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(1) Double Headed Rails :

— Thege wailg were uged In bea?nni'na.

— The idea behind pwoviding two heads was, o one head will worn out, the
vail can be fnverted and we-used -

= But in lower pcmf due to findentationsz : gmoodh ‘runnTVﬁ zurchc wag  nok
obtained .

@) Bull Headed Rails :
= In thege ails, head wag made a Little thicker and gtyonger than Lowey part:

© Bt et bt vyt gt [Of*{0
— Here, bear?va plate / jlat plate i2 used at bottom- r-jlﬂ'ﬁl I.I
o Thede B"Clj_,a& ave degi’anoj-ej{ ba LQ()_;al‘d’ O'ﬁ )’O-fo PQJ’ (,Lnn‘ ﬁ?JUH‘I \

€ 52 kg[m o 52 MR M’M’IJM\‘E

60 ka/m o 60 MR

— 53 MR : V < 130 kmph

Double Headed Rails

60 MR : V £ |60 kmph

Bull Headed Rails I
— A too}ed vailg ave move &hon(jer, shiffer, eqsy to Q“ﬂ’ cheapey and easy to
maintain n Compaxigon to double head/ bull headed ¥ails -

Requivement of Rails

— Thege must be capable of w?Jh&}andTna the laferal fovces -

(Hence, width of head and poot ix aneaxed)
— To allow for vextical wear Ob {jo mm on 1k head- .

Ly 3BR 10 mm & wATET wear & tear 3 % & 33 vl Hr chcmde Wﬁw
— Minimum tensile gtrength iz 72 kg/m?*.
— Must pass wejsht/ tup text - . ftup
Lo 235 1-5'm #7 saill &rcr & SR 585 I Joookg (L torne) FT weight fall FmaT
ST, 7.2 m %1 hejght 2 | ¥ &3 ¥ concerned wail fuil TE &t <nfew !
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— Rakio of weight of vails to wefghd of locomotive (axle foad) is 1:510-
Lo yails &I we'@)\t pew unit length, :‘ﬁ*’( Jocomotive &1 u:c](jht To#icAT per unit Ien(rth
1:S40 Fo Leight pew unit length T yatio & |

— When wear cﬁ head exceeds 5. to total welght, it must be veplaced .

— On cuyvex, check »ail qullel to finney vailg 18 ntroduced +to control weax &

teay o} outey yail and to aveid the dewailment
— Check yaild 78 used , TP cuxyve 18 moye than g° to‘r BG and more Hhan 1y° on Mé; .

Ly &T&@ tvain, cisculay path & around a’%\v’iﬂ_}r T T Céhkﬂ'fuackf force CZZC)\TT{EI
9 force 3?7073@ J bain % wheel . oudey yaid % (nner gide & condact #H
f"v”l\jﬁ}' »fo? ouder yail )Z inher gide £ wear & tear sgiart ET \Hﬂmﬂ'l E?Fa‘
S 3 far cuxve & inney side W yeaul cm‘% o bain Wﬁa‘ﬁr

é} \ﬂﬁ WJﬁ'] Se, TH WHIEAGI }7 ET i-f_'lﬂ' % oudey »mil fr weay & -teay <
i S [ V5 2} Lyain % devailment

‘Wg I QT BT 2 S3T 13 Cen}rffqﬁal force

F?Y\Wﬂ— '1ﬁ’ %raa"xrf,

T 4 o
Check
Raid
Check Rails
L:"""]H\ \(l the Railg :
Lec-2

— Since jots ave weakesd points  of Wh;ﬁuﬂq Teaalc ok “‘er] vequive fasfeners

also, %0 mumber Q& jcir\}g e ﬁeiuired o o
— Hence, dmaer yaulg axe Pw&ewed to gmalley »ails , as Uwed would diw &hoyg
yails and economical ¥ails .

—  Rails Qena.}h ig vestricked }—’(7 i"/L“”-SPL“tL\HC-h TR R o Xeiuj'md
607 expanbicn ,jt‘;nbi-

— Rail Qe“,j“‘ fox BG trackg 1& 12:8m ~ 13m

Por MG tracks 15 11-89m &£ 12 m
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‘ Ly Rails &7 v length prefex & Gt #| Tn comparigon to gmalley Length , beoz
gomte 'QQ: vaj_ﬁu)a(y track 3 weakest point ?’a’%, ar 3PR yail ﬁeh(g{k A
Efl & numbey of joinle URT BT Forad T tvack 97 Strength &7 fama a7
3BTt | Moveover, a'eiuh, SART Y ar fasteners GIUZTCW?’% .%!?T‘;’?' Co4t Jﬂm'm;ﬂ'
g fere fong ¥ail prefer & Sl ¥ | gz X off possible TEH & & foo km & T
& il ST Use BT o, due to transportation Limitations - Alse, fong aaids
I aT expansion Joints i off gap S¥RT X0 (due to temp: deformation LoCAT),
Haad ol yails ?rsé(?raapmamﬂﬁfﬁ wheel & T GiroaT |
So, length of wail iz wesdwicted . [Toint & sbrength =2 So+. of ¥eil # strengih|

Pexmcmen{ Ha(j/ Rcuﬂwad Tyack :

— Combination ob yailg Hﬂed on gleepers , Ue&%fr\a on ballast £ subﬂmde iz calleq

permanend wcna :

IF Ballast Bage

> s
| |
———— — B ' - A weels
- | - BOJ.[Q&L Shoulde» ) ? —z= \I\/'I I
1‘ ! ! ! | o 7‘\2 —T Rails
=y L Grauge I S TS b
- 1II = | I 1 1 1 | ; ; ;:‘\\ \I_.__— —“1‘ -" pers
i % ! > e ——=— Ballasts
i‘:":g : : 1Ay Ballagh Cess —“Zi¥: Bt N ¢l
| 1 : i 1 ormation
-hﬂl | .v‘l SLEEPER v :
[=];2; 20% T PUIAST P T,n Lo
Is k& N

L4
o
NENEN A AN S AT ATAT S AT AS AR )
e /é SUB- BALLAST ( SUBGRADE)
(EARTH FILL)

— On curve, supey elevation Iz maintained bd ballazt and Z—cnmﬁ'on i8 levelled .

— Foymahion js Levelled

(Bubgrade)
— On thig way yailg ave feined b(7 fish plafes. & boltz .

— Peymanent way i8 vegarded asx semi-elagdic n natuze -
Ly $§ dR matexial {yangportation & point of view = %empomr(t, tracks off qaro oy ¥

2

? & D permanent’ word I sianifd HIAT & & o brack z¥=m TEF &3, I permanent
|
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wivementg °b‘ an Ideal Pevymanent Way :

!

— The Jauge should be coxvyect and uniform.
— T ghould be elasHc to abgorb the Vibyations of track-
— Dvainaje should be pevfect otherwize geHlement will occur.

Lec-2 (18:30)

— Tt sghould be propexﬂd maintained and degigned .
— T1 BhOUQd have KU-WC?QH{ onﬁral 81*”6’8“(7‘”\. U«n]fo'gm sjeepeg gpace , propey depﬂ'\ Of !)d-“QSi‘,

gugtain temp: gtregses efc:

H I\Gbc‘cbi n Rajilg

(1) COU'KuﬁQJ’Qd RQ—M :

— The (oxnu]ahon ot yailg ave minute dep?re/sgfonx on the zurface Of the yailg -
— Thege ave Cveated at the place where eithex bvakeg ave applied (i-e;, on cuxves)
oy, wheye tyaing sdarts-

— When tyain pagges ovey it, Tt makes xcmn”na gound -

(2) Kink ;n RO*”g . (oxruga;edlzlll\

— When ends of the adaomm(‘f yails move gujhﬂg out of poxnbon, kmks axe formed-

— Thege occur due to Looge packma ot 7mnf£ iR ]
ﬁ’\-_

(3) Hoaaed Rails : —— Kiok in Rails

— If head oﬁ the yall 3ng bend down due to fmpact acion o‘f vail , 7 I8 tewmed
at  hegged yalls -

Hogged Rails
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@) Buckling o Rail :

== Duﬁna summerg , due to wige In temp:, the expansion ob— yallg occur -

— To alfow thiz expansion, cewtain gap in b/w two wails [z provided at the end
goints .

= If Jop 18 not Rujficient oy not available, the thermal expansion would cauge
thexma| giveszses, +that leadg to bucki?nﬁ-

-

= Buckﬂfna May algo take place it Hzl\ platex ave H;]h’rﬂ,j bolted due 4o which

yails awe not allowed +o )S,UP-

EyEE

o

|':' k.
" Lec-2(32:30)
Gmtﬁez i Raifway Track

— Tt g debfned ag cleqy c{ji{m‘ce b/w hnex or Xunnfn(j é»a(eg cf two tryackg
yailg .

Difpevent Types of Gauge :
(1) Nayvow &auﬁe : 762 mm (2 £t 6in)

(2) Medter Grauﬁe ! 1000 mm (3ft 33 in)
8 Standard @mﬁe ;1435 mm (4 ft. 84 in)

(4) Bread Grauge t 1676 mm (5 ft ¢ i)

Standard Railroad Tie

2 591 mm
8% fr

Different Type of Gauges

— Standard Jage 18 not Uged in India -

- BGr 18 Pa—etene_cl ovexy MG and NGy, as:
@ Tt 3?‘/@3 more Xiubw{y © T can take move load-
(b)) It offess higher speed: (4) It i move economical -

Page 6 |
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Lesser Diamater

Greater Diamater

Coning of Wheels




Adzing of Sleepers

i

X ‘f'vﬂx ?‘4 m‘.$ Sendme, whhu‘ P
bt e : <

4 7 o
"f’ | j}’ s 5 y
h ! Whe, i (
4 i’«;/ ~ 2
L : — T A
W - e v}_h.‘ yr {3
” o e N
p— o e Ty I
~T 3= ~
2

Adzing of Sleepers



Supported Rail Joint

Suspended Rail Joint

Bridge Joint with Metal Flat Bridge Joint with Bridge Plate

Bridge Joint with Metal Flat




@ Compromise Joints :

— When two diffevent yoail gechonz ave gotned by fich plate, the joint is termed
a3 compromige joint

® 3 d,%—erev& youl gectiong anfde AT W%'}:Z?
Ls soi prefile a7aT - 37T & Gad; & |

Ly @RFT track S2 MR &1 G-T ¥, ITH ST G2TFT & 6oMR & use &, Speed qTHT %
purpose & :

M‘_ R o (G

—

T
Jpe==r
[

= . ; ."; > = P : 2 Z A:,‘R’ﬂ_«
Lec-3 (41:35) R e e

s YO ?‘:?{ "-"'". :
Compromise Joint

«

©) Expangion Joint :

— To allow the thewmal expangion at the end goink of wails, Jap i3 provided -
Thig chpe ot J'cr?n} 13 tewmed a3 expansion (jo'{n}-

BT BT A IR

(6) Ne.ﬂded Joint ¢ 7 Expansion .i;)int

— Thege axe considexed to be the most &h'cr\yfjegj' geint in ¥ails .

Welded Joint

Page 10
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’# Need 06 Welding crf Rarlg : HE
| = !
| — To ncreqze the ﬂe.ndi:l\ of yail bﬁ (jo%m'ng two or move yailg. |

— To incveate the ﬂj&e. vf ol tyack and weduce maintenance cv&lmij
- |

To aveld the uge of expansion joint afF the endg o;? yailz Lec-6
— To wedue cweep 4 buakﬂfrﬁ cf yail ends .
— To maintain PYoper gauge  and aiidnmeni" Of yodlg .

