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Civil Engineering (TRACK)

L esson-|
Sructure of Railway Track

1.1 Definition

Railway Track or Permanent Way istherail-road on which trainsrun. It basically consists of
two paralel rails having a specified distance in between and fastened to sleepers, which are
embedded in alayer of ballast of specified thickness spread over the formation. The rails are
joined to each other by fish plates and bolts and these are fastened to the Sleepers at a specified
distance and are held in position by embedding in ballast.

Each of the components of track has a basic function to perform. Therails act as girders to
transmit the wheel loads of trainsto the sleepers. The deepers hold the railsin proper position
and provide the correct gauge with the help of fittings and fastenings and transfer the load to the
ballast. The ballast isplaced on prepared ground known asformation. The sleepersare embedded
in ballast, which givesauniform level surface, providesdrainage and transferstheload to larger
area of formation. The formation gives a surface, where the ballast rests and transmits the total
load of the track and that of the trains moving on it to the natural ground bel ow.

Permanent Way or track,
therefore, consistsof (i) rails, (ii)
sleepers, (iii) fittings and
fastenings, (iv) balast and (v)
formation as shown in Fig.1.1.
Permanent way isso called asit
isnot easily dividedvisavisthe
roads todistinguish the final
track constructed for movement
of trains from the temporary FIG. 1.1 X-SECTION OF TRACK & FORMATION
track constructed to carry
building materials etc. in olden times.

1.2 Requirements of good track

Anefficient track should while serving its purpose of providing asafe and smooth ride, should
be easy to maintain and economical in construction. It should have minimum number of fittings
which should be of ‘fit and forget’ type. The performance of the track should remain unaffected
from the vagaries of weather. During rainy season, the track should have good drainage so asto
remain free from water logging and slush. During summer, thetrack should remain safe against
buckling and as such should have adequate ball ast section to providetherequired lateral strength
and stability. During winter, the rails have tendency of fractures due to tension developed on
account of low temperature, Therailsshould, therefore, befreefrominternal defects and cracks,
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particularly in thefish plate zones (at joints).
1.3 Gauge

Gauge as used with reference to track is the minimum distance between the two gauge faces
of rails. In Indiawe have three different gauges as given below :

(@ Broad Gauge: 1676 mm
(b) Meter Gauge : 1000 mm or one metre

(c) Narrow Gauge: Threearetwo gauges under Narrow gauge which are 762 mm and 610
mm.

Adoption of Metre gauge and Narrow gauge is mainly based on traffic potential and
geographical conditions available aong the alignment. In hilly area, Metre gauge and Narrow
gauge areeconomical ascompared to Broad gauge but with the gauge being smaller, the capacity
and speed go down drastically. Other problems of having a number of gauges are indicated
below:-

(@  Problem of changing trainsat junction points.
(b)  Problem of transhipment-extra cost and theft of goods.
(c) Detention to wagons at change of gauge points.
Ason 31.3.2016, the length of track (route km) with different gauges was as under:

Name of Gauge Width (mm) length Inkms

Broad Gauge 1676 60,510

Metre Gauge 1000 3,880

Narrow Gauge 762 or 610 2,297

Tota 66,687
1.4 Rail

Rail is the main component of tack which provides a continuous and surface for smooth
running of wheels of railway vehicles.

1.4.1 Shape of Rail (Fig.1.2)

Rall is designed as a beam supported on a number of flexible supports. For optimum
design the shape of rail issuch that it has maximum materia at top and bottom. Mainly thereare
two shapes.

(@ Double headed/Bull headed : Both top and bottom are either similar or top is alittle
heavy.
(b) Flat footed : Bottom flangeisflat.



DOUBLE HEADED BULL HEADED FLAT FOOTED

FIG. 1.2 SHAPE OF RAIL

FIG. 1.2 SHAPE OF RAIL

Thetop head isdesigned in such amanner that it takes stresses and also thereis provision
for wear during the servicelife. The bottom flange or foot isdesigned so that it can befixed to the
sleepers effectively. The Standard section now is flat footed as it provides a better fixing
arrangement to the sleepers.

