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Method of chaining on level ground:-
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Fig. 1.9 Stepping Method
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v By measuring the slope with a clinometer
v By applying hypotenusal allowance
v By knowing the difference of level between the points
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By applying hypotenuse allowance:-
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f=angle of slope measured by clinometer or abney level
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Setting out straight lines over a hill:-

[0




(c) ketabton.com: The Digital Library

K g gw

b i 5 Pl 0533 o2 (pien D p po a0 55 S
4}'&‘?#”#}éﬁb%bﬁ@édbgﬂb%j;msz
w5033 5l pypw Sl b ginpwg e by ekt

,§o>M|agﬂl;xﬂ :jlcé:o),,aagﬁjf'&;

- Steplf,»le

o gomS IS anl :g;,\.‘aj.é:ujlyei‘_s_ilaoﬁDle 3848
9l o sl 3B I A Jd)_,_ao»jdl_iah)f@wdfywjb
jlwbt_.S,LL.a.:BﬂA:.\_.;bA_:,_la.u:DﬂC:a.__ﬁ.ulm
E)Djlci&sigjjbﬂﬂ}-hbJB)'A)@AMQ& BV

NIRRT SR
(4]




(c) ketabton.com: The Digital Library

RCTTT
ol

T

.
PLAN
LR
ey,
S g
\ i
rees \
A

Fig. 14a Setting out a straight line over a hill, Step 1
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Fig. 14b Setting out a straight line over a hill, Step 2
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Fig. 14c Setting out a straight line over a hill, Step 3
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Fig. 14d Setting out a straight line over a hill, Step 4
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To find the height of an object by using only tape
and ranging rod:-

TS Doosmagaa bl Jais JSlag se iyl sl
.gijlﬂM&)|M_3.é}Jj‘;d)uﬂjJ‘buﬁ
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PE/CE=DD1/CD here CD=AB
CE=AT

PE=DD1XEC/CD
PE=DD1XAT/AB

Height of tower =PE+ET

(%]




(c) ketabton.com: The Digital Library

=

- g g
P
,/
—
//
r
-
-
//
p,| -
-
-
//
- E
i A A e P T i i A o (i G i i i G i i v G i A A A i e rardrad
T

Fig. 1.21

_;oM‘J\gkléé&gi@jﬁoj\ﬁ\dmiﬁégggﬂd

Errors and mistake in chaining:-

-: errorlaké
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oSl hed 5l Slad 985 JsiSss Slad J St 5l5s 2500

-:mistake ot

ydj;‘f‘}lJbéﬁbJ-Jd‘;bl‘fJ‘}}sbjlu\élDbLﬂwdA"
}ﬂde—j@bﬂ).ﬁA—’w}

7]

el Jaf




(c) ketabton.com: The Digital Library

K g gw

—:JJJA.‘;U’AJ‘:;E.LE- Jdb_a'ywéb
Al 0 A AT A g3 g

Temperature correction:-

LJJJ_BA_%,.J.soJ_JA_IL;l,_JL_.J@bJ:@)::@):‘,_a:
ujyﬁJMSJéu)Mdau@@|JchL;|jﬁL.u.”‘,.sb)
.j;biuﬁwl

CT=a(Tm-T0) L

Qj@b}‘d?jbﬁéct
%;;%J.":LL....'JIG‘QI?:(X
ééo:&u|&éﬁad&)iméﬁbﬁ°Tm
ojgsﬁaa:@J:é)nga‘,s:TO
s> Flssysl sl
IS o A1 Al glg0a )93 5682 glgdsa

Pull correction:-
ol gbbaisn Sessa ol su b su 2z s
éﬁb)|b|%ﬁé0)roéagﬂ&u)b0334.05l:oAJL:a)’A.‘:

Cp= (Pm-P0) xL/AE
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55045 5 lere oJ503,155P0
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wL._..ocb.u:w.e;A
PRSP TONE SN S
ke ey yais ) Al Jaa a
Slope correction (Ch.):-
sﬁz’?‘Lt‘:’°J“JJ%g§v\5s4ﬁ%§
Ch =I-Viz2 — h2
Ch=L (1-cosa) ,2—?:Ch
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Sag correction:-
w5 el o5l o2 514 Lo 2 b 3 S wd iy Jlerial PR
Y S o iS5 Yy 2 S
jjfo:u.:dasjyjé&;,\s“ﬂ:&;;[whﬁ&b o5 5 59;-"%*.3“3%‘*5

_ L(wL)2
24n2p2m

G5 (5 e g3 5 S5 ARe 035 b 53 24502 45
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5= Lw2
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K g
Ao (SO o an S 05l g‘;1.4[:’.5&5.,\.’»[.3a~.la_..¢;|‘,,'g do i3
Chain correction:-

- edle Jof

o5l Jals Slad JgSeslals Jlgsysl Lakes
Correction to incorrect length
True length of line (TL) :5 X measured length(ML)
L=standard length

L'=true length xerror
=L+e (e=error in chain or tape, when it’s too long or short)
%uwgﬁﬁjléjéagjl »ﬂ@o:éu)ymmuﬂ.cw
. -;;ﬁu\ﬁ‘_gbbg;QJﬂw
- ol p g
‘1;”9’“-"*4’.. 5o 5la)coluws

Correction of incorrect area:-
True area = (L'/L)*x measured area

Jl> ™9

Hypotenusal allowance:-

(51
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Hypotenusal allowance per tape=L(sece -1)
&55‘;]3393‘6:.:53 L
8 a)..\}lgxfsbém;; U

lasysls sudso, s aioass,luie hypotensual allowance » >

-1 dsulaa Lald 88 s duly 3 oAb ey
Problem related to sloping ground:-
amu%,zslﬂuﬁoazaomwu@u@wﬁmm,ﬁmm
.&sj&ﬁv:1O$Q3|joﬁl¢:ﬁﬁ6é§|%@;ﬂ&gé
.éjSmc;jLéJtLéﬁJhé:ﬁ;‘,bbé: IPUSTIRWYY
Horizontal distance AB=280c0s10°=278.60m

Bi

A 10
(b) B Cosq =-10.
Vioy
Fig. P.1.10 (b)
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Unites of Measurement <laalg s S » il

‘z;)_:’ua;3|%;?¢Jmlatij%;%;3ﬂﬁﬁolpljc_@nm
($2Js NV g s o & s 5 3l

Q'..\}I_jd.ll‘j::)ﬁ'b

1foot=12 inch ~ 5.5yards=1rod or pole
4pole= (66) Ft=1chain

lyard=3feet 10chain=1furlong 8furlong=1mile
1linch=2.54cm  1mile=1760yard=5280feet=1.609km

1foot=0.3048m  10decamtere=1hectametre
10hectametre=1kilometre

Slasly oSy scorlunes
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100m®=lare (a) 100ares=lhectare ~ 100hectare=1km?
640acres=1mile

1hectere=2.47acres

-: Scale gukia
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representative factor e o g3 2> 555 eslinl w20 4o s

15 e 531005 (Sws s 5l 63113 S aid g Lz 5, s (RF)
S5 e

Representative factor (RF) = dmap/Diand
RF=1/1000

A 0w e e ol ST s wldes Saiiay 2oL
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RF>1:1000

RF=1/1000 and 1/10,000
ool £z S
RF<1/10,000
35 50slinal L e (S 0 (2 5,55 055 bo)bs sl
4 35 s 4aS 435 0.25mm :Mueﬂj‘,uejaawﬁd&
S oz b aban] 5y 58w s plsls SO, po 60
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1-plain scale
2-daigonal scale

1okl bl
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L;uJ,odsuyj......»jZOCmg;l):”lJﬁwLm 345 5> &S
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Fig. 11.8. Diagonral scale
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e=3cm=0.03m ,luie Llé s Sarda

L’=L+e =20+0.03=20.03m
Measured length=327m

True lengthof Iine:%xML
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TX327=327.49m
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Distance between stations on map= % =35m
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Wols > a5 Lo > a3 =35X50=1750m

- A.Q.’;b m;b
. RF of 1
True distance=—————5°"2C y1neassured length
RF of correct scale
50x100
True dlstance— x3500 = 1750m
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1em=40m Lo oidss

1cm2=1600m’
wobus anl 5 Se32=1600x132.0184=211,229.44m°

8 3,5/0.05m S 0SS
X211, 229.44=212,286.90m?=21.2286 hectare

>20C° SESSISIPRSPI [ UL FSPRPPEEN P PU TPURN[PONppT
9le310Kg o o8 g Lame o, s 2o o33 g Y (S S Ble
A>3 90y :éou.«,’w >0 51a) 435 15kg ;:A.lmlé&gj,&;)l.\sl
a3 345 p 45 553 T80M Aol g 51451 o 5303 32C°
$50=11x107550.693Kg 835 o ozen 583 5/ 0.03cM’ oo Loss
=55 E:2.1x106kg/cm2‘_;3j.>,_p;>_,cl.>.ajl PRI RN
S 30M a2 S s s ST syl i
' PR ACCIINCEL SR SHIWSHIPHPY gte]

3o dayg iV oledas g oS,

L=30m
A=0.03cm?
T,=20C°
a=11X10"° per C°
Po,=10kg
E=2.1x10%g/cm?
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Pn=15kg
W=0.693kg
Tm=32C°
ML=780m

) A
N=1S5 0530 $342 63,5 SSl (S30M 000 00 2 A8
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QJLéJa;IAJ%;;ja,.’SJ—l
Ct=o(Tm-To) L
Ct=11x10"%(32-20) x30=0.00396m (+Vve)
Oolss Slad g8 4 oS- 2

_(Pm—Po)xL
AXE

Cp

=0.00238m

(15-20)x30
P 0.03X2.1X1000000

stLbbj‘éJ Loul 52

Lw?2
Cs=
24n2Pm2

Cs=30x (0.693)%/24x (15)* =0.00267m (-ve)
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3 g g
Total correction=0.00396+0.00238-0.00267=+0.00367m (too
long)

L'=L+e=30.00367m

30.0033?)7x780:780.094m

-J> 2B

spNZ2 SO0 20 5856 S N SIBM s pagacd 2 alS

3ok ag | 5y sl Slal Sase s
dadl...«dug;:m 503&5}|Jé33 > o g8

Lw?2
24n2Pm?2

=30x (0.693)%/24x2%x (15)*=0.00067m (-Ve)

Total correction=0.00396+0.00238-0.00067=+0.00567m (too
long)

L'=L+e=30.00567m

30.00567x780

Sag correction=

=780.147m
ol sl
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s“*"’ :u...ub s> 0=11x10- 6C06_awj_.a,bL......g|)|6Kglcm2

€30 mP= 10kg@édbw|;mdﬁ,§|wa~l¢b$@|

L=20m
A=0.02cm?

T,=20C°
a=11X10"° per C°

Po=15kg
E=2.1x10%g/cm’

P=10kg
W=0.4kg

T,=30C°
n=1

53 P=10Kg o 45 (5 5 83, gads
Temperature correction: - Ct=o(Tm-To) L
Ct=11x10"°(30-20) x20=0.00220m (+ve)
Pull correction:-
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_(Pm—Po)xL
Cp= AXE

Cp=0.00238m (-ve)

Sag correction:-

Cs=LW?/24n*P?

=20X (0.4)*/24X (10)°=0.00133M (-Ve)

Total correction=+0.00220-0.00238-0.00133=-0.00151m
Correct horizontal distance=20-0.00151=19.99849m
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Cos50°=DE/EF
EF=DE/C0s50°=87/0.6428m=135.345m
Tang 50°=DF/DE

DF=Tan50° DE=87X1.1918=103.68m

& 30l DEG
DE/DG=Cos65"
EG=DE/C0s65°=205.90m
e
0o sopdly S b pa s 5 ;@Lmojanlp;

S e 38 b ok a3 s 5555 I A367M
> oot S N40°35' W 5/ N36" 25'E'a53 Q 5l P 353 a3 5
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g3l o ey a3 b
PA=X
AQ=367-X
o =180°-(36° 25 '+86° 35")=57°
B =86 °35'-40°35'=46°
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TA/PA=Tano---------=--=------- 1
TA=X tan57°
) JJ a4 &.«Ln.ﬁ “ QTA
TA/AQ=tan-----------=--=-------- 2

TA=(367-X)tang 460
@J)agb.ﬂjwﬁjl%gjla

X tan57°= (367-X) tang 46"

1.5399X= (367-X) 1.0355

X=147.56m

TA=147.56X1.5399=227.229m

$5227.229M (5 & A3
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PA=X
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B =180°-(43 °20'+78%) =58° 40’
oz s/ oL PTA
TA/PA=Tanq-------=---==------- 1
TA=X tan44° 20’
o wedns QTA
TA/AQ=tan----------==--=nmmnmo-- 2
TA= (517-X) tang 58° 40’
@3)&&|)w3>3|&;3|;
(517-X) tang 58° 40'= X tan44° 20'
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X=324.18m
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TA=324.18X1.5399=316.724m
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e
—3 RIVER
/ B
48°30°
P) YT — 288" 30"
D
B

< ADC=a=FB of DC-BB of AD

=288° 30"-(48° 30'+180°) =60°

p=90 -48°30'=41° 30’

Bearing of the chain line BAC=360°-41° 30'=318° 30’

ETRILY.\o]o
Tanga=AC/AD
AC=40 tan60°=69.284m
%;1 P L;E.u: Cs
C=207.80+69.284=277.08m
<+l o o
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0=(287°15'-180°)-62° 15' =45°

22/ ke MBC

Tang45°=BC/BM
BC=BM tan45°=75m
$3 TOM (2, X 5 &
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AC =250 m, AD = 300 m, CD = 100 + 150 = 250 m
In triangle ADC, let ZADC = a
We know that AC? = AD? + DC? - 2AD x DC cos @

AD? + DC? - AC?
2AD x DC

cosax=

3002+ 250 — 2507 _
OB 300 X0 - 20

Again in triangle ADB, AB? = AD? + DB? - 2AD x DB cos &

AB = /3002 + 150% — 2 x 300 x 150 x 0.6

= 4/112,500 - 54,000 = 24187 m
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Solution C
. B
S —>RIVER
é
N N
B
E [T,
o o
157" 30' A
Fig.P.1.7

Here, BE =50 m and AB=25m
ZAEC = 157°30" - 67°30" = 90°

: _ BE _50 _
From triangle ABE, tana= AB - 35 2
o = 63°26'
and B =90°0" - 63°26" = 26°34’ (as ZAEC = 90°)

From triangle BEC, BL - tan
BC

BCa b u o3l o 100m
tanf  tan 26°34°

So, chainage of C = 275.5 + 100 = 3755 m

-iJ) g r‘JL.fﬁ

Qdflmdmbdmswwb‘_;»y
Slope distance (m) = 17.5, 19.3, 17.8, 13.6, and 12.9
Difference of elevation between ends (m) = 2.35, 4.20, 2.95, 1.65, and 3.25
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Solution
AB=41752-2352=1734m B,C=+1932-422=1884m
CD=+1782-2952=1756m DE=+/1362 - 1652 =1349m

EF= \112.92 -3252=1248m
Total horizontal distance = AB + B;C + C,D + D|E + EF
=79.71 m

Here the steel tape was 2.5 ¢m too short.

