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Leluall ladell B8 dadsy duduais bashs Joe Jodo i(Engineering Surveying) widg!! zuwell .3
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DP9 ookl ©lusg &Y Sla 1 (Units of Measurements) J ghall (oladid] cilig
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e 100 = (M a) e (mm k) sialls a3 3 = (Yard) 32_b a= 2.54 = (Inch) &
21000 = (Km aS) Jsiesl€ | ale 10 = (cm am) siagiin | 23 5280 = (Mile) i =l 12 = (foot) a3

Dlea e s o S35 JI k) ull Aleatosdl) a1l Cilay e Lgie jon 0 (Uit of Area) d>luwd Bu>g .2
(km?), (m?), (cm?) : Aasse Jsbo sy
1 0lk =100 m* ¢ (Olk sl) : daluad) Clany

1 Hectare = 4 Donum ¢ 1km? = 100 Hectare « (donum i32)

1 acre =100 m’ « (Acre _S4)

L JlshY) G cilas s cileSay i =y 1 (Unit of Volume) py=llBu>y .3
(inch3, ft3, km®, m?, cm3)

(Angular Measurement Unit) Llgyll (ol Bu>yg
Y lgb)'ﬂ unL»&EJ IS N |5LA.B.3§’|QA&|33| aM sl

Sl &2y (puw pud S ouud (360) JI 8,511 i 4 o ¢ (Sexagesimal System) il Ul 1
257 (60) ! peis 4285 59 (') 00L& 3ay09 d&dd (ol 532 (60) I s dys I3 (°) 500 ) a9
doxdy AWl gl hyad Doglucio pludl dayyl JI plaidl 1o (§ 8311 ety - (") 300 L) Jop9 &L (o
- (°45 35' 40") e @il § haiie S el plaill § duglill oSSy - (90°) 4a3B dgly S

SIS 9 dogie Ay (asar) pund S ouaid (400) J1 8511 acudts 448 oy * (Centesimal System) Sgiadl pUadl 2
o9 (centigrade) oS g of Disie diidizr (pud 552 (100) J) S &203 S5 (8) 3050 g 3009 (grad)
506 Ll Sapg LS (o T 3ySillas 9l Ligin A6 (sl 53 (100) I pens digin Az 9 (cg) S07b W
(73566 S L= (3 Jamiie JSiw of (73.6625%) Suas Juate JSa Sgiedl pladll (§ 8511 iy . (ccg)
. 25°%)

S sl Jsb o dueid] 98 (o) Sio dipms dugly) (S 51 5uua31 1 (Radian) ($y5IW1) §ylad Casadl pladl .3
- B3I yhad Casalg dyglyll oda il
- @l plaidl (3 (180°) Jolas (1) 9 (gl pUadl (8 (360°) Jalas (271)
m =3014159
0
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Example: change the angle value (142° 22' 15") to the centesimal and radian system?
Solution:

Sexagesimal Centesimal Radian

360° 4008 2n
142°22' 15" X1 X2

© 029 (60) e ginoasd 03 (22') GBI JI 8l d8Ls] @iy 3 day (60) Je downdll 3B I (15") 31! Jr9=5 03
- Slalb dghl) dslgdl deddll e Jgpaml Syl Lgidls)




15" /60=0.25", 0.25'+22' =22.25'
22.25'/60=0.3708° , 0.3708° + 142°=142.3708°
X1 =(142.3708° x 400°) / 360° = 158.18977°

X2 =142.3708° x 27t) / 360° = 2.48584 rad.

(60) e GFBAI ol @3 Wl giasd e Jsamid (3600) (e doundll 8 blre Wlamll JI 3lstl Jg= of oS
- A5Lgll Aoyl Jgraml] bl glill b g Lgae ok Lty Ll @il Lgiasd (Ae Jgaamll

Example: Change the angle value (324.4625%) to the sexagesimal system in (degree, minute,
seconds)?
Solution:
318 1 o8 3B JI lgmeis wlamdl sl b @3 (a9 Ol b suiad! plaidl J1 Dglyll Jgous
X =(324.4625° x 360°) / 400° = 292.01625°
0.01625°x 60 = 0.975' , 0.975' x 60 = 58.5"
X=292° 00' 58.5"

Example: The length of the line (AB) is (120 m), it changes its direction about (10"). Compute the
distance that the point (B) moved?
Solution: Distance (D) =R x ¢

¢ in (radian)
10”

D =120 x 100 x X

180 3600"
D=0.58cm
HW.
Ex1: Change the angle value (0.65010 rad.) to 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 (26 mm) length for the circle with (60 m) radius in sexagesimal,

Centesimal and radian systems?

(Scales) ewy!  wslie

- 02 e g Bl ladl d3Luall i cypg Aoyl e d3Lus & o dadl 92 2 (Scale) puuydl oliio

bl OF LSy ¢ Lgde ool @i (@1 d8yg)l sla ey Dogllandl Juolasll @9 doyll daedl e oyl (olidio deiay
P eliied] oy - B9 09 0950 (elaiially deply 0985 Juoladl] Ol T[S

09509 Jaundl gag Ayl e dlawdl o 40l &ud 9o ¢ (Numerical scale) (S wSl) $odall wbidadl .1
cplaadl 529 (2)YI e dslucall g A9 0ylde

1 1
(1:100), (1:1000), ... Or (

1001000 '10000 "
Ul § dplsg 435 J8T a39SY Gald) oy ST pubidall 14a pasis : (Graphical Scale) (Jadased! polidell .2
Aoyl e L i (@1 sl 0 o palailly saeidl (e daliseall Logrdl LI I Aoyl B9 oy

L ones e 05809 ¢ Jalasall L) (25w (@ il Aeadll Gutio Lal poyaiy oliall 0550 dompmio ol (8




douiin Bylauws iy guuyy s p¢ Ble (1 (Linear Graphical Scale) skl Jadasedl pobdall
131 Lol bl e 81 e (ko) 380y Ty ol el gllanll 0555 odie pusiawg JlgbY) 48 ,nal
(Sl bl plasind Jaid fadllell szt Ggllasll OF

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

Sol:
. 320m
P | | 1 ! 1 [
L L) 1 1 1 ] ]
100 0 100 200 300 400 500
320m |
I |l
100 0 100 200 300 400 500 100 0 100 200 300 400 500

JIgbYl cypaid pobidall 1ia Josi t (Diagonal Graphical Scale) (k) Swidl Jadasedl polidiadl O
ST e Jgwasd) Aesid! slyt ope

Ex1: Draw a diagonal scale for a map drawn in a scale (1/200) and reading up to (5 cm), the
determine (13.3 m) on it?

Sol: h = de,a)l &3V Olowwasll |, m = dbylsdl &8s
N = Uggudd (10) giosd (5,45 8ole g 15 gandl oloswni]
h=nxm=10x5/100=0.5m
No. of part (portion) = accuracy / horizontal division
42891 Olagudd] / A31 = pludYl sue
No. of part =2 /0.5 = 4 parts (plud¥l suc)
1ecm/4=0.25cm =2.5mm ewd S Bl
s3ml 5 Slad) dgz o (1 M) Bl @ (12 M) By Dsllaall Bluall dpioxd o8 (§yha8 Sy Sllusall S o3y
- A1 B8 Lcall Wl @iy @llug (0.3 m) I Jguesl s 0 J1 (1 M) oo Syladdl Jasdly




Ex2: Draw a diagonal scale for a map drawn in a scale (1/5000) and reading up to (1 m), then

Sol:

O

Loglaall 23luall Gy Llad Lplus iy ) wlslasd] sue Jdao e doghan Lo (po Wadlon] oy Bglasll Jsbo & Al

[S—

o

— o Wk N 0 0ND

A
0.50 44—

0.40

0.35

\
0.45 \ \
\

0.30

Y

0.20

|
\\
0.25 \

0.15

010 ||

0.05

|
0.0 1\ i

determine (333 m) on it?
h=nxm=1x10=10m

No. od part =50/ 10 =5 parts (pluddl sus)
1ecm/5=0.2cm =2 mm eud S a8l

b 40 20, 0

B

10

A 4

|| 333

w

S
(5]
<
=

=

50 100

length of step 5gkax)l Jgbo x No. of steps wiglasdl sus = Total distance 4l ddLuwol!