1.5 Nominal weight of rails

The rail section is known by its weight which is the nominal weight of rail per yard or
metre.

Thefollowing rail sections are presently in use on Indian Railways:

Gauge Rail Section Types of Sections Height Actual Weight
BG 60KG uiC* 172 MM 60.34 Kg/m

52 KG IRS* 156 MM 51.89 Kg/m

9 R RBS* 142.9 MM 90 Lbslyard Or 44.61 Kg/m
MG 9 R RBS 142.9 MM 90 Lbslyard. Or 44.61 Kg/m

7SR RBS 128.6 MM 75 Lbs/yard Or 37.18 Kg/m

*UIC- International Union of Railways.
*|RS- Indian Railway Standard
*RBS-Revised British Section.
1.5.1 Quality of Steel
Threetypesof steel usedin Railsis 72 UTS, 90 UTSand 110 UTS. 110 UTS, 90 UTS & 72

UTShave ultimate tensile strength of 110 kg/mm2, 90 kg/mm?2 and 72 kg/mm?2 respectively.
Railsare made wear resistant by adding more Manganese. Chemical composition of rails steel of
various Gradesis as under:
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Rail Carbon Managenese Silicon Sulphur& Aluminium
Phoshorus

Grade 710 0.45-0.60 % 0.95-1.40%  0.040-0.50 % 0.05 % max.

(MM ralils)

Grade 880 0.60-0.80% 0.80-1.30%  0.10-0.50 % 0.035 % max. 0.015%(Max)
(90-UTS Rails)

Grade 1080 0.60-0.80 0.80-1.20% 0.5-1.10%  0.25% 0.004%(Max)
Note: Hydrogen content for 90 UTSrail should not be more than 1.6 ppm

Service Life of Rails

Total traffic which arail can take during its primary servicelifeisas under:

Rails Section UuTsS GMT*
90R 72 UTS 250 GMT
90R 90 UTS 375 GMT
52 Kg 72 UTS 350 GMT
52 Kg 90 UTS 525 GMT
60 Kg 72 UTS 550 GMT
60 Kg 90 UTS 800 GMT
*GMT-Gross Million Tons of Traffic

1.6 Sleepers

1.6.1 Main purpose of providing sleepers is to hold the rails so as to have correct gauge and
transfer theload fromrailsto ballast and further to theformation. Sleeper should havethefollowing
properties:

(1)  They should be strong and economical.

(2)  Should be ableto absorb of vibrations.

(3)  Should point easy correction of gauge.

(4)  Should be heavy enough to provide stability.
(5)  Should be easy to pack.

(6)  Shouldprovidelateral stability.

(7)  Should suffer minimum damage during derailments.
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1.6.1 Types of Sleepers
Thetypes of deepersin use on Indian Raillways are:
1.6.1.1 Wooden Sleepers: These are further classified as soft wood and hard wood sleepers.

These are very good sleepers to absorb vibrations but are not very durable and do not provide
much lateral stability dueto light in weight. These are good for track circuiting works.

Sandard size of Wooden Sleeper : (Fig. 1.3)

Gauge Size (Lx Bx H) inCms
Broad Gauge 275x 25x 13
Metre Gauge 180x 20 x 11.5
- — ==
J m—— =

Fig. 1.3 Wooden Sleeper

However, as per Supreme Court orders now no new wooden sleepers are being procured on
Indian Railway in view of the need for conservation of forests.

1.6.1.2 Steel Trough Sleepers (Fig. 1.3a) : These are made from rolled trough section of steel
and then pressed hot to obtain desired shape. These sleepers are having better life, have better
stability and maintain gauge properly. Servicelife of steel sleepersis 25 to 40 years depending
upon traffic.
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A
f’-’os“rr-f 2680 MM

Fig. 1.3 a Wooden Sleeper

However, the holes in these sleepers have a tendency of elongating and cracks can be seen
under rail seat after certain time span. They are also not fit for track circuiting. Weight of aBG
Sleeper is81 Kg.

