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Actual reading
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Error due to

Now as e 1s very small ! curvature = C

compared with R,,
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C 2R | e
ll // . .
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, 7 gravity
| 7
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=0.0673D2%=0.0673%(0.6)2 =0.024m

e .
combined

=2.10—0.024 = 2.076 mis>all
Elev. B = Elev. A + 1.50 m — Staff reading

=20+ 1.50-2.076 =19.424 m
.AH=Elev. A—Elev. B=20.0-19.424=0.576 m

Ex.) In figure below calculate the adjusted elevation of point B. If you know
elevation point A= 30.00m

BS F.5
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Point B.S F.S (S) Sl (e ddliiall
A 1.782 50
B 1.365 200

2 Jall
GLLASJQ_LMM\ubu;\dﬁjb&‘ﬁ\})jﬂ\wu\g\)ﬂ\c_\myj\um
B.S=1.782 — (0.0673 * (0.05)%) = 1.782 m

F.S = 1.365—(0.0673 * (0.2)2) = 1.362m

, Elevation Distance
Point | B.S F.S Rise | fall
(m) (m)
A 1.782 30.00 50
B 1.362 | 0.42 30.42 200
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Ex) Consider a leveling circuit starting from a BM at A, to establish other BMs at
B, C, D and E( see figure below). Calculated Elev A. compared with its known
value(elev A) of 20.000 m, the distance leveled 1s 5.7 km. show the leveling 1s
acceptable or not and find the correct elevation of points B, C, D, and E.

(+ 6.444 m)
0.8 km

20,000 m (= 4.360 m)
1.0 km
(— 2.827 m)
0.5 km

(- 7.805 m)
1.9 km
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Sta. Calculated elevation (m)
A 20.00
B 28.566
C 35.01
D 30.65
E 22.845
A 20.018

Total error = Calculated Elev. of B.M -(Actual Elev. of B.M ).
So the disclosure (total error) is =20.018-20.000 = 0.018 m

Accuracy criterion= — ./ 7=

4 *(5.7)% =9.55 mm
8.4 * (5.7)%> = 20.05 mm, so the leveling is acceptable in second degree.

v Eng:Hadi Mohammed2021...Leveling



Correction levels:-

1- First method

C._

C
T
s7 L

The difference in heights 1s corrected by (0.018/5.7) x distance involved.
Therefore correction to

Sta. Calculat?:lil)e SHanus Correction Elevation Correction
A 20.00 -—- 20
B 28.566 -0.005 28.561
C 35.01 -0.007 35.007
D 30.65 -0.010 30.64
E 22.845 -0.016 22.829
A 20.018 -0.018 20
A an-l— adi Mohammed?2021 lLbve ing




i XXy A B, C, D, E, F, G glaall Il cualiall (ull 4 guill Glea alasinl &5 ¢ JUa
Byl 5 clilid) Al a2ty Cunliall s el Bl Cunlie caal) (Bl Gy clildll
G G At Cguiag 30.00 m sl A AbE Cguie of e 1) Gleall Giluaill axe

29.90 m

St. B.S I.S E.S Distance (m) Rem.

A 1.45 100 B.M1

B 1.54 100

C 1.63 100

D 1.37 1.75 T.P

E 1.46 100

F 1.51 100

G 1.25 100 B.M2

Eng:Hadi Mohammed2021...Leveling



So.

St B.S L.S E.S H.1 Elev. (m) Rem.
A 1.45 31.45 30.00 BM 1
B 1.54 29.91

C 1.63 29.82

D 1.37 1.75 31.07 29.70 T.P.
E 1.46 29.61

F 1.51 29.56

G 1.25 29.82 B.M 2

2.=2.82 2=3.00

>B.S —)FES = Last Elev. — First Elev.

2.82-3.00=29.82-30.00 =>»-0.18=-0.18

- 0.K.

Total error (e) = calculated elev. (G) - actual elev. (G)

)

Eng:Hadi Mohammed2021...Leveling

=29.82-29.90 = -0.08 m =>»

. Cp=+0.08m




1. First method (distances)

C
_or =
C. _ﬁXLi Corr. Elev = Calc. Elev. + C
Calculated .
Sta. Corrected elevation (m)
elevation (m)
0.08 _
A 30.00 30.00+[Wx0]_30.00
B 29.91 29.91+{%x100]=29.923
C 29 82 29.82+[%-8§><200}:29.847
D 29.70 29.70+[%-8§x300]:29.74
E 29.61 29.61+(9:08,400|=29.663
F 29.56 29.56+(%x500 ~29.627
G 29.82 29.82+(%x600 =29.90

AR

Eng:Hadi Mohammed2021...Leveling




2. Second method (set-ups numbers)

C
Ci_Z—NXNl

Corrected elevation (m)

Calculated elevation (m) Corr. Elev = Calc. Elev. + C;
30.00 3O.OO+[O°§8><OJ=3O.OO
29.91 29.91+[0-§8x1}=29.95
29.82 29.82+(%x1}=29.86
29.70 29.70+[0~§8><1]=29.74
29.61 29.61+[0-§8x2]=29.69
29.56 29.564—[0-208><2]=29.64

29.82 29.82+[%sz=29.90

VY Eng:Hadi Mohammed...Leveling



:Area Aalual) -

ol Y Clalin wans @l 8 Lay ¢ (a1 Aadad Aalice 1an (o 1 g Ui agea s Banae il el
a5 e g gl ) Ll Ly S W) adall ilaline sy ¢ A ) )

"surface” saL¥) v b lu) Jiad ya yY¥) A2k "Areg" dalus Plane surveying 4 siwall Aaldll 8
WS¢ a ¥l dadasl 2881 Jadiuall Al 2aa3 54 ¢ (5 A 3Ly ¢ Horizontal plane 8 s sian s 1o

" cross-sections " dxa yal ahaliall daliwe paat 2% Cua ¢ Gkl L3 "Area" Aabuall (aldl) Badadl) aadtioy
Al il Jlae ) aaa Gl (ya jal

- "Area" 4alual) yaail aadid Gluldl) fa ole g Glilia
Field measurements dleal) clulaal) -

Map measurements il Al fpe bl -2

il AT alalall e dabsallaass e W) S o o8 Adaad) cabuladll e daliall pass o)

-1Alial) Ll ¢pe dablical) paal (g gha*

dapl o laldde ) laal) Cluldll (he 4 gllaall (a )Y dadad dalice paaT (4 jpl lasldiel o (3l (e dae @lilia

"curved" Anisic gdasiucda ghi e 3 jlie ClS AN e )Y Aadad 2 gaa

2 (8 hall 03A ab) (hag

(corrres Coniadnd ¢ Jilaliae Calia) ddapusy dpadia JISI) I )Y dadad agnad’ -

 altiiee Jad e dgiaiall 5 gaall (e "offsets” saec ) AL -2

Ot J3 633 jeal s "coordinates method" <ulilaay) day yha -3
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-2 Jaif_AY ¢ya Aalocall 3yaa3 gk

: leaalc il Al e clulall e daloall maadl 3aata (3 e g cudll lila

3 yeaall U_m\.:u.)d\ o= "grid" VLN e\.liﬁ.u\ By EGEW ‘\JJM‘ dahial) Leda i ‘;ﬁ\ C_mka_u,d\ e ol 2D
"Transparency" 43343, ) o 4iia 3 ) gomy da g

48y ylay daliall 227 5 (1 5 "Digitizer”  aladiuly ddlatall 3 gaa i ) Lalaill 468Y) GLlaaY) maat -3
. "coordinates method" lilasYy!

((SESa ) e8,)1) "Planimeter" JiweiBlll aladiul -4

(ot o (5] onl (A 53 5) VS 5 Y1) gl el s (o yha e laliadll Gilua 5

(i pecurved) Apinielasha e 5 le Lhaloe paad ol jall (2 5Y) dadad 5 gaa ) Sila Llle
-+ A ) ladll g Ll Aalial) apaad o Allall o388 JSEN 3 e s LS
oa Y dakad dgas U o Sile Cl..'a.d\ &M\ Cusy (s )Y Aadad J200 "Traverse" ém Jwe -1
3aac ¥l Jl shal ()5S dakadl) 3o A jBl(alianll ¢ Slial) adiisal) addl (IS LS as) Eua

Caaliddl cla Lg Uasll e Jile padl aall G]s aaladll (y1,y2,y3,v4,...)
Soms Alla g (d) usboia el <l ol al I aliaall ¢ Sal) agiioeal) Jadl) a2

saee ) Ll aii g Audilal Ll 320 o (Radaill 3 gan) oLtV 8L gale yuas
3y J) shal (8 gl aus (y1,y2,y3,y4) o=y dzlad 3 gan e e:&LuJ\ ball e 3aec) 448 -3
- oY) i Hhall (gaal) Gulaty KA 3( D,C,B,A) & aY) oda Aalue paad 4y -4
Trapizoidal Rule <ijadal) 4ud Basd- A

simpson Rule (gswaw 3cl-B
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Triangle ST Sector of Circular Ring Ay 3311 AmIaB
h = a sin & . ! - {p = average radius, F=
Vi o . ) — -
Area — Lb}z J a w = width of ring, -8 -@
2 . & @ in radians) w

(Law of Cosines) MArea = Hpw
=g + B — Z2Zabcos &

Right Triangle P N | RN P | Ellipse aBLIT Aol

(Pvthagorean Theorem}) < o Aaea = grab

2 — 2 4 =2
c? = a2 + b Circumference = 2ar_ / %

el

Equilateral Triangle

-ﬁs

2
352
1

h =

>

)