Chain and Tape method (dududly Jas &dl) & ghall uladll cilgal disylo .2

(Distance Measurements) Bluwl! (old

oy dielly Bydowially 4adYl ool e Glluwll jolid

lgio Sluall Lolet) 3, s g dluwad! Jlas¥ olaa] l8lucedl ddlas s

Plusmy ol Ak 0359 bl (§ dupyiily Aasmadl Gylall (30 a3 : (Stepping Method) ilghasl ddsylo
L A BNl yo S D3 Lcall ol S Aasdl Jgbo d3ym0 (509 Lgaslid Slyadl Alusll LISV ol glasell sue



A1 9l rmazds o 09Se Joe (358 Al 9l T adb Slblunel) olid ey ¢ ddawiie (o) NI G813
CSE 1319 ¢ dmyaially Bydmindl (91 o Jauwly Jgul daeinll (92D (§ pobdll dddas 5SS Eu
(Rods) paslyall axgdl ddes alusvil cllany Jbdiad Jaadl Job e Jgbl Lgwld lpedl &Ll
UL jasadl e (o U1 Al o Ja ) Dolgs sy paseds pois o5 Dlgilly Il (glads way
oy dl Aoy () g9 U1 aseid) ey Laiw LUl odid (Pins) Judg 4ol (253 pas-li daeg
o (gl Ay dolgilly DMl AR bladl dalitl e Jgmal disy d3luedl gl Aadsll &l &
dI @l paseadl Jgat b 6531 et ) Jgoety @3 @I pasesd] Jid oo ot gdge § dhS Cal
JWl mazey (2l pasead) a0 (6,391 ddaugll Ul s @iy 1Sy gsd Al s @3 (g1 il
JUl sde d8ym0 (1o A1 d8luall s Lgzmicg Jay il Lgunld oy dicio d8luus 529 Al (39 das

- Al 38 luall po pdsuiuel Ja 2l Jgbog

Aol Al + (dasidl Jobo x JWidl due) = AUSU1 ddluall
dxe 44 Distance measurement on uniform slope (e delaiin) §ydie (2N CS6 13 .o
! ghe Bydouiall (92hI e dxadY) ddlucad) olid) Y >
oYl dalasie (o)l Ae (A, B) oniads cro ddlinadl lid wie (Iével difference) gla3¥l @y Bye 13 (1
. (D) lagin AsLadl @dLially (h) ctadsd] oo o guninll (B3 &8y day (H) &id 48 Lol 48520 S

H=+D?-h’

o Al Jie3 @ (1/n) Hlaoidl d8yaal (H) 442891 2oLl d0yme S : (gradient) sl Gy 3] (2
(281 d3Luwell) (2891 dadls (el )l) (5390l dadl

C =D/2n?)
H=D-C
(correction value) guouail Hlude :C
(horizontal dimension) L?Eéill dadliin

(slope distance) dwlial A5l ddluall :D

Ex: Three lines measured on slopes (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:
Clo Dl2 _ 1002
2(n1)”  2(4)
Cl1=3.125m
H1=100-3.125=96.875m
Co D2 - 1002
2(n2)°  2(12)
Cl1=0.347m

H1=100-0.347=99.653m




c3. D3 _ 1002
2(n3)y°  2(20)
C1=0.125m

H1=100-0.125=99.875m

(slope angle) Jaoll dugly cudye 13) (3
H =Dxcosg

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

H =Dxcosg

H = 20xcos{10°)=19.7m

B

d5lusll 48,20 Sey :(Non uniform or Stepping land) (dzpde) Jlasdl dejie & (o)1 €36 B3] .z

- el B dden)) Clla s ddnwg Ol doxe (wld dnwlg doye dilaied ciudads cpo d4adY)

W poing dadidl il § das il Ll (]) LI sy ool Lol el (2WY1) JoY1 i

Logiy A8luadl by Jas s iy Ladis g &ilgilly 1l ge Jasddl doliind e Jgwamll 2l gy

e ssaml) (Bl o) deindl bluall poz 0y o3 i) duid ddasnll SS9 (281 auogy byl Jazms
W [ P-E N

H=dl+d2+d3+..+dn |‘d_l’ - ) '

(Mistakes and Errors in Measurements) &lobdll § slasYig LIV
3ol sllacl S plozad! o dolunall Jlac § dnasliadly dagoll 5931 (o Aluubadly Jas 21 Alasalgy blusall olid O]
Jla] e Lzl of Ll Uasdl 0950 udg clasYI aad Aoy ©luldll 6da Olg ¢ diglasdl Bl e Jguasl) oluldll
Pl WYl o Sy - Aaniwal! A (3135250 Uasill 5555 o doganll B9 ,dall cye 9l 85l U3 o - Lunol
3y sma B )l Bel ji 8 Uadl) Cany LAY 038 Caaasi 1 (mistakes) LMEYI of (gross errors) dewwas! slasyl 1
gl Jlad) oy (95 5f Al Jlandiasd die Aiusall laDlall LA e 53l 5 2l Y1 Qs 8 Unall Gl 5 damin
Lol A (ge 2SHI (5 50 el Badle Y oda e Caladl) (S lsall
Labiiall (UadWh awiy Cagyh 40 4 5l Gl Ly yd gl 8 Juasd : (constant errors) ALl sUadl) 2
Dt and Al eUadY) o3 (e ¢ Leha i 65 Al L) Can sUbAY) o3 masai (Say 5 (Systematic errors)
Jasiall Jay 580 J g e Ul a3 1 (length error — standardization) (Byplaell) tadl Job Uas |
Gy A aaadl) dags Uadl) 13g) A e JuDladl (55 Le Tlle 5 Al ) slaVU LS pilaa 5 Lyl clli




o sas Aliall Ailisall (8l Jertsal) Jay il sl (1S 13) 43 G ALl Sie (4 53 9 gl Jualiall
O el () 5S5 Aliall Adlsall (516 S sk Jay 5l 13 Ll o e Uadl G (o Agall 2dlusdll (e Jshal o 5S3
DAY A (e Uadl) 138 i 5 ¢ s Uadldl () (ol Aial) dslndl)

M.L S.

T.L N.L
PO G
(i) oans) Loy 58l Ja s SIL
Jaziusall day 33l Joba s NLL
ol Laall Jsha: MLL
sl LAl Joba: TL

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?

Sol:
M.L SL
TL NL
6344 20
T.L (20+0.05)
T.L =635.986m

DAY A e sl dalual) Glia (et cilalial) Glia 3 ALl day 580 Jleaiaal o3 13) 3 d3adka
Measured area _ (Standard tape length )3

- 2
True area (True tape length )
3 da ) st Judlully dday3Y) ) ¢ (Changes in Temperature) 350 all Gla jn 4 @il o
sl alad) cila o gl ) vie lasaa ) (g3 Lee 3ol all clayn i Al & g8 SN diges dpuld
Y1 A8 Aasily Gl g uaill 13gd ais O shaY) pramaa oy A 551 jall claj mliadl Ala b Laalts

Ct=LxCe(Tm—Ts)
10 &
Correction to Temperature (m) gesaill i ; Ct
Measuring length (m) os&all Jshall ;L
Coefficient to thermal expansion s sl 2l Jalas 1 Ce
Temperature at the measurement o<l £l 5 ) all ds 50 : Tm

standard temperature of the tape Ju »&ll 4uidll 6 ) ,allda 00 Ts

Ex: A line is measured in a tape manufactured in (20°C) temperature which is found (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 (12x10°°)?

Sol:

Ct=LxCe(Tm—Ts)
Ct=100x 12 x 10°(30-20) =0.012 m
True length = 100 + 0.012 = 100.012 m




JSal Loyl i i elas ) dagis Uadll 138 Giasy : (Saggin Error — Sag.) s&i¥) oo mldl) Uadll
Jsb U< il iy Gl digal) Alaall (o 5S) (055 Auliall Ailusdd) o ) a5 Lae Gull) oL inie
DAY A8l s 5 il Alisall (e s Ladls laiall 138 5l Adlise IS0 5 oy 53

B nxW?2x 3 Sag
24p* e m—
ol &

(m) (correction for span) (sag) =il Jlae ; Cg

(No. of spans) Aulidl cildluall sxe @

wright of the tape per meter (kg/m) e dSday )il 550 W
distance between supports (m) il G Al ;L
applied pull (kg) 231 ,laia ; 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?

Sol:
nxW?2x L3
Cg=———
| 24P?
2x(1.17/50 x (25 T ———" —0 "
Cg= >
24(5)

T.L.=50-0.029=49.971m
Cee e 4l Ly 55 S () 1 (Correction for error of pull or tension) gaall s A&l daii Uadll s
Y a5 &8 (pag day pill Jda 80y ) gasd 8l aall e 2l A R E RV SN I () PG I
2 A5V A (e Uadd) eama 2y 1) @l 28D (e JB) 2 () oS5 Bale g bl b Uas )

Cp= (P—Po)xL
AxE

s Ol dua
correction for pull (m) & sf ciadl mauai Hlsia : Cp
applied pull during measurement (kg) o+tll J3A il Hlaia ; P
standard pull (kg) =bdll casdl Hlaie : Po
measured length (m) oséadl Jehall : |
cross section area of the tape (cm?) fu yill oca )l abiall dalia 1 A
Modules of elasticity of steel (kg/cm?) 3¥ sill 45 3 Jalea : E

TL=L+Cp

Lekd 3l yall d8luadd) cilS 13) 1 Correction for alignment (4 sl 8 Uadll) daaiall 8 4SSl
£ L Al 5 Al (s ainall Slsall 2 HlA day i Jgla IS0 ddass o) ladlall cilS g dayg 58l J gl e S
)y Ul e o 25 A ALl (p sl (55 Hliall Ailaall (i s 53

h2
" 25
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Lad dildl - §

TL=L-Ch
Aalloda Ly 3l 55 1 (Tape is not a straight path) sl & Jluall iy GBhal i
Jshal el Jshall & 5K bl s die 5 e Gl ) Jsn B gae ) 4880 85 sacy (s 5l e JS

D ASY) Al (e rmaail) )5S0 5 Alusall i (A (Silall 35a 5 die DB S5 Basdl Jshall e

h2
Cs=—
2S
1O G
C_"\a..aﬂ\ J\.ﬁa : Cs
ddiall 2aLdl) - S
TL=L-Cs

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)?