1.6.1.3 Cast Iron Sleepers(Fig. 1.4): Standard design of cast iron sleepersis CST-9. There are
two parts connected with a stedl tie bar. These dleepers have poor strength and isnot fit for high
speed or heavy traffic. There is problem of wear at rail seat & lateral stability is also not very
good.

Damage to deepersis very heavy in case of derailments. These are also not fit for welded
track. C.l. Sleepers cannot absorb vibrations. Therearealso not fit for track circuiting. Weight of
complete set is 102 Kg. for BG
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Fig. 1.4 CAST IRON SLEEPER (CST-9)

1.6.1.4 Concrete sleepers : Concrete sleepers are made of concrete, ordinary RCC or
prestressed reinforced Concrete designed suitably to takethe stressessafely. The concrete deepers
are much superior as compared to other types of sleepers asindicated below :

Advantages

(i)  Concrete slegpers, being heavy, provide good stability to track.
(i)  Thismaintains gauge and cross levelsvery efficiently.

(i) Thedleeperscan be used in track circuited area.

(iv) Lifeof concrete sleepersisvery long, aslong as 40-50 years.

(v) Theconcrete slegpersresist weather efficiently however, the concrete slegpershavethe
following disdvantages:

(@ Manua handling of deepersisvery difficult dueto heavy weight.

(b) Damage to deepersduring derailment isvery heavy due to brittleness.
(c) Manua maintenanceisvery difficult.

Concrete sleepers are of two types:

(& Twin Block deeper : (Fig. 1.5)

Thisisin the shape of two blocks connected bu an angleiron. Thisis made of ordinary
RCC.
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Fig. L5 TWIN BLOCK SLEEPER
(b) Monoblock Sleeper : (Fig. 1.6)
Thisisin the shape of asingle block and is made of prestressed reinforced concrete.
Concrete sleepers require rubber pads and elastic fastenings to save the sleepers from

vibrations.
| 1676 MM >}
dj- - = ——- =} 'i.-'_a.,.::

——— = — -

METAL TILUER
ERC Vi

RUBBERPAD *

2750 MM ]
i 1

i ——
| je—MC] INSERTS & !

SEAT ARRANGMENT

Fig. 1.6t MONOBLOCK SLEEPER
1.7 Rail Joints and Fish Plates

1.7.1 Ralil joints are the weakest points in the track. The joints also cause knocking and reduce
the life of rolling stock also. Due to knocking, the maintenance of joint sleepers poses special
problem. Rail ends also get battered at joints which causes rough running. Incidence of rail
fractures are largein fish plate zone area (joints). In view of theserail jointsrelated problem, a
good track always has least number of joints. Most of the joints can be avoided by welding the
rails.

1.7.2 Fish Plates(Fig. 1.7) : Thesearethe plates
(inpairs) which are provided at jointsto connect
the two rails end to end, often provided with 4
Nos. boltscalled asfish bolts. Sincethedepth of
fish platesisless than rail, the strength of a pair
of fish platesisabout 55% of therail in bending.
To keep the stresseswithin limit, sleeper spacing
isreduced at joints.

FIG. 1.7 FISH PLATE (52 KG RAIL)
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1.8 Sleeper Fittings
1.8.1 Fitting which fix rails to the i
sleepers vary in shape and size as per the L ;1 . W e
typeof sleepers. Important type of fittings ﬂi = ’}T
v

I
To

for different types of sleepers are described ed AT T

in thefollowing paragraphs. L%
1.8.2 Fittings for Wooden Sleepers o 005 soms ncgs;:ﬁ“ W
(a) Dog Spike (Fig. 1.8a): Thisis one FIG. 1.8a FIG. 1.8 SPIKES (b) FIG. 1.8¢

of the most basic type of fittings. Dueto its
shape resembling the head of adogitiscalled asdog spike. Itissquarein cross section and does
not have much holding power. A rail can befixed directly to the sleeper

(b) Round Spike (Fig. 1.8b): Itisround in section with around head at the top. The spike
is used to hold the bearing plate. Its holding power is, however, not very good.

