3. "CURVES
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A curve may be cixculosr , posabolic o3t Spisial and 4

curve.
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# Reverse curve S— A oeverse cusve & the one which consists of

Yo  chendodr ases of Same o9 offfesent  Stadit, havé’nq thetv

centates  t0  the diffesent Sidles of the commmon tangent
Both the awes thus bend in diffestent distechions eofth A
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BQTCL’) MQegf'fﬁ The tangent' (AT)) previous 1o the cuvve & called
the boack tomcaent ©9) Fingk C’Clﬂ((?enb- ‘

Folumd tangent i— The tangent (T, 8) fottowstng the cuarye 3] Catledﬂ

the  foswwvostd fonc(?enb Loy Second E‘ang@'nb 5:
&

| pcﬁ_nt of tntergechor) —

If the +uoo tangents AT, and BT, ove P?Odtti‘

ced, -Fnexd Wit roeel (n o potnt | called the potnt of mteszechm
‘(‘P I ox wvewtex ¢Vv)-

it of curver— T ¢ .
iPO‘_: = it o the begmnmq of the curve ewhese the

.ah"%nment ehan?e/s from @ bangent to o curve.

i

|point of tangercy:- It & end of the cuwve coheste the alignment |

fchcm%es fotorr Q  cuvve o f:angent-

i

- @JSmh‘on ap__gfe i~ The

anc]le V'VB between the tzmge,nb AV pvoduca:i
and VB {3 catled the intersection Cmgleim 051 e oxtesial def»’{echm

C’mgle bekween the +wo tanca@nbs

1
i
1
4
]

g @eﬂechon angle to any potnls— The daﬂ@maagmw +—
oNn the cuwve U the cmgle at p-¢ between the back ttm?ent
_Glr\d the choad Ffocom p.c 1o potnt  on  the curve. | ’
*ngeg distance AD Tt U the distance between p-c to p-I [also

the olfstance -Pom p-T to P-T].

i
i

i

. © . d
| hxtesnal iSFANCESTE) © Tt & the diStance from the mid- point |

of the cuxve to p-T. ]

| Legqtg of cuwver- (L) It G the total length of the cusve -F”mm%
| p-¢ to p-T

"/‘D,Qq choxol — It ¢y choaid \jor'ﬂfnq pc to p-T.

i
1
H
i

MLd* (Qﬂmte M- T+ 3 the oscltnate Hom the rmid- POCOC’ DF‘}{
1 the long Chood to the mid-potht of the cuwrve- i

NO?;TGI chgd:— A chooid betcoeen -0 Stuccessive Dte,c:?odwl ‘S‘tnﬂom

ON o cusve . ’

b - o . %
SL_’l__b Chﬁ_?_g@ 1) Sub= choaid (8 any choxd Shosttes thar the norrmal | |
! Chostd. 3
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Ri&ht~ hand wrve;— If the Chood) Cuvve deflect to the Tight

of the odixecHon of the pIOGuess of \S‘(.nrvez# it 8 catled the
mi’ght~ hanal ecwtve:

Left — hand cusve 3 —

divecton of the proguess pof Survey, f
hand  cuyve-

rs catled the left-

Bestgnation of cuTve I
: The Shaotpness  of the cuwve G dengr‘)oted eithes
ng% e siodfus 09 btd ilg “decpee of cuwrvotuze:

E.

‘Accomdmcﬁ to  the oxc definikon , caeﬁe'ZfOJllj used n

h!?hwmff practice, The de%ﬁr@e of the cuvrve O deﬁned as
!the CeﬂtmOL’ Qﬁ%l@ O‘P 'H’)e custve {_—hat_ u Subt_ended b(.d an o7c
's Ome (00 ft Len%th

Acc&ojm? to the choad definition, genevally vsed & ooil-
.a wcu,! paactice

the decjree of the curve i defired as the

If the curve defleck to the teft OF Hhediskamd

re P o

;5

- Centsal angle of  the cusve that i3 Subkeoded by 13 choafd
of 100 ft lemgth-
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0
(o A'r ¢ dfffﬂ?f!’@ﬂ :

0
b)  Chodd defination.
ﬂ:r:c clefinltion - we have,
00 : @TIR= D° ¢ 340°
R - 360" 100 5%89.5F8