Sol:

2
Csl= ) =0.025 m

2x20

2
Cs2 = & =0.017 m

2x30
Cs=0.025+0.017=0.042 m
T.L=50-0.042 =49.958 m

(Leveling) 4x sl
a3l Bsd )Y s e Al Adadil) G asd 1) anal) sla) o) Jalaill cilelas W) e e ) Akl o r A gl
(Mean Sea Level — M.S.L.) sl zxSu (5 siue Jaws sia sl (Datum) L el (5 sisay (savs (ae (5 sina

. (Leveling Methods) 4 s=ll (3 sk
(Trigonometric leveling) Ailiall 4 il 1
(Barometric) 4xie skl gl 2
(Direct — spirit leveling) (A s=Sll) 3 8lnll 4508l 3

(Types of Direct leveling) 3 skl 4y gudil) £ il

. (Differential or series leveling) (Aluluiall) Zalalill 4 gudl)
(Longitudinal Section or Profile) (3 shll adaliall) 44 ghall 4, guul
(Cross sections) (duza_all adaliall) duia jall 4, sudll

. (Grid leveling) 4:Sua) 4 sl

(Reciprocal leveling) 4usSall 5 dlalgiall 4, susil)

ke wiek




- (0.0) (s s (Ll 2l (alassl s gl ) el slse i sis Jae 1 (MLS.LL) ) o s giuna

Llaill cabealadsly calelds ) clual eadan Cuulie 50 JS L) cous Lﬁﬂ‘ sl & 1 (Datum) A58l (g giwa
sl e vie ol lall o (5 sie 58 L )lA (5 e iy Bl _padl Apilly 5 A,V

Ao iy LA (g (Al 5 o gl 4505 A slae Ak e 3 )be 1 (Bench Mark — B.M.) (dail) aB))) iguiall dade
B bl eadan o iS5 Wil (e ST ()Y (3 8 A S5 S daa JS5 e 0505 (5 AY) Bl 4 i
A Al Gl Ge sl (S A da s s o suiial

st ol sl mha (5 siue (e ddaiill (lissl 5l ¢l ) s : (Reduced Level — Elevation — R.L.) 4kiil) Gguia
Bl () 5S8 Jal (5 ginnn Jiual ALal) S 13) Lk (4) gl ) () Bl (5 sinna (558 ulS 13 An ga Aail] 55 5 5Ll
(=) w=lasl )

Loslia 0o Jleall caai aey 2agi el 8 U5l oo 1 (Back Sight — B.S.) 3 Asall of (AR yadll) 444 3¢ 8
esall yaaall ol (ol w85 LY B A pally ey ()5 50 Ak 5l o pasiall

Bel ydll g Aalal) Be) y8ll o (o 6SS ‘._;J\ Cle,all < © (Intermediate Sight — L.S.) (gl Lauill) dodai gl 3o jAY)
Bl Clilisall Ao s o) B Al 55 Y 85 dalaY)

U lead) (e 4 guill 3 jhase Ao 3353500 8 JaT & 1 (Fore Dight — F.S.) dasiall i ((aba¥) yaudll) 4ralal) 35180

el 361 8 ¢ (i) B \edle Mg Alia (il o W Lid) ai 4550 a3 a1 (Turning Point — T.P) O pgal) dads
4l any Sleall yaall waa gl (g (B.S) s 5 55 Sleadl S5 waa sl (e (F.S)

Be) Jall Al (4e oalal a5 (Level) dagull Slead Hhill s 185 )) 8 1 (Height of Instrument — H.1.) gl gl )
Bel ) Ll cndal) ) Adadill G guaial 5 ylaseall Aual4)

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

(Types of levels) 4 sl 3 3¢l £ 530

. (Dumpy level) 2o & 5 & gusi 3 3¢l

. (Automatic level) lila 5i 5l & 53 4, g 3 j¢al
. (Tilting level) (Jtw) 8 & 55 4 5usi 5 3]

. (Wye level) s & 5 4 suii 3 3¢l

DwiN R

3kl s cledle 5S35 (3 m, 4 m, 5 m) ddlise Jishly 066 4 gl Hhlus : (Level Staffs) dugudll shlua
s b Aaldll Ll 3 ki) cand) B haall mdass el peal15 5 0u8) G ol Laa Lo gl W S35 g slusia y dilise o) 5l
3.352 m @ &Y JSAlL iS5 (mm, cm, Dm, m) pB,1 2 b kel e sel Ja8ll 5S¢ pand) ol ¢ 5 (sl

: bl g1 gl
. (Solid Staff) saals dakad iy 1




. (Folding Staff) 4 shall 3 jladl 2
. (Telescopic Staff) (A sSulill) 48 jiall 3 jlaall 3

Candi ) LalS 3 jlanaall 3ol 8 Ji (uSally g (i Al o pasia ) (51) dcadaia ddadill il LalS 3 jlacall 36 58 22 3 1 Adaadla
(91 Akl g of (g) Al

2 oo Ao slray Lol 3ac 5f 4kl (0 gavie ilss 2ie ;1 (Calculation of elevation for points) Bl cuulia cilua
D Oy plall (sanly i 8 jlansall 6l 8 5 (5 AT Ak

. Height of Instrument method 4iebuall baa 5 jlaill Jad gl ) i (o)) saall mdan) Sleall pliiday a1

. (Rise and Fall Method) (=lasyl 5 glai ¥ 5l 2

Al gt Ailaly @lldg Sleall plal alagl o A5kl ode adiad 1 (HL) Jlgad) gl A8k cualiall clua
Adass gl ol Aaala¥1 5 el 3618 7 yhay (o 5N il Cuulia a3 5 3kl @lls e (B.S.) dalall e jall ) da sheall
@ Sl il adll) pday Aty Slead) gl )l A lia 5 ) sy B plasall pua 58 Al (ol A 5 Slead) L) (e
(Y A Jsaa

St. B.S. 1.S. F.S. H.I. R.L. (Ele.) Remark

. g.)l.uﬂ\ d,,\iﬂ\ £l @.‘:ISQA.\SMJ
LA el e = Gladsdl aae ]
(F.S.) Clesiall ¢ sana — (B.S.) A sall £ sane = adaii Jgf o punia — Adali Al Ciguia 2
Ex: Put the following staff readings from the figure in the leveling table, them calculate the reduced
levels (elevations) for the point using height of instrument method? Check you answer.

1 3 5 7 8 9
B.M (+25)
Sol:
St. B.S. 1.S. F.S. H.l. R.L. Remark
H.l. =R.L. + B.S.
1 1.5 26.5 25 B.M.
R.L. =H.l. - LS. 2 0.5 26
R.L. = H.l. - F.S. 3 2 24.5
4 3 23.5
5 1 3.5 24 23 T.P1
6 4 3 25 21 T.P2
7 2.5 22.5
8 1.5 2 24.5 23 T.P3
9 1 23.5
10 0.5 24




g
4 = (B.S.) & A5l sxe = (FS) Glediall 3ae 1
9-8=25—-, .2
(s AT guia) 24 = &
9-8=25-24

1- = 1-




Ex2: From the figure, from leveling table and put the staff readings on it, then compute the elevation
of the points with checking your calculation?

B.M (+9)
Sol:
St. B.S. 1.S. F.S. H.I. R.L. Remark
H.l. =R.L. + B.S. A 7% T 9 B M.
R.L. =H.l. - L.S. B 1 10.5
R.L.=H.l. —FS. c 0.5 11
D 3 8.5
E 11 9.5 T.P1
F 1 10 T.P2
G 15 2 10.5 9
H 3.5 1 13 9.5 T.P3
I 3 10
J 2.5 10.5
Z 9 7.5

Ex3: Compute the calculation of the table?

St. B.S. 1.S. F.S. H.l. R.L. Rem.
A 1.8 200 198.2
B 1.95 15 200.45 198.5
C 0.85 11 200.2 199.35 B.M
D 1.15 2.2 199.15 198
E 1.6 1.75 199 197.4
F 1 198

Z 7.35 7.55

H.l.=B.M. +B.S. =R.L. + B.S.
R.L.=H.I.-FS.




X=198.2m

H.W.
Ex1: Enter the following readings into the leveling table and compute the elevation of the points by
(H.l.) method, then check your answer?

198-X=7.35-7.55.....198 - X=-0.2...198 + 0.2 =X

(A) Ahai o gasia 2 5 Gl (4

D00 (B) 5 (A) crihiill guia s (Say

el ALeSs &5 gaialil) (e (A) Aadil) G e dlag) &5 ¢ (D, E, F) bl cunlic aladl 1
b (B) cmie alagl &3 (B) e (H.L) &Y (FS.) ) (C) @smia d8labls (B) 5 (A) Aadill guia Syl 2

. (A) Adaid) ala) 5 (H.1) o= (B.S.)

BM (+7)

Ex2: Complete the calculation of the table?

St. B.S. 1.S. F.S. H.l. R.L. Rem.
A 1.25 123.4 *

B 0.85 24 * *

C * 1.35 122.5 121.05

D 1.95 0.85 * *

E * 1.3 125.1 * B.M
F 1.6 *

2

Ex3: Complete the missing information in the leveling table?

St. B.S. 1.S. F.S. H.l. R.L. Rem.
A 1.85

B 1.25 2.4

C 1.05 1.35

D 1.75 0.85 420.05 B.M
E 1.9 11

F 13 1.95

G 2.15

: (Rise and Fall) oaldady) s £ Y Ak oy cabiall il




e ALl ALl 8 5 jlaneall 3618 e o smsiall Al pganall Al e e gum gall 5 jlaseal 361 &l o il 538 aaias

. 2 guiall A sl
dadi o ddamill 8 3 jlaall 3l 8 Cli LS el g ddadill guie (mladsl Je Ja 3 laall 361 8 cal ) WIS o

oalasiy 5 e la Y (58 = A sl Adaiil) o) i — Ao glaal) ALaiill 361 3 @
- (R) gl&Y) J)aie + (R.L.) A sbaal) Al o susia = (RLL.) & seanal) Aail] o susia
- (F) o=UaY) jlaia - (R.L.) Aasbaal) Al o guiia = (RUL) A senal) Al Cisuiia @
1Y) JSall 058y Rl 5 gl YV 4G Hh B sl e
. (B.S.) lyasall e = (FS.) leadall e 1
. (F.S.) g sane — (B.S.) & sane = adai J5f o guia — Alai Al Ciguia 2
. (F) & 5230 — (R) de sane = akaii J sl o guaia — Adals AT Ciguia 3

Station B.S. 1.S. F.S. 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. F.S. R (+) F(-) R.L. (Ele.) Rem.
1 1.5 5
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

Z 6.5 6.5 3.0 3.0

Ex2: From the table find the missing informations?