(c) Screw Spikes(Fig. 1.8c): Theseare having shape like ascrew and are of two types. The
oneusedtofix therail directly iscalled “Rail Screw” and the oneusedtofix thebearing plateis
called “plate screw”. Its holding power is much superior than the Round spike or Dog spike.

(d) Bearing Plates

UARE HOLES . .
= el These are of varioustypes:

= () Flat Bearing Plates (Fig.1.9) : Theseare
19 MM = = having uniform thicknessof generaly 19mmand

%_ ¢ are used with points and crossing sleepers.

FIG. 1.9 FLAT BEARIMG PLATE 1",\ o
S SQARE HOLES

fL e FOR DOG SPIKES

(ii) Canted Bearing Plate (fig. 1.10.) : £
These plates are thicker at one end than on the '
other, the slope being called as cant. Cant
provided in the bearing plateis 1 in 20.

(e) Cast Iron Anti Creep Bearing plate

FIG. 1.10 CANTED M.S. BEARING PLATE

(Fig.1.11): These platesare made of cast iron and
are used to fix therail tight with the help of keys.

1.8.3 Fittings for Steel Trough Sleeper and
CST- 9 Sleepers:

() LooseJaws(Fig. 1.12) :Loosejawsare used
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to fix therail to the Steel Trough Sleeper with the help of keys.

Thereisanother type of jaw called Modified L oose Jawswhichis
specially designed to fix Pandrol clipsinstead of keys.

(b) Keys(Fig.1.13) : These are mild steel keyswhich are tapered
in shape and are used with steel
trough sleepersaswell asCST-

. />\ 9 deepers.
W
0
20
\/ FIG. 1.12 LOOSE JAW

frf,\;i

FIG. 1.13 TWO WAY KEY

These keys are known as two way keys as the same can be driven both ways left to right or
right to left.

1.8.4 Fittings for Concrete Sleepers

(a) Elastic Rail Clips (ERC) or Pandrol Clips
(Fig.1.15): These clips are widely used with concrete
deepers and also with steel trough sleepers. These are
elastic in nature made from silicon steel rod of 20.6 mm
diameter. Each sleeper needs 4 clips. These clips are
excellent in function as the rails are aways kept pressed

LOOSE JAw under toeload of 710 kg by each clipfor anormal deflection
L Lo of 11.4 mm. Theclipsare ableto adsorb vibrationsdueto
elastic in nature and do not fall out. ERC clip mark 1V

gives higher toe load of 1000 Kgs.

FIG. 1.14 RAIL FIXED WITH
LOOSE JAWS & TWO WAY KEY

Theclipsaregeneraly used alongwith rubber pad and
liners (mild steel or nylon).

FIG. 1.15 ELASTIC RAIL CLIP OR PANDROL CLIP
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(c) IRN-202Clip (Fig.1.16) : Thiscliphas
been designed by RDSO mainly for two block
RCC deepers. This gives atoe load of 1000
Kgs. Per clip. Theclip holdsthe track gauge.

(d) H.M. Fastening (Fig. 1.17) : This
fastening has also been used in a limited
number on Indian Railways. It consists of 4
coach screws (or plate screws) and two W-
shapeclips. Each clip givesatoeload of about
1000 kgs. Gauge is maintained with the help
of angled guide plates.

FIG. 1.16 IRN 202 CLIP

RUBBER PAD —

CNSULATING PLATE - j

\—AHGLED GUIDE PLATE

FIG. 1.17 H.M FASTENING

1.9 Ballast

Ballast is a layer of broken stone, gravel, moorum or any other gritty material placed and
packed below and around sleepers for distributing the load from dleeper to formation and for
providing drainage aswell asgiving longitudinal stability to thetrack. On Indian Raillways65mm
Size stone ballast is being used.

