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Measurement Units and Conversions LD gad g (bl Clas g 1-3

) DSl dad ot 8 Lealadiul (Sa Sl Glaa gl (e de gana ga (bl Cilaa g ol
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bl ol Glaa g -1
Aaludl i Caa g 23

paall (uld Gl -4
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& Ylaninl V) JI bV uld 3an 5 58 (Meter) iadls ¢ 4l 3a) o) alldeliany yiall oo (S
Aladinl ol Cum ZUEAY) Cuay Johll il 43 3a) 5 el Glieliae aladinl (Says allall
a5 b ynalll Cililal) Gluad el o) ) aladial i WS ¢ (5l ) sha3) el cilieliza
& el alaill Tayg ¢ alladl Jsa g alad¥) Al (e sl Bt e axiing s g yiall albailly
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L5 RIS aUail g (o siall AURINL Jghall cilaa g (1-3) Joan

Sall 3aa g3 Lgdalay La S daa ¢l s
km = 1000 m km e glS
m=10dc dc e
m =100 cm cm et
m = 1000 mm mm shaala
m =39.37 in in 2
cm =2.54 in in
m = 3.281 ft ft ]
m=1.1yd yd a4l
K =0.621371192 mile mile Jaall

LS a5 g ) aUaill & pSallyg 5 purall 5 Sl Johall Cilaa g g Jasail) 48 5k o
(1-3) Jsal)

<+~ 1000 <+ 100 + 10

s el AUAI b (uSally g 8 piaal) ) 5 €Ul cya cilan g1 Jy gt (1-3) JSl

Caale 131 ¢ mijle sas s Adluall e La <5 Km S s yiilaia G Alad) Cad 1(1-3) Jia
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Angular Measurement Units S ) Claag 2-1-3

L 30 ol alal 530 8 (L i o Bm el (0S5 o 2930 gl e 4 25130 ) Ly

NELE)
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(Al gy pbie s Aady Hle ded g da ) () 00)
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Area Units daluwal) ias g 2-3
Ol ) AL S JA0s 33 g sall Balall dpaS Ly L JSAT Al Hl) dalisall Ciy o oSy
s s iall allaill b daliall (bl L) sas ol A aoall el Bas g &) day all Cilas gl
@L}Lus} ¢Im? =1m X 1m=@)‘d\ Jaa dalowd ¢ 1m@h\@mdjja@)43a1.~u\dabj

s il alaill 8 dadlil) Qulll Cilas gl a5

m?=m x m ol ) -1
Al sl g ¢ ol Aalie Jie Lo 5l Cilalidl Gluad aasius cilulal) o3a
el yialall -2

mm? = mm X mm
Jan 3 yueall Gilabiall bl aadind Gilalall sda g

m? = 1,000,000 mm?

cm? =cm X cm Lo 3 ypial) cilalieal) pdiiun ta pell ylagiindl -3
1 m=100cm
1 m?= 10,000 cm?

Aale 4l UG o jal s el 31 ol DY) Aabie () Bole 3aa gl o2 artidy ¢ Uil -4
Ol Ml s ¢ 100 M 4e Sl (e glia IS Jsha o

ha =100 m x 100 m = 10,000 m?
Ol gl al SV Aalise Jie 35Sl Clalial) (ul) sale yia bl addind g tao all e slSI -5
1 km? = kmxkm
1 km=1,000 m
1 km? = 1,000,000 m?

b LS ol aladl) 8 uSally 8 il ) 8l (e Aaiaal) Aabadl can g e i gatl
DAY ) seY Ble je g 4ld (5-3) JSal)
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s sial) alAY B (uSally g 8yl ) 8l ¢ha Aabecal) cilan g gy gt (5-3) S

sl Jalaay paal) ok e Lt ial sas g () 8l sas ) (e Syl -1
(Jisadll Jalre o dandll 3ok oo e ST sa g I 3 p0all saa gl (e Q] oy 2
LS ¢ Y0 sam gl e Tand 5 e o Jalad ) sl Bas gl (e A0S e 5 5le 58 sl

L (2-3) Jsaall 3

Al a5 e sie 10000 4ief OS5 A JUSE) 5 asall el dalisall s

() 12) sty Uaill 138 3 JIsha¥) (il pd¥) s0a )

9o a4 ity (A1 (g ISEY)

a8 Cilalsall Ll 228 5280 (5 sty Jaall b SIS L1081 A3 (5 sl 3 80,001 Cli (5 sl g

LS 3ASN g (g sal) (ppallailly dalucal) (b lan g (2-3) Jgaad)

& Aagls e Aa & Al daa i)
0.0000000001 0.0001 1 120
0.000001 1 10000 1.2
0.01 10000 100000000 1 tsa

1 1000000 10000000000 1 82
0.00000000065 0.00065 6.5 1z
0.000000093 0.093 929.03 1038 2
0.00000084 0.84 8361.2 1342
2.59 2589988.11 25.899881103 1 2
1000000 100 10000 1l
0.25 2500 25000000 pdsall
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dalaiial) Awdigl) JISEY) clabuwa (ary Gilbua 1-2-3

Lakiine dpuaiy JICEL & o5 dadal) 8 Ltialise o Gsthaal) JISEY) ) al ;YY) aad )
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| L
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- | |
D L. C D L C
b xh o bx h ) o
= addl) alial) daliwa = adld yal) Culial) Aabuc

2
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2

St lemye 5 ¢ 35 M = s Ll gla a3 Jadatse K5 A adll A8aa 1(3-3) Ja
. Lialie sl 2000 cm

m G om sas g heaty Gl g (bl Cilas g as 63 1 Jad)
s il Jabea o andi U L jueall (e Slas gl o sat 2ie
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2000+100=20m
(W) gaall (L) Jskll =(A) dgaal) dalis

20 x 35 =700 m?

Volume Units asaall Claa g 3-3

oa il Jshll 4 BB sdlel i daala DA (e JKEY) asan lus Sy

aida g analdld QI Gl Glas g aseall G dua e Jshall g dalial) la ls aaall s g las V)
:@M\gxl{écﬂ\n‘g
m3 4 e s Sl yidll

dm?3 4 ey Sl jiapuall
em?3 4l e caSe yidiiall
Mm3 4l 3e s el jiaddl

ya® 4 e py caSa o Ul
ft® Al D Sl nil)
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al) Ll Al 3as 6l e all (g gl ana Baa g IS U8 anall Gilaa g G Ja sl C_aLs.:.Ja.a@
E\SA(L@_M

1 m® = 1000 dm?
1dm?3 = 1000 cm?

1,000,000 (& oaSall siall Aad o puiny ad caSall yiagiindl ) conSall jiall Jygad Al B
1000000 X <axSall jiall dad = CunSa jiaiindl Lol
1000000 e conSall yiagiindl dad apis 2 ConSall il ) CunSall iaginall Jygad dlla oo

1,000,000 = oSl jiasind) fad = an€all ially Al

49



Gl il daeliall 4 lall S Jeadl)

Hlaws s (4m X 5m) Walal cul€ 131 4 e Ty ;Y (il (aall) sl ana sl £(4-3) Jia
(1m3= 353198 ft®) o Ll ft s3n 53 a2l paa Consal ¢(0.2M) 2l 4l
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5x4x%x 02=4md
1| SERENPYP R PEEN
4 x 353198 =141.279 ft®

SI Units allad) alail) Gias g 4-3

4l e 35 (International System of Units) okl culas 8 dsall aUail) aay
QLY gl oLl alladl laly JS 8 addiog 58 5 calladl 3 ) Lam) Wa iS5 alaill Caaal (e (ST) el
(6-3) JSE A e LeS Al Gilaa g aon e ading 5 dS Y] a4l

s 5 Aaliaall Slas gl c day 9 Jshall Slaa f dially yiall aUas pe oUadl) Ja (G350 S8
Jiad Al daluall @laa g Gy e JBa b)) Glas gl (e A8hall Slas gl e 23k jue 23
il 5 alad) Jnall o Al o abaall o) gas a3 IS aoiiion callall 8 juiiia s s