Area —

&Y s gleuiall Culiall

Cone I g s all
A — area of base)
“Wolume = %ﬁ%

Paralleiogram

Right Circular Cone 5l Lo g i all
Area = Bl 2l {"5&;!
Solume = —=
Lateral Surface Area — amr- = + A7
Trapezoid Frustum of Right Circular Cone
/1 E 4wy, Besial
ATea = E(a -+ b)) Yolume = 7 (r r;? RB2)h (penBL3Ty L= m e
Lateral Surface Area = ws(R <+ »y ~_ T 0
Circle 3 _3hal Right Circular Cylinder e
Area = grr2 Wolume = 2R
. ] P
Circumference = 27 Lateral Surface Area = 2 arh
dasl@ly d yaraly A5 gl
Sector of Circle Sphere <1
(8 in radi&ar;s) wolume = %w-r:“ ‘a
I
Area = 2 Surface Avea — 402 ‘v
& = i
Circular Ring 4514l 2511 Wedge
{pp = average radius, {A = area of upper face,
w = width of ring) B = area of base)
Areat = (R — %) A = ¥ sec @

= Zarpw

eng:Hadi Mohammed




*Area measurements of regular figures

1- by division into triangle

a) Itmay be possible to sub-divide the plotted area into a series of triangles,
measures the sides a, b, ¢, and compute the areas using:

Area = [s(s — a)(s — b)(s - r)]El where s = (@ + b+ )2

b) two angles are known (¢ 1,00 2 ) andside (a) between them.

. =z
Area of triangle = a . tan®1l+tan2

2 tanx1+ tano?

b) three angles are known ( al, a2 , a3 )  andside (a).

ﬂz sin 04 = sin OC 2

. — -
Area of triangle - sin 0 3

i

TN

b

b) Area = I:

eng:Hadi Mohammed



Trapezoidal Rule i aiall 4udi 32018

A glaiall 3 A4l () S0 Ladic ghc B yuiSia dagiiea Jaghad i Jo dadal) 3 gaa () o< Ladic 48y jhal) oda andicd
Baas Y (o B puSia Cilagiliia (pa ddadal) 3 gaad) oo 8 Gy B puad Baes Y G

e (e 4) O (o ol Aslaall G o Busladia e () 350 S Al (g ple IS
= E—*d (Bdcm\ dj.bz dedrac) y]_’yz ’)@M\ aalill L_Ar. d)m;ﬂ g\);‘j\ @A;é\;\.um f—n

_: Al A8y Hally aide (=) A sbadie <l i o) ) ) asiasall Jadl i o S Alls b Ll

Trapezoidal Method :

=

32 ey
This method and the others 171 T @

Sl
Ol

are used for deteminations” @ Gj‘- - -

of areas for irregular ® @ -

ESm e
Cargl (Leed iiled i Gs )

.
T
@

shapes

hl k2

Arealof trapezoid 1 = > el
hz + h3

Area of trapezolid 2 = 5 Y-
h7 + h8

Area of trapezoid 7 = E mF-

=i
Area/= FaArea of trapezaids = E(hl HZR2x 4 pEs L L L L L LEohy g B

d
Aven == T (A1 +AB+ 22 ¥ 2R3 1L 42R7TH)
A= ; b Rz R3 ... +R7)
hl+ hn
Area = = d( > + h2+h3 ... e e R
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hi2

Trapezoidal Rule 4& ks olial &N & = ¥ Aadad dalise 22 bk

AUl JSEIL o A3 sexdl cile i ;) 5 d = 2 m oef adaiall 528 i e IS 1))
h,=48m,h,=3.8m,h;=34m,h,=48m,h,=4m,h,=4.1m,

hia

h, =43 m, hy =2m

/

A =55.6 m?

i=n—1
j+ Zhl} = 2{(4'8;2)+3.8+3.4+4.8+4+4.1+4.3}
i=2
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: Simpson's Rule ¢ gssam 48, 4k

A 44 Hlay dinie 250 o lalise il 3 all AT daplall 5 gaall o) Jliie) e 4 48, plall 028
Zadl y Jalas 3 JS i) (a4 g Al Aaall e AL inie 0o 3 jlbe el Gl i) (S Cuas
dalisall ot A s AT Al aie o ai by jlicly o aY) bls G e dabisae o Al Jaie e
saae Y1 S A glusie Aalisall € 13 L) ey slia e L Lad calilosall () 55 Latie 3aa e saec ] 35305 U<

(3 s 48y jlall o3 a5 L sd saae Yl ane (o o Ja i aal g e e bl o A0S0 Aaliall Cuaé
(S 5 O gusans 48y play Aalisal) Clusad alall ¢ ()

_df
A,=4 h1+hn+4(Zheven)—|—2[zh0ddﬂ

e

n1
2

T

h3

I

hd

R

ho he

h/

e

T

hé

h9

d

d

1) o

3as 5l (R i) Zadadll 320l a2 = b

() ll) i) cdelii ) = by, hy, hy, ... by
Lsilane 0 0 g

e 1.5 G ym odled JSEl sacld il 13 5l
 SUIS Baae Y cileldi )

h1=225m, 3.3 m,3.6m, 2.95 m,
1.75m,1.4m, 1.6 m, 2.1 m, 2.7 m

O o 48y yhay JCAI) Aalise 22

A =12[2.2542.7+4(33+2.95+1.4+2.1)+23.6+1.75+1.6)] =28925m

S 3



A JSEIL 8 A0 sl Cilelsi )W) 5 d = 2 m oDle ] pdatall BaclE (s IS 1) 1l
h;=48m,h,=3.8m,h;=3.4m,h,=4.8m,h,=4m, h,=4.1m,
h, =43 m, hy =2m
_Trapezoidal Rule—s y~iall 40b 45, jha aladinly adadall dabise ol
Simpson's Rule 4% kb aaiell dabise ol -
Average offsets formula 8esY) Jau gia 48y b
@gﬂBJMQ\AM\ L_\Lm;ua)du}\\sj\ RV em
L8 s e

hn

g - .

L=(n-1)d h1, 3l saey) Jiskl
N=52ac ) e 4 glaiall 3yl
L=aulaill daa Jela=(n-1)d
> h *ig glaia <l yuall o) s 3
A= ( h1+h2-:-1h3+ _..+hn ) L = (n-1)d
n
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_H"‘“‘*n_ .oUJ\ M\&&JY\MAAMLJ&
20m i N
o 13 23 8’ 12
10
L=(n-1)d
h +16+20+9+13+23+8+
A- > (n-1)d = (7 16+20+9 13823 38 12)*70
n

€0 potans ¢ a8 yatall and Ay yhay dalial) 2a
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scildlaay) 48y b - 4,
Aalisall Cinin a5 4ol Cllan) 48 pea ang (ouinyal aial) ) usstigh JS0 Aalise i i
-l U Alasily

2A=‘(EN +EN.+..+E NHNE +N.E +..+N EJ‘

I''2 23 n- 2 273 |
E E1 Egv. “ EnvEl
N N5 N> X ANe N

:‘__F.J'.:ﬂ].ﬂ = 4 1185 nL'II.:'ISI-.:I:-.'!- L iale L.‘."l.!- {aﬁ_‘gﬂ_} ABCDE L‘-,x—li-h-a-ﬂjl' Aalica A= gl :«.JI-"":"

A(100.100). B(130,110). C(150. 90), D(140.70), E(110, 60)

E N
100 - 100
130 < 110
150 :r::::ﬁ_:j::- 90
140 = :}H:::. 70
110 = :_Hf:j;: 60
100 < 100

150

100

50

A B
— i
B D
| E
1 | 1 | |
50 100 150

2A=[|(100%110+130%90+150%70+140%60+110%100) —
(100%130+110*150+90%140+70*%110+60%100)
2A =3200m* =2 A =1600 m?

,;..j_.;ill_l
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b el g &WJY\ é}e Sl éjb

Height of instrument(H.I) Jleall glai )l 4y )l =) @
Ries and Fall_=leasy) 5 glas yY¥) day yha -V
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Datum Level

aylall g s

uALijAJJ‘ M\dﬁm#\htm‘)\ u\é&:hﬁ#‘ Y Adlix] g -(HI)M:UL
Gluaidae i HJ e 558 Gleall g pladl il ad ) sl mdas (6 she
= e e

HI(I) = Elev. B.M + BS(l
Sl ddga S 13 Y AT Y g W pald HLT dlba jlgall duai Jo

Eng:Hadi Mohammed --- Engineering leveling Y




I - W [ ) Datum Level

Elev. D=FElev.A+B.S—-LS p,) =HI-LS
Elev. C=Elev.A+B.S—1LS ()=HI-LS .,
Elev. B=Elev.A+BS—-FS=HI-FS

D)

Eng:Hadi Mohammed --- Engineering leveling v



ring leveling
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N

Example :

The following observations were taken in

a leveling work: 0.225, 0.457,0.785, 0.760, 1.750,

1.852, 1.985, 2.530, 2.110, 1.980, 0.845, 0.680, 1.275 and
2.535 m. The position of the instrument changed after
the third, seventh and tenth readings.

Calculate all points elevation at each staff if

the first reading was taken on B.M of RL 15.755 m.