® RS0 HT ﬂerwtl\ incyeage aw%‘% ac—?n}g - wejiuiremeni- KT I u?'rmﬁ'
: ; UG 5 : . | A
fasteners aw—;r(ym%ruﬁr dr economical 3 | (Joints ave weakest pofnd’)
o “.;’. =4 6.0 1o vy A
@ jlrar( f-:cr weﬁd.r%j W-(%‘ & ar & de( >r‘ee cf Z‘;md.-t(j @;37\;%—%) SAdT Hdeld &I
yail & endg TT hukﬂf’nﬂ avold &HI -2%'3!
Non- welded yail ¥ Ir SR Poglencrs GTITT X E ar resistance available
¥ or G}'g‘i—ﬂ?’ yail end ;?\J‘Yﬂ‘dg“f‘ s fastenex ﬂﬁ‘}i, Ar d&T il buckle
& A E | $GI aveid T S TIC ends w welding % FT & |

=3 —f&pes q& Welded Railg
(2) Showt Welded Railg (SWR) :
— Ik 3 o¥ 5 or 10 wailg ﬂenﬂ&h;‘s ave welded Jco(je}]uezr at both ends, T iz

texmed ag SWR.

r N ; ' . :
® Tndia H 3 »ails Fr gdandardize o 23T ?_iil

(2) Long Welded Railg (LWR) :

— Ik Room QQ"@“W G}P vail (for B6) and 3oom (for M6) 72 welded at both the
endg, it g teymed ag LIR.

— Tty maximum Length can Jo upto 1000 m (1km)-

(3 Continuous hlelded Rouids (CWR) :
— If welded yails ave longer than 1 km, extending fyom ene ztakion 4o ancther
12 texmed ag CWR.

Page 11
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* Leﬂ,ﬂﬂ\ of lalelded Rauil

«— S)eepers

Lec-6 (14:00)

> 1 &

—  TIncveage In Qer\aﬂ\ 0’ rﬁ) yail due to temp vige ‘At’ s

Ad = Ax At

- Styain in TCLMS, e = AL _— xat
'l
= Theymal gdyezs in Tai_ﬂg) o+ = EEg = X At Eg
e~ Force dev‘eﬂopec) I ol e =g AR = S B, A ( & arT {'nf:e, gleepers
Yyerist dﬁ‘;{’j
A —> cJg avea Df yailg
— Let Fovce werizded by one gleeper 3 }”Si
— No. of sleepegn = F - oAt Eg A
$1 )(‘3i
#_L ] st | B8, 2 o n Si=% -.S_Qeepev SPQ(?:\(‘J‘
< S <@ S >

L ength o]? welded »ail = (n-1) S
Lehaﬂx Of welded wail on bhoth ends cf tracks = 2 (n-1)S
@ Thiz ﬂ.@ha_“'\ of welded yaid 18 algo termed ag rB)’ea}thJ Ler]&ih’-

Page 12
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i
NOTE: BRyeadhing Len ;
| g _Length_

— Tt iz the minimum fength of welded »ail on both ends of track

vequiveqd &guch that powtion of vyail blw L doeg not Undevgo expangion
o¥ Contraction .

Que : Theovekcal fength of LWR bQJOM which cendral portion of 59 kg/m
¥ail would not be gubjected to ang lovbffrﬁtdmaJ movement due to 35°%

temp. Ineveage , if ¢ Ag = 66-)5 em2
X = IS x)o 8
Egx = 391%[ob ka/cm"
S = 60 cm
e b s  Lec-6 (21:10)
S : : G o
Sef Foxce deveﬁoped m aail | Fe = xAt Eg Az
= ||-§x|0_6><35'7< 2|7<.|06x 66+ (S
= 55 39]32-8 ka
No. of gleepeys wepd, ' m. = F $$9132:8
})J_ \300 H igeq
S = 6o cm
Byeathing ng = '
Sirglengtht aeqd = s iin—|)is " = 2 (1864 —1) X60 X 10 > X163 kim
= R:3235 km
|' Page 13
l
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:

SLEEPERS

SLEEPERS :

Lec-6 (32:40)
— Thege awe memberg (hich gupport the yails and are flaid trangverse +o
yoid -

?— 'ﬂ\ea ave provided +o :

l
i
>

— It can be increaced ba ereosoh“na,

(@ To hold the »aid to cowvect gauge

(b) To allow adz'ma of yailg

(© To ack as elaghic medium

d) To provide Qo-r)j;'i-udina) and lateral zJuloF,fod.
(© To distyibute load from »ail +o ballagt

Cﬂazz}kicahon ok -SQeePd'JZ

(D) Wooden Sleeperz

@) Metal Sleepers
(i) Catt Dron
(i) Steel

@ Concvele Sleepers
(1) Rcc — 2:6 M X250mmM X 250 MM

(i7) PSC — 2:6mMX 250 mm X |25 MM

(4) Timber/ Wooden Sleeperz :

— TThege are reﬁq)foled ag best gleeperg ag
it has Qow fnitial cost, |ow maintenance cozt,

QC\Sd to ll&a, pack, Qib!‘ and madinkain .
— Sal and teak iz commonly used for Aleepevi -

— Thege are qu?ﬁ(tf gubjected to wear & tear,
decad, atack of white ants -
— Their Life iz shoxt, I2-Is jears.

Timber/Wooden Sleepers

Page 14
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Compogite Sleepes Index (€ST)

— T meaguves the mechanical xdvength uf Eimbey, dexived frem T8 Compoxn-e
properties Of z_hrenaih and haydness .

GSiIE =" S+ 1o'H
20

SE= SJLYehaH\ ot 12 /. meisture condend

— Haydness ot 12/, mcoisture Condent L

Lec-6 (46:25)

(2) Metal Sleepers

Metal sleecpers are in the form of inverted chamel with Covdews bent
OT olded

nS
['E CCH} 130N gleepers i Ccmpmah'v/eﬁ/j move (35—S0 deﬁn’x)
— Casgt Txon Meepe)’is can be Used for oy ‘{;,ype, cﬁ ballast.

MCLI(\‘}.‘@Y\-QHCﬁ LL&)" of CU&} ”br\ 5096/)0)/8 I/S ((quya ]\,E'(/ les s (Uu.’ 8(‘70{) \,’(LQ‘-(€

12 more , inikial Cost iz hr,jl\ because f moxe no: of {(H}Pﬂf"”

— Caat iyon gleepeyr do not provide elashic bed bfw vails and ballast.

S}eel S eepevs : ; noe o .
— Steel s eepewz are kLJl\f wqjl\)’ £0 }mndkm(') 1A C’cmpmah\/e(d quj

— Fasteners rech. in ateel sleeperz axwe ((,m[wmang)/j legs -

o Y- ; - > A o b [0 L
Maintenance s Com!’qﬁa”’vel(j €O&J than cast jyon sleeperz but 1+ hag *oufihnd prblm.
* Me)—c\j gﬂegpejx cannot be Uge(’ F—c( {-)a(k Cf)(\l“{ﬂj}} bcoz r} ‘gl\c'y{‘c}-;,(u.tf Pi\ch‘t"n).

Cast Troi Qle;el;ers Steel Sleepers

Concrete Sleepers

Page 15
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(3) Concwede Sleepewr :

— No d(’fﬂ(,j (ag tn timber sleepems)

— Twack C'i'.fCtL"lHn(f] can bhe done c’m’fQﬁ

— It P"‘L'b’ffff?ﬂ (?QL?H’?{ }wrf h}w ')n,;l"g leJ Jmﬂin.{.}-

. Lec6(53:05)
Since it hag H:_fil\ moduflug f*f (,’qu’ffn”r\/. 1t s able to vesist high stvesses-

— No K(‘an v’a!:(h;’ ‘{ﬁrfn' Concyede -
— Tiz weght & 2-4 times move than Eimber sleepews, so tvansporkation

becomeg JF“J\‘H 0t

SLEEPER DENSITY :

) A o 1 q A o
— No. 'f“t .‘i.{'e?r.’[\\*.‘.% pey wauk t-"nn_f.}H\ I8 texyrmed ag w_.i.t_'.-;‘u‘n dengit
\ L

m
y' .
= Iﬂ I‘n('“{l, ‘-‘*.(!"r}"t“l ~‘\nx'|f~/ 1A ]t,"\t-’ul\tahf as ‘F"ﬂ—f ) i EH
( {

¢ : AR = :55
u.’l'w‘.n ) ™ 12 yauk l."L‘n“}”\ Lec-7 (26:55)

o LA f)\, num i'\\" N [l']\ii‘}\ Vayieg f\/lg\ 3 - ‘7
— Fox BG. it ix ‘M+5’

@_LI_E_'- U,&fr\(j ﬁ.,ﬁt—‘epf.s \‘fr’rwﬁlr-'f.lk_j M+5, Find out Hhe numbex c-f.' zﬁeepea's TELZLLf)red

503' condruction Uf a wail (A.,*(\J by (‘ufl'\ {280 m lo n’? (8 Gr trac L) 4
\

f

Sel No. of xailg in 1280 m 2.8 ¢ loo ails
12
'\JL L-‘f %I-‘I?U ["'\‘ ¥y X i’l..\ “-“117 J;iﬁll ;”| ™M f 5
192:8 + 5
17- 8 |8
_Tr‘f !rﬁ No . L{ ,‘{1:;0: Ij‘h? ¥8 = {8%x {00 = ;QL

|
f
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F ish Plate

[l
Sl




v) Kez :

— These ave gmall tapeved piece 0& timbex Coaled RSE «sieeﬂ that T2 u&ed +o
bnx Ym(’é to Chmuz on 40«2('[)07;3 oe % i & _

vi) Bearina Plate :

— Thede ave Yecbqn(f}u()qr plates of either
mildd steel oy cast ivon, and are used
below bﬂaf boc}ed yails to distribute
the load on a fasger avea of timbe¥
gleepevs -

Lec-7 (18:30)

— Thege are not uged
me tal gleepess .

o
In Concrele ov

Page 18
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BALLAST & SUBGRADE

BALLAST :

B R ISESE L TR, T
3 b 1 AV 3 N

- ESENOTES.COM

’ " Lec-7(37:20) |
SRR e azmnuﬂcnr material uguaﬂa made cf byoken ztoneg o» brick, or

kankaw/ gravel / 2and etc. which is placed helow the gleeper and js used to

tyansmit the (oad fyom sleepex to gub,jracle.

Functions of Ballast : |

@) Load imn&ber

(b) D‘ra?)\a@e

(©) Superelevadion on curves

(d) Tmparts eﬂnst?did to +yack
(g) Imparts longitudina) and fateyal A“J‘abiﬁt(y to gleepevs -
(#) absorbg shocks and vibrakion

€) helpg in contro ﬁ[indf vegetation

Do A T

Typez of Ballagt :

(@) Byoken gdones

X &
f ; 5
T L BB ALY
Hé o WPNEL
2 "ll ] L { JE TP
e e .

(b) Giravel
/TS A A7 : . T2 _
(C) Sand Broken Stone Ballast Gravel Ballast Sand Ballast
(d) Asghes
° R S S ; Wy
(& Boick N ot G

(f) Blast fusnace zﬂag.

