinea
B sin AZ.(& — ) T sin AZ.(a¢ — )

AE+cosfi —AN+sinff
B sin AZ. (e — fF)

_ (—51.71) * cos 105°30" — (—81.26) * sin 105°30°
a sin AZ(249°27" — 105°30")

=156.54m

AE *cosa — AN = sina
sin AZ.(a — f)

_ (—51.71) » cos 249°27" — (—81. 26) *sin 249°27"

sin AZ(249°27° — 105°30) =98.45m




EX: compute the missing Lengths and coords.|of travers shown below

- 270 F

‘s\ :.r
\_\5\0 m Due \I':L

Ez = 100 ,E, = 150

Ng =190 N, =100 W« >
(100, 100)

150 — 100
100 - 190

— | =tan™t = 29°03"

AE
R B=tan™!
an AN

AZ W = 180° — 29°03" = 150°57"

C=/[AE)? +(AN)? =» (T150— 100)°+(100— 190)° = 102,90 m

2- Comput=1,=< 2, == 3
=1=Az.w— Az « = 150°57" — (180° — 63°24") = 34°271°
= 2=R8 Az «— Az I = (360° — 63724 — (180" — 51°30") = 65°06"
=3 =360° — (B Az.w— Az ) = 360° — (180° + 150°57" — 51°30") = 80°33"

c*5in < 3 102 90 * sin g0r33"

. = . =111.97 m
sin =< 2 sin 65°06°

c+sin < 1 102. 90 * sin 34°21"
B = . = . = 64.05m
sin << 2 sin 65°06°




Coords. Of p,

EP, =EP;+ (A+sindZ. a)
=100 + {(111.97 * sin 116°36") = 200.12 m

NP, =NP,t(A+cosAZ a)
=190+ (111.97 * cos 116°36") = 139.86 m

Check:

EP; = EP, + (B+sinAZ. 8)
— 187,63 + (64.05 +5in231°30" ) = 150 m

NP; = NP, + (B cos AZ.B)
= 120,30 + (64.05 * cos231°30°) = 100 m




3- Analytic Geometry method

E, —E
tan. @ =
Il. ¥ NZ—N]_
Es —E;
tan. g8 =—— =
nf N3 — Ny

E3—FE;+N|~tan.a¢ — Ny ~ tan. f#
N2 = tan.a¢ — tan. #
E,=E,+(N;, —Ny)~tan. &«
=E; — (N3 — Np)~tan. g8

Comput A and B

AE . £, —E
- sinAZ.a¢  sinAZ. «
AN Ny — N,

B = ==
cos. AZ. cos. AZ.

Solution:

1- Comput p{(E;, N3 )

2- Comput A and B

3- Comput p; and check on p4g
A Oadl GBI O

EP; = FEP, + (A *sindX. «)
NP, =NP, +(A+~cosAdFf a)
EPs = EP;, + (B*sindZ. £2)
NPy = NP, +(BxcosAFX )

(Eq,Nq)

(E3,N3)




4- Rotation of Coordinates Method

& = Rotation angle
O0=(AZ.8 - AZ a)
Com put:ﬂ.Ek,ﬂN‘

AE = AE * cos 8a — AN + sin 88

W

AN = AE +sin@a — AN +cos 88
_ﬂE*msa—ﬂN*sinﬂ:
sin(ff — @)
A=AF+sina— AN =*cosfl — Beos(ff —a)
(A) e 0 () oo 7 e

EP, =EP| + (A=sindZ.a)
NPy =NP; + (A+cosdla)
EPy = EPy + (B=sinAZ.f)
NPy =NP, + (B+cosAZ B)

Solution;
1- Comput Aand B

2- Comput pyand check on py




H.W: Find the lengths (A B) and the coords. of Point (P2) From the

figure below. N P2
ORI AN
b# IIJ {:z “\ \E\
3 -~ N,

W& 7 %

$ ,,.«-"' \\\ u‘)a

‘.,_"" {:1 . {:3 “,\‘ ]
241 = * Ps

(100,120) C (170,80)




Lecture (4) and(5)

Intersection (1)