1
Al o>

L'=20-0025=19975m

Fig. P.1.8
A g 9 L=20m ML=7971m

True length = 135%7—5- x 79.71 = 7961 m
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Solution
(a) B,
Horizontal distance, 230‘“ )
AB = 280 cos 10° = 275.74 m 1o
A B
(a);
(b)
# A
Horizontal distance, AB = 280 cos « %%Q(o M1
cas 10 _ 10
= 280 X —— = 2786
X J101 m A b) B Coso =-10
( V101
Fig. P.1.10 (b)
(c)
Horizontal distance, B
‘(\ 1
AB =+/2807 — 82 =2799m Klgm
A B
(c)
e |
L5 30M g 53 s i o311 Lol dulosw Joy g ¥
Slope distance Angle of slope
28.7m 15°
23.8m 17°
20.6m 10°
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15.6m 12°
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B,
B0
15’
A B
Horizontal distance AB=AB1 Cos15°
=550%0.9659=531.25m

L'= (20+0.05)=20.05m
ML=531.25m
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=532.6m

20.05x531.25

Truelength= o

> b 52 12.0m,16.5m,and23.0m s ,.. W,ug,l.auu oL
s well-conditioned cdie o) 00 85 2 5 S a0 shas]

o 1=acute angle opposite smallest side

o »=0btuse angle opposite to greatest side
cose 1=23°+16.5>-12%/2x23x16.5=0.866

0 1=30°

cose ,=16.5°+12-23%/2x16.5x12=-0.2847
coso ,=-c0s73%27"

=cos (180°-73° 27') =cos 106"33"

-U'rerl
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> o5 (52 156.0m,103m,and257.0M o jus o 5 4 L;aLapJu.a 993
¢ s well-conditioned cdice g, o0 9 > 5 S 4o shas]

e
72
0, 103 m o 1=ac
01 ute
angle
15€ m opposi

te
smallest side

o »=0btuse angle opposite to greatest side
cose 1=257%+1562-103%/2x257x156=0.9949
6 1=5048'

cose ,=156°+103-257%/2x156x103=-0.9679
cose ,=-c0514°33'

=cos (180°-14°33") =cos 165°27"

o ,=165° 27"
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A.;J.Joﬁfﬂjd.\’a@}5’63@6@‘-;]3:?3‘15cm Jéﬁ.j.bwjl
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Slope distance Angle of slope
28.7m 50
23.4m 7°
20.9m 10°
29.6m 12°

AB=28.7C0s5°=28.59m
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B1C=23.4c0s7°=23.22m
C1D=20.9¢0s10°=20.58m
D1E=29.6c0s12°=28.95m
Total distance=101.34m
L=30m
L'=30-0.025=29.975m
ML=101.34m
29.975x101.34:101-25m
S Jnad 5 e )
€S58 gl (Son g S5 5l g5
SPPEYE
S
-: J'j‘“ ﬁ)b

€30S 0B ol o 3 2 ) s IS 51 S5 5 553

(&7




(c) ketabton.com: The Digital Library

K g gw

<l e oy 55

€258 Slaal pull g pms

.Jb.wr.;u.a
gg..\abé.b..«b.a xﬂZSmdyan.aba.bLa‘cwojjbwoanij:
31;}»‘935%;380 40'Aﬂj|jg3ltﬁzé.§o.,\i‘,&842.6mu.3oJ&f‘,.;baJ’UJl

vs;;l%wuguuéﬁ;,zxw

J'rqv—w

jgyj33|6j18485mwu&uéb.ﬁj‘9ubj5345
gﬁlé;?n;,ﬁjayjs;gwb%;,MmQjmtwjlaé;ﬁ;jbu;
k“sl:.‘a'.’»:P b}'é31350.60m41.5u41iu@.3ﬁ;)u35Q)|PJAS
ﬁ&;;yﬁ;éngSSmtu;IjgbjsaQ ;3|§31828mtl.63)|
cd;uhadl.abg;u|é~m;

SN[




(c) ketabton.com: The Digital Library

K g gw

(D3 & s 1CM=5M dis 5 0o 5 03 51 Ak ols 2648km S >l 4
| rﬂ)@é”@w@rﬁ‘%’@éﬂ"ﬁwb°&33J;34“L# >
[N

“t | g o

g;é&:w:—%ﬂ-‘gﬁbﬂﬂ%ﬁéfmﬂw@x ol
1m=2.5cm @éjb sl

ijujbbleuab.G'é&J.Mjl

_;J|"MH

a5y b B0 53 .1 5855 Aol ol o 33 69 4
s;ﬂbé_ﬁbbg)l0.025mAﬁﬂédﬁd\gév\ﬁﬁbﬂ;‘];bjlxl‘éx@
0 Sy sl i i

Distance Angle of slope
28.7m 50
23.4m 7°
20.9m 10°
29.6m 12°

(5]




(c) ketabton.com: The Digital Library

=

s S
=+ I g ] 52
bjlﬁ‘é&l{dbw'xﬁbﬂzos.sxb&éué;yﬁ;#bji.}
AijJo.\ﬁ}.io,u327%;gal.4Lé%;}&o}lxlgcjw@o&j&
33,{,3:&;“[303051)313cm4;‘,;@o_,&u‘,1.m|;45$,1,5»)‘|)&|

'in-w(—-Jﬁ

8933 51 5 i 9o 3 0 s 1OM=50M bl 0, 5 03 > al o 5
xﬁﬂ%;gyjs%ﬁo%ﬁa}l&léﬁf3500m%§dmuéﬁ;ﬁm
30533 i oy S dees Lo 43 1EM=100M s ksl [0 s alé

€ s S dlomn bl i fea 5 b i

-:Jlrr-—JJL:fJ

45 3 5 WS 535 0y gl sy 8 5w LEM=A0M 5 > a0 50
Usb ol it s S Jsl by i b i 515 oS 08 34y

45,2 48 6319.5em Jl g5, 5l A8 s Sed g swslas55200m

oS 505,51 50M ass 5l 5l oyl hlasle gL adaul 5 4 5 20m

-

[50]




(c) ketabton.com: The Digital Library

=

N g g
> >l s b g5 125.50cm2ww%5;u3|g:.§; 345 >
$ 5 g e ls
=+l o 5| 5>

S (Bl 32007 5 g ) Ja3y5130M s 0 2 s 3955050
%;).iojlxljloalokgejé‘zgjguo)g:Jfﬂ%;::%;xﬂg};:,:
5532004;):?}.533:%;»qu;o,’SH.Ig};lSkg 334kl
wL.mcb.u:u.....e :A;Jﬁdfaa:780mal.alé%;)&ojlx|dj§
sl 550=11x1075 5 0.693kg 39 E yors A8 5| 0.03cm?
(> U5 5 E:2.1x106kg/cm2%;fJ>,.o u._cbujl 5450, dod
‘:;;LS.‘JIL}SSOmjﬁﬁwﬁéjbwbgéfuﬁgbazﬂl
| ?éjéf&l.WSlSmj)g&)lmjléj

e ki

20C° Jb&ﬁ&m‘é&[ﬁd&;b)'ﬂbﬁ%‘ﬁ@é)ﬁﬁbx
240 303 15KQ o 58 (55 Lna s,y :L;.imjl&;xﬂg:ﬁ,:
s 5l ¢ 58 pkg .Ulo330C0@J:$3>;:é¢$3%&5;&;‘|
033 55 a2 O.ZZCmeL...oCEL Q= :ﬁjﬁﬁo:s‘sﬁb
E=2.1X105, 3 gt 31 3 ro el | 63 400G 5

EN




(c) ketabton.com: The Digital Library

K g gw

e 3 a0 (65 0=11X10-6C0 g oy 5 L] 51 6Kg/cm2
?&Sjbﬂpzlokg‘ﬁ‘;JL";&IJ%s‘sd;'JﬁMu&;ﬁI

=+ Jl g pd Lo

ﬁc’abb@b%:éé&ézﬁéﬁx ;@CDL}ﬁ,ﬂ 5
%;:,A.ca,g%;xlga.l:j.}%D:%;a87m%gg|3;?3|95.3):.’>DE 5 g
345 43 EG I EF :&jlmjl.ugbj;dE;éwjé.\ngS,:
ol s 81z 13939 s EFEG 3 gl g 5 55Y 32,3 65° 5/ 50°
?s.g;uﬁr.aglj.a?,lDFeu:&)lm

-l ]
MJAJ}HJ@U‘;&JJLO}JM e g bu}‘bl.&uijQ‘glpb

S A 30 b b a3 K, Syt I ) 367m

s ot S 4 N40°35' W 5/ N36" 25'E'a53 Q 5l P 353 a3 5
Aﬁjlj&ﬁPQ :@éwa|:uL§€5|M&ﬁM

¢ 55S86°35'E

-+ ] o




(c) ketabton.com: The Digital Library

g g
AJJJJ}HDB‘}L;JJLO}JM oo g J@LL@O}JQJ‘D.}
S Hem 3 b bk 23S0 5505 I A51TM
5 50 s 3 5 4 N43720' W 51 N33° 40453 Q51 P 503 g1
N78E 513K PQ 3 2 Sl ol iy g Sl 2, i

de

) o o 55

JJ,,uJLL‘éJCﬂA:d,aJ_JAJMoy:@BAC :L}ydjﬂ;
3 90 AD :m@:A:oﬂwJamdaeljdajmdaLc

> 555k>3DC 5/ AD 345 > S d)L;lj:MMOm@d,.MJ
r..,,UJ‘)5\.%%.,,L42aazaf’30'j|48030 aﬂw,,.\ﬂ,l)&m,
$&

L",;E.EJ;C 36801 ep 5l g STae S$ 1o ba> s BAC 54501 des
207.8m$¢LoUL;E.EJ:A :@éjbw|:u6;|.x.ml.ob
e

SA[NE

$320m oy o031l g m ko > Jlosy ol i 500 1575

53]




(c) ketabton.com: The Digital Library

g g

o 8305,510.05M Al > 0o g o okl g S 031000 s ass
?6;|.A,:g ol Jul >

“+ ) o ol 5

3 U ¢212.0m,16.5m,and23.0m » o 5 o Ao i 503
s well-conditioned cdie o) 00 85 2 (5 S a0 shas]

<+l e il 09

3 b 62 156.0m,103m,and257.0m o o 5 o Ao Elin 5
s well-conditioned cdie o) 50 85 2 5 S a0 shas]

-+l e il 53

&,Wm@y}aa:ge 0X6.250M g worls 2 5Ny 52

o Lo o, Lo 3 :wbdsuﬁaj:ywu% 750m2 :‘_;Jub
$SLos Ol S ) 1mf@:~4633§34§v 'Mﬂm.sf'-\ﬂ

00 IJ

i o i 5 5l

(s> 0.45hectar o colus 5l o J IS8 Jlatis 2483 s 5
ww@esdyﬁjdxb@uﬁcud.\abcnuw;
?éﬁéﬁm)@wl,ﬁ.nrﬁaﬁAﬁéJSlAﬁwUé;SCmig

i ol g a5y

EN




(c) ketabton.com: The Digital Library

K g gw

A.la.wlj.gg:.‘...é?)Om%;x:a&ﬁa}l.\)lwﬁdguaﬂjﬁé.\ﬁg
gﬂbéjaazjjlO.OZSm@uﬁaSéAi,&a,w;J,SU'IJ;I%sJ;Lg
Jual ab g3
Chain Surveying 4awl g & o
4 |3 g triangulation Jﬂlguuléjﬂmggg:ﬁég Ao >
sz S aadl g Sl gl s lun e Ldg o Ja o
Jl.\ﬁ.n%;ulj:W:%ﬁj:ﬂ):dba&;:%gr;%;x@,&jm

30%-120° s o

“igS ol S Y g uV k5 (g a2 b s
b)%}éjﬂiyuﬁ‘;)

$3 5755 v ddlio g aSs

ks ol s S 5015l
ét"ly)s;jufqﬁﬁ%;»bﬁwjrf&@gab:
@sggff

JIgﬁy:5°ﬂ;éz5°}|xls#é|x%;k§3ﬁ&”‘x o
)ﬂub:é‘xj‘,ﬂ;h:%;é,\,‘g3|s.5?,;50)’|,\3|43‘_:§:3%‘5ﬁ5|)’

(55




(c) ketabton.com: The Digital Library

=

g
é&&»d.\dmaﬁdﬁ‘\bblbly

5
oe al “W gl o i

T_ F

Base line

‘—Clmcklma

E

Fig. 12.11. Metwork of triangles

o dguilia S ola Y Ay (5 gy Adana) gy (ABL A pdia
Chain surveying is unsuitable when:-

$o0liaSaS S luay 2

S22 509588 s S alua

é}bl"g b yalu

Jogor 55 sCs Jedloass Sqofladcus gz 0 ol 502

PRI

(5]

p—

A WD



(c) ketabton.com: The Digital Library

9 g g

Large scale map and small scale map:-
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Reconnaissance survey and index sketch:-
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Perpendicular offsets are preferred for the following reason
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S g
Turning Point ,Change Point i  i> > L abis S yus S

-+ (CP)

s 58l s g s mile s 93 le w0 b ada
$3BSU> LsIFS IS 5 osabaibase Lo sS

-: Height of instrument HI gl ! oo Jogud &

Line of collimation :&,poﬂJ,;Mgwujy@d{
#55 gz 3BM 5IBS ay&p&Jimﬂquymth
. .‘_.?s-bmﬂas

-: focusing Jss Js s

@A,g:o)lf.c.«s%,lﬁc;;”l?c; object glass 5l eye piece »
pre g bl oS gasoly i e LAl 5 a2 Y S5 55 5
A55550053 4 a5 focussing screw » 5 oY S ados als > o2
object glass ;Lﬁ.};oﬂ;bﬁwg&bgﬁmwgnﬂ
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S 0w 55 (S sl 055 a0 acdec focusing 5 o

-:Focusing the eye piece-1

aseye piece sl 6, J s a5 oo o oSz 4 57 JEWS (s v 50
S shbaS o)l fawl s Wbw b splas oieseclas

.‘:;ar,m%;x@a.s‘jswlyﬁcross hairaes ¢, 5 55 5 55553

-:focussing the object glass—2

focusing screw,lj,;arq%;.\;wj;ﬂmﬁ&&%,w;

dﬁéjﬁw;jﬁ)}dﬁdwg&bgﬂiwubﬁ

S p e gL aS 5 ) sl il s g e 35555

S8 IS &0 B3 6534 eeilo J 5 (G 0L S 5 o0 s iy
-Tripod stand .1

Bl QU gz o bedun 2055 sy 2 455 g 6522
FSi0 Se sl Glas bl s 2o S g Sl gl
PP ) S Frals s 2 s n g i 930 2 S8t
P Sl 5SS

-:telescopé woswli 2
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N g g
403 o5 7 s JSET 055 8 2 5 Sk 0500 @ S

&:xaéﬁj eye piece sl object glass :&,Imﬂs.;,fd;

s.;sh}..g:j‘e)«s.‘.g}i_...l:s;%s.'gdaipraghamjl.&;.sC.‘élﬁ‘é.fg_é,bbLfL.‘n‘.“\,g
cross-» aids o daipragham s @@J St g0 A.’S‘;?.;uo eye pieces

focusing sfocussing L wad S sSeds i (g3 003 2 4 hair
ua,ﬁ@s;);f,focusingu,go‘j.s@‘s‘;??s&xgda.ﬂlxscrew
446;*5‘}4: external focusinggg & Joslinternal foussing%;f
Outer tube « 5.3 2,15 4 (51503 :%)M%;focusing@)u
o )55 5508 > 4y as focusing screw s . g Jennd s S
%;?;SJAQ%;JJQSJJAJLQJJQo:@dm&@»}ﬁlﬁlﬁsjlﬁa
internal %jl.géa)&qéxgﬁ;sw)g 4L, 5 cross hair sl
.3 Joli eye piece gfocusing
Le{/eling staff .

%,&5:%;3&5;0)[,.:4; QIJW‘,AJI lmé")}%;ijj)a\q-)::dlgm
33083 fra 5 ba3 3 (pladS's 5 0 sSdin o ) ol g b e
.a;dj.;ojaaﬁstaves@@g;?,JW|wg;g;l.\ﬁ;g}au

1-Target staff
2-The self-reading staff
-:Target staff-1
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i Jai S B4y 4d) A 4J Staff man 2 4k > bl 4aa

Points to be remember by Staff man

et S b 3 (B 5y gL aha a0 e o 5 0 e i L Sl

S0 .ub‘_;;a..; L.i;ﬂ‘?;x@a.l:“l)a.ﬁjsyﬂaﬂ,ljuaﬂj&d

s s K SIS L Sl

edse s wb S N Bl Vv
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0 s A 3 5 L S B sl b ot o)
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o g b S ga g Ll il v

center line aSJ & J,5005 (S o 54y g5 5 LL oeitbe J 5l
” ‘ .éxp ,profile line
30 i od g de S s L foCUSING J;Jfﬁs Eye piece
(9 D) 2 45 et O S
s S5 gL B b g s 455 O Sedis L focusing s v
35ee s hbaS gowna Lbal, v
gMQJ:e%ﬂ%J% Lalosl oS %‘)“VM-’@M
o bl 4 reading b Jﬁbé%ﬂgwng&w
4] iS55 o e
4> s a3 bubble S dile J pd i b g8 Jind | 01 3 2 S
weSsl g3 S S A 2 s
“1 5 Ol Il sily A8 58 (B g Ay

TEMPORARY ADJUSTMENT OF LEVEL
S 0 P el J 3dd (S (s g pa Josles (et J 5
WDJQJMWu:@waQQ@M:J@w
J s JS;J"J‘S;U""';“°ﬂJJQg$'us‘:f%5{~§y;5Jﬂ3J))L.?cgféﬁ
6}5@r~w|-’@6f5°ﬂf b3 sl s peiila
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Selection of ©Lwsl o> cwlin 3o,b s mile J5ds -1

-Suitable position:
émd@gwléGwmx;UL::,JJJL:.c.sQ.,,.SquxJ:
S0 51,3 G SIA O k5 55 5 0 g g0
gialjaégxeuuﬁ%;wﬁgplayylﬁ&;n
S8 5l o)l ot WL aSe (5 ) 50 5545 5| e 5|
fixing the level with e w (b 4w 3 J gaal adla J g -2
-tripod stand:
d:";;b}:"‘?;ibijlééJj)Jj‘;égéﬁwﬁﬁtripodelﬁM
J s L‘-‘JILSJ"SJ“"“"}"" 65‘3-0 4| ég?SJJJ3J o s J 93
055 Jsed o J33 ot 5 b 5 0L a3y i3 -3
Approximae leveling by legs gf tripod:-
omile J gdd Qﬂ.géjpbuﬁfs;l;;d;‘};; Foot screw
8 gt 3 bt 5l gL o g (SaB2 S Sl U 02
b 55558 P BL U byl wl B o Ll oo
.Lf&kjﬁl)u&ngbabubblegl,agﬁ&;)x
.é,ulgmfaifootscrew;oﬂJj;}&ngjgs&;;},:J;—4

Perfect leveling by foot screw:-
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FSHerdsn S p SonanoSdincle 2885
3:3‘9%.?3-{**\3 SoP

45 5 4 52153 bubble Sl > 53 Y S5l (59 01 43 FoOL screw
l,:,,lasdjb&bl,g@u-aﬁgﬁjjoljjagafootscrew 29,3,
footscrewwaj.f;,:;,fﬂg,l,;;‘_:g.\sgoj.\;la,;900;43%;\_4‘;
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S IS os0b a0 Sadi Loyl ahwma gl oo 5 5
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Sl

-:focusing the eye peice J S ;5 « eye piece -5

L J& s eye peice ,|,~.,ga.‘sg.$uobjectglass 3ad 53090 ML oo
df;ﬁumlg&bg}c:wuaﬁﬂdfm‘écjl&
Ag.:;a)L.{.;%;J;LgAS’,sz,gcross-hair%;)xj;;US)J
-:Focusing the object glass—6

a3, 945 €Y piece ;,!,,S,;q.?émgd,bgr.q 345 O Suds
alyss b Ul s o des e lusasfocusing screw sl 5, S
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-:taking the staff reading Joews| &l 357

955558 Al glae oo s csluswag Suls (So 51
Olang g 58 Sh SIhagaln Lbolssl

K Cand

types of leveling operation:- 45 J 53 sdes 3 KJ 5

- Simple leveling s, J od o5l -

Sopo i Pyl oy W)l :@yﬁ;ﬁbe;::%ﬁ“
Fr e as el o S 5 S eslinl o g 8 Jpd ool s S
»ﬁﬁ‘%gtw)bbﬂjé
jbl.?isuyjsaggjﬂ,lj.é%;:‘bwaﬁBﬂA J%QJQL{JJQA.;JL‘:.AJ

o :Q..,&LAJ‘,:.I%;C;J‘,.oé:%‘,.’:ij)A.‘;..JQjL&JtLEJJIJ@n;
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G dsdesln g STamp sl i Bs S S g ey -l
Cbbaiu pay decs

Fig. 15.6

RL of A = 200,00 m
Back sight on A = 2.7 m.
Plane of collimation for setting at station = 200 + 2.7
= 2027 m
Fore sight on B = .80 m
RL of B = 202.7 — (.80
= 2019 m

-: Differential levelings, S J »-J ol

oS o3kl S ¥ s 0 8 U sd (g0
.éja;;lﬁjal.ol:’é:?n;‘,bjﬁop:@df

gy obyosle byl s pim 5 skl g3
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- g g
3 g R
. ?_ M "~
A{200.00)
(a) Elevation

RL of A= 200.00 m
Back sight on A= 1.353 m
Plane of collimation at L, = 200 + 1.35=20135 m
Fore sight on CP; = 1.65 m
RL of CP;=20135- 1.65 = 19970 m

Back sight to CP, from L, = 1.40
Plane of collimation at L, = 199.70 + 140 = 201.10 m
Fore sight to CP, = 1.70'm
RL of 'CFj =201.10 = 1.70 = 19940 m
Back sight to CP,from L, = 1.30 m
Plane of collimation at L,=199.40 + 1.30 = 200.70 m
Fore sight o B= 185 m
RLof B=20070-185=19885m Ans.