%5
4 L 2%
N4> P e Ay
DAk e

Broken Bricks

Page 19
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— Byoken stone & the beat matesial for ballast - Ignecus yocks guch ag
arahn:e, quartz ekc- ave Used for broken glone. It 7% provided in almost |

. |
evevy tyack « Sfze crf baoken stones varies fyom .9 ¢m to 5:08 €M ;

— Rivex pebbles or a'mre.ox are uded in 5T0«Y€-0 hallgst-. Since these are gmooth, |

'Hf\i’-('j don't p'mv‘ide propes fh&fﬂocklna-

— Sand in gand ballqgt p‘mv?deg aood d;—a}’noﬁe and theye 2 no vcﬁe}a}?cﬂ.
Track made of gand ballagt f3 gilent,i-e, doex nob produce moise - Buk, d“ﬁ’(‘;?

Vibrationg , sand 8 yemoved o+ And, gand algo draing off in the sitwakion cf
!jﬂocd- '

— Azh ballast alzo 0{%’&3’3 30(:4:1 dm?naﬁe bud Tt 18 very goft, 8o 7t breaks
veyy @87%’ when +>ain yung ovex k- Also, I becomes 3.0Jppe1r(7 duﬁ”kg

'x(ﬁ'na geqgon . Hence, it 18 avetded.
— Baoken bricks can algo be uzed ag ballazt -

— Blast puwnqce E‘Q“fj i the wesidue feft affer Hie extrackion of medal:

Specificakion of Ballagt : EE- . E
*l

'-I "

— Size : 1.3ecm — 5.1 cm ﬁ- I'
[=];

L—’Inter?cckincj comes out to be r,jo.:rf P thig gize -

i{

— For different %Pe.s of Bleepex, gize of ballast uged i :

Lec-8

Por wooden gleepeys = S5-1 ¢m
for  24eel Zleepevy = 3.8 cm
n case of Crossings = 2-64 Cm
‘F()T Concrede sleeperz = 4.5 cm
— The depth of the ballast lojex affecks beaving capacity and distaibusion of
foad on Swﬁrade-
— Greater the depth of ballash, greales will be foad beaxing capacity.
— Load distafbution below the gleeperz iz agsumed to be 4s°® to the vertfeal,

8o minfmun depth s given ag :
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(=]

//‘—-(&w) H/;

v -
L 5 >
I

) e Lec-8 (9:15
C/,Oé‘ g"g?&bmﬁg 0= Co ec-8 ( )
5 3 2 oo e
20 040222
7N
/ N
tan Us® = Dmin
Sl
2
W= Dmin
S— Il
vk
Dmin = S— W
9

— The ‘itmhﬁta C}D bf""ﬁ-f:ﬂg(%ime) 3{%1&5«() pey medtey i’e“nﬁ“x 1
-Fo'f BGy : |-036 m 2
for MG ¢ 0:7) m3

-Fovr NG : 0:5 mﬂ

SUBGRADE :

— T+ f8 nq’rumﬂa c:ccuﬁr‘ag goil which iz pepared to weceive ballast, gleepevs, yalils
for consdruchon of *.miﬂu:ud Hack .

— Subﬂm!e must have :
@ ziabmik;
(b) 3ocd dvainage

© P’YGP@’% to prevent pUﬂclweﬁn;] of ballagh fnfo it
(d) o_b'nﬂ,il:g o bear the brangmitted (oad.
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Que : Ib the gPapjna OZ‘ Hhe &ﬂeepex & 1-2 M and width o-ﬁ gﬂeeper T4
30 tm - Ffrxd e minimum dep'l‘h ﬁf baﬂiadi‘ cushion- NE- u E

MR e =S = WS = 22— 0:3 _— p.ysm = {gsicm .
ey 2 2

Lec-8 (23:45)
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| STRESSES ON TRACK

Stregs on Raiﬂwaa Tyack .

Lec-8 (26:20)

— Since rcnj.ﬂumﬁ track i2 nok embedded jndo the gyound (Like foundation) and
west ovey the ground suvface , analysis of the gtressex on rajﬂu:ﬂ-a tyack 1%
done ba themrg Gf eﬂﬂgﬁcﬂ:a.

— Ovevall elastic Pn‘peﬁa of track 13 wepresented by Track Modulug (1)

Track modulug iz dekfﬂed ag load pex unit @en(j{h we.fi_ttia’ed to pwduca wni +

deﬁowmah’m i track.
— It dependg om (jcutﬁe) Erjpe rrf yails }rd/)e c-f gleepexz | dem?f;&’ Cf gleepex,
type of ballast and zubamde-

—>
e
s
: Eﬁ]j&_&_] ¢ vogs - ection.

= 1 ac 3 L 3 x )
Rail8 act ag continuoug beam which gupport mO\-’f'ﬂ(? {oad - Sleepexr convext his

Lona?{;udinaJ Section

Tcoﬂj‘n(‘j load nto point load . Raiks foad iz algo (p(Hn(j on &leeperg. So, gleepey
18 SLLPPO'anﬁ two pornd loads — One 2 peymanent lood ,i-e;, foad from vyailg
(lﬂd ano}her T& Er'cflin(j load converted Trr}O pc.-?m" Qcc\d. S,Geeper fa'ans mft‘% thege

loads +o hallast and Hrmﬂ(d, ballast tyansfex Tt to zubdmgle-
® Movfna Load —> Converted nto pcf;wb load —= converted into wdl —> ﬁfnalfa s

dizhyibuled over the Fsubjmdci

CREEP oF RATL :
— It iz the longitudinal movement of xail with wespect to gleepers.

— Cxeep cf vail can be understoed 5(7 ﬁ—o{ﬂou:?na Heories :

@ longttudinal movement of rails foraa mokion # divh 3 expangion foints fill a3 v & sk osppesite divn R
ExPﬂpsirunJ‘oin{n T gap 96 GHT-ITZ}I

*
B ‘f Page 23
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'ke +hfs -B-\eo'ra, wave modion 78 getup ba mgvma de,g O)Q -H;& g
vextical wevexvse cuwve fs formed in yails. i
Diveckion of m\f;ment s

o STAT cuvve #T Centre, opposite
divh 3 & (a' 51:!’21’ vertical veverge
Z

curve

e lfn caded
Leo—S (43.0'7) Position of
ol

(2) PRECURSTON THEORY :

— Thig H\eo'ra gdater that the creep i3 due to the Tmpact o—f wheels ot the |
said end ahead of a'oihl-s-

="iFhe hortunbo‘l Component cf resullont foyce ‘P’ causes . Cveep

Divec tHon of Movement
—>

) v . » ' ’ N"\Ed

X3 0o]

Taiﬂi»g Raif T J,a Rail
Rail Joink

(3 DrAG THEORY :
» —-A""-s'dnra b this theoyy, Creep i3 due to

=




Ballast Crib & Ballast cess

Anti Creeper

SEEEPER

Anti Creeper




l GEOMETRICAL DESIGN OF TRACK

— Visible featurex cf rcu'!lwad tracks & ks o.ﬂianme.rd' ave known as
aeome}n'c de&f@n Of the track. r 1
— Visible fjeatuves
(1) Givadient and Giyade COmpenSaHon

(2) Radiug and Degree of Cuxve

(3) Cant or Su,PeerZevq.Hon

Lec-9 (18:10)

4 Curves
() Nlden'moq o gouges on cuvve

@) Gradients : |
= And vise or fall jn track level g known ag (rudiehi’-

— It iz wepretented eithey “1 in x” ov ' i:vcxm of "pexcenlade”-
— Gryadienls on a yai QLcaJ track aye ax tc:liowx ¢

(1) Ruﬂ?n(j Giyadient

(11) Momentum Grvadient

(1) Pughex / Helpex Gryadient
(iv) Gradient in Stakion Yard

Page 26
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() Ruling Gryadient :
— In most Cjenera.) cages, the maximum 3muw allowed & wuﬂfnc? gradient.
= &J—eep (ja—ad—lan_f 're’;uj're)s moye power, hence Jcrqnsporta.Hon on Hem Iz Coxi“fa
= Rizina am.cUetd' must be boﬂou}&d bd &qﬂhrﬁ (jmd.ienj'- I_E '

— In plain tevyain : 1 in 150 — 1 in 200

l
|
|

In hiiﬂa areag ! 1 in joo — 1 in ji50

(i) Momentum Gyadient : "—Lec-9(34:§l:) I:"

= ! Ih ’zriz?nﬁ (jfadien.“‘ 18 blciﬂ_om-e.d bg 6-(1.U_fr}j armﬁead, the tyain while Cominé'
down in 6-aiﬂ,lﬂa 5:rcui,len.f, ataing guﬂ-"cjeuj' Mmomentum which 8[\«’63 additiom]

kineHc enevgy to the bHain.
— Hence, now It can overcome steepex KI-JS‘I'IH dmﬁ.{en}' Haan ruﬁjnj 57.3(1;&;&
texmed @& momentum ﬂmr\f

/

e "/J
- //-’ e M > E‘Q
:’j ep 7
’\H‘/B £

(iii) PuﬁheT/He_.ﬂpex Grvadient :

oo Ib FeVere TLI.G.TWC"] aTﬂLUUﬂj' ?3 CLHCE‘IL}TEL}EJ In ceyFaln ?SPG‘L;t—f,C, SECJ’?'C.K']
guch ag monotonoug gecton, an azzigkant e.n;jfne; oy helpey e,n,cjfne 18 used
in guch case to push the +vain.

— Such geveve gradients ave tewxmed az pusher/ helpex gvadient -

— Ey aenemﬂ) fox ﬂmﬁUeni L in75 & above, pusghey eﬂ@j.’ne I8 uged .
(iv) Givadient in Station Yard :

— Tt s provided to dyain-off water uged for C.‘Jecmi'ng of traing .
— It ghould be Suﬂ—b-i'cfen},lrj Jow ¢
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(@ o PTevent the movemendt Of Sinnd.'fna tHrain -
(B to prevent additiona] vesistance at start of vehicle -

' — Maximum amd.jen.f pevmitted en 84ation 51\74 ix 1 in qoo and minimum s
1 n fcoo-

Girade Co m pen 8ation

S Rulina &Ymiienj’ 18 the moximum am_cuerd' provided on gira?ah} tracks .
— Due to cuxvatuye on arade , Yegiztance +o mobion Of» train Increages -
(bc::z Tuﬂ.in(j av—adimd + cuvve resiztance due to cen}'ri’}jquql force , both uJOé'k)

— In oxder to aveid yegistance bedcncl the allowable limits, the grodients are

— e

veduced on +the cuxve .

