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(( Surveying )) 4aluall

Los L) o Jiail elldg aliaall (3ylalls 4o cilulidl) ) 8 i (o2 alad) o : dabual) le
O thall el ae ity i poy (el By (o gy e lilaialg Luanh allas (e 4aging
LAdalall slacly ) dilee

e Jyanll Culia oy Gabiars Gygll () g e e sagasall allaall Ui dolee o 2 ad)l) dules
Auglaal) Laially culalad

oY) G kil o) aaall b sagasall allaall 5l daalinll Jis dilee b ;i) Aules

clelay) alagy dalall clblawally o al of 7 L) Adpa ol @ grall duled) 75 0lsal)
el ddyray JIKEY) Cabisaly agaally claluall alagly Jastelly adyll dulac s clilaall (ulily clialeaiVly

: dalsal) eV Lariad
) lilaally elpgSlls (g)lls Aiaall Jlae) 8 Jaiad 1 paatigh Jlaall -1
b Ay LA paat 8 ( selall ) (laall Qamatl) ilgn 8 i 1 puatigh e Jlaall 8 -2
- daasloanll ilealls deh3l yilss (35 cag )

p Lt Gualad Gaecd ) dalisal) aci : dalaal) alud
chs Qi oy 4 Gaas Al dslad) o ((Geodetic Surveying ) deawagad) daboall : Yy
gl Lihal) dee (8 aaiaiy Jlae¥) Dk (a1 dig S 35 3 Gl Adal JSa) Gl e a)Y)
vy Ayl lgioall Ao Bilyal) Lalawf aie () 409 S el (5350 Lae ¢ daalil) cilaloll
wasally Jsball laglads Jasyis i)l o Lalail) adlga il an 38835 dals dowvia igal dladnd
daluall (abad (8 Lregygaal) daliall iy Ll s3a o Lgivall dalual) Glblee s Jaiyi o (e

- Ligicad)
o) phaad Liha Jee 3 ¢aas l dsludl a0 ((Plane Surveying ) dasieal) daluall : Lt
Al ()1 e Aulid) Sl paen (5S35 il Clalud) b () Bag < il dages Lgione p)licly

P Lo Dsiall daliad) b (g
- siaall mhaadl @) L) e (sagee EayY) Epdlall sladl -
c il Gy aiall bal) s g o Lo ki oy bad el -
CAlsie OsS5 opihad L DA 4 Al Jhall laghas -
2



(_ Types of Plane Surveying ) & sical) daluall ¢ g

o by bl aaidiy maa g sl 38 Jsli ¢ (Cadastral Surveying ) SuwalSl meall -1
Cualic 285y e g9l Liha Jue ey ¢ ( Topographic Surveying ) ihe sashll sl =2

claiall 4811 daidyg Advads bailya Jee Jod t ( Engineering  Surveying ) gl mewall =3

syt Hseally Gohally dalaallS dpe liall

Aol Heall (e e gishy Dbt WA pcast Jada ¢ ((Aerial Surveying ) sl ) -4
Loyl ¢ lgdll dgaa canfil dndle grgla LA juima ey ¢ (( City Surveying ) oaad) ms =5
ane s Cilselly el ashads ol iy dalal) cilasally €l Ghliall 2gan iy Ayl
Sle sy Gl maad) ehaly Gayhall gl Jad as ecay ¢ ((RoUte Surveying ) Gkl mew —6
Lighiy jeuall adlge Guaaiy Lnhall Gl Glual ducaje g Llgh adalia Jueg ball il e
e g Lnaall SIS
Ayl Bhlial) apaai) () mhw Ao kiha dae dadiy 1 (Mine  Surveying ) aalial zws =7
- WY sl aaaty 3Ly aaliall LDl
Lhoatn Lilya Jae ey ¢ ((Construction Surveying ) ((Sbasy) pad) ) clisa) mwe =8

- laiall adlgal

4dhe grgh LA juast Jad : ((Hydrographic Surveying ) ( aslanel ) Slell mddl -9
aj g tbalsdlly chually Hledly Jlaall (leel sl dliais

P shs eball Gy EDE da ¢ ((Units of Measurements ) gubidll clasg
. (linear Unit ) skl (el sasg ¢ Yl
- ( Angular measurement Unit ) Lg3l (bl sasg Wl
. ( Time Unit ) ool sasg ¢ B8

:&u&;&m:éﬂ\whﬁ\fiuﬁ
Slasgll e silly (50K Laa (ualdas llia angs (pae Jod (el ((Length Unit) Johall sasg -1
Ly Ayl hasgll jral yiadlal) ey 455 aillon Asged i @l 5o legea 53SY) Ul
C Ll sl jral sa =) ey

i R) aladl) i R) alladl) Sy allail) Sl allail)
S 10 = (M) e (mMm ak) el a3 3 = (Yard ) syl | aw2.54= (inch) zi
aa 100 = (M) s alel0 = (CM an) iatiin | 228 5280 = (Mile) Jw | &) 12 = (foot) o8

21000= ( Km &) siasl<

o 10 = (Dcm) atead

5,k 1760 =(mile) Jx

3




o 05Si JlshaY) Galil Alexicall langll Gilayer Lgie yam : (Uit of Area ) daladl saag —2

P led ey
.(sz)‘(mz)‘(cmz) :Z\Af)nd}la&\hj -
10lk=100m?> « ( Olk Sl gl ) D daluddl Glasg -0

1 Donum = 25 olk = 2500 m? ¢ ( donum ais> )
, 1 Hectare =4 Donum 1 Km?= 100 Hectare « ( Hectare jtSa )

1 Acre =4046.8564 m? .( Acre <)

Db el Cilang ciliaSa Lgie ey ( Unit of Volume ) asaall 8355 -3

(inch® ¢ ft3 ¢« Km® ¢m?ccm?)

: ((Angular measurement Unit ) Lig3ll (b 3aag

Pty bl Gl Alawionall Aalai) pe glsil 3D lia

oz ped S ol (1360 ) (A slall avcin 408 1y ( Sexagesimal System ) id) aldadl) .1
Aady Uy (1) Dol e Jes ARy candi gha (160 ) (M st dad IS5 (7)) ol Wb Jang dan
Aladl dan)l () pUail) 12 il aain . (M) el Led g Al pand ey (60 ) (A auis
I Wl ) Uaill 3 dagf3ll (i . (© 90 ) Al gl IS Gy A Lghill e duslasia
((©220.3526 ) Sie Liad Jostia IS0 LS (Saa o ¢ (° 98 35" 40" ) Sia Lyl b St

A0 (oann and S ol (400 ) ) syl avein 4d 2 0 ((Centesimal System ) (gsial) allail) .2
Aogia 4283 cand gi> ((100) ) Digie dayd IS ansiiy (g ) el ! Saps ((grad ) oS sl Lsie
Al and o> (100 ) (M disie 428y IS sty (€F ) ol Wl ey (Centigrad ) 2S iw
Al sl ) alail) 138 3 830 i+ (€CQ ) Dol W Says 9SS e sl abSillae o dusia
S gsdall aldaill 3 dghll s (100 g ) Al dugly JS day dailall Al apad glaiia
(739 66 %9 259 ) S lgilial 4 Jeaitia IS 5f (73.6625 9 ) D Jusia

O Aaall) sa (00) Dl Aima Auglil (gilall il : ((Radian ) (@il ) gkl chaalll alail) .3
-5l lad Caiaig daghill eda e (s usdll Joha
o il aUaill 8 (1180 °) Jalad (7T0) 5 sl aUail) & (1 360°) Jalai (27)

3.14159 ==
(o] -
oo Jasaally (2897 ) i sl 0 (gl il (e sl da Jagad sl 1 Adiada
7T 7T . .
- ( 180° ) & e il ) anad) el



Example : Find value of the angle ( 142° 22' 15" ) in the centesimal and radian

systems ?
Solution:
Sexagesimal Centesimal Radian
360 ° 400 ¢ 2™
142° 22' 15" X1 X2

lgiand & ((22') @B ) ol ddlcal o @l 22y (60 ) (e dacdll @l ] (15") Al dagas 2

- Sl Bl Algall Al e Jsaall culajall gidlia) o5 (a5 (160 ) e
15"/60=0.25" , 025'+22'=2225"
22.25'/60=0.3708° , 0.3708°+ 142°=142.3708°

X1 =(142.3708°* 400 9) / 360 ° = 158.18977 ¢
X2 =(142.3708°* 21t ) / 360 ° = 2.48584 rad.
i o5 a1l Lgiad e Juanil (3600 ) e dewlly 5dlae cilajal) ) Sl Jsai of oS
Jomanll clajalls Lighl asd ae Lgres iy laansg Liad cila ol Lgiad e Jguaall (60 ) Lo sl
- il dsall e
Example : Compute value of the angle ( 324.4625 9 ) in the Sexagesimal systems in
( degree , minute , seconds ) ?

Solution:
C Sl S ElE ) Lelsats clasall shial 33l ey sl Sl alail ) gl Jeas
X = (324.4625 9 * 360 °) / 400 9 = 292.01625 °
0.01625°*60=0.975"' , 0.975'*60=585"
X=292°00' 585"

Ex: The length of the line ( AB ) is ( 120 m ), it changes its direction about ( 10 " ).
Compute the distance that the point ( B ) moved ?

B —B
Sol.: Distance (D)=R* ¢ 0
¢ in (radian) Y,
T 10"
D =120*100 * 180 * 3600 "
D =0.58 cm

H.W
Ex1: Find value of the angle ( 0.65010 rad. ) in the centesimal and sexagesimal systems?

Ex2: Compute value of the angle ( 66.4152 °) in ( degree , minute, and second ) ?

Ex3: What is the angle of the arc ( 26 mm ) length for the circle with ( 60 m ) radius in
sexagesimal, Centesimal and radian systems ?
3)



(Scales ) awd) (puilia

o L BBLY ABlacal) (i (g Ada)ad) Ao ABliwe A o duadl) g2 : (SCAle ) aw)l) (uliia
. oa

LSy ¢ Lgsle anpl) o ) @8l slad oy dsllaal) Jualinll aang dda)lall daeal o aunll (uliia 2ty
oy B3 (93 09Se (eliially daly s (585 (uSallig daialy (S5 Jraalinl) Gl T il S
Pl bl

sdy akylall o dileall 436 4w 58 2 ( Numerical scale ) (sl ) gamd) (ubidall .1
calial sag sl e Ailaall g aal ojlae ()sSsg Jacal
(1:100) , (1:1000) ,...Or ( % 1 1

b

100 1000 10000
a8y ST 4l sl e S Luliiall 138 pa3vien ((Graphical Scale ) @ il (ubiall .2
) o Can aliilly aaail (e Aabaall Lgall sl ) ddjlad) ()9 gt Alla b dealig
) il Gl ey Ll ety ulall (580 dama aladl 8 Aa)lall e Lgies a1y
Do e 0S¢ hbad) W (g

Slace USi aun bad e 3le : ( Linear graphical Scale ) (Aghll Jadadl) (ubidal) -
IV e (oo ) 283 hiy (eliie pranai Cigllaall 5< Ladie adiiang Jlsla¥) ddjaal dacsia
Sl bl plasial Jiadd il ehal Gsthall IS 13 LT Gabiall e

Ex : Draw a linear scale for a map drawn in a numerical scale ( 1 : 10000 ) and then
determine the reading (320 m) on it ?

. 320m

|
4
— T = I
100 0 100 200 300 400 500

. 320m R 5 320m R

I | [ |
A | i s ot | g ) R o i
100 0 100 200 300 400 500 100 0 100 200 300 400 500



Ol (ebiaall 13 Jasiey @ Diagonal graphical Scale (il ) Saddl Aashaddl) (ubidall -co
C oS A e Jemall panad) bl e syl Jlglay)
Ex1: Draw a diagonal scale for a map drawn in a scale ( 1 / 200 ) and reading upto
(5cm), then determine (13.3m)onit?
Sol: h = eyl aady) clawsl) | m = dhlall 48

N = seall (10 ) Wgiad Liayin saley Lidgenll ilosiil
h=n*m =10*5/100=0.5m
No. of part ( portion ) = basic division / horizontal divisions
aa8Y) Clasaiil) [ oalY) aaeiil) = L) aae

No. of part =2/ 0.5 = 4 parts ( aLay) s )
1em/4=0.25cm=25mm s J< dils

Dlead) Aga o (1M ) dila] &5 (12M ) s duslaall dilal) naat 4 (gl IS il Jla) iy
- A0S Asleal waas i @llg (10.3M ) ) Jseash) S of () (1M ) G (bl Jaally ageaall

0.50 f—

0.45
0.40

||
N
035/
\\ \

0.30 13.3m

0.25
0.20
0.15 \
0.10 \
0.05 \\

5

A 4

0.0

v



Ex2 : Draw a diagonal scale for a map drawn in a scale ( 1 / 5000 ) and reading upto
(1m), then determine (333 m)onit?