Two lengths of side and Azimuth on other are unknown

o glea (A1 aball Jokag SN abiall slasl ¢ ss 1 AN Al

Sla plea (AL abll slatl g Joil alall Jok s 131 ARl ARal




! Intersection [ Il) o) el -

A gl ) e Lot T i i G

. (P2) A gl Uagaba AL i ¢Sy A1 gy Lkl g sy AR il

LS) datlaall o & glal £ glai a8 o (A ¢ Clablil (il 130 Daal
5 i) el coneng g pnn ol (085, Al g el g Ay 1 21
Ojgada Gl dli o Gglall Galaall (8 Gy ¢ AU ) Al (685 gy
A (2 AY) Lgh b (a (lablilg (P, P3) pei¥ly Lagiaa U Lagiblyy (AhiE (S5
! g (LS5, (P2) gl

P2(Ez2, N2)
P3s (Ex, N3)
Known : Required :
Position of (P1) : (E1, Nv) Position of (Pz2) : (Ez, N2)
Position of (P3) : (E>, N3) Length (Pi1s»s P2) : A
Dirdction of (P1---P2) : Az 0 Dirdction of (P2>>>P3) : Az 3
Length (P2>>»P3): B




__ExtCompute the Coords of a Traverse (A,B,C,D,E) :

C 60 m
107 50 g
' 52 m
~, 1210 a0
B 125 m Due (w) A

340, 350

ol ( )
C

C 60mpue(E) D (P2)
T — »
E;\"I \‘\‘S'I'.‘I m \\‘SI:I m ..c.? i \\a_\su m
: i Pl
E (340, 402) " i i

Coords. Of (B) : (215, 350)

Coords. Of (E) : (340, 402)

Coords. OF (E') : (280, 402)

Ey—E 280 — 215
3 1y tan~1(

:‘1.'. iy = -1 —_—
zo = tan gy 402 — 350

)=51°20

¢ =./(280 - 215)% + (402 — 350)* = 83.24m

“1=Azw — Aza — 51°20° —17°50 =33°30

(P1)
(215, 350)

o :
< (P3)
</ (280 , 402)
52 m p
B
B 125 m Due (w) A (340, 350) (21{:})3“}
L TTerse DI1S .
Azz. =90°—72010 =17°50| el
c
Az = (17°50"+ 180°) —107° 50 = 90° (P2
,L'I.--':J\\,1 %,
f@ B

8 e

h A (P3)
::T (280, 402)
¥

B [ 50 83.24
= —

Sin<l  Sin <2 Sin 33930

Sinn <2

- — §in <2 =092 —» <2 =66°46

<3 =180° - (<1+<2) - 180°-(33°30'+66°46 ) =79°44

.
Sin33°30' Sin79044¢ o™

Az f =BackAza—<2 - (17°50° +180°) — 66° 46 =131°04

FER

A

i b tem i o




(215, 350)

(215, 350)

|=.< 2" =180°— < 2 — 180° — 66°46 = 113°14

<37 =180° — (< 1+<2") - 180°—(33°30'+113°14) =33°16 |
50 A’

= = 49.69m
$in 33°30° 33° 16’

|Az B” = Back Aza — < 2"~ (17° 50" + 180°) — 131° 04" = 84° 36|

Ep, = Ep, + A.Sindza — 215 +89.415in17°50 = 242.30m

Np, =

Np, + A.Cos Az a — 350+ 89.41 Cos 17° 50" = 434.86 m

Qhﬂ'j{ P3 From Pz H

E, = Ep + B.SinAzp — 242.30+505in131° 04" = 280m

== e Checked
Np, = Np, + B.Cos Az — 434.86+ 50 Cos 131° 04 =402m

Coords. Of P; " :

Ep, = Ep + A .Sindza - 215+ 49.69 Sin17°50 = 230.22m

Np, = Np + A'.Cos Aza — 350 +49.69 Cos 17° 50' = 397.30m

Check P3; FromP;':

Ep, = Ep '+ B.SinAz ' — 230.22 + 50 Sin84° 36 = 280 m

: iy Checked
Np, = NP2'+ B.CosAz [ —397.30+50 Cos 84°36 =402m




Coords. Of (C) (P2) : (242.30 , 434.86)

Coords. Of (C') (P2'): (230.22 , 397.30)

Coords. Of (D) From (C) : (302.30 , 434.86)

Coords. Of(D') From (C'): (290.22 , 397.30)

52 m
90

-

125 m Due (w)

A
(340, 350)

:ngth of DE :