-'. —
— TThig yeducdion in (‘j)’mﬂenj’ I8 known ag Gryade C’cmpengaﬁon- EI E
Fox BG @ — 0.0y /i pex de(jr:rce cﬁ Cuxve m'
]"461 : — 0:03 / Pe)‘ c’é(j?ree C‘f CUYVe Ei
* — 0.09 . ey desyee of curve =
N 6—’ P < Ed‘ f Lec-10
Que : If ’a'u.U,ina jrcwueni £ 1 in 200 on a paxticulay geckion 0’# B6 and
at S8ame +me a curve df 4° iz gituated on Hhiz Zuiivﬁ @rau(ien:l—,
What ghould be allowable Tuﬂir\a gradient -

SL‘."} . PYE‘VC‘H Ql‘ﬂd HY[\CL;QHVf‘ — i “-\ 2(_.'(.‘- —_ l x I.CL“ - 0. 5 ./'

Jo0

Gnrcu,e Compenga}%cﬂ o= o-oqxq — 0|6 /

A Uowable ‘o’uﬂ.ir\(j arCLcUem‘ =0 Si—odG
= S lelgralh

—

294. |
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Speed of Tyain : i
~ The gpeed 05 tyain depends on H‘a’erwth rﬁ tyack and power "}{) locomotive |
— Safe gpeed on a raiﬂumd track ghould be minimum ﬂf A-oﬂouﬁng :

@ 3{16«2 gpeed on cuwve (AR pex Maxting Formula) ' 'i.'EI'E
(b) speed caleulated ag pev cant éc‘ymuﬂa iﬂ.:' 4
(@ mox. gpeed as pey Qen(jH\ of brangition cuave i‘t'l_ﬂ-
(d) MNAX + EP&EL‘ fs‘PECIEIﬂ:L{ﬁ' 5(7 TLL;,au:Cl?j boan{. ‘Er r
L -
@ Safe Speed on Cuwxve (a8 per Mawtin's Formula) ! Lec-10 (13:15)

() For low gpeed (< 100 kmph)3

® On a tyangibioned curve

Vmox = 135 \R-¢7 , for BG & MG

Vmax = 3:6 \IR“GJ for NG

) )

® On non- ffycuxgitfov\dd Cuyye

Vmax = 80 '/ C‘é‘ che‘, allowed on byangitioned cuxve

GV Fox Hidh Speed (>foc kmph)i

Vmax = 4.5% \!?‘ for BG c‘ni"j

L\lhere, R iz the yadiug oﬁ cuyve , in metre

1‘
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|
(2) Radfus and Deda‘ee ob- Cuxve

— Degree of cuyve i angle formed by one chain Length % the cuwve

ot the centye- i lengn

T

%

For whole civeumference 27 R,

An’jle }‘gub{@.lukr, C\.+ (_g_n_h—e = 36:(:
For 1 chain fength - ‘3om’
Oy P\(j rf 3 = : 96(_.- X 30
A*}jfé at centre D° 2R
0 _-]
D = 1720 | - for 3o0m chain ﬁena{h

If one chain length 2 D _ o |
i rj 2 2 = D = [ISO r—r -fo‘y 90 m chain JQHJH»\
% ‘20m R |

— ey de.(jyee Li

CUxve oy mMnimum yadii c-f Iﬂ{{jﬂn raiﬁwajsi
J 3 (7

o

B Gy 1o 175 m
™M & e log m
HUI f_f,:;.‘ uu m

NOTE :

— i) d - : o .
S e C]\eck the ﬂCCu?rac(j Vf Uwe’ Qﬁll(‘J B’mﬂwﬂi CUrVve mek,

max

& geomehr| yameter \eygine® . o) e
a ca Pa te Verxgine I3 UE&’C)_. which 18 the v lateral digtance

o& the curve gom  the choyd -
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Us‘fna Prcpéﬁy o'f arcle :

€
Verzine (V) AD:-DB = CD: DE
B
2 Lis. [P L/ ESRITS =Ry (i g%v) |
R 2 S T Tec 10 (3235)
Yo gince, 9R >>V = IR-V & 2R
M gy
L'
= Vi = L?_ V—cm
8R L,R—=>mM

Que ¢ 1P the Qe”@”‘ oﬁ choxd o a cixcular curve it used on BG +vack g
200m and it8 wadiug iz 4oom, what would be gafe gpeed as per Manting
formula and verszine Of cuxve -
Sof Agsume Jaw Bpeed ( < Joo kmph)
Acc- to Marhns Foymula :
Vmax = Hn%“\/w
= Lf-ﬁs*\jm
7938 kimph —> Assumption i% ﬁal\&.

Versfne,\/: L2 = (.QCC)L = |kluS Ehy
R 8% Yoo

NOTE :
— Az per new code , Maxtin's Formula fg »eviged ( bud will be Used N problems,

‘?b all vequired prrameters ave 8?ven)
me( = Y4y R-7J0 , for BG, MG (When gpeed < loco kmpl\)
Vmax = L4-6JR , (7003’ gpeed > |oo kmph)

Also, € = €acy + Cant Degiciency (e = CCm.J() - e
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[=]

€4 = GTVn%um ‘E.:-

X |ooo '
o | — . ;3
Vmax = | €y X 127R _ (éact + cp) X 127R Egi. F
Gy X looo G1 X Jovo —al1

Lec-10 (50:20)

Vmax = O=9_'7\/TQ(€C1C_1- = CD) J

(mm) (mm)

(3) SLLPt'B (—‘.Qe‘\.’a};on :

— When train ﬂe{\,johcﬂres on & hovizontal cusve , it iz KLtbjecf@cf s
Cehh’it&aaﬂ ZL,UXC(J-') LC—I\?CJ"» QC-'}_% C‘{LU-(\(j )C?,-'Uj*n C{)'\j"ﬁ’e C—f) cUrve -
— Thig wesullx In Increqse Cf’ the pyegsuyye on oputer il
To encoundes the el 5 .
; e effect of C@Lfrlﬁ-uﬁ&(’ jorce , the (level of, outer yail

o DFNE ¢ a o .
18 Y(’Ll.je'J Cl.l‘)k_-\/e 'H'\e Inhex Ya.lﬂ I"JJ Ce)"kc‘—l'ﬁ CUY‘CLLTL{_ khgu‘n ag gu()gﬁrgﬁevf_’k{-fgn

ox cant - Ei.ll!?.E
i
Oba'ec:tfve Ob P:rovidinﬁ 3L1,Pezreﬂp_miion :

(1)) To encounter the efhect of Cenhﬁzjurjaﬂ fovee ;  thix would weguldd in
tq,gfer move mendt cf the tyaing on curve .

(f}) TO PTOVI(’E Q‘iuﬂ‘ﬁ d:gj 5!'7 I)Ll J'I;C' N 5‘# L\J'i\ e 0 g 'L"C-‘.d on be t"] 3’0:{ [?g I R .{:L‘aj__
OLL!'E .8 E’Lti_ﬂ (.‘JIG viok Mmove Cu} iya m } chk .
(iii) To Pn:kae even and gmooth U nni*’\é tyack to enszuve com fortable

g8ide to the pagsgenger -

Caleulation O7P SuPeYe.Qeva.{-fon :
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?_—'——_
|
- EgM cant :
— Cant provided when load ox pvessuve on the both yail iz equal

E?"“ Speed :
= Ena rame Xa?ﬂwad tyack , traing Like pasgenger train, rajdhani,

3"\(2\.{‘0.1)(,{,(, duvanto efc. will sun
— The cant previ reiu]red‘ Lor all the traing will he df{)—{jerenf and will not

be suitable for other Hraing.

— Hence, actual cant should he provided for an average 3peed = termed ag
Qf"‘ 53P<’-‘°—‘*, 80 that all the +Haing with d?ﬁberen,!r gpe.e_cf can be allowed +o

¥un on same Hyack. [E-

— Thiz o™ gpeed f3 given bff:

\
\
|
L

@ When speed > So kmph

() ve‘L - =‘3— Vmax = 0TS Vmax
(1) Safe speed as per Mavtink formula [ ™™ Lol et
(b)) When gpeed < 5o kmph
('r) VQ(L = 55 kmph ]
= min -
(i1) Safe gpeed as pex Martin’s formula
© Ne:‘alﬁed aveyage gpeed can alto be caleulated.

Ve?/ = Znv;
TN
Cant Deficiency :
— The actual cant iz pyovided on the bagis crf’ eq™ gpeed . (eaci’)

—  For the tyaing vunning ot higher speed than eq™ speed | Hhe cant
Fequirement i8 move , than provided (€4, )
— Thig shortage G'F cant iz termed a3z cant __c!_e_{,-_{dehca (ep) -
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— Hence, cant deﬁdemd 15 the d‘rbberence o)Q g™ cant necesgary fox the max.
gpeed and actual cont pyovided

ecd = e.&h"" eqc_-j~

— Thiz cant deb—fcienca @Tve,z discomfort to the paszender & increages the

Preiswye on outer wail, hence cant deﬁdenca it Limited.

Gmae Speed < foo kmph Speed > [oo kmph
BGy 7.6 Cm lo cm

MG 5. cm —

NGy 3-8 cm =

Que: On a 2 cuxsve, for a 86 track , an actua] ant s provided for a gpeed

T
EIk:

Lec-11 (28:10)

of 80 kmph - What ig cant deficieney for a tvain with speed of (20 kmph -

If it exceedz the permigsible limit, find the safe gpeed.

- Sel: DE—S|iplole s oi= oo = 2o - 860 m
R D° 2k

Veg = 80 kmph

et = GLVE o)

act = 5V — - 6T6 (Q)L) - 0. ngz ) = Slohhl Ery

127 R |27 X 860
9 2
IR — GIVIE - = O e 0 9. 09
ecd = €y — €act = 2)-095—-9:89 = 12-27 em > |o ¢m
Nouw, -Pmr €ed = loem, moax. theowibical gpeed Vax 18 ﬁp‘veh b(y-

€th = €cd + Cack = Jo+ 9:82 = [9:82 cm

3/ ESENOTES.COM
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g = G Vinax E!-l:'i"::'

129 R o)

A0
2 b=
2- 2.' u E. .!.
]9-82 Xlo = |+6Té qu;( E =5
f 1
|27 X 860

Lec-11 (40:15)

Ang

Neaai’f ve Superedevation :

[ Tz l (e | fin yaid upey t!:t'mecn
— IF the mevef Ot Cu}tr youl I8 above Hk—. Vevek r}f INnNey ‘ s Lp

i3 known ag 4ve KLLPL)TEJ:::‘WLHI(H

1 ’. | il [ ] sva ll A ‘ 1 |J & known aZf
o IF the ULevek Ci outey Youl IR helow the Level t'.r- mMNéy aLk ,
—ve superelevation.

in i ; b appotite. cuyvatuve leading
= ladhent the main (ine on a4 Cuyve hag a tuam oud rf |N.E’ 7

‘ [ | ] N A\f_ f'L‘“_.-'\‘ i L.il
o the byanch Line, then the Level L..H il in branch Line |
: ' [ yaul Thi ) gt xnitfwaliljfp ot bryanct
fower than krevel "—'l‘ inney yaul - Thig Leod$ Ve f
,ﬂiﬂe- ¢ /E
e /;:
A ’g‘,’nr.s h Line~" \
T S r
i,
o :
. S MLJ
______ Te \\‘\ \\
|€c4 o B
Cth e ST D
e«.t‘b J[ : Loe:
X
# S
Ccrd
: ¢ ﬁi? ‘r )@ g : vy branch U
L v/ Cagd |
= 13 ol | ; ‘,i_‘ . . 5
FC)‘( main Lme‘, ” ~ e
‘ i J : .
Ey, = ecd + €act -—
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Que : ]_.ﬁ brnnc}\ curve 0& g° cﬁverae, jfrom main cuyve ob 55
in an opposite diyecHon in a out oﬁ a BG tyack -
Compute the superelevation and zpeed on the banch Line,
if the max- 2peed permitted on main line 18 Ys kmph-

. : T : 3 - 2
Sofis Radius of main Line, Remain WD.,O Lec-12 (16:50)
= 720 = 3ugm
5‘\,
Radiug d‘ﬁ byanch line, R = 720 _ 515 m
80
Fox main line ¢ S GVES S LETe Y SEe oot
1277 R 127 X 34y

€th = T-77em

< oo kmph = 7.6 cm
Ccd = 1-6 tm

cact = etn = e 28l Tewt €

Mmax- cant deﬁcfe,nca on BG for Vmax

= 7:77—T:6
= 0:)7cm = g
(xRr)
For byanch line hé‘(‘jC‘tHV’e gupe:reﬁevah’on on byanch fline = 0:1T7 cm
_.T et} max eCd == 7 (5 ety
(IR) li C’%h = E(_d o eﬂct
= T.6 — 0:]7
0
ep = T-493cm
2=
eth = _ G Vmax
127 R
L
743 = [1:676 X Vyax
X Jo~2 e
127 X 2|5
: V, - 1 '
So, max: gpeed on byanch Line = 3y.g kmph DA% 34. 8 Kmph| 4 0.
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@) Cuxves :
= The ute of curve 74 necessawy for the change i aljgnment

*Hwouéh horizontal curve and dmvwe " amd}enj— fhmuﬂh vextical
CUwve .