(Ol Sus Al
Bald) ABS Cloa LA e ay il ol e LS 308 5 Jiai Kg -1
cdshll Gl g g A il Jiws M -2
el B Baa g A 5 Al Jilayy S -3
oSl il GalbBsaa g s g el Jias A -4
Boloall da y B Bas g a5 AN Jiy 5 K -5
Slall ApeS ity 8 9 Jgadl lwsmo | -6
Bela¥) 3ad gy Ly 9 Al daeidll Jiay s Cd -7
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Angles Conversions
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Lty
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redly gl o3 Jia Ja g Al < ghal) i o gas 3l
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DAVl A sl ana ISH ;AN 5 gladl)

360 = (siiind) alail)

400 = (552l allaill

2= ol sl
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rs sl aUaill W 1350 4550 50 Jsail

200
135° X ——=1508
180

i) Qi) ) 3752236 499¢ 5030 Jsa 1(6-3) Jia
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il
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337° 42" 41"

ol any (i) (Uil 3 i o 5
Rounding off Numbers Ll 8 ald Y1 cu 85 6-3

el yal amy Jaall ol Lgdde Jganll 2y 3l Sl V) oyl Aals clllia (sl (e

el 2835 Aaamy (ubosall 50 Lalle Legle Bile 38 ylay o8 Y1 elli (o 58 23 oy sllaall LUl
Lazmiall jlaa¥) i s (bl Adee (e 3 8ka Lggle Juant Sl AEY) gaea aEY)
rac) il 238 @i Ay sinall ol Y1 028 apaail g ey gimall Al VL Al )Y 030 ans Alaldll a g 2p0a]
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53



Gl il daeliall 4 lall S Jeadl)

(35) A Finall QB o Lad 0.00035 aaall b Adad ciluld Jids A Jea¥) maes -3
.95)3\) FRIAT] O M\}j\ Sl L " e
O ST agly AN A8 511 S 13] cay 58 ol pall 850 ) dal g a8y Adlial aly ald Y1y e
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40.44=1.86 —42.3 1 )l £k e 1 (7-3) J—ia

40,4 = sl oS A Baa) 5 A Y g8 5 4 pde il e S8 e (5 sian W) 22l () L
rdacdll g qu pall

3 Gpall Alae 8 ALAIAN Slac Y (e A8y ST el o) gl Juala 5 O s Y Bacld
2aal A A giaall AE Y 2ae e B Y o) g Gl sall 8 A gimall A Y dae ) () Al
Leie 22 BB e (g ging (g

60.72 = 13.2 x 4.6 (paall @ pa Juala 1 (8-3) J—ia
Ol e Aangiil) iS5 ) Jea¥l g | Ay gina ald ) day ) (e A S LY daiaia e Aail) oda
c Al a2 (61) s Qlsall OsSs ¢ saclal) s (g sixa

(sind) QB 5Y) 8 J3x Y Gand) ) a3 Ay giaall LY ALK 8 ent) Al 8 L) Aiadle
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Aalusal) Sl ol ) qu a5 20 68 (5-3) Jgaal)
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5 e 8l 483 a3 3 il el A8 (S

6.4 = i)l muay

Ladiaall <l all a8 5005 camy ¢ ULN) (i aie -
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(5 o JB sl il G S 1A Gl YT i e -
OSN3 s (90 Sy s o GBI AN QB SV e
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1 a5 e a3 BlEa Y 5 1)

6.6 = i)l muay 6.6400 Jie

5 s 4dda a3 o) cliall a8 ) S 13 Gl Y1 Gy i e - o
OS5 Al 1) 5l T jha Auseddl AN A8 )Y aes cilS g
1 laiey ol il A8 30l ) and 5 A8l axy a8 ) cllia
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9.00 = o zeam 8.995 Jia Ll 5

adalins) a3 A sV a8 S 1) ¢ ald Y1y i e -
%‘prw\meﬂjigidmotsj‘sﬁ
1 ldiay 4y Ladiaadl A Y Q8 A
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6.7 = (j)l\
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Sl Juaall

il Bl ald ) i B Aardiione Alia) 3-6-3

Aoalud) Jlae 1 b cluldl) a6 ) i i &l ghd zea sy (6-3) Jsaal

bl ) ol ) e 5 ) ghad (6-3) Jss>
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Ll 3ol 58 cUndl Jie Leaiad Sy

Random Errors Al gdal) eUadl) 2-2-7

3 3) eladly Lldiay 055 o(Accidental errors) daaell eUadWL Load oyl
z O Gl 5a2) 400 siall ¢UadY) Ciaady Adaall (asa L san () 5Sh 5 4 sl Sy Y (sl g
(o)) (il dadail 8 o gaal) ey Apalisal) L@l 8 Wdga g (e e Y G llual) 35k
slad) 8 LS dpaly ) Aloleay Jiad Y (pdiiie 52 Al s ails 3 La S5 (Aaadall 5 3 36 Y)
O OS5 Ll g Lgale 5 ylapd) (Say 38 131 celian ale 8 cVlaia) () 8 ati Jy cdalaiuall
Sl (e daad Jazadl Clany cUadl) oda il (il Ky Gua calulidll (e LIS Ledda 20018
RPPNT
a1 By (=) i s B pa (+) 33l cams 8 Al gl (U i 5 ) jSiall i@l o) o) DA
Sle )8 dad b il y 5305 Cp (U sxill) 4350 sall I e Ll A gall Lgtinpda s g
Jsb o ad dsas Ja (8 JUal) Jun ad Al i) 8 Ganill Leimny olally (Silaa )
G (Ol ) 330 5) Cllaia¥) e Ul e gl 38 Uasll 138 3 0.1 m ey sl oy 5
(2l Al sk e Ly 8 day Al iy coad) 8 58 30l 3a) Gl oL Gl (e oy ) s B By
(3-7) ISl il ¢(da pal) (a5 (ga il Uadll Jiy

Lladl) dalsall

I A Lol ki e 39,55 m dilue axsi il g B A&l G o)y 43 (e il ¢ SST i 6ill
s ¢30 M e Yl Al 5 Aol (el zlinin (30 M el dolee 8 aadiiad) Ty il J sk oIS
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OS5 OS Glhaall Lead s e Sl aai Lgiuaad i ) Adass 1) ALl 0 sl (30 M i ddans )
382 5¢29.99 m 5 29.98 m Al 2ie

Al anin B et o slladl) ddagil) ) didial) dadas ol A3l (e 9,55 m duiiidl ddlial) Gl vic
(30 M Adass o)) Adadill wic) Undll (s & gan da ji 1Adlal 440 siie oladl) Cogand (lica i aa g
e Und igan daa i ALY 3 5aY) Al (e die day ) dedie Jasy (531 Ul
0.01 m e Il Aglay ey dpdas o) ddadil) (je Jay puil) 354 50 Jasy (5311 Zlluall L8 dais A
0.0m e Y

O el sl (e Aliall Aol dpailly 45 gall 5 Ladaiiall pUadY) G GA) gy (4-7) S
Ll iy & A0 gdal) cUadl) i WS G cdalaiiall g 4000 gdial) UadYl e IS0 il 430)
Agiial) Lgied (e colulgal) oy 381 cdalaiiall ¢lUadl) i LalS g () 30l 3) 5y ySiall

P Auidal) dadl

Glubadl) dae
' Y
L i

\ T L aadaiid) eUasy)

)

@]

Aciiall dahl) aa 4l gdad) g dadiiial) gUadY) Cyu ABDlall (4-7) JSA)

Mean Jaral) 3-7

O adde s Uad (5 dasuiae ol Ui el a5 Y ) daliall ale 8 dulaY) saliad) (g

okl S a5 13 bl ) Jasally Lelitad 2 La sale (05 A geae colulall 48810 2ol
Aol (pad Juzdl Jiay 7 ol Jaea (8 dlilas gk (8 (1) Qlpall (e 230 x piall
Ualaall (o Allaial Y Aadll o) Jamal) Crny s Adlaial Y Aally Loay) s A g 2diEal)
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Lox; x txp+x3+-+x Clualall & gana
n n Olalaall dae