Sol: h=n*m=1* 10=10m
No. of part =50/ 10 = 5 parts ( alay) ax )
1ecm/5=0.2cm=2mm ~ué J< dila

»

[HE
o

333
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50 30 100 50 100 150 200 250 300



( Distance Measurements ) <ldlual) (b

Aol Spamlly 21 () o i) (s

s lgie lilosdl el 3k sac @y dmlisall JlaeY) Gulod cililecdd) (uld didac oms

Llee aitg Gulaall (8 Aol dasyed) Gyhall e it ¢ ((Stepping  Method ) cilgladl) daiyha —1
SN dslall Clees 580 Bgdadl) Joka Adyaa ey Lgslid alyall ddlicall 2SN fdaddl dre il (bl
2 any) Al e

length of step &skall Jsb X No. Of steps @ighall axe = Total Distance duls!) ddluall

Llad lples i 0 clghadll aae Jans o Lagles dilise dacd (o Waalayl o1 35dadll Joh : Adiadla
- Aageall diliall Ll

Chain and Tape method ( dluldls Jasyad) ) ddslall (ulial) cofgal dauyha =2

o et e 058 Jee (b Alaled) gl oyl calilisall (el ldaty + Aacsie )Y cwil€ 1)
13l edmytially aaiall bV e dacals Jgadd Bacasiall al¥) 8 Qb)) ddee (555 Cupn 56
ol il da gl dulee oot ol Aiaied Ly 31 Jeda (e Jodal Lol 3y al) ALesall clS
e o ) Al ol oyl 4l Sluses padd ash o5 Aulgally dlad) il aaay ((RodS )
Lol ) el Tl daliiad Ao Jywand) iy diloall of ddaiill dylay 8 Jasyil) Loy A3 sag
) s o alal) (il U8 (e ddanesll Adaiall adge (8 Al Cadts oy ( Ladanssl) Asiilly ilgills
dobacsgl) Jalall a2 1S Lgad Alll cudin 2 S ddaall ) Al Gaddl) Jeaty Lain (il dhas
lasic g Janally Lgadid iy Adie dilase 3gag Alla By dnn JLill g (A () 2k &3 (53

Akl ddlisal) pe adticeall Jasydll Jokag Jlall dae diyra (o LSH dilesal) o

Agiiall dlal) + (Jaydd) Jgh X JLal) se ) = LS dilocal

Distance measurement on uniform slope ( sy dakiiie ) saaie (ay¥) cilS 1)) -
P lgie Haniall nalYl e £aY) dilaall (bl C s Bae g
e (A, B) oubii o d8laal (el aie ¢ ( level difference ) g Lisy) Gy caje 13 (1
Oilail) (s Cgpaiall (38 Adjra aaa (H ) 3081 ddliaal) ddyre (Sar laniV) daliiia (g
(D) Lagiy A5LI dileadlly (D)

H=+ D? - h? A




(1/n) syl Ay (H ) 208 diled) ddpea oSe 0 ((gradient ) sVl cae 13 (2
(LY Al ) Y 2l (el ) (sasand) 2] G Aaell i
C=D/(2n%)
H=D-C

SN [GITEN

. ( correction value ) masaill jlaie : C

. ('horizontal dimension ) &Yl s : n

- ( slope distance ) dulad 4Ll dilwdl : D

Ex: Three lines measured on sloped ( gradient ) land. The length of each one is (100 m)
and their gradients are ( 1/4 , 1/12 , 1/20). Calculate the horizontal distance for

each line ?
sol: D1 100
Cl= —= 5
2 (nl) 2 (4) |<____H]:___>

C1=3.125m
H1 =100 -3.125 =96.875m
. D2 100

- 2(n2? 2 (127
c2=0347m b0
H2 = 100 — 0.347 =99.653 m D3
3 D3 100

~2(n3)2  2(20)
C3=0.125m

H3 =100-0.125 =99.875m

( slope angle ) dall L)y ciye 13) (3

H=D * cos ¢

Ex : Compute the horizontal distance between the points ( A ) and ( B), if the sloped
distance is ( 20 m) and the slope angle is ( 10°) ?

Sol: H=D*cos ¢
H=20*cos (10°)=19.7m

iie o gyiny Cun (( Clinometer jiesulSll ) can lea ddaulsy Jaall dosly el (Sar 1 Ad2adla
P A uafﬂ 2\:131}1\ Bc«bﬂ

10



( Non uniform or Stepping land ) ( dajae ) V) dabiie ye (oY) clS 1) -2
el Cupn Bdaieg Cldlne sae (ull Adauddgy dnpae Adbaial (bl o 4EY) Alual) Adjmae (Sa
Tyl Ay (AN ) SU liasg Jary il Ailgs dlasar (ol ) Y asi . alidl B dlesl)
23 iy lanie s Aleilly o) ae st Al o Jgeanll calel] dunsiy G a5hg ddaiil) dglyy b
Cliloaall pan iy o8 Lalall dodl ddeall S5 (B aiagy Jayll Jans Lagin dilesal) (el Jay )

C A dileal e Jeaall (Lol oy ) Al
H=dl+d2+d3+ ... |<d—1>‘
d

2
oy

d4

A
A

( Mistakes and Errors in Measurements ) clubal) 8 cUadYly WUEY)
alaa) s dabiall Jlae) 8 doallls dagall HoaY) (e dalidly Jasyil) ddailsy liloall Ll )
285 oladY) el diajee SLulidl sda oy ¢ dosthaall 4831 e Jouaall cilulidl) 3o ollacly KU
& 13sage Uasll 05 5l dsall Cag ) o of 580 A8 5l o L) Jlaa] oo Laals f sl Ul 6

p ) sladY) e (Kay L Alexioadll AN
b Wadll s 13V 538 Gaaas : ( mistakes ) WY o ((gross errors ) daswal) slaiyl -1
Jlexiad vie Al ladlall daklal) selyilly al8)Y) Jinass & Uadl) QNG daincn §)5em 28)1) 3¢))3
Cra ST (e bl BBV 03 e i) (€ - lunal) and sl Jlad ) v 35S ALl
- oebidl) daa
eUadVl ansiy Cigyk Al (8 o) uld Jays (ol 3 Jeas : ((cONStant errors ) Al elady) -2
038 Cras ¢ Lt s Al L) Gavs oUadY) 03 s (S ( SYStematic errors ) daliidl
P LN LF’\S\ asy|
Loyl Joda (e astill 2y length error — standardization ( sylaall ) Tyl Joda Uas i
Aas Uadl) 1] e dadlad) (5% e Ll Balial JIshYU Lgiplany Lgiiliay @lldy Jasinndl)
Jaxisd) Jaiydll Jola LS 13Y ash Cm Aladud) die G Basagal) Jhaliall 8 Giaay (301 20l
O Ll e Uadll o (of digial) diliedd) e Jodal (58 Cags Aaslaall AdLisall ()& 2
ronal g ¢l Uadl) o) (of Aiiaal) Ailiadll (o el (5S5 Lealiall diliaal) 5l sl Japal
i) A e Wadll 13

M.L slial) 323 Jska S.L (il ) el T, 5k

T.L sl Lall Joh N.L Jasieeall Jasil) Joha
11




Ex: The length of the line measured with ( 20 m ) tape was found to be ( 634.4 m ).
After working, we found that the length of the tape was ( 0.05 m ) long . find the
true length of the line ?

S.L
Sol ML _ _SL
TL N.L
634.4 20
T.L (20+0.05)
T.L=635.986 m

DL e Adall dalisd) Clea oSand laloall Glaa 8 Alld) gl Jasyall Jlastiad o3 13) : ddaadla

Measured area ( Standard tape length ) 2 P Ayl

True area ( True tape length )2
A aial Judladly 3hay2Y) o) ¢ ((Changes in Temperature ) shall sy & cbudl) -
Gilas g il die load ) 635 Lae Bhall cilays pxs Alla 8 5l g8 U dises duld 5

Alyy yual) 13l Aam Jlehal] peamcal iy Gl lyal) clayy aliss) Alls 8 lealls ol 5yl
p AV Ak lasaul,

Ct=L*Ce(Tm-Ts)
: L‘j Cua
Correction to Temperature ( M ) maswaill ok : Ct
measuring length ( m ) sl Johall = L
Coefficient to thermal expansion sl saall Jales = Ce
Temperature at the measurment (ulall Ul 5)all 45500 Tm
standard temperature of the tape daall Luuball §lal) dapa 2 TS
Ex : A line is measured in a tape manufactured in ( 20 °c ) temperature which is

(100 m) length and the temperature is ( 30 °c ) during the measuring . Calculate
the true length of the line if the coefficient of thermal expansion is (12 * 10 ©) ?

Sol:

Ct=L*Ce(Tm-Ts)
Ct=100*12*10°(30-20)=0.012m

True length = 100 + 0.012 = 100.012 m

12



ol elas) das Uadll 13 sy + ((Sagging Error — Sag.- ) Jsll o olas¥) e mslll Uadll -

ikl e S 05 Alad) Aileaddl o () (g350 Lae el LT e IS Jayall s

alesall o by Laily laial) 13ag el dilese JSI ol Jasyds Joda S0 eonaill iy 1AL Al
g Sag A ADa) g i)

cg= —— — o\/o
24 p? S

: QT GITEN

.('m ) ( correction for span ) ( sag ) gesaill laia 2 Cg

. ( No. of spans ) dulaall cliluall sae 1 0

. weight of the tape per meter ( kg/m ) jie Jhydll Gy 0 W
. distance between supports (M ) cpaieall o ddlaa) @ L

. applied pull ( Kg ) 2&) s : P

Ex: Tape of ( 50 m) length and its weight is ( 1.17 kg ) . Compute the correct sagging
error if the tape was at a tension of ( 5 kg ) and fixed from the middle ?

S—O':Cg: 2*(117/50)°* (25)°
24 (5)
.\—/.\/.
Cg=0.029 m

T.L=50-0.029 =49.971 m

: ( Correction for error of pull or tension ) mesall jue 241 da all -o
5Ly A (5350 )kall 2l e 2D 2 13 Cncd o 2 Bsal Jesill (e Cppma ik 4l Janyd S o)
o i 1Al 2l e JB 2 (sS saley el 8 Uk ) @lld (o350 o ey Janydll Jsha
2 AV AR e sl

cp= (PPO)* L
A*E o e
. correction for pull ( M ) a&ll of caall maaas laie 1 Cp
. applied pull during measurement ( kg ) (bl s sl jlaaa: P
. standard pull ( kg ) ball sl Jlsie: po
. measured length ( m ) ulad) Jehall = L
. cross section area of the tape ( cmM?* ) Laydll oyl aladall dalia : A
. Modules of elasticity of steel ( kg /cm? ) Nl &390 Jalas : E
TL=L+Cp

13



Myall dilusall ciilS 13 = Correction for allignment ((4asll & Uadl) ) damall e Laliw) - »
L) Gy astieaal) Ll ola Jasyd Joda JSI Adasagl) caldlall cilSg Jasyll Joda (e ST gl
P Akl (e Uadl) laie s Sg Atiial) ddlioal) (o Jolal (580 Aalial) dilal) ()8 aangill (U Llgall

h 2
Ch=
2S .
POl G
T.L=L-Ch . ol ke @ Ch
ol e Gl Hlaaat h
cduledl ddlwddl 2 S

oda & Lydll (5S¢ (( Tape is not in a straight path ) afice pe jlueg aiay & Jaydll s —,
Jslall 05 i m Ll Casan i e Cbyandll U Aodgee ol Dkl 5ygum ugie o) i (<5 Al

A (o il ()5Ss5 Ablusal) Ciaatin & (3lal) 35m die S 55S05 adad) Jshall (e Jshal (ulzal

240y
h 2
Cs=
2S g
POl G
T.L:L—CS .@\&A\J\&:CS
o obea) e CaaN) laka: h
cAdulad) Al 2 S

Ex: The distance is measured between ( A) and ( B ) with a tape ( 50 m) length , the
tape was out of straight direction about ( 1 m ) from point ( B ) at ( 20 m )
distance. Find the true distance between (A)and (B) ?

h2
Sol: Csl=
2S
2
Csl = L =0.025 m
2*20
l 2
Cs2 = L =0.017 m
2*30

Cs=0.025+0.017=0.042 m

T.L=50-0.042 =49.958 m

14



( Levelling ) 4ygel

g o ddbiaal)l Ll oo bl 2l dlag) (o Llall cilels N1 e yuas AU ALl a2 dagadl)
( Mean Sea Level -M.S.L. -)

: (_Levelling Methods ) dygudl) 3k
( Trigonometric levelling ) 4t Luguall .1
( Barometric ) 4y bl dguall .2
( Hydrostatic levelling ) 4t yule!) dseal) .3
( direct- spirit levelling ) ( 4ds=SN ) 5yalual) geal) .4

: ( Types of Direct levelling ) spalual) dygudl) g 15

. ( Differential or series levelling ) ( dleloiall ) dlalal) & goal)

- ( Longiutudinal Sections or Profile ) ( ddshll adalaal) ) ddghll 4o sual
. ( Cross sections ) ( dxcayal) adalaall ) 4oz jall dogucll

. ( Grid levelling ) .S dogual

. ( Reciprocal levelling ) sl 5l dlslaall 4 gul)

o » W N R

s saks (3adly el Galeasly L)) ) o) slie lbgiss Jane : (MLS.L. ) o) rdaas (Sgiune
.(0.0)

e bl laaad lgadans carulic 390 U Lad) ot (63 (ggiwsall s @ ((Datum ) ddi)lal) Sgie
v al) maldl mla (s5ine 58 A3)lRal (griann iny Ghall dailliy A ¥) Bl cilialiasly
. glall dnag

Sy Cgniall Ll daslas ddais e e :( Bench Mark — B.M. ) ((digul) ad); ) ciguiall dde
ST g B i A SisS daa S8 e (05S55 (9AY) Bl Lk Cualia slal 4 DA (e
daa)lal bl e sl LY aagis Csaiall ady (gslall lgadaw o (i gl o