\ The uge 0’}? curve s neaegzaxa n Fo.ﬂ.ﬂow“?ﬂa condition Lec-12 (36:40)
@ To byPass matwal o¥ axtiffcial obgdyuckion -

(b) To provide eagiex jmcﬁehf by dfwerdfnj from majahj‘ +track -

© To woule the line pyom populated awvea .

(d) To balance the eaxthuwork -

— Cuyves ave of two 'Eﬁpex :
(1) Hoxizomtad curve
(1) Vextical curve

— Hovizontal cuzve 78 pyovided to quﬁe the. aﬁzz?nmeni', wheyeas vextical curve
i provided o change the gradient

— Simple civcular curves accompanied ba two trangition cuzvez ek 18 uged In
howizontad curves-

T%’a.nzifion Cuwes :

— Thig J& the cuxve which & pyovided bj/w the civeulay and shyafght ‘Porkr'on Of
tyack af both the ends .

— The wadiug of the trangiton cuvve & reduced frrom ?nﬁ’?n?fry to minimum at
the S}mrffnd of civeulay cuzve -

— T+ iz provided to induce gupey edevation anub,mﬂﬂ(y and avoid jewks-

_—!_Bpes OA» Trangition Cuyveg :

Lemnigcate

Cubic Pavabola /Fyoude’s Curve

Spival
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Lec-13 (8:38)

O =R o EEhE =S N =0

(i) at the end of transition curve, the vadius of trangition cusve is equal

to yadiug of.] cireulay cuxve -
s BE= L, }'ad.iu; 06 tyq,\g‘,f,‘oﬂ Curve = Xadjug r:r)l? Ca"rcuﬂg‘( CUxve

g il
dx* R

G| :>a:l
R

RL
Hence e‘l Of trangition cyxve :
GRL

SQC‘PQ C?% +rangition cuyve : qn * = cy = 7‘C
dx QRJ_
L
Cd‘ X.:L’ Jalncpmax e
2RL
B = e
SR |

D%.QQC:HOT]; S.ﬂﬂ'Pe Oé» ﬂ:l'ﬂe j@'?)'”‘h(j Orf;,jlgﬂ LU';-H'I C{J'ld PO‘F:Lt‘ orl cyxve .

tan G5 = H — )(3
S T 6RL X
tan§ = x&
6RL

Algo, |+ —|
o an $ ?{'ancp
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_l:erﬁfh of Tvangition Cuzve : E

Shn-f'gkf: 1\ Trangition Curve
(cubical Parabola)

Civeulgy

a5

Lec-13 (15:50)

= Leha'H\ 0& ‘h’angi{;ion cyrve I8 ﬂer\(?ﬂw aﬂcnﬁ te cenbe line ot the +yack bw:\q

g mee:h“na pofnf with the Majﬁhf to thal of Civeular cuxve .
— Tt can be Compu.]'ed ba a.na 06, two a_PProdche,s -

@) 15t ApProaC}\

De id
(a) L= T0e L > m
(b) L = 0:073 e-Vimay e — actual cand (in cm)
(C) L = e & N €cd — cand dEHCTenCH ((‘_m)

max ’
S Vmax — km Ph

@ L = o72e ?
U-,) I = O'OOS‘E'V'mL\X J

© L = 0:008:€cq - Vmax

| —= n
€ — actual cant (Cin mm)

€cd — cant deg-n-'cienc(] (mm)

may Vm ax =7 km P]'\

(2) 9" Approach :

(@) Raﬂwaﬁ boavd Foymula : L = Y.y JR
(m) {m)

(b) Based on wadial c}\anae acc? L = 3.28 P (mie)
(m) R (m)
(¢) Az per »ak of Chanae of superelevation : | = 3ge

max
N (m) em)
— Use new code formula when any Uf Fo“ownrg i& mentioned in queskion :
(v Jouge = I17sm (i) p = I'T;_" (i) Az pev new code
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NOTE &
— Hewe , maxinuum gpeed based on ﬂe,rﬁ{-h ob— Bangition curve can
algo be o,nqﬂazeai ;
(@) for mormal gpeed < loo kmph

Vanart = 18yl

EI

" TLec-13 (31:10
[l [ ec-13 (31:10)
€act €cd

(b)) for mormal gpeed > Joo kmph

Vit — % 98l - |9g L
Cact €ed

L —>m
€act = MM

€ed — MM

Que : Caleulote Hhe cant deficiency and permigsible Apeed for 4° curve of BG
tvack . Also b’fhd the &?/M cant and Jle_ﬂaﬂw Jﬁ transition curve -

Sef ¢ RE=|79l0 = |720

D’ Yy

= (3om

U’%;”a Maxtin g ')DD'E‘MLI,QCL, \r’qu S j R—67

Vmax = 4.35 .J430—67

Vmax — 82:87 =2 83 kmpk‘

1

L
ey, = GV _ 1676 X838 — ooy m = 2/-[cm
129 R 127 x Y430

Fox gpeed < |20 kmph on BG , €max = 165 ¢m

€cd = E€Hh— Cact = 2l —l6:S = Y. m

ecdmx = T-6Cm (V < loo kmph)

eqc.f = &h— Ceqmqy = 2(:1=T6 = [3:5 om
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Le”ﬂ’c}\ U'P transibion cuxve ¢ E‘ﬁlm

-
(@L=44JR = 4:4 730 = 91:24m Iy
3 |
(b) L= 328 97 _ 3-13):(_9,\3.3)
430
(© L=36e = 36x 35 = 48:6m e alE )

L = max- of (@), (b), (c)

L = 393.48m

Que : On a +trangition curie on BG tvack, the gzpeed !;J B'ﬂiﬂu.‘-cty boaxd I8 given
a8 Vo = 4§-35 JR-67 which ig 125 +imes +the max. gpeed obtained by
Cant éoxmuﬂa, ajtex affcmfrg the cant debiar'enc(j O)e 7.6 cm . If the egM cant
12 provided fox the 2peed 6o kmph . Compu]& -

(a) Radius (b) mox: gpeed perm]ﬂed () Actual cant P’row'd"“—cf

VS — H-}g.ﬂ}’\’_(:'] = [+285 \rfm (l)

€th = €qct + €
G Ve 5
7 Vm = 61\4/\1\;‘2 ST G MDF‘)'
1277 R 127 R
rl - . —
1676 Vi _ 1676 K 60" 4 7.6 X0
127 R 127 R
Q— 4 P— —_—l
Vi = 6ol + Te6Xlor X J2TR
1-676
2 -
Vi, = 3600+ 5:T6R

oL
(‘4-35"\19-67 o SieR

BKs

@ R = 634.66 M
(b) Vm = Y:35 JR-6T — 87.)8 kmph

= s o
¢ s G‘[VL , |*6T6EX €0 = .8y ¢
)ead_ T ST TR e
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Shifted
\ Cirveular
cyrve
\/ \
gitie \
\
\

= Whenever a trangition curve x

original curve is to be digplaced inwavd by @ cevtain distance, texmed ag

ghipt -

— Ifi&aiven ba: S =

|
|
|
|
|
[

j Check Raid *

| — Due +to Cenfrft-uaﬁﬂ 50'rce on the cuxve , wheef dijameley on the =¥ ouder
yail becomes move due to the lateyal movement czf wheel

;-— If cenh—ié—uacd? forces ave high, Hange of vail may stort 6auch'|’n<? head of the
C wail, which will cauge hu@e wear of the bﬂcmae of wheel and guder vail-

o bﬂana_e :

— To aveid it, the check il pavallel to the fnnexr yaif of track s provided .
= The gap blw the check 2ail and innex weil hould not be move Lhan Ehickness

T I R e —
IR T
- e =r

Jitted in blo the stvaight and civeular track,

S ¢ Shipt (m)
Ls : Length trf trangition curve (m)
R : Radiug of curve (m)

Cheek outer :

ST :

Pt Inner
) Yail
L \
f"loi:l_ he )
z:"." ‘_ = K
et
i g o

BT e - o
-—= 1. >~ - L b :
e eSS cw 58 ey
T S =
R, S = = 2 o llg =
"-'1 -"="=-’_ SO . "':l-“;i
e \ 2 T.é’ :
e = . i TP g =
SERC e S e [ e =
R e . Gl it [t
Sy ST : = g ol A
= ! Fq_-i-,l" - 3 —t e T
B e : W ™ =
SRl SR Tl . K = SRR P -
o . b A ] = Il.".E‘.' =
b =y ) — i RgE ;.N.—:T__
==__ S——— L —p L o .,‘;.
~g R — SR e o - -
Sl . e | sk o '
e ER e — S - =
— R .



vith *_mnmﬁm curve amd offgeds af i1s5m
J 4° curvatuve £ cant of -u'”‘m Th‘

zpeed fz 85 kmph -
1720 = = {Y3o0m
» 4° et M, :
Lec-15 (52:45) S
Vm,ax, pexmissible = 8% kmph :
Vmay @8 pey Marking foymula , Vmax = U35V R-67
.' = .35 J430-67
l: = 83 kmph .
i
. €ack = 12.Cm l
. ecd,mmc = T-6Cm ‘
T €th = €et t €q = 12+76 = I3-6cm |
2
€th = G - Viax
127 R |
| .
me = ey, X |9_'7R)I/3. = (13-6 XIZ'TXQJO)/’“ = 80 krnPI') '
_61—— loeX[-676
Safe gpeed , i-e- Vmax = 80 kmph : |
1
Now, Length of trangition cuxve , as pex and appreach :
| @ Lg= Y4 JR = Yldyso = 9l-2um
Chtlset gce = Jex|q@ = H3Im
£ 3
?{ (©) Lg = 3:23 Vn!\'qx - 3.28 (0-218180) - 83.Tm
F:'._-;' R Y 3o max
=
5

Aclapt- leha-tk of tyangition cuvve , Lg = 9l:2um ~ 92 m

-xa
6XY3ox92




R B [=]as [=]
x-}lﬂ‘) 2 \ i ] z F -
j (em) | « 1y | 0:38y| 0.3 G ?ﬂi ®

Lec-15 (1:06:40)
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Point (Switch) Stock Rails T . _
Blades Check Rails g Running Rails

Not to scale




Tongue Rail
Stock Rail

Switch Angle Heel Divergence




Flangeway clearance




(Crossing Angle) B




=]

s
el
g

Lec-17 (49:00)