Lailly a3 (peg bl Jare da o iy (bl IS5 G je dae o)) o2ke ] Aalaal) (e Laadly
dadl) ) iy bl Siad ST Jaadl S LS bl sae a1 ) LS s cddlaial Y
.~' e S‘

:(1-7) J—a
O Caale 131 (Lagadalsi ddadh die (e gee (py yla Gl Caiatiall Jad oy 3088 & ) 31 A8 o)
89°59'48":89°59'44":89°59'50" :culS ¥ a5l Slea abulgn Alall Ll
Sl e 89°48'20” «89°59'42"«
)
Aaas 530 3 L3 L a1 s AY) el dene e S 33 3R Y1 el i) o Y 5) aadl
LQJJS\J oot (S g claatasing e.uLo'éJLcj o) W) dale e sl o) oSS JSL_#J\} 3e) Al sl
A Al Jha e
g 31 S el el slaie) (S iyl e s Aiial) 5130 sl oS Y 40 L
8l A iz (5315 e JiAD 138 b iy sllad)

aladdl L}\)ﬂ daal) &lﬁ\;\)ﬂ\ e Alaie (a

449°4724" = Sl ¢ sane

=l ae

89°57'29"= Jaxall

50a Y sl il slagivd (b
359°59'4" = Clulidll & sens
=clulal) dae
89°59'46"= Jaxdll

2717 S 5 Y Bel il Mlagind dagi oAl lake o) Jaadl
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iyl yalae L licall 4 slal) alud) Joadl)

:(2-7) e

ais (dae Basd e ST ddaul 5 o) ddlide Jae bl 8) il el (e 30 A e zlaw J sk (ol A
(1-7) Osaall (e paacd 3 gl 8 S Cale) 8l i o5 ye IS (& Gl dplae ) SIS

:Jad)

o) Cua elial Jgaall & LS (Jite G ld Llee JS Jaral)l Glia &3 (1-7) Aol e
Liaal) dall o 8Y) dal) apaal e S5 el dolee IS Jiay Al 02 8 sl Jasall
JIshl aaan) Clel il apead G815 Jarall Cilisa &5 ol ang Alaial JSY) Al o ld) skl
o) il pand Gl il e 220 e A gue (LD aalaall G Auliall Ll

_200.447 20,045

X = —T————"—"= . m
10
A e 7l J gl (bl dulae il (1-7) Jgaa

(%) glamadl Jshal Janal QA (X) glaeall Jsb | (N) el e dae | Gl Ales

20.01 m 20.0,20.02 m 2 1

20.04 m | 20.025, 20.03, 20.04, 20.05, 20.057 m 5 2

20.075 m 20.06, 20.075, 20.09 m 3 3

Jardl o) LS 2 a8 bl dlee JAA SV IS @l iS5 o Jaadl odef Jsaadl (g
Jamall ) 8V il (20,045 M) glendl Jshal Al Y1 dal) 5 5 Sl maead bl
G 5 o e gland) sk aly lESY) 2313 Cua (20.04 m) Al el dolee (30 grndll
Ol 4 aty & e ST ()5S Uadll laie (ld 3 AW 5 (J5Y1 Ol cllee 8 LeS L < g
5 il A8y (e praal 5 S0 2 3 (n) o) LIS Q) e 20 Gliagle 5 el 3N e ST dae as

(5-7) JSal) Laa¥ Al Al g Auliall Aadll oy (3 ) Julis

4324

i peenal) Adadll Al Y kil cabual) cililaall (e g G2 oUaSY) Gans e JlaS
e G 20,045 M o8 je 36 M Lew 58 5 15 20,0447 m i odlel JUd) 8 Janal
dsjgé\ﬁj\mbzﬁﬁaﬁjjﬂ\o&@w\&w\ I Sy edasd 0.3 mm wtﬂ.ﬁ&:ﬁg&\

Janll 28y o ST 80 3 (555 (o ena
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cUady) jalias ducliall 4 lall aold) Jadl)

(52}

B

w

(n) J‘)Sﬂ‘ ‘;}“)A Qe
N

[y

o

20.01 20.04 20.075
(%) Zlemsl Jsha LlE (ane

(Allaia) S Aadll) Janall g il ) ) S5 C ABMaY) (5-7) JSA)

Deviation A AN 4-7

Janall 5 (Lo 43aS 5l el 33 g yall 5 Aulaall datll (4 (residual) (sial) @A) i )
ol ey s il aiY) laie Jiay (RSl ol riall (il 5 ) jSiall CHLull) (e 2aal) sl
Apnlosall Ll 48 55 sall ol 35 Jarall g Wary 5l L 8 5205 Claa I ) bl (s (e
8 aaiad elad¥) o Cua celad¥) e Gulll 8 il i) S agall (s il asy) i LS
ol y dlaial YD ) dadgiall daill e Yy saa il o) Gl dAgdall dadll e leles
A Aol (el jaiy)

(2-7)

QU
Il
=
|
=

) g 3aay o (il JS o (ol i) Al Jia d o)) Gus

:(3-7)J—a

Crua) &5 (e Y g) Ale by gy (i Alee JSI ol jaiY) s g (2-7) @by JEall Ja ac
2l ¢y calall Jaradl (e zluad) skl bl @l Cal il

:Jad)
203 Gl ¢(2-7) Jsaall 8 Gl aiV) o il 5 ¢(2-7) Astaall ey
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iyl yalae L licall 4 slal) alud) Joadl)

Badmia (uld cillent G i) dad Glaa (2-7) Js

(d) <1 an) | Jsk! Jaall i) (X) glaaadl Jsh | Sl 23 | Lles A

(%) glamd) (n) ol | sl

-0.01, +0.01 m 20.01 m 20.0, 20.02 m 2 1

-0.015, -0.01, 0, +0.01, 20.04 m | 20.025, 20.03, 20.04, 20.05, 5 2
+0.017 m 20.057 m

-0.015, 0, +0.015 m 20.075m 20.06, 20.075, 20.09 m 3 3

Lgazany (e Alise SN @l Cllee ol U ytie) Jla o 4papaia oMo Glluad) ()
Clilead Cal ai¥) laie lusa 3 (2-7) Dbl il JSAN 13g0 il Caca pai) G Lol
) o(Geodll it Adline ALT I L) due JS) Gl e dad dlagl ddlise ) saaaie (ul
+ Al ll 3L Gl eV ol (el (55 el e (Rdline Jee (38 Al 5 Cluld)
blaall o) jal J3A (Qluldll Jare e @l 5l Slaiy)

dalee 8 Aadll plad) Jsha Giluld & jlay Jaadio JS0 (bl Alee JS1 Gl jaiV) dad Clas o
O Eua (20.01 M) AY) Gkl dlaal liadl Jaxall (30 (20.0, 20.02 M) (AsY) sl
Alee A laial) ity 5530 550 (- 0.01 M) Whas 5 e (+ 0.01 M) s se il aiVI laia
Uil LS e anall Lguzany a2l 400 sie oladl culdl jasV) o2 Jia ds o g plall (i cand @
ool 2-2-7 5 jaall b

Alilas g ylall CuilS 135 ¢(zled)) il il Wada) &3 (S Gl clie o) 4l e Y
sda (A lel il muead Maa 58 ) g e il g bl e oLl day sl oY) Glas
il () o5 aia s 27 Aalaall & O (bl il gaead G gl F Jana) slaie) S5 dllall
L) el (3-7) Jsaall B LS

L oo Claldll Gl ad) (3-7) dssa

X 20.09 | 20.075 | 20.06 | 20.057 | 20.05 | 20.04 | 20.03 | 20.025 | 20.02 | 20.00

X 20.045m

+0.045 | +0.03 | +0.015 | +0.012 | +0.005 | -0.005 | -0.015 | -0.02 | -0.025 | -0.045

die 4o Hlate dpaael) Lgaid g 45 ) gia il Cld) a3l o) aadla ¢ (3-7)} (2-7) Jslaal) C\_ﬂ:u 45,80
45 gléte Ap02m]) Lgad 4 LIS Jﬁ\ il ) i) sl () s @ Ll (el dlee IS Jandll alaie )