= 220 IOV R ¥ 2
D Qu D

Thas,  stadius  of © curve 8 5329.5%38 £t - To the st
app8oximation ,  we bhave
130
R= 2
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D 4
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b e m e e

| Setting out Simple cutves

| divided

|w Lieasr methodsi— T e

[0S a theodolite 8  wvged with sy without a chain ©» ape.
| Befoote a cuave @5 Seb out- it o essential to locate the tangents

| potnt of  intessection (p-1) , potnt  of cuwve ¢P-¢) and point Of)

| # Lineast  methods  of Setting out &

| 2. Bz.dp Successive  bisection of ooes.

¥ choad defintion:— fsom  p'e poge (Fiq. b)

SFH—L :b:Q,
o 0 R

R- B0
anéPD

{exact)-

When D & small, Sinip may be taken appioximalely equial 1o

5’- D dadians.

R-= b0 , wheste D v the deci-recg»
_9-, % 1
& (80

Dx1 D - D

The  methods of Sel“ffﬂq out cuyves can be maé”“?f

(Nto two  heads dependfnq upon  Instrcments usedl

lineasr methods, @nhj a Chain o

9
%
I
ar
L1
i
14
i
i
i
¥y
:
§

-ér Fll'gh dec‘?free of accuvach &8 hot ?ec?,uiared. i
b The curve 0 Shodt-

& AQUQ methodls == Tp the anguleor method , an Fmtyamentwchf
a

i

tanc‘,]enu,j (p-7>

A}
i

Fottowm? ave Some of the Lineon methods Foort get-ﬁn? out

;
i
St"mpl@ cioculay  Curyes ! g

B BLJ osdinates  ost 0ffsels -Frorm the lon? choxdl .

|3 8% offsel8  frorm  the t'angenif-

, Y. g% O#fsels  from  chosdls Prwoduceol o> btj deflectior drstapces. ?

H
4
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C(Dmpound curves —

¥ Se_f_tfnca out compound  curve - The cormpound curve can be
Set b% method of deflecHon angles cThe fisst branch 3 Set

out by Settl‘ncj the theodolite at T, (p-¢) and the Second

bocanch 8 Set out b(j Setting  the theodolite at the potntD
(P-c-¢)+ The Psnoceduaie U as Holloews :

Ly Aftes howing Knowon  any fousr partls, caleulate the seskt of the
thocee  pootls b‘;j the foarrulae developed en § 2 a
S Knowi’nq T, and T., locate Po‘mt-g T and T bfj lineat

roeaswiements  fuom  point of  intersection-
3 Caleulate e length of curves Lo and l4,- calculate the

@ Fosi the Fiwst cuave, calculate the tangential angles etc-» MU

QeEtfn(a out the cusive bﬁ;} Rankine’s method.

5 Set the theodslite at T, and Set out the flast kwanch of the
curve  CS atateadrd emp!adneo).
6, Aftesi having located the last potnt D (P-C-C) Shift the theodoli
lto D and get {f thexe. woith the ~ew¥niest Set to (360"— %)m?cxﬁ
take o bacHSi’ght on T, on p{un?e the telescope - The line of i

sight 0 thus ootented along T,D psoduced and if the theodolif

-]

8 Now  Swoung ’cmrouc]h D1 the Lltne of Sight eolll be divected
& a4
GL[OhCa the  commeon ‘fahcaent DD, . Thus the theodblite 8

COOI&teCHLJ ostiented at p. !
% Caleulated  the tanqentr"al angfes ol the Second bwarch ard s*ek:

out the curve b‘-f ObsestvaHons Ffrom D, LT U oteached.

]
8 Chech the obsevvations by roeasuwing  the amgle T DT, u?bfcb"

Should  be equal  to (1809— QIJFDZ)toan (!80°~9)
5 ,

2
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élggﬂcgﬂfimffc Sustuve Elffl? 7—

¥ The object of the geodeh"c Su'we(j:‘nq s to determined vesty

poecisely the swelative oo absolute pogitions on the earth’s Surfac
of a System of widely Separated pocnts-
¥ The oelattve positions ose deltesimined in tesims of the lengths

and aximuths  of the lines jotning them.
X The abgolute positions owe deteatmined in tesums of latitude,
longi’tude and elevation above mean Sea level.