— Move the an(jﬂe o} (xogg?n(j, lesger will be the permigsible

gpeed .
= &enerqﬂa, pexmizaible gpeed i kmph 12 o4 Himex the

[=]

Numbe r ob CFogxinﬂ (N) -
-Fmr HL i Pe‘rmfzszie zPeecl = Qx|

9(7.'
= 98.8 l-cmp|\
(ii) Cendex Line Method :
)
-f:cm ﬁ — V?. | 3-_
i == [
% 3 pr L L Bl
B = et (2n) | b2
. 3
v ¥ 4 N
(iii) Igozceleg _H?qnaﬂe Method :
? ®
Smﬁ = (—;_) [ N
% N Al
[8="2 cosec' o) | s
=" 2 Cogec (2N TP
’ iﬁ ;f}/
5 E
Dezian Caleudationg o& a Twmout :
i _ curve _3 :-_r! ( ¢ L) _y
k_t;_adft_)_ sk St SE Stock Raid
‘ "'_'l‘“ Cf' 7‘;‘1_}\_.,. Raou

B
[}

- I
TMC\\ :
N
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},'
- Now,——AARE:
QE and QA both ave fanaenfg to circde frem outzide Po'ird‘

e o]

Now, In A AQE : Lec-18 (15:00)

| e —— L4
|
|

ZAQE = 130— B
QN QEA = B

and, since QE = QA
LAQAE = LQEA = B
7L

Now, fn A ABE :

EaniRESEE A B
or BE
e = Gy .”{:hnm centey Line method ?
2 CL \} ton B = _1_ [
L 2N J
CL = 2GN

/"‘G\ Algo , uﬁnd }‘HCPM{J Lt clrcle
At e W cL-CL = GIfR-6&) = 2RG
28 it TR CR 8
2R-Gy G = \] 9 RC:[

NOLC'J LQAO = 300 ((U‘laﬂt“ b/u’) Jcclﬂ(jen't clncf .\,’a.r.{lﬁi!ﬁ)

S ENOE= S0- B

S LAOF = B

So; in AAOF, tanp = AF = OF = AF CotB = ¢L cotP (AF:BE:CL)
OF
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Now, Radiug (R) = OE = OF+ FE
R = clLGtp+ G

R = (26n) (N) + 6 {@ff““ ;

cL = 92GN

Lec-18 (20:55)

%= OENEEE

But, as per Indian Raiiwaaﬁ, R= 2GN% + I'SG

Now, for gwilch Lead (SL) :

d — heel c{jverjence
ep=Ev=4d)
Uz{nﬂ p"rroperf:d rf' circle

SL*SL = d @r-d) = 2Rd

SL= J3nd |

Henc_e{ Lead (L) = (ClE=8)E

Que ' oy a twmout on BG1 txack fSOQﬁO“”D“a propertieg are known —
Numbex 06 cxossina = L fiy ey
Heel djveraence (d) = 12em

The cuyve T3 gduading fyom doe of the swilch & ends ab Tne -
Compute (@) cL (b)) R (o) SL (L (e central radiug
Sl ¢ @ cL = 9GN = 2X 1:676%12 = o224 m

=4 9 y
b)) R = 2GNT+ 'S¢ = 2X1:676% 19> + (-5 x |-67¢ — Y8S. 9 M

@) FL = \)ZRC{ = \)2xq3g.2x|1;|0’1 = |o0+78 m
(d) L = eL-SL = Yo:224—0:78 = 29 432 m

(€) Centva| Rodiug = R_Ezl — Ygsi2— Lo 276 = Y84. 36 ™
Page 56
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Fixed Heel Switcl

Length of tongue rail

loint Formed Ahead Of
Heel

Loose Heel Type Switch




60

TRACK JUNCTION |

— Track gunctionz ave foxmed by combinakons of points & Crogsirﬁs'
with cuyver and sbrajghts, to tyangfexr train from one tyack
i to anothey -

.|__ Txack junc{-ions ave of Fo”ou)ina }:ape,g
|
L@ Tummouts : Aﬂreada digcugsed -

(2)-§8mrneh'kctl Split / EqV Tuynout :

— llhen a S;{Jmi’ah‘c track fg gplik-up n two dijfexent directions with ec[‘uaﬂ
yadit, it 78 known as gdmmehfr_al gsplit -

= Cxostn(j number uged in this cage 1€ 1 in6 .

~— b congigks of 4 cuyved lead vails, 2 check vails and 1 acute Cyo2ENg .

Fig. 153 Symmetrical spiit

Symnietrical plit
(3) Three Thyow Switches :

— When two tusmouts toke- off from the game point Of e %i*axtf,jht e
called thyee thyow gwitch -

o ©
— Ik ig 3ene~miﬂ3 uged n Conﬁeﬁec} avears wheve gpace iz Limjted -
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Fig. 154 Three-throw swilch (contrary fiexure)

Fig. 15.9 Diamond crossing




J— |
- 3 4

i L

TURNOUT 8

TR
ek "

Cross Over

Cross Over

Cross Over




EF = (D-G)N~— GN gecB

= -GN — GN T tanp
(-GN - MJ’IT—*_

i1

1

N2 |
Lec-20 (40:35)
EF = D-G)N - G 1+ N2
Total Qe_h(ij oﬁ CyoRf—OVEY = 9x clL + EF
2 = 9x gcmi-%(r)—ér)r\i—clr-Jl'*r\il

@ue: A cwogg - ovey occurg b/w two BG track ugin(j turnoulg £ game
CTDSgTha no- 1 ind2 , with B‘Ermf(jlxi intermediate poertion in between;
yeveyse cuyve - If ¢jc digtance bfw track ig 6:Sm , find the tote!
Jeng th of Cyogs- over.

Sol . {

= 4GN -+ (D"GT)I\I = G‘Fm

4% 1676 12 + (6:5— [-6T6) %12 — 1:6T6 JT:T

= {HEIe i)

Cage (ii)) : Crogs over with curved PO.LH'\ b/w two turn ouwtg

hqv'mﬁ diflevent C?ro&%in(j an@Qes :

7

__”T‘\____//_A‘c |
J‘h A | 3 4 T‘ e GI RO_[ = 26]!'\"2-{—15_61
| R.[ = RO]_ __Gi
D | 5
Roz = 261Ny +1.56
¥ = Ros — G
2 2
i
|
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6

0,0, = Ryt Ry

A = Rj+R,—D

[0,n = 0sC +CB +8A
169 0,A = 0,C +CB +8A +CB-CB
= Rp_ b Rl =i D)

g4 = & = o} — o

CYORR - ovey .
2
Rot = 2GNy + 156 = 2X1-676 x12™ +1-Sx[-676 =
RJ_ = Rol - & = U8s.2 — [67¢ = Y8Yy. 4y m
2 2
Rop = 2 - 5
Ro = Rop— & = 860:6- |:676 _ 859.8 m
2 o T ,
010, = Ri+R2_ = Y84.Y + 859.8 = 134y.2 m
0A = Ry+R,—D = [344.2— 6.9 = )338 m

(@) -
e JO3we2)’= (az9)> = 123m

ESENOTES.COM

)

/

Teer bdo e

If a crogz-over ig formed bjw two tunouwtt in foy L in 42 ab one end
and 1 in 16 of anothey end, with & waved portion bfw +wo tuwnouts -
cje digtance in blw tyacks g 6-2m . ComPu}e_ the overall ﬂerﬁﬂﬂ OP

Ygs.2 m

B60:-6m
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Single Slip Crossing

Double Slip Crossing




Scissor Cross Over




] STATIONS, YARDS
s AND EQUIPMENTS

| Railuway Stations :

— It iz a place wheve traing hallkk for -PoUDu.n'na purposes :
() exdmanc?e passengers and aoodz
(i) To contyol movements of tyaing (over&ak{ng, c{e}aclwfna - Conne(f:r'n(j engfne)
(iil) To take b—ueﬂ and water .
— Site gelecdion cf 8tahion 18 done on the basiz of :
(i) Site dainage
(i) Av’ajﬂabihfa 06 {and (Qcc- to numbexr o]‘j anffo:rmg)
(i) Approach yoad +o the gtakion
(iv) AccesszTJj%! to town or cﬂy
(V) Site aﬂ,iﬁnment
Claggification of Stakonz :
— Stationg Ca:_i;;ﬂﬁ;;zsf_ﬁ:;e:f on the baziz of foficw'frﬁ i
(i) Opevational Classifjcation :

(fl) Block Station :
— Clasgs A to C

— It iz the stakion at which the driver has to oblain an mdlmfiéf fo  proceed
in other block 2takion.

(b) _Non- Block Station :
— Clags D
— No permiggion iz vequived to adop ox to cwoss thig stakion
(© Special Clagg station :
— Not coveved in clagg A +o D.
(ii) Functional Clagsification :
- (8) Junction Staton :

[ — Station ot which tyaing can pags In d;

flevent divections.
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(b) Non- Junction Station :
— Stakiong ab which tyaing cannot pasg

i diffexent directions.

(€) Texminal Stakion :
— Tvain texminates ab thig 2dation.

NOTE :
(i) minimum digtance bfw platforms ghould be 6om

(i1) Minimum Qen,j% cﬁ pafszen(jer anJ’fbrm iR |80 m.
L_cop_.‘
— I} the bwanch Line k‘rom a. main Line atsjcu‘n Lexminates ab the

game majin Qjm‘:, Tk i3 called a (oop-

S g follow?na types :
(T) (SP,O.H: Lc»bp
(i) Trcxi.li;-\a Loop

Lec-25

(ii1) Sh’ajaht End Loop

Cii) rn,a‘,ﬁ;nf Loop (1i1) Straight End Loop

(5) Split Loop ¥
(i)
\

—<H T A e ST

Sidings

— When a branch line from main Line o a lo p terminates aof a dead end , it i

teymed as chLina-

— It act as a tempovavy slovage of wagons.
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Station Yaxd :
— It 2 a Sd.!t&’.m of +yacks laid for 'a*Ece‘J’ana ; SOTHHé L ma.kin&
of new brain & dispalching of Evains
— These ave of following types
(5) Pazmnaer Yayd @ pewmitting gafe movement
(i) Gioedg Yord
(iii) Mqrshaﬂfl‘?na/ Shunting | Machine Yard

[=]

of passengers
'F L Lec-25 (10:00)

Station Yard s i
i
Lat =

Station Yard

Equipmentgs Uged in Station Yard :

(i) Cyanes :

= In Qm-ae gtabiona, cvanex ave uged Jor Jloac{frg and unﬂoaxUnrj of heavdr goods

(i) Weigh Bridge :

R T]“(Qiikq"e—;‘_‘ﬂiv‘od)ed m 3004& aqu to get be Lue?,jlnf of (oaded wagon .
Ike eTH Hicl

(i) Loading Grauge :
— It 72 uged to weshrick the dimengion af loaded avkicles .

Giv) Engine Shed/ Loco Shed :

— It 12 provided for the puvpose cf C,Qeanfn(f’, Yepaj’rf"na and main%a?nfnd the
Rocomotive -

(v) Ash Pits :

— It fz provided {o vecelve ashes fyom locomotive botders .
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(vi) Dwop Pits :
— The puvpose of dvop pits T2 to vemove the wheels of the
enai'ne.