Table 15.1. Booking and reducing levels by plane of collimation method

Starion Reading Flane of RL Remarks
BS is FS Collimation
A 135 201.35 200.00 Benchmark
E, (.80 200.55 Plinth of
building
CP, 1.40 1.65 20110 199.70 CP,
E, 0.70 20040 Plinth of
—_— building
Ccr, 1.30 1.70 200.70 199.40 CcP, —
B 1.85 198.85 B
Check £ BS = 4.5 EFE =520 Diff in RL of A and B
EBS-EFS=- 115 (Fall) = 19885 - 200,00 = -1.15
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Flyleveling
Fo oz o83 S o Sades U Jsd Aol s 2 adlS

fly leveling w sdes 3 55 o2 Joo o 55 38502 S :J)
@a@df.ﬂﬂ, 5, 5 ga5fly leveling ;&)I.wajlé?.;&j
Sl b ay Sz 250,08 & Jeosom bl 3l S
W55l dd 5l S s 55203 FS 5IBS 5 3 |y ades g3
’ S 531515 3 S ol

L

4 TOF
Feo_~ STARTNG PON' o

~ (/
o ] )\/ Gy,
w -A A
\/g\ﬁ;\’\’ C}Q,J > = N’
! v, #

AN [ °
~ " 1 '
/ s | 2
/ e © B
[3"/ 70 L, C P = CHANGE POINT
] L, L, .= POSITION OF LEVEL
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-:Longitudinal or profile levelings, " J o 15 -
Jb)_:}luujaudj.f‘}:..éld.ub(‘;l;a&)cjbg S ) s
6JJJ->|waSFSISéw5:uj6;JM>|é
udjtSjdeaafd,SJ&Jélevel bookuwfd,S
Oydu\.ab&.a.’l’b‘_é-c’Jyj‘fd;biuﬁwldu\db)kl’bdié

L = POSITION OF LEVEL
C P =CHANGE POINT

142




(c) ketabton.com: The Digital Library

=

- g g
L;
CP,
1 = CP. 42
" 2 3 4f5 7/ | \NSEParp 43 18 15 o
L.
LJ
()
A B
=)

-:Cross sectionalleveling
L3 ¢S ;ouusjl%;m%@duwm@w,ga
fjmﬁutbwéﬁd;wléuéf‘““ﬂj’wbi
5, :4::8:5&,;&20,30,40m&éé&&.&léjbﬁl
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-:Check leveling

S DG w633 68 0 s 5 S 314y B3 adas fly levelings
S Eostaite sy st oo Jog s okl o 2
a_é:%;blfjblsaﬁ%;::@.é:ﬁf‘)wchek Ieveling:e\.‘s‘:ﬁl&c%;:,.‘a
35 de e 035135 IS ¢ pil 21 B 5 6S 0 5 sket
g

TARTING 8 ALONGIT D
Z POINT ___ ———— LEVELLIF .
SRS i G — N N
— — ~—_ FINISHING
<37 S B POINT
. % =¥ E
> Es P
Sy BB a L dBISH L 2T S _ES "
F . cP P ——
ce
CHECK LEVELLING L—POSITION LEVEL

C P —CHANGE POINT
B8 S —BACK SIGHT
F S —FORE SIGHT

s dpol Ol gluss Jolis =5 Fore Sight 4/ Back Sight »

PRINCIPLE OF EQUALISING BACK SIGHT AND FORE
SIGHT distance:-

i s Sl line of collimation b S oL > & dees 5,8 J s
o:édzuabljwu|@dﬁ&plulﬁ@éu)ﬂw
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ol 3565l g0 J530, 5 4oL collimation line » .\_abf

ujﬂdsuydjé;jnudjb.:ub@dfﬂa,ububb|e
ey > sl @Guld.ubaj’yw):ucolllmatlon Ilne:é

ywdlsturbjldjdy,udxbﬁf@aymwujy@
a..;u..a.eld,\.;b 45’ 55 4w ;3 4 line of collimation ;L;ujydsu
line of JSSUJM65M‘9JQJwULO dedJI)—AHMJ‘dJ
%;?,_:.Sucmligﬁ.c%;éjwjjﬂ.l%oj_;la..l%slljzjfacolllmatlon
%;:A,;}Jgangj%;jL.md.aUéu;stlFS:Jﬁl.gojl.;:%;::f
43 s o Sl Line of collimation sﬁgmu;@gajﬂ
$5i Y SV o Samnddsnane S,
: - o g At

~edbJsl

~1 89 S sy sS Wl > &5, 5 collimation line s o> o
when the line of collifnation is inclined upwards:-
¢ L) 1o e 5 sb Ui 50 %gb@djsw):@;ﬂ,lj_{:j@df
Jbﬂdjeéﬂsﬁeo?:ugj)njg;&)ﬂ%sﬁﬁJJJJJIJAL&&QJL&S
spslyaiad o slisg s ls fine 5Bl A s 5l 55,35 S adaii e O
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1 o
Fia.5.16

Let a=angle of inclination of collimition line

Aa=true reading

Aal=observed staff reading on A

Error =Aal-Aa=aal=D tang------------==-=======mnmmmn-- 1
True reading Aa=Aal-aal=Aal-Dtana

Bb=observed staff reading on B
Error =Bb1-bb1=Bbl-Dtanq----------------=--=--=------ 2

> Sl (ol oy (gl g a8 Jalaa (et 9250 A gla
True differnce of level ,between A and B=Aa-Bb (fall from B
to A)
Aal-D tana-Bbl+Dtana
=Aal-Bbl

bdgj.ﬁaﬂ\:ac‘d.a\‘)‘";ufzMJS@bﬁ\d‘;\}_ﬁ)sa@‘;@\_)\dé\.}ag\)ﬁ)ﬁ@
.L.gdLﬁ}\.umc)uQ}uﬁémhQjmé\.éd}\_cﬁéﬂ@dﬁjﬁo)xg
: : : PR
@i Sl A 1Y collimation ling 2 43 4S
When the line of collimation inclined downwards:-
Aa=true staff reading
Aa2=observed staff reading on A
Error =Aa-Aa2=aa2=Dtana
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True reading Aa=Aa2+aa2=Aa2+Dtanq----------------- 1

Bb=true reading

Bb2=0bserved staff reading on B

Error =By-Bby=bb,=Dtana-----------------=====-=--——--- 2

@}_)lﬁghm‘;&j;}\gj}\q

True difference of level between A and B=A,-By, fall from B

toA

Aar,+Dtana-Bb,-Dtana

:Aaz-Bbz

oiﬁ;ﬁ"\jé_\.ﬂjsln.‘cM}S@b)ﬂ\dé\})ﬁﬁ@@u\)\d@\)ﬁ)ﬁ@
_LﬁéLﬁ}\...uayQj&@abQ}@@A}\_bd&ﬁ@ddﬂﬂb)ﬁ@:

58 o Jlremo S il J 4
CORRECTION TO BE APPLIED
-:curvature to be applied & a5 s 51 Lo ls—1
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o),pdamjsaaabjwu@ﬁ;oﬁau‘)yjldm 345 5> &S
line of ‘;UJﬂdbedjjojaureadlngu&A&v‘;
@Wl:&b@d;@mwbdy:ﬂ53Wslght
line of ;@wu@,ﬁ;w‘;%ﬂ@u@ S35 00
dbwyuaé&bd;dg&@, level line 5l sight
Caond 4L 30,3 alered > (g5 o5 CUTVaALUIE COITECEiON 4y ‘_;

2SI g LS S g xV g o b 2 gs A

i I—HORQVN AL LINE

A

A C\/Cl
EVELLINE

(v

Fig.5.19

03 AL@B‘;QIAB=D

BD=Cc=curvature correction
DC=AC=R=radius of earth
DD’=diameterconsider as 12,742km

29w edina sl anBs ABC »
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BC’=AC*+AB?

(R+Cc)*=R?+D?
R?+2RCc+Cc*=R%*+D?
Ccx2R=D?

Curvature correction  Cc=D?/2R

jﬁﬂudad&yujbd&p:#d:da;jgm Cc?
Cc=D?x1000/12742=0.0785D2
S sS

True staff reading=observed staff reading-curvature correction

-- Refraction Correction < sl 31 LSS I

P St 45 P shre S05JeIlS yilisas dS sy lad el
23 3 PS5l e S kobasyslagy 2 alSsl g 55 LS
£33 7 o SR 65 S o g S STl b b Sad s Ls
é:L::a:oxlxeﬂs‘;]l,%;bfa‘}&:gl.dséé:ojlxl%;ﬂp‘
Aséjl.u|%?Lol%#ﬁﬁo;|d)m|:;§&§xﬂégﬂﬁ|
s 5lad Lools e glass S1ad,LsSls bﬂJ}Qh?‘Aﬁ@.éJ&%JJJ
é;éjwbﬂ‘?x‘:;ﬁj|j|&:)jw3
Cr=1/7 xD?*/2R
Refraction correction, Cr=1/7 x 0.0785D%=0.0112D’m
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- Combined correction J| oo oS 5

20

Combined correction= curvature correction+refraction
correction

=-0.0785D2+0.0112D2
=-0.0673D2

3 st )3 a3 )W oS S ge sl 5 g3 ) 0
True staff reading=observed staff reading-combined correction
j;I%ﬁJjagxﬂgojwﬁ;ﬁéﬂﬁ%g
D?/2R-1/7XD?/2R=-6D*/14R  (negative)
-: visible horizon distance alol gaslp Hads
S Aol e S prages 5 ns osalobarss . AB=D

e;tw)lﬁga@@;ﬁ;h

h =0.0673D?
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N g g
D=3/h/0.0673
k———ﬂ D————’i A
Fig. 5.20

- dip of horizongdtgye3 @19

olos 8L S b ag Sa35 AB=D

S aﬁd»bOB@d:bdul BD

é:sf)ljﬂjdéls 0

A.‘sguljé;ﬁ; tangent line La> .l I horizontal Iine.]a.;gzi.éb

oﬁjjg,\;.lai%gjm@éﬁf‘)ﬁdip of horizon%?.llmj@éb
555 1ag

Dip e =arc CA/radius of the earths (in radian)
e =D/R (in radian)

S $3bun o AB, 1A CA L aS 5 o o >
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- problem on correction 4 s}l g g SL ASs a5l

-:Jl g J5]
%gaé%;thJA :@dady)u‘_;da.uoywlsmwu‘jrl
Aslude ¢ gl 3505100m A.Lol.‘a@mabud B> 5/150m alols
A 5l 651.755m &xb&bm B> 5l 622.525m L;.uba.la.n.;u
$ S g sl e 5 b Bl
el
:;;I.\ﬁ‘?;xlgkjj.;&;.\sﬂgwd)mljl L;:al:ajl.é.‘sg,.;.fjs
A=0.0673D?=0.0673X (150/1000)?=0.0015m
Correct reading on A=2.525-0.0015=2.523m
:;;I.\,ﬁ‘?;JJLgJJ.;‘:;.\sﬂQMAJJL&IJI L;.>¢;|:Q3Lé.'sg¢.;5;
B=0.0673D?=0.0673X (100/1000)220.000673m:0.OOO?m
Correct reading on B=1.755-0.0007=1.7543m
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‘c:AJJJLLEJ;B A o Jeds
True difference of level between point A and B=2.523-
1.754=0.7692m

Fall from B to A

-l #h°

@éﬁﬂ“ﬂ“&'%ﬂgﬁg’@%ﬁfﬁMQ-’JJfJﬁ-’
W:m,odfdsyubw|j|joﬂ@£~:fwgw

ol
P’_Djloﬂ———-\ A(STATION)
LAMP —
0 LIGHT HOUSE N

Fig. P-5.1
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h =0.0673D" s o
AL=D=30KMs s

=0.0673x (30)?=60.57m

»260.57m ¢ s, | light house > >
e 2

visible horizon S’ <) s s34y 5555 50M ¢ Ll i 0 505 45 45
SHLaS 5 oo bayas o aS o Slag dip of horizon 5l dols
¢5560.370km gi.uutw;%;u;:

ol
h=0.0673D? (where D is visible horizon distance)
D=,/h/0.0673
h=height of tower=50m
D=27.26km
Dip of horizon=D/R (radian)=27.26/6.370 radain
= (27.26/6.370)x(180x60/IT) min=14.71mins

-+l g r»l;
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S dbwe gL Jsa gV & S als sl g0 D14D2
D1=,/50/0.0673

D1=27.26Km
D2=,/10/0.0673

Distance between man and object=D1+D2

=27.26+12.19=39.45km
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Fig. P-5.3

h 1=0.0673D? D1+D2=80Km

D,=,/10/0.0673

D,=12.19km h;=1om height of man’s eye
D,=80-12.19=67.81km h,=height of the hill
h,=0.0673D,?=0.0673x(67.81)*=309.46m

23309.46m g s, | s o583 52
5 I 45l e g Y e
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-‘Reciprocal levelingg, 5 J o 4, 049
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reilo J o sin 3 5 sl Aol s S FS 5IBS 5 il S
@Mﬁjﬁmﬁbdﬁbﬂ.sl’—wa’wJuédbwbw b
5 S Do g3 B 59 S fme iy N L )30 g 43 45 Se
3 S o503 h 5 0308 (S (e i ws il o (2 VS
uj;,éjbojng;au,.ﬂ;u.:“lu > s 3 Reciprocal leveling
3558 S

SIJLE e 5058 b osn i (il J5d SO sd b b oss iy
It g5 iy aS S i 5 51 B 053 51 s S (200 b
w80 5 ssblsgsassl s oss dicw 3B sl AL o uS
abiag Asas g le sauyy 5058540 b A s pile s
saS g Il s S o3 s obabba B s Lol 51l 3 sl
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@?‘4‘383"0‘ Jé}&juﬁtwjlﬁ'h
oJ:S||AJ‘,.Ln|‘,.c‘,.5J.‘;$u.>Jo:dE.Lé-e

ke il ddls 2 Sl o da

Correct staff reading at A=al (as the level is
Very near)

Correct staff reading at B =b1-e

True difference of level between A and B,

h=al-(bl-e) ------------------- 1

ke b JpddlS 2 (Sl
Correct staff reading at B=al (as the level is
Vvery near)

Correct staff reading at A =a2-e
True difference of level between A and B,

h= (a2-e)-b2-----------=-=--=---- 2

“-"3)‘95@? -’g@‘)g@ﬁ )'g’)'é
2h=al-(b1l-e) +(a2-e)-b2
h = (al-bl) + (a2-b2)/2
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HORIZONTAL _ co1 LIMATION
I_ LNE [ LINE

Fig. 5.23 (a) & (b)

a;mggéxgx&agéjtsjjga,bwn

Problems on reciprocal leveling:-
+Jl e J!
o b3 bl s 53 B 4IA :?Sgl,gﬁaﬁg.,hc:&;)LSJdejbo;u
2 ile oed o2 oS g 2 IS e a5 5 5530 5150

A...«Li:aleA;éa)}.aéaﬁjééjé‘,.&)l?c&gzﬁugfbﬁA
B ilbe Jsd 2 S5l (652.245m,3.375M b s s 5 a0 w5 51 3

auaubaBolAsis 5l 3 (SO0 i 55698050 o
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i 5 S p Ll i3 B > s (6 1.955mM,3.055M s o o5
e 125.550m tl.é.‘s)l @:A:@éjb g;"“l"