@A\AAH ?L’d‘ Jazall aldie ) die Lewdi de gaaall fpaa A
Lo ) g8 Leaw gl Lilias) Lelitas Al L sale daalaall caluball cal paa) of () 3 LEYT jaan La g
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cUady) jalias ducliall 4 lall aold) Jadl)

Weight o8l 5-7

Gy Sluldll & gana (o bl JUall B Lgiudai g (1-7) Aalaall 8 Jaxall Glus o5 231
5 A1) Gty 25 Ll g0 ) Clilsall da 1 51 Gall) Alee () Cpaaia sife luldl) oda el
0l s Apaa ) (udy S Ll e (8 4gle 5 Alilas Jae Cag ylay g A8l (i g Sleal
Jlead) G aladiad Ul jaedy Cua @lld G Caglall (585 L Llle ddial) el Jlec! b
Jele il 05K G Jlead) Qi sl Il ) ZUaall G 3 g 5 Jand) JLeS) ) Ll aan 32Y
O 23ad (1) agele Jia o3 (6-7) JRaN A Alatall bl s 5 gl g Aliall g 5 pual)
3 il Gl Aad 8 A ALYl s Sall s ST oy b (65 ) 8 el Gl
(X1, X3 Sl lail) 5l 5 dpad Y1 Gudiy (585 () B 5 pdally Gad ST5 Lily ) ST 08 Le 48
o) ) &

w3

il

x1=k x2=1.5k xs=k | x4=2k | xs=1.75k

bl o) 5 g) Jial (6-7) Jsdd)

o) aY Llee Loy il alasiuly cadl 5 5S5 38 cle o g 3 lilall L) Gilee 8 (Jal) Joss e
Jie (@ile o) Sala e @) ey s ccglhall jluadl ol Jadll Jela Ao bl e 2ae
Y 525l Slea alasiuy peal) Callay (SN UL ol HY) Ales Al 5 Jlasdl s e
5 5eab il (e day pally (el 28y 8 (58 s sls  ilhnall (e 202y (all) ALSY Aasall )
o Y g2 il 5 jeal e el s Ha A0 A 6 galld (JB) Jres e ALY ddaaddl o) Y ga il
il )5 e i JUal 138 A cale 5 oy 5l Gubal) 48 55 5a (g ST () sSms ALK Al

o 3l s e ST A 5 SN 5 4y a8 e )
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iyl yalae L licall 4 slal) alud) Joadl)

05V elae) a5 bl il A8 5 gall o A8a)) A )3 Sy &) sl Gl () eaaly coDle o Laa g
O Ll (Adjustment) diasdll (e g 53 48 5 sall 5) A8al) (e diglia da ) I3 40 Gl
laall J lasldic) Jd aaly s
5 A3 5 sall bl Jamall Cilisad (1-7) Aalaall Jpans callay 4ild cculull) () g Tasad lpanas
AV sl 3 LS (5 sal) Janadly Whaie ansy

LW Wy + XoWy + o 4 xpwy, ) sall bl & gena

W wy +wy 4wy, OV & sana

O Aad Jia (W) sl o) s

culS Leie 5V Aalrall 8 50s) 5 50 5 (5 st 03 s A U ((3-7) 5 (1-7) ouidalaall &5 iy
A 55 sall 5 d8al) A jo iy Ll

:(4-7) J—ia

ool lee 8 5aa) g sas 5 ) A gl ) 5 9¥) CilS 1A Gl 3 jaa pana (3-7) A JUall
d..\M.“ &_!.uaa\ A u.u\:mn :’\:XSAQ @ U_!Luw ‘_;\}:SLU E.A;j (364 62) L;\ :Ll}\.»m} 2\:1.11_\]\) éjy\
0305l e Jamall (g ain B8 e g (5 sall

:Jad)

Cluld) Ll (el Gllee aa s S bl JSU A sl culS o35l ol o) a2y 1Y
Ll W1 (8aa)5 Ban g ()55 Lt Lad ey sl CilS il 5 (A1 Gl Jilee 3 zladl J5ha
(o JSAdliag () 55 dad) AAE i) dee A G (Al Glulall 48 e Al cals

Ososal e Jomall udi oo Led 5 sall Jamall (lasan g 8as 5 (g sl (8 Jlee J5¥ 0350 08
(2-7) #85 D5l b suanad

20.06*3 + 20.075*4 + 20.09*2

=20.073 M = L Gl ddeal s ) sall Jand)

=
Il

3+4+2

Jaxall ¢(3-7) alaall (3 5 ¢alid dalae JST Jazall e LA 8 jaiY) 4 aia 5 (4-7) Jgaa])
20.055 m = Clulall aead 5 5l
e ganall o2 llaclys el ¥ Gytie ganall (o Lt ST ale S5 AN de ganall & ciluldll o)

axladl Cilel B (e larise de ganall s2a il e ST Bl (g sall Jaddl 8 ST (5
(2-7) Adkaall BaaY ol jai¥1 laia Jiay dlei¥1 o) ol BV s (o)) Lede o5 2 Y)
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iyl yalae L licall 4 slal) alud) Joadl)

85l Ldana oo clulidl) Gl ) (4-7) Jgea

(d) G | glad) dshal Jaal () glaeadl Jsks | OoBAY 0 | Aes A

(%) (w) sl

-0.01, +0.01 m 20.01m 20.0, 20.02 m 1 1

-0.015, -0.01, 0, + 0.01, 20.04 m | 20.025, 20.03, 20.04, 1 2
+0.017 m 20.05, 20.057 m

+0.013, +0.002, +0.017 m 20.073 m | 20.06,20.075,20.09m |  3,1,2 3

Discrepancy a3 6-7

Dlie ly cale JS daatie (5S35 Y Aadlil) adll (8 cle e ) dpeS] Guldll ) S5 2ie

SV el 5l ApaSll il Aliall sl G AN el Jha el (s G 3AN Jiay sl

alitiall gUad¥) aas (e il o oS Y Cas 3l of AL paall ey o) el ddaud 5

Aalusal) Ludil prabise o g 53 salal) () 8l 45 e e Uadl) e caling a8 < o JUal) Jusa e

Uas sga s Jia (8 1508 058 o) oS Wadld) ) a8 o s (35S0 38 Can 31 laie (8 Dl
bl SIS 8 S

Closure Error S8y Uad 77

Ao slae A ae zesall Jlae ) Ji8 ) Jagucad (pe 23 A8 alisall Jaadl 4 g 5 48 (e STl
ahais Y say et e sale pladl Gl 4 glladd) cillaaadl 5l Ll cluldl) s die bl
agle 5 Aglad) ddais ) (Ads J<G) Ll @l sy 5l el e gl=a (Bench mark) s s
Ll A glaa (g AN A ye ddadi o) Agla) Adads e S5 08 Jadl) Adads (8

zosall Jlee) ey die dlane 5 Aadi J5Y Auliall el Ga LA e JUBY) Uad o)
Aalaall A3 ) Jee) & ) (closed traverse) (stae alias (8 mruall Jlae ) JUS) 2ay Jadl) ddadi
Aipme ddans gl Adaiil Ausliall dadll (s (3 AN (e gl (7-7) IS LY <(closed-loop levelling)
(Jandl 3 e 5 483 (500 a8 £ldY) (e g sl 138 il g) (8-7) JS) LY i yo il
A5 sl aluall Jeadl sale) ()l ds gasall Undldl dad Jus) Ua 5t 13) Cas

iy faa Calka (56K Ala ) o3 8 eUadY) Jlaa) (&5 dUaiaa T el Jaall s0le) gan 58
avaci 53le] 5l cLnn (3o 2als o Sy ad Al 3 e A1) I e s e o ylans s
Jé axe e pe )l o ey ol Culiall ciluld aal L Uad 3 ga g Gahal skl adaiall
Lo clutall
U e alde V) A e lobia Ll daca e XU aie Leagl JWY) Uad aaat Kaddl (1
L0 Om Gl 5 ¢180° e Llia Anlsall Cliall Ll 55 & sane G Gl O Cas Apnigl) aalaal)
JY) Uad Jiey 360° e (pliae Jals ke ) dipae dda Jsa Al
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C— D
E
B
Ry
AN
Jasy) Uas