Make arithmetical checks for your results

Eng:Hadi Mohammed --- Engineering leveling



Intermediate

Foresight

H.I

No Bz(:\glg,;ght sight (1.5.) (F.S) Elevation (R.L.) | Remarks
1 0.225 15.980 15.755 B.M
2 0.457 === 15.523

3 0.760 0.785 15.955 15.195 T.P
4 1.750 === 14.205

5 1.852 === 14.103

6 2.530 1.985 16.500 13.970 -
7 2.110 === 14.390

8 0.845 1.980 15.365 14.520 e
9 0.680 === 14.685

10 1.275 === 14.090

11 2.535 === 12.830

2 4.360 EngBtak2fiohammed|-- £xdBering |eveling -2.925 1




r‘d ]
LQ/) =

l:lf 2.83
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.ywd)ﬂ\\&u)&umimYoc\)&j@Mu 9
‘Rlse(R)M)Au}S;j@u\dasﬂ\wuwbés\ghmﬂ‘w\u\@u
Fall (F) =lias) ()5S0 Al ddadil) (e ol dea ) ddadil) () 5S35 Ladie Ll
Glluall o) a) Jsar Ysaa e JS 300 ol Aalal) caa ciled il Jualall (3Ll alay) dulee o3
oAl Al e

(AH) = reading — Next reading = \ (+R)
CLE

gl Y A 5 Al

daalgll AR Cpauda

15 AY) B Guilia day) i Al

Next Elev. = Last Elev. + R
or Next Elev. = Last Elev. - F
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sight Back Intermediate | Foresight : Elevation
No % sight (1.5.) (F.s. )g Rise(+) Fall(-) RL. ( Remarks
1 0.225 44 yhal) 038 4 Lailade ) 15.755 B.M
2 0.457 0.232 15.523
3 0.760 0.785 0.328 15.195
4 1.750 0.99 14.205
5 1.852 0.102 14.103
6 2.530 1.985 0.133 13.970
7 2.110 0.42 14.390
8 0.845 1.980 0.13 14.520
9 0.680 0.165 14.685
10 1.275 0.595 14.090
11 2.535 1.26 12.830
5 4.360 8.124 7.285 0.715 3.64
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N

Solution:

Arithmetic checks:

Simple Calculation Check:
Y Rise - X Fall = LastRL-1st RL

4.36-7285 = 0.715 - 364

XBS-XFS=

-2.925 —

- 2.925

Eng:Hadi Mohammed --- Engineeri

12.830-15.755
- 2.025
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MBJ\}@LA\ u.u\jd\ uuL@_M@u;J\ d.q\.’_d\ UA\)‘:YJ cuﬁ.«d&u@#\ XYY Lﬁ
5] aa g da i A LS Badai (@ladiyl g o i V) A5 Hla ) Sleal) pléi )l 48y 5k e IS
st 5 hnnall L (585 2 el il A

e

e e b

] e
"

(10m= A 4dasi a)aill) a5l gt O Caale 131 a ¥ e Al (ol gl ) aa
H.I=Elev. A+B.S,
=10+ 1.85=11.85m
Elev. B=H.I—-F.S =11.85—(-2.20)=14.05m
(2 s (e ml_uumg\mj)AH Elev. B —Elev. A=14.05-10=4.05m
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P

“x:The following observations were taker in leveling
work: (1.25), 1.52, (1.66), 1.17,- 1.28, ( -1.71), 2.09, 2.209,
2.88, (3.35), 3.72, (2.77), 2.21, (1.99), 1.66,- 1.50, 0.92 m.
The readings enclosed by brackets were back sights.
Calculate Reduce the levels of all points at each staff if
the third reading was taken on M.S.L(by Height of
instrument method). Make arithmetical checks for your
results. H.W(by R and F method)

Eng:Hadi Mohammed --- Engineering leveling ‘Y



H.I Elevation (R.L.)(m) | Remarks
1.52 0.27
1.66 0.00 M.S.L
== 0.49 T.P
1.23 2.94 T.P
== -0.86
== -1.06
1.70 -1.65 T.P
0.75 -2.02 TP
0.53 -1.46 T.P
-1.13
1 - 1.50 2.03
12 s 1039
> 9.31 9.97
Arithmetic checks: Y. BS-X FS = Last RL- 1st RL
9.31-9.97 = -0.39- 0.27 -0.66 = -0.66 ...... 0O.K

Eng:Hadi Mohammed --- Engineering leveling
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Engincering Surveying
:(Scale) pwi Al (ulila
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Distance on ground oY e aallldl
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:Representative fraction (=il 5l sl (uldall 2

1 1 1
5000 " 1000 " 100 Mis ¢ald )Y aal sale 4lie (55 1 20al) adany Hu€ JS& e i A3 A ga
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Engincering Surveying
(Imm) e ali (1 mm) oo BB g ol g e osSs ladie Glal) jaxy & o
M\ }ia.ﬁ};}é&‘—:\r}!dﬂ
sty el s USy et Al RGN JSEY) e ) se G el oy can piaa obiial) 55 Letie
38,0 e g Y e 5 esl) clalidl av (13 1000000, 1: 500000) Geusiall 038 Jie alasiad
aal ol dda Al

. 1 . .
Aaadiuuall 43 ) 5l el GIS 1) ¢ /1000 ) Ol g )l 2 3L 43 5 oS (oS 10 X oS 10) Walay) Ay Jlia

€(1.05 x 1.05)m

distance on map 1 X
Scale= — — = —x=10m
distance on ground 1000 10%1000

Poaii 10 5 x sl Gl 10

1 £
25100 = 10*10= ( /1000) sy kil 3,53 s3e .

sy e aadiin) 1) Lﬁi (el s ST Ko padiuall 3ol Gl 51 an ) (aliie aladiul die e
1
Aise e o 33U G5 55l sa il 321)( HLW) bl JS) 2S5 52 5 36 (6 /10000
1:7500 am obiar s A3 35 Leddiie (aS8% 812 Yaala

Ex 2. It is required to draw rectangular area with dimensions 15 km * 20 km on sheet with
dimensions 90cm *120 cm. What will be the suitable scale to be used if you should leave
2 cm from all sides of the paper?

Point out the distance 375 m on the drawing.

Sol. New dimensions sheet become (90-4) =86 cm , (120- 4) =116cm

Scale = map distance / ground distance

Suitable scale = smaller distance on map / Larger distance on ground
=86 cm /20 km*100000 = (86/86) / ( 2000000/ 86) =1 / 23255.81
=1/25000

distance on map 1 .
= — distan nmap =0.015 m=1.5 cm on ma
375m 25000 distance o p cmo p
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-: Type of measurements il £l

ol ATy 3 il lale Jgpandl iy Sl Ll & -: Direct Measurements 3 dial) cilulial)- 1
Ay S5 A peail) 3 36 alatinly sl Guldll Alae ol day yall aladinly 48,

P (e lgle Jpanll b Al bl o -:Indirect Measurements 8 ilsall i) cluldll - 2
Ll peiall (e de gane day i dualy ) ClEe aladinly dplua Clilee ¢l

linear measurement-;a ghll clulal
:Horizontal Distance 4:88¥) ddLuwal)*

ot aaly Ll ‘;_»,U\ L) ae dailE 4y ) ) piat Al 5 (piilas QgioﬁhM\ ALl a

A LE A ALl A Li o Ad s B'
5
Lal 90
s 0
éJ}AxJ\
@
A :
A'B = ABsina AB' = AB cosy B

358 Aalsal) Gl oy o3 AL A8Lall (el ol 5 e 488Y) i) Gl (S | yanie (m yY) pedans (5 650 Ladie
5 oY () dag ) s L) (ym jad AL s g (ol LT Ll oy 5l oy 28Y) Adlisall (bl gt
Sl

saliile jlasd) 53 o Y mha e
Aalusal) (lé adde g o A sl N AV (oY) lasd) Sl S Adleal) e
(Y ai g D 5 Ay sllaal) 4,887

D=Scosa

raliiia p& jlaad) g3 o Y mhau e

D=Dl+D2+ D3 D =S cosa, +8S,cosa, + S, cosa,
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Lellan) Sy s lan 8 psa y Al 3l 0 5SS (R siae o) 4881) Aasiie 405 (i )Y (S0 Ladie Al
:Vertical Distance (&9 sead) 4ol ) ddlasall

ol LS a5 (A 8Y) Adlisal) pe dndaldi s i) oy Jlall ool Jadl) Leakady ) ddldl) a

AA' = AB cos a BB' = AB siny

or

:Slope Distance 4dilall 43Luwl)

:Jie ¢ i JS0 bl cp Jaal gl Jadll Lgadaty Al AdLoall a
(AB aiiiall) AB = ililal) dilisal

:Grade ')

i 5 a5 U 4y she Lo 5 5 (pidatil] Sl LEY) Adlisall o da gasia Gidads (g Al ) ALl Jiai a2
ol Ala 8 (<) 48] o) 3 gl Al A (4) 45L8) 0585 O Ll s s cgmgadall (i 00 jlaasyllade
AA

rade = ——
& AB

:ERRORS AND MISTAKES 1&g ¢ UadY)

4adll o= measured value i) Al o LA (e ke g8 S gl A Uadl) ) sErrors sUsAY)
Uasl) OB Sally g s 9o 550 Uasl) OB il sl e yoS) Aldial) dassl) CilS 138 ¢ trye value 4uiisall
Ll o5&

Error= measured value - true value

:- Type of ERRORS :U:aY) g1 i)

a9 plall udh ol die 3 LAY g daall (i L] ‘é_ﬂ\ c}.ki“}” 2 :Systematic E!rors dalaiial) ey i
Alial) ol @Mjfmhj.\sl\ ) Auzaly Hl) oyl gall h\&u\yup@mu&@hj

0585 G WiV a5 :Accidental or Random Errors 4 sdall gf daliiiall 4 sUad¥l |
Geddle Aaa b ny (ST ¢ L) sl Ly il (S Y Leale 8 panuadl 8 aual )l LG (e ds s
Y aall () Lgie Jolaall 4,
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-: sources of errors sUsdy) jilaq

:K:‘“.'.‘:U Jbaa & [PARLAPEYA] gé gUady)
s ) 8 aadiiall Sleadl ST AN aia 8 QA dai Gaash @) 5 :Instrumental Errors 8% sUadY) |

bl el jaY lgiadia (sae paadl () 59) aliie JS&3 " Calibration ¢!