Gsia (e kil mlass) of gl sa :( Reduced Level — Elevation — R.L. ) ddadil) cigusia
1) L () W) ol Aplaal) (ggiune (353 uilS 1) dumge Adaiill ()5S 5 A)aall (5iune 5l yal) mlas
() omlens) ol Al 058 A )lad) (sgie il Adaiill il
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Gl ey 3355 5¢))3 Jol oo 3 ((Back Sight — B.S.- ) 8l of (Al sl ) Lusldl) 5,8
 eall el ol Cila i LY Bagall antiy e Ak 5 gl dagles Ak (s leal)

O 0S8 Al leball o : ((Intermediate Sight — 1.S. - ) (el sl ) dubagl) B¢),aY
- Byreadl) caliliaall didag o) Alia (58 Y Mg dnalaY) 5e)allg dualal) 5o jall

Blasa o 3353008 H3T o : ((Fore Sight — F.S.- ) desiall of ((ale) wiwil) ) Asald) 5o),a)
- A page o alin Jd Sleal) (e dgeal

lele 335 ubea ()l Ao Lajladl ¢ Ao dbads & ¢ ((Turning Point — T.P. - ) ¢l eall ddads

axs Sleall sall aasll e (B.S) 4atls 5elyis Sleall oV aaghl (e (F.S) daalal 5618 (el 3
. alsy

aus ((Level ) dseall Sleat ylaill las ¢ syl o8 : ((Height of Instrument — H.1) jlgal) i)
el lgle ia] Al Abaiil) Cgaial Blaceall 0alAY) 8e)all diLia) (e sala)

H.I=B.M +B.S
H.I=R.L+B.S=Ele.+B.S

(sl Staff

( Types of levels ) disudll sigal ¢ sl
. ( Dumpy level ) w2 g5 duges 83gal .1
. ( Automatic level ) clalagisl ¢53 g 53gal .2
. (Tilting level ) ( Jbw ) <D g5 s B3l .3
4

. (Wye level ) @ls g5 s 5gal
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0sSis (3m , 4m , 5m ) ddhise Jighly 0pS5 dugadl) hlue : ((Level Staffs) dugdl) shluws
Blacaall sedae Lol ey a9 cpisll) Lan Lot Lasisly dusladiag diide olslls ylaueal) s cildle
A1 )b pylacadll e selyal (5855 () Ol sS (SN Gany 3 A L Blaced) e

3.352m : Y J<all iy (mm, cm, Dm, m)

: hlal) &gl
. ( Solid Staff ) sasls dakas <ild .1
. ( Foldin Staff ) 4:shaall 8)laall .2
. ( Telescopic Staff ) ( 4us<ulill ) dalydl sl .3

Belyd Ui eSallyg ((Jo Adatill agania of (61 ) dmtiiie ddaiil) CuilS LS 5yl el 56)y8 ala)s :Atadle
(2 Al Cgadia o (gl ) Adaiil) i) LS ylacuall

(_Calculation of elevation for points ) Jalil cuwbia cibws
tofinlall (saals 2id Blaeal) 8el8y ()a] Akt guia daaslaas Jalid 5ae o) Ada Ciguie lua e

Balwall g, Bl S el gl o (b ) gl g L) A gk 1
Height of Instrument method

( Rise and Fall method ) (=liailg & Uy dayk .2

il ellyy Sleall gl ala) e danhall sl aaiad : (H.1) Sleal) Ui Ak ey culial) ilua
b AV Ll e a3 Ahaail) @b e (B.S ) Laalad) sehall ) Lo sleal) ddaiil) (igusia
iy Loslie §)5am Byhacsdl) pangi Aty Ll slals Slead) U)o Beaussl o) ZaalaY) Sylacedl) 56158

Y Il Jsna A eally adll aiag 2. Sleall g L)) S

St. | BS | LS| FS | HI | RL(Ele) | Remark

o bl Gaaal e w ikl e S
CAlAgall 22 = Glaatall 22 L1
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Ex1 : Put the following staff readings from the figure in the levelling table, then
calculate the reduced levels ( elevations ) for the points using height of instrument
method ? check your answer.

B.M ( +25)

Sol: H.IL.=R.L.+B.S St |BS| 1S | FS | HI | RL | Rem
1 | 15 265 | 25 | B.M.
RL =HIl-1S > 0E =~
3 2 24.5
R.L.=H.I.—FS 2 3 o
S 1 35 | 24 | 23 T.P1
6 4 3 25 21 T.P2
7 25 225
8 | 15 2 [ 245 23 | T.P3
9 1 235
10 0.5 24
> 8 9

4=(B.S) chasd ae = (F.S) clasiall 22 —1 : gadadl)
9-8=25-. -2
(Ao HAT asuia) 24 = &
9-8=125-24
1-=1-

18



Ex2 . From the figure, form levelling table and put the staff readings on it, then
compute the elevation of the points with checking your calculation ?

B.M (+9)

Sol: Hl.=RL.+BS

St | BS] 1S | FS | HI | RL | Rem
RL=HL-I5 A | 25 15| 9 | BM.
B 1 105
RL. =H.I —-FS s o= =
D 3 85
E | 15 2 | 11 | 95 | T.P1
F 1 10
G | 15 2 (105 | 9 | T.P2
H | 35 1 | 13 | 95 | TP3
| 3 10
] 25 105
S 9 75

4=(B.S) @hasdl e = (F.S) wlesidl 2e =1 ¢ aaadll
(Z\.L;L);h_a}m)105=e 7.5—9=9—e -2

Ex3 : Complete the calculation of the table ?

st | BS | FS | H. RL |Rem.
A | 18 200 | 1982

B | 1.95 | 1.5 |20045| 1985

C | 085 1.1 | 2002 | 199.35 | B.M
D | 115 | 22 |199.15| 198

E | 1.6 | 1.75 | 199 | 1974

F 1 198

y | 735755

Sol: H.I.=B.M.+B.S=RL+B.S
R.L. =H.I—F.S

198 —x=7.35-7.55....198—x=-0.2 ...... 198 +0.2=x

(A) il Caguia 2agi il (a
X=198.2m
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toa(B) 5 (A) oinball ciswie cles (Ko
-l AL 2 gaill ope (A ) ki) Ggusia slad & (D, E L F ) Dl cualia sladl .1
(B) e (HI) WY (FS) N (C) cpwic@ilab (B) 5(A) iball spuie syl 2
(A ) Wil Cgwie aladl 5 (H ) (0 (B.S ) o (B ) cagesin alaal o

H.W.

Ex1 : Put the following readings into the levelling table and compute the elevation of
the points by ( H.lI ) method , then check your answer ?

B.M ( +7)

Ex2: Complete the calculations of the table ?

St. BS | FS H.I R.L Rem.
A | 1.85

B 1.25 | 24

C 1.05 | 1.35

D 1.75 | 0.85 420.05 | B.M
E 1.9 1.1

F 1.3 | 1.95

G 2.15

Ex3: Complete the missing informations in the levelling table ?

St. BS | F.S H.I R.L Rem.
A | 125 123.4 *

B 0.85 | 1.05 * *

C * * 122.5 | 121.05

D 1.95 | 0.15 * *

E * 1.3 | 125.1 * B.M
F 1.6 *

2
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: (R&F) ((Fall ) (=il ((Rise ) gUiN) i cuubiall cibus

o Brbcaall 523 pe Casuaiall Aggaall Absiill e e gingall sylaceall 5ol Ajlie e Lankll oda adias
. agnaiall Laglaal) Ll dailed) ddaal

aaiall ()l syhocall 8618 Cali LalS uSallg Aaiill rgania Galias) e Gy s slaa) 56l cudly LS *
- Ggmiall dadise

alidiy)g g UY) (38 = dlggaal) Abakil) 5o)d — daglaal) Abadil) o) *

( R ) gl jlaka + ( R.L ) deaglaall Adadil) Ciguuia = ( R.L) A ggaal) ddadil) Cygauia *
(F) o=alaady) jlaia - (R.L) daglaal) ddadil) Cguuia = (R.L) A ggaal) ddadil) Cyguuia *
Y Rl 0o paRlialy g Y Ayl 6 Gaiatl) *

(B.S) @il s = (F.S) cleasial) axe -1

(F.S)@A.AA—(B.S)gw=wdjit.—1§m—mﬁheﬂa—2

Station | B.S 1.S FS | R(+) | F(-) |R.L(Ele.) | Rem.

Ex1: Compute the elevation of the points by using Rise and Fall method , then check
your calculations ?

Points | B.S 1.S FS | R(+) | F(-) |RL(Ele.) | Rem.
1 1.5 5 B.M
2 0.5 1.0 6
3 2 1 0.5 5.5 T.P1
4 3 3.5 1.5 4.0 T.P2
5 1 2.0 6.0
6 2 1.0 5.0
> 6.5 6.5 3.0 3.0

Ex2 : From the table find the missing informations ?

Station | B.S 1.S FS | R(+) | F(-) |RL(Ele.) | Rem.
A 1.5 60.5 B.M
B 2.5 1 *
C 3.6 * *
D 3 2 * * T.P2
E * 2.5 57.5
F 3.8 1 4.5 *
G 3 * *
2.
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: Reciprocal Levelling ( 4wl ) Adabiiall 4ygudl)

Y s midie ol Guee (sly 5l Lane e Legin dasdy (ke (agaie o AN lag] Alls 8 p23%s
oo Ty kil (aa] (e Tas L Sleall (5% cuilaiil) G dileaall Coaaiia (B Sleall aay oSy
Sl e Al dWadYly gleall e dasll) ) eUaa¥lg Al sia Jie cuinily 5yu€ diliay (5)3Y)
P s Vs Bae Gk e iy digadll (e gl 138 Jlasiad o AedY) LSy ()Y dug S

(» 250 Co wp Y bl g diladll) Giiyhace ) Blae ga 2aly Lagad Slen Jlamiad @ (V) Y
(A, B) gkl e sehal) 320 28 (X1 ) Sie Lisma ddlesaly V) bl (o ol Slgall g i
ol iy (X2 ) oSaly Al Al e dilisag (AY) diall N Sleall Jaw o3 (@1, bl ) osaly
b ral) Al Gl 0y Gl aayg (82, 2) oSaly okl e sl 3als (X1 ) ddled) Lujs

(d) osls (B) s (A) on s

4 (al=bD) +(a2-b2)

O sl Bl pe Ligud (Gilea Jlexiad @ Ll Al
AU gl oy 4 o laie Jlaaicalsy ll) Aaiill (od 5V V) Adaiill e il Slgs auag Al
c V) Al 8 LS kil Gn igeiall 8 Adal Gl dlan) S o (s Be]Al

(2250 oy ddladll ) (sl pe dagudt (S)lga Jleniad @ AIGN A

O gl Qe Y otiylacse Jlaxiansy Al ALl G SaY)s (AsY) Akl e il Sles g o
aalgll Gileall e dinii iy a3 g (@1, b1, 82, b2 ) oSily oslead) (e bl 381 2 Bell
- okl Gn igeiall (D) sl Bl alal S5 (@3, D3, 84, b4 ) il 3y AV s

_ (al—b1) + (a2 -b2) + (a3—b3) + (a4 — bd)
4

d

22



Ex1: In levelling between two points (A) and (B) on opposite banks of a river, the level
was put near ( A ) and the staff readings on ( A) and ( B ) were ( 2.243 , 3.391)
respectively. Then ,the level was moved and setup near ( B ) and respectively staff
readings on (A ) and ( B ) were ( 1.889 , 3.041). Find the true difference of level
(A),(B),and R.L of point (B) if R.L point (A ) is (100 m) ?

Sol:
d - (al—Dbl) + (a2 -b2)
2

4 _ (2:243-3.301) + (1.889-3.041)
2

RL(B)=R.L(A)+d=100-1.15=98.85m

=-1.15m

Ex2: Level setup near point ( A) and the readings were (1.24,2.4)at (A, B), then
the level moved to the near at ( B ) and the readings were ( 0.96 , 2.206 ) at (A)
and (B). calculate the correct reading at (B ) if R.L (B ) is(102.4)?

Sol:

4 (124-24) +2(O.96—2.206) _ 1903m

R.L (B) =R.L(A) +d
R.L (A) =102.4 + 1.203 = 103.603 m
H.l=R.L (A) + B.S = 103.603 + 1.24 = 104.843 m

Correct staff reading at (B ) =H.l - R.L (B) =104.843 — 102.4 =2.443 m
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@M\ s @l
Cloa o1 Leadg Alle 48y b all sl 4 Jasics @ ((Double levelling ) 4a gajall Z:gu:m -1
Omglaia Adagill (yLseiall IS 130 Aty dsalel Aisadi ) Cpusesio ddats JSI (gl Ly Llad Jalail) Cualia
Bale] ajald 1a€ (Byall (S 1) Latny Jamal) 7z hatiad 2 Lls (338 ellia IS 1) Ll Jaall daa e elld O
C(1S) Adany e lia 225 Y Angaiall gl 8. Jaal)

Ex: Compute the mean elevation of the points ?

Level direction | St. B.S. | F.S. H.I Ele. Mean Ele.
Foreward A 11 500
levelling g 11'705 ;g
Taledl Al e 9 155
(A)to(B) B 2.45
B 2.75
backward E 145 | 1.12
levelling D | 185 | 1.61
Lpalal) 4 gatl C 1.4 | 0.75
(B)to(A) A 0.62 500

Ex: Double levelling worked from point ( A) to (F ), then the levelling is worked
backward from ( F) to ( A) and the reading are recorded in the table . Compute the
average elevations of the points ?