Points B.S. I.S. F.S. R (+) F(-) R.L. (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

: Reciprocal Leveling (dswsSall) Aaliiall 4-'3“-'5‘
csﬁJLe—\“ea;uSmexuMJ‘umwbj‘umf— 65 g Gihali (o guia (g @A alag) Alla 8 aaais
sl o2 Jio cainily 5 S dibsey 5 AY) ce sy s bl (sanl e lan Ly Slead) ¢S il (o Ailsall Chuaiiie
oe el g 4 gl e g sl 138 2% AxdY) HLuSil g i W) Ay s S Ll (e Aadll cUad¥1y Sleal) e Aaslll ) eUaaY

Doty ¥l sae Bk
el s s (5250 o 23 Y kR G Ailaal) Gl o 3l qe 2als Ayt Slen Jleaiul 1 A4 Alal)
SV el i (a1, bl) oSy (A, B) bl e sel A 3T 5 (X1) Slie dime diliaaly ) ALEN (e il
(a2, oSily Gkl e sel jall 3Ty (X1) Adlall L (5 sl Cumy (X2) S5 A0 Al (ga Adlars sAY) ddall

- (d) OS5 (B) 5 (A) 0 smiall (8 Rl 3 ) Gl oy @l aay s b2)
(al—-bl)+(a2-b2)

d=

2




¢ (2250) oo w5 Y 8Ll ¢
i) B LAY Y Akil e Al Slea aias Al ¢ G hae o) 8 ke ae A g (5 ke Jleniad 1 AGIEN Alad)
Al 8 LS bl (s guiall & Bl (5 8l sl aly &5 (g g Bel L & DU 8 gl iy Y (5 slanse Jlandidy 5 Alil)
LY

DAY () AL (e ol Slen gy B ¢ (4250 08 205 Ailusall) (o phasa o o 5 e Jlaxial 1 AN Ala
(al, b1, a2, b2) iy o leal) crm el il 31 5 3o il o 53U 5l s 4 (5 s Jlaniuly 5 Gl Al
Cguiall A (d) Gl 3 dl Ay &35 (a3, b3, a4, ba) Dlel il Al 5 KAV Gl asd sl G el (S Jaasi by o (e
(al—bl)+ (a2 -b2)+(a3-b3)+ (a4 —b4)

4

d:

Ex1: In leveling between two points (A) and (B) on opposite banks of a river, the level was setup near
(A) and the staff readings on (A) and (B) were (2.243, 3.391) respectively. The level was then
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:

(al—b1)+(a2-b2)
2
(2.243-3.391)+(1.889-3.041)

2
R.L (B)=R.L (A)+d=100-1.5=98.85m

d

d =-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, 2.20) at (A) and (B). calculate the correct reading
at (B) if R.L (B) is (102.4)?

Sol:
d (al-bl)+(a2-b2)
2
d (1.24-2.4)+(0.96—2.206) _ 1203m

2
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

L gl o iyl
Ll el oluan oy e s Adle 480 allati 3l YWY & Jexinsi 1 (Double leveling) 4a g3 3l Loaill 1
Aaiill (l suiall S G (Al g Apelel 3ygut) Csuie 3da J<U o Ty Llad Ll (y 4pusall) dsladl)
ok TouS Gl S 13 Laiy Janall ) aial) 238 Jli (58 @l (IS 1) Ll Jaad) da o @l oy glasia
(1S.) ka5 <l 58 Alia an 55 Y s 0 3all Ay gl B Janll 30le)

Ex: Compute the mean elevation of the points?

Level direction St. B.S. F.S. H.lL. Ele. Mean Ele.
Forward leveling A 1.1 500
JaaleY) 4 il
C 1.75 2.2
D 0.9 1.55
E
F 2.45
backward leveling B 2.75
Aalal) 4y gull
(B) to (A) E 1.45 1.12
D 1.85 1.61
C 1.4 0.75
A 0.62 500

Ex: Double leveling worked from point (A) to (F), then the leveling 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
B 1.0 1.55
Forward leveling C 14 1.65
Al 4 gl
'(A) to”(’:! D 0.9 1.15
E 1.25 1.6
F 1.35




F 1.45
E 1.65 1.3
backward leveling D 1.35 1.1
Aalal) 4y guall
B 0.95 1.0
A 1.15 98.25

a5 G Ll s Calia luad Jeaias Ll ¥) dliie) 43508 0 1 (Invert Leveling) Aoglial) Ayl 2
‘;\c\z“};.\B‘)L.-.u.“)L.adu(é\};‘)ku‘d\uﬁéﬁ&\n&sﬁjﬂd&a\j\mm%)‘ﬂckuuc
sy Gl Slae W) jlan s lay) a4y ol ¢ 4l 3 shaall Ll il 8 Juasi die (<) Sl (*) dAdle a5t

L Jhead) g il 0 sel jall Adla) 2 Cad) (o st

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

BM (+3)

Sol:

Station B.S. I.S. F.S. H.l. R.L. Remarks




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

sl
3 =(B.S.) WAzl e = (FS) cledidl e 1
(FS.) g sane — (B.S.) & sane = adai | o pusia — 3haili HAT Ciguia 2
(F) & sane — (R) & sane = akai J | 1 gusia — 3dails AT iguia 3

(Errors and Mistakes in Leveling) 42l 8 LBSY) g sUadY)
LDl 5 Lm0 83 e ) 5358 (o) oLl ) 4 yua ot Ay guil) e (8 s lts e J gomnal ia o]
o b las Cuua g elaa¥l ol (s

. (Instrumental Errors) 4d¥) ¢laayl 1

. (Personal Errors) (dsasill) 4,8l saay) 2

. (Natural Errors) dsukll (Uasl) 3

okl s Slealdl 853 5 sall ¢UaaY) Jadii ; (Instrumental Errors) Y sUaiY)
un s daman ) gem dpaly dleinl U8 Jleall b 5sb (e oY) s &0 (Level) dsedd g (I
i 35S0 Sleall lay ) iag Gl (BLS)) Bua el s (F.S.) Aedial) G Alsall Ciatia (B Sleall gy Juadys
Ly Cuatiall 8 Aol ()55 (ol 5 0) il 5 43S
ledsh dana (e Sl 5 Ldlanin) U8 5 jhassall g0 45 5k JOA (e oladY) Cuind caay 1 (Staff) Skl (@
A e L ey La A1) 5 JSUI (e Lgple dadlaall oy Cuny Janiasi (5 Leilagusli g

sl e Uad) Jaiiis : (Personal Errors) (Asadddl) 4yl slady)

b)) Caatia A A gl Ao i o aae
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okl aal A i Lea 838 Il 3aal )l aladasal
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-djdéj‘g;w‘w‘}‘g;‘b\d)ﬁ‘dﬂ;“ﬁ?m 7
Ay AT AL b s Aaal) el A Jinudiaae 8
calblall eladl 9
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Ex: In Leveling 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)?

Point Distance (m) Total distance R.L. (m) 400 1
(m) m
1 0 0 250.940 5 1330 m
2 1330 1330 252.233
3 450 1780 255.465
4 890 255308 | 850 m 2
5 850 255.036
1 400 250.949 4 450 m
3920 890 m
3
Sol:

Correctionof R.Lfor any point = T.C.x(Distance from beggining to the point)
Total Length

T.C.=-T.E.
Total Error (T.E.) = Computed R.L. — Known R.L.
T.E. =250.949 - 250.940=0.009 m =9 mm

P.E.= NVTL =10+/3.92 =19.8 mm

T.C.=-0.009 m

Correction of R.L.for any point(2) = — 0'033221330 =-0.003 m

Correction of R.L.for any point(3)=— 0.009 2823;0 +450) ~0.004 m

Correction of R.L.for any point(4)=— 0.009 x (12325 450 +89%) _ ~0.006 m
Correction of R.L.for any point(5)=— 0.009 x (13303;2250 +890 +850) _ ~0.008 m

—0.009 x (1330 + 450 +890 +850 +400)
3920

=-0.009 m

Correction of R.L.for any point (1) =

R.L. (2) =252.233 = 0.003 = 252.230 m
R.L. (3) = 255.465 — 0.004 = 255.461 m
R.L. (4) = 255.308 — 0.006 = 255.302 m
R.L. (5) = 255.036 — 0.008 = 255.028 m
R.L. (1) = 250.949 — 0.009 = 250.940 m
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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=—0.0673 D’ =—0.0673 (0.2)> =—0.027 m
Corrected reading = 2.758 —0.0027 = 2.755 m
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Ex1: Compute the elevations of the points, then draw the profile with suitable scale?




Points Dis. (m) B.S. 1.S. F.S. H.I. R.L. Rem.
1 0 1.732 10 B.M.
2 25 2.451
3 50 3.162
4 75 2.972 3.213 T.P.
5 100 1.346
6 125 2.122
7 150 0.678

Sol:

H.l. =B.M. +B.S.