Sasi ol s JA) Al add (e alids A4 gle eUad) e 3 e o4 5 :Personal Error goaiddl giady) 2
o S Lo 81 sl Gl 15 A (e a5 M g Alse (e JS 5 ¢ Sl e g 5l 8 s
lwladl) ) el aie 3 gl g oLy

Jia e ulail) ol yal ol 4y gall Cagphall & JDEAY) A asd il 5 :Natural Errors 4wkl sUady) 3
Apusalalinall 8l jaiV g 4 guall Ol LS dlall (Ll e sha i1 ) pall da o A sl
:Mistakes B3&Y)
e b Al Joag elly e Jlia g el 5 oyl 8 LY Gy 33 gl e elhadl (e 3 )le A
I3 51,06 0 Y2 1.60 51 12 e Y2 21 055 oS el
sl ibiall SSEl LAl Gy s Jasdl Bale] ) 4iiiad Cluld o) jal 5 o) 8l 330 3alely LM V) Calis
LY GLES) (e Sy puaigl) (el
L) chaluall 3 3 gt eb Ul Tallaa Lgia Galaill (S Vs Basigh Jlee Y1 muen 8155 oLhd¥) o)) J sl ¢S
Ledsan Jia 3 el sale ) any s Ladald Liad G g je g8 DY)
oy il Ak glaal) 56 3 ]
el jall b glad) il 2
:Accuracy and Precision J43Y) g 48.1)

OS18a  Lgaal 3 d8a0) A a3 o) Aial) Al (pe Al ) il B (20 o ual & :_Accuracyadal)
bl (e G al) e i e J el any A SIS 5 1) b

@25 O Gosrall (e sl s pardl Leany (e Aulidl adll i JB1 530 e ued a5 Precisionoasy)
LY 5 A8a1) s (5531 a5y olial )l cJuzadl 485 ) plasy)

iy e ekl digia = A :O) Sua
e e S1daga =B
ol @) Uadll Aot g5 Wadll (e ot a5 oY) s

(Jonally e e Jumil ) (o) jom)

'

1 ox o
ox'

(5 5 &Y da 53 (6 +0.020 m 55 600 m Ailesal bl Uasl (1S 13) Stiad

1 0.020

= = oy aa
30000 600
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-:Adjustment of measurements <buldll Zuaial

M) e G e Jgeanl (Sadll 4 (o s A sema daludl Jlac ) i (variable) e sY dall dadll
ALl Al Ll I o A1 Al (5 ¢ ppiiall La Jumil e Jgnanl) e Cingi ad ke 5Y kil
Most probable value Allais) Y| Aol

gLl gy (uliall yuaiall dad Jumdl Jiad Al g Most probable value 4wl sda e J pasll (1a jal
sl e 5 4y <l shasl

ceabuall Jaall sale ) Ciny 48318, 5 s 5 o) Mistakes 4 slial) cilulall (Cada) 41315 Gl
o o) Aakaiall UadA S bl musaal 2

Lot 4330 e elUndl 4 el Clluld Y1 Ll maal o3le ) (2 ¢] ) <l shadll o jal aay 3

Alee dlas) 3k alasiuly ksl SEY) dasll Clua (S Al oda 3 ¢ Random error

-:Svystematic Errors Adjustment daliiial) ¢UadY) puaial |1

Systematic Errors in Taping:-
1- Slope measurements and slope corrections Jwll Classiai o alilall Sl
2-Standardisation hdll gk b Uadd) o) Qi) Uad
3-Tension &) (e gl Uadl)
4- Temperature variations 3_l_all 4a 3 il e gilil) Uadl)
5- Sag (catenary) sbad¥) g Al Ga gilil) Uadd)
6- Combined Formula Sl Uail)

Slope measurements and slope corrections Jsll clazaai g dlilal) ciluldl) -1
Stepping can be carried out to measure a horizontal distance directly. The
maximum tape length over which this is done is 10 m. The limit the height
through which a distance is transferred to 1.5 m. This is difficult to do
properly so it is best to choose another way of measuring if possible

A D5

-

If a slope distance, L, has been measured, the horizontal distance, D, can be
obtained by determining the slope angle 0 of the ground. A theodolite is
used to measure 0, D can be obtained directly using D = L cos0

D=D1 +D2 —0—.D3
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e s — — Horizontal

D=I[l cose& L

Alternatively, the horizontal distance D can be obtained by determining the

height difference, Ah, between the end points. Levelling is used to

determine Ah and D can be obtained directly using | D?> =12 — Ah®

A

Slope distance

AH

Horizontal distance

H.D=Scosa

= (S*- AH})?

For example :

S=30.589m, a=2.5°, AH=1.334m

To calculate the horizontal distance :

H.D = 30.589 cos (2.5) =30.560 m

Or....

S =30.589 m Then H.D = (30.589% - 1.334%)"? =30.560 m

-:Standardisation i dll Jeb 8 Uadd) o) (i) Uad 2D

i gl ae s (20m,30m,50m ) by Ao cuidl g normal length  saldie ) o) (el day 3l J oha

actual Ly pill gl Jshall aay AllM Aagii g Jay pill gie g giaal) ) gall e 45 gl a5 plall 50 G
by ydll &5 e sy AN pormal length sy il gabie W) Jshall (e 4 day Jraal 5) S Jength

e a5 5S35 (a pall 13g) Lasad Jesivn 3l 5 Y1 A ol (53 8 day 5 Jia ol J sk e Janionall

Lia sl a8 o
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Al=e; = (measured- true length ) * N

Measured distance

N:

Nominal length of tape

-Adjusted distance = measured distance + Cy (Where C; = - ¢;)

true lengt h

-Adjusted distance = measured distance *
measured length

1O S

(m) Jshlls Uadll laie =g

(m)(Nominal length) 2y 2l e Jawsall au¥) Jshll = measured
s_laall 20y (Actual length) o il Jasal) J ghall =True

Loy il &y 230 = N

(Correction) U J ghlb musaaill jlase = Cp

LS 5 zmaanil) e o ) Aalal (50 o il s Zall JUA (g Auiall Aial) dilisall iluon Sy IS
ot

Example (1) A distance of 195 m was measured with a fiber tape of nominal length 30 m.
when calibrate the tape with standard invar tape was found to be 29.992 m. Calculate the
correct measured distance

e; = (measured- true length ) * N = (30-29.992) * % = 0.052m

CL =-€; =- 0.052 m
Adjusted distance = measured distance + C; = 195- 0.052 = 194.948 m
OR

true lengt h

Adjusted distance = measured distance * =195% (29.992/30)=194.948m

measured length

Example (2) A distance of 220.450 m was measured with a steel band of nominal length 30
m. On standardization the tape was found to be 30.003 m. Calculate the correct measured
distance, assuming the error is evenly distributed throughout the tape.
Solution.
Error=(measured- true length )=30-30.003= - 0.003m= -3mm per 30 m
Correction= - error
Correction for total length = (220.450/30) x 3 mm = 22 mm
Correct length is 220.450 + 0.022 = 220.472 m
Notes.-
(1) when the tape is too long, the distance measured appears too short, and the
correction is therefore positive. The reverse is the case when the tape is too short.
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Waddl ) S0 ¢ Agidal) Aaloadd) (ya ) dliall ddliadl) () 5S35 (o nbaall 2a3) s sha day ) () oS5 Laaie

i Sl 5, i e sl () oK ellile QL
Variation in tension &) 3 il oy Uadll- 3

058 Jay pill aaall Jshall b bl adll e ki el ¢l Jay i) e Jaluall 281l () 65 Ladic
Aslaall e g Aliall Alall omal s gy (530 5 Auliall diluadll i Uas Al gy Lo can) 4l sk (e Lalis

Al

(m) 230 B el asaai = Cp

(Kg) st (N) okl ie Lalusall 28ll = P

(Kg) 5 (N) 2 pall ol 2l) = P,

by )il (puin ol gl Aalia = A

() dasliall IS0 4Ll = [

(200000 N/mm?) 3 sill ¢ Jay 5l 52lal i g all Jalaa = E

oo Uslaal) S duwilada il ol 557 O cua 1482

1 kg=9.81 N, Pa=N/m’>, mm’=10°m’

Ex) Consider a 50-m tape with a cross-sectional area of 4 mm?’, a standard tension of 50 N
and a value for the modulus of elasticity of £ =210 kN/ mm”. Under a pull of 90 N the tape
would stretch by

C, =(’;—ZO)L = (50*100%10) * (90-50)) / (4* 210* 10 = 2.4 mm.