D F=,(340 - 302.3)% + (402 — 434.86)%2 = 50.01m

D'~ E = /(340 — 290.22)% + (402 — 397.3)% = 50.00 m

Pz Bz, Mz)

Hoxlleuié‘fk : Find the Coords. of the following TraversePoints by a

A
(100, 120)

s =
(160, 100)

60 m Due (w)

A
(100, 100)

‘triagnometric method : =
3
v
a
E
]
v
B "%
L
A>
L
. D
A 60 m Due (w)
(100, 100)
F: %2)
A &
Of

(P1)
(100, 120)

(P3)
(160, 100)




Lecture (6) to (8)

“Intersection ( 111 ) <l akalash -

‘J.“.IJLLg ¢ oladt u.t}ﬂa.an}h]'l u.ajll.a;_).l.n.l.ﬂ.l.umu.l.ha &hﬁ.u Liou ity &hm1 (KT Jhas
. (P2) 4 sgaall Lagadali Ahaki apaad (Say Lagd sh e glaay 40d

LaS) Jualaal) Ao 45 glall gAY gl axe Jla B ¢ Sladal@ill Ga g gill 134 Jaseail g
o el Aladl e Clijlge amy aly (L8 g L Asalaadly ladldl g dely )l Jlsay) (B
Olosada Jadlaall @i Jdo Guglall Gualdall Oe0 Cuay ¢ N adliil Ala oS Ciags
Al B AW Legd b G Glablihg (P1, P3) aw¥l Laglea Und Lagily bl JS30,
D AG Jeah B LS | (P2) A sgaal)

PSS WA
Fomitior of (Fa1) @ (Ex , R}

Rooulras @
Fositiorn of (F=) @ (Ex , k=)

P cosmiticary o f (FTad : (Ea . Paad et of (Fs -

Dirdotion of (F1 -

a)p z e B
Longth (P e P Fx} @ Hue o

¥ a~
Fa) 2 B

Lsmengathn (F s —oo

p GlahlBil Ga g ol 138 L Jalaall clead Gl b Slllia

S

: (Triagnometric Method) <UGtial) 43, )b (Aagal) 45 Jhal) 2.X)) Laay gl
;o LSy, (Cos Law) abadll cua il 45y jlall o A aadieny
D Ol Gl (C ) dsky (Az ) (P12 P3) deall olad) caeay =)

(Ez ; Na2)
LAl

E; —E4
Az o = tan l(——— s Ay
(Ng - Nfl) P @ Bh‘,. (E:‘T]N:]
r c”,
Cos Az w ; il

“oy

Length (C) = {Sm P

(Ex, M)

aladll cua ¢ glB aladiidy (< 1, <2, <3 ) Sliall Adafall U gl qaeat oY

32

e

2A.C.Cos <1

A*> +C* - B?

Cos <1=
i 2A.C

Cos <2=

A% +B? — (?
2A.B

Cos <3 =

B R 60 - AE
2B.C




ARl ghall b Lsbua o5 AN AR U g T G (AZ B, Az o) Y sl GRS ey Y
Aza =Azw+ <1

Az f = BackAza+ <2 (Azw) ol g
b (paStaall ola¥ly O8I ¢ Al Ll g3 Qi Lab g (AZ B, Az ) (Olaiaall GALATY) Gaeny - £

Aza' = Azw+ <1

A JSAN B L ¢ Basla)

Azf'=BackAza't<2 ..(or). BackAzw+<3

{EAF:‘I-N.:)
D v,
(P1,A Az&]ﬂi&ﬁ(PZJ 2}«1!“-9 ‘@ By Ps
. ? ’ & O - ’ @‘-. (Es , Ma)
o f
i 8 e - ‘?A "'.
.(P2,B, AzB)4bhuls: (P3) e @aill oy 4 @ \y
] c R,
p /'}-..* ..
(P1,A,Az o’ ) & (e (P2 1) Jalaall a gall Gaeay -1 /'@ @A
I @ _____.ﬁ__\—---' ~ PJ\
[(P2,B, Azp’) iz (P3) {a had s s~}
B gl a1 e alde Yl L) Gulladal) sal LS ol oY

Ex : Find-the coords. of the traverse (J ,K, L, M) by using triagnometric method .
Sol: Coords. Of (M):

E.‘i = E;' + LJ ,,“:Si'n .42 (J—M)