Rt
S Fnke 5 o
S T BT
A and B=3.375-2.245=1.130m  (fall from A to B)
S5 ke J5 pas3ay
S5l e 5 0 g 3
A and B=3.055-1.955=1.100m
True difference of level =1.130+1.100/2=1.115m
RL of B=125.550-1.115=124.435m
-1 g i

S Do gmo by e > LS Jd b B gas s0 s Jo3 g Y gy
%55%;}*:’ ].. "A:} - "‘5‘

Instrument at Staff reading on remarks
A B
A 1.155 2.595 distance
B 0.985 2415 AB=500m
RLof
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A=525.5m
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oy bﬁ'd:d:ﬂ)ﬁ“'?ﬂ-&wuﬁdg@w&
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ol
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True diffrerence between A and B= (2.959-1.155)+(2.415-
0.985)/2=1.435 (fall from A to B)------ 1

RL of B=525.500-1.435=524.065m

SRl
bg;&;wu 500m;oju3%g§;

=0.0673x (0.5)2=0.0168m  (negative)
ek
gs’)—g"’]f G 5 9 55 4] > 4 gy bt lesdS's s 3527
Sl IS
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Collimation error in 500m=e  (positive, as it is inclined
upwards)

correctionglwéojﬂénﬁjssgjwqu.é@4.15
) ) JJJJL"U"J&’“;S“V-”L-’J'&-’W
éjéMgA :wujf.l@a.lf

When the instrument is at A

Correct staff reading at A=1.155m
Correct staff reading at B=(2.595-0.0168-¢)

QJW&J}Q:@»},&L}J:BﬂA:

e True difference of level between A and B=(2.595-0.0168-¢)-
1.155=1.4232-e---2

@JJJA"’%?‘E‘,IJQ.F@JJJI&QJIJ

1.4232-e=1.4350
e=-0.0118

jm#:uﬂ.ﬂ*&: 5,>100m 4,85

Collimation error per 100m=-0.0118x100/500=-0.00023m
u-{"'-"“g;‘“u-“"“*’ L.olkgffuaﬁw)lmgﬁ_: RO L

u@)ﬂﬂ-l&wyu;!rw*ﬂfﬁdeﬁysﬁﬁufﬁ
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s.53_:39,5down ward a5l g s bas o ioedS b&g.\JL‘MSgJS i
6.5

digagisa leSlaw s REDUCED LEVEL 2
‘ﬁesuﬁ '*ﬁgﬁﬁ§3§°ﬂ P g 093 gV 4y

1- The collimation system or height of instrument system (HI)
2- The rise- and- fall system

3 (S s (§ 55 S s RLa g Lis, I line of collimation
ébmﬂa;;cq:BMﬂBSa%ﬁ-éél,\ﬁtuﬁﬂw
955 G as Hl sao 1 3 Sliw 5 0,Ls 4 ST s RLs shais 5,55
S5z HI S (ot g i Lo (g b g5 el J 5 Lo
:uul,.‘é;g;l:j;‘_;,njlL;JJJ.:_“..;IAJJJIJB‘_;J;L,LL&,),;M,I
WDJJJJ@@bmﬂRLGMJMJﬂL;,fwMHl
jﬂjsbupbm}d:uuadjwméwﬁmtm)
W@M:ugﬂautmjldwu‘jy RLdla.m‘.;yaf
Ao )5

Sl
a;wﬂtl_é.‘sjl,LLBJ:A,B,C,DMJ“,JJQS;,BJHJS_:S;.US:

3990
(@) RL of HI in first setting =100+1.255=101.255
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RL of A=101.255-1.750=99.505
RL of B=101.255-2.150=99.105

(b) RL of HI in 2" setting=99.105+2.750=101.855
RL of C =101.855-1.950=99.905
RL of D=101.855-1.550=100.305

355 0 550 i o (5 o |

Ly S sl
TBS-YFS—Last RL-first RL

Oolis £ pam0s FS 5l oo 5020 BSs bl (S U0 b g0 an S
o sbn o s a5 RL 335  RL o) 5 51 ke
~adis b ad 93
-- Rise and Fall system
i 5o 50 3 :Q,L&th)hé;ﬂ.ojﬁj_l:ﬁ;o;:ag_fwén_;
35255 013 SOl as iz a8 b ISl s s 58 Lo
Fise & Sy 30 530 35 S ) 3o g3 4 $45 551 B S s
JL;E-DdJ-HJ)L-\.MA_CJRBe :ufu)ﬂd:ufd;dycﬁlj
35 RL )b i 5155 55 558 pez s RL
A_ibwd_fu)ﬂd:mf‘_;jlmupdﬁjbbm,’d,
Wd:@lbdjdywidvbbm&wb@dumw
dﬁJMU)falli‘;s—U‘}sﬂdJMjld)@')Fa”ub@d)
l)mﬂRLgEaé)Lb;yfjjfquL;ghu
[t
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by 3] 300 5 A g UK (g0
Point A (with respect to BM)=0.75-1.25=-0.50 (fall)
Point B( with respect to A)=1.25-2.75=-1.50 (fall)
Point C (with respect to B)=2.75-1.50=+1.25 (rise)
Point D(with respect to C)=1.50-1.75=-0.25 (fall)
RL of BM=100.00
RL of A=100-0.50=99.50
RL of B=99.50-1.50=98.00
RL of C=98.00+1.25=99.25
RL of D=99.25-0.25=99.00

bJL,jb g_g..} Q?’L“}b

Y BS-YFS=Y Rise-Y Fall

c.\AJ_JJIJ—ML;C}_WJFSJJIU)WBSQv\dbéwjbdﬁd\—#
oj_us.)JLn.aéch_:scjwéfa”ﬂu.cjm:rlseJ.\_JLJUJLL;
é:ylﬁww:b&:dslx%ua@&gjlx

arise sl fall s jus oot licnandS 3 des Lo s

Collimation system Rise and fall system
HA_M_,,_MLMJ;L) uwwjﬁ;g’_{&;;ﬁ
634-&-”&.))1).’0 &5.'5&:))}}.'0

A5l RL :;.Ia.ﬁﬁ‘_;l;;ln RL 3 I«mo 5153
M&oébbb &oéo)b:‘,ljfl.\.ub

el s S lay s ki s et
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$o i a0 | oyl JSTug s hles

= e g aip iy adacl gsbw‘&-’dﬁdg
5 b 8 s il | (S air e
ISP‘_;A_»HAS:’-QO‘ é‘ﬁwdﬁyw“I
) SRy s s FS5IBS

leveling

43L& e Tise and - fall :aﬂgxgg,&a_g}bwaﬁ)ﬁ:
S b 340 2 S US4 o b g05] (g 03l
A%gaa.:.i.sg&.;k}l:b:éa,‘go)g:j;l%:RL 35b Jolss
Ay 650 S (oS Alas Ay (5 IS gl 2 418 g D LS i
@ Jedy S

Points to remembered while entering the level
book.

>4 BS :u|fe6;fj.lo)b :wy)uwujrl@a.lf
uSA_;bIS w‘jﬁ)yﬂdﬁfwéub FS *-";-"«.Gﬁ')' g55
.é&bﬂFSdﬁjléﬁt}ﬂbﬂBs 3o, dadied darios p
a FS ,lIS :QUBA_{::,JL;.ZA&;H,»W&#IS 3 ahs &5 g 45
ﬁu@wérbbjlg;w&wudffwdffb

.S‘;?,.:SJS::J%?SJJBA,;ISJBS EITFCNITIE
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S g
FS 5/ BS 55, 5 Change point (CP)_sacdais SSsas S0 vV
oS IS falon & o 5S4 S0 50 4 45 a3
i SansS eSS Swbas oRL ¢l s piuedSss v
$2$ 5 ISIBS 2 S
remarks az g b &S’ o5 s Sl 54z 1oL BM,CP,Important point s v/
.g&wj%;au
- L
L o s 9h Judl gubaaulya pile Jod s 51 3 g
§j98.085ML§fRL@fﬂdﬁﬁ4§

385 OIS e sl s k3 8 iile J ] S0 e
3.150, 2.245, 1.125, 0.860, 3.125, 2.760, 1.835, 1.470, 1.965,
1.225, 2.390 and 3.035m.

By collimation system:-

-: procedure dwhos 159

Missing data for line 2=3.250+0.750=4.000
Missing data for line 4=2.340+1.500=3.840
Missing data for line 6=2.340-1.000=1.340
Missing data for line 9=1.895+1.650=3.545
Missing data for line 10=1.350+0.750=2.100

>BS->FS=12.795-11.350=1.445
> Rise-) Fall=5.205-3.460=1.445
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jjfoﬂjsd.bwaﬁuJ}Aﬁdv\as.srﬁbﬂ
Last RL- fisrt RL=250.705-249.260=1.445

-t J9S 0 A (5 5a e sl Adaal g Ay (aila J5da

Project work (ROAD, RAILWAYS, ETC)
-: marking tentative alignment JsS 4 43 sawa (il
s SIS 5 353 s akan 33 s il 0, 555 s
| S J e
g pad o Jos bl b LS -1
5 45 52 5 51 JULS Al s g g0 52
‘:;;Jgjaﬂaxuﬁo,mb@&{&pgsﬂﬁ
b Sl b s SOl 3 a0 gl g2 g i b S 4
éjr.@.pjlwbm%ggux;b&jskwybd wb S b
- J 9. S R399 0 g 33 (g w LSS

Preparation of compass survey map:-

w,ﬁ;ua%o)Li:W:Jﬂaéb@&,dlxwLﬁféﬁwz
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Statio BS| | FS| Rise| Fall RL | Remark
n S S
+ -
point (+) )

BM | 0.95 250.55 On
5 0 BM1

1.25 2.15 1.19| 249.35

0 0 5 5

0.78 1.76 0.51 | 248.84

5 0 0 5

1.53 2.05 1.27 | 24757

5 5 0 5

1.26 0.83| 0.70 248.27

0 5 0 5

0.67 0.95| 0.30 248.58

5 5 5 0

1.27 1.50 0.83 | 247.75

5 5 0 0

1.65 2.05 0.77 | 246.97

5 0 5 5

0.45 2.16 0.50 | 246.47

0 0 5 0
A 1.00 0.55| 245.91| Sp,road

5 5 5
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Precise leveling ~ E=+0.006vD
Jooghee Jals o 5 omilo Jodd 4

ERROR IN LEVEL MACHINE
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60m approx . _,_4m approx.

Ist. Setup

2nd Setup

(Ist. Setup) True Height difference =2:824 -1-736 = |-088
(2nd. Setup) Apporent Height difference =2-217 -1+ 133 = |-084

Diff =0-004 which is less then
Smm

s Level is in adjustment
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Oeile Jsd 5515MM o3 348 558 A s o s 51 30,05 5]

BM shifting and closing JG&&1 & sl g &

JJu@ﬁ#;B ;o;ZOOthé.'Jj‘_;E.iB:A > S b s ¥y
¢ Jus]

- . :
o 1.85
A{200.00)

(a) Elevation

1.40

RL of A = 200.00 m
Back sighton A= 1.35m
Plane of collimation at L; = 200 + 1.35 = 201.35 m
Fore sight on CP, = 1.65 m
EL of C]—‘I =20135-165=19970m
Back sight to CP, from L, = 1.40
Plane of collimation at L, = 19970 + 140 = 201.10 m
Fore sight to CP, = 1.70 m
RL of C']-‘a =201.10=170= 19940 m
Back sight to CP, from L, = 1.30 m
Plane of collimation at L,= 19940 + 130 = 200.70 m
Fore sightio B= 183 m
RLof B=20070~-1.85=19885m Ans.
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Table 15.1. Booking and reducing levels by plane of collimation method

Starion Reading RL Remarks
BS is FS
A 1.35 201.35 200.00 Benchmark
E, 0.80 200.55 Plinth of
building
cP, 140 165 20110 199.70 Ccp,
E, 0.70 20040 Plinth of
building
CP, 1.30 1.70 20070 199.40 Cp,
B 1.83 198.85 B
Check £ BS = 4.05 IFS =520 Diff in RL of A and B
ZBS-ZFS=-115(Fall) = 198.85 - 20000 =-1.15

horizontal distance il dlaw! g cailo Joudd J o5 Aol 2818

--on level machine ) ) “
u...u.uu.ls.bUbbJﬁ‘Mb&aUﬁl:d.\;bAla.JwanJ‘,.J.:
.%;Mﬁﬁéz;plal)ggxﬂjlgu)xba
ébﬁjj;'%&éu‘ﬁlé;ﬁ;#ij'AJ‘ﬁjJI‘ﬁ.éJLiﬁ
$xbabi Byl 5o)le Sabi o As il SO0
@Mg;"&“‘ﬂg;"’)}"g;“"’}l’|g;’“}"lﬁ °QIJJJI§;Y;’JL§;“
.”SI.\,gg&gme&wlxjypg.wwlﬁl

Horizantal distance=(upper reading-down reading)x100

down sl 55 v Upper reading=1.567m & ,.> 45" Jls
nggmbude\l.abg;u'dj s o reading=1.453m

Horizantal distance=(upper reading-down reading) x100
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Horizantal distance=(1.567-1.453) x100=11.40m
vertical b Ao g cpdila Jgads JsSiay Aald 53508
-: distance by level machine
s J5 50,3 ) ST ool g5 pa s 5L ol J el
c«.q-oﬂa.’;j.‘:.o.:joebn.é;jl}l&l&l}wxé&&ﬂaw
oo g i¥assS
Height=direct reading+indirect reading
Direct reading=1.576m indirect reading=1.398m
Height =1.576m+1.398m=2.974m
slope on level ik Adaw) gy Gadiba Jgada JsSIam (s
machine:-
a;:g@&;zﬁ‘}wuw‘@ﬁ;&augﬁbls;;,.«.c:;,}l?n
i a3 5N 53 > Raising slope oMw &l 5 a5, 1 g2ad 53
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I3 509358 VS (2 5 Jra e 03oe e 5 0
jjl.,\.a&d.ubala.dly
CNPEMPEESN VTP IOSUI AR (RN
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EPINEIEp-tY
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2) slope /distance+1% RL=2"! RL
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e
o S oYl 65 1.345M pewd S S miai s aS

NERLE
-2l s
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(1.387-1.345/3.8)x100=1.105%
il s o292

dwucﬂf sk 5l231:20 o o3lul > g5 Falling gradient

BS reading=1.525m

HI1=525.500+1.525=527.025m

RL of next point=525.500-30/20=525.500-1.50=524.00m
Staff reading on next peg=527.025-524.00=3.025m

3l S J 50 g nd (g 0L sl 4 30m ;staﬁéu,ydsuf
bl 5 pegs 5 akais 4l sl | sl 0 s reading=3.025m b

S5 IS s5aaldl gm0 Bl f e s alnsl S ais i gL
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g0 Jsa g sl g 5 Jond | b a5

Is reading on CL=1.230m BM=450m BS=1.897m

ol

HI=BM+BS
HI=450+1.897=451.897m
NSL at CL=HI-1S=451.897-1.230=450.667m
FRL at CL=NSL+thickness of layer=450.667+0.40=451.067m
Required rod reading (3R) = HI-FRL=451.897-451.067=0.83m
@3 N o 55 2 S 450 555 sl 312 L Ok sl
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ssliiul o, Lscilsbs o 95,5 so gL alau] o 633 - :Alarm clock
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and
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Sensor
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Internal
GPS Antenna

UwP ——

Button T PAGE
Button
DOWN /
Button T POWER
Button
ENTER
Button
LCD Display
Compass {with backlight)
Sighting
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200




(c) ketabton.com: The Digital Library

K g gw

chain and Compass traversingo«sss s sl (ulpas
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-: method of traversing4dgs gisa (g2 58
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By the chain angles.