(Bl pliaa A JUEY) Uad (7-7) JSd)

Addudia 4) Jaa A8 A e Al (e JUEBY) Uad (8-7) JSi)

s 2ty Al g Jeadl (518 e 48 yra & 685 4 sllaall Jaal) 483 (i Al Jee gl 8

O 653 s yall bl 280 Lulie Jlay) Uas IS Ly 2audl) o 5 il dpaals £ 5 cana Wle
Ande (e Jandl Jsity ) 8 Al s Ula e oLl (e g il 138 dpan

(6-7)5 (5-7) Jshandl (8 daiia sa 43 sandl 5 488Y) Clilusall Gl 8 JUBY) Uadd Lla) Lol )

JuEY) Uadl dad ST ()5 cp 5 pfiall oy die lnae Baaaa (5S35 4801 da j0 o) Lale Vsl e

Lﬁj\...ﬁugﬁksauyz\.m\ﬁd\ aalall cilsS \'Jj ‘JUA\JWL:J”UM%MM\ 408 Adluall Criend

15,000 m/100,000 = 0.15 m

Jsaadl (e 4 guenall Undll 4 () 5S35 a8 dilisall Calas 5 g3l 4 JW8Y1 Ul ilas g () G
e slSIL (L) 4adl) ddluall s sianlalls (6-7)
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iyl yalae L licall 4 slal) alud) Joadl)

88y cilblovall JUEBY) Undld Lidad) Aadl) (5-7) Joa

Jaay) Uaal _adaall 2l 38 s o
1:100,000 Y
1:50,000 S aad)
1:20,000 i) A )
1:10,000 sy Al
1:5,000 AlEl) daal) A

(il (3 8) 430 gand) cilbluall JUEBY) Uadd Lilad) Aaddll (6-7) oo

Juaay) Uadd Llad) 4al) 38 da o
(mm)

+3mmvL EPMESSIREY
+4mmvL A Al ¢ )
+6mmvL IV Al gl
+8mmvL ) 45l gl
+24mmvL A
+120mmvL Al

:(5-7) J—ia

Liw ¢«(E = 555,131.89 , N = 33,839,365.46) A Ju#y) ddadil da glaall cildlaal) cuilS 13
<ua «(E = 555,131.34 , N = 33,839,365.75) A’ adadill (pudil 4y guusall Cullaal) cuils
«(9-7) JSall Ll o sl e Jladll s il il olai¥) Jici N 5 B <ag_all

claall e (IS 5 ¢ IV Aaall (e A8 Gy Jadl G 1) (D) 5 ladd) ik sl ()
94 5 Auladll d3a Ja 27,500 m

A :Jad

(dx2) s (dX1) omlas¥h Slalaa) (5 58 i (a)

dxz
A
= dx;= 555,131.89 - 555,131.34,
1
; dx1=+0.55m
Juay) Uad dlasa (9-7) Jsdd)

dx,= 33,839,365.46 - 33,839,365.75,
dx>=-0.71m
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cUady) Halas L licall 4 slal) alud) Joadl)

H(7-7) S8 8 LS a3l Cabiall gy selid o 9il8 e AA” JlaY) Uas il S5

AA’ = /(055)? + (0.71)2 = /081 = 0.9 m

(AA JEY) Uadd el il i (5-7) Jsaad) o (b)
AA= 27,500 m / 100,000

AA=0.275m

aal) QA ds\ Y oclalall 48y uu (0.275) =Y aal) g_wm (0. 9) dum Uad 44 u\ Las

ol @4}4\
A= 27,500 m /20,000
AA=1375m >09m
Rejection of Measurements Ll dl) 28 ) 8-7

GBI 5 Al pall A e o dpalisdd)l Ll e J seand) s Ul anand (e olgii¥) an

o2 (8 Arleill Clibuall o) ja) Jid leuad ) ) Led 5 (e (33ail) 5 4laad) LAl daia (520 apatil

Labaiiall UadV) e Sl lgdda &35 (Mistakes) ddasleall bl Uaaa 38 5 oS5 cdls yall

553 5 (0555 Lgald gy 5l (K Y Lgingaday At sl oL ) Ly L 5l (e ol

nia Leliiad o sale 5 Adlaial) sl & Lol A pliall cUad) (aillad ol e

il el @l () o bl GilyaiV 5 () Janall 1ydiagis sole 4y ya3 oy 3l ¢ gmpalall ) 5l
(10-7) Js&l)

b LSy LSl bl e Jidin o Cus o(n-1) @sbed s dall dan o L seia
) Asedll

BihCn = %)% _

n—1

(4-7)

AV Ualaall e a6 bl Uadll Jiay o315 Jazall (5 jbmall ol ad¥) ol s

=+ (5-7)

B
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cUady) jalias ducliall 4 lall aold) Jadl)

el anly 51 %100 3 Asbue (5855 N Adlaia Y] Jiad papdall )5l Jiaie st daliadl o
Calyay) o) Ladl) i )y sl Bl (s 55 gl il i Aaliadl)
R 3 pan 55 03 an (Lo S o) kil 5y Sl Il o e sandd) @ senall (5 junal

A syl Ll i A8 5 48 a8 ) Ll ) (11-7) JSA By

Al () ST AdlaiaV) Jidd Slia (490 — ) A8 38 e B ) geanall 5  Aaiall Cint daluall )
68.27% Jlaial cllia 8 ¢ Jilaa IS8 5 .68.27% (55t (Sl 95 il 038 paria o (uliall 436 )
s bmall ol a3 gaa e Slulall ¢ 8

s

ALyl

34.1% | 34.1%

Al gdad) £UaAM adal) a3 g3l Aada (10-7) JS&)
: o elaa¥) Jilat 3 sadiaall 480 5 38 e Tolaic) 5 (11-7) IS (1
X+ 0 558 Gada ) cJaxall e 2l g g bme Gl adl Gana ady Slulall (e 68.27%
X £ 20 58l Gaa ady Clulall (e 95%
X £ 30 5l Gada ay Clulall (0 99.7%

W biel 30 Jskaty (d) edl_adl il dabual) cilul@ll (i 5 i Gualad) Jlae Y b L3 (e
() dapun slas)

<l jail Ao

=

g

aallaayl

- 68.27% -
95%

1/ 99.7% \\

|
T
o8 -2 -1 0 1 2 3

(sl @jﬂ\@mﬁmmguM(ﬂq) Jead)
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iyl yalae L licall 4 slal) alud) Joadl)

:(6-7) J—ia
(YIS el @l cils YU AB G sh a g (b &
18.404, 18.56, 18.264, 18.286, 18.277, 18.259, 17.977, 17.89

O i s el Ll aaa o3 eJamall (5 bonall Gl a5 okl i se (ulil) e Juail Canea

.68.279% 455 yi

Aalaall 5 (1-7) Ualaall (10 (5 sbamall Cal jai¥ g Jarall cund ¢ ) 6l Ay sluie bl o) Lay 1 Jad)
S5 e (4-7)

n=8,

x =18.24m

i=8 i=8

d? = » (x; —x%)? = 0.325
i=1 i=1
o= Zri{l;(ilz =0.215m

dduﬂ LSJI:‘*‘“M u\‘)ad\}[\ u\A “diag

o
O =ﬁ = 0.027m

AB=18.24 m +0.027 m C ot Gkl e (k) dad (ol

18.163 m 5 (18.24 m + 0.027 m) 18.316 m o o) 8 A8 3 gon e Ll o)
(12-7) Js&l baY ¢(18.24 m - 0.027 m)