Level direction | St. B.S. F.S. H.I Ele. | Mean Ele.
A 1.75 98.25
Foreward B 1.0 1.55
levelling C 1.4 1.65
LoaleY! o guatl) D 0.9 1.15
(A)to (F) E 1.25 1.6
F 1.35
backward F 145
levelling E 122 1?
Ll dpsesl e 17 1.7
(F)o(A) B 0.95 1.0
A 1.15 98.25
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Cans cualie Claal Jasios Wl V) dalie) g o : (Invert Levelling ) duslial) dygudl) -2
siea en ¢l Sl (B 5 Alal o2 g s Joud ol i Sia 2 ) hace (e i ) Ll
3l 2y gl ¢ Lglhe Blaceall lgad ) clehall Joaes vie (=) Sl (* ) Adle punagiy AoV sad Bl
- lead) gyl ) sebll ddlia) s Ciedl Cigeia dlady () Jlae¥) ki sLay)

Ex1 : From the figure; put the readings in the levelling table , then compute the
elevations of the points . Check your calculation ?

B.M (+5)
Sol:
Station B.S. l.S. F.S. H.I. R.L. Remarks
1
2
3
4
5
6
7
>

Ex2: Compute the elevations of the points that are shown in the table by using rise and
fall method, then check your calculation ?

Point | B.S. | I.S. | F.S. R (+) F(-) Ele. Rem.
1 1.5 9
2 -2.5
3 -0.5 -3.5
4 3
5 -2
6 3
7 -2 -1.5
8 3.5
2.

: Capiail)
3= (B.S.) chasal s = (F.S. ) clesiall s -1
(F.S. ) gyane— ( B.S. ) pyene = Ak Jyf casesio — ik AT Cipusia 2
(F)gsae— (R) gsene = ahai Jyf capusia — dkaii AT agusic =3
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( Errors and Mistakes in Levelling ) dagedll 8 B9 ¢lhay)
P iy ilil) 88s pae ) (a5 A UadY) ddjra w drgedl dilae b ARY i o Jgeanl) (il
Pt lylias s olhdV) ol (e Ll gasaas

. (instrumental errors ) iV Uasll -1
. (personal errors ) ( duasdll ) il sUasy) -2
. ( natural Errors ) dusakll syl -3

- Bheally Sleal) 8 sagasall (las¥) Jeds : (_Instrumental Errors ) 4y Uaal)

dasnia Bygeas dualy dllesicl Jd Sleall e gyl (e eUad¥) s 5y o Level ) gl jlga (
o dllXy (B.S. ) sasally (F.S. ) deskall G ddlesal) Chsiita A Slgal) piag Juniig Buag
Ll Chnall Aol 06 oy ojlialy 45a widd s 81 Sleadl day

Z\Mwﬁiﬂbww\MW\&vﬁz\iﬁﬁdhw;Lk;ij\t_\.\alt_n:a(Staff)w\(g
sl e e slay Lo Ay IS (e Lgale Aailaall aty Cuny Josies of Lgiladiy Lelsha

adal UaaY) Jediy : ((personal errors ) ((duaddll ) il sUadd)
Ol e b dsgaal) Aol s aae -1
- Chandlly 8ypuall mucagi pae =2
oY) (b pasis dalall 5l 5 Jeay Les 353 )l (B lead) i =3
e i (A i Lee 5L salll slakal —4
c Akl o slaa) 40 g8ld Javs pac -5
sl chaedl) e selyall 31 aae 6
- Jsaal) b daps il \gadlge b Clehill Jinadi 2o =7
c by 8l 285 by diial) Clelill Jinas axe -8
- llaal) & eladf -9

b L Jeds : ((Natural Errors ) Zusplall sUss)
. ( Effect of the curvature ) (a1 45 € il 2
. ( The refraction Effect ) gl LSyl 536 -2
. ( Variation in Temperature ) ;) all <l G Sfyaal) -3
. ( The Winds effect ) syawally jlgall cagd Ll Ll -4
Cs

26



: ( Correction of Errors ) dugedll b Uiy o
Uadlly 4m)lia g 40 Ciany (o2 Uadl) lake alaly Clagleall daa (e Sty ial) Janl) GaiaS (il
P agY) sl eha) i gl dilee 8 4 zgansal

cJleiay s lead) e danlill cUasl) -1

s sl LSy ) LS 58l G Al eUadll -2

Jand) eli] ddasal) 3la5) 2y GlIA bl 483 cpe i £lad¥) (o) ¢ Jlaniadly Slgad) Guaes A3l cUadY)
5ol oSad (100 M) e w5 ¥V oy Gidadil) o dilaall Caaiia 6 Slgad) aag sa o343 Cans Le pals
dgeil) Dolee 380 o ana ial) Jaal) aiaily i pagally Cilasiall 5ol b A8l U = gungn 8)lacudl)
&) @bkl s Gk e
daguatlly sl 038 & dodeal) anity pihl (uiis gy ((B.M. ) Lises Bl (g Auguail) dolee 15 —1
. Adlaal)
dagaatlly sl 038 3 dodeal) anity SAT Aagesd allyy g5 g iy (a Dageil Lalee fas —2
. dagysal)
o daall Blgs (B Augad Bl ) Jsnasl) pae die Jo¥) Jaall alaY dusgSan §ypems Ligudll Bale) -3
Angeil] o8]y Crguia 43)lhas geil] Dilae & Ladd) e il (S Latie Lol Cualia (il o *
P e o 05 Uadll laie ofs cagunal) o sl
. @CWU:';—I

- a5y Jand) sale] Sy ladic 4y msece ye Uad =2

( Permissible Error in Levelling ( P.E. )) duswdl) & 43 g samual) Uail) jlaia *

PE =N VIL ..coleiienenn. (1)
| GITEN
(MM ) 4 zsecd) Uadd) ke : P.E.
(15) 5(4) om osSigdBall i s N
(KM ) ((JishY! gsane ) a4l dslall = TL
Total Error (T.e) = Computed R.L. — Known R.L. ......... (2)

astrall Aadil) Cgauia — Giguunall AbaBl) Ciguaia = ilil) Uadl) fade

Oo oS! el late IS 1Y) Wl Candlial) meoma i 4 - gansall Ut e zlil) Undll laie oIS 13)
. d.‘\aj\ EJLCl e.:gﬁ 4 CM\
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Total Correction ( T.C.) =- Total Error (T.e) .............. (3)

gl Wil jlade — = A rasadl] s

T.C.x (Distance frombegginig to the point)

Correctionof R.L.forany point=
Total Length

A0S Abluaal) [ ( Adad) A o Ak Ablss) x (S grasaadl) jlake = Abak S cypuiia grasaa

Ex: In Levelling operation for the closed traverse , the elevations of the points are

shown in the table. Compute the corrected elevations if the constant accuracy is (10)?

Sol:

Correctionof R.L.forany point = T.C.x (Distance frombegginig to the point)

Total Length

T.C.=-Te.

Total Error ( T.e ) = Computed R.L. — Known R.L.
T.e. =250.949 — 250.940 = 0.009 m =9 mm
P.E.=N JTL =10 +/3.92 = 19.8 mm

T.C.=-0.009 m
Correctionof R.L.forpoint(2) =— 0.009x1330 =—0.003m

3920
Correctionof R.L.forpoint(3) = _0'009X3§23030+ 450) =—-0.004m
Correctionof R.L.forpoint(4) = —0.009x (1232; 450+890) =-0.006m
Correctionof R.L.forpoint(5) = —0.009><(133(:;;1;0+890+850) =-0.008m
Correctionof R.L.forpoint (1) = —0.009x (1330+ggg; 890+850+400) =-0.009m

R.L.(2) =252.233-0.003=252.230m ,R.L.(3) = 255.465 — 0.004 = 255.461 m
R.L.(4) = 255.308 — 0.006 = 255.302m  , R.L.(5) = 255.036 — 0.008 = 255.028 m
R.L.(1) = 250.949 — 0.009 = 250.940 m

28

Point Dls:;e]\n)ce ( Total(?rlstance RL.(m) 200 1
1 0 0 250.940 5 1330 m
2 1330 1330 252.233
3 450 1780 255 465 850 m 2
4 890 255.308
5 850 255.036 450 m
1 400 250,949 830m 4
5y 3920



JaSi¥y caaall of (Llasi¥y L 3Sal) SLaSiVy (2, Aag S Cu daslil) oUadYl

(Curveture and Refraction)
c WSy sl Ay S Ll Jlea) 21 Sleall e Ao Slacall of (6 Baal diliall 0585 Lavie 1
cokaeY) i Sl (V) A < il s 50 dalid) (35S Ladie =2

P oSV dig Sl o glil) Ukl jfada
Cc=-0.0785D?
Cr=+0.0112D?

Ccr =-0.0673D?

:J&P
(M) sl maail lake s CC
(M) S sl ylake : Cr
(M) L&Yy sl sl laia s Cer

. (Km ) aasy) dsled : D

Ex: A Staff put at a distance ( 200 m) from a level and the reading was (2.758 m) .
Compute the correct reading for curvature and refraction?

Sol:
Ccr=-0.0673D2 =-0.0673*(0.2)2=-0.0027 m

Corrected reading = 2.758 — 0.0027 = 2.755 m
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( Longitudinal Sections or Profile ) 4shll adaliall

Ghll i gosiall (g bl ) Joall olat¥) 3 Dgall dee o AUl plalidll
- GAY) Lawigh JleeY) G Lty Lipasd) S5 laall anlily Jilaally lsially sl sk
2y duas Wibe f Laal 050 8 63 ) Jsha e )Y pdans dxgds b sl alaliall 038 uins
Cualie Glun e ahlal) 028zl 2y ¢ pgpdall el LoD L) £peS s oSy clliyg 3
Aagh 0 s il Ladl L A clilae ey aaly Dt (2 o lgd e ) Ll
Clehall 381 &5 Joaall A lebads Ll o LadY) Clilad) (b8 & ey aiins slae Sleg ()]
. (R.&F.) ik of (H.IL ) iyl L) g el Giianphall (saal Cuclial) alag) laans

D 38V Clshalls ALl Zoleall 38 e :_dalghal) alaliall Jas
daplall s ()Y e daeoladl iy Al Bl (e e piag Jleall jena oladl paas -]
- Ll adlga A Ol ol padlid pas
. uaial) daglaa Aatiy tomis ofy clehall 330 Hlall -2
s Bgeass dsedll Joan 8 el (o -3
- Jsaadl 8 lghgnis sl Jsla e Jalal cpy 4,01 il (ald —4
- bl e Glua =5

O s aball pendll e cualidly gl el e cliluall Jiia gy i dudghl) alalial) sy
alaall (f () clileall jiraa ansy (eliie 335 4l Bl caclial B ae Ajlie 508 (58 il
el ael Al Bl Jlasiad) wiig pia sl o (g cualiall € vy Gubie sl S Ly S

s ol dalien (e il Jgaal) 8 3snse rgeia JBL (gabiall Jsaall fan o iy Johal
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Ex1: Compute the elevations of the points , then draw the profile with suitable scale ?

Points (Dn'; BS. | IS. | FS. | HI | RL | Rem.
1 0 | 1.732 10 | B.M.
2 25 2451

3 50 3.162

4 75 | 2.972 3.213 TP
5 100 1.346

6 125 2122

7 150 0.678

Sol. :

H.I=B.M. + B.S.
RL.=H.I.—1S.
R.L.=HI —F.S.

) Dis

Points (m) B.S. l.S. F.S. H.I. R.L. Rem.
1 0 | 1.732 11732 10 | BM.
2 25 2451 9.281

3 50 3.162 8.570

4 75 | 2.972 3213 | 11.491 | 8519 | T.P.
5 100 1.346 10.145

6 125 2122 9.369

7 150 0.678 10.813
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Ex2 : From the following readings , draw the profile with horizontal scale ( 1 : 1000 )
for the distance and ( 1 : 100 ) vertical scale for the elevations if the distance
between each two points is ( 20 m ) and the elevation of point (5)is (30 m) ?

Points (Dn's BS. | IS. | FS. | HI | RL. | Rem.
1 0 38 B.M.
2 20 23
3 40 1.0 0.2 TP.
4 60 0.8
5 80 21
6 100 | 05 3.9 TP.
7 120 23

Sol:

H.I=R.L.+B.S.

RL.=HI.—1S.

RL.=HI —F.S.

) Dis

Points (m) B.S. 1.S. F.S. H.I. R.L. Rem.
1 0 38 31.3 | 275 | B.M.
2 20 23 29
3 40 1.0 02 | 321 | 311 | TP
4 60 0.8 31.3
5 80 21 30
6 100 | 05 39 | 287 | 282 | TP
7 120 23 26.4

Ex : Draw the profile for the center line of the canal. Use ( 1 : 10000 ) as a horizontal
scale and (1 : 25) for vertical scale ?

Points 1 2 3 4 5 6 7
Distance 0 175 225 150 300 275 350
R.L. 50.75 | 49.50 | 50.25 | 49 | 49.25 | 48.25 | 505

Sol :

32



gyl Cag (dghall abaaall oy das ggydall clinyl ba st 2y 0 ((Grade Line ) slidy) bad
b b Lo lele aa Byl
S Lo B 5 IRY) a8 dglcie (Fill ) anlly (Cut ) Lisd) claeS o5& of -1
(+) gUny) Al 8 Lange daall G505 dusie daiy 3y Jsae 2o 5l 2nly Jar oliiY) Bl (35S =2
(7)) Rl Al b Tl
adais J) guia — Adaki AT Ciguiia

% 100 X . = ;LJ".\.'}:}[\ B d:m
1) Aalal)

1Y) ileall X Jaall

100
i Cualing dpehll (V) Cualic diyee e aalls sal) gy late laa 4y ;1 jéally ad)l) clua
iyl bad Cigeia (o ol (V) guie OIS 138 AT e Ll 5k e @llig g paall clasy)
c(08) ay OsSw Sl (pkd) is la sSaad

£ sLadY) aad i Jof capusie = clady) baal Al AT Cagusie

Ex: The following readings are taken from profile levelling between ( A ) and ( B ), the
distance between them ( 50 m ).the elevation of point ( A ) is ( 20 m) . Draw the
profile and determine the gradient line from elevation ( 19m ) and sloping down (
0.32 %). Find the height of cut and fill ? ( Use Rise & Fall method ).