-:Variation of temperature 5,,al a3 2 i) cuw Uil -4

253 ) s Aa 0 e Al Cagplall 3 aEad) Jghall (5 sle e skl o)) (sl ¢l dda 31 ) shal ) oSG
;\JA\&-\AMLM%}IJ\J)LGJQ ‘)Jyualsﬂ\jdd.ul\u\.ﬁ'&)\)&j\%‘)ﬁ)ﬁuwhﬁ)ﬂ\&k@

C,=L.a.(T-Ts) | IETN
(m) 3l sy sl Hlaie = C,
(m) Aenlial) 280 dilaall = T,

( steel tape o = 11.2%10 per °C) e Jas yall Lgie g sivadl) salall (5 ) jal) saaill Julae = ¢
oeladll cLASiB)\);Ul{;)a:T
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Ex1) A distance of 471.4 m was measured with a steel tape. at a temperature of 16 C°.
Coefficient of expansion of steel a = 11.2*¥10° per °C. What is the corrected distance?

Ct=0.0000112 * (T-Ts) L
=0.0000112 *(16-20) *471.4 =-0.021 m
So, the corrected distance = 471.4 - 0.021 = 471.379 m

Ex2.) It is required to lay out two points in the field that will be exactly 100.0 m apart. Field
conditions indicate that the temperature of the tape will be 27 C°. What distance will be laid
out?

Ct=0.0000112 *(T-Ts)* L
=0.0000112 *(27-20) * 100.0 = +0.0078 m
So, the layout distance is 100.0+0.0078 = 100.0078m
Sag correction &l Jsi oo il Uadl) mauai-5
el (i 5l O L s S8 BTy g 4 L s (i ailin 5 )Y b 558 5l 8 ey Lovic

Ll Ll )5S emaatl) 138 5 Jagil) sl J shagll sl laia (5 sbaay (0 sil) oy il g 5 (@dalall) daiional)
::\:\S\ﬂ\ PREIPIA| O G g ¢

nW? L w.[
Cs = 2 2
24P 24p

S

;Q\ [GETEN

(m) Jshel) i = Cg
W.L = (kg) oediuall g day il 55 =W

w
Lol A kI By 3 S 05 = T = (k) Bl G anls e 05y = w

(M) Gpaieall G Jay il Jsha = L
(kg) Lliall 22l e = P
Loy Hall aladiul & je dae o) Jshall 4y sludall Sl g8l aae =

10 kg il a&ll a5 265 m dulial) d8lual) il 138 () (i j3d 50 m el 4l sha Jay 5 axdial ;Jla
010 Ailed (e latie Jay il (S 13) dagaall ddliall & oS <075 kg S Dy i3l 535 o)) s

adilgl (e dina s jie 30 Jaadll Jsh (IS 13) jAdiadla
13 L) eday il ASH (5 1) (5 5l W5 L=30 m Olé
ot W L=15 m o Jaws 5l 5 4ibiled (e dbsa IS
N385 S Ly Al G )5

W,=.75/50
W, =0.015 kg
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Sol.: slial JSall L LaS ddlusal) 45 3a5 a3

%=(5x50)+(lx15)
e 2 2 o -
Co =|5x ML) a3 | s, 075)%(50) , 4, (0.015)2(15)3
24P 24p2 24(10)2 24(10)2
C ¢ =0.0586+0.0003=0.0589m

Ll Wil ¢ 585 J shagll grama 5 Laa g
Adjusted distance = measured distance - Cs =265 -0.0589 = 264.9411 m
Combined Formula < .l Uill- 6

For converting slope distances L to horizontal distances D:

D = L — slope * standardisation * tension * temperature — sag

For vertical measurements V:

V = VM % standardisation * tension * temperature

Where, VM = measured vertical distance
e GBlae g plll O Cale 131506 m) ials Able Als 4 Csle( 20m) ean) Alph (guna Jay pd -1l
50n A0 (B Ol lee & x 285¢(1.5 kg) (SN 43)55( 5 mm? M il adaie dalisa gl die 48 )k
3e(119.95 m) (Adall alsha o) a5 day il 3 plae 3aa5 ¢ (Skg Johie Ao Lol 08 a3y (19°C ) iy
(3.5° )Y O 450 55¢10% kg/em2 Loyl 53le &5 30 dalra 5 (2.5kg) (ol 2l () Caale

-:dadl
Nominal length=20m
Actual length=19.95m
D = L - slope * standardisation + tension + temperature — sag

=il aat-

H.D = S*cos® = 506*co0s(3.5°)=505.056 m
Jiall asiat =dlilal) Adlial) — 4,88Y) 4dluall = 506 - 505.056 = 0.944m

-:Jshll 8 Uadll ol standardisation g
Actual length=19.95m ¢« Nominal length=20m

506
e; = (measured- true length ) * N = (20 -19.95) * >0 1.265 m
CL:-QL: -1.265m
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-8l o) tension pusaalis 2

c _\P-PR,L
P EA

Sl gl a5 e Jaas
Smm?

=5*10°m’

A=
(1000mm *1000mm )

E=  10° C’fn—gz * (100*100)cm?/m? =10 kg/m2

" EA _5*10—6m2*1010%92_

0.025m

-:temperature >3-4

C,=L.a.(T-Ts)
=506*0.000018*(19-20) =- 0.009108m

-. sag rsai-b
6+500 = 4l daloul)

BomaY) 3 el B Ul 69 AalS 3 e 25 paddinf Jay il o (gl

C = n.Wz.Lerz.L3

S 24p?2  24p?

1.5
25+ 1.52520 (55)%*6°
s= +
24 %52 24 %52

=| 1.877m

=SV Laala) Sy dasaal) 4l ddluall (0

D = L - slope * standardisation + tension + temperature — sag
=506 -0.944-1.265 + 0.025-0.009108 -1.877 » H.D=501.9299m

Eng:Hadi Mohammed 2020-2021



: Profile leveling 4 shl) alaliall

2308 JUA e g e Gdile la s dlatal (e )Y (L bl )JSS a st d e o
JSMWacdme il e g b AT &1y e 4 9064 hma al Sig]eyation  Dlelds )
Pars (_,,J}.H\ tﬁaﬁ.d\ daley  A8lieall HLAA) Adliay 9o g HA) g adady (]OOmcSOmczomclOm)
phaiall Jalas (py ddlisal) Jolasy Las) ala jo Eua) o plhaall Glas) g aliiad o gllaall )Y S5
dadl) alaial e (2gmaa o) Jasn) 508 it asm g Jla 8 g A Jald dilial (Say g okl
S ey JSG e diani el g0 5l e Lgiany ae afine Jady Lalaill oda (g Jaa sl Gy
Laall 138 slxial e (i )Y o
ca\_ﬁcmh&c@#éﬁﬂ\kﬂ\@dﬂ\gﬁmj%éméc‘JJ)LS\&LS.A\ Mg
Sokae sl sle il lad ) dads (il ok (Al <)) (5 5ol 3aac as
Aagiiall Ja gladll (e 22 gl las s Lagiiie Und ) 5S) 28 adaiall ade 325 53 (5 3 all Ladl)
ol @l g 3kl g e 8 LS Olisiey A gy e dagfiiise Jashad 0 5S) O Sy ¢

Sl om el (538 pall ladll Jsha e Y b dagads Al 50 (S A shal) adaall s 2ie
adda yile Jaghd sac o akalia sale 2258 apanaill Ji 5 saliail aa g Cpualy & g el (5 i
(Juadl) LAY da gladll o3a A5 jlia g Al 3 o3




profile e 3_,ke 38 [cross-section] "cross profile" s =l adaladll

A shall adalially 45 e yuraa Jshay O sSas¢ 9 el (5 S pall badll ae dalafia Jad faxial (o Jaxy
Bkl A cross-section 4w je ahlia Jaxl cross profile g sill 13 aadiuy

A 50 Jlae ) ana pan in 3]

Fili Section |5-‘,1 -r:‘:l""'

e L e e l




:Stations <Uasal)

aa) sl ddasal) ccilasall albasy aylay ddass (pa & g pdial (5 3S pall Jadll ass Al Lal@il) axy e jun
«(0+00) sl Zero-station (0)ihsall g 5 piall Aoy ddais ) i s 100 m s sbost

Full stations 4LlS Gllaas Lgple (3lay 100 m Sliebia ddaadll 2da (o ladey ¢ o< il Laladl)

o ALK Sillandll (g o8 A L) L) 03400, 02+00, 01+00 51 300, 200, 100 S
JXa 5 13465.50 s plus stations AluSill cilasall,

1da] ghal) adalial) any g Ja i ghad

JS e g hala) 0 48l s Ground line elevations depkall (i j¥) Culic alagl -)
(L) Bl (o Leliiad (S 5,4 usil) J san Aol 53 gl § Cillasa

tob LS g o lasil A (e 4nalie Alag) &3 Grade Line g sisal) (s S jall Jadd) (i) avanat -Y

Ah

Slop(s) = —
p(s) ~
Ah = h2 —hl

Grade (2) = Grade (1) + S. d
VAh — S ° d Eng:Hadi Mohammed2020/2021...Leveling



A T b SF o+ -
Opadd R P 3R

g = —

TRLL -ﬂ,Tli_-']jrl -"._Eln.-_'-l:IJI
OSGYL zesay (LY @ guia) = yitall (o gpusiall g (nasdall (a j¥1) il G sasiall ) a0 ey ¥
.&j)i.d\ Glasa (e ddasaa (K Lﬁ (Qéﬂ\) ea)l\j (C.L:sl\) sl Glae ) Al

Ground Level — Grade Level = + .....cut aké
Ground Level — Grade Level = ... fill & -

Ex).The following readings were taken for soil dam to each 10 m respectively as
stations:

(1.38,1.34,1.33,1.59, 1.86, 2.09, 2.10, 1.18, 1.52, 1.50, 1.49) m

The turning points were stations 0+30, 0+50 and 0+60.