~

68.27%

<
<

18.163 18.24 18.316

) sl ada e Glullll il (12-7) Jead)
Ll o 1 A8 s 2 LA 18.56, 18.404, 17.977, 17.89 Slulidll e JS 0 (s e g
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iyl yalae L licall 4 slal) alud) Joadl)

bl Juadl) Al

C iy Ukl o 5 oy 2

Shalall e o jaai iS5 fluladl)l & a3l 58 e 3

A jall cUadY) 5 4 il el (g CDUAY) iy 4w
fiabuall Ll Jaadl) la2iul e il o Le S0

(YIS CulS ) Culis 480l e Glie (3 A B, C AN Ll 531 Cans 6w

45 5l Jase

A | 50°48'20"

B | 64°20'30”

C | 64°51'02"

Aaaiad U3l ad s (JuY) Uad Gl
A =50°48'22.667", B =64°20’32.667" , C = 64°51'04.667"¢ 0°0’8" :xl s
Aaluall Ll & 05l Tase meia s Tom
ft Allaia) ol g8 Leliiad oy Al eWadW) ¢ 53 o) L8
 dakiie elhdl  (3@)
L (Bde)) Ao claa) (D)
A9l sdie el (C)
A oladl  (d)

aaiill Y sas A Akl (e ey A B, C, D, E Lalail a8l ga (s 3 8-7 JSEN 3,9
ol jadt s o) A Agladl Adais Y g s L) Jaliil) @8 gl ol 8l 380 5 o5 (e | E i dgea yall
OV Wle ( Il Je 54, 2 units Jlaie legany e opillall & @il AB,C Llaill o8l 50
JUEY) Uad a3 55 a3 130 Aad giadl AB ddlasall J sk La g ¢ J8Y) Und Casal BC=CD=2L lélusall

? i““ )S :..
AB = L ¢ 5 units = Jial Uad s gal)

cAabual) Gl (ad ) Jlaidly may 100
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Geometric Relationships

C—allll) Sadl)

re llall Ca et (Jaadl) Alen Tedlaay)
e Aagall ALY oany 5 Auaigh) clddall -1
Ll 5 A5 sall luliall -2
e ABN) (any g oUadl) Clua -3
CAgliall Sl a4
. sl 48 sall 483 5
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Hnaigll i) daeliall 4 lall el Jeadl)

Geometric Relationships dpurigh) Bl 1-8

Glilaay) aUas aladiuly Llal) a8) o0 23a5 25 " Plane surveying " 4 siwal) daloal) 8

Al dae e sbe (X-Y)staal) (1-8) &l 4 (system coordinate Plane) 4 siwal)

Cmxd 8 aadiey Al (Horizontal plane) &Y siwdl (D& (Horizontal axes)
Abadi (gl a8 90 22131 " Horizontal coordinate " 4:88Y) cililas Yl

Z sl Lol N Jlasll olai) Jiay Y small s B tll olai) Xy saall Jiey ¢(1-8a) JSll (8 Lol
g a5l (348 4dadi (g) o8 5l (Elevation) (glY1) (s8N Slaal) Jied (1-8b) Jsall 8
s (5 e Janey aliad o Lo sale (o3 Ll cilelsn ) 4l ati 3 (Datum) as <l

Glalai¥l ae (X,Y,2) sl 1(1-8) J8i1, "Mean sea level" s~

E (b)

) aa (X, Y, Z) sskaall (1-8) S
il 98] aads dgnaaia JISEN ) e 31 pal) ddhaiall Byt oo Zlall g a5ty (A1) Jalail) aa) e
ol e ) Adatiall fUadY1 laia (pe JU85 5 2aiSall cillaaldl s (uldl) Jasca dolae Joouss A4l
Llas s Le day 5 ) Al ) clidadl e Tolaie) 255 ) ang Liite of Bl ) zoase dalee
) Ll 5} ease Jlee ) (ld A ¢l sall 4 laall (cONtrOl SyStem) 5 hamall aUsi Jalas 5 L)
(O shad ) L e S L
S 8Lal 3 5kl Ui o) Horizontal control system 4! s sl alai Jee o) b 53 1
N S Ae jge Lalail) (e AS0S 4B se aaat B (e @l sVertical control system
A Ll Jalaad o) yall a8 sall e il 5l dmane )yl Litiall adl g (0 ol
el Jlas | ¢l jals eadll Jd 43l (L) oty oBle ) 8o )S3 ot e JUA (e Litiall L) o) ese 2
5ok Lldi asa g (e 2SN 28 50 g DUl el jal Vol cang Liie ) aiga Y Lla)
A )l AaDlay A LAY A slae Lalds Ll e 5 yhagd) Lali o 23 ) Control points

-
H"
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Hnaigll i) daeliall 4 lall el Jadll

3 yall o sall (o o jally g) cdnia o el Uil e o 5l (Lgaald o sllnall Jalasl el o
alai Jee 8 Abiaiall g colel JIs¥1 5 shaall o) yal ¥ gl cangy Iy Cadlay 5 cad Liial) Lol

Aglany Abiaiall 406N 5 shadll o) jal &5y 3 ylagad) alas Lalds a8 s o Talaic) 5 & (a5 5 ylasll
Lindl Bl ) Ll e

rdalual) A duaigl) clBal) aa) (e
(Right angle triangle ABC) Wiy}l aildl) &liall |1

c =a +b
B
sin 4 =2
-~
e
cos 4 = 2
C d
tan 4 = =
b
A C
area = —I—ﬂ'b
2 b
(Oblique triangle) 43l ad & &lia 2
.E{ _ _b _ .c.' B
sind snB  sinC
b +c —a’
cos d=——— —
; 2ab ¢ d
a+b+c
let 5 =
Codrea = Js::r -a)(s—h)(s—c) A b C
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Hnaigll i) daeliall 4 lall el Jeadl)

(Trapezoid) «i_adiall 4xd 3

il

a+b :

*h

2 b

Area =

Jshs 30 m aliall gla )3 50 M ois Jsb o) Caale 1) gl 3l 2306 Culie 8 1(1-8) J—ia
Cadaliae coaal 40 M sacldl)
:Jad)
a=40 m ( &dia 32c3)
b= 30 m(&biall g la )

1
area = Eab

1
area=5><40x30

area = 600 m?(bial Aalus)

80 cM«B60 cm 4e 3l J) shi o cuale 13) ¢yl 5 30 all Caliall dalie Guual 1(2-8) J—ia

. 100 cm

:Jad)
a=60cm
b= 80 cm

c=100cm
_a+b+c

ST

60 + 80+ 100
S =

2

s =120
Area = \/s(s —a)(s—=b)(s—c)
= \/120(120 —60)(120 — 80)(120 — 100)
. Area = 2400 cm?
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Hnaigll i) daeliall 4 lall el Jeadl)

Leelis 5 (40 20) oM sl e leield ok« aie sl JS5 e 30 1(3-8) J—is
380 daliws cuwal <30 cm
:Jadl
a=20cm
b=40cm
h=30cm
a+b
2

A 20 + 40
B 2

.~ A =90 cm?