(vii) Tiiangle :
— IE congists of thvee gides of ghovt fensth tyacks In the form

of a txiansle.
— Thege ave uged for chan@fn(? the diveckion G]Q enafne-
— ‘“Turn Table’ can algo be used fox thig puypose

Lec-25 (28:30)

(viii)) Travewsger :

— Thig fs uged to tvanzfer the Lagons. ov locomotiver to and from one brack to
Qnother pavalle! +yvack-

— It is preferved to turnowdx wheve gpace iz lesg -

(ix) Scotch Block :

It ?5 uged 4o 3€PC1TQ}E the Shtl.h{'fn& ﬂ,fneg 5—);9.'»’1 ?ruhhrnd‘ Oines .

i Elevation

8%

Déad End Scotch Block
\ =)
N

Plan

(x) Fouling Mawk :

These ave the peints fixed bfw a paix of Cohvr_’)‘jfﬂ{j tracks to (hdicafe a

foul ox PcE}STbTﬂjtg of collizion of vehicles beyond these potints.

(i) Sand Hump/ Snag Dead End :

— Thig f& algo a method o prevent the vehicleg

p‘rom ‘U..r"r'\ ‘IJn' (o] 1} H'!e. {WCK
ok the end of siding- iRy

_—

In thiz medthod, hump of g2and with a )’TSTH;] ayadi’ep& ot dead end o
i# provided ‘ |

ﬁ'l’dfn(?
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Weigh Bridge

et e e

Loading Gauge

ARAR

|}
|
m)ﬂ N G
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SIGNALLING

;*— Sfanaiﬂjna conglgts of the gyatems, devices and means by
which traing ae opevated efficientl and tacks ave usd to
maximum extent and ma,?niujn‘in(? the. ga&ef(«f UF Paggerﬁer&-

= Signals are claggified on the basis of following ¢

Opevating Chavacteristic® *

€)) De'l'Oha:}‘?F],\,‘} SﬁjnaJs :
— Dedonalors ave placed on vails, which explede  uwhen +yain pagges ovey it
and cyeates (oud gound, 2 as to make the Qowpf“ﬂot CongCIOUS »
= For SQJCEkH point of view, Tt it placed Yoo— soom ahead O}j actual 3@?101]-
33 _%pfcd uses of detonator include :
@ A waning, caukion o top ST,jhn.Q tn denge fcg when Sfﬁnc&s ave
dififcult to gee-
(b) A uﬁ»mrh?rﬁ 5JD a tvain S}x:oplpeg} on the Line ahead b(y accident -
(&) A wq}hinﬂ of OY\ac&n{? engg - work ahead. |
(d) To alext the crew u)oirki"nfj on yajl i a gilend train 18 CLPP’)IQCI'H?,?.

(2) Hand Si’ﬁnaﬂ :

— Thege ave the ijesturez made 5(7 hond  ‘In ovder o 5,*‘\,@_ ndicakiongs to
leco pilot -

— Thege 56%[’[13’&8 sudaegt ;
(@) Stop hand s?&mﬁ

(b) Pyoceed hand 375}1&0

(© Pyoceed with caution hand 537%”?\0_’

() Hand sisnals for shanting Detonating Signal

In ciad time , wed or green bﬁaa may be uged -
~ In night time, flalten (Lantexn) may be uged-
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Display of STOP, PROCEED and
PROCEED with CAUTION hand signals

Types of
Hand Signal

How displayed by s howing

During Day

During Night

STOP

By showing a red
flag or by rasing
hoth arms with hand
above the head

By showing & red light
or by wigorously
waving a white light
horizontally  across
ones body

14

Dead

PROCEED

By holding a green
flag or by holding
one arm steadily,

vt bh
¥

By holding a green
light steadily.

e
X

Proceed

=LY

PROCEED
CAUTIOU-

By waang a green
Mag wvertically up
and down or by
wWiving one arm
similarly.

By waving a green light
vertically up and down,

T

Note:-When the speed 15 to be redoced further, this signal shall be
grven at o slower and slower rate and when a stop is desired, the slop
hand signal shall be shown

ESENOTES.COM
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Display of hand signal for shunting

MOVE
AWAY
FROM THE
PERSON
SIGNALLI-
NG

By a green flag or
one arm moved
slowly up and down.

m i“

By a green light moved
slowly up and down.

il
4l

Mowe
away
from the
person

signalling

Notec:-The hand slgnals fnr ‘Mﬂw away from the person signalling’
shall be displayed slower and slower, until the stop hand signal is

given if it is desired to stop,

MOVE

THE
PERSON

i

TOWARDS

SIGNALTIN-

By a green flag or
one arm moved
from side 1o side

across the body.

By a green light moved
from side to side
across the body.,

signalling

Mowe
towards
the

person

|
Note:-The hand signals for "Move towards the person signalling’ shall
be displayed slower and slower, until the stop hand signal is given if it
18 desired Lo stop.

MOVING

FOR

SLOWLY

COUPLIN-G

By a green and a red
Mag held above the
head or both hands
raised over the head
and moved towards
and oway from each
other.

By a green light held
abow the bead and
moved by twisting the
wrist.

'

OOUPLINGG

MOVING
SLOWLY
FOR

ESENOTES.CO
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Night

Semaphore arm A
-

Semaphore Signal

Warner Signal




|
[
Baged on Functional Chawacteristics :

(1) Stop/ Semaphove Signal -
- (2) Warner Si(?na.ﬂ :

} Digcugsed eawrlier

(3) Shunting Signal : S el M
— These %i’anaﬂs ave uged for Shuan(? operakion In ghLerH aardzw
a Thea ave of civeular ghape dizc with white backarou.nd and wed band in

between . , ; :
— If wed band ig horizontal, & Sndicates Stop™, wheveas 1f red barnd

I

helined T+ means © Proceed’.
Bazed on Location Chayncterigtics :

£y Reception Si@mﬂ (2) Departure Sf(jmﬁ
(1) outex Sfanqﬂ (i) Starter e, J
(i) Advanced Skartey % :

(i;) HOme Siahaﬂ

(1) Reception Signal :
— Tt condxolt the weception of tyain indo a sdadion
(i) Outer sf@nal :
— Tt g the fivat &top gi’(jhal at skabon | which f[ndicates the emtvg of txain.
(i) Home S%}mﬂ :
— Due to it2 focakion at the doow of ghabion, [t iz tewmed as home zf(jnaﬂ-
(2) Depaxturve Signal :
==lhe S‘fano.ﬂ ijfc}w contvals the dfgpq}c}» L’f tvain from the gdahon are termed
ag departure ‘Si'anaﬂ-
(i) Staxtex Signal :
— It marks the Uimit upto which the tvain gtop ab stakion.

(i) Advanced Startexr Si@naj :
— Thesge s‘lancdfs ave placed beaond (180m) the ‘h'cu'f_fna poinfs and guwitches.

3 Starter
outer zignal r Station e ,—— Advanced Stavter
S~ 506 _0 © o Rai
Home Sfaha.l —/ % g

—
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Departure signal

Calling On Signal

- - -
Routing Signal




TRACTIVE RESISTANCE

; Du*r‘fna the movement UP Hrain , fjouowfné forces comes indo the
. ackion Lec-27 (21:40)
. () Twactive Effort (Te)

i — Tt 72 the pull applied by er‘ﬁ?ne on the dﬁvi’n& wheel for the movement of
1

|

tyain .
(i) Hauling Capacity (=)

— Tt 12 the maximum value of Priction foyce that can be obtained bfw wailg and
drl'vfna wheelg .

F= uN = unhly

M —> coelf- of Jrickion (o-1 - 03)
N~ no- of paiv of Arivm(j wheels
Wg — axde fload

W = 28:S6 tonnez fox BG
I7- 34 tonnes for MG

e Tvain
= >
< Lof.oh-xoi:we} 2 Wagong X
Te e—LnF%—% G . &t G
F Railz—

For movement of train, To > F(hauﬂfn(} CCLpncfkj/Tcto,ﬂ Qegfg{:ance)

(iii) Twactive Rezigtance :

i — Theze ave forces which »esist the movement and gpeed oé train .
— Thege axe ob bououﬁn& fapeﬁ :
. (@) Train Registance

| (©) Resizkance due +o &}q‘r{i'na £ acch
| (b) Resigtance due to Track Profile

(d) Wind Regigtance
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(@) Train Resigtance :
Resistonce Independant of Speed (Ry,)  (Rolling Registance)

R*ri = 0.0016 I ('f:onneﬂ) )
" Lec27 (34 00)

W = weiah} O'P Hrain (ﬂo(‘,or‘no-f:fve + LOa(jOhS)
L> (in {onneg) '
— T Tncludes : -6‘:’{C|:f0h blw fnternal paxts Of elﬁfne 2 wWagon -
¢ byic}:fon b/w wheelg and yails-

« yerigtance due to wave action .

Resistance Dependant on the Speed (Rq,) :

RTg = 0-:00008 |/\] \ (fonne%)‘(

W= L&J(’_Hht O‘f’ tyain (i—ormeg)
V = Rpeed u—f tyain (kmpl\)

Atmogphexic Resigtance (R,)

— Thig Yegistance developg on the ends & sides of train, even if wind gpeed
?8 Zeyo .

— Thig I8 not wind Yegistance .

RT3 — 0.0000006 L\|\f2 ({;:;g)_]

W = LOQH}\E Cf train (tonner)
V = gpeed c‘P Jch’m"r’\(kmph)

Hence, Tota| Train Regigtance (Ry) = RTL + Ry, + RTs

(b) Resgistance due to Twack Profile : To
A
Resistance due o Gryadient :
Ra = |lgint Vﬁ;\oe N W Cos O

F 6 is amall, 6~ 8in6 ~ tand
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Ra = Wl tan 6

tan 6 — gvadient
Resgigtance due to Curvature (Re)

Lec-27 (44:20)

— Since the wheel bage i3 vri’afd, 4 doeg not allow the tyain to toke
cuyved path, wesulhing n development of skid/ trangverge wesistance -

Re = o0wooy WD , for BG
0-000 3 WD

G-ODD 2 w DU » jCCr ?\J G'[

s 78"‘" MG (f,’chnzs)

(€) Regiztance due to S{mr’cin(Lc% Acc”

Regigtance due to Staxting (RE:

(RS = 0:15S Wy 4+ 0-005 !A]z (hn.’m—_%ﬂ

'-—W_.___J —_— :

due +to due +io ’
loco motive wC'L;jcn\g

= e/ Ol Salear o —h——*-—L

b\li = w@g}\t (TF UOCC*moi'IL'u'g (&om\eg)
W = w‘i‘tﬂ‘t 0{’ Lx}agon (‘{cnne%)

Registance due to Acc" (Rq) :

RQ = (oo 4| (Vzm\/', ) (qunneg)]
t

t } ' i ) . .
Vi and 'V, ave gpeed of train in kmph

t is time (seconds)

Hence , Toto| Regiztance due +o

Sfcw«l:fna &  Aceh = Rs + Ra

81, ESENOTES.COM
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(d) Wind Resistance (Rw) *

(t—o’nnes) |

2
Ry = 0-000047 aViy

Lec-27 (52:30)

a = expoged avea of twain (m>)
gpeed of wind ( kmph)

Vh)a"—'
9_!:0_8,-‘ A LQocomotive ig Aegfanaﬁ'ed ba Y-6-2 18 o haud bain ab E 'EIIE
a gpeed 06 7S kmph - Load of each axle ig 22t . _h-.:: -

¥
N = 0.2 - Comf)bd"!‘i : i
[=]