By the free or lose needle method

By the fast needle method

By the measuring of angles between successive line
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BB of CD= 208° 37'-180°=28" 37"
BB of DE=318° 26'-180°=138" 26'
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The includes angle =180°-sum of the two reduced bearing

AOB=180°-sum of the reduced bearing of OA and OB
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Bearing of line =given bearing +include angle
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Bearing of AB=30° the angle of BAC=110° CAD=100° and
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Bearing of AB=30°
Bearing of AC=30%+110°=140°
Bearing of AD=140°+100°=240°
Bearing of AE=240°+65°=305°
- Jle o 93

w3 Reduced bearing g o Jouslo, s o> AB 54t > aS
s 4z 5l dde 5o 5l350,L3 BAC,CAD,and DAFs sl s s N35°E
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RB of AB=35" BAC=95°  Sum=130°
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CAD=110° RBof AC=50° difference =60°
RB of AD= S60°W
DAF=75° RB of AD=60° Sum =135°
RB of AF=180°-135°
=N45°W

example on computation 4 sl gm sl gSlama 51415 (Adlaa
-: of included angles
dﬁdggl%%;‘j#l)@ﬁ;f‘#aoB}IOA 3 Jl g
a) 32° 15" and 148° 45' ) 16° 10" » e 5 d 515 S0 o3 (6530
and 332° 18' and c) 126° 12' and 300° 15' )
ol

<AOB=bearing of OB-bearing of OA @
148° 45'-32° 15'=116° 30'

(b)<AOB=bearing of OB-bearing of OA
332°18'-16° 10'=316° 18" Exterior angle

Codls 2553 0L5a5180° ) o sl 2 s g 2 4SS5 &S

ool ISBOA 23,8 555 5 5 55 52 B0°4 i
SIT Iy

BOA=360-316° 8'=43° 52

(c) <AOB=bearing of OB- bearing of OA

<A0B=300° 15'-126° 12'=74° 3'
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Bearing of AB=146° 12
Bearing of BA=146"+180°=326" 12
Bearing of BC=68° 24

Deffrence between two bearing=326° 12-68° 24=257° 48=
exterior angle

<ABC=360-257° 48=102° 12

b)

Bearing of AB=70° 38

Bearing of BA=70° 38+180°=250° 38
Bearing of BC=126° 18

Deffrence between two bearing=250° 38 -126° 18=124°20=
<CBA
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?éﬁ&&-‘%gﬁbwbbdf%gs;dbwlg

-: local attraction (s Asa
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g g
dé:é;:HN—S:;lo}|d§§¢SQ:%§A§:s§>%§,:ﬁ
"deuﬂjﬁbapﬂﬂg,&.ifg,bu:wwubwuﬁ
ijvbdjbmwm,,mu@b uybwﬂ:)&
JLM-’L;uu"gSM-*yu;u‘wxu;’«bd-’ﬁgg“’wﬁ’w
‘JJ...&IJ_OJMéUJﬂdbdu)l.wbbﬂJjQWme%}
ol Sorogn 2 oSSl s g Rbgle g e
u_fw).bm »b@@bmﬂm&yd.»bdbum

J..So)|.\a|oﬂJ3;d.\aﬂuu.>waJ|.\a|debm
-: magnetic declination <l ad ki

N MN MN TN

v

(J// { DECLINATION EAST }

( DECLINATION WEST )

() (b)
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=

= g g

TN MN

Magnetic True North
North True bearing
/ B

Declination (East)
/Tme bafznng
Magnetic

bearing

Declination

{West) Maanetic

bearing A

SO unhaliBa g) SOy Adla
Magnetic bearing and true bearing:-
true bearing =magnetic bearing +declination
syeinandle SO po g3 a 5 gy declination east &5, 45
03w ade SO, 03 a P declination west &, 45
Magnetic bearing =true bearing +declination
pdeuie oaodle SO0 54y 5 g5 declination west u o a5

03w aade SO, o3 a 9 declination east 4> a8

=+ Jl g s
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=

) g g
:&531350 3oldﬁ3|j&ﬁwﬁbuﬁbbJL:JJ:.‘;JAB JA.'JJ:{AS A
declianation jéJL’wad{S‘M@M&J&M
¢ 590 West=5" 15'

6».563210 45M@3|)&ﬁwab:CD sui,>48 B
declination 8 15w~ﬁsd§|4umdjb&ﬂwubm;

Cdﬁ
ol
A) True bearing of AB=magnetic bearing —declination
=135° 30" -5° 15'=130° 15'
B) Magnetic bearing =true bearing +declination
210°45'+8° 15'=219° 0'
- J'j.w vﬁ}b

2 5 53 S30°15E S 0 b s La33 CD 5452 o5

¢ g5 10° 15'Eaﬁ.a5¢;|.gﬁwlj&sﬁ&,an

ol

o :a..‘;..u”a%?ib:jb‘,.g.\,;‘arwWCB 3ea3l3RB 36 48]
43 WCB 3 558y e 53515 S o o> g 5L o b asod

e 3 s R 3 g3 S A e
RB of CD=S30°15'W
WCB of CD=180° +30°15'=210° 15'
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=

5 g g
True bearing =magnetic bearing +delination (east)
=210° 15'+10 ° 15'=220°30"
Required true bearing=220° 30-180°=540°30'W
-+ =02

45 55320°30" o S0z b ldie 2 L3 0 Sain 50 5040
45 5 81y G o w5l Ja3 o Dclination =3°30'W a5
¢ g0~ declination=4° 15'E & >
wole
True bearing=magnetic bearing-declination (west)
320° 30-3°30=317°
jso:prﬁjljgﬁ;ﬁ:ojgabxaxjﬁxﬁa&}&

$2317° 2 o S s
Magnetic bearing=true bearing —declination (east)
317%-4° 15=312° 45

=+l g ) 515

55175 30 cand S0 o b Lo pods San g 50 oS
U 598 (i

€S o $ 3055 2 6 S 1ot 315 B 2 b Lo 5(A
s o523 595°30" (S o by 0 S0 b Lie 5,2 45 (B
s Sl arsls Gl o) b lins S (s g sty b 540
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K g gw

ol
oLl dds o gl srcwm,na o Sa a0 (A
J::-JLQ.JK_ML;L.@- Jwb&jd&bdkb@dﬁ.’m
J'-QJJQJJL%%E%;BRJWJAJJJ&JMJ'éﬁmﬂ
S o) plae iescelusasl;175°30" 5455 ) es
wbwﬂbjl.@...llww.ém

Magnetic declination=180°-175° 30'=4° 30'E
ol e o ay g Bbdsacm i a ol St (B
$0305 545 0,13 el a3 S0 o bl 2 a8 553
L gl i > 5 b g5 s 0L bay b Jlads e
jldxbu}uubgm:myﬂ:&jmjldjwf

Brasd e plas gdescelus w3545 345 )l ae

wbmﬂbﬂ@.ﬂwgﬂﬁbw
Magnetic declination=5° 45'
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=

) g g
, MN TN
Magnetic declination = G
180°0'-175'30'=4'30' E
Fig. P-3.2 widriiy
- Jbu ['.z...a

5 4 S o 5 5ka3-3 OA,0B ,0C,0D 345 > &S
<AOB,<BOC 5 ol 5530°30'140°15',220°45' and 310°30's -
Cg Sl A,fjljgl:‘,b and <COD
ol
<AOB=bearing of OB-bearing of -bearing of OA
=140° 15'-30°30'=109°45'
<BOC=bearing of OC-bearing of OB
=220°45'-140°15'=80°30'
<COD=bearing of OD-bearing of OC
=310° 30'-220°45'=89°45'
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il

A eelus gubabul w ABaNd C sals 553 2 )55
ngbdﬁemo&ulgjwﬁsgaﬁ%;&b
25,53 o (55807 30" e S AL AB 3452
el

FB of AB=80° 30’
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=

- g g

FB of BC=BB of AB-<B
=(80° 30'+180") -60°=200"30"

FB of CA=BB of BC+exteroir<C

= (200° 30-180°) + (360°-60°) = 320° 30’
FB of AB=BB of CA-<A

= (320°30"-180°)-60°=80° 30'(Checked)

Ty L -
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g g
d}uJJfﬂL;.\aba.S’yd.bﬂuuM FB :bJLgJ)J}BDAJﬁAS
45°30,120°15,200°30 and » v i 5 4 AB,BC,CD,DE ¢

€ S1az 23l3AB.C 355280745

Interior <B=BB of AB-Fb of BC
=(45%30+180°)-120°15
225%30-120°15=105°15

Interior< C=BBof BC-FB of CD
=(120°+180%)-200°30
300°15-200°30=99°45

Exterior< D=FB of BC-FB of CD
=280"45-(200°30-180°)
280°45-20°30=260"15

Interoir <D=360-260"15=99°45
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=

= g g

280°45 [ |D
Fig. P-3.5

S8 0 S5l s S ISE Al 5 2 ABCDAS ) 505 5
€ S (o 53 S0 s yalkiny 90555 120°30
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) g gw
/"“
DI E‘i "
-0l

FB of AB=120°30

FB of BC=BB of AB-<B
=(120°30+180%)-90°
=300°30-90°=210° 30

FB of CD=BB of BC+exterior<C
=(210°30-180°)+(360°-90°)
=30°30+270°=300°30

FB of DA=BB of CD-<D
=(300°30-180°%)-90°=30°30"

FB of AB=BB of DA-<A
=(30°30+180°)-90°=120°30" checked
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K g gw

—Jb.ur.:|

S 54&3)'“3‘6-’@3)3*1—""‘-;“ -"f"u’wﬁ)&f:-’
6J&waﬁiwu33|63éj)ABCDEyW
a3 FB L3 AB s 4> aS d.\;bﬁm&w@,&y:

Cg Sl & 53 FBs :}A@ij:§33 00

C

SUPST
?é;l.;\dgjlj&':b)LﬁJw)x;éJ}ﬁ}sJ‘;UéJ&sﬁ
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=

) g g
Side FB BB
AB 150°15° 330°15
BC 20°30' 200°30°
CD 295945 115°45"
DE 218°0 38°0
EA 120°30' 500°30°

D

- Jl g

IS a5 BB 5IFB so,bo i 5 I psms 0 doa 84
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Side
AR
BC
CD
DA

=

S g g
FB BB
N 45930 B S45°30° W
S 60°0"E N 60°0" W
S10°30'W N 10°30'E
N 73°45'W S 75°45'E
=i g ] 52

@.ywwadhﬂ&.&‘uﬂ}b&yabﬂJjng.asd—a
%Qﬁ‘j#'béjﬂgﬁﬁg‘%Uﬁgsbbgﬂ.iﬁéuup
?%;;[.Acﬁhd%iubm%;}%b},béﬁxafﬂ%g;bﬁ

LINES FB BB
AB 150° 00' 330° 00'
BC 230°30" 48° 00’
CD 306° 15' 127° 45'
DE 2987 00" 120° 00!
EA 49° 30' 229° 30’
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d)
e)

229°30-150°=79%30"

Interoir <B= BB of AB-FB of BC
=330°-230°30'=99%30"

Exterior <C=FB of CD-BB of BC
=306° 15-48°=258° 15'

Interior <C=360°-258°15'

Interoir <D= FB of DE-BB of CD
=208° 00-127%45'=170°15'
Interior <D=360°-170°15'=189°45'
Interior <E=BB of DE-FB of EA
=120°-49°30'=70°30"

bJL;gJJJJ;.SxJBJ
Sum of interior angles=<A+<B+<C+<D+<E
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=

- g g

=541° 0

But,the sum of angles should be (2N-4)90°=540° 0
Error =541°-540°=1°

Correction per angles= % = —120

(el 5 8L S 5 gl ag gL i b ke Bles

XV LS| E PP PRESPRLL T

Angles Calculated values corrcc.tion “ Corre.ctcd \'ah.l.e
A 79930 -120 79°18'
B 99930 -120 99918
'Cl 101%5' -120 101°33'
D 189° 45" -1200 1899 33
<E 700 30" -120 70° 18"
Total=541° 00’ Total=540°00"

PROBLEM ON 43l g (g2l 0 ) 4y (alS aan
- LOCAL ATTRACTION

_:JIJ‘“ r—«Jj)
o5 L3 s 305 503 23130 s s Jn3 g Y 4
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=

) g g
Lines FB BB
AB 191° 45' 130
BC 39930 2220 30’
CD 22015 R00° 30
DE 242045 62045
EA 330015 147045'
C
Fig.P-3.12
B g

a) Calculation of interior angles
Interior <A=FB of AB-BB of EA

=191°45-147° 45=44°

b) Interior <B=FB of BC-BB of AB

=39°30-13°=2630
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c)

d)

=

- g g

Exterior <C=BB of BC-FB of CD

222°30-22°15=200°15

Interior <C=360°-200°15=159°45

Interir <D=FB of DE-BB of CD

=242° 45-200°30=42° 15

Interior <E=FB of EA-BB of DE

=330%15-62° 45=267° 30

Sum of interior angles=44%+26°

30+159°45+42°15+267°30=540° 00

Which is equal to (2N-4)90°=540° 00
—J;‘MMJ&ﬂWJJJrhjé

i 2 ol3 P 815 9380 S ol (228 e blde 5 L3 DE:
555

FB of DE=242° 45(Correct)

FB of EA=330" 15(correct)

FB of AB=BB of EA+<A

=(330° 15-180")44°=194° 15

FB of BC=BB of AB+<B
=(194°15-180%)+26°30=40° 45

FB of CD=BB of BC-Exterior <C
=(40°45+180°)-200°15=20"30

FB of DE=BB of CD+<D
(20°30+180°%)+42°15=242%45 Checked

.jjblag;gb&dgdfjsé.uﬂga&wa_émjl
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=

= g g
lines Corrected angle
FB BB
AB 194° 15 1415
BC 40%45 220%45
CD 20°30 200°30
DE 242° 45 62°45
EA 33015 150%15
- Jlj.w (g.uAJ)L:‘Q

sbas! 5, S sl (S oS AP e e Jag Y g
s 505 S e S o3 S (e
3l o33 3 S5 ] s STy sl S,
7 S I b3 an 8 s S g g 5 4S5 e Sy
15455 s 5l 5 5 - AB=100m,BC=100m and CD=50m

Cewblas o 29l
Lines FB BB
AB 68° 15' 248°15'
BC 148 45' 326°15'
CD 224°30' 46°00'
DE 217° 15' 38%15'
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=

= g g

EA

327%5

147° 45'

g sl 3

wl.«.os.ﬁgjb&ﬂJb)biw)ngfbd.\abds}adxsm
d;:yy@wﬁfdbmmﬂafdzdyw|d,bbdz~|y

Lines FB BB
AB 59° 239°
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=

g
BC 139°30' 317°
CD 215%15' 36"30'
DE 208° 29"
EA 318° 30’ 138%45'
<1 g iy

ol g lsag g o3l sl 3K ms gubaS 5 ¥y

(S o IS o 20l g S 2315

Lines FB BB
AB S45°30'E N45°30'W
BC S60°E N60°40'W
CD S5°30'E N3°20'W
DA N83"30'W S85°E

GopS o) A g (S i Ay s Sy (o Jibg 43h

1. Prismatic compass with stand =1no

2. Metric chain(20m)=1no
3. Metallic tape(15m)=1no
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=

- g g

4. Arrows =10nos

5. Ranging rod=3n0s

6. Cross —staff or optical square =1no
7. Plumb bob=1set

8. Tri—square or wooden square set=1no
9. Wooden pegs=10nos

10. Mallet or hummer=1no

11. Field book=1no

12. Good pencil=1no

13. Eraser=1no

14. Knife=1no

field procedure (S 4abu 4y dlas 5l 581 jala (g gy (ubpasa
-:0f compass survey

SV 59w 5L alaws] o prismatic compass wlwS g sicwes

955 salewl Jos

- Recconnaissance SUIVey (g 5w wemas 5o

PSgobarlug, o Jﬁéﬁﬂﬁg'ﬁ@”bm

a&;x&lga%aajlﬁbu%e)lﬁ@u@yj;;jl

3400357 00l bl (03,50 s 9 5lloiins) 50 803 2 S5
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K g gw

-:preparation of index sketch. 2

Qjﬂg§>%9°r5°ﬁﬂg53ﬂww&w J%gﬁébﬂwﬁj
ﬁl%s“l"”u‘)xﬂ-’ﬁléﬁgﬁfﬂ)ﬁf;°@?§“g’u-’g§
gsafﬂwéb“w

marking the station on Al i sidigud Aulys Sada 3
-:the ground
Mkbéﬁhgﬁﬁyé”@%%ﬁ‘i%rﬁw)xﬁb
PEYS 3 &5 gidigion 4 3 51 (5SS (g b ddans] 55 5 e S >
:é.é::%cm xbmwu:@dﬁﬁbwbd»b@lf

b & il 483 3 60 ;L5 o refrence skatch sl oo, S anl
measurment of J 48 s31u1 osl355 K s ahss w53 4
-:bearing of Travers Legs

wfp ey Al s g e s e las ol ) 2 50
Joss Sindex sketchay Lbegs s 58 bl (6,8 SG sl
L gl J> 2552 5185 554

Skl Sl JispaoABCandD
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g g
é‘-hu@fww)yﬁ@wéquwaww
J“E""’AB‘5g;uw‘“k5m‘uﬁ|k5f5°ﬂf&&]}*]3|u§fju
Ja_a-:AB:jlggj_SvL_..a-lM BB 3L33DAs slesFB
%sr;w‘bwléa\dLﬁbABé—ijléﬁsb)"\_J‘-;Jljﬁgjl
5 i B3 kS Ll 4,8 U S il bOOK i 4 yanl 3
u3|djj}up|m BB;.B:AB;lFBJ:}: BC 2 5l g i
Fed |0 piaed (S s g p i (5 5 031 5 S 0L I 5 (g e
J:;WSN:ﬂMFB :oJL:L:L;QJ}JQIJJ@wIaL;JJ
L;L.>L$5F|e|d bookm»wu:ﬂdﬁwlmBB 30,0
N
& g (6 30 55 55 P ode 545 gL, Lfébbu@m;dw”
WUJMWfW¢>>:ldf5dbfdbéJ3»~
.&;:J:QSWMMWS&):MJ& NV
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=

- g g

Jiun oo B

D

A~ 42

plotting -J oS alds ) 0 5 gL aawl g wlaS's
»3‘95%9;:°J~“J3-395~\33
)

By parallel meridian through each station
33.:5@'3'@[.03 Lélf:édemayumyL;M:A;
)‘bui‘fbﬂde%dJ}-ﬁ&A—’jW}b}déMdJM}'
a.la.ulydprotactorggl.m&ﬁb;AB SUFEIESTEPENISS
d.\abwl_dus.a_wl.myHHI)JJﬂu.&b.UUJHJdJ\_aL
@'}JUJ&AJSLQ\M—G}JLM‘;MB 5850, dad 5. 9 pomer
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g g
ol cslin o ey S 1 L33 BC ol (g8 IS (g5 50 0 gz
%é!,_;u?a_;s‘,ll,:?jiga;,léw,éup&WI,ggw;é,up
Sy 5 Wb Lo
03255 $ L a3 b dn (5) 5w 0,515 6L 0L e
B pessedy b Sedb iy oS d gl g
@@_.Smc..obclosmg error MJJ‘.;&JJﬂdJM@dJJM
rﬂyw“-’s’d-’“bwﬁ‘;‘ﬁ‘;“rdﬂﬁ