* The distfnction betueen geodeh"c Surveying and plone Surveying

|8 fundamentally one of extent of awea stathes than of opevation

| # The Psteci’se methods of geodesg oste followed N the field wdlK

of extensive plane totigonometatfcal  Suotvers also. |

# Sfnce the oovea embstaced by a 9900’9*& Suvvey Fiom an |
| appsteciable pSitton  Of the Surface of the eavth, the Sphesticity

of the eastth 8 takhen into congldesation cohile making thel
computation. |
# Geodetfe  coBln i3 wsuolty undestaken by the State Agency.

A R e b ek 18 A

[YaVataVe'e

’@-%1 Station 9—

# A total Staklon 8 @ Combination of an electonic theodolite

iand an electstonle difstance metest (EDM).
| #Thés combination makes (t possible 40 detevmine the ¢o

i
5

| 0f o oeflects] by atigning  the fnstaurments  Cx0ss- haiws On the i
steflects]  and SfmuLtane@uslg measuring the vevtical and hovi 20”*0}
| ar\gles and Slope digtances: |

~Sldinate!

A e . R T A e e A AT AT S e

i
| ¥ A mMIo - paocessdl In the (nstowment takes cove of 76’067611‘09
g ,

¥The data ¢ easly -hansfesed to a cormputes wheve Tt cany

be wvsed to ge,nestaf"e a map-

* Wlfld  Tachymat Te¢ 2000 , descvibed i the previous outticte

one Such total Staton  manufactuved by Mg “ild Heewbnf?ﬁgf’
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Obsesrva tions. |
* The moste the wsed Undesistands howo a total Station wblks, the
bettes thetj wlill be able %o wvse it

a total Station measuxes thwee pamam@tns- See the Pr’g.og

I The sotoHON ©f the fnstvament’s opttcal axis from the fnstzument

nostth in o hostfaontal plane : .., Hootizontal angle-

‘ - ‘cod
1a The (nclinatton ©f the optical axu fromn the local Vet

t-e-» \)eattt’cal cmgle-

* In the feld ’ e a{g(bui‘yes team wosy , p!cmmng , and caveful |

Fundamental measuvements : Ialhen afmed at an appoaoati’ate toogel

A o
E Line of sigint
q /*405«3& ?
0 4
£ o LQQX (Retlectd!, gy }
; e ¥ &\/
i - & 4
1 S {00 5\&
_ 5 &
; i i
g ! Inst”rurnggim
Instrumen T
(1)
\\
Hoi 30,%,\\\
Qﬂ?le (H&Q ) \\l\b\qo@
Fg.

Fundamental measuverments macle by a Total Station.

13- The distance betuween the fhstrument and  the fcngeb '

ie., Slope distance-

AU the numbest  that may be piovided by the total Station
e dedved  fFrom  these -fundammental

measurermenls -
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| Glokal posittoning Sysem i (aps)

| * SRQuoo gPs Sensoat:-

News possfé_ﬂi’h‘es fos1 54’%16-— -ﬁe%(enaj éps =
The bigh - accusacy cosaiet phase and ultea ~ paecise code measaie
menk¥ , the SRQUOO OpeNs up mMaNY neus possibilittes fost Single -
-Fatecb_uanaj Sw(vexjfhgz

| I+ Conteol, detall ﬁopogxxaphr"c anal engc“neemf’ng Suoeverys ‘o centimeley
accutactes  wlith  diffexential phase.

& IS, mapping, Sefsmic and hydswogaaphic Suvveys cofth Sub-bhalf
rmetes posi’h‘om"nc} with difffexentiad  code -
| 3- Pata mecomdt"nq and pOoSt pvocegsfng.
y. Beal-time &ps smrvexjfng-

Cost Effective to @ps cost ~ efféctive Soluttonss—

GPS has attowactive potice and vesigatflity , the SRAUOO pstovides

‘QOLSld entoty to §pPs Swvetjtng and cost effective Solutto
toesks g

| * Contsol Swtvenid with ghoott ana medfum fnes, wohen very short
| Obsertvation tfmes oo ot essential and the influence of the Tono-
Sphexe & stelatively Smodl-

1% Wpemadtce Suatvet.d&
| ¥ Real- time Suwiveys:
SRQuo0 ¢€ps Sensdl with a T30 Antennas—

I- code (pseudostanqge) measwrements of aremoomabuj high paecisiony

| fo2 30— 50 cm di‘ffestential posi’tfonf’ncj.