Ballast isused in thetrack under the deepers and performsthe following functions:-
() Ballast provides resistance to the track which gives good running.
(i) It providesgood drainge.
(i) It helpsintransferring the load from sleepers to the formation.
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(iv)  Itprovideslateral resistance against buckling of track.
1.9.1 Requirement of good ballast
1. It should be hard, durable and wear resistant.
2 It should be angular to provide good interlocking.
3. Itshouldresist weathering effects.
4 It should be strong and should not get crushed under load and vibrations.
5. It should provide good drainage of water.
6 It should be cheap & economical in price.
1.9.2 Ballast Profile (Fig.1.18)

IS

/ TTteee e
'

GROUP CUSHION "A' "A" FOR LWR
A 300 mm 300mm 350 mm

B&C 250 mm 300mm 350 mm
D 200 mm 300mm 350 mm
E 150 mm 350mm

Note : For outside of curves on LWR A=500mm
FIG. 1.18 BALLAST PROFILE

1.10 Formation

1.10.1 Purpose of Formation (Fig.1.19) :
0] To provide an even and regular surface to lay ballast and track.
(i)  Toensurelaying of track well abovethe high flood level.
(i)  Todistribute the load over awide areaon natural ground.
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FIG. 1.19 CROSS SECTION OF FORMATION
Gauge Line Width of Embankment Width of Cutting
(for LWR Track)
B.G SingleLine 7850 mm 7850 mm
DoubleLine 13160 mm 13160 mm
M.G SingleLine 5850 mm 5250 mm
DoubleLine 9810 mm 9210 mm

1.10.2 Mechanical Compaction

To ensure good quality of embankment, mechanical compaction of soil is preferred. This
ensures stability of bank even during rainy season. The objective of compaction is to achieve
95% to 98% of maximum dry density of thetop layer the soil. Thisisachieved by adding controlled
quantity of water to the soil and compacting in layers not exceeding 250-300 mm in depth at a
time.

The compaction should be done preferably using vibratory rollers.
1.10.3 Blanketting

Itisessentia that the Formation be provided with astrong foundation. Toimprovethe bearing
capacity the bank, it is necessary to provide top layer of the bank using coarse sand or other
harder material like quarry dust, moorum, except where the natural soil is grandeur and strong.
Blanket isusually of one metre depth but can vary as per actual sight condition. Geo-Gridisalso
used as blanket.



1.11 Coning Of Wheels

Unlikethe arrangement of wheelsand axlesin road vehicles, the Railway vehicleshavefixed
wheels on axles. The 2 wheels and axle form arigid arrangement where the wheels and axle

rotate together.
|s: k%ﬁ:é:“é’ | ! I
l 1

FIG. 1.20 CONING OF WHEEL

The movement of wheels is guided by flange on the wheels provided on the inside which
prevents derailment of vehicles. The tread of wheel is provided with aslope of 1: 20, the main
function of which isto keep the vehicle centrally.

As the axle and wheels move to the right, the diameter of contact surface on the right side
wheel increases and the same on the left side wheel decreases. Because of thiswheels and axle
have atendency to movein acircular path and move to the left. Thus coning of wheelshelpsin
neutralizing the sidewise movement of wheels and keeps them centrally, reducing the side wear
onrailsand wheels.

1.12 Canting of Rails (Fig.1.21)

To match the coning of wheels and to ensure proper contact of wheelsand rails, therailsare
also provided at aslope of 1in 20 from the vertical. Thisisdone by providing theslopeof 1in
20 intherail seat in the slegper as shown below.

11N 20 SLOPE WITH THE YERTIC AL oy
\l

| -

1 1]
I “——SLOPE IN RAIL SEAT 1IN 20 !

FIG. 1.21 CANTING OF RAIL
1.13 Main Componentsof a Turn-out are:
(i) Switches (Points) (ii) Lead rails(iii) Crossing
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FIG. 1.22 TURN OUT

(a) Switch: A Switch is composed of a stock rail and atonguerail. A set of two switchesis
called aspoint. Tonguerail isapieceof rail, oneend of whichistapered (called toe) and the other
end isfixed to thelead rail (called heel). Thetapered end is pushed or pulled to set the routes as
indicated below.