1-Compute all ground elevations.

2-Determine depth of cut and fill areas if you know the height of fill at zero
station, 0+30, and last station equal to 2m, 3m and 2.5m respectively.

3- Draw profile with suitable scale vertical & horizontal.

Let elevation of zero station 1s S0m
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Sol :

. Ground : :

Station | B.S 1.S F.S H.I _ Grade Elevation | cut | Fill
elevation

0+00 | 1.38 51.38 50.00 52.00=(50+2) 2.00
0+10 1.34 50.04
0+20 1.33 50.05

0+30 | 1.86 1.59 | (51.65)| 49.79 52.79=(49.79+3) 3
0+40 2.09 49.56
0+50 | 1.18 2.10 | (50.73) | 49.55
0+60 | 1.50 1.52 | (50.71) | 49.21

0+70 1.49 49.22 51.72=(49.22+2.5) 2.5

>B.S —)FES = Last Elev. — First Elev.
5.92-6.7 = 4922-50.00=-0.78 OK.

Grade

(1)

slope=S=

22.79-92:00-10.0263=+2.63%

Grade( 2 )slope = (51.72-52.79) / 40 =- 0.02675m =-2.67%
=GradeElevation ,, +5.d =52.00+0.0263x10=52.263m

..Grade Elevation

(2)

D
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Grade Elevation2+0)= Grade Elevation 1 —8.d=52.79 —(10*0.02675)= 52.52m
Grade Elevation3+s0 = Grade Elevation 1 —8.d=52.79 —(20*0.02675)= 52.25m
H.S = Distance on map/distance on ground = 15cm/ (70*100cm)= 1/500
V.S=10/4*100=1/40 =1/ 50.

, Ground Grade ,
Station | B.S 1.S F.S H.I _ _ cut Fill
elevation | Elevation
0+00 | 1.38 51.38 50.00 52.00 2.00
0+10 1.34 50.04 52.263 2.223
0+20 1.33 50.05 52.526 2.476
0+30 | 1.86 1.59 |(51.65) 49.79 52.79 3
0+40 2.09 49.56 52.52 2.96
0+50 | 1.18 2.10 |[(50.73) 49.55 52.25 2.7
0+60 | 1.50 1.52 |(50.71) 49.21 51.99 2.78
0+70 1.49 49.22 51.72 2.5
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Scale 1/50

(m)

=2 Elewvations

n
n
I

B
n =
L

52.0

1.5

51.0—

50.5—

49.0—

[~

0+00

\%

0+10

|
0+20

0+30 0+40
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0+50

0+60

|
0+70
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Ex 2 ) In the elevation procedure the following readings were taken to each 75m
respectively as stations between two B.Ms, B.M.1 (elevation = 37.50 m) to B.M.2
(elevation = 34.56 m)
1.25,1.307, 0.71, 2.05, 3.15, 2.05, 1.75, 3.05, 2.18, 1.65 , 3.29
If you know that stations 0+75, 3+00 were turning points, answer the following:
1- Reduce the levels of stations

2-Determine depth of cut and fill areas if you know the slope of this road is

decreasing with ratio (0.12m%) starting from B.M1 (station 0+00)
3. Test the accuracy order , (H.W) correct ground elevation and repeat solution.

St B.S 1.S F.S H.I| Elevation| Grade Cut Fill Rem
0+00 | 1.25 38.75 37.5 37.5 0 0 B.M1
0+75| 0.71 1.307 | 38.153 | 37.443 37.41 | 0.033 TP1
1+50 2.05 36.103 37.32 1.217
2+25 3.15 35.003 37.23 2.227
3400 | 1.75 2.05 37.853 | 36.103 37.14 1.037 | TP2
3+75 3.03 34.823 37.05 2.227
4+50 2.18 35.673 36.96 1.287
5+25 1.65 36.203 36.87 0.667
6+00 3.29 34.563 36.78 2.217 | B.M2

A >=3.71 > =6.64714di Mohammed2042,@3 7Leveing




2B.S —)FES = Last Elev. — First Elev.

3.71 — 6.647 =34.563 - 37.5=-2.937 OK.

Grade =slope= -0.12% =-12cmin 100m

If distance equal to 75m, the slope = (-0.12/100 )*75= - 0.09m =-9cm 1n 75m

Total error = Calculated Elev. of B.M-Actual Elev. of B.m

So the closure error = 34.563 — 34.56 = 0.003m
Accuracy criterion =C/K =4 *(0.6)%> =3.1 mm (The workis first degree)

4 Eng:Hadi Mohammed2020/2021...Leveling
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2
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2 UadY) ¢ p odl) 13 Jilall Ja il glad

;S 6 YA e (mean) oebsl) o dad dlag) o ]

A O e (vi) Uadd) dad sl o 2

(0%;) P iapal SN lge sane dlag) ol Vi af (e dal JS 22 533

Best value = x' + oX|

_oX, . .. \ )
G)C'I-I-T’ G54l e (ox') Al b 4
n

O VY RSP i PRS- E DY PP

sl A Juadl] = |anall] + [Janall (5 lnall ol Y]

ALY g ol 13gd Jall o e Juaiy il

Ex:-The distance between two points A and B was measured ten times, and the
measurements were as follows: 250.32, 250.36, 250.33, 250.37, 250.38, 250.34, 250.33,
250.35, 250.35, 250.37 Find the best value for the distance AB.

Sol:-
(m) el Al (x)) | X'(m) (Xi- X') = (m) &) $B3Y) (v) (v))* (m)’
250.32 250.32 — 250.35 =—0.03 0.0009
250.36 250.36 — 250.35 = 0.01 0.0001
250.33 250.33 —250.35 =—0.02 0.0004
250.37 250.37 — 250.35 = 0.02 0.0004
250.38 le)) +0.03 0.0009
250.34 — ~0.01 0.0001
250.33 W —0.02 0.0004
250.35 N 0 0
250.35 0 0
250.37 +0.02 0.0004
>=2503.5 >=0.000 >=0.0036
X'= le; - 251003‘5 ~250.35m

Lecturer:Hadi Mohammed 2020
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3 /0'0336 —30.02m

L% _ 002
RN

Best value = 250.35+0.006 m
Ex:lts standard error angle is (+36"), and its standard deviation (+0.05°), so how
many times the measurement is repeated to reach the required accuracy.

rdainall o) Undl) Jana ) jaciuly o o83 o
=+0.006m =+0.6cm

- dall
180 "=3600*0.05 Glas gl as g
Gx'=$ﬂ
Jn
36:$% n =258 3 e

:ﬂw‘}@\ﬂﬂ\&ﬁ‘
,ﬁgg\ﬁ&s@a\w\bn@cf&%u;uﬁ&&wﬁw\ﬁ@:\#\&gmg
Ay o) A e il ) Aanie dilue & Uad ol alag) 8 Uad 5 ga ddai anall ol daliall 8 Unald) alay) Sl
J3Sa g A Y il 1) 8 eUadl o sa g At Caliall ZAIAN Ay of 1) 8 Ul

u..y.Lu_)S FEPTS J\A,)JHQP(EHQI' propagat@on) adll b M).Lu e\dii..u\_j J...u\_\.d\;)gc sl a_tl.uu;\ela
ek WS s el bl e Undll alag) ollaall il (pmg s pdilae Uad L ) Gl il

oy=¢J[§l]( o) +(afj( ) +[af]<—)
xl 82
1O) S

Y= Al d) e ki) Las) i = gy
Q\M SJ&M‘ ‘L"""Lﬁh 9&3{2\ dJM J\JS.A = @Cll, @C'Z’ . mln

e piie ) e 1 6 o) i) = (@Mij ....... [i]
ox, Ox,

Example 1:
A straight line AB was measured with a steel tape of nominal length 30 m. On

standardization the tape was found to be 30.015 m. Calculate the most probable value of
distance AB and its standard error.
AE=116.245m, 116.232m ,116.238m, 116.253 m

EB=87.256m £+ 0.02m A E B
bl Jay il aall e Jghll ce Al dpallail) pUadY) aal -1
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true lengt h

Adjusted distance = measured distance *
measured length

Jarall Glwa -2

P x1+x2+x3+x4
X' = " =116.300m

gl Wil A Gl -3

Z(xl.—x')2 _ 2‘%—2

ox, == =
n—1 n—1

V1=x1-x'=116.303 — 116.300 = 3mm
V2 =x2—x'=116.290 — 116.300 = - 10mm
V3 =x3—x'=116.296 — 116.300 = - 4mm
V4 =x4— x'=116.311 — 116.300 = 11mm

(3)3 +(-10)2+(-)2+ (11)2 _ 5

Oxi =% ( A1 ) T =%9.055mm
¢Sl Ul Glua -4
. _OX v (ox)
GXI-l-W & (ox') =

=272 -44527mm > AE=116.300 £ 0.0045m

L (mlidll Uadll g AB Adlcall dad Juabl Gila -5
AB= AE+EB
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s of oY,
o R G

dAB 0AB. o
Opp == (m)z( AE)Z + (BEB) (O-EB)Z

= [(0,5)2 Hopp)2] ™ = [(@45" +(20)* |*° = £20.5mm

M.P.V of AB = 203.556 + 0.0205m

Example 2:
In triangle ABC as shown in figure below: a=582.80+0.04 m, b=728.19+0.065 m,
0c=76°14'+20" . Compute the standard error in area of triangle.