R.L.=H.l. = LS.

R.L.=H.l.—FS.

Points Dis. (m) B.S. 1.S. F.S. H.I. R.L. Rem.
1 0 1.732 10 B.M.
2 25 2.451 9.281
3 50 3.162 8.570
4 75 2.972 3.213 8.519 T.P.
5 100 1.346 10.145
6 125 2.122 9.369
7 150 0.678 10.813

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 Dis. (m) B.S. 1.S. F.S. H.I. R.L. Rem.
1 0 3.8 B.M.
2 20 2.3
3 40 1.0 0.2 T.P.
4 60 0.8




5 80 2.1
6 100 0.5 3.9 T.P.
7 120 23

Sol:

H.l.=B.M. +B.S.

R.L.=H.l. = LS.

R.L.=H.l. = FS.

Points Dis. (m) B.S. I.S. F.S. H.I. R.L. Rem.
1 0 3.8 31.3 27.5 B.M.
2 20 2.3 29
3 40 1.0 0.2 32.1 31.1 T.P.
4 60 0.8 31.3
5 80 21 30
6 100 0.5 3.9 28.7 28.2 T.P.
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 50.5

Sol:
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Ex: The following readings are taken from profile leveling 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 (19 m) and sloping down (0.32 %). Find the height of cut and fill? (Use Rise
& Fall method).

Sol:
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:

SR X O ) Ll s G e - o LY Jadl Alads AT st

100
Sta. Dis. B.S. F.S. R F Ele. Ele. Of grade Height of | Height of
line cut fill

A 0 0.58 20 19 1

1 50 1.04 1.43 0.85 | 19.15 18.84 0.31

2 100 2.54 2.19 1.15 18 18.68 0.68

3 150 1.8 1.92 | 0.62 18.62 18.52 0.1

4 200 | 092 | 1.11 | 0.69 19.31 18.36 0.95

B 250 2.03 1.11 | 18.2 18.2 0 0




R.L(1) for G.L.=19 —(0.32x50) / 100 = 18.84

R.L(2) for G.L.=19 —(0.32x100) / 100 = 18.68

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?

Sta. | Dis. | BS. | FS. | R | F | Ele. | Fle-Ofgrade | Heightof Heifi:mf
line cut

1 0+00 1.52 25.00

2 0+50 1.91

3 1+00 | 2.59 2.41

4 1450 1.92

5 2+00 1.12 1.48

6 2450 1.44

7 3+00 | 1.16 1.50

8 3+50 1.82

9 | 4+00 | 1.22 1.91

10 4450 2.30

11 | 5+00 3.85
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Ex: The readings for cross sectional leveling 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 grade line level is (22 m). 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 B.S. L.S. F.S. H.l. Ele. (m)
Station
L C.L. R
B.M. 1.1 20.5
0+00 1.47
1.5
0+00 1.45
2.5 1.35
5.0 1.37
1+00 1.3 1.5
2.5 1.46
2.5 1.43
5.0 1.45
Sol:
H.l. =B.M. +B.S.
Ele.=H.l. - LS.
Ele.=H.l. - FS.
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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?

Solu:
Sta Ground | Grade Height | Eightof | Areaof | Areaof | Vol.of V°|" of
) level line of cut fill cut fill 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 97.08
3+00 19.35 18.5 0.85 7.883
4+00 20.15 18 2.15 24.133
uaalial
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2/3=h/x
x=2.45%x3/2=3.675m
L=W+2xx
L=8+2xx=8+2x3.675=15.35m
Area= (8 +15.35)x2.45/2=28.6 m’
Vol. (1, 2) = (28.6 + 6.335) x 100 / 2 = 1746.75 m°
2/3=0.7/x
x=0.7%x3/2=1.05m
L=8+2xx=8+2x1.05=10.1m
Area=(8+10.1)x0.7 /2 =6.335 m?
If side slope for the road = Ss (bl ilal) Juall
Area=(W+L)xh/2=(W+W+2xh/Ss)xh/2
=(2W+2xh/Ss)xh /2
Area=(W+h/Ss)xh
10 G
Gl m e T W
p N sl adadll e ) ;b

Area at st. (2+00) = 0.55 x (8 + 0.55 / 2 / 3) = 4.854 m?
Vol (2, 3) = (4.854 _6.335) x 100 / 2 = 559.45 m*

9.35
19 3
ay -<“_ 0.9
0.55 "_G_X__--__ ——
my| = _~
18.45 [ SN N —
18
200 300
200 18.45 19
300 19.35 18.5

0.5/100=gy/gx...gy =0.5gx /100
my=0.55—-gy ...my=0.55-0.5gx/100
0.9/100=(0.9-my) /(100 —gx)
gx=39.3m
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Ex: Draw the contour lines with (1m) interval for the area as shown below?

44 7.2 5.6 42

¢ N
3cm

3.2 5.1 6.8 6.4 v

B N
3CIM

A W

4.5 6 9.2 8.1
1 2 3

3cm

N
v ;

Sol:

Min. R.L.( Ele.) = 3.2 m at point ( B1)
Max. R.L.(Ele.) =9.2 m at point ( A3)

Contour Interval (I) = 1 m, therefore the Contours demand are (4, 5, 6, 7, 8, 9)

Contour (4) for (B1C1)= ﬁ x(4-3.2)=2cm

3

(5.1-3.2)

3
(45-3.2)

G 33 2)x(5—4.5)=1cm
3

(5.1-3.2)
3
(7.2-4.4)
3
(5.6-4.2)

3

(6.6-4.2)

Contour (4)for (B1B2)= x(4-3.2)=1.2cm

Contour (4) for (A1B1)= x(4-3.2)=1.8cm

Contour (5) for (A1A2)=

Contour (5) for (B1B2)= x(5-3.2)=2.8cm

Contour (5) for (C1C2) = x(4—4.4)=0.6cm
Contour (5) for (C3C4) = x(5-4.2)=1.7cm

Contour (5) for (B4C4) = x(5-4.2)=1cm

(6,7,8,9) Yl &y, suSll L ghall 480 dually 1384



5.6 4.2
.5\i
6.8 6.6
9.2 8.1
2 43 3 4

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

D

11.2

11.7

12.1 12.4
10.7 11.2 11.5 11.9
10.3 10.6 10.9 11.2
9.8 10.2 10.6 10.8
1 2 3 4




Useadl 35 (10 cm) 51 (0.1 M) (55l pnd S Jr Lagins LA o (iibail (0 ABlusall a2 (3 ) aaally A8y yka
Dok le g gl

- Oihadill (e (3l alay

(0.1 m) e bl G 8l ani A ALY 22e sy

el sae o (om) = ol (s Adlaall pand o o JS Ailuse sy

O (o guiia JBl g alag) osllaall ) g dad G Al 5 (A 5V (i phadl) ) S

A il Adlally A3l 3 shaal) 8 Walay &5 Gl ALdY) 2ae e a costhaall Sl Laa ddlie Sy
A 5 gasd)  Laala

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 (2 m) and the distance between two points is (10

m), the scale is (1:250)?

A 72 72.2 71.2 71
B 68 67.2 65.5 64
C 66.5 65.3 63.3 61.5
D [645 65.2 62.8 60
E 63.5 63 60.2 589
| 2 3 4

1

s wiv




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)?

4.4 7.2 6.5 42
- A
3cm
f B |32 5.1 6.8 6.6
)
3ecm
. 45 6.0 9.3 8.1
5 C
3cm
5 D L6l 5.5 78 8.5
1 2 3 4
3 cm 3cm < Jecm o
e g
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Ll Gl (s asbiall (e AT 155 ) smeall 5 2500l 5 5B Aegal) dpuatigh o jliiall 8 Janiosy Slea 1 g3 9l
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: (Types of theodolite Instruments) <Y 93 5:l1 3 3¢l £ 5l

b leann s LlSE Cun (e Led dniiadl) 4S50 Coun Lo liia COOERY el Lot Lasd <Y g2 0 5 jeal Calias
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Gl o g Gk oo ALk Aelily a0 A8V Y1 AS Al ik oo kil Aell) i) s
() sl ol g

.l el 53 seall i g davall 138 Jedis 1 (Focusing) (bl s 3
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Sl ol gl Sl e el dgall 3 a8l Jass (58 SN ol W (Face Left — Normal Position) ksl
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LBTRERL

: (Angles Measurements Methods) <u¥ 53580 Jlga A Lol (ubd (&l h
: b Jaii 1 (Horizontal Angles) 4:88Y) Ll g3 (b

. (Repetition Method) L) Sill 4 )l 1

. (Direction Method) sVl 48y )l 2

. (Single or Separated Method) (Jwaiiall) 3 il aa 148 )l 3

. (Closed Horizon Method) V! sk 48, 4

| R, ]

. .)).,a j =T
()

sthall il 8 SU Ll g3l sae ()5S Ledie 5 Leadlis 8 48y bl ) Apalisall Jlae W) & Jasias 1) Sl 48y
G2 (00° 00" 00") s (A) Ail) deay oy W53l Gl S5l je 200 o)) LalS A8y ST il () oS35 ¢ Lgba sl
Dl Wl Gl &3 (AOB) Aasl U (o) oSils (oY) ssl 8l 33555 (B) Adas g Slead) Dy Lyl J8 iy o5 (O) i
Basd Alaall ) S35 138 5 (200) a5 Ay s 3l 55 (B) ddais s Slead) g Jail) iy Waaay s 45y (A) ddati ga Sleal
ST e Jsanlly cal Sl aae e Ay gl 50 Aaledl se) 8l dand (e sl 3 Jane e Jgeanll a5 Al b5 <l e