18 High - accusocy, coostfer —phase measurements foot centimete
level wodlh -

8- Hi’ghesb—possfbte Sc‘gnal S{'vengths fos1 osteliable satellite -trcacr»sl‘ngfotw%

j‘elevotz’ons and andey podl conditions .

Fost Deps  applications, RTcr Vao outpul ond fnput asce avatlable)

(V1@ the  CR3uY contiolles, otedesence - statton Softuwave anal
18P Softuscoe ; NMEA  Sentences can he Output - 9
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Functfoning of gps contvolless :-

The SRQUOO connecks o the CR333 and cR3uy controllers. All |
the featuwes, funckors and opevatfeng comfoxt of Systern 300
axe pstovided- _ i

Real - Hme  Gps Sumﬂ“nq -
. Mlhe; co‘;*nected @ a CR3Uy contxotles and stadio modem , the |
SRQuUoo can be wsed very effectively oot steal- me Susiveying

ancl  Settfng out - Bepending on the mode, achfeveable n real
tfme e :

#10- g0mm +3ppm  ofth diffesentlal phase. I

¥30-HK0cm  olth  di’fPostential code.

10
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i| Bicect the long chosid at potntD.

™ ovdicates fom ihe  long chovl i~
let- R:= Roadiw of the cusve
Op = Mial -oadinate |

O © Oadimale at distance x’ frorm

the mid- point of the choxd.

T, andT, - Tangent POCnls -

Loz kenqgth of the Long chodtd

challcj reddured on the
qround .

Hfrom Aot p

OT*= T,0°+D0*>

R (‘)+(cc> 53 (L) +R-0.5"

®-00)7 Jr*~ [L)* . oy
0o = R— [R™ (L]g)*
| By ovdirates from the long chood

In oxdesy to calculate  the @stolinate 0, 1O any Pomes

!
dotaws  the fine EE, pavallel 1o the ionq chord T7, . )oin Ep |

o cut the [0n9 ehodd  in 6.
- Then o, - EF - ¢p
< E,O BDO

= i€or™ e,y - D)
T m-’[R-Oo)-—-a Exact -

The lonq choard o divided into an even nurmbey of
e%ua’ Pootls . offsets calculate d fioro  thie ECﬁuaﬁ‘ar).

11
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* Bq Successive Bisechon of Aves 6] Cm O

VIV WVIAINAAANAAAL VVVWAAYYVY VL VYV

3

Successive  Bisection of oves.

* Jon the tangent potnt T,,T, and bisect the lorng chovd at D.

Katect  the peipendiculay Dc and make Tt ex%uaf to the versed Stne
of the Cusve. Thus,

e

€D - R(l—wg%)
- K- ’Ri_— (e‘j_L")l I
* jJoin Tc

and Ty¢ and  bisection ther at D, and D, Sespectively. At |

Diand 0, , et out pevpendictlo)  efpsck &GOz ¢,

D, =R (1~cos ),mget
pocnts ¢ and ¢ o the cyave.

ik B‘d the successive  bisection of these choads, rnove 200 mayf'
| be ©btacred, :
1B Offgels from the  tangens 5

The offets fromm the tnngeh[f can *
be of two typest- o Radial offsete

B pevpendiculay offseks.
| R_;gf’al offsets s—

leb o0, Radid Offset pe ot any  diSkance s along the tangent -
D= -

from p'° 1,00,
po* = [o+T,D*
(OE+E0) = 1,0*+T,D*

(O (0,+R) - g2

:JKTH—I_ R . fo3 exact. |

_ 12
| Opproximate  expression 81 o, i
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Expcmd JRAx* ) Thus,

z Y
= ] L « . 1_R.
R(+&g2 'éﬁ‘ﬁ )

voe get,
= R'-}’_:(_ﬂ: -
Ox 2R R
. i (appstoxinmale).
On s & PP
then ,

TiD* = PF (2R+ DE)

X* 2 Op(QR+Oy)

h!eglech‘ng Oy WD compax?sion o 8K, weﬁer
0= L tapp>

T

|10 pepedicdoon offeets:-

-
P

let DF = O
famgenf .