Sol.

Mathematical model A= %a.b. sin &

o.=7 \/[ j( )+[2Aj (ob)’ [Aj (c6)’
’ 0A 0A ) OA
o= ( j( )’ (abj (ob) (a j(aa)

. 2 Oc
b.sglecj (Ga)er(a.s;ch) (Gb)2+(a.b.<:20590j (06} B —— -

14"
60

' 2
728.19 % sin[76° + 16‘:))
= (0.04)* +

2 2

582.80x Sin(76° +

) (0.065)’

582.80x728.19x cos| 76° + 14 >
N 60 [ 20" L )

2 3600 180

o, =200.083+338.445+23.972 2> o, =F2371Tm
A= %x 582.80x728.19 x sin(76° + %) =206098.928 m’

. A=206098.829F23.717 m’
&/ (in,cos,.... )lial Jgill ga Jaleli Lasic 4 b chai ) gl i) Joad pdibiad] i (il glinl) LB £ gdsga ([ :ALin
T
i gl din g o Jariy @ Nthalls by pua

Example 3:(H.W)
If three angles of a triangle each have a standard error of £ 2", what is the total error (o7) in

the triangle?
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E N
100 - 100
130 < 110
150 :r::::ﬁ_:j::- 90
140 = :}H:::. 70
110 = :_Hf:j;: 60
100 < 100

150

100

50

A B
— i
B D
| E
1 | 1 | |
50 100 150

2A=[|(100%110+130%90+150%70+140%60+110%100) —
(100%130+110*150+90%140+70*%110+60%100)
2A =3200m* =2 A =1600 m?
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Road Survey for Profile = And Cross Sections

Plan showing Road Center Line CL and location of main stations
along Route with Location of Instrument for taking Leveling
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Road View gm0 |

I Station 0+00
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Example: the cross section have been drawn on graph paper by vertical scale 1/50 and horizontal
1/500. calculate cross section area when cover 82 Square on paper?

As per scale; V.S 1cm=0.5m, HS 1cm=5m

Area of 1 Square =0.5 X5=2.5m?
For section; Area = 82 X 2.5 m2 =205 m?
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:Area Measurement for Cross-Sections 4xa_al) ablial) daluce Gilaa,
rea G A gl A gaal) alasiialy (538 pall Tadd) alaial e yayY) mhand skl adaiall e J gl 3
u'aj‘)(\ GL“"J GJJJ:J\ cl_-é_d\ A ) (u Stations clasally o (100 m) IS A ) 58 e dalail) canalia

.Grade Line sl Jady ey g dima Oldial go 2 g U8 il

el B ooy (bl i) Lo Ui gae ¢80 53015 im 391 geland i pal il e eanl
g @ ol 5 Lisay 5 3S pall el ula e Blaill cuilie cauni Cus Cross-section leveling m)d\
cimgm)d\cbsaj\qmun(y1005\ﬂsoj\ﬂzo)g_\umud\mjwumdﬁ@aﬂ\

u.\.\.\\;j\ PN (_,’_L\BM J\JA.IY\} UAJ\)[\ C.huj ;.\.uu‘)“
Ayl adaliall (e A ) JISET 45005 clllia
:Cut Section (ah?) Jis akada |
sLaiy) mdans (e G guaia e d ()Y s ) 5S5 Cua

~:Fill Section ((83) a2y gdaia .
LY s (e Lsasia (ol gl ()Y mda (580 das

:Hill- Side section (J3) il o &l‘m) (il adada oz
&0 sl 5 sLaiY) e (e Guila (B L guia e (o )Y) C-Lw GsS dus
(sl Gl (A iy a) e gsing il (51) DAY i)
O Al iy oz e ,:L.s.a <Y Side Slope (slall JlaaiV Co ey
— o Aul Jeall i g 48y Adlual) Cilas g (e 22 ) mb«a\.u? oJS; \
3

WA | —
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1A pl) adalial) dalue Gilaald dglual) (3 k)
(U Y sl 2a) 5 (o sanin) siuse adaite dalise il - )
A=d (b +S.d)

|_ S d |_ b |_ S d | ground

(UL rdand (i EOB) G sluse A3 (53 i e adaie dalue Clus Y

A=%{%[a’R+dL}+d()ﬁ?+XZ)}

:(u'aﬁ!\ GL.HJ BAxla L_u.ul_m) Al gosall daata ciau daliwe wlua =Y

Sall 48 281l ol ) (g giusal) 8 Callaa) g gd ah Cua cLSIAY) 0 08 aadti Allad) sa 8
patall 4 a8l ol il )l (6 & Dlblaa) a8 a4 &y Slaay) G 8 aadt =
y-axis Aaluadl) Glua &5y &3 (a5 adaiall 43 Sall Jaliil) 48]

Lox1
Prx7.y 1) ‘Lﬁ P1(x1,y1)

= JP2(x2,y2)
P3(x3,y3)

\, 7 . - -
O\) ! AN "y A 4 z b
P6(x6,y6) S\ P4(Xf’y4) u-ula (:\ W) Sy .L.ha).a
— 1) e ] T TN
% = — X_aXiS ckmj\ dl< nny d.\ .n\“d. ‘—’\ﬁ-’\ ) S :y\

ALl dua yall
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2- Dividing the area into regular shapes, such as, triangles, rectangular, trapezoids
etc.(b=20m).

Staf Cross-section
on L. C.L. R. Station 135+100

Station c4.0 c6.0 c12.0

135+100 16.0 0 28.0

Station c2.0 c3.0 c8.0

135+200 13.0 0 22.0

6+4  4x6 6+12 18x12 |

Al:(‘ %16 ’]+( % 28— 2212 keotem ] 28m .
2 2 2 2
Similarly, for station 135+200:
A, =103 m?2 L13m 2m
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Calculation of Area Using Coordinates Method

= Difference in Elevation between CL of Grade Line and i point
X;= Distance in X-axis calculated from CL of grade Line.

|

=

Py { Ax,Ay4)

Pa( Xs, Ay Pa { Xa, Ay
Py [ X34y

Py [ XrAyr)

P P *
] P |
( Xe.0) (0,0 (%0)
m | JHE | x3 | ;;54 | ¥E | ] | X7 | KE.’ | x®
R y5 y6 ¥7 I ye

*aﬂﬁ—ﬁw%* *':L*

2A=( X1.Ay2 + X2.Ay3 + X3.A3 + X8.Ay9)- Ay1.X2 + Ay2.X3 + Ay3.X4 +
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05 E£X:
( [-Compute area of fill when x-axis represent M.S.L.

G 51 ol vais 2-Compute area of fill when x-axis represent Grade.L.
b 1Y) s SOL:

l A B C D E F G A

7100 o -33
I
1Y o . my, \0 24 20 36 35 5 VI VA s 24 V54
ik ) - Z2A=( (5" 20+21*22+% . ccccccu-.. +(-5*24))
| ,w..ﬂ Moo —(24*21+20*2+__..... +24*5)
19 = (-414)- (-228) = -186
_ | -186 »
= > —r— A= 93mMm

2-Compute area of fill when x-axis represent Grade.L

A B ¢ D E F G A
5\ 21 - -5 5
YICPTIY. LR 17 -24 24 -24 24 -24
2A= (-20-42-10-0 + 42 - 0 - 0)-(0-8-0+30+99+35+0)
= (-30) -(156) =-186

_ | -186 ,
—‘— —r— A= 93m

AR
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Engincering Surveying
Surveying defined

Surveying is the art and science of measuring distances , angles , and positions on or near
the surface of the earth.

Survey field measurements include horizontal and slope distances, vertical distances, and
horizontal and vertical angles. In addition to taking measurements in the field, the surveyor

can derive related distances and directions through geometric and trigonometric analysis.
:(General concept of surveying) 4aluall alall a ggdal)

oY) b B ) e @l sall mass Ll g 315 clilsall Gl aly (g 531 alall ) Cll oo

403 sl 5 A8Y) Dppil) a8) gl Gl @lla 5 g Jaladia o) adaia 5l Ak A Gray () ) o bl s2a Jiia ¢
sl Claliall Glual o) (V) o e Gl 5 Llad (4l )

Ciladaise) Apralall ) glall a5 Jiial Luliall 3kl 3 Gy (g ale Ll e Aaluall Ca et ) oS Sl
zeal o A gy a38) Ay Lol pa o (L1 o) gy s YA 5 9 il ya 1) oLl s Jy gmtl A 531 sl

sl Jles Y Cpaati dalual) ) geitind Ciy 2dl) A g

sbadl ) g ¥ mdas e 38l Jalid Al 1) 5 A8 a8) gall g Cililan) (pes
ol s (6 e Jie (Datum) AEal) mdas (5 ghue () Al Ame Jalis Cuplia dlay)
L)Y G il IS aaas

lelala) (s 5 Clagivsal) J) shal alay)

ol )Y adadl (Lgie dpiniall 5 dagiivuall) 430 ganll Lo ghadll a8 gy

.ol ) adad Clalie s

N o WM R

A ) i) Al s Al il el o saa s

Types of Surveys sdalal) £ gl

s 484l dua ha (e o ) Aabcall andl]

1. Plane survey : is that type of survey in which the surface of the earth is considered to
be a plane for all (x) and (y) dimensions, all (z) dimensions (heights) are referenced to
the surface of the earth's reference (datum) usually mean sea level.