L Due W K
|Ey =250 + 56 Sin (50° 24° + 180°) = 206,85 m T som .‘
‘NM =NJ' + LU ,MJCGSAZ:\J’ -.'!J‘f| II', .‘1.24".
[Ny =200 + 56 Cos (50° 24"+ 180°) = 164.30m| | 55m
. ]
Coords. Of (J"):(220,200) ’: oy, 20}
': @
length ¢ = (220 - 206.85)" + (200 - 164.30)> = 38,05 m)

b = gt (PRO—20685)
¥ =ian ——
@ (200 — 164.30)

PR R L
24.C 2 %55 % 38.05 Y.
e g ATE O ST L,
24.B 2X 55 % 24 ]
g BT A im0y sy
2B.C 2 % 24 % 38.05
L™




Az, = Az — <1

Az, =20° 13' = 21924" 5 =12 11" + 360° = 3587 49’ :I-'z
Azp = Back Aza —< 2 )
Azy = (358° 49" - 180°) - 357 21' = 143° 28’ ' F
nzf )
Coords. Of (P2) From (P1) :
Ep, =Ep, + ASinAz, — 20685+ 55 Sin 3587 49" = 205.71m
Np, = Npy + A.Cos Az , = 164.30+ 55 Cos 358° 49" = 219.29 m “’;“
Check Of (P3) From (P2):
Epy =Epy + B.SinAzp —» 20571+ 24 5in 143° 28" =220m
Nps = Npy + B.Cos Az y = 219.29 + 24 Cos 143° 28" =200m
((( Checked )))
L w_ S S i J _FF_____J--"'
(A2 gy )| &
|Azﬂ,' = Az + < 1‘ :x ~

| Az,' = 20°13"+ 217 24’ = 41°37'|

|gr-’lzlf;f = Back Az, — < 3|

| Azg' = (20° 13’ — 180°) — 1237 15’ = 76° 58'|

‘{ur) Az;" = Back Az, + <2 —180° ‘

| Azg = (41° 37"+ 1807) + 35° 21" — 180° = 76° 58'|

Coords. Of ( P2 ") From (P1) :

|EP2' =Ep, + A.Sin Az ,"— 20685+ 55 Sin41° 37" = 243.38 m|

[Np2"=Npy + A.Cos Az )" - 164.30 + 55 Cos 41° 37" = 205.42 m |

Check Of (P3) From (P2 ') :

[Ers = Ep, + B.Sindz, — 24338+ 24 Sin (76° 58' + 180°) = 220m|

|rv.rf,3 =Npz'+ B.Cos Az g’ - 205.42 + 24 Cos (76° 58" + 180°) = 200 m|




(205.71, 219.29) (235.71, 219.29)
L
P2 Due W K
30 m N
~ \ &
P2 % K
PR 273.35, 205.42
Az B " l_\ \‘\ ”, ( )
B Az 3 (243.35, 205.42) -
B “ 7
N -
Az a J ‘\ ,', 24
A P3 \ ,
Y -
g
J
(250, 200)
P1 length _;, = +/(205.71 — 250)% + (219.29 — 200)? =24 m
M
length g =+/(273.35 —250)* + (205.42 — 200)? =24 m
Examples : Find the solving triangle of the traverses.
A
(150, 200) C (250 , 200)
P 30m Due (E) Q
L \ B "/-'Q'n 7-."‘5-___'
L} Fa k! 41
80 u‘. ..o“... 153 \“ b -.‘H-“ B
.
% g
3 g ' ,
70 m \ 3 - 5
kY a 2 Yo
‘ E a E
-0"3 ¥ E
"P.E’.E.-"’"'-. R - 90 1 m(
—— A som = D c
s (100 , 100)
L il




e i |
Lecture (9) to (15)
(Resections)
b Mo il e ol e sl il (Resection) = s
sy Ol (B ¢ ) oy o Claa) g B CE D o an) g (D)
00 b
(o 3 i (ol g1 Al g oMY Wi Al i) dy b L) W piln
gy A Gl e i DI
g LS Ay L) s ol R o oYl el AL i 30 0
Al sy
Sl ol S 7 (Py) &yl &l
| S 2 g 31 (P) gl Akl Y
ol kol S apin 8 (P) gl Al 1
(")
Ir}!
i ol