Baws  EE, poatiel to the tangent-
€ EEO, ewe have.

E0% FO’-gE2,

(o-Ti&) = Eo'-EE™

(R—0.) = R*—x* -

Frvomn wbich,fox: R~ JR=x*texact)-

appstoxirmate  expeession f81 04,

: R-Rf1— X2 — x4
e = 8 R(l QR*  gRY )
: R-R+Z’
O 9R
T 2
07 X

Now , negiecf the othest two excepl the fvst oo, /

otfsels poipendiculon 1o the

iD= x ; measuyed along the tangent

e:q)andfna the tesim J—"Rz_la,mw’

v

%

_ o]
Setting out by  Radiol offsets -

Seth‘nC} out ‘b"j perpﬁhdftulo:}
Offsels |

13
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by aefriectron aistances O Offsels  Fyom the chmds pzrcduced -

The method VG.HLJ much vseful fo .Poncj cUurvyes and 9er)e’ra}hj

vsed on h:ghu:nvj curves  wohen a  theodolite u. not available.

ket Tim, =T,A = inital Sub- chosd

z C

MAB.C etc- = points on the
cuyye
AB = Cy
BO

n

C3 etc"“

T V= Beas Tangenl"

IATe = § = deflectfon angle of the AN 39# 4
fivst choxd. N N[/ /
AA = O = fixst OfFPset. o
ByB = 0O, = Secornd o-ffset:

0.0 = 03 = Thivid offet etc.

Ao oe A =0, =TiN. S 54

aince TV B the tangent to the Civcle at T,

tTlOﬂ'; .?LEL[ILB = a8
TiA - R.28
$-TA
*R

Sub in €3 O Value of § we et
e ApA -0 =TA - ..TI_Q T":)

] QR &R
To.hmg ae 1A= chostd TR, we 9&#

O, :._C_L

2R

The  offset BB from the tangent” A, B gGiven Py
2

BIB"'._.—

:?rga&o, l—_&ZQB)'— /ﬁ_lejj beﬁnng OFPOS#E aﬂﬁ’éﬁ

|

1
i

Since, 1A' and A'a s hoth tangents, They oxe egual in :}él’”?m
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|Le = S- (A'aT

(B,AB, - @_'ﬁ“r,: S

ave B,B,:AB,.8§:GC-§

Sub  the wvalue of S From iy, we Get

E B;Biz Cl‘———ﬁﬂ - CZ'C’

AR a R
are B,B = BB+ BB ¢, GF. ¢ ¢
% =) O, = ,_;TR_'-I—;IZ == (1)

Simniloxly, The athisd offsetd 0, =D, Ba given by
o, - 5% Cetes)
kast 051 nth pfPcet o given bg

On = 5;;'?" CCrCn).
Qljeﬁe‘f'ﬂutj, the Pivst ehoad i a Sub- chosid - length ¢, arnd the
intestmediate  ehosids ave Noyrmal ehoals, length ¢ , Ib that
tase | the above -Hoymrulae sieduce to

_cF
0,' "-E"

c C
O, ¢ 2R(€+ )

2

05: Oq": - Ona= CQC)h —

on# L Cc+c)

wheve ‘¢’ the Jast Sub- ¢hdid.
" Insttumental methodg-
The qeollowrnq aste  instaurnental methoals commonlcj wsed 8]

Setﬁng out o etscu o curve ®
Rankine’s method of tangenﬁ"a)‘msn defle chpn angle.

@ Two theodolite method.
3. Tacheoretsle method.

15
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F Y °
Rankine's  method i— A Beflection angle 1o any potnt 0N the

cotve 3 the  angle at P, between the back Tangent and the
chosid from the Pc t0  that point:

The RonKine’s method @ based on the pm‘ncr‘p!e that the
detlecton angle o any point on the (iculos curve o neasuved
by hatf of the anc_?[e Subtended by the ave foom poiﬂf?O'F
cuvvatuge  to  that point-

It O oagsumed that the tehg-th oL o O3 Qppvoxl'n-m‘ﬁ"ig
equal o g cwowve.