Station A 1 2 3 4 B
Distance 0 50 100 150 200 250
B.S. 0.58 1.04 2.54 1.8 0.92
F.S. 1.43 2.19 1.92 1.11 2.03
Sol:

358V Aslesd) X Jaall

— olaty) laad alas Jof ogeia = cLady) adl A AT gt

100
sta.| Dis. | BS. |Fs.| R | £ | gle. | EeOf | Height | Height
grade line of cut | offill
A | 0 | 058 20 19 1
1 [ 50 | 1.04 | 1.43 085 |19.15| 1884 031
2 1100 | 2.54 | 2.19 115 | 18 18.68 0.68
3 | 150 | 1.8 | 1.92 | 0.62 1862 1852 0.1
4 | 200 | 0.92 | 1.11 | 0.69 1031 1836 0.95
B | 250 2.03 111 | 182 18.2 0 0

R.L (1) for G.L = 19 — (0.32*50) / 100 = 18.84
R.L (2) for G.L = 19— (0.32*100) / 100 = 18.68
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Ex(H.W): Compute the reduce level of the points for the following readings, then draw
the profile using scale (1 : 5000 ) for distances and ( 1 : 50 ) for the elevations , so
draw the grade line starting from station ( 0+00 ) sloping ( 0.5 % ) to down to

station ( 5+00 ) and find the height of cut and fill ?

Station (Dn'f') BS. | 1S. | FS. | HI | El. Er'gé’; ';'?'f‘uhtt ';'?'ﬁnt
1 |0+00 | 152 25.00
2 |0+50 1.91
3 |1+00| 259 2.41
4 | 1450 1.92
5 | 2+00| 112 1.48
6 |2+50 1.44
7 |3+00] 1.16 1.50
8 | 3+50 1.82
9  |4+00| 1.22 1.91
10 | 4+50 2.30
11 | 5+00 3.85
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: ((Cross Sections ) duaall ahlial)

o) sla ey Johll adadall e (gagand) oladV1 8 Lpalio 3355 A alalidl o
LoD Al el Gleng el e )] dada JS5 Adjma 98 alaliall 038 (e asally
- gl elidy
phidllS (2 s o Lalal) Laa) pig g pidall (pa piapal) (e capall daiall ol acing
Joaall (8 lebaudy Hludly Cpal) olasl g sdiall 35 (pa Jalaal) (o 488V cililiaal) (g Johal
Cuailially Clilaall & iy (goliia (mpal) ataball o)) Gulia (93-S ool e LS
oY) 05 Ladie dusluie Cililise e docajal) alalaall 3355 .(1:50 ,1:100,1:200)
aliiie pe () Anpd s s Ala b Laiy (1100m , 50m , 20mM ) e jlasiy) daliiis
claaly b o)) L e ) i) 8 adalad) a5

: Distance (m)
Station L CL R
A
Ele.
Dis (L) C.L. Dis (R)
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Ex: The readings for cross sectional levelling at stations ( 0+00 ) and ( 1+00 )
are shown in the table below to construct a road with width ( 8m ) and side
slope
( 1V:2H ). The garde line level is ( 22m ). Compute the elevations of the
points, draw the cross section using scale ( 1:100 ) and find the height of the
fill at the stations ?

: Distance (m) Ele.
Station L CL R B.S. l.S. F.S. H.I. (m)
B.M. 1.1 20.5
0+00 1.47
2.5 1.5
0+00 5.0 1.45
2.5 1.35
5.0 1.37
1+00 1.3 1.5
2.5 1.46
1+00 5.0 1.4
2.5 1.43
5.0 1.45
Sol:
H.l.=B.M. + B.S.
Ele.=H.l.-1.S. , Ele.=H.l.-F.S.
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adsllg adadll Ayl eulaast) agaa lua

(_Volumes of the earth works for cut and fill )

Al 20 Lgale Cagy i Apcajally A ghal) plaliall JleeY) ol (o dnlil) el s ey
die oo ahie S dalie Gl Lhill Gl asan Glas dalee (adliig ¢ gg il la)
AV A (e pgaal) Gles o (e pdie S die ) Alass S

S adaid) Zalise + J5Y) adaiall dalss
2

Cpadazall cp ddleall X = Cedaie (g adadll gl a2yl aaa
Ex: The informations below of the longitudinal section are taken at each (100m),

the road is construct with width ( 8m ), the elevation of the first point for the
road is (20m) with slope ( - 0.5% ) and the side slope ( 2V : 3H ). Draw the

profile and the grade line , then calculate the volume of cut and fill ?

Station 0+00 1+00 2+00 3+00 4+00
Ground level 17.55 18.8 18.45 19.35 20.15
Sol:
Sta Ground | Grade | Height | Height | Area | Area | Vol.of | Vol. of
' Level |lineR.L| ofcut | offill | ofcut | offill cut fill
0+00 17.55 20 2.45 28.60 1746.75
1+00 18.8 19.5 0.7 6.335 559.45
2+00 18.45 19 0.55 4.854 05.381
3+00 19.35 18.5 0.85 7.883 236.49
4+00 20.15 18 2.15 24.133 1600.8
il
(50/1)
et . | | | -
B B P T
\ )
a \
N = Y h [ // o
///‘\\\‘\.//>E‘\
«—— ! R
! B
18 gx ~—e
17.5
17 >
0 25 50 100 200 300 400
37 (2500 / 1) by clélall




<€ >
// N
d h N
A
> < >\
7\ /\
2[3=h/x
X =2.45*3/2=3.675m
L=W+2*x
L=8+2*x=8+2*3.675=15.35m
Area=(8+15.35)*2.45/2=28.60 m?
Vol (1,2) = (28.60 + 6.335) * 100/ 2 = 1746.75 m®
2/3=0.71x
x=0.7*3/2=1.05m
L=8+2*x=8+2*1.05=10.1m
Area=(8+10.1)*0.7/2=6.335m?
If side slope for the road = Ss- Gkl adladl Jaall
Area=(W+L)*h/2=(W+W+2*h/Ss)*h/2
=(2W+2*h/Ss)*h/?2
Area=(W+h/Ss)*h
;o Gua
Gkl pase : W
al) o adadl) glis)) : h

Area at st.(2+00) =0.55* (8 + 0.55/2/ 3 ) = 4.854 m?
Vol (2,3) = (4.854 + 6.335) * 100 / 2 = 559.45 m?
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/ _419.35
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I s N i R o

0.55 X

1845 + ¥ @ bl ]y v

18
200 300

200 18.45 19
300 19.35 | 185

0.5/100=gy/gx ........ gy =0.5 gx /100
my=055-gy ......... my =0.55-0.5gx /100
0.9/100=(0.9-my)/(100-gx)
gx=39.3m
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(_Topographic Maps ) 4:b),é giehll Jas), i)

@l Lty Jually Sl (laas Gylally Sl Luaulally L liall allaall g Al LA s
e mhae e Bagagall daelilaiaY s Al Alleal) aead dushll 8)geall Jia il
 Lgie Lgnihe gagha g duca ) Jaliill culialiaiyly cile iy ol @ik dlla

Gilalie Jias Al Ldhaall WAl d aaanes : ((Colour method ) custil) of olsi) dak .1
b el Yy olaall AN G391 GsIS gl Al 8 axdiny Gas Clally Joall e 8285 daudly
- gl Jlae DU bl Y gb 1315 Jalaill 4283 5)gemy Cnesliall i) 2l w38

o s Lojall Lgie AN any 3 aadias @ ((Hachuring method ) daghaally Julsil) day)la .2

= Baeliie dandyg sandll Ghaaiall 8 Al 4w g lady cilimlaaiyly cile b,y ol
Ll Zacigl Jlee S b Y il ¢ pusys Y i) (slaliall 8 Loty Adasead) ciaaial

polially (el 8 Jasias: (models method ) cdlasall ol dawadl) z3laill 421k .3
Cgria b sal) f cplall o sl aadien Gua Lae Ll Cilaesally 25201 550K Lyl

bkl 33 (re yman 1 ((Contour lines method ) Ll aglas ol 4050l Jagladl) dan)ka .4
- Bydilae ducay Y1 Bl Cuclie 0o Y dady 8ygemn 203508 Cua dadiiedd)

aall) Cuguiall ld il oy Janyy (o) angll bl g4 ¢ (Contour Line ) alasy S st had
) mhu e

: ( Characteristics of contour lines ) sl laghi (ailas
- daaie bad sa9 Cgaiall Gt Lgd adde daBlsl Lalall paes —1
ool AL Bae ey laat¥) sandl) (ghalid) 8 \gian o i il Jaglad —2
- Qguiall B8y Jasig lgadi o At 585 -3
U] et ) gk Yy aeS 5asS Tan 506 s (8 Y gty Lok glalin Y g€l Jashad —4
- 4o Lisaie S o Ui LaadIS (puhas oy ()€ Jad 2y of (S Y -5
Ja Jalll ) )l ey priaiad) e polad) ) dalal o Lgald)l i ) dagdadll a3 -6
Al e
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D Jalge Bae e Ay guisl) AN LA Cibg

bl laliall 8 80 duygull all (15<5 ¢ (Nature of the earth ) (a)¥) phw dauk -1
oY)l Gl HlaadV) ALEY Aaidl Ghlial b spiay lastV) sl

Ll (of sl 535l pe Lo Taaslis bl Caaliny @ ( Scale of the map ) adaylal) bz —2
» Al Bl caly Gubiall e LS uSalliy 4050l 1) Gl (ubidall S

Lnadigh aoyliiall & Bjuia 4yguisl) 55al) (6<5 : ( Purpose of the map ) adaylall (e (sl =3
cRaga e 9] palel (8 8 L)l sl (S Lai A5dallg dagall

gl 52l ) ey (ool LS 5y0ai 55l S LIS : ( The time and the cost ) 4al<lly cagll —4
By 5 B8 ol Cangd DL gl IS 1) Ll AR 8aly )

(Sl Jaghd ) gl Jgh (yat 3k

Y1 bl 5l EIaaY] 8 Lgadlse ddjeag bl Caralio Gl Ging 30530 Jaghadll dans (a3l
Doty Ol clling (535anlls
Byile daall 4 Cigaiall (i ! Al daliil) paes Jedis 2 ((Direct Method ) syalaad) @shhll -1
Ol e Augiasall daglll Jlanias) ol sphacsal) ae ((LeVel ) gl Slea aladinl 3k oo el
. ( Plane table and Alidade ) sy

L)V L) (e dae Caalie cadn e oz ((Indirect Method ) syaluadl je 3Lk -2
i &bkl o3a ey dasiieall agladll e ASud il e

. Grid Method ( clasyel) dayk ) AKual dguall Aoyl

. ( Spot points method ) 48sdl Lalal) dasyks .o

. ( Radial method ) & lx&y) 4oyl .
. ( Profile and cross section method ) dicayelly dshall adalaall dasyk .2
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- Logllaall 5l G g AyguiSll daghaal) a0y ladasg
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( Interpolation or graphic of contour lines ) 4, giis!l Jaghall i ya o povy
P e @il 4yl dagladl) o) o3
. ( Arithmetic or calculation method ) &uleall 42kl i

. ( Different division method ) Gl s dayka .o

O sl Lalas adlge aaat gy e Jagladll (aat Sy Cua ARy A&kl sda it 1 Anlual) daykl)
faw Cage (3 (65wl adl) ddjaa (nyal ASeal) 3 Cogeria Adats Ungl ddjea g Cogusiall daslaall Lalil)
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Ex : Draw the contour lines with ( 1m ) interval for the area as shown below ?

C 4.4 7.2 5.6 4i_
A
3cm

B 32 5.1 6.8 6.6 N
3cm

A 4.5 6 9.2 8.1

1 2 3 . T

Sol :
Min. R.L.( Ele.) = 3.2 mat point ( B1)
Max. R.L.(Ele.) =9.2 mat point ( A3)
Contour Interval (1) =1 m , therefore the Contours demand are (4,5,6,7,8,9)

3

Contour (4 ) for (B1C1) = m><(4—3.2)= 2cm
Contour (4) for (B1B2) = 133 5 <(4-32)=1.20m
Contour (4) for (A1B1) = (45—332)x(4—3.2):1.8cm
_ .3 ~
Contour (5) for (AlA2) = 625 x(5-4.5)=1cm
4 3 a0\
Contour (5) for (B1B2) = (5.1_3.2)><(5 3.2)=2.8cm
_ 3 A
Contour (5) for (C1C2) = mx@ 4.4)=0.6cm
_ 3 _
Contour (5) for (C3C4) = m><(5—4.2)_1.7cm
- 3 e_ao\
Contour (5) for (B4C4) = (6.6—4.2)X(5 4.2)=1cm
(6,7,8,9) @AYl dymsll laghasl) Lo Lually 1358,
c 44 7.2 5.6 4.2
5 S
4
B 3.2 51 6.8 6.6
A
45 6 9.2 8.1



Ex (H.W.) : Draw the contour lines with ( 0.5 m ) interval if the distance between each
two points is (20m ) and the scale is (1 : 500) ?