I i1
Resection Case (1) )
KAESTNER METHOD : jiuls &l b -)
: (ﬁ ¢ o) Glisgl g (A,B,C ity ; ikl
(P) @salls (0, 0) glg) 5 o glhaall
((( tiad) 30l Jiush dy glhaall AL | HEalS A8k (1) Alad) A ) Qi ghad )
AA100 Ll g3 o8 B eMY Clalaly, (2, b, ) J1sh) e Eillall oS Ciiaa) a =)
AN
DA e dlaly (tand, < S) cles s (w, 0) O gl lead -
<S=0+0=360-(u+p+<A)..(1)
sin (0 c.siuﬁ
= = 2
o= o~ hama @)
sin<$ _'_
tan 0 = PEETERET L (3)
sin< S
tan © = Cit B €y (4) i
P,
L |




gl OB plsiuly (AP1) gl g oy -

LA H AP 1 AP b LA
sl Gl 5o — o L= ey Cafiall
sm@ St S Sin 3

(A2 &9 N5 AZ 1) 8 (A1 %5105 AZ ) 2oV e APy gl slad) cansny -
<A1=180-(0+) , <A2=180-(0+p)
AZAP1=AZAC + <A1 ; AZAP:[:AZABi{AE

A clilaalg AP, Jekall g AZ 4py ¥ (a (Pa) Gliia) Cuwal -0

EP1=EA + (AP1) Sin AZ 4p,

NP1=NA + (AP1) Cos AZ 4p,

Sol. : 1- Calculating (Length , Azimuth of a triangle Sides) :

a=/(722.178 — 240.983)2+(454.913 — 502.233)2 = 483516 m

b=/(722.178 — 500)2+(454.913 — 750)2 = 369.377m

A
¢ = /(500 — 240.983)2+(750 — 502.233)2 =338.439m (500, 750}

3 ~1{500-240983), _ , 4121 yan
Az, = tan [—('?50—51]2.233:!] 46°16' 18

(722.178-500)

it -1 = o_ 3H0 58 3T = e )]" 22+
Azyp = tan~ [y ] =1800- 361 58 37" = 143001 22

(240.98 , 502.23)
N (72218, 454.91)

Compute < A from Az, & Az,p

Loall g
=A=(46°16"18" + 180 ) - 1432 01'22" = 83 14' 56“ (4712 4009 .

L ”
T
L

W

P,

2- The angles (0 & w):




I il
<8=0+®=360—(u+PF=Ay..(1) TR
e S =360° - (42° 12 17" +‘ 44° 09' 09" + 83° 14' 56") = 190° 23" 38"
¢ i sin(:)zc.sinﬂ P
:'-lll¢,— sin d b .sind ( )
T 358.439 * sin 44°09'09 s
? = 369377 + sin42012' 17" i B
sin< 8§
tau@—tﬂu $rcos <S RPN 5.) A
(500, 7500
IR sin 190°23' 28" L8 — —82°55"10"
1.006 + cos 190°23'38
B=180°"—-82°55 10" = 8 = 97° 04" 50°
(24058, 502.23)
Sl-n { S N (T2ZL18, 454.91)
tan @ = Ficas =S (4) .'
0B -
w4 12: M‘Dﬁ';z
sin 190°23'38" ; v
tan w = - w = —86241'52 P,
oo T cos 190°23'38"
w=180°— 86° 41' 52" = w = 93° 18' 08"
3-_1'L1£-..-$ﬂl't.rf[1 (AP;) by Sin Law : T
= AP : A
Mt s I o {500, 750)
(¥ }ssn 0 sinc
358.439 + sin 97 04’ 50"
. , — - AP, = 529.496m
sin 42°12' 17
s TR RN .I’.I.P] h
(Or) (oatlclal) ——=—
Sin () Sin B (240,98, 502.23] \
93ﬁ 4 (721,18, 454.91)
. 369.377 * sin 18' 08" in SRR . f \
i — = B #
1 sin 44° 09' 09" : s \~ i 'F R =
Ave. of AP1=529.448 m rizjsor
\‘.-"r'-. ‘/J'
4- The direction (AP1) : L
<Al=180-(0ta) , <A2=180-(0tp) P,
AZHP'IZAZAC i <Al . AZ.‘!P].: AZHB i < A2
<A, =180°—(42°12' 17"+ 97 04/50" > <A, =40°42' 53"
Az, =(46°16'18"+ 180°) - 40° 42' 53" = Az, ,, = 185° 33' 25"
5- Coordinate of point (P1):
EP1=FEA + (AP1) Sin AZ 45, . NP1=NA + (AP1) Cos AZ 4p,
EP, =500 + 529.448 Sin 185°33' 25" =2 EP, =448 731 m
NP, =750+ 529.448 Cos 185233' 25" = NP, =223.04m
L™ "