Thetwo tonguerailsarejoined together with the help of 2 or 3 stretcher bars. The rear end of
the tonguerrail isjoined with the stock rail with the help of heel blocks. If thetonguerail hasa
joint at the heel block, it is called aloose heel and if thejoint in tongue rail is ahead of the heal
block, it is called as fixed heel type. Recently form shape Switches have been introduced an
Indian Railway.

L STRE TCHER BARS HEEL BLOCK

POINT SET FOR CURVED TRACK POINT SEY FOR STRAIGHT TRACK

FIG. 1.23 DETAILS OF SWITCH
(@  TheTongue Railsare of two types.
0] Sraight tongue rail : Therail is straight upto the heel block.

(i)  Curved tongue rail : The tongue rail is in the shape of a curve. This ensures
smooth entry of the trainsinto the curved track.

(b) Leadrails: Leadrailsservetojointheswitchestothecrossing. Theserailsareordinary
railsand fixed to the sleepersrigidly.

(c) Crossings (Fig. 1.24) : Thisisabuilt up assembly and provide necessary gap for the
passage of wheel-flange to either direction. The nose assembly is made up of a point
rail and a splice rail. There are two wing rails attached to the nose assembly. The
minimum distance between the wing rail is called throat.
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NDSE OF CROSSING POINT RAIL WING RAIL

SPLICE RAIL L“WING RAIL

FIG. 1.24 DETAILS OF A CROSSING

Oppositeto the crossing, acheck rail isprovided on both sideswhich avoids hitting of wheels
against the nose of crossing.

Angleof crossing (Fig.1.25) : The angle made at crossing between the two tracks is known
asangle of crossing, There are various standard angles of crossings. (i) 1in 8% (ii) 1in 12 (iii)
1in16(iv) 1in 20

sl 12 16

FIG. 1.25 ANGLE OF CROSSING

A flat crossing angle provides higher speed but the length of turn out becomesmore. 1in 8Y2
crossings are not normally permitted for passenger lines.

1.13.1 Classification of Crossings
Crossings are classified as under :
@ Built up Crossing
(b) CMS Crossing

@ Built up Crossing : Thisisthetype of Crossing inwhich twowingrailsand ‘V’
which consist of splice and point rails are assembled together by means of bolts & distance
blocksto form acrossing.

(b) CMSCrossing : Thistypeisone piece Cast manganese Crossingswith no bolts
and therefore needs less maintenance. It ismorerigid crossing being one complete mass.

1.13.2 Permissible speeds on turn outs

The speeds of passengertrains negotiating acrossing and entering the curved side areregul ated
as under:

Typeof Straight Switch or Speed

Crossing Curved Switch

1in 8% Straight 10kmph.
Curved 15kmph
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Symmetrical split 30 kmph

1lin12 Straight 15kmph.

Curved 30kmph.
1in16 Curved 50 kmph.
1in20 Curved 50 kmph.

1.13.3 Various L ayouts

(a)Diamond crossings (Fig.1.26) : When two tracks with same or different gauges cross
each other.

DR
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FIG. 1.26 DIAMOND CROSSING

(b) CrossOver (Fig.1.27) :A set or two turnoutsis called a cross over.
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FIG. 1.27 CROSS OVER

FIG. 1.27 CROSS OVER

(c) Ladder (Fig.1.28) : When a number of paralel tracks are joined to main line, the
arrangement is known as a ladder
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FIG. 1.28 LADDER

(d) Symmetrical Split (Fig.1.29) :When the two directions are making equal angle with
themain line, itiscaled asymmetrical split.

/

FIG. 1.29 SYMMETRICAL SPLIT

(e) Singleand Double Slips(Fig.1.30) : Itisacombination of diamond crossing and turnouts
so that there isfacility available from either track on one side to go to either track on the other
side.