Eia -B
by considering dsus» cuus s A 4l 59l Al
-:included angle
sl g S Gao LéLf:édeLuyuAMtjﬂs
djéjéﬁwpgwifjwjbdbﬁy‘;mdb
JJJ&JIMjldw)d&b&d‘f&@)&ﬁb)ABé@

WA_JBbjl &W)WquuMwuy:J‘jb)jlb
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g g
az Alssy9l a3 BC syl o8 JSG e dd sl J>13<Bs S
G‘J‘,.éuw.sMb’CD :3|6J.5J5LJJQMMC:6,SJ5L§

éJ&M‘Qﬁ}%ﬁM'D'w:—w"
/Qi =7
\ RROR
A
C
Fig. 3,15 B

Jogsr oo i3 g b abaul g 5 S 5Ll chas 55 00

By considering the centeral meridian line:-
A}xésag3|éy15J5L§gSbeé)§f4ﬁ I8 0 abais aclin s o
L,ia;:_,.wwpwu.bh.u :L&u:;léw)bé:ﬁxs;
VLSL;‘«.:@,U&”;é)::,EJgW)ab,bc,cd da 3 & ghas J g5 4
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=

S g g
b§j|yabaaﬂb:AB -“*-\;I‘-"-‘dr{f"dMJ Lu;.dj...{
.jﬁ)}“'.}'é)#b}lﬂﬁ&é“)'j')y}

Fig.3.16 8
ADJUSTMENT OF CLOSING Jgpls ooyais o3 50
_:ERROR
S slga s oS Sl By cunSs Jin 2 S
u:fwuw‘;U)HdJA—’j—’dJﬁlm&jubﬁm
g,Ia.lt.;.\_c..sgﬁkgf.(‘}ajClosmg error as ol (¢ g,y
o)|.,u|:wjlj.>$_sﬁ:4_§.a lao ol o oS 831505 galon oy 53
S by g0 F2 485 B Sl ek gyl Jalis s S
,;q:aalﬁ;«;»gjw;)lmguiaaﬁdgz;a‘cw,gu&
ez aSsl Sarluag o gLl b Sosrogn
sy 3 oS s 2 A aaSTyain b 555 S do 53l
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K g gw

@J&aﬁjjgéuﬂgdééuu;dA.&G-Bowditch’s rule
s

7 o3 § 0 Lo i g4y s 25 ABLCLDLEL AL
quyju;juJﬂdJMyd;RF 1/400wmajuu.xm
mj|m6:fdﬁ5gbuabd.ub4uba.;AAl;ﬂL;,.\.g
d}..SJU closing error

35S Dm0 Gy g g adin ad Shldals 2 gl bl a oo
:;,Jljaﬂlla.;dwsadbbwgbxéﬁj.;...'..ﬂ,‘sla..;&.?é.élAAl
— S P P Y S| [V | PUES "D W S P
djbb,b.agﬁl.\:dl..ébABl B1C1,C1D1,D1E1 and E1A1l:
ijbdojﬁcAla:3|¢)@L§w)yf4.;@mwl.u|,b
AaJ@MbJMJJdJJI.\M‘JE.LLJOJAJ}@d.\JLJU'.\alwm
B1b,C1c,D1d Eles a5 5 aiss BLCLDLEL 3 5y 0w, o
g;“ﬁj-w'ww-’“ﬂ:h’“-’@JWJJJUM;“Ala-"‘-’JE-"
O)l.,\.d'A—CMA—J}I6.;\4_9.-|,LSLJJ3MU.0)‘9_$JJU5@[:‘9SMJJ
u*)ﬁfgﬁﬁgﬁédgwév\ﬁ%%ﬁgﬂduﬂ'm“ L gxb
s Ml o3 ABCDEA
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=

) g gw
d e :
[}
c D E A,
i
e (SBY)
(®) R F = 5550"

-: Limit of closing error 2 sl jlatas Jhis
O Az 48y 15'\/N.>)|.\.3.n‘_;bl.é:$33|)‘: Wlo, Ly s s g0
é:ﬂw‘,ﬁLb:w)ﬁ;:Ns?S&gMﬁ%gg@

Reletaive closing error=amount of closing error/perimeter of
traverse

o ob3a5> 1/600s Ll cwdass >
- source of error in compass _gu ju Jalés S v LS 4
u)rawuda-d:aﬂ‘jjgd.)uﬂmw:ﬂdlaluéwwm

M3 S eSS 2 i S
--instrumental error Jalé s 514l &¥0s

S A dng e

258




(c) ketabton.com: The Digital Library

=

s S
s J 93 JoSn g a5 | e 5 (65 0 demiions 5 oS S aleSo s i o

SIL M )2 ARB 83 > Shud> ) ddnsS g pulrs e

$94 5 goe 0L aS & 4 ;5 40 Sight vane

%;Ja%;;,&cjlr.ﬁj.:_.m 4 Horse hair

S35~ £ Pivot point

T edlaars g slgswgobas sall;l LlieS »Ring
JWlaé%ét,plsggwj@m@éjwudﬁpivot >
‘_;w,u

-+ personal error hlé jasis

a3 (s 3 5545 S35 o S LS ST a3 ulaS @

$94 Jsd Graduated ring o

SIS B S Saru a0

o dSl s ubdsrcm i Shraols e
é}bbﬁjﬁb}sww&;bbﬁ .

- Other source of error sz . g, 5 g;EJ.::
ﬁlyvﬁbl;.b:}é;&;j;ﬁyumf%bu&;oug&u .

(930 O s (57 45 23 97 54
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K g gw

b foaly ak S Gl | bl S arlo s o
S Lbblis gud gy Seslinlo wlaeSs oS

L}*wﬁdﬁ’“ul’lc-’ﬁfwujf-’ﬁ

PRECAUTION TO BE TAKEN IN COMPASS
SURVEYING

s dpals 8L S e wbaS gai sl b e

o daseS popls g b ganaz s sl b a g e
%;JJQAS",JA#L;LJQJI%;& ;)ljjﬁjoﬂ[,ljlox.ga,‘, AL brake pin o
s~ press

sl Jads bol e

)50 $3 4 5 Sy WS 45 (g o 0 (i 503 (oS 2 alSTe
aw s glass cover » & oI, Sight vane Lb S

wap s olus pwlsom o Ll SO pslol 3o
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The mide-ordinates rule
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=

K g
2. The average ordinates rule
3. The trapezoidal rule
4. Simpson’s rule
wiy b 2

-: the mide-ordinates rule 4% kb ¢i il ) gl (Adiad
38l g bbb b cols ooy S B e SIS

Fig. 7.10
T
1 ' l : :
G lh1 oF :hz Og M3 |04 | N O5lh5 Qe
T »
s
Fig.7.10
S ol sluw s olss5101,02,03.... On
%;:Sglj;:”llbgub|:L
3§|Jﬁwlagwu@b:
Area of plot=h1xd+h2xd+.............. +hnxd
:d(h1+h2+h3+ ........... hn)

Area=common distance x sum of ordinates
-2 Ady )l dad 93
-: The Average Ordinates 4& kb §ilia ) ) gl giad
hwj'é\.ébjlw,la.w3|jfbb))'dﬁdf)jbd-\ﬂgw‘)bdbw
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=

) g g
M — e — i —»] -

le =
I L=nd |

3551 gL s b sV colus oo s 5 S B4 UK
é}aﬁéngéaobﬁbjlol, 0,5, 03.......... On

) 55 Jasysl o mlilsL

" 83 :l.:\;a;s,;;-x.sn

83 3w wlosyslon +1

555 e g3 g ol L

01+02403+-+0n
Area = X L
On+1

Sum of ordinatse .
Area = , X Length of base line
number of ordinates

-t A8y bk day
-: trapezoidal rule 4& h A& g

wlsgwujls‘;)ﬁ&mi;w‘cu;ygsﬂlabounda.ry%s.?
955 1o
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K g gw

L FTrr Tk}

| L= nd |

38l g bbb b colas ooy S B e SIS
‘_;,Labdjum‘_;: O@J}jlol, Oz, 03 .......... On
03 aholb 48 sl e 5 55l s 510 d

01+02

1% area =

xd
02403
2" area =——xd

03+04
xd

On—1+4+0n

3"%rea =

Last area = xd
Total area:5{01 +2014+202+———F20n—-1+0n}

c dist . .
= Ommonz = {1st ordinate + last ordinates +

2(sum of other ordinates}=total area

~148y )k da )18
_: SIMPSON’S RULE 4& jha cpuasuas
s gl IS ol bes a5 0 A sl sls Sui b s a
&3 7 s 0L G b g s g b S s
7] 0 IS i 5,8 o 5 o2 Parabolic rule ws i b
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2

T
|

[ ™ =
I a L) a 1

A B c
Shsd s S e 2 rwplos,slas 00,01,02
) ‘ 03 4ol e 5 5 55l 515 d
Area of AFeDC=area of trapezoim AFDC+area of segment
FeDEF
Area of trapezmm- 1x2d

Area of segment :§ X area of parallelogram FfdD

:§ x Ee x2d:§ X {01 _ 00*‘“} x 2d
Aol e 5 5L 5l g 0 5 0503
Al_01+02 x 2d+ {01 00+01} x Zd

=2(00+ 01+ 02)
QM&QM%@L‘AbJL,‘gb}ng_gbséﬁjbbb‘:;.\JLgou‘:;Mdﬁﬂ
395“-.:3
Azzg (03 + 404 + 05)and so on
Total area=5 (00 + 401 + 202 + 404 + — — — — — on)
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K g gw

SETVd &g oo g5 0t (=5 trapezoidal rule ol simpson’s rule s

$3 o Jos

Trapezoidal rule

Simpson’s rule

4 boundary sz 5 55 55l s 5l

4 boundary zw 5 55 55los 5l

oS U 5L S s | (55 J 5o g 0L USE ST L
dﬁbgyuaadajga&;:: dﬂ.’lzsg,jsléa_é:do)g:%;::
SbaSslasplusslsg oS | ol abslawplus,slsg 58

éﬁﬁ‘rﬁ@ﬁ'%%é: g-“ﬁ‘

S5y amt aSsa bl

S5 amo s bl

-: practical problems 43 gl g (Aas

e s

Lo bsa )by ol obite 8 g sk il S Y a
.S;JUJ;;‘,HilOm:&;.\,g‘,.&J;;.&lAJ

0, 2.50, 3.5, 5.00, 4.60, 3.20, Om

boundary 450l aas 5l Ja3 5 & s ol IS 65 50 53 oS
Cg b s b gy g S s s i 5

1. The mid-ordinates rule
2. The average ordinates rule
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=

- g g

3. The trapezoidal rule
4. Simpson’s rule

n

f—10m —=

1.by mide ordinates rule
0+2.50

h1= S = 1.25m
h 2=2223%0 — 3 0om
h3=220290 _ 4 25m
h4:5.00+4.60 — 4.80m
h 5=22"22 = 3.90m
h1=222% = 1.60m

2

Required area=10(125+3.00+4.25+4.80+3.90+1.60)
=10x18.80=188m2

2. by average ordinates rule

d =10m and n=6(no of division)
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=

- g g

Base length=10x6=60m
Number of ordinates =7

Required area=60x
{0+2.50+3.50+5.00+4.60+3.20+0} 18.80

=60x——=161.14m2
7 7

3.by trapezoidal rule

d =10m

required areazlz—0 {0+0+2(2.5+3.5+5.00 + 4.60 + 3.20)}
required area=5x37.60=188m2

4.by simpson’s rule
d =10m

required area==>{0 + 0 + 4(2.50 + 5.00 + 3.20) + 2(3.50 +
4.60)}
=196.66m2

- Jl e TE
éﬁbébéﬁp.édljﬁ'dﬁlSm 380 greeudl o g J 53 s XYy
3.50, 4.30, 6.75, 5.25, 7.50, 8.80, 7.90, 6.40, 4.40, 3.25m
.é{flﬁé.ulg‘,jﬁjb&g.uﬂgwu@bggyjﬁ:
1. The trapezoidal rule

2. Simpson’s rule
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K g gw

~iJl o o

L5 g ps ol g5 g 58 S @ gl gl oS 5 ¥

¢S54 o e s e 5 crved boundary UL WYY
Distance (m) 0 5 10 15 20 30 40 60
80

Offset(m) 250 3.80 460 520 6.10 4.70 5.80
3.90 2.20

1. The simson’s rule

2. The trapezoidal rule
COORDINATES 43 jha gilisa ) 683 0 jua o 9S)ana od gialecad
--METHOD FOR FINDING AREA
205 S So Jmd] S s 5l it o o & il 2 oS
w b glos, S30,LsdSTans g polass SO0 65y
.‘:;,J.:.‘Sozl.é.:.,.»l
- Procedure adec
ubpé,ulfaé’jsglw;waxa,swljléauép‘);ﬂs

4 X3 0 (g S |y s e (g et s Lo, 55 kol o 5355 935 (g
.oﬂJ_g.;s‘;J&ﬂA.;géﬁlg)yudﬁy:rﬁjlé.blww
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K g
a o -
yO yl y2 Y:, )
g ;._..X,._,1 {
h——xz_x_,{
R 2 x—1 .
7] —
Fig.7.14

S gaudgdr sobas s s ol Sacs

points coordinates

X y

a 0 y0

b x1 yl

c X2 y2

d X3 y3

e x4 y4

f x4 0

g 0

a 0 y0
ay S b Sl eslon s s ol 58 58 J S s ad sl
EVAPE R
<1 g
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=

Sy g

Chainage (m) 0,5.5,12.7,25.5,40.5
Offset(m) 5.25,6.50,4.75,5.20,4.20

(Sl s sblis ol 5l bads b colus ol g 00 90

Q
0 55 12.7 25.5 40.;
L b ass s ulbaS 5 gV ay sl G Taw plos, Ssads
) 5l
points coordinates
X Y
A 0 5.25
B 5.5 6.50
C 12.7 4.75
D 25.5 5.20
E 40.5 4.20
F 40.5 0
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=

= g g
G 0 0
A 0 5.25

,@gﬁ@wgu@fgaaé.upﬁyé.wgawa.é:,l

a b c d e f g a
525 650 475 520
B Al Pl 55K 420\ 485 o %\ %
3551 e J53 g0V 4y o i sazen (b

2 P=
(5.25x5.50+6.50x12.70+4.75x25.5+5.20x40.5+4.20x40.5+0x0
+0x0)
=28.88+82.55+121.13+210.60+170.10=613.26m?
2Q=

(0x6.50+5.50x4.75+12.70x5.20+25.50x4.20+40.5x0+0x5.5)
=26.13+66.04+107.10=199.27m?

Required area =1/2(3_P->.Q)

=1/2(613.26-199.27) =206.995m?
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=

- g g

Juab il
volume calculation JsSlay s sanan
uﬁwucuﬁf;:o)gsww:ﬂway”lfw >
6;M|6Jib4§fdﬁﬁbbﬂb6;fbtjﬂ3‘i
A.cajggffo;u.ngg,Swlédb;udJmc:&J‘,J:
Level
Two level
Three level
Side- hill —two -level
Multi- level
mufojuyym:@w}jﬁlmzy}om:@
‘,..u|..\..awl...~.ncla.a.ogajc>@e\l§j|o.,\.ayJ‘,.ud.\.’ﬂwu,’oﬂ
955 Ao sl b Y 2o o SO po s a0 S

“i b ijﬂﬁﬂgﬁgyﬁ%ﬁwjﬁ‘-&f (23 gL al b L}’Jﬁ“
52

wiydoppsady b gy 08 2 Slhg ez gubad b o aksdsd
@I)rfr;og;mjbgg:u oL a5l o

o s dr J3 50 658 0 sl 0 oD i g J 5 6108 s

.bJ.u.'
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K g g
Aigloa @ oloSlany ol gialual pdala (a8
Formulae for calculation of cross sectional area
- level section J STy 5 si>lue o, alatio o] 5o

~3:5|-'\:-.;Jje
. b+b+nh)h
Cross sectional area:;
= (b+nh) h
L W aia W al
|l 3 L 3 ¥
c
6 i A e
PPN T R
oA : T L h
P N A
Y MR
EF i E sy //.J////////}
j— b/2 —wie— 02 b
_:J|j“"’

u:éjbw|:md;lwwmtbawa,::@b:djlff:
' Sy 991 83211 oM Les 6 10M o o Sl g, 0550
S i 03031 b o 5 Jrns | S s s o 4ol
?éj2.5mg‘&;ﬂ?xé}§f}¢b5%§)&“5$

2l

ci:ﬁ»s?b,c:s;c;)yé:aﬁjséjoﬂ b=10m, n=2 h=2.5m

Cross sectional area= (b+nh) h
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=

= g g

= (10+2x2.5) x2.5=37.5m"

i i0m *‘]‘
/ | \
oo f : \\7\‘:7.,
3N \\We

e

-: TWO LEVEL SECTION 4abu (oS4 9 8 J gl 4d g9 0 930
Méu)rédbwjﬁdjgéﬁj)om&)jgbjb)ASA;MﬂAS
s colun ans gulbaS 5o uY

- vaugc:

..537-‘,¢{,!«,_\
eF=<oo—C_1INn

._.b'f— e e ——

PB=b/2
Bx=shl
b 1=b/2+sh1--------- a
Ee=(h1-h)
b 1=nxEe=n(h1-h)---------- b
790 g3l sy &5 Jalaes byl as
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K g
b/2+sh1= n(h1-h)
ot Ll
h1(n-s)=n(h+b/2n)
r"L.u‘