D 11.2 11.7 12.1 12.4
C 10.7 11.2 115 11.9
B 10.3 10.6 10.9 11.2
A 9.8 10.2 10.6 10.8
1 2 3 4

@ (0.1m ) Gl anad JS Jan Lagins 3)al) s cpibail] (y Adlesall vy S5 1 Bl anaadl dayla

:‘;J:‘u@zs@.l\j}@“ﬂéhj(lOcm)
conkal) o @l ol -1

C(0.1m) Lo bl G Gl st S HLdY) e dlagy 2

oY) s e (om ) o ol G Aileall a5 acd JS dilie ey 3

- Ol G sie iy ealay) sthaall HSl dad o Anlilly Y opishaddl S5 -4
Al 35ladll 8 Laslay) a3 Al aladY) sae a2 usllaall gui€l) bad dilse sy =5
- A ssladll 8 laslag) & ) Adlaally
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Ex: The elevations of the points for area are shown in the figure below. Draw the
contour lines using different division method if the interval is ( 2m ) and the
distance between two points is ( 10m ), the scale is (1 :250) ?

A T2 72.2 71.2 71
B |68 67.2 65.5 64
C |ess 65.3 63.3 615
D 645 65.2 62.8 60
E 635 63 60.2 58.
1 2 3 4

Sol:

46



Ex (H.W.): The elevations of the points for area are shown in the figure below. Draw
the contour lines using different division method if the interval is ( 1m ) ?

A 4.4 7.2 6.5 4.2
3cm
B 3.2 5.1 6.8 6.6
3cm
C 4.5 6.0 9.3 8.1
3cm
D 6.1 55 7.8 8.5
1 2 3 4
3cm 3cm 3cm
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((_ Theodolite )) — 3lg3all = i ga6:ill

aoliaall e (Al gy Hsually 39audly BHLIS dagall drwnigl ayliall b Jasion Slen : Cufoagdlil
Jdadl Jlael by cilviniall Jasiany clabliaall Wy oalis (Aandyl) ) daasaslly 4881 Llg50 (uld g

: ( Types of theodolite Instruments ) cu¥sassl gl & 1sil
L Gun e Ll Aniad) 45580 e Wgiclioa CaBaY ellig Lt Lad cu¥aagdil) 5)gal calias
) leias Cu¥oasdil Bl (e ploil dagi Aol L) duals (g ailiing Gl L V) L6 A Lganag
daide 48y 1y 5eaY) sdag (gl glels T1, T2, T16, K1-S, K1-A , Mom , Watts , DKm2
Jie (48 20 ) 406 10 ) Ll D Le Letay ( T16 ) Slea Jia ((asly dRda ) 482 L1 Da L Lo
(Basls 4uli ) 48 [y Le Lgieg (T1) Slea Jie (486 6 ) 38 Lgiay piuall L3SV ((Watts ) 5eal
b Loy i) AUl 6 B Lo Lgie Guldl] Ladil b ddide 55621 o305 ¢ (T2, Mom ) Slea e
. (ssial) alal)

iy Slgall vs aimge JS 4 ge I Sleall Javia it ( Compensatory ) Slgad)
P b Lo dasaall Jedg Slgall ad) die Janall
adaaill 358 Slgall ull hsrll Hyae das 989 3« aww : (Centering ) el .1
. duca V)
il Gyl e A giane Jleall a8 5300 Jas gy : ((Levelling ) slead Aaél .2
deaally Ja B LAY Al 3oyk (e Aol Aol ) Coatiall (3 Lglany Albindlly 40530)
(el sl Lgeill el sl gl Gl e Al
- il 8ypeall icagi vl 1 Jedu 0 ((FOCUSING ) (bl o .3

( Measurements of Angles by using Theodolite ) cu¥gagill jlga aladiub LigH (ubd
Lol el i Ll 8ebd o3 aBall e Jomally cu¥aasdll Slea (o8 duagaally 488Y) Llg3l) (uld o
Jans Sleall Jo¥) sl 06+ Slead) (8 sasagall L) eUad¥ (e palil) (sl Sleall paag S
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L . ( Face Left — Normal position ) jleall auasl Lootae¥) Alall o &llall 0385 oY) anglly
any ) aliie g Alls 8 Sleall of ol JUaial) G el dgall (3 Gaydl Jass (5SS gl
Oaliiall dangll o dslll 8 3, . (Face Right — Reversed position ) asladl allall i cpad

L (180° ) s bl

48



Alad DA e (T1) Slea (B L3l Gl pug (2556 ) Sleall 13 82 : (T1) gos cullass Slea
Ol o g A Lighll 5y &) o adll Laas @l13g (Micrometer e Slall @l ) L3l 5el,3
DA e Aaghll 3ehd 2y o5 Sleadl s dsasall Jiag Sl (( SCreW ) 25 Gsb oo (oyail
Jabiicaall e Belyall 33 2 4aaY) dghll 5ehd apllaall LS 13l Gl 138 (e Bagagall ULl
Ssilly @AY Jiar Ay a8 Ak 33 S a3 ey cilaall Jiay sy (H ) &a8Y) selill Jaag (63
Caagl) sai gl 23 uieail) Yl i Slead) st die . claall Ui Cpar dgagal) Joliedl (e
il s Ay dang Ll Ui o3 &gl s e Jgemall i o () B oladV1 8 Sleald) ey cllyy

- Sl ik e @Bl Sl b 5 lgall 4aaY) A<l

=

|°,‘ a;? e g7 s ’

| , 1t I >3.l8 2‘%&‘(6);;/"\ 1 Jl » l >z{.‘l
T 320 AR5 7-7’ IZI’I

34 s
l Hz. Hz.
(gr=d) eS8 4 Ly (SH‘QJU. ) e\ ren

Hz.rea‘/,}‘xj :U‘('ZI?J V. V“«/';y = 87. 27 °7l'

- Yan

Glapal) gsill 138 8 Llg3l (eld iy ((8anly dada ) Slead) 1aa d8a: (T16 ) goo clsisd Slea
2 VAV (T1) Slen et i ggb Slead) piai Lol . lapad S Jlsall Ll @lall
- Cangl) saannil) 5 Glalll J& 3yl e Wl U s ((sasly ARl ) Sleall A8 (Y i Sl

o T, - ] Vs 3 e Lo X
S\ ,—(; - a > (-L) s Ll\.\,»n (":L./-éi_) - Lidb iy
V' el - ’
[ V.rtod. = 9] o2 2
b /]
o ! ) ¢ "‘
|
L_"_'.'_‘ | - | ._”'.1
- 317 = ):‘.1
“ | Se v “-—g | | o /
vl“'!i""" -_ szvlnl-h;l.' Hz'r“'j:‘/o ol ?.,.’
e~ | e S» ol | g
L o o,‘
‘ He.

49



P e (T2) Slen (A Ll el g ((Basly 40l ) Sleadl aa 3820 (T2 ) o cugass jlea
Solall bl A Bagasall culypadll Golany ellyg (| Micrometer iy Slall llud ) Llgll 868 el
o) il ad) e ) B Ga gydall eradly cilapall Bl AT S Junag Silall 2y ok ce
A Al selyd Lyl 13 L daud) Qubiesall (g Sy 336201 laT 380 &8 Jacogl) Jalaiesal) (DA 0y
Sleall b die L (gagac puagy Ja Jan pid Aoagenll Al Lol 8l aiag (8 Ulg3l) U8 e 28
Gl alay sl st o8 Sleall 4aY) ASal) Jity iy bl lag a3 Cargl) sai 4w il Yol 2
O Ll Gy dll lavia ae Jall 35kb o @B Clides Glajall pdal o8 Jieg Sl Gk e

el Jal gy

: (Angles Measurements Methods ) cuMsasall jlga 2 Ll oubd @bk
g9 aladiud Ly LY gl Gl saae 33k aasi : ((horizontal angles ) 488 Ligsl (uld
P A EhhI e Ak IS Gan Va5 Seal e e

( Repitition method ) _b<ill dapk .1

( Direction method ) ola3¥) 4l .2

( Single or seperated method ) ( Jdidl ) 3ydiall vyl 4oyl .3

( Closed Horizon method ) ) gle 4a)l .4
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& O Ll aae (58 Lanie s Lgadls 48 allats ) Apalsal) JlaeY) & Janiias 1 ),S3l) Ak ha
adail) damy o LlgHl (el DS5 e 23 o) LalS A8y ST ailll (5855 ¢ gia deayl) Cagllaall dlaill
33515 (B ) adaii sa jleall g Ll Ji ik o3 (O ) adaii e (00° 00" 00™ ) gl (A )
Al sy (A ) dbi s Jleall sl Lol Ji 3lay o5 (AOB ) dughll (o) oSily (A sl
il s2al dolaall )< 13S0y (2 a1 ) Jiaig daghll Ding (B ) ddai s Sleall jlug Jaal widy Waans
e dsandly LS 2ae o doshill leal) Belall dand (o gl Jare (Ao Jsandl S doledl) Ay
OSar ¥ bl oda g (F.L ) ulialy (F.R ) celiad) Sleall Gaiag (e dshll 36l i ST dd

(T16) 5 (T1) Slea alaticd (Ko Lain (T2) £55 al¥sasill Slea alasiud

A

180 = (aliie puzay (0 Sledll gl laka
ahh<all aae
ubiie gy (e (Sl dghll i
ahhall aae

= Oalie g (e daghyll (dm) Losigia

= uliie pday (e dughll (Jaxs) dacsgia

uabiie aing (e Aughll Jame + (eliie gy (e Aughll Jana

2
%j\)&\&\&bﬁ&dgj(A)Muﬁ(B)Mm}tﬂjﬁjt*_ﬂ)—ﬂsm(AOB)4—1‘9)3\0&_)3?-\ JL\A
¢ Al Jare 2agl o (Vs 01 ) Sleall peash Alla iy Joaall & cpse WS

= 4ghll Algil) Jandll

From| To | No. Of
point | point | Rep.

A 0 00° 00' 00" | 180° 00' 00"
8°33'00" | 188° 33' 00"
17°06' 00" | 197° 06' 00"
25° 37' 00" | 205° 36' 40"
34°11' 00" | 214° 12' 00"
42° 43' 20" | 222° 43' 50"
51°18'40" | 231° 19' 20"

F.L. F.R.

W W W W | W W
OO |l W | IDN|F-
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Al oA deany 2 Wadlll (Y 350 Ja1 Lgasly Tulny Lbae dagpad) 330 (a e 1 oLy Adyha
Ngie dayll Csllaal) Llg3ll (e dae dsmg Alls d axdiids Ligal Ay b eladY) oSIi Y (o0 Cisws
A
B

o3
C

O\
D
bl o Ay JS By o asl () dydie IS Lgly S 5ol g p  (( Juadliall ) 3ydial) 2a)l) ddijh
Sy 3 (AOB ) bl 88 2251 (B ) ddady gad dagg (A ) Aadi olash jleall jomn . Slead)
- Lyl Akl Ll 13885 ( BOC ) dughll by ((C ) ddaii sa dags (B ) ddais xie Sleal)
A

B
2 C

D
Alill iy (B ) acyi o5 (A ) oladly soesil) 3y (gl sains IS0 Lls3l 5518 2 2 3Y) (3 Ak
b (02 ) s (alt 02 ) oe Hle a5 LBl by (C ) 2y a3 (al) oSils (AOB)
- Lol Aad danally e 1%ag (alt+ a2 ) sebdll (e (0l )

A
B

D

O Doaad Y1 (i) (e Luaseall L3l (el : ((Vertical angles ) dgant) il (b
Dlake alag¥y sl of gLyl Lig) Lel Ll sda 555 Calaa¥) W asaill ie (sl ) jUsial
o Oliia ¥ sil) gl e plest @lia 4l G Jaxiwal) Sleal) g5 diyne iag Laagenll o)yl

. ‘._?.Aj z\erA:J\ bj\ﬂ\ ?:é-):v a._m.«a]

. ( Zenith Theodolite ) faw gsi @lsass Sl .1
. ( Nadir Theodolite ) (gnlai g8 cugagd jlga .2



38 G Sleadl Ajmaly ((Caondl ) AoV G psil 138 8 monill jia (5t e a5 cullaapd Slga
Sleadl o 61 (190° ) e il el culS 138 (yubiia ) (s0lsie) gy 8 oY) sai HUniall 4ng gl
g die (270°) (e ST (0 Cige Beball Ol (aliie aumy (B Sleall 0sS vie Ay Jien gg8 (e
e san el
Pl WS Sleadl sl (8 (mladi¥s o L)Y Llg) dad alag] o

1. Face Left Thoedolite (_«lis s )

vertical angle = 90° — vertical reading

2. Face Right Thoedolite ( cxlic Hlea )

vertical angle = vertical reading — 270°
(+) tL&: i)
270

(7) oaleadt

(—) paleas)

180

s gl 138 Ga Sleal) Adpaady Jau) B poill 18 (8 ) Jiea 05K 1 (gl gel culgagd Slga
g55 e Dl o 61 (1907 ) e ST Byl il IS (uliie ) (golie) puay B oY1 sas HUaidl)
asag e (270°) (re J8 0585 Cagan eyl Gl (paliia giag (B Sleadl 0pS Al 4 GllaSy gyl
e s jUaidl)
b WS Dleall a8 Galiai g g WY1 L) dad alag] o5

1. Face Left Thoedolite (_«lis s )

vertical angle = vertical reading - 90°
2. Face Right Thoedolite ( clis Sl )
vertical angle = 270° - vertical reading