FIG. 1.30 DIAMOND CROSSING WITH SINGLE/DOUBLE SLIP

FIG. 1.30 DIAMOND CROSSING WITH SINGLE / DOUBLE SLIP
1.14 Curves
11.1 Curvesareanecessary evil. We cannot avoid provision of curvesin Railway alignment
asitisnot possible to have the entire alignment in astraight line due to
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(a) The necessity of avoiding natural obstructions.
(i) To connect several important citieswhich are not on astraight line.
(iii) To provide extralength to regulate the gradient.

1.14.1 Defining Curvature

One of the important parameter of a curve isits curvature. It is defined either by radius or
degree of curvature. The angle subtended by 30.5 meter chord at the centre is called the Degree
of Curve. (Fig. 1.31)

One degree curvature is equivalent of 1750 m radius. Thus 20 curve means 875 m radius.\

30-5M
}"— 1 OOFT.*C{

N i
-?1\55\ 10 /
7

FIG. 1.31 DIGREE OF A CURVE

(1) Cant or superelevation isthe amount by which onerail israised above the other rail. It is
positive when the outer rail on acurved track israised aboveinner rail and is negative whenthe
inner rail on acurved track israised above the outer rail.

(2) Equilibrium speed is the speed at which the centrifugal force developed during the
movement of the vehicle on acurved track is exactly balanced by the cant provided.

(3) Cant deficiency — Cant deficiency occurs when atrain travels around a curve at a speed
higher than the equilibrium speed. It is the difference between the theoretical cant required for
such higher speed and actual cant provided.

(4) Cant excess — Cant excess occurs when atrain travels around a curve at a speed lower
than the equilibrium speed. It is the difference between the actual cant and the theoretical cant
required for such alower speed.

(5) Maximum permissible speed of the curve—

It isthe highest speed which may be permitted on acurvetaking into consideration theradius
of the curvature, actual cant, cant deficiency, cant excess and the length of transition. When the
maximum permissible speed on acurveislessthan the maximum sectional speed of the section
of aline,permanent speed restriction becomes necessary.
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(6) Cant gradient and cant deficiency gradient indicate the amount by which cant or deficiency
of cant isincreased or reduced in agiven length of transition e.g., 1 in 1000 means that cant or
deficiency of cant of Imm. isgained or lost in every 1000mm.

1.14.2 Maximum Permissible Curvatureon plain track -

Gauge Maximum Degree Curvature Radius permitted
BG 100 175m
MG 160 109 m
NG 400 44m

1.14.3 (a) : Length of Curve (Fig.1.32)

Fig.1.32 DEGREE OF A CURVE

Straights BT, and AT,

Tangent points T, and T,

O isthe point of intersection of the tangents.
OT, and OT,, are called tangent lengths,
T,T,isthelong chord.

O, iscentre of curve.

gisthe angle of deflection.

O,T, =O,T, = Radius of curve

Tangent length O,T.= O,T,= Rtan (2/2)....(i)
T,T,=Long Chord = 2R sin (&/2),....(ii)
Length of curve=27Rx @/360= R @/180 .....(iii)
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1.14.4 Super Elevation on curvesor Cant

Whenever avehiclemovesinacircular path, aradial force called centrifugal forceisapplied
onit. Thisisbecausethe natural tendency of the vehicle being to move awaysinastraight line.
This causes extra vertical load on the other wheel. To neutralize the effect of centrifugal force,
the outer rail israised by certain amount which is called super elevation or cant.

1.14.5 Maximum Value of Super Elevation

Maximum value of super elevation on curves shall be asunder :
Gauge Group Normal Value  With special permission of Chief Engineer

BG A 165 mm 185 mm
B&C 165 mm o
D &E 140 mm

MG . 90 mm 100 mm

NG 65 mm 75 mm

* Note: maximum cant of 185 mm may be assumed for the purpose of locating all permanent
structures etc. by the side of curve on new construction and doubling of A route having potential
for increase in future. The transition length should also be provided on the basis of 185 mm
cant for the purpose of planning and layout of the curve.