. (F.L) )u\:ujj (F.R) craliiall Sleall (paia g (1 ‘\-u‘)“ Bl )8 oy

a 2aq

180 = (palite puay (o Slaall 4500 lata

= (eliie g e gl (Jarse) Janisic
Shh<all aae
Lie pcimg e ikl gyl e
IR a0 =9 ) , . e -
= b adas e ghll (Jana) Jasia

<hh&al aae
eliie oins e dgshll Jare + eliie s e Al Jarse
2

G Jsaall A e LS 4y ) 3l Gl 8 il 5 (A) ddads (ga (B) Ao aea p lld g <l ye 3221 (AOB) 4l 3l 36l 8 o3 1 Jlia
T Jane n sl L (15 V) Slenl el s

From .
. To point No. of Rep. F.L. F.R.
point
A 00° 00' 00" 180° 00' 00"
0] B 1 8°33' 00" 188°33' 00"
B 2 17°06' 00" 197° 06' 00"




B 3 25°37' 00" 205° 36' 40"
B 4 34°11' 00" 214°12' 00"
B 5 42°43' 20" 222°43' 50"
B 6 51°18' 40" 231°19' 20"

S5 (535 Cag dgl ) (b drany o3 Uadl ()Y 285 J8) LSl Lo 5 Ll dag puadl 33011 (ge a1 ol Ay 4k
L Sl sl g 31 e a3 3 sms Alla (b pakiiedi g Ul 31 Ay 3 olladY)

A
B

o3
(9) C

S

Slead) ady | Sleal) ubeai o Al 5 IS Bel 8 84l g 3 iie (S8 A0 3 3e) B L o 1 (uaiiall) el maa ) A8y 5k
I )iy (C) ddadi sai 4 g5 (B) 4k die lgall Jieay &3 (AOB) 4usl il el 8 33555 (B) ddaii sai da g9 (A) ddaii olaily
- Ll ol Al danally 1358 5 (BOC) Ausl 3

A

D

& (0l) OS5 (AOB) sl 3V 155 (B) e si 5 (A) olaly peall oy (51 paiass IS0 L5 30 618 ol 1 (389 (318 A8k
Lonily e 138 5 (014 02) 3618 e () b & (ad) e s (ad+ 02) o Boke (s sl 3l i (C) vy
L0 Al

A




i (o sSulill) JUaiall (55 saal &Y (5 siuall (e 203 genll U530 S (Vertical angles) duagand) Lig3l (b

Sleal) £ 55 A jma ng A gl Aysl Bl haie dlagY s (a5 L) L) Ll Lol eda oSy calaay) ) s sl
D5 A sanll B 0N A 5 aaenal 8 by CuY 0 5l 8 jeal (e Ole 1 a4l Cu Jeaisdl)

. (Zenith Theodolite) (iem g 53 <u¥ 9358 Slea .1

. (Nadir Theodolite) s_ki g 58 Cu¥ 5358 e .2
DUsiall s 5 g sl 13a (e Slead) 48 jaaly (Caandl) oW1 L8 g il 108 b paill jhia ()5S0 1 e £ 88 N sa s g
& ol 0sS aie IS Jlew g 58 e Sleall O (g1 (90°) e Bl Bel Al CulS 1A (uidiia) (galiie) puag A oY) s
e pa Uil dus g die (270°) (e ST 0 5SE Cag Bel A i aliia g
Do S Jleall Gania ol 8 (alaasV 5 gL Y Ll ) dad alag) oy

1. Face Left Theodolite (L=tis ).
Vertical angle = 90° — vertical reading

2. Face Right Theodolite ((<bie Slea).

Vertical angle = vertical reading — 270°

(+)&L€.'Ul

90

(7) oaliss)

180

i Uil as s g ol 138 e Sleal) A jaaly Jaud) 8 g il 18 (o aill i (S 1 i £ o ¥ easd e
Steall 058 Ala (B ISy (5 ki g 53 e Sl O (51 (90°) e S el Al S 1A (Lubitia) (sliie) gy (A (e
oY) sai sl dss g s (270°) (e B 0585 a3l ANl (el pas B
Dk LS Sleall Gana sl (8 (iS5 ¢ LY L) dad dla) o

1. Face Left Theodolite (L=tis J2).

Vertical angle = vertical reading —90°

2. Face Right Theodolite ((<bie Sle).

Vertical angle = 270° — vertical reading
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Bearings (&) ady)) clalay)
ol g Jladll (yu 3y saaanall 45 gl 31 Jiay Lﬁhﬂ\ sl a1 sa : (Whole Circle Bearing) Jol&l) s 80l <l a1
sl (W.C.B.) 4 3ans aal M of bl ol S0 o Js¥1 a6 a5 Ll delidl o jlie pe ) ()5S0 5 Jadl))
. (280°) sf (45°) e (Azimuth — Az.)
Ll Jie A e 4 ; (Reduced Bearing — Quadrant) (s al)) saidall Gl ady) 2
s Aeball i alatly ()55 Bl Legdl (s all o () Flasily Jadd) s siadl o Jladll (s 5y seanal
. (S45°E) 5l (N 40° W) Sa (R.B.) 41 a5 ensSe
o ball el s Lfi RIS Lﬁ):“-ﬂ\ il =3} i Lea ;1 (Fore and back Bearing) (Al o "ALA‘\J‘ lady) 3
ol aiB je s (180°) 5o Legin Gl s L olai¥) (uSe Al 5 easall slaily (55 eV Cal a1 o ) Jlaill
(B.B.) &l (F.B.) (ole!

iad (je (180°) 7k (B.B.) Alall il ad¥l sl st (180°) (e ST (F.B.) oelad) ol pai¥) dad cuilS 1)
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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"
R.B. (AB) =S (180° - 120° 20') E=S (59° 40') E

F.B. (AB) = 300° 20'

+B 122° 50




=423°10'
- 360° 00'
W.C.B or Az. (BC) = 63° 10' - R.B.(BC)=N63°10'E
+180° 00'

W.C.B. or Az. (CB) = 243° 10'

+C 68°02'
W.C.B or Az. (CD) = 311° 12" - R.B. (CD) = N (360°- 311° 12') W
= N 48°48' W
- 180° 00'
W.C.B or Az. (DC) = 131° 12'
+D 129° 38'
W.C.B or Az. (DE) = 260° 50' - R.B. (DE) = S (260° 50' - 180°) W
=S$80°50' W
- 180° 00'
W.C.B or Az. (ED) = 80° 50'
+E 117° 10'
W.C.B or Az. (EA) = 198° 00 ' N R.B. (EA) = S (198° - 180°) W
=S (18°) W
- 180° 00'

W.C.B or Az. (AE) = 18° 00'
+ A 102° 20'

W.C.B or Az. (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°)?




s 4 gandl g A88Y) S yal) Gileaa
(AX1, AX2, il snall slaily 51 (AET, AE2, ...) 48,8l clilaay) 8 clis @l .o : (Departure) 488Y) <ils yal)
2 Al A e Lgsbon g Al (51 A pe ol Ao g (o A8 55 La) ()5S 5 AN o 48 580 LS yally (o gt )

Dep.= AE= AX=Lxsin(®)=Lxsin (Az.)

(AY1, @sball jedl olaily 5 (AN1, AN2, ...) dadladll cildlaa¥l 8 clis dll _a @ (Latitude) 4 gend) ciliS yal)
DA A (e Ledban g Al (o A gin 5 dun g (sl Al La) ()5S 5 0 gl ) ALelll LS ally a5 AY2, L)
Lat.= AN= AY=LxCos(®)=LxCos (Az.)

sl el g Al b s Jiiall aladll (S
(ZLat. =0) ¢l Jia = pliaall o shal 4 genll LS jall (5 pall g sanal) 1
(ZDep_zo)gi)u:é@\hjkgwy\agﬂgp\gw\ 2
bl Uaa ol Jail) Uas ey Und cllin () 65 Ca g (a1 (3iad axe Al 6 L

DAY A8l (e 4l 25y 5 Closing Error (i) Uad) Jal) Uad

2 2
C.E.= /(Y Lat.) +(3 Dep.)
Lol 138 sl (Sagh dgnail) 48201 s 5 45 s s Uadld) (S 13) Wl Jad) B0le ) 4l 4 2 ganse e 5 TS Undll (S 13
. pladl gl & sana ) Jidl) Uad (Jgha dand Juala o 1 (Relative Accuracy A.C.) (JE&) Uad dpud) dppndll 4841

Db LS5 g Dl A sanll g 488Y) LS jall Undl) maniai &% 1 (Error Correction) Usdd) gt

c ko gl ds )

Dagenll QLS gpall csanall x CJ:.‘-“ = =¢J@ﬂ2\_m}.u_ﬂ 4S5l ¥

LY A8 jall pamaall — 4y gl 4891 A8 5all = daaiadll 48N 4 5l
40 sanll A el mamaal — Ay suenal) B30 ganl) A€ 5l = damiadll Ay sanll A 5l

Ex: Find Departure and Latitude for the closing circle traverse if the Reduced Bearing of the side (AB)
is (S42° 06' W) and correct them, and find the coordinate the points (B, C, D) if the coordinate
of the point (A) is (100, 200)?

Sol:

Dep. =L x Sin (¢) =L x Sin (Az.)

Lat. =L x Cos () =L x Cos (Az.)