:(Plane Surveying) 43 siwall daluall,]

d\;@mmdag_us\c}u..uch.mur_thcUAJY\G.L“&}MAA”&J\QM\UA&}J\JJ@}
44 giual) QM\L;)LNLY\)L.UA;\J =Y S Gl Ll Gleld )l paat Alla A Ll e 488 ad) gall s
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) Engincering Surveying
13 Lot s siall 5 3 pieeall cililosall andinst g Lol cleldi )l latial Alla 8 (ugale ()5S Sl ili o <0
A sisall dalisall £ 53 e 58 grasall (o aaall Al L8
2. Geodetic surveys : is that type of survey in which the surface of the earth is
considered to be spherical ( actually an ellipsoid ) for (A) and (¢) dimensions,
the (h) dimensions (heights) are also referenced to the surface of the earth's reference
(datum) usually mean sea level.

(This type used when surveying large areas such as a whole country).
:(Geodetic Surveying) 4w g:al) Aalwall,2
Arll) Cilalisall andin g o sSall) sl (V) IS Glaal) 8 auzay 63 daluall (e g sill Glld o

Ay SIV) 8 e YIS A8al 8 e 5 head et 1A cAdia) @l 8 Alle 48 (bl Jlae W) 038 Jie o)) aa
. (DGPS)J! 5 jea s diaal

A gaal) cllaay) Jhiay Jsd

il gouall £1530 aal

) dilia) dag ) ) Lalacad) Jee¥) anadii (Say *
a ) maddl 1

PPRVEPTEN )

el sl 3

(s Sssl 4

:Land Surveying a3 el 1

tleaa) L“;”J\) 40 gl Al t\}a\ & e Jaidng
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Engincering Surveying
:(Cadastral Surveying)  Aliwilsl) mwal) 1 .1

s agaall cudi ) aly lai e l)3l) b1 Ak dgaa dlag) V) el e gl 138 aiay
ey JskY) 4 e

:(Topographic Surveying) 2,&gshll muall 2 .1
ens A ) bl it Adajla sy} Ay paiall il shaall ey o)V sl (pa sl 12 (i
AEY1 L3l A8y clilal) by 2891 adlgal) Gaans Jaad) Jadiys e lidaa )y dnplal) (i)l
e Lalai] 4y guiil) Aanl sy Capsliall (i (horizontal control ) &Y laually causally Aipes Lalal
.(Vertical control) qasfll Jaszally slassally

\ W\ » N

488 sush ddyla Jiay JSd
:(Route Surveying) <lually 3 hll e 3 .1

Losha ¢(phll Jio cclYlai¥y clalsall Jaghi o Liils araaiy Jasadiy Glaty daluall (e gl 12
@3Sl Tadl) e Jend) Jaiy ) ven clgilly e Jaghad (il eSU (g5l o capaal) SIS
grade ) Jaaidl had apeiais adaliall 038 auys dpaye adaliag (53Spall adll gk adaie 34 cp g il
Maje s small Jie @yl dalall clinal adlge capfig Al asaall Gluss (line

:( Municipal Surveying) ¢!l e 4 .1
&ilse 2ty (glaally o lall il Jaghd s )l o LIS ¢aal) Japhadty alual) G gsill 128 (it
Maje s el g laally Aoyl Shhe s dpaal) 5Shally Guplaall Jie dgenaldl 351

:(Hydrographic Surveying) 4ilal daluall 5 .1

e sish e shal Cillinas Jlass b Oledl e Akl Cladanidl say ity g3 gl Ay
Sally ALalal) el Aaadle s olsal) (slat slals Ll A syl hal auss Jialsedly 1 Lol 50
Al ol (s 5l
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Engincering Surveying
(survey of Construction) cliia)) zwa 6 .1
s Alany canst Al Aljla o ol Liie 8 Aipee Jalis (cle i) 5l 388Y) lilaal1) adlse aa dglee ()
p A sl ey Jalye 6 8 2o )y L)
gl calslall 34 .1
Ailg Glaslre ) cbliad) @l Jyeatl AP cbliad) e lyal .2
i Glaglas J5 o o) (cunlio ¢ Gllaal) el Glaglae JO5 o L) Aldl) Slesladl) Jia .3
(Ada)ly)
(Engineering surveying) gl zewal) 7 .1
Tpul g Y Bl il (s ey Lo lgie 2aEa )l Cilagusall (o S 220 adig rasall e Jay
s psaall s Clalual) Clua s 4 shall g 4 2l Leadalie Gl

(Geodesy) (sl .2

Llas & oz W) dall A o Ll liliae mdaliall o )W) JSE Slie W) s 38k Gl gl (e g il 13
b sl g dnandatll hbualy I e (6 AT Gl Hy &) ganina B202a

:(Photogrammetric Surveying) s 3 ¢ saill el 3

iau o sall e sl A )l Clldane (e Adaill) 4 2 53 gl) ) saaall (o Ll 23 analy el (e g 5ill 12
g ASa) 5 5,5 Jpnaldt e Jgeanl) caall Slad) e s daludll (o g i) 138 ey Auald yy seal Y
D L B _pieall clalisall (B Gigllae e 5 CilSa < g i b 43S elend) J g ) Canaay 1 Bl
A Sl VL) 8 s geaall e il 138 alasul

48 )5 alide jua Ll yal) Ul A Gy (31 0l g alall g8 jLaidls ;(Cartography) QA’USJSJ\SJ‘ 4
cmal sall g Al )l sl aladiuly o) Gl 4y 50 ¢ A )

=7 edl) Silaa g
‘ool las 5 e Ole g3 Slllia

linear measurement units adll (bl Sl - 1,
angular units of measurement 4530 Gsldll Qs - 2,
-;Z\.,.hﬁ\ ol Sas g -
Agkadl) Gubll clas ob lallas as g

(s Siall aldai) -1
ot oal! I SV (e allail) 13a cilas
KM el Led 3o s sia skll- 1

M 3alb ld e ng yiall - 2
1km=1000m ¢ Cus

Cm 3e0lb ld 3a s slagibudl -3

1m=100cm ¢ Cus

mm el W ey seddl - 4
1cm=10mm ) &
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Engincering Surveying

m e ld g ey Sl -5

1TmMm=1000y m O S

-_ngjgls.i‘g\ @LBJS\ -2
¥l A S e AUl A Cilas g
Mile — ft——inch
1in=254cm
1ft=12in,
1ft =30.48 cm
1Tm=23.28 ft
1m=39.37in

1 km = 0.621 mile

M? < (Area) Aalual) (s

100 M? = (s sy 531 (Olk) gl
2500 M*=(Donum) aisall 5

.10000 M? =(Hectare) Sl s

10000 M?= &li5l 100 = ais2 4 = Ji€a 1

M35 cM3 ~"Volume" axall Ll

¥ ox ‘v, x
addl) |ee— [ 32, | ee—— | )

i) | @€—— | Al e | A gl

dud ghall ilaa ol) adad s (L sl
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Engincering Surveying

Angular units of measurement 4/l Gulill cias g
A 3 Ll Calaa ol Aalad) A5 cllla
: "degree" (i) aUail) -1
degree 4s 2 360 N AUaill 1aa 3 B yilall awdl Cua
17 35 ey ALY 638 (e and S s B0 () ansie 2 JS 5 cinute () s 60 ) pusis da o OS5
(") ¢ ens,)1second

1°=60"
1' =60"
1°=3600"

: "grad" gl pllaill 22

400 9 (s s 530 Jassa ) 51 (g) ) (grad) e asd US| and 400 uJ‘ 8 A Lsna oy Uil 138 A
. (cg) s "centigrade" IS s lgie h\; K o2 and100 ) anty 350 and K

(ccg)s' centicentigrad S iis i lete aud JS et and 100 o) auiy S e JS
(100*100*400) °°® = (100%400) @ =400 9 =35 il L=

- :"Radian" (k) gl bl - 3
B Hld Ciual gl alsh (g il (B () ALEL 4 S el 40 50 Jiadg(rad) & 1 A oalll Bas

:-O\ Lﬁ‘
2mR rad=360°R
2t rad=360°
360 o coo y
‘IIIII Z— 57 .29577951°=57°17'44.81
180°

1md-

\ "u\___._‘,’r‘ |
.\-\ Sﬁn /“Ill

E

ol AT s an g Sl das s L 0.5 rad e loEe 43— 5a
—rdad
15:“ * g onhall sl s g 5 aes = Skl LW a4l 5l 4

180 . <
T

g oiall il 3 50 Fas _sle | (1271526 ™) e _jlome 41403 — 1 J\a

—rdadt

IB[I # il Uil A gl 30 S es—(rad) (o oilail A=A S ) Gl das

rad——( E+£}
180 £0 3400
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Engincering Surveying

=1Ll g3l (Ll dalai) O Jagadll

- 1. 1111111°K =

% 0.9
/’130
T W, —
X 180 .

3l

) s 3 l® adBS e o oSl

Ex1:- Convert 3729 62°9 85°9 to 1-D.M.S , 2- Radian

85 .
Sl:. ——+62=62.85 %9
100

5
+372=372.62859
100

1- 372.6285*0.9=335.36565 =335 21 56.34
2- 372.6285*(w/200)=5.853234791rad

H.W:-1- Convert 360 00 56.34 to 1-grad  2- Radian

2- Convert 238544m> TO Hectare, Donum, Olk

3- Convert 12 Hectare, 5 Donum and 5 Olk to M?

4- Convert 0.999 to 1-D.S.M 2-grad  3- Radian

rad
5- Convert 6.35 to l-grad 2-D.S.M

6- Convert 720 00 00.01 to 1-grad  2- Radian
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Engincering Surveying
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