_n b
L 2

> 2 IS o oliul g @ Jalja 5l obgs s

b ns b
bl__+n_s(h+£) -------- 3
n b
hz—m(h—z) """"""" 4
b
023 + % (h = ) oo 2

Area ABCED=ADOE+ACOE-AAOB
:§0E X Dd+§0E X Ce—%AB x OP

%5.?3,1 ads
OE=OP+PE=_+h
Dd=b2 Ce=b1l
AB=b OP=—
Area=_{(=+h)b2 +3(=+h)b1-3bx—}
Area :i{(i +) (b1 + b2) — Z—j} -------------------- 6
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K g gw

Jim

28345 £310M g (20 b & @SS 2 e 2,0 g 0
wb&g%‘}s,j1:6‘3){?‘»(.2.&:%‘5’&-053&5:131%;&“?‘
C553M Sas p 58 o Jloss)

o g
2/
b =10m s=1
n=6 h=3m
;?LJ & ‘:;l:La.o EESEE
_b ns b
b=+ (h+57)
10 = 6x1 10
T2 T 6-1 ( 3+ ﬁ)
=9.60m
gﬁ?ﬁJJAJQ;JJL*”gf“;QﬁJ
p2=2 4 0S (h — E)
2 n+s 2n
_10 + ox1 ( 3 — ﬂ)
2 6+1 2x6
=6.85m
oA Jolae ol

Area =§{(2% + h) (b1 + b2) — 2—:}

-1{(% + 3) (9.60 + 6.85) —

10X10}
2

2x1
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=

= g g

:g (8x16.45 — 50) = 40.8m2

three JsSiay calua gl e (Sl J gl dand (g 20
-: level section

($385 0 a3 phiie a0 Sa>s Al

Area ABCOD=ADOP+ACOP+ADAP+ABCP

Area=—h x b2 +2hxbl +ix2xh2+ix2xh1
2 2 2 2 2 2

Area ={2 (b1 + b2) + 2 (A1 + h2) J-eromeeeeee 7
2 4
h1=0P+Oe=h+2% — — — — — — — — — _ _ 8
nl
h 2=0P —ef=h-22 — — — — — — — 9
n2
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=

= g g
@,)u@ﬁ;g;wwxﬂw:
b
b2—(2
b 2=AP+AK=2 + sh2 or h 2= 25(2)} S
&J'Mﬁ'
b 2=efx n2 = (h — h2)n2 orhz--hnz b2 b

oS o saliul i@kl jabslas

h 2= {(b2— ()_hz_hnz -b2
S n2

LIS

n2s

b2—

A G 10

nlS
b1l

e L 11

s

0 et 0,10 ol (K05 d g e (5330 e 53 g Y

Station Cross section
1 0.95/4.55 1.50/0 2.90/6.50
2 1.750/5.50 2.00/0 3.200/8.3

V&gSmJyﬁ@wbd;lewchu@oﬁ;wb
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K g gw

2l
g;Z'LJ & ‘:;JL’.A ‘;;Ajl.}
Area={> {(b1 + b2) + 7 (h1 + h2)}}
Bl i d S0k plae po 0 S5l
h=1.50m b=8m

h1=2.90m b1=6.50m
h2=0.95m b2=4.55m

Udbujlﬁc@wucﬁud@)&@fﬂb
Area={Z{(b1 + b2) + 7 (h1 + h2)}}

Al= {1—50{(6 50 + 4.55) + 2 (2.90 +

0.95)}}_(0.75x11.05+2x3.85)_15.99m2
Qupéﬁd;)jbjlj)cbj.ﬂ&;nbﬁ‘fjib

h=2.0m b=8m
h1=3.20m bh1=8.30m
h2=1.75 b2=5.50m

2.00

A2 {—{(8 3+5.50) +2(320 + 1. 75)}}
(1.00x13.80+2x4.95) =23.70m?
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K g gw

QAM&EKAgﬁbﬁgSJJJSJJ‘JMJQOJJJQSﬁAﬁﬁﬁﬁJ
SBESET

Side-hill two level sections:-
w35 (S5 Lol 5 I sk Joa g anban Suss 2 S
byt sl (S S SONS g has 7 5 S gl ol e o2
jjfl.\...awbwhmd;éu)yd:uyw|)édjgf

biduxbﬂ"gbws;ﬁﬁjiﬁg‘:;

o:ouxoﬂg;ww,n@r;
@jjb‘}g.ub

310




(c) ketabton.com: The Digital Library

K g gw

b 2=2+AA'=> + sh2 (a)
bJijD
b 2=EE'=0E'X n = (h + h2)n----------- (b)
oS oolluesbylas

g +sh2=(h + h2)n

a8 pmwbuwd &

_n b
h 2= X (2 = R)remeereee 12
oS oassl
b2:9+"5><(£—h) --------------------- 13
2 - 2n
~edls )
Area of APBC

A1:% x PB x h1l

PB=OB+OP=_ + nh
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=

) g g
Al=2 x G+ nh) {2 x (&= + )}
= +nh)—=x G +h)
= l{@z:;h}Zl _______ 14
~edl WYL

955 e bﬂJjaéwujAﬁ‘ﬁwu?J—jbé}GﬁJ
Area of APAE

A2=§ X PA x h2
PA=2 —nh
2

A2=1 (2 — nh) {% X (o= = h)}

_1,b 1 b
AZ_E(E_nh) XEX (E—nh)

S (R — ’

n-s

d)&ﬁ:g;‘}a.cm ul.éjéjubﬂ‘;dbeéjtsjgjl
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K g gw

PR ASs 2550 B 0 L
820811 N
b1=2+ = x (h+ ) — = — 16
2 n-si 2n

@wu‘_gjbd)&a.\jb

S (O — ;

n-si
~Jl g
?éél.\g%@@b;éﬁfxﬂ&b&ﬁs
ol
955 1o oﬂJjgéxﬂgggww@baé)&ﬁa

h=0.8m n=5
s=1 b=10m
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K g gw

oo sl n Lol 14

(B

required area-:— l{(zn_s

(w0l

required area-;—l v}
Required area=10.1m?

‘&»Lmﬁcbiﬂ‘;;bﬁb‘?xiéjLSﬁJ
h =0.8m n=5
s=2 b=10m

éwaﬂé;u@l%ag;ww.u%;

E —-n
Required area:% [{(z)—h}zl

n-s

_1((5-4.0)2)_ 2
= {5 )=0.06m
-: Multi level section ciabus aada SGg0 J gl cilidas

45 s °JL“°CL“@"J°‘;*E-°6J~°63-’° SRPIIS Y
N
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K g
Left Center Right
+_h1/bl,+_h2/b2 +_h/0 + h3/b3 ,+_h4/b4

SSJLSJ:‘SQ‘_;"MBLC‘;B.&)IbJ‘ﬁjJﬁéJ&xs.}Mww
wlaes Jold) e ysIxs o,bs o g pasl0s g3 5s
colus oo gsliul o deesciliw ol 5551

.bﬂjjgé.\ljﬁgﬂj‘,{'.\?‘g

A G F E D C B

b/2\ h2y 7 \ h/ / /b/2

e%;795:0)%&&0%#5@-%}3Jbﬁrﬁgg#9b¢f
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K g gw

> P=h3x0+h4xb3+0xb4+h1x0+h2xb1+0xb2

3 Ole & pidan gy g pd Ja s g BL o> o el 2 anasl

.l
5 Q=hxb3+h3Xb4-+hdxZ+hxb1+h1xb1+h2x
dgrosle gl
Area :% (3P -¥0)
) g

Mléwcﬁﬁgﬁgﬁﬁ&;ﬁ&;xboﬂJjgé&ﬂ%
oLl 2o 5,805l 5 6M PSS g3 854S g

Left Center Right
+2.25/5.50 +3.75/0.00 +6.20/4.50
+3.20/3.00 +7.00/9.00

Jgst;,&é?xs;ﬁf:@n)lﬁ:w;:‘}i&:

A B (o D E F G

0 225 320 375 620 -, <70 -, 0
_0\550\ T /450 0/ 30
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=

N g g
o3l o ae sazme (d b

> p=(6.2x0+7.0x4.5+0x9.0+3.20x0+2.25x3.0+0x5.5)
=0+31.5+0+0+6.75=38.25

AJMQ)L.:&@A&MO?E#UJ

> Q=(3.75x4.5+6.2x9.0+7.0x3.0+3.75x3.0+3.2x5.5+2.25%x3.0)
=129.27

Area =0.50P->Q)
=0.5(38.25-129.27) =45.51m?

S b e i

A gl ga 8 5 L ilaad aaad
FORMULLA FOR CALCULATION OF
- VOLUME

é:é:ﬁydﬁwbapb)lﬁ:ww:ﬂo;
TRAPEZOIDAL RULE A.n.ubg}.; 53931

PRISMOIDAL RULE 4 b b 5 5ee2

o Bb S o JSlan s gubab b o aksdsd
&mjbgﬁlwwuafjﬁu.awwthu&,c:
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9 g g

‘UJ}A}&dv\AjJL;JBJLJJ‘;;'Mﬁr.”jld.\Jyeﬂé?‘A
‘J;b.ﬁu.‘;ul

Volume(cutting or fiIIing),Vzg {Al+An+2(A2+ A3+ -+
An — 1)}

common distance

Volume= {area of 1st section +

area of last section + 2(sum of area of other section)}

(e 2,8 2 5 03l SO posib iy w0 b b5

Volume (cutting or fiIIing),Vzg {A1 + An+4(A2 + A4 +
o+ An—1)+2(A3+ A5+ -+ An —2)}

common distance

Volume= {area of 1st section +

area of last section + 4(sum of area of even section) +
2(sum of area odd section)}

318




(c) ketabton.com: The Digital Library

=

K g

A dd A hdaug) Ligl 2483900 3 Ll gasaia B gk g Al
95808 0y J g9 Y

PRISMOIDAL CORRECTION FOR

TRAPEZOAIDAL RULE:-

SEC-

SEC-2
h1
h2

b D o

Fig. 8.8

JlWo)Q:Monﬁhb

_Dxs
6

Cp=22% (h1 — h2)2

g'yw%bjgbﬁun%?bﬁ%;ﬁjjgjﬁdjgbjab

_st( n2

Cp= S

) x (h1 — h2)2

n2—s2

Prismoidal correction for side hill two level sections

a) Cp for curtting :12(:_51) X n2(hl — h2)2
T )
b) Cp for filling D X n2(hl — h2)2

o s g o0 S350
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9 g g

Cp :1% (h1 — h2) (whole width of 1% section-whole width of
2" section)

- worked out problems & gl Jos S'a5 a5 5T hrs 0o

“iJl e 5|

:1sideJl&;;lom%ﬁy;%ﬁéﬁfaﬂ;géﬂfﬁ@»uo,,g
%;Jﬁﬂéﬁ‘z;‘jbﬂ‘4omjjb4ﬁtm)|éa; 245 .2 &S g 5slope 1%
NZYI=EE

0.90, 1.25, 2.15, 2.50, 1.85, 1.35 and 0.85
S5 st s bl o

1-trapezoidal ruel 2-prismoidal rule

-

Jﬁ'.\ﬁ&}btﬁ&@ﬁ&bﬁébhldﬁd&s‘;bw&;}f}b
A=(b+sh)h
A1=(10+1.5x0.90)x0.90=10.22m2
A2= (10+1.5x1.25) x1.5=14.84m?
A3= (10+1.5x2.15) x2.15=28.43m"
A4= (10+1.5x2.50) x2.50=34.28m?
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=

= g g

A5=(10+1.5x1.85) x1.85=23.63m?
A6=(10+1.5x1.35) x13.5=16.23m?
A7= (10+1.5x0.855) x0.85=9.58m?

385 o ds3 gV g ubak b o abdsday o e
v:g{m +An+2(A2 + A3 + -+ An — 1)}

v=§{10.22 +9.58 + 2(14.84 + 28.43 + 34.38 + 23.63 +
16.2)}

V=5096.40m?
3551 A 8 Jjegﬂﬂﬁgﬁﬁle@;béﬁﬁﬁ >

v:g{/u +An +4(A2 + A4 + -+ An— 1) + 2(A3 + A5 +
o+ An — 2)}

v:‘*3—°{10.22 +9.58 + 4(14.84 + 34.38 + 16.23) +
2(28.43 + 23.63)}

V=5142.9m?
-:JI}w r.ﬁjb

formation level ;aﬁdéxfoﬂ;éﬂ{ﬁo)g:‘_;@:&ﬁ
3l g0 side slopezlzzg?ﬁp&ﬁ 9,835l 590 0 Width=8m
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=

S g
o Jo3 gV gL ba> 638 04 ground level o J o (S
NINE-NESY
Chainage- O 50 100 150 200
250
GL(m) 115.75 11435 116.80 11520  118.50
118.25

raising o o2 5 1:1OO¢91¢$@;¢)L5J¢;&£45

S35 55 Jomd| gL a3 o8 0 a Bl ad a5l 5l 5 5 Slope
Oms o o3l.1 formation level sa5 .2 &G Slig w2 o U

€s5115.00m ;0>
Rise per 50m=-> = 0.50m
100
Chainage | GL FL Cutting(+) | Filling(- | section
)
0 115.75 | 115.00 0.75 Al
50 114.35 | 115.50 1.15 A2
100 116.80 | 116.00 0.80 A3
150 115.20 | 116.50 1.30 A4
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=

S g g

200 118.50 | 117.00 1.50 A5

250 118.25 | 117.50 0.75 Ab
é)bﬂkjjeév\gj&:%ﬁw

8) L= o 15%,237.50.75%,=>%,=19.74m
X2 50-x2  _ _ _ _
b) =" =>0.80%=57.5-1.15x,=>X,=29.44m
) =28 o5 30x:=40-0.8x:=>X;=19.05m
d) 2= os ) 50x=65-1.30x=>X,=23.21m
gV S ealiala Jolas o sls ool g sSTaos colus
A= (b+sh)h

Al= (8+2x0.75) x0.75=7.13m?
A2= (8+2x1.15) x1.15=11.85m?
A3= (8+2x0.80) x0.80=7.68m?
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=

- g g

Ad= (8+2x1.30) x1.30=13.78m’
A= (8+2x1.5) x1.50=16.50m’
AB= (8+2x0.75) X0.75=7.13m’

apslyaad gulak b gV o2

From Chainage 0 to 50m

Cutting =" x 19.74 = 70.37m3
Filling _0“185 x 30.26 = 179.29m3
From Chainage 50 to 100

Cutting —°+7 %8 % 20.51 = 78.76m3
Filling =22 x 29.49 = 174.73m3
From Chainage 100 to 150

Cutting =222 x 19.05 = 73.15m3
Filling _0“3 7% % 30.95 = 213.5m3
From Chainage 150 to 200

Cutting = x 26.80 = 221.02m3
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=

- g g

13.78+0
2

From Chainage 200 to 250

X 23.20 = 159.92m3

Filling =
Cutting =@ X 50 = 590.75m3

Total cutting=70.37+78.76+73.15+221.02+590.75=1034.05m*
Total filling=179.29+174.73+213.55+159.92=727.19m®

—ZJ|‘,~J ﬁ))
L35 Js o J 53 g 8V 4y 5 seSground level s

Chainage- O 50 100 150 200
250

GL(m) 11575 11435 116.80 11520  118.50
118.25

formation bjgé‘:#ﬁbtjﬁ.:%g b g 2 5 sl
e\sﬁJ‘éjgﬁlj‘_;«l:.baﬁ@J&;@é}aﬂlevelzlﬁm
¢ 90 side slope=1:1 N s ~formation width=8m

-l e o 51>

aﬂjjgé.\sﬂa,;o.\ﬁ}&&l5|§.ulg4b|xjsj)ﬁlfad&,gqoﬁ

Contour (m) 270 275 280 285
290
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K g gw

Area (m2) 2050 8400 16300 24600
31500

Aﬁ.égl.g,j‘ca;,;”,;.sGZQOmjl,,:;LQ?Om;%;fr..gple:
gl b by pus ol oald s
ol
B e I TP I T P
v:g{A1 +An+2(A2 + A3 + -+ An — 1)}
V=2{2050 + 31500 + 2(8400 + 16300 + 24600)}
=330375m*
35l g BbaS S s g bai b by S s

v=§{A1 +An + 4(A2 + A4 + -+ An — 1) + 2(43 + A5 +
o+ An = 2)}
V=2{2050 + 31500 + 4(8400 + 24600) + 2(16300)}

V=330250m?®

=i o
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Sy g g
‘*-’;‘w&“'-‘d;j :Lafl%;40mx30m%;3oJLg;%;Jn.;S&;x;les
éﬁdfs‘g)oﬂ221@&%33&5¢b3§)&x§55g

?&;Jflﬁgﬁo%;b:&;)&}ﬁ:&gSm&céj&}.\;f:

el
Bottom section
L=40m B=30m
Area (A1) =40x30=1200m?
Mid —section
L=b+2sh=40+2x2x2.5=50m
B=30+2x2x2.5=40m
Area (A2) =50x40=2000m?
Top section
L=40+2x5=50m
B=30+2x2x5=50m
Area (A3) =50x50=2500m?

v:g{/u + AN+ 4(A2 + A4 + -+ An— 1) + 2(A3 + A5 +
e+ An — 2)}
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N g g
v:ii{uoo + 2500 + 4(2000) + 2(0)}
=10166.66m°
‘ﬂ'rw |’J'“*"’