Az. (AB) =180° 00' + 42° 06' = 222° 06'

Az. (BC)=Az. (AB) +<B

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. Correction | Correction | Corrected CorLrected
for Dep. for Lat. Dep. at.
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 +38.596 -10.93
cD 25 357° 56 -0.902 +24.984 -0.249 -0.59 -0.653 +25.574
DA 25 268° 01' -24.985 -0.865 -0.249 -0.59 -24.736 -0.275
Z 110 -1.098 -2.594 0.0 0.0

Correction for Dep. = (-1.098 x Length the side) / 110
Correction for Lat. = (-2.594 x Length the side) / 110
Corrected Dep. = Computed Dep. — Correction for Dep.
Corrected Lat. = Computed Lat. — Correction for Lat.
Coordinate of the point (B):

E =100-13.208 = 86.792

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

E =86.792 +38.596 = 125.388

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

E=125.388-0.653 =124.735

N =174.702 + 25.574 = 200.276

Coordinate of the point (A):

E=124.735-24.736 =100




N =200.276 —0.276 = 200
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(Correction of angles for closed circular traverse)
lin 558 Y Cisms Al o3 35 U550 laall g sendll (5 sy 5okaill g pamall ()58 Al b Angmas gl U5 055
ol @iy =y (Measured) Wsl el ¢ sandll s (Theory) bl & senall G 38 2sas Alla 8 Ll Ll 53l s
& sana dlagl Ay G ool (pae LS 5 aliadll Ul 3l sl aid (Miscloer of angles) sl J Uad awy Uas clln
DAY B3l (e Al ald (RN £ ganall Lal ¢ lasll & genall (o Ll 2xy aliaall 020 Ll 5 30

Sum of theory angles for any traverse = (2n - 4)x 90 =(n - 2) x 180
Lol e o (n) of s

> Measuredangles = angles value ALl L5 0 g s = W50 (planll g ganal

Miscloser of angles or Total Correction (T.C.) = 2 Measured - 2 Theory of angles

: -T.C. ol Jsh . )
Correction for any angles = W Do) g see = 4g)) IS s

(Dep.) 4@V LS o lua &3 (AZ.) #OkaY) lalad) clua b aliaal] dasiadl W3l Lo Jpasd) 2 o 22
. (Lat.) 42 seall

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:
> theory of angles = (2n —4)x 90°
=((2x5)—4)x90° =540° 00" 00"
> Measuredangles= A+B+C+D+E
> Measured angles =539° 59" 50"

(T.C.)=>_Measured — > Theory of angles
(T.C.)=539° 59’ 50"-540° 00° 00"=-00° 00" 10"

Correction for any angles = mLES _(_510) =+02
n

Angles Measured angle Correction value Corrected angle

A 102°23'22" +02" 102° 23' 24"

B 122°53'37" +02" 122° 53'39"




S 68°01'52" +02" 68° 01' 54"

D 129°31' 55" +02" 129°31'57"

E 117°09' 04" +02" 117°09' 06"
Z 539° 59' 50" 540° 00' 00"

Ex (H.W.): Compute the corrected angles for closed traverse if the values of the angles are shown

below?

A =59°41'07",B=280°19'04", C=119°42'59", D=100° 17' 05"




Ooaa O 488N 491 30 (i
Measurements the horizontal angles between two walls
DY) Skl (anly o las G AEY) Dyl ) Gl S

o Lasays sl Galds (S5 JsY) Cpaliall o Aima dils (b8 o Cun 1 Agg 3l ciial qua 588 aladia) ]
DAY A8l gkl

1 AC
Sin—a =
2 2x AB

For example:
AB=BC=5m

AC=6.8m
1 AC 6.8 6.8
SIN—a = = =
2 2xAB 2x5 10

%a =sin"'(0.68) = 42.8436°

=0.68

~.a=2sin"(0.68)=58" 41 14"

by Laaeyy il Gy S5 J5Y) Gueliall o A Adlie (b by G 1 gl alad qua o si8 aladiu) 2
Ay A (gl

(ACY =(ABY +(BC)* —2x AB x BC xcos()
cos(ar) = (AB) +(BC)* - (AC)’
- 2x AB x BC

g Laa s il Aaliae a5 Japaall i ) o5 g 5La¥) Gl o3 1 (S) Jumall Ll @y gilh pladind 3
o Py X

_ AB+BC+AC
- 2
Area=.,/S(S-AB) (S—-BC) (S—AC)

S

Area = %x AB x BC xsin(a)

) 2Area
sin(ar) = AB x BC

ad dngy (peliall ol A 6 Sleal a5 Jlaall A se g3l e ot 1 sl Jlgn plaki) 4
gl 30808 i Laie 5 1 gl ol Slend) iy 053 sl ol Sl



B 3l (ine Olsasia sl OIS I3 il il 3 gl s bl sy s 1 u) sl A plasiul 5
(90) o sl b ST Ll A5 30 ) (o Ay slsia pe cilS 1315 (90)

(Measurement of Target Length) 4l Jsash) (Say ¥ ciaa Jgh (ulsd

_
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-~ 7
// u
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\\ - - ,
~ - ,
A} ~ -~
\ ~ - Y
-
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g ~ /
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\ -~
-~ ~
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\ -~ ~
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C “ D

DAY Gl shaall ai o ol Jsh alag) (2 jal
(pstre) culie dshas (CD) bl i
(1,2,3,4) Wl e

148 (ACD) &bl & 3

N -

<5=(180—-(<2+<3+<4))

;48 (BCD) bl & 4
<6=(180-(<1+<2+<3))

(AD) s (AC) slall ala) : (ACD) Sbiall b

AC CD CDxsin(£3+ £4)
: =— = AC = _
sin(£3+£4) sin(£5) sin(5)
AD _ CD :AD:(:Dgsin(zz)
sin(£2) sin(£5) sin(5)

(BC) 5 (BD) 23 (BCD) cbiall & .5

BC _ CD :BC:CD_xsin(zs)
sin(£3) sin(£6) sin(£6)
_BD _ CD :BDZCst_in(zuzz)
sin(£1+ £2) sin(£6) sin(£6)

Db WS aladll cua ) 9lay (AB) 2 . (BC) S (aslas) o (AC) 48 (ABC) il 3 6

(AB) =(ACY +(BC)* —2x AC x BCcos(1)



Dok WS 5 58T (3l alaill s ¢ 5il8 (AB) 235 (BD) S 5 o slas) isuse (AD) 4 (ABD) Culiall &7
(ABY =(AD)* +(BDY —2x AD x BDcos(5)

(Measurement of Target Height) 43 Jsash (S ¥ i g5 ) (uld
DAY Gl shdll adii (paa o gl ) 5 any A jaa i g3l
(15 m) Sie (S35 dma dilia e (B) 5 (A) cuialil jlias 1
8 o5 Al 5l gl Jiud aa 35 (90°) Al 515 ol A1 S (iA) gliibs (A) Ah e Sleall a2
- (02) A genl) Ayl 31 T80 5 Cangd) e aa i o5 (01) Ao sand) A0 3
18 &5 al) 5l Caagl) Jad aam yi5 (90°) Aedld 450 3 o 81 JS& (iB) gléisly (B) Ak die Sleall coais 3

(1) Aasenll Aysl 30 T 5 Chagl) e am i o5 (1) Au2 senll A5l 30
Db WS (V) Ll plasl Glua &5 (AG) Al Jlead) oAbl Glus 4

o =90°-V. Reading (F.L.)
a =V. Reading - 270° (F.R.)

AGD (G /4 o)
V1=AG x tan (al)

AGG (G i)
V2 =AG x tan (a2)

BFD (F 2 pi)
V3 = BF x tan (1) = (AG — 15) x tan (1)

BCF (F i pi)
V4 = BF x tan (@2) = (AG — 15) x tan (¢2)

V1+V2=V3+V4

AG x tan (al) + AG x tan (a2) = (AG —15) x tan (1) + (AG — 15) x tan (¢2)
AG [tan (a1) + tan (a2)] = AG tan (1) — 15tan(@1) + AG tan(¢2) —15tan(g2)
AG [tan (a1) + tan (a2)] = AG [tan (1) + tan(2)] — 15[tan(¢p1) + tan(¢2)]
15[tan(@1) + tan(¢2)] = AG [tan (1) + tan(¢2)] — AG [tan (al) + tan (0.2)]
15[tan(@1) +tan(@2)] = AG [{tan (1) + tan(¢2)} - {tan (al) + tan (a2)}]

NG = 15[tan(¢1) + tan(p2)]
[{tan(¢1) + tan(p2)} - {tan (1) + tan(a:2)}]

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 (10 m), R.L (A) is (150 m) and the height of the instrument at point (A) is (1.6 m), at the
point (B) is (1.7 m)?