(+) tm‘)\

90

(7) o=l
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lgaaualiy dpaganlly L88Y) lially cilalady)
Bearings (<l ) clalagy)
Bysaanall dughll Jhar g2l a8 ¢ (Whole Circle Bearing ) Jwl&l (gilall Glyasy) .1
s Gl S S G ) el 8 ad Ll deludl Clie pe dalad) (5S0s Jasd) olatly Jledll (py
. (280°) sl (45°) S ( Azimuth — Az.- ) 5 (W.CB ) 4l 3ays )l
@M cala) ga ¢ (Reduced Bearing — Quadrant ) ( gyl a)ll ) eaidall cayaty) .2
55 dl Lagal (rag cupall ol 3l ool Jadl (g aginll ol JLeddl) G Bypumnall Aughll Jian
.(S45°E) 5l (N40°W ) MNis (RB ) Al jays leue i deludl lie slaily
@Al aha) Leas Lea ¢ ((Fore Bearing and back Bearing ) 4lall ‘?.ALAS!\ iyl .3
coladVl e alally sl olail (55Ss (oleY) CalatY) T V) Jledll e Jadd) Calpail (gl Jals)
. (B.B) ilally (F.B ) ole¥) CalaiD 3ay9 (1180° ) 52 Lagin 3l

ook (B.B. ) lall Cilyaiy) alay) 23 (1180° ) e ST (F.B. ) (oleY) alaill dad cilS 1Y) #
Mol pid ((180° ) e M1 el Cilaiyl dad IS 1Y) Lal alaY) CalyatV) dad e (1 180°)

N LY i) dail (1180° ) dilals lal) calasy]

40
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Ex: Find the ( W.C.b. & R.B. ) for the sides ( AB, BC, CD , DE , EA) if the Back
Bearing of (AB)is(300°20')? A=102° 20', B=122°50', C= 68° 02

D=129° 38' , E=117°10"
Sol:

F.B. or W.C.B. (AB) = B.B — 180° = 300° 20 ' - 180° = 120° 20"  E D
R.B.(AB) =S (180°- 120°20')E=S(59°40"')E

F.B. (AB)=2300°20"
+ B 122°50"
=423°10" 5
-360° 00"
W.CBorAz (BC)=63°10' =—=> R.B.(BC)=N63°10" E
+ 180°00"

W.C.B.orAz. (CB)=243°10"
+ C 68°02°

W.C.B or Az.(CD) =311° 12" = R.B.(CD) = N (360° - 311° 12 ' )W
=N48°48" W

- 180°00"

W.C.Bor Az. (DC)=131°12"
+ D 129°38°

W.C.B or Az. ( DE ) = 260° 50 ' =>R.B.(DE) = S (260° 50 * - 180° )W
=S580°50" W

- 180° 00"

W.C.B or Az. (ED ) =80°50"
+ E 117°10"

W.C.B or Az, (EA ) = 198° 00 ' ==> R.B.(EA) = S (198°- 180° )W =S (18°)W
- 180°00"

W.C.BorAz. (AE)=18°00"
+ A 102°20'

W.C.BorAz.(AB)=120°20"

Ex (H.W): Find the (W.C.B. ) for the sides ( AB , BC, CD, DE ) of the open traverse
if (W.C.B.) of the side (AF ) is (330°)?A=102° 20', B=122°50",
C=68° 02' , D=129° 38"
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;Ao gand]y B8] Cliial) Glua
ol ol (AEL , AE2 , ... ) &yl cldlaay) 8 cliy @l a2 ((Departure ) 3y LSl
o Langa ol Ay e 09 Al ol 48,80 LSyl Capats (AXL, AX2 L) i) sl
A P PRV W TP 1 W - 195

Dep.= AE=AX=L*sin(¢@)=L*sin(Az)

sl of (AN1, AN2, ..... ) Glleil) clilaay) & cligyall o : (Latitude ) duasesl) LS
Linge (o Dlleds Lol 5S05 Auageal) of Ailadl) lialls Cayaig (AYL, AY2, ... ) golall jeadl

DAl Ak (e Ll g Al (gl Angia
Lat. = AN=AY=L*Cos(¢)=L*Cos (Az)

P okl glayal s dlls bl Jitd) plead) 058 *
(ZLlat.=0 ) ¢l joa = pliad) Jaghal L ganll GlSyall (gall g ganal —1
(ZDep.=0 ) @l jon = pleadll Jaghadl 2| ASyall (gpall g sanall —2
ol Wad o Jail B een Uad lin 06 Cigasd Glaild) (ldaydl) (3385 p2e Alla b Ll
: 40Y) 4Dl (e e 21y Clossing Error (C.E.) (@il Uad ) Jaah) Uas
C.E.=V(Z Lat.)? + (Z Dep.)?

oS Ll 382 Cacmg o Taganns atl) IS 13 Ll Jaal) 50le) b 4y s jaig 1€ Uadll IS 13
- aad) 138 s
) Jaall Ut Joh decd Juals o ¢ (Relative Accuracy A.C. ) ((Jadll Uad duw ) daeall 48

. edad) skl & sens

t b LSy o DS dod ganlly 4038 il all Uasl)l mosas 2 ¢ ( Error Correction ) Uadll cosas
sl s oy G

o all g .
) GLSA (5al) panddl X 5T g ~ aleall 3ady) A pall primaas

Anagend) CLSall gpual) gganall X dbg‘\dgyi = alaall dsganll LS5l pranaa

) A pal) onat — & geenal) £028Y) 4S5l = dnaiadl) 4281 Al
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Ex: Find Departure and Latitude for the closing circle traverse if the Reduced Bearing
of the side ( AB ) is ( S 42° 06 ' W ) and correct them, and fing the coordinate the
points (B, C, D) if the coordinate of the point (A ) is (100 m, 200 m) ?

A=134° 05", B=65°10" , C=70° 40", D=90°05"

Sol; A 25m D

Dep.=L*Sin(¢)=L™*Sin (Az)

Lat. =L * Cos (¢ ) =L *Cos (Az.) 20m 25 m

Az.(AB) =180°00"'+42°06"'=222°06"

Az.(BC) = Az.(BA) + < B B o >

Az.(BC)=42°06"+65°10"'=107°16"

Az.(CB) = B.B(BC) = 107° 16 ' + 180° 00 ' = 287° 16"

Az.(CD) = 287° 16 '+ 70° 40 ' = 357° 56 '

Az.(DA) = Az.(DC) + < D

Az.(DC) = B.B(CD) = 357° 56 ' - 180° 00 ' = 177° 56

Az.(DA) = 177° 56 + 90° 05 ' = 268° 01"

Az.(AB) = Az.(AD) + < A

Az.(AD) =B.B(DA) =268°01"'-180°00'=88°01"

Az.(AB) =88° 01"+ 134°05"'=222°06"
Side | Length | Az. W.C.B. | Dep. Lat. C%rrr‘é)cg;fn C?g:‘elf;'tf’n Cogeepc_ted Cofaested
AB | 20 222°06"' | -13.408 | -14.84 -0.2 -0.472 -13.208 | -14.368
BC | 40 107° 16" | +38.197 | -11.873 | -0.399 -0.943 | +38596 | -10.93
cCD| 25 357°56' | -0.902 | +24.984 | -0.249 -0.59 -0.653 | +25574
DA | 25 268°01' | -24.985 | -0.865 -0.249 -0.59 24736 | -0.275
> | 110 -1.098 | -2.594 0.0 0.0

Correction for Dep. = (-1.098 * Length the side ) / 110
Correction for Lat. = (-2.594 * Length the side ) / 110
Corrected Dep. = Computed Dep. — Correction for Dep.
Corrected Lat. = Computed Lat. — Correction for Lat.

Coordinte of the point (B) :

E =100 - 13.208 =86.792 m

N =200 - 14.369 = 185.632 m
Coordinte of the point (C) :

E =86.792 +38.596 = 125.388 m

N = 185.632 - 10.93 = 174.702 m
Coordinte of the point (D) :

E =125.388 — 0.653 = 124.735 m

N =174.702 + 25.574 = 200.276 m
Coordinte of the point (A):

E =124.735-24.736 =100 m

N =200.276 — 0.276 =200 m
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( Correction of angles for closed circular traverse ) G@lall il alaall Lig3l sl
g Allall s3a (g LlgHU Leall g oanall (golow (ol goanall (568 s (8 dania aliadl Llg) 058
eall £ ganally ( Theory ) gl gsana) ooy 3y8 3pas Alla 8 Lal Llg3l meom oy i (355 Y
~é (Miscloser of angles ) Lis3l Ji Ua aws Uad llia o @iy ey ( Measured ) Lig30
goanall (gl lgald 2ay climall Zdalall g3l g gama alagl o G olial (e Ly abemall Ll o

P A Bl (e Adles a3 (GBI poanall Lol Laal)
Sum of theory angles for any traverse =(2n-4)*90°= (n-2) *180°
Uil s (n) of cua

> Measured angles = Y angles value duliall Lig3l goana = Lyl el gganall

Miscloser of angles or Total Correction ( T.C.) = > Measured - > Theory of
angles

-T.C dad gt "
n Do) poana L

Correction for any angles =

Lol e luen o3 (AZ. ) g3laY] lalad) Glus 2 aliaall daacad) L3l e Jgeandl 2 of e
. (Lat. ) dasealls ( Dep. ) LY
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Ex: Correct the angles for the following closed circle traverse ?

A=102° 23' 22" B =122°53"37" |, C= 68 01" 52"

D=129° 31' 55" : E=117° 09' 04"
Sol:

E D
> theory of angles = (2n—4) * 90°
=((2*5)—4)*90°=540° 00" 00"

Y Measuredangles= A+ B+ C+ D+ E A C
> Measured angles = 539° 59" 50"
(T.C.) => Measured - > Theory of angles

(T.C.)=539° 59" 50" -540° 00" 00" =-00° 00' 10"

: -T.C -(-10 )
Correction for any angles = . = 5 = +02

Angles | Measured angle | Correction value | Corrected angle
A 102° 23' 22" + 02" 102° 23' 24"
B 122° 53" 37" + 02" 122°53"' 39"
C 68° 01' 52" + 02" 68° 01' 54"
D 129° 31" 55" + 02" 129° 31' 57"
E 117° 09' 04 " + 02" 117° 09' 06 "
> 539° 59" 50 "' 540° 00" 00 "

Ex : (H.W.): Compute the corrected angles for closed traverse if the value of the
angles are shown below ? A=59° 41" 07" B=80°19"' 04"
C=119° 42' 59" , D=100° 17" 05"
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O Om s gl (uld
Measurements the horizontal angles between two walls

P ac¥) Ehhl aal gyl o LEY) Dbl (eld
ey Gy Jg¥) Gaabiall o Ana dilie (el iy i Aygll) Chual cua O g aladia) -1

< 4 N 4 Dlall 3 b A~ 5 laa 2y Fs 1|
1 AC
Sin—a =
2 2* AB
For example:
AB=BC =5m
AC=6.8m
Sintg-_AC _68 68 .44

2 2*AB 2*5 10
%a =Sin(0.68) = 42.8436°

- a=2Sin"(0.68) =85°41' 14"

oeliy Sy JoY) cpelial) o L dilie Gl 2y a3 Aghll alad G O gilB aladiul -2
D AaY) Al gl oy ey gl
(AC)2=(AB)?+(BC)2-2*AB*BC Cos ()

Cose - (AB)” + (BC) — (AC)®
2* AB*BC

dalise e o5 Tl Cial alag) 28 g Y] a1 (S ) Jaaad) Ciual O gild aladia) -3
_ AB+BC + AC

2
Area=./S(S — AB)(S — BC)(S — AC)

Areazé* AB *BC * Sin(«)

S

2%* Area
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Ombiall alalis adads & Sleall pdag o laall &jlge g3l Jao o ¢ culgapdll Slga aladiul —4
gl BelE o laviey SBI aliall slasls Slgall it Jo¥) alall slatls Sleall uheas sau

(190 ) e sl sl ST L Ll o () Lglacia s culS 1305 (90 ) Lighl iny

( Measurement of Target Length ) 4l Jsagh ¢Sa ¥ s Joh (uld

%/

-~

~ -

PPNy DAY cghall am i ol Jsha ala) (oasal

(psbee) coobia sk (D ) gl s -1
(1,2,3,4) Ll s -2
t 4 (ACD ) &bl 8 -3
<5=(180 -(< 2+ <3+ <4))
: 48 (BCD ) &bl 44

<6=(180 -( <1+ <2+ <3))
(AD) 5(AC) cpelaall sl 1 (ACD ) il & -4

Ac _CD — AC = CD*Sin(£3+ £4)
Sin(£3+4£4) Sin(«5) Sin(«£5)
.
_AD _ _CD — AD = CD _ Sin(Z£2)
Sin(£2) Sin(«5) Sin(«£5)
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(BC) s(BD) i (BCD) bl i-5

Bc CD CD * Sin(«£3)
- = — = BC = -
Sin(£3) Sin(«L6) Sin(«L6)
* o
_ BD _ _CD — BD = CD S!n(41+ £L2)
Sin(£L1+ £2) Sin(L6) Sin(«L6)

a5l (AB ) 2ai . (BC ) cliS, ((asbes ) caswns ( AC ) 4 ( ABC ) bl 3 =6
b b LSy ALl
(AB)2=(AC)+(BC)-2*AC*BCCos( 1)

s Ol (AB ) ani ( BD ) dliSy ((agles ) capna (AD ) 40é ( ABD ) &bl 87

b LSy sl el pla
(AB)2=(AD)?+(BD)?-2*AD*BD Cos( 4)