éu\iLﬁb}..L}lAﬁ1:10@05}3})0%&?&x3%§$3é‘3

u_.‘a,c:jl‘z;32m,3m,4mM@Lﬂaéj&sa_;fsuﬁe\_f%;:
ol
ot L

b=8m h=2m n=10 s=1

-:%gj)dﬁgbl.&ﬁﬁ)bi
b1:9+£(h+3) -------- 3
2 n-s 2n
p1=8 4 2051 (54 )
2 10-1 2x10
b 1=6.67m
%53)4;%);&»?&%;
b2=2 4+ 25 (h = 2) ceeeeee 5
2 n+s 2n

328




(c) ketabton.com: The Digital Library

10x1
10+1

8
2x10

(2 -

b2=2 + )

b 2=5.45m

Area :%{(zb_s + h) (b1 + b2) — %}

Area :i{(z% + 2) (6.67 + 5.45) —

Area =20.36m2

b=8m ,h=3m ,n=10 =1

bl:g+£(h+%) -------- 3

b1=2+ 25 (3 + )
2 ' 10-1 2x10
b 1=7.78m
b2=2 4+ 22 (h — =) coeeeee 5
2 n+s 2n
8 . 10x1 8
bz_z + 10+1 - 2x10)
b 2=6.36

Area :g{(i + h) (b1 + b2) — %}
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=

5 g g
“1{(_8 8x8
Area =—{(-2-+3) (7.88 + 6.36) -
Area =33.49m2
ol g g
b=8m ,h=4m ,n=10 s=1
p1=24+ 2 (h4 D)3
2 n-s 2n
b1:§+ 10x1(4+ 8 )
2 ' 10-1 2x10
b 1=8.88m
_b ns b
bZ_E + E (h - E) --------- 5
_8 10x1 8
bZ_E * o1 (4- 2x10)
b,=7.27m
_1((b b2
Area=2{(L 4 ) (b1 4 b2) = oo 5

Area =§{(% + 4) (8.88 +7.27) — 8"8}

2x1
Area =48.64m?>
5551y o3 g gLt b s e

vzg{Al+An+4(A2+A4+...+An_1)+2(A3+A5+
o+ An — 2)}
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=

= g g

v:43—°{20.36 + 48.64 + 4(33.49)}

V=48.64m3

80 5 0 s 5 (G 3 03133 S s 530 s J 53 g 5V g

06‘3 b pw 1:1 %5.4
chainage Depth of cutting Transverse slop
0 1.00 1inl0
50 2.00 lin5
100 1.500 1in8
2222.0m3:| >
- J'y rﬁ‘

s 4S5 5 Y a0 siand )15 omballe o2 0 (K05 s 6000
formation 334:*%,5)&*5%5;5'%@(-?94-&%@;):
&ﬁ)&)'“j‘d) 11&&3{.“.4039&5 bﬂWldchQm
?0350m&ALoL$é:AJSM
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=

) g g
station left center Right
1 0.95 +1.00 +2.55
525 0 750
2 +1.35 +1.50 +2.80
475 0 8.10
ol
S i (0

h =1.00m ,h1=2.55m,h2=0.95m,b=9m,b1=7.50m,b2=5.25m
0 g3liinl g Jalae oyl

Area ={2 (b1 + b2) + 2 (A1 + h2) }--rrremeeeeeee 7

Area :{%(7.50 +5.25) + 2 (2.55 + 0.95)}:14.26m2
S s (o 33
h =1.50m, h1=2.80m,h2=1.35m,b=9m,b1=8.10m,b2=4.75m

35 1he wlhcolun g gsliul o Jslae Jols

Area ={2 (b1 + b2) + 2 (h1 + h2) J-eeremeeemee 7

Area :{1750 (810 + 4.75) + 2 (2.80 + 1.35)}:19.01m2

955l gL aS g gV gubat b o abdsday o0
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=

- g g

v:g{m +An+2(A2 + A3 + -+ An — 1)}
V=22{(14.26 + 10.01)}=831.75m3
prismoidal correction J soeoas o 58 b 5 5eed

Cp:% (h1l — h2)(whole width of one section —
whole width of another s)

ey
D=50m

hl=centeral height of 1* section=1.00m

h 2=centeral height of 2" section=1.50m

Width of 1% section=7.50+5.25=12.75m

Width of 2" section=8.10+4.75=12.85

CpZ% (h1 — h2)(whole width of one section —
whole width of another s)

Cp=22 (1.00 — 1.500)x(12.75 — 12.85)
Cp=0.20m3

5551 g0 S Y g o 3
Correct volume=831.75-0.20=831.55m3
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K g gw

“+ | g o

2 O3y (5 5 0 o fOrmation width=10m S s 345 > &S
é}bﬂ2:1&)‘.:?40‘:;{DJQJ%;)L{J;{.)JI&sjll:bjl.g}éj&ﬁi
b&}xc&iﬁ‘;&fﬂﬁés;jl:s fall‘ﬁow&.ijl

i S PGP e a5 B )RS 4S g5 52 s A50m
L.ﬁf..gw-s;)&djlé,&sﬁ;é,o.mmjl0.50moﬂ%,,,'s;

NERE
ol
PRI NESY
b =10m
n=5

s=1(in cutting)

s1=2 in filling

D=50m

h1=0.50m central height in 1* section

h2=0.70 centeral height at 2™ section
aﬂs‘;:u.“.wlﬁag;];w 14>
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=

K g
1% section
A=l [{(E)Mh}Zl Y
2 n-s

E

Area in cutting :% [{(Z)zfsfos}zl =7.03m2
o o g3l ag w0 Jslanl?s
ApL [{(E)Mh}Zl _______________ 17
2 n-s1
10)_
Areain fiIIing:l lwl =1.04m2
2 5-2
cE.EA u..‘:,c Aod 93
A=l [{(E)Mh}Zl ey
2 n-s

E

Area in cutting :% [{(2)%);07}2] =9.03m2
g &g:LL“.J A#AJL;JL’.A].?::
Al:l l{(g)+nh}zl _______________ 17
n-si
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=

= g g

10
Area in fiIIing:% [{(2)5%7}21 =0.38m2

dxbw)gwéjamW@bbdj&a.\Sb

7.03+9.03

V= X 50=401.50m3

Gl al b o a3 gday e s (O 00

1.04+0.38

V= x 50=35.50m>

bjbzdj&a.\aféujbwgbjjm

- xn2(h1 — h2)2

Cp_12(

c:p—lz(5 - % (5)2(0.50 — 0.70)2=1.04m3

Prismoidal correction for f|II|ng— 5% n2(hl — h2)2

Cp= 12(5 5 X (5)2(0.70)2=1.4m*
Corrected volume in cutting=401.50-1.04=400.46m°

Corrected volume in filling=35.50-1.40=34.10m®

il g o]
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K g gw

T RE N STIESITSIVER S RSP N P RPN PRI P
m;ldjbﬂl1@¢MJ;L€53|6}6m&JL«SﬂJwﬁ
%ﬂboﬂﬁ&;xﬂ%s‘;;éﬁpklab&;@ﬁox%;50m3,h

(Sl > 2
station Left center Right
1 2.2/55, 1.5/0 4.75/5.25,6.40/7.30
1.75/3.00
2 3.1/5.25 2.00/0 5.25/.00,7.40/8.50
,2.2/3.00
ol
Bp s

iy Lo, 58 sl g s S 451 5 73l e93la 55 g ol S 0

v

S °J-J§“5g5~‘-"3

a:a_cjww.e)::‘_;»y‘):yd.bbbdfu@m

> p=4.75%0+6.40x5.25+0x7.30+1.75x0+2.20x3.00+0x5.50=40.
20m?

k;zu)Lcuwb“,:dny:ydxbb&u@mmg;w
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=

N g g
3 Q=1.50x5.25+4.75x7.30+6.40x3.00+1.50x3.00+1.75x5.50+2
.20x3.00
=82.49m?

Area :% QP —-X0)

Area == (40.20 — 82.49)=21.14m’
ijl.\...awb@wucb.u&.ajsw)b

3551 gL aS B Yy 4 e (b b

> P=5.25x0+7.40x6.00+0x8.50+2.2x0+3.1x3.00+0x5.25=53.70

m2

355 °ﬂ%ﬁéﬁﬂegﬂwo#ﬁ

> Q=2.00x6.00+5.25x8.50+7.40x3.00+2.00x3.00+2.2x5.25+3.
10x3.00

=105.68m?
Area == (SP — 3Q)
Area == (53.70 — 105.68)=25.99m’

355 g s g ba b s albdsda

_21.14+25.99

\V; x 50=1178.25m°
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K g gw

—:J s8Iy aaan gally 43 5h 45 spot level

Computation of volume from spot level:-
il iz grdlenal )bl Slags o Lo aiasady b g 5a 5
0S5 )1 e 5l g >3 50 505 309135 (6 SO 5 9 e J&éj&
IS5 S b grag grdlonial ) bs (6, ] an 3 ol 5 o)
@5;“@)“ %ﬁ)'gsynfﬁﬂ:gﬁle:ﬁ:m=ﬂ@fﬁ“’béﬂ
oS Jo s Spot |€V€|A.';.g.>%§3‘,5|.\ﬁ¢tu;§)|

1 2 2 2 1 2 3 3 a 1

b b
Q[ e 3
2 3 1 B g
2 2 g g
2

2 1
1 1 1 2
(a) {8

V=Area of figure X Average depth
ha,hbhe W gy le o olelis)l o yoSs o)L 2 ldatues
>, Leasand hd

ha+hb+hc+hd
4

}SJ°ﬂJ£2L§JJsMJ}AJé|;@°)bJ}J W G

339
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K g gw

. ha+hb+h
V=area of triangle x————

S5 093 i oS S5 P e 7 S e w3 S
i3l 558 gz o oW sed S p 58 (2 Sl leninl S s
jﬁ'M‘fﬁQ@u‘;ﬁ:kj&dﬂdv\ds
> hl=some of depth used once time
¥ h2=some of depth used twice time
> hl=some of depth used thrice time

¥ hl=some of depth used four time

555 oslialas J o 3 s Y

A
Vo= ? (Zh, + 2Zh, + 3Eh, + 6Zh,)

555 oslinalw g0 3 s Yy

Jﬁ
§ = 1 (Lh +2%h,+ 3Lh,+4%h,)
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-

E5 d

m Example 18.8: 4 60 m x 60 m plot is to be excavated to a formation level of 80.0 m. The present
{evels at 20 m x 20 m grid are as shown in Fig. 18.14. Calculate the volume of earth work.

84.5 Ba8 85.2 85.4
@ @ [€
42.:|@ EEE: 841 ses

® [© @

422 EERS 836 I

e @ @ @

81.5 1824 82.8 834

@ @ @ o
Fig. 18.14

Solution: The number of times a particular corner depth is used |
circles. Formation level is 80.0 m.

Zh=45+354+34+15=148m

n volume caleulation is marked in

Zh,=48+352+34+46+22+38+24+238
=292 m
Zhy=0

Thy=38+41+29+36=144m
Area of each grid, A = 20 x 20 = 400 m>,

L)

13080 m?.

—sdulana paad

— (148 x1+292x2+0x3+ 144 =4

bt A dd A8 guilsa

Computation of area from contour:-

ssliiul o, Lo s 8 geone s i hus gl ws b g3a) Lo gus
%ﬁ-wwgbé‘;ﬁjﬁ:éf‘;}aﬂ100mtu3)|9?.m2.€-|j3|:
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=

S g g
jjsobu.u.«'bdybdwaj.)b&jﬂ "g“;fUL?’,"JJJSl'\:‘:’,"

w30 gl 9, 283 AOALA2AS. A 2 5455

355 g s o> o g bak b oAl

ISl o3 gL 0 5B by pras iy

. h . \ .
Vg (A +A)+4 (A + A+ +A, )+ (A, A+ A )
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= g g

-l

gf'L""hs‘j}‘"J"'”'\"J““bl’lgS'\JL-“\beA-’“yj)yLSJLﬁ-A’LW 5 9o

N
Contour Area in m?
100 m &00
i m Qa0
IO m &0
2 m 12400
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=

s S
6 m 14300
120m 18400
[24dm 20360

Assuming 100 m as the bottom level of the reservoir, and 124 m ay full level, calculate the
capacity of the reservoir using trapezoidal and prismoidal formula,

Solution: (@) Prismeidal Formula:

Ayt A 1
‘\I=h[ il ,-|_:.1.I__!._\1______AI_I.
P 2 n-1|

= £ 0600+ TIRI0 + 12400 + 14300 + 18400 |

8O0 + 20360
—_—

= 308320 m? Ans.

(b) Prismoidal Formula:

N
V= ; |'3"Z.'_ '3'.': +4 [_\| T '\1 T -\

.;_|:| +2 [-‘\.: + -\1 1oue -"\.,i_:j:

= % (800 + 20360 + 4 (9600 + 12400 + 184000 + 2 (11800 + 14300))
= 313280 m* Ans.
b pg
plane table surveyinges s« Jss ¢ub
- Josa) (5 gom Ja O
‘,jftl.’.&mkﬁ-oﬂ%‘ssuésgéaclj|y‘jﬂ|§,ﬁ&gwj:
Sy gL S D ag e 20 i s gl IS 2
S 3 Jd ey i 2 5 ol e 5 5L

344




(c) ketabton.com: The Digital Library

g g
ca:‘-;e_,au‘])foﬂ.\blﬂ)[f@b Jédbm‘;cad&b}bﬂlﬁ
LS g poad LS g L Jéd:ﬂ 6°~J|6J-5°ﬂf’g;
bﬁbﬂfmwjyf J@M&Jﬂwuﬁb J&J'MJ'&J
a0, s )5 -’fl—.!}?;rl"“r’é"-’lf‘-’:‘u‘ﬁ‘:‘-.i}{ﬁﬁ 3
L abanl 5 Josi oo :ﬁpéﬂﬁapjg;}jl&;ﬁfn&.;ﬂl
Dysroadeds py 2 S Cosoairagadl 58,2 b )5 5 e
634.3

ACCESSORIES OF «¥) glabu g9 0@ ¢ 9w Jii (i
--PLANE TABLE

g55(750x600) mm@o)|.b|@o:wudnb);— :The plain table
j'bbb)'ﬂb}@)ﬁﬁbbbb‘g‘,}uéﬁm@Jj'b)
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=

5 g g
MASJUL.:JJJM stri pOddbmwd‘Aw‘y@bﬁd-\aj

o IS

.é)bﬁj 831 udl & o 0 55-:The Alidade

50cm Jl%;;gﬁa.:g:,?.ul Lau.s’JJ > - :plain Alidade sl Jleslu—1
object gfux%;ﬂg.;xag:ojgbj.@:rq:%géjl‘gbogﬂ
4> pamd 25l g A aids 55 31 S 45 ey sl S Jus vane
» 35 4 Narrow slit 3%5.3%;) o&deoﬁy@o; s}ght vane o

BTSRRI

4+—— Eye vane Object vane —/
A

[T T PP P FTTT T T T P ST P AT T T T
Fiducial edge/Bevelled edge

S w93 4> s - telescopic Alidadesladl SO s oy 952

3|.&5:ﬁ5nu.';w|4.‘:)30)l§ J).A?n)l.m :Afj.awbbr.o:@

346




(c) ketabton.com: The Digital Library

=

g
.&5:}.;::)’|.\.:|%;.\3L3443JJ‘A.3¢.:3J;: :(..M.l.al.é%;f sladlay oGl s

S S

-

Bubble tube

Focussing
screw

Straight edge
ruler

ST S 2 2 SIS S s S s - The spirit level
°JL15<JJJSJE>JJJJ|£°&5MO?L$J@§) bobble L~
L;J&-&MASJ&J,SbJM'AJ)j

a90,0 0 G seger Jli s Lo s - LS The compass
S ds3055a0 5l g8 ool

385 (SN oSS Jdaiass 5 - The trough compass-1
bl S e 5l (63 )52 &0 s s (N5 ) ool b L
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=

g
“-iju-ws.a@}N-S °3|°3M(0)3@éfﬁjb°g|ﬁ5“6)w

Wooaden box

Graduations

Magnetic
Pivot needle

Mmd.\.’b&,um @J.e.c s> -:The Circular Box Compass -2
a0, 8L s Jlus :@L&:jlébxéffaﬁ%;)w

(57 > 4om (5308 0 5o-:U-fork or plumbing fork with plum bob
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-:EQUIPMENTS L.,

Plane table with tripod -1no
Alidade(plane or telescopic -1no

Trough compass or circular compass -1no
Spirite level -1no

U-fork with plum bob  -1set

Metric chain (20m) -1no

Metallic chain (15m) -1no

Arrows -10nos

Ranging rods -3nos

10-Wooden peg s -10nos
11-Mallet  -1no
12-Drawing sheet (good quality) -1no

13-Board pins or clips  -4no

14-Cardboard scale (set of 8scale) -1set
15-Good pencil -1no
16-Eraser -1no
17-Knife -1no
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250-300 -80
300-350 -120
350-400 +130
<l
Table for mass diagram
section | Chainage | Algebraic Remarks
sum of
cutting and
filling
1 0 0 Starting point of work
2 50 0-150 | Filling of -150m® between 0
and 50
3 100 -150+200 | Cutting of +120m® between
50 and 100
4 150 -30+90 | Cutting of +90m° between
100 and 150
5 200 +60-60 | Filling of -60m® between 150
and 200
6 250 0+100 | Cutting of +100m° between
200 and 250
7 300 +100-80 | Filling of -80m® between 250
and 300
8 350 +20-120 | Filling of -120m>between
300 and 350
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=P/3sin2a

p=polar ray of any point

r=radius of curvature of any point
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Length of curv OPD=1.3115K

K=3rvsin2a
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