Station To Vertical angle
C 25°
A D 1°
C 29°
B D 1.5°
Sol:
AG = 10[tan(¢1) + tan(p2)]
~ [{tan(p1) + tan(p2)} - {tan(ad) + tan(a2)}]
AG - 10[tan (1.5°)+ tan (290)] )
litan (1.5° )+ tan (29° )j— itan (1° )+ tan (25° |
- 10[0.0262 +0.5543] _ 5.805
[{0.0262 + 0.5543} — {0.0174+0.4663}] 0.0968
~ AG=59.969 m
Vi=AGxtan(ad) > V1=59.969 x tan(1° )=1.046 m
V2=AGxtan(z2) > V2 =59.969 x tan (25° ) = 27.964 m

=V =V1+V2=29.01m

orV=V3+V4
V3=(A'G-10)xtan(pl) > V3=(59.969 —10)x tan (1.5°)=1.308 m
V4 =(AG-10)xtan(p2)> V3 =(59.969 —10)x tan (29°) = 27.698 m

R.Lg) =R.La+iIA-iB=150+1.6-1.7=149.9m
R.Lc) =R +IA+V2=150+1.6-27.964 =179.564 m
R.Lpy = R.Ls) +iA+V1=150 +1.6 —1.046 =150.554 m




(The Curves) <lxiaiall
Ol Alee gl il gl ola) ity il landl 5 3 48 ja A g Gaplall sladl i Lgia Baune pial Y Cilinial) aadiind
o Aalall s dilid) gy e cliaidl ol Jaaiudiy ¢ sl 5 Gkl & aaad L3 JSLEQ (e (alal L slad)
D Opend ) liaiall andlis ¢ g g el Leallady

. (Horizontal Curves) 4% cilyaidl 1

. (Vertical Curves) 4 gaall ciliiaidl 2

sl linial) oda audi ; A88Y) cilyiadal)
. (Circular Horizontal Curves) &l @Y1 cilisiall
. (Spiral Horizontal Curves) da xial 4881 Ciliaiall o

s lslsae e (i (Circular Horizontal Curves) 4 il 4:88Y) cilyiaial)
O deay 53 saidl a5 1 (Simple Circular Horizontal Curves) sl s ilall 8891 Asiall (1
c il el Caaialy (Ol yk) cpbd

G| RSN
. (Point of Intersection) ahléll 4k ; P,
. (Tangent) (eall Jsha 1 T
. (Point of Curvature) 4l 4k : p.C,
. (Point of Tangent) el 4k : PT
. (Radius) kil cami: R
. (Center) S _xllddaii: O
. (Intersection Angle) okl 4350 5 @

(= & ge 3)ke 51 (Compound Circular Horizontal Curves) oSsall il 88Y) Aadall (2
CAdine o dnl Ul Calial L5 Jag (5 5310 S

clisie e 3)be 25 1 (Reverse Circular Horizontal Curves) ousSxall il (881 daldl (3
@ oSlae S a0 3S) jal) (81 Adlide of Ay glasia g A Ul Ciliail Lol 5 A San LSl 5 ddaguy 5 i
C AV dse (S S e

o= 3)ke sa5: (Broken Back Circular Horizontal Curves) sl jsuSa s lall (88Y) dalll (4
0583 38 L jUsEl Cilail (30 M) G 2 Y pealy o ke (las A 0 Lagaimny laia (o i1 (pptina
Caalsdga bl S| ) g ddlin of 4y luia

Ol s el Adae Jigst ) callaii @V 8 20350 1 (Spiral Horizontal Curves) 4a iall 48Y) ciliaial)
sl e s




_Hazm.bs}gg)su&;;udﬁdqc)&@ 1
c oA O deay 7 90 e Z otk Saie 2
uu}\auﬁmauy&agc‘)&@;w .3

(Design of Simple Circular Horizontal Curve) Jaswall g ilall (881 aial) avanal
¥l aladinl s i) 138 agenal (il 4EY) Clisia) g gl 30 Gulu) Tl o ol 81 sl S
. )At\sd\o;\h uﬁéy\w‘)}\}c b‘).nAL\’..I;\.AALAj‘

ol s
(1) & 32 sl (Point of Intersection) abliill ik : Py,
. (P1) 5 (PT) sl (P.C) 3= IS o A8l 58 5 (Tangent length) osbed) Jsb @ T
.(Tangent of Curvature) (T.C) s (Point of Curvature) saiall 43 4k :P.C.
.(Curvature of Tangent) (C.T) sl (Point of Tangent) >iall e ddaii ; PT
. (Radius) (sl yhd caai: R
. (Center) X alldkii: O
.(Deflection angle) <&l a1 44 3 5 (Intersection Angle) abl&ll 45505 : @
(V) el Caatiia 4dadi (g (P.I) adaliil) ddasi oy 48wl o8 5 ¢ (External Distance) 4 il dildl @ E
- (@) sl Caalia (s
. (Curve Length) s~iall Jsha s L
. (Chord Length) sl Jsb: Lc

s radall aranal & desiicual) Y slaall
T =Rxtan (ﬂj
2

L:27Z'><R36(%0 =T X ng(f)o' when (): in degree
or
L= RXQ), when(@): in radian

PT=PC+L




Lc=2x RxSin(g)

M = Rx{l—cosgﬂz R-yR° _(%jz
iy

PC=PI-T

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 beginning of the project?

Sol:

(0] 14 14
T=Rx tan(%) =500x tan tan[%} =89.24m

20° 14’ 20"

(o}

L=27xR—2 = zxR-—2_ =3.14x500x —176.62m
360° 180°
PC=PI-T=1120-89.24=1030.76 m

PT=PC+L=1030.76 + 176.62 =1207.38 m

0 14 14
Lc=2x Rxsin(%j = 2x500xSin(WJ =175.7m

0 14 "
M =Rx [1— cos(%ﬂ =500x {1— COS(WH =7.77Tm
0 14 ”
E=Tx tan(%j —89.24x% tan[%} ~7.9m

) glall Olului)l dlaul g3 duy3ial duddY1 Closuall Jandud
Lo ciliniall ool 3l )k sac Sllia
adadi (g day il linalate Glilue (uliy Siniall Aadil) a8 ga aand oy 1 (USw ARyk) (ulaal) o Baes¥) A8k ]
(x1, x2, x3, <liluall (& Cun Lysuill lea 5l g mad) @oall o 52 32021 Jee (S WS (PT) ) (P.C)
O G lebaa &b G (y1, y2, y3, ) Baee¥l Gl 5 Ll Giai e sagead) Guladl alxia) Jle )
- el (84 sllaall 280l 5 uleall Jsha s Lewm 8 o (X1, X2, X3, ....) 48Y) clildl)




R=y++VR?—x?
L y=R—-+JR?=X%°

Point X (m) y=R-— RZ _ 2
1 10
2 20
3 30
4

Os (127 m) s Sniall Hhad Cavas IS 13 S (3 yha Aol 5 Y1 e adaiiad o) dasey (5 5ils 81 a1 Jlia
$(43° 24') Gl 4y )

(P.C) den (o Ll Jaiass o S (x) o (g B IS (y) Sl 5 (T) baal) Jsha s 30y (x) o o o 1 o)
- (PT) dga 0o Alaadl ) i

T = than(fj _127xtan| 222 | 50
2 2
Point X (m) y=R- R2 _ x2
1 10 0.4
2 20 1.5
3 30 3.5
4 40 6.4
5 50 10.2

il Gkl e 1 et s WIS g pall (55 Lanie 45, )l oda 22303 1 (Offsets) sl o sy digyh 2
e Al sl apd o5 o8 sl Aleds Al il G 3l Aeliia) et oy aliets nas (e o3l 3 all
Jiar 1y 2EY) bl iy 550 Cuatie e ol Gfieal) e ol Jaiedl) GV Ll o) 3aY) e o)

P AV A (e Lgbuen ay Sl 5 Aaliall el Jid ) saee V) Gl o5 i) (e Ayied) Clilisal
Y=0P-0V

OVP.c




Y =VR?-X? - RZ—(E

2
2
point xm Y =VRI_XZ— RZ—(%
1 10
2 20
3 30
4

Ols (127 m)}Ag'\;_'\.d\)LBMOIS\3})Sﬁasg)k&u\ﬁua)m&;w;\ﬁ@éﬂa&éi@m;&

(43° 24") Qa4

Craiia (o LU Lol ol Cus (X) af e dad JSD () a8 alad) &5 (Le) SsY dsb las aay (x) (8 o0 1 Jad)

Lc=2x Rxsin(%)

[0} !
Lc= 2x127xsin[¥] =94m

Lc

A

S —=47m
2
2
Lc
Point X (m) Y =+VR* - X% - Rz—(?j
1 10 8.6
2 20 7.4
3 30 5.4
4 40 2.5

Vertical Curves (4l i) 403 gand) ciliaial)

Aol Blae Jeniiy aitia s @ ya (o ol Al il (a
S|

@A sandl aiall Ay ddasi 1 BV.C

G sanll aiall dles Adasi 1 EVLC

(J5Y) Gslaadl Jie) IV Glaall Jlasil 2 g1

(L) Cplaall alalis Ak 1 g2



daally Ll Hlaie e 5 (g2, g1) Cnliall G sl Gl o aaing 5 (Al Jadss J5ha) (2 senll iniall i Jsha i L
QY Gaiatl A 3O Ly Ml Adlse e 50 48 58 g 53 (1)

L=92791 100
r

o sl Jaxa OIS 1Y) (+1%) 5 (— 0.5%) Onmdan @l b o i 55 Cama (53 (53 50n)l imidl) 55 Jsha ) 2 (1) Ja
€ (0.1%) sl
: gal

L_92-0L 105 _1=(-05)

r

%100 =1500 m

S5 (+ 1.1%) sl J5Y) Gy sk Jay ) alee 2y dladie Cial S die (g3 see Jaiad Ll (o guie casal 1 (2) Jia

(900 m) snidl 5is Jsh o) Lle (763.66 M) wsiars (60 + 00) ddasall vie 285 Lagadalis a5 (— 1.5%)
¢

: ga
2 92-01 00 151 L0 0 oeg a0
900 x 100
Ele. of B.V.C. = 763.66 - (w) = 758.71m
100
St. of B.V.C. = 6000 + 450 = 6450 = 64 + 50
r_Z0288_ 414410+
2
St. X gl xx Ele. of B.V.C Ele. of the curve
55+50 0 0 758.71 758.71

Ele. of the curve = Ele. of BV.C. + (g1 xx) +( X)
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