Area = X h

X 3

Weighted Measurements L) sall il 2-8

G (A Ll (e Jumdl Gl o3 Sl Giany o ASl) J paadll 8 L a3 LS
el ya) e Y A Juadl da oy dlic g alaial elac g Cpal 4y ga Cag oyl g A58 B jeal aladiul
far )35 elae] 5y mall (e couliall riall dad Jumdl e Jgmal) JaY Cluldl) s
bl (e de geaa IS (Relative weight)
bl A g a5l aliie 431 e Aaluad) ale 3 (weight) o)) Camy il U 5 LS
el A8y ol 3 el o) WS ¢ ladall udil Cused Al Gl pall dae Jai) aay gl Baad g Al
(P Ol (Plan) aseia s 5 (DLl maai dlae Jal so aal Ga sl e <l
_sa 4 (Standard error) sbdll Uadll o6& Je gl ad g3 Gl ) 4 jme ang 13
& S e B 0 588 Cuay ded e Laliall A Jeay  (JE) ST (5 adldae ] ay ML
(ol s 4l Al )y Al 4ied
(Precision) gk 483e 4l a5 ol Gaag Sl e de sene 6l 05 OB LYl s2¢l
10 @l (82) (Variance) s obeall adll a e ae Lo iy ) 55l ()6 @l de andl)
1
W, a Poy (1'8)
8a
Ol Cua

(a) pedl (variable) siddl o5 = Wa

(“a’odad) Luiall standard error kil Uadll) (@) oelad) usial variance = 842
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Hnaigll i) daeliall 4 lall el Jeadl)

Ol Gld Aulie Gl prie Lead Gl prdall (e dae] Gl Jaaed Aalee o) jal die @A AL
Gale] &l piall 038 e JSI (852 ) e Lo i () )5l il juxiall 228 sllac) Cany cAilisn

1 ..
'[Wa:5_2 A3 g
a

Errors Calculation sUadY) il 3-8
dasal) il s "Measured value ¢ auliall iadll Lo 3odll Jia Uadll o) Wil Balad LS

Aabled) Juee !t & "variable "_sie s¥“True value "
Aiial) dagdll - Auliall Al = Uadll o ol

Error = Measured Value - True Value

€ = Xm — Xt (2-8)

e = Wal
X = Aulidl) dadl)
Xt = 4agal) dagl)
) a5 4 (o) A ge Uadl) dad () oS5 AEEAN Al (e ST ALl Aol CulS 13) 1aga s
, gana Sall g (@) Uadl) dag a ot (bl
ale Jpanll Koy Vs astee e daludl Juel b e Y d@aal) Al o) M5 L3V (e Y
L) daslee e ()5S oA D Aiial) Aall () agle 5 (JISEY) (e JSS Ly
‘sﬁg\:\ﬁj‘Cw\dmm;u;u}\gzu&g\wsm};&sy\@uﬂauwm
relad¥) 038 (e s Alaxiusall AY) 810 g 0 Undll ()5S0 ol g sall Caghall o
Standardization length error (Borall) Tyl Jgha Und 5
JuSlad) 0585 e Wlle 5 cpualadl) JI laWU 4 jilea o) 4 ey @lld g Jardivaall oy i) J sk e 2SU 215
OIS 13 ol G ALll) e (B g sall Jaaaliall 6 Caaay sl oaaill dagss Uadll 13g] 4 e
Wadll () (of dial) ddlisall (e Jshal () 5S35 o gus Aslial) d8lisal) ()l jmd Jamiosal) Jay 5l J sk
Wadll of (of daaal) ddliall (o sl () oS5 disliall dilusall Gl Sy sk Jay il S 13 Ll o 5
AV ANl (e Undld) 138 sl oy sl
M.L oGl ksl s S L bl by y8l Jsh

— (3-8)
T.L Sl ball Jsb N, L Jaxiall Jay il Jsha
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Hnaigll i) daeliall 4 lall el Jeadl)

g dalisall Jleel & LVl s dagadl ) sa¥) o Al 5 Jay i) A gy Clilisal) (uld
A sllaal) 482 e J peandl ciluldl) Bl o) jaly KU aLaiay)

S5 aa s Gull) a2y (100.4 M) 25 (20 M) Ly Geliall Tadll J sk s 2(4-8) J—ia
Lall aaal) Jshll caal ((0.05m) W laie oy il Jsha

:Jad)
M.L GG ball sl S, L bl Ty yal) J sha
T.L Gadallball b N, L Jexioaal) Jay il sk
100.4 _ 20
TL (20 + 0.05)
100.4 X (20 + 0.05)
L= = 100.651 m
20
e Alial) daliall o (St Clalisall Glin 8 ALaludl ol Jay a8 aladiind a3 130 s :ddas e
) AEMa)
AM il daladll S, L (ol oyl J 51)° )
AR s daladl N. L( sl Loy il d;la)2
Temperature Changes Bl cila 3 A &l il -p

) oall e a g Al 8 A g8 GUIAT L Aauld 3 ) ja Aa e Judladl 5 dda aY) )
Ay @l 3 ) all il o Galaasl Al A Lgalis ol 5 ) all cila ja ¢l ie laoaad ) 525 Las
AU A8 aladinly @l 5 el 13gd Aams JI sk sl

Ct=L*Ce(Tm-Ts) (5-8)

S

Ol s

Correction due to Temperature (m ) ze~<ill i :Ct

Measured distance (m ) dwlaall ddluwal) ;L

Coefficient of thermal expansion )yl il Jalas :Ce
Temperature during the measurement o<tll £l 551 yall da 501 Tm

Standard temperature of the tape da yall 4l 5 ) jall ds 531 Ts
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Hnaigll i) daeliall 4 lall el Jeadl)

Gan g U5 (20 °C) 5o om An 3 (B g sian Joy il (B il (p AdLse (ald o3 1(5-8) Jia
Jalre S 13) Taall sl Jgdall o wsa) (bl £ (30 °C) 50l a5 (100 m) Jsky
(12%107° ) Iy il (551 oall saail

sl
Ct=L* Ce(Tm-Ts)
Ct =100%12*10° (30-20) = 0.012 m
True length = 100 + 0.012 = 100.012 m
Sagging Error Jsbedl oo @il Uadd) ¢

Al o ) s Lae a8 imie (S day i) i 5l Jshas Aot Undl) 138 Caany
128 5 el dilie IS 5l day i Jsha JS) el oy A 4@@al) ddlisal) (e ST () 5S35 dliall
Y Al a5 il Adlisall (e ey Ll ylaiall

n*w? 3
C. = 6-8
g 24 P2 ©-8)
Sag ol s
N . .
—_— = The correction for sag (m) m~<ill 2 :Cg

No. of Spans  4ulaall culibuall 22 :n
Tape weight (kg /m) a0 ¢35 W
The distance between supports (m) pvisall G ddlud) ;L

Applied pull (kg) 231 Jlsia; P
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Hnaigll i) daeliall 4 lall el Jeadl)

Loy 30 S 1Y sl Jshagl Uad avn) (1 kg) 43355 (20 M) 4l sk Jay 5 2(6-8) J—ia
hasiall (e 4345 55 (6 Kg) () si5i e

:Jadl
1Y) Caatiiall (pe Jay pdl) s a3 ) Ly

L=20/2=10m
W=1 kg

§

n=2

p=6kg

nxW?2x[3
(g = p2
2% (1/20) x (10)°
B 24 % (6)2

Cg = 0.005
~ TL = 20 — 0.005

TL = 19.995 m sl by il J 5l

Evaluation of Field Measurements Al8al) Ciluldl) auis 4-8

Jias duilan¥) Aalil (e )y alll e Jumdl e grmall ansi o e Aaluaa) b
Aina dglas) ABe okl Lelus (Sa Sl (Most probable value) dlais) <Y dadl
Gl paaa Ol (= yif) 2aiad Al (Least squares method) s saall Sl jall 48 sl jias 3
Laill sl (3,0 Jumil 5 a8l "Normal distribution curve™ gxsdall ) sill Jisie ) i
Aggaal) dagdll Ul yil g Yiaial yiSY)
AEY) Gl shadl) oLl g Led oul) Uil 5 ol e Juadl s

Gl ) OSE ang adle § Cas g o) ( Mistake) bl cbulall ol el (<eds) A1) L1
GLIS) 5 48 e dady (5mS gl 8 Uadl)l dad) Lale sga g dlla 8y | JiS) (o4 s

L eIl aa i) Jead) sale ) Cang Jalal) bl
) Al Sl ClER) adai A (e elld g Caa g ) dakitiall oA Cluldll msai 2
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Hnaigll i) daeliall 4 lall el Jeadl)

slbal cllich Gluld o) Gl Loal 8 g cpifilad) (il jall gLl amyg dls el 028 (83
IR (e elld g el bl Uadldl 5 i) s2gd dad Juzadl Cilin 8 o sllaall 5, Jad 443 e
ol ey yall 4y sl Galas
A llally o 58 Janl) 48 apiil