TNz A Rase fcmqent'

T, = potnt of cuvvatuve of given

einculay euvve- | AN

81, 8,, 832 The tangential angle O

the ,arglg wohich are pavegent
Cuccessive  Choad Tip, PBE

Bc €tc-- -
These oste malses angle with -the Mepzesenffve

toncaent 0 the cuxve at T.,.AB.
&y Ba) Dy = These oxte the total 'tangenh"al angles (a0
‘ deflectton angles 1o the points A,B, c.

C, C3,C3 axe the Lengtﬁ of +the Chovd,
Ta =¢
AB - ¢,
_BC ZCy  vespectively.
Ft"ncdltj ,

calculated  deblection 00919;.

S8 -al mis

ST —

S e e i
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| Tevo  Theodolite Mmethod ¢—
WA

: Qe?ment'

~tese T and  anothes; o B e, at T, the method i USed

TV bo hocpem)

Tewo - Theodol'te rethod.
* In thie  method two  theodolites ave wsed oOne at point Of Cunal

Y A AT e S i b £ e 1 it o P -

when  the qoound (s
the pSanc.FP!e of the

Y e

UNsuitable fos chai,r)f’n? ard it & baged on
anqgle bekoeen Tangent and the choxd ¢
€Cbual to  the le  which 1
ang > B the chosds  Subterded in the ppositg

PR

Lﬂ—'—ﬂ = A,
ihe., ®eblection angle foot A . buk 1A, & the argle
Substented btﬂ tihe chosid TA in the @Pposffe Segmer)f'

JA-E.T_! = M[_H :.ﬂ,

ely
H Eenyv - (17,8 *\ AP Hence the ahgle betuoeen fﬁel(mg
chostd and  the lfne - joc‘ning any point 4+ T, G e%ua! 10 the

deflectorn angle 10 the peent  measuved woith, the e tangent
i-e.;‘b "
Taﬁh_egmefmfc Method °—

Foormulae «—

[+

INE - S+ (£+d) , when e léne Sf‘ght 4 horiaohial

He ~

k= L6 cos’e +(£+d) coso, wohen the ine i Sight & inclined,

[

('Re,fem (n text- book ) ¢ fosy mSle fﬁ-ﬁ@mh'da)
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[
v

&

o

| The Vewed Sine o given by, E

oA T T

Pstoblems -

cateulate the ostdinates at 1omB  distances fost a elreulod curve %

havvfncj a long chovd of gomB and o vexsed Sine of 4 mis.

0oz R— }Rz_ JaT

° (3) {

4= B— JR*- (uoy f

R=(UO)s (R- )= R™+16- SR
R=: '-%'—6» - ogmetaes.

(R—0,) = ®02-4 = 198 m.
we-l’)ave,

O, YR= 2= —(R-0,) -

O, c J@0F-10%~— 198 = 901-35- 198 = 3.35m
Ozo = JC&O&)“-— @o)*- 198 - Qol-01 — 198
O35 = @02y~ (300" —198 = 199.4¢ 198 < |-36m

Yo J(&oaf 4oyt -19¢ = 198 —198 =0.

Retessmine  the offsels 40 be Set out at L chatn interval along the

3-01m.

t

O

tt

| 3
| tangenk 1o locate o  16-chaen cuvve, -thelength of each chacn |

O.,g\le-r:cl _R - Hesxe R=16 chatns -
005 = J6)4b-sT ~16 =0 0DF8 xg0Chatns = 015625 mis
0, = &Y+ ) - 16 - D-031x@ochains= 0-6aMm.

Ous = JULeY+05)"~ 16 : ©0-0%0& x20 chaind = [~yomis-

0, - \)UGJVHQJL— 16 = 0:.1QUusx20 chairs= 8.UQmfs.

Orc: YI6)4@$IE—16- 0-19UL@b chaths = 3.€gmb”

O& ‘ Le)t+-(3)r - 16 = 0-385 X20 chatry - 6'6@%11-

Ctr .
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