( Measurement of Target Height ) 4l Jsash (Sar ¥ ion i3y (b
P ADY) Clshadll & (pae Chan g Ul ey ddjea (3l
(15m ) e (Saly disme dilsa e (B) 5 (A ) puball jtas-1
Jiad 2ayig (90° ) dailE dugly (of A J<a (1A ) glinby (A ) dhas vie Slgall s -2
(02 ) daasendl Lol Tty Cargll el aeay o (0l ) duagenll dushill i o3 4,l) of Cangll
ciagl Jiel 2ajis ((90%) 3 dugly ol (Al U (1B) glislss (B ) v Slendl s =3
- ((92) Baganll Lighl Dy cargll el amys (1) Laganl dghll D o did)
Db LS (V) Rl o) cles & (AG ) ladly Sleadl o Bl Gles —4
a=90°-V.Reading (F.L.)
a=V. Reading - 270° (F.R.)
AGD (G i &)
V1=AG*Tan(al)

ACG (G )
V2=AG*Tan (02)
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BFD (F b is)

V3=BF *Tan (¢1)=(AG-15)*Tan (ol)
BCF (F i &)

V4=BF *Tan (¢2) = (AG-15) * Tan (¢2)
V1+V2=V3+V4

AG * Tan (al) + AG * Tan (02) = (AG — 15) * Tan (¢1) + (AG — 15) * Tan (92
)

AG[Tan(al)+Tan(a2)] = AG * Tan(el) — 15 Tan(el) + AG * Tan(ep2) — 15
Tan(p2)

AG [ Tan(al) + Tan(a2) ] = AG [ Tan(el) + Tan(e2) ] — 15 Tan(el) — 15 Tan(¢2)
15 [ Tan(el) + Tan(ep2) ] = AG [ Tan(el) + Tan(ep2) ] - AG [ Tan(al) + Tan(a2) ]
15[ Tan(el) + Tan(p2) ] = AG [ { Tan(pl) + Tan(e2) } — { Tan(al) + Tan(a2) } ]
, 15[Tan(gl) + Tan(e2)]
[{Tan(gol) + Tan(goZ)} {Tan(al) + Tan(aZ)}]
V=V1+V2=V3+V4
R.L.(B)=R.L.(A) +iA—iB
R.L.(C) =R.L.(A) + iA + V2
R.L.(D) =R.L.(A) +iA - V1

Ex : Find the Height of the Tower , R.L( B ), R.L( C) and R.L( D) if the distance
between the point (A)and (B)is(10m),R.L(A)is (150 m) and the height of the
instrument at point (A ) is (1.6 m), at the point (B)is(1.7m)?

Station To Vertical angle
e ——
: : L5
Sol:
'G = 10[Tan(p1) + Tan(p2)]

B [{Tan(¢1) + Tan(¢2)} - {Tan(al) + Tan(aZ)}]

G 10[Tan(1.5°) + Tan(29")]
l{l’an(l 5°) + Tan(29° )} {I’an(l )+ Tan(25° )}]
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- 10[0.0262+ 0.5543)] _ 5,805
" [{0.0262+ 0.5543} - {0.0174+ 0.4663}]  0.0968

- A’G=59,969m

V1= A'G*Tan(al)
V2=A'G*Tan(a?2)
V1=59.969*Tan(1")=1.046m

V 2=59.969*Tan(25°) = 27.964m

=V =V1+V2=29.01m
or V=V3+V4

V3= (A'G—10)*Tan(el) = (59.969—10) * Tan(1.5°) = 1.308m
V4=(A'G -10)*Tan(p2) = (59.969— 10) * Tan(29° ) = 27.698m

R.Lg = R.L, +iA=iB=150+1.6-1.7=149.9m
R.Li, = R.Liy +iA+V2=150+1.6 + 27.964=179.564m

R.Lp) = R.Ly +iA=V1=150+1.6—1.046=150554m
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( The Curves ) cluiaiall

gl sladl juitg chlaadl g e Aa Alsgad Goylall sladl yuad lgie saae (mheY Gliaia) axdis
sda Jaxiady ¢ lsially Gydall 8 Giaan A JSLa (e palinll Lead olad) Lo Lolee Jigadl
P opand bl ey ¢ g pdall Lol Al daladly dalaiall gyl G liaiall

. ( Horizontal Curves ) £a) ciluaidl ~1

. ( Vertical Curves ) dageall iliaial) -2

P liaial sda aud 1 daadY) cliiaill

. ( Circular Horizontal Curves ) dilall d.a8y1 cilaaid
. ( Spiral Horizontal Curves ) 4s il Ay sl Lo

: s gl s e o5&t ((Circular Horizontal Curves ) duyilal 4.asy) ciliaiall
@ Ssiall sa5: ((Simple Circular Horizontal Curves ) aedl (syilall ‘?.am PRECM |
bl i alg (Gatph ) Gebd Gn dea

| ST

. ( Point of Intersection ) adalall ddais : P.I
. (tangent ) suledll Jsla: T

. ( Point of Curveture ) &l dka : P.C

. ( Point of tangent ) aleal) ks : P.T

. (Radius ) Lkall Caai: R

. (Center ) Syl ddais : O

- ( Intersection Angle ) ablall 450 : @
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e Ble sa5: ( Compound Circular Horizontal Curves ) <<l (55l gzé‘y\ sl 2
cdalide of Al Ul Cileail Lely s (5yila Snia (e ]

e Ble sag: ((Reverse Circular Horizontal Curves) cus<eall (sylal) ‘z,,.ié{z/\ il .3
a Shall <0y Aaliae ol Lglaiiag Al HUadl Coliatl LTy A gSoa LSl Ay duyily Ciliinie
c AY) fige oS S5 g peSlae JSi

s49 ¢ ( Broken Back Circular Horizontal Curves) gl ;susa (5530l ‘?_aé‘\J\ sl .4
(30mM ) e 2 Y jealy dide Gulas Aalsy lagudary (laalie (il (inie e Hlae
cBaaly dga 8 A JShally ddbida ol diglasia (55 38 Ly )Uadl Cileadly
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it il s b aadnus ¢ ( Spiral Horizontal Curves ) dajsiall 4,88 cibiaial)
s e gy Oloall gl el dlee
. e.LLuM:" .ia';j Lf):‘b }_\;_\A' ia (m L C)im e -1

c b n dean Z5)e otie Jaie =2

'L.)f,)jb."..oﬁ! ,.GJJ:\A”.._3
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( Design of simple circular horizontal curve ) fuwd) il (&Y Jaiall aacal

i i) 138 aread (i yaly a1 sl glodl 48 Gl el (gyilall @Y sl Jie
- pealiall oda G Y acylly ¢ opealing Lalall N aleall plasid

Do) dus

(1) & 3ax sl (Point of Intersection ) adalial) akais : P.I

(P.L) 5(P.T) s (P.C) oxe IS o &l sag ( Tangent Length) gsleall Jska: T

. ( Tangent of Curveture ) ( T.C ) i ( Point of Curveture ) sl &y s : P.C

. ( Curveture of Tangent ) ( C.T ) sl ( Point of tangent ) sl &g ddaii : P.T

. (Radius ) isiall jhé caai : R

. ( Center ) Xyl dksi: O

. ( Deflection angle ) <aha1 a5l sf ( Intersection Angle ) ahalall i)y : @

Akt g (PLl) pdalal) ddais oy 43l a9 2 (( External  Distance ) da)lal) Lol : E
Chuaiie bt (ALl oo @ (Middle or Internal Distance ) ddacsll S alalal Al ¢ M
c(a) sl Chaiie g (V) (Sl

. ( Curve Length ) siall Jsha: L

. ( Chord Length ) sl Jsha: Lc
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D Aadall asaal A desdicial) calaall
T=R*tan(£)
2 .
«— (@):inDegree
L=2z*R—2 =z*R—2
360° 180°
Of L=R*p ( @ ) :in Radian

<

PT=P.C+L

Lc=2*R* Sin(g)

M = R*[l-(:os(%)]: R - |R? —(%)

coxf{g o)

PC=PI-T

S

Ex: Compute the Elements of the Curve at radius ( 500 m ) that is required to design
for contact two lines . if the deflection angle between them is ( 20" 14' 20") and
the distance of the point of intersection is ( 1120 m ) from the beggining of the
project ?

Sol:

T=R* tan(g) ~500* tan(m) — 89.24m

L=22*R-2 = z*R-2 =314%500% (221420 _17662m
360 180 180

P.C=P.1-T=1120-89.24 =1030.76 m
P.T=P.C+L=1030.76 + 176.62 = 1207.38 m

Lc=2*R* Sin(g) =2*500%* Sin(w) =175.7m

M=R* [1 - Cos(%)} =500%* {1 - COS(M)} =7.77m

E=T *Tan(%) - 89.24*Tan(%) ~7.9m
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: Al clubial) Aaags Ao yilall 48891 ciliiaial) Jasdes

: lgie liniall ndedl 33k sae @lla

Obaleia (lilise Gubidy niall Al adgn ot (S dinh ) eladd) Lo saaeY) daph -1
Lgadll e sl (gradl poyall danlsy s2eeY) Joe Koy WS (P.T) 5l (P.C ) ddai (o duyiilly
ol 2 phadll Cha o (sagandl Guladdl dlaid) Ao (X1, X2, X3, ... ) Cliledd) Guls s
A (X1, X2, X3, ... ) &) clileall o s lplbos 2 A (Y1, Y2, Y3, L) 5aecY)

- Jaall g dusllall dally Guladl) Syl n Lgansp
R=y++VR?=x°

s y=R-+VR?*-x?
Point X(m) y=R-JR2=X?
1 10
2 20
3 30
4

58 el Gl Cheai OIS 1Y) Sy Ak dlanlss ()] e adaiod dln Jases (g A Jate  Jla

¢ (43° 24" ) Gl A ol (127 M)

Son (X ) o Ge dad JSH(Y ) il aladd &3 (T Gulaad) ol il 2 (X ) o G i 2 Jad)

c(P.T) dea (e dalead) g (P.C) A (o Dalatl) s o
43°24

T=R* tan(%) =127* tan( > )=50m
Point X(m) y=R—-VR2=x?
1 10 0.4
2 20 1.5
3 30 3.5
4 40 6.4
5 50 10.2

o Daienns Wi 555l (45< Ladie Aayhall sda i ¢ ( Offsets ) ish) e saeeV) 4oyl —2
o niall dolgig Aoy dadh (g gl daliia) daat dig aboety das (e 0glii) alyell masdll 5kl
Jisl Craiia e (gl Oigall e i Jasieil) Y Asliall BVl e oag) e (A il a2
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cliliaall Jia ) sae) Gl 2 Chomial) (o el ililaall S ally 3d) culilual) Gulig

Y =0P -0V
OVP.c
OV =_.|R? —(E)Z
2
OPS
OP =+J/R? — X2

cAnY) A e lples aan cllhg Aol

Pont - X(m) | | Rrox - Rz_(ﬁjz
2
1 10
2 20
3 30
4

A gniall ki Gt OIS 1Y S Ak ddassy oY) e adaiias 3 Jasew (g8 B iaia s Jlia

¢ (43° 24" ) Gbai) gl oly (127 m )

Sin (X ) 8 3o A IS (Y ) 8 sl 5 (O ) sl iy lom s (X ) o i o

Lc=2*R* Sin(gj

- Al Caaiia (e dalal) Jaaes

Lc=2*127* Sin(43 24 J: 94m
.'.£=47m
2
Point X (m) 2
Y =+R? = X? - |R? —(%}
1 10 8.6
2 20 7.4
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w

30

5.4

2.5

Vertical Curves ( ds) ) 4usead) cilyiaiall

: QT Cua

Gaganll aiall Ay dbaas : B.V.C

Gagerll aid) dlg ik : EV.C

(JsY) eleal) Jie ) IV Gulaall lasil 2 g1
(S Geladll Jae ) S Gelaalllaas) g2

(o)) Cpliall adalis ddads : gLl

(92 « g1 ) bl G ) Bodll e adinng ( Snial) obess Joha ) (gagenll Jniddl jig Johat L
Y 3l AU g Al e o im0 (1) aalls il lshe e

Lzu*loo
r

o Aail) Cgasiag AY1 Ailall U ~liad sl ey Ll

(+1% ) 5(-0.5% ) Cpmles ghalis 8 0ji5h o () (gaganl) Jniall ig Joha caal : (1) Jla

£ (0.1% ) Judl B uill Jana (SN
2 dal

L=M*1OO=#*100=1500M

r
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I Gyl Janyd adae A ddana i S 2 (25 e inial LU Cagraiia caal £ ((2) Jlia
(763.66 M) cipmiiass (60+00) Lhaal vic o Lagalalis iy (% 1.5) iy (%1.1+) Jlaaily
€900 M) il jig Jsb of Lale

2 Jad)
r= 92790, 100 191D L 50— _0.288* 10~
| 900* 100
Ele.Of B.V.C. = 763.66- (1'110350) —758.71m
St.of B.V.C.=6000-450=5550=55+50
Ele.Of EV.C. = 763.66 (1'51’;‘(;50) — 756.91m
St. Of E.V.C = 6000+450 = 6450 = 64+50
r_—0288_ 4144%10-
2
St X gl*x Ele. Of | Ele. Of the
B.V.C curve
55450 0 0 75871 | 758.71

Ele .of the curve = Ele . of BV.C.+ (gl *x)+( X)

73