1.14.6 Cant Deficiency

Theactua cant provided isalwayslessthan the equilibrium cant required asper calculations,
Maximum cant deficiency alowed isasunder :

Gauge Cant Deficiency (max. value)
BG 75 mm*
MG 50 mm
NG 40 mm

Note : * (can be allowed as 100 mmon routes of BG with track maintained with C&M -1
\ol. 1standard for nominated rollingstock with permission of Principal Chief Engineer)
1.14.7 Cant Excess

Maximum value of cant excesson BG is 75 mm and on MG 65 mm for all rolling stock. The
cant excess should be worked out taking into consideration the booked speed of agoodstrain on
aparticular section.

1.15 Train Resistance and Hauling Capacity of a L ocomotive

1.12.1 When atrainismoving at a certain speed, it offers various types of resistance against
movement. Locomotive power hasto be more than the sum total of maximum resistanceit has
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to overcome. Evenwhenthetrainisat standstill and when the locomotiveisabout to start, there
arevarioustypes of resistances which resist the movement of thetrain. These are dueto friction
in the bearings of wheel axles, unevenness of rail surface, dip at the joints, curvature of track,
gradient wind etc. These are discussed in detail in the following paragraphs :-

() Resistance dueto wind and speed (Rw) : Thisresistance is proportionate to the square of
speed of thetrain. Thisisequal to:

Rw = 0.00156V2W (in kg)

V = gpeed in kmph

W = weight of train in tones

Value of Rw iszero at start

(i) Resistance dueto friction in bearings and wave action of rails (Rf)

The resistance due to friction (Rf) caused by bearings and wave action of rails including
unevenness of rail surfaceisgenerally taken as0.0025 pf weight of thetrainwhilethetrainisin
movement and doubl e of thisvaluewhen thetrainisabout to start. Henceit can be expressed as

Rf =0.0025 W in motion
Rf =0.005W at start
(iii) Resistance due to Gradient (Rg) :

Value of resistance dueto gradient isproportional to the gradient of track. If thegradientisG
in 100 (G%), the value of Rg can be expressed as :

Rg= G x W/100

In case of afaling gradient, the value of G will be negative, sowill bethevalue of Rgi.e. we
will get support from the falling gradient. But since trains move both in up or down directions,
the value of Rg isawaystaken as positive.

(iv) Resistance due to Curves (Rc)

Asper Newton'slaw of motion, abody alwayskeepsonmovingin straight direction. Hence,
when atrain moves on a curved track, the outer wheels always rub against the inner face of the
outer rail creating lot of resistanceto train movement. The amount of resistanceis expressed as
function of curvature and is different for different gauge as shown below :

for BG Rc = 0.0004 degree of curvature
for MG Rc = 0.0003 degree of curvature
for NG Rc = 0.0002 degree of curvature
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1.15.1 Solved Example

Find out the maximum permissible load of a goods train when hauled with alocomotive of
30tonnetractive effort (pulling power), over agradient of 0.75% grade and 20 sharpest curvature
when the maximum speed is 75 kmph.

Assuming the total weight of train isW tones
() Resistance due to wind and speed = Rw = 0.00156x75x75xW
(i) Resistance due to friction, Rf = 0.0025 W (in motion) and =0.005W at start
(iii) Resistancedueto gradient, Rg= 0.75x W/100
(iv) Resistance dueto curvature, Rc=0.004 x 2x W
Hence
30 = 0.00156/1000 x 75 x 75 x W + 0.0025W +0.75/100 x W + 0.004 x 1 xXW
30 =0.008775 W + 0.0025 W + 0.0075 W + 0.008 W
30=0.026775 W
W = 30/0.026775 tonnes. ............... @
W = 1120 tonnes (including the weight of locomotive)
Checking at start
30 =0+ 0.005W + 0.0075 + 0.008 W
30=0.0205 W
W =30/0.0205 = 1460 tonnes (OK)

However, the maximum weight should be limited to 1120 tonnes dueto ‘a above.
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