(e e Al &8 L jladal daadl) A5l Jaxal) o jay Arithmetic mean @ buadl Jaxall (1
g Jasall Gla 406 Ca g e caa () )l
)—( - z:{1=1Xi

(N > oo) (7-8)

Jaxall Jias XJJMJY\MXu\M\JLAJYHA;JMn&g;
Variance (0?) cxlall -2

A Aaleall (38 5 Cavny 5 £ Uad ) Cilay yal (5 kail) Jaxal) Jiag g

g2 o 2 2 (8-8)
n—1

ix 0 sl (Redundancy) osbdll 8 oailill caw n-1 Gl Glua dlalee 8 plaall laia )
N 48l aba ¥ axe G Gl Jiay sa 5 ¢ 1 el ilill 35 (degree of freedom) 4:al)
Ne Alall Jad o 55 aba V) (e (S 2ae S8l

Al Aalaal) 8 LSy cplall oam Al H3al) 568 (Standard deviation) ¢kl <ol as¥) Ll

g = ?=1(xi - X )2 (9-8)

n—1

(Root Mean Square Usall m ye sy Ul amsy 5 jlnall <ol a1 o SHL sl
e el Wa ga g al 881 &5 ) A slae dgaal) adll o) Als 8 RMSE 1 sl S <Error)
AUl Aol ladie Couding 9 48y iS) duma o Ll

RMSE = /Z"(+E) (10-8)

Lo (55 sal Radll ) Adal) Aadl) X Jia3 S
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Hnaigll i) daeliall 4 lall el Jeadl)

(Standard Error) oz bl aall -3

~aallil) Adalaall o Janll Lﬁ_)lé’“” sl ) Jia s g

ox = o =22 ) (119

nn-1)

) olial Jsaall 8 LS Gl il CilSe <l yo uad (5) J e dgal s Cand 1(7-8) Jlia
SV Al o Leg dia )Y bl 5 o (s kel Uaddl a5 5 Ll Gl ai¥1 5 bl Jall
Al dgal 5 Yidial

5 4 3 2 1 Jealol
6.1 6.2 6.5 6.4 6.3| (m) il
:Jad)
Y =315 | 61 6.2 6.5 64 | 63 X; Aludd
z = 0.00 0.2 0.1 0.2 0.1 0 V=x; — X
Z 0.1 0.04 0.01 0.04 0.01 0 V2=(x; — %)?
s Jarall Gy Y
7 = L= %- 63 m
W PR EPREN
o=+ 2L =+0.158m
(5-1)
1OsSam (5 bl Uadldl Ll
L 0158 6070
o =+ —— = £0.070 m
g V5
Jaall (5 bl Uadll 4+ o) Jaxall = i) dgal 5 Yiaia) SV dagl)
=6.3 + 0.070 m
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Hnaigll i) daeliall 4 lall el Jeadl)

Position Accuracy G gunal) a8 gall 482 5-8
Sl i) 2 ga ol clld g (Al giie 383 I3 g Aagaia @l sall Ll jlicY diee 350a 2a s

axiiall Sleall o daulil 3 seay (ull) 483 da 50 daied 3 AW 5 ) gy e palddll Sy Y
Gla )y el e Jpaall Jaall 138 b jeadl malay g cJanl) 28 ga ddapnall 45 gall o pdall SIS
ol ity () e 208 (i M) 5 AAIK Lgma 2 3y (il 483 331 3 43 aladl ae cJand) 8 4801y
e g ) ABall Cus e il daluall o) 4G J puadll (8 L8 j23 LS o Jaad) 483 aa i) (e
3 s dalie I3 Jlee W) 0585 8 Janll & 55 Can s s gaadl dalisall 5 4 sisall dalisall Ly
Y Al oda 1Al ¢ LY ) e )l 38U Y st (Y e Sadll (e
e 48y ) plias

Jaall Loy 55 (¥ Ay S e WU 3T e 2 Zaal s clali Jady Jaad) 13 W
o Jsanll 4885 5 jeal aladiul g ¢ 5S040 i Jead) callay 3 cdallall 480 j2al) cilflaayl
Gkl Ll sl ) guall LS A8Daall Lpuaigll o jliiad) @l e Jlie A pia s dapma il
abiall Jaadl ol jal cang 13 ¢ 5T Jaall 4808 cilS LIS o) 48201 cilS LS aif a4 Al
Ll (o Alial) Al i85 LalS A8 jaa (o Y g, il & g il Ciliial go a4y sllaal) 28214
oo alhad JEY) L i £0.005 48y (ulie (AB) ball b JUy Dlied gy Luldl) o o) il
e Jas 435k gl digaa 4l
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Hnaigll i) daeliall 4 lall el Jeadl)

Calil) Juadl) dlid

A el A gaall LlaY) 2] ]

ale g 58 aal dabuad) dle jiiny -1
C«LJA_-}SM-J c«\-),)'gﬂ\-c c«L_JA‘).[\-g_\ :b.nJ.I@J\_i

:iyj“.—\,éﬁc—sﬂj&g\chd\ dl-ﬂc‘wgsi el b el Ja 2
G lae gy Claalall ol el A8 sall Ll xd o a8 sal) g aiul-|

G ultl) Ty 58 8 J shagd) (e il Uadll Guasy -3
LB'-‘"‘“ Laa bw;\j-d .L..j‘).oﬂ\ ty-c u.n‘.“\sj‘ .LJ”J.C:: L?Jﬁ_k,! &M\ Eg\)ﬂ\-i

ol aladinly s a8l g 2383 o5 A gisall dalidl 3 4

Gas Lan Gl -0 Al el i) Ay gl Cllaa¥lc kil

1 Lba) (5 bl G o 5

G lae (uded Wadll jjehangia Jiar oluad) Jasallc il |
D2 Aaal) daal) 5 Aulaall dagdll G 3 AN Al e 2y -6

G Laa -0 okl Waalloe Aallds o

Dot Allaial Y dagll -7

G Laa - Al dadl) o Aulidl Aedllce An@all o BY) dagl|
D2 Al Al (uldl) i pe Hlae gl latall (udid Cace 1) ol e 220 40l B 2y -8

G Laa ] 20 ootz kil ladllc Ll el aaall Jalra

$ e IS0 sl Le 20
3okl Llss -3 el Jasall 22 allda o -1
ol day 5 alatinly clalisal) s’ (58 <3 3w
ey ) ) LS bl 43a ala 33 13lad 4
AUl @l lal) e e ) s AalSy al B
(bl Uadl) o je e Line ) 35l canlsy -1
bkl il daie ) il Glulal) Gaes o) 5 raall Glag jall 48 jla (i -2
Adiall Ll sl o ool Ailee &l shadll aal (0 -3
6 sie g Ll e guad) asall b i Y13 SN mhas liie) &5y -4
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Hnaigll i) daeliall 4 lall el Jeadl)

ol 53 ) yall s 5o g 5l 2043 Eum 6l all Cilaja et s bl oy 53 i 5
Lealanily

LSlaba U S aoall il o) Jiay -6

AaY e dla i lalan (S0 Y castaa e Gl (Y A8aal) dagll o -7

bkl et cllee L1 eUadY1 ana (e Aunighl B Jeus ¥ -8

«BC= 80cm «AB= 60cm Jsb o) cade 13 4ialie caval (B & 455030 238 Cilia G
AC=100cm

( A=240 cm2: <l sal)

60 cm el Jsdhas 40 cm Wall adacld Joda o)) Ciale 1) o jaiall 4ud dalie cowal 7
20 cm 4els )y

(A=100 cm? :z)
8280 Aalie sl 6(30‘40‘50) cm LeSial Jsha Ll gl ol Gl S5 ‘_“Jr_ 3L 8w
(A=600 cm2 : <l gal)

A38a) Aadl) il €002 MAild & Uadl) late o)) Caale 13) 0400 M Al sh (32 b (4ld &5 .9
okl 1)

(T. L=300.98 m : < sall)

Aa 0 4120 m J sk Caa g S5 (30°C) ol m da A g shanday yd dlad (uld 23 10
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