Resection Case (2)

(TIENSTRA'S METHOD) w44 b

" Cota —-Coty

_Kl:kEA ‘|‘K2*EB +K3*EC

Eon =
B T R

Ay, B ¢ )Yy (ABC i) Shbad
p ok S AdaYl Cighi g (P) g ; mgthal

¥

2™ Cotb—Cota S Cotc—Cot B

N _K'I*NA ‘|‘K2:*:NB‘|‘K3*NC
: i Ky EiG LK




il

Sol..:

Ec-Ey 1

i Ep-E4
Nc—NA an

Ng - N,

1

a=tan"

Er-Eg
Nc - Ng

Ey—Eg
Ny-Ng

-1

b=tan —tan

EoitE B

i Ey-E;
NE—NE an

Ny-N;

C=tan™!

1

r

- a=tan"|

~ b=tan™!]

= c=tan"|

For the fig. below, find the coords. of point (P2) .

240.983 - 500 722.178 - 500
i T ] =83.249

TR i T e T
500 722,178

_y 240983 - 722178
750 - 45-’:.913]

f = 47.407
e a0

oo
S e

. 122,178 - 240.983
434913 - 502.233]

A

{500, 750)

1

 { R
' Cota - Loty

1

K =
S Cot 83.249 - Cot 143°25' 05"

=0.912

1
=0.739

Kn=—+—
: Coth - Cota

1

K, =
© Cot47407 - Cot 113°29'23"

1
1y n'_,..u_a k{1

-7 -4
134 25 05" i %

1 C

| {
3 Cotc -Cotf

_HlﬂEA +K2*Eg +H3*EE
T Ky + K4k,

Fi

_KI*NA 'I'HE*NE 'I'Kg"Nf
K 4Ky 4K,

]

K. =
* " (ot 130.655 - Cot 112°05'32"

= Lpg =

= lpg =

=0.791 {240.983 , 502.233)
(722,178, 454 913)
_______________________________________________________

09124500 +0.739 + 722.178 + 0.791  240.983
0.912 + 0.739 + 0.791

= 483.336m

_ 09124750 +0.739 4454913 + 0.791+502.223
0912 + 0.739 + 0.791

= 580.445m




Resection Case (3)

: (B ‘ {1{) Ol gl Wl g (A,B,C ;Ll,ﬁl_‘n;l) = Siladaw ol
(P cisals (0, 6) ¢ stlaal

((( Sfiad) Jada 4y pllaal) Adaill) [ () Al 2 Jad) < ghad )))
Db LaS A g (< S) daid B Jalib LIMEAY) ¢ J oY) el G ghadd Aaildaa O ghadld)

<S=0+®=360—(a+p+360+<A)

<S=<A-a-B

il

. as follow :
c=358.44m .
b=369.38m .

<A =83° 15"

Ex : For the fig. below |,
find the——coords. of

Sol : from the Coorlds. we
find the requirement of
point (1) in solution steps

Azpy = 46° 16 ¢/

P3

/
i)
o /() [fwew s

(240,983 , 502,233)

(722,178, 454.913)




(2) 777p“j’{"' alue af (g 2.0 S

L = O+ = /)76‘0..(%4—'/2*{"'5‘60 +(’/:)> s <: = <p P
5 /4 2 /o o - 72
Lo = @a® (o —2d AT S IS Y 555

Fon (P = CSin 12 _ 35542 Sin 24 o 57_:9fu,,¢~lo/54</ us 254

g-Sindl 269 g9F 8w 20" 58"
7 77
fap o= SinLs = Sinzduss” 5 & 17 57 37
fan@ + @< <s l.ols + GS 36 1 5
fomw = Sn e  8in3 058" o we & 1y ar

' © - Z
— — + S B 1l 5
et @S 1”58

@1’4/ + &€ < ;