(1) What is the max. load, engine can pull on ghraight

and fLevel Hack.
(i) When 7 i3 to be run on Pw;‘:i.ﬂe OZT &ﬂope 1 in 180, then the max

Lec-28

gpeed L can take ?
(i) When Tt goeg on 9° curve and game slope | then the max gpeed it

can take ?

oo e
L€ ————><?>
g
/‘ . \-‘i = > for additional
h{oh—d’:’lv’rﬂa D‘b‘f‘v'l V‘Ia En—f‘t’.t‘r
wheels wheels el

= Unky = o0.2%x3x22 = 3.2 tonnes

Sel ¢ e o Hquj}g'yﬁ Capac'f{"a =
H

== :

(7) ¥ Fox movement c& train ,

Regigtance ndependant of gpeed = 0.00(6 W
0-0c00 8 X ¥ 75

HC > Toain Registance (Ry)

Ry =

RT;_ = Regfgfqnca dipendmwf on gfneecf
= 0:006 [

Page 80

By Jaspal Sir

82 ESENOTES.COM




Rr, = Atmospheric Regigkance

0. 000000 6 !/-J\’2

I

. 2
— 0- 0000006 X WX TS

= 0.003375 W " Lec-28 (13:40)

ol = o-o00l6 W -+ D.00 6 t,\!+o-oo33’15l/xl

I = 202 tonnes -

: . Q
(i) Now, He > Tradn Re gigtance (Ry) + Resistace due to Gradient (3)
0-00)6 I + 0-00008 WV + o-ooooooélr\l\l"2 + Wtang

' 2 | \* Jj202
e = (o-OOJé 4 0-00008  + 00000006 V +—]—%—)

13:2 =

V = 37-4 kmph , — 170 kmph
v X

(l’i'l) HC > Train Regigtance + Giyade Reiigtance + Curve Resistance

3.2 = o0:00[6 N+ o0-00008 WV + 0+0000006 +,J\fi + | Eane + o.000Yy D
Gorl = (o.oojg 4+ 0:00008 V + 0- 0ocoo0 6 L’l+_'_ o 0.00C.‘L(;('Z'”) ne ||0e)l
180
W= Bejaly) f(mph o= kmp'n
v X

Que : Find out the steepest gradient on a Sirafjh& track uzincj‘ the lﬁl-UGL‘-‘f“j

data for +yain hqv{na 20 Wagons .

wt- of each wagen = |g tonnes

Ron‘u’na vekigtance of wagon = Q.§ kg [ tonnes

gpeed of brain = so kmph

wt- of locomotive = 20 tonneg

Trachive effort o} locomoktive = |2 tonne

Rolﬁiv\a yegigtance o Qocomotive = 3-s kg/{-onnez
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» = - |
Sol: Totol Resigtance = Twain Resigtance (Rr) + Resisbance die lEh.?:.'_E |
G (%) : |

= Ry +RQ+RE+R3
. . Lec-28 (35:00)
R = Resistance independant of gpeed [ Rolling Resigtance
:

NS |3hc dar s = 8-S 120
(RS S =

p—

wagon locomotive
= 1320 tormmes Kg
= |. 32 tonnesd
= 0WI00 V. — 0:00008 X [ 20 X|[8 + IEO}X SO
RT?_ 0000 8 W [
= 192 tonnel
= g 2
RTS = . 8000006 W \l’l — 0+0000006 % L,Zox,‘g +F20J7‘\ So

= 072 tonnesd

R = Wtand = Ygox . tonnes
d n

For movement of twaing, T, > HC >Tq

L = |[B2jEl o e eE SRl o el
n

Y\ = S9:7

. Gyvadient = | In 59
Que : A focomotive hav?na 2 d'ﬁv?na wheels , can haul a dvain with TR
gpeed of 80 kmph on the s}rou"@hi Qeved BG tvack « Load on each
I3 QUGHE St e Compule

(@) Tote] wt- of the tvain that can be hauled with gpeed of 80 kmph.

(b) Total wt: of the tvain thot can be hauled with gpeed of 8o kmph on
o qu‘miaL\t track with grade of [ in 200.

\ C\X.ﬂ(‘:
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©) Total mejdu o& Lrain that cn be hauled with Speed 057
| 80 kmph on a arada 0[5 { in 200 and curve of 2°.

&1: Te = HC = nW4 = 02X 8 x 25 = 20 tonnhes
bu

Lec-28 (47:30)
Foy movemend 0& Hroin s apt e lnle = TR
96 = 0:00]6 W + 000008 |JX 80 4+ 0:.000000 6 XiAl X 802

W = 1689 tonner

() He = Ry + R

0:00[6 |\ + 0:00008 ]\ X80 + 00000006 Xl X 809’+ WXx_I

iey s =
Joo
W = 8T tonnes
(C) HC = RT == Q(Tl + Re
20 = 0-00]6 N+ 0-0c008 XWX 80 + 00000006 XLJ,(SC‘E_—{? I x 1 -1-0—ecoqxl,»'><2u
200
W = 1133 tonnes
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1
1

MAINTENANCE OF TRACKS

— Maintenance 06 the +racks 12 ‘a’eclujred of the g,hrena{il\ ?oez
on de}ericmad-fna due to the movement of high speed traink,

heqva axle loads etc.
— The 4vack iz algo subjecked to athex deiexioraﬁna effectz Like wvain, temp,
huml&j{g and uJ"fnc,.

—  Maintenance ob hyacks can be divided asg :

(@) Daily Maintenance : One gang °¢ attached to 5-6 km Length of the
3 gecdion:

(b) Peviodic Maintenance : It i cavried out at the Tntexval oﬁdé'ii%(‘jem's for
(jcwd‘e ,Qe.v'e,ﬂz? aﬂ_;'ahmenf& ; Pc?m."g, CB’UBzmﬂg etfc.

— Meaintenance of &ououﬁna items iz being cayried out :
(o) Maintenance of Surface of vail
(B) Maintenance of Track Aflfﬂnmeni"
(©) Maintenance of gauge
(D Maintenance of track components (valils, sleepers [izh plates ete)

NOTE :

Toack Imprest @ A stock of all the useful moakexials such az omils, Sﬂeeperg?
Hsh plates, bolts, spikes and othex H,E:Hndx ave Permanenf,ﬂ(j

maintained to be used ™ Rituationg when Yeﬁmfv&c{ & termed
ag ‘TRACK IMPREST ’
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Cant Board



Rail Tong

Claw Bar

Sleeper Tong e OB
Sleeper Tong PR

Lef handed thread

Right handed thread
Rail top flat

Spring clip

 Leviseur | emalire

Fig. 20.9 (o) Mirc

Viseur's Mire
Viseur's Mire




} i
® Cotters :

T liied o i e barg widh cast ivon gleepers -

© Jim Cvaw :
— Tt §¢ used to bend the yails or byeak the ails -

Fy

Jim Crow

Jim Crow

Concep%s_ of H?;J_l)_ Speed Twaing :

— Th Indian Ra?imaé :

H?ah Speed : Speed ﬂrea}ex than 120 kmph

Supex f\f@k Speed : Speed areafer than 250 kmph

Lec-30
e Foﬂ’ouﬁna Jcedm??/ues ave available for cleveﬁopmenf of l{@h speed train :

(i) Linear Modoy and Iheed :

— Speed fa developed upto Qoo kmph-

(i) Lineax Motor and Alx Cushion Vehicle :
— Hexe, gpeed upto Soo kmph I8 developed .

Giii) Gaag Tuwvbine and Aiv Cushion Vehicle :
— Hexe, gpeed upto 300 kmph 72 developed.

(V) Magnetic Leviakion Technigue (Maglev) :
— Hexye, peed sreafer than Soo kmph Can be developed.
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|
9

i R

\—Supexhialw gpeed traing have bouow{ra Limitationg :
@) Wave Foymation ! 5
— Az gpeed of the Lyaing exceed 250 kmph, the @au/eg =
| formed in vails and bravels at speed fasker than +that o
| Lyain, which fnoreages the ceep -
() Adhesion blw Wheels and Rails : ﬂ
— Az we know, 7cmr movement c—f) yain ¢ Té = Hc > Efa_} Regmi;ahce 5 ;
o
— Now, ag HC = uN, with Tnoreage in gpeed’ U decreazes , H\ereb(y eaa

load of locomokive it xeid. Is yun the Lyain.

~ Lec-30 (9:35)

(€) Pyoblem on Cuxved Tyack

— Ag cenh’iﬁuﬂaﬂ foxce & v*, 8o ma?n’ra‘infn& supereﬁevaﬁon and cant de,ffuen%‘/
fﬂ vera cUd,fjfculf'-

(d Vibyational Limitationg :

— Due to high zpeed, high vibyakions aye obgexved -

NOTE !

() Forx gpeed > 130 kmph, ¢€ST-|o, ,12 2leepers ave uged -
Gi) ¢sT-9 gleepeyz ave Uged upto Rpeed 130 kmph
k—\ cenbrad Standmd Taial

— Elagtic fazteners used Ffor hfﬁi\ gpeed tralng (nclude :
@ Pandrod CLlip

(b) Sp'rfna Steel CLip

Track Regqa’djmﬁ .
— For quantitalive aggesgment of tvack, ft8 pavameters Otke unevenness, twist,
8uper edevakion , Versines ave noted with the help of ¢ Tyack Recording Cay’
Txack Toleyance :
(@ Gmuﬁe toleyance Yecommended by IR for gpeed of 120 kmph :
on styaight tvack : +6 mm to —3mm

on Cuyve upto 4° @ +13mm 1o — 3 mm
on cuyve ghavpes than 4° : +19mm
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(b) A-Uanmen{: Variakong :
— On 7-5 chowd ﬁenél:l-., the a_ﬂ.l'ahmen}‘ variakong arve ag

boHousz. L

(1) On Bhro.i?hf Hack ¢ 5 mm

(i) On Cuyrved back : T 5mM

Track Recording Car

New ME‘U\DdS ofiﬂil_d\ Ma'm!;cnan(f .

(4) Mechanized Maintenance or Tamping :
(i) Off Track Tamping :
I

— Thege work In pairz fyom opposite.  gides of the gleeper undex the ged

TCU-vQ SQCL'}' +D €nhilre W\E\){rﬁ‘;.ll_ﬁ} C{.?T’]-'.X"L‘.(;‘—rdt\_}l.@l\ DZ

(i) On Track Tamping :
J

the ballnst.

— Here, Seﬁé propelled vehicleg ave uged to tamp the x,ﬁegpea-x-
— It OH;QYS h?dl\(“( Cor\}]&.ﬁj é&&f"c}“gn(a (qu ’zlL-th”' ,Ff', v b

il

i
i

¥
| ﬂl B RP T — e

Off Track Tamping Off Track Tamping

Off Track Tamper L

|
\

|
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(2) Meaguved Shovel Packing (+sp) :
g a
— In #his, manual mainte nance Of the +xack Tz done withoud .
z A P {'5- ‘.l
the Use Ob H’ak_la gOPhlAhUA—f’Ed e?/Lquen | M} | r
’ H ‘0 / i a |
| — T +his case, densomelter; Jlextmedex,  vigeur's miTe LE IE: c

" Lec-30 (43:05)
ghovel T7s used.

(3) Divected Track Maintenance (DT™) © o
— Unlike conventional maintenance sagtem, Onﬁd gpeciffed track ﬁerﬁkh ¥
gupey viged and checked foxr track defects .

it 28 it AR g O s e § A
On Track Tamping
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