(3)(bW/)LL2[e ﬁw /E//LL_/%\/' /’:)P, [0‘:) C.;/h lQLQ S —

e ') O / /
Siw IF 5F 27 % 35842

A, __ < _ s ey e
ey Siwne SidneX —P/JP3 Sin X ng e AP} - 2V8f‘L“7M
Ao B _oAp, = Sinfidals 36397 g, 08152

Sinw SIV\Q Siv 24 oy s 7
AVg. = 283.23U w
(4) APz

< A = Jge (At &) 180 - (27 SE2IE 53 t«';u),pf 139 4 235

H%ﬂ% Az A + <TA, :¢>(§C+u6 /( /8)4‘/5‘7 Yy 23*355"2) Hi
,4).%/4[)) = 265’ 20 L{/-3€o = 5° 2 ur
(5)

B =E, +AR Sin lz,, = 520 +183-294 Sin 550 Ul = 526 -38Fw

I

Ne, =Ny tAp; GBS AzAPK = FSo + 185. 2184 &S 5670/ wr: [6F2 .652 wa




. Subdivision of an Area into Given Parts from a Point on Boundary.

Let ABCDEFA (Fig. 202) be a plot of land, and let be required to cut off a definite
area by a T;jne drawn from the H on the boundary.

E
H

Calculate the area of the fizure ABCDEFA from the coordinates and also plot the figure on a fairly
large scale. By inspectic or by trial and error on the plotted plan, find the station B so th the area
bounded on one side by the line HB is nearer in value u» the given area than that bounded by a
line from H to any other I

The length and bearing of the line BH have been computed from the coordinates of H and B and.
since the bearing of BG is known, the angle HBG is known. Consequently. BG can be computed
and the coordinates of G found.

406. Subdivision of an Area info Given Parts by a Line of Given Bearing. Let it be required to
divide the area ABCDEFGA (Fig. 203) into two parts by a line whose bearing is given.




FIG. 203.

Calculate the area of the figure from the coordinates and plot it on a fairly large scale. Draw the
line EH from one station E. and in the given direction. so that if cuts off an area HEFGH approxi-
mately equal to 4, the area required. Calculate the bearing and distance of GE. Then. since the
bearings of the lines GE. EH. and HG are known, the three angles of the triangle GEH are known
and, from these and the computed distance GE. the lengths HE and GH can be calculated. Hence,
the coordinates of H can be found. Using these coordinates, and those of the pomts E, F, and G.
calculate the area of the figure HEFGH. Let 4" be this area. Then, if LK is the line needed to cut
off the area 4, we must have;

A-A" = Area of figure HKLEH.

From E draw Em perpendicular to EH to meet KL in m. and from H draw Hn perpendicular to KL.

Let Em = Hn =x and angle
i PLANE AND GEODETIC SURVEYING

KHn = a, and ELm = /?, these angles being known bearings of the different lines are known.
Then, lengtfc HE—x. tan/? +x. tan a. Hence,

Area of figure HKLEH = ~(HE + KL)

=|(2HE ~ x(tana - tan 01 j

=X.HE + y{tana-tan'?).
Hence..
4-4'=

y(tana-tan£).
This is a quadratic equation which can be solved for x. having found x, we have:
EL=x.sec /7 HK =x . sec a. Hence, the coordinates of K and L

can be found.
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Ek=100+40*Sin 180°=100 m
Nk=100+40*Cos 180°=60 m
EL=100+50%*Sin 126° 45'=140.063 m
NL=60+50*Cos 126° 45'=30.083 m
EM=140.063+100%Sin 270°=40.063 m
NM=30.083+100%Cos 270°=30.083 m
EJ=40.063+92*Sin 40° 35'=99.914 m
NJ=30.083+92*Cos 40° 35'=99.953 m

Point | Sild | Length AZ. Dep. Lat X Y
J 100 100
JK 40 180° 0 -40
K 100 60
KL 50 126° 45' | 40.063 | -29.916
L 140.063 | 30.084
LM | 100 270° -100 0
M 40.063 | 30.084
MJ 92 40° 35" | 59.851 | 69.870
J 99.914 | 99.954
282 -0.086 | -0.046
Corr. | Corr. | Corrected | Corrected X Y
Dep. | Lat. Dep. Lat.
100 100
0.012 | 0.006 0.013 -39.994

100.013 | 60.006
0.015 | 0.008 | 40.078 -29.908

140.091 | 30.098
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