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UNIT 2
GEOMETRIC DESIGN OF RAILWAY TRACK
The geometric design of a railway track includes all those parameters which determine or affect
the geometry of the track. These parameters are as follows.
1. Gradients in the track, including grade compensation, rising gradient, and falling gradient.
2. Curvature of the track, including horizontal and vertical curves, transition curves, sharpness of
the curve in terms of radius or degree of the curve, cant or super elevation on curves, etc.
3. Alignment of the track, including straight as well as curved alignment. It is very important for
tracks to have proper geometric design in order to ensure the safe and smooth running of trains at
maximum permissible speeds, carrying the heaviest axle loads. The speed and axle load of the
train are very important and sometimes are also included as parameters to be considered while
arriving at the geometric design of the track.
Necessity for Geometric Design
The need for proper geometric design of a track arises because of the following considerations

(a) To ensure the smooth and safe running of trains
(b) To achieve maximum speeds
(c) To carry heavy axle loads
(d) To avoid accidents and derailments due to a defective permanent way
(e) To ensure that the track requires least maintenance.
(f) For good aesthetics

Gradients
Gradients are provided to negotiate the rise or fall in the level of the railway track.
A rising gradient is one in which the track rises in the direction of the movement of
traffic and a down or falling gradient is one in which the track loses elevation in the direction of
the movement of traffic. A gradient is normally represented by the distance travelled for a rise or
fall of one unit. Sometimes the gradient is indicated as per cent rise or fall.
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Gradients are provided to meet the following objectives.
(a) To reach various stations at different elevations
(b) To follow the natural contours of the ground to the extent possible
(c) To reduce the cost of earthwork.
Types of gradients used on the railways.
(a)Ruling gradient
The ruling gradient is the steepest gradient that exists in a section. It determines the
maximum load that can be hauled by a locomotive on that section. While deciding the ruling
gradient of a section, it is not only the severity of the gradient but also its length as well as its
position with respect to the gradients on both sides that have to be taken into consideration. The
power of the locomotive to be put into service on the track also plays an important role in taking
this decision, as the locomotive should have adequate power to haul the entire load over the
ruling gradient at the maximum permissible speed.
The extra force P required by a locomotive to pull a train of weight W on a gradient with an
angle of inclination q is
P = W Sinq
= W tanq (approximately, as q is very small)
= W × gradient
(b) Pusher or helper gradient
In hilly areas, the rate of rise of the terrain becomes very important when trying to reduce the
length of the railway line and, therefore, sometimes gradients steeper than the ruling gradient are
provided to reduce the overall cost. In such situations, one locomotive is not adequate to pull the
entire load, and an extra locomotive is required. When the gradient of the ensuing section is so
steep as to necessitate the use of an extra engine for pushing the train, it is known as a pusher or
helper gradient.
(c) Momentum gradient
The momentum gradient is steeper than the ruling gradient and can be overcome by a train
because of the momentum it gathers while running on the section. In valleys, a falling gradient is
sometimes followed by a rising gradient. In such a situation, a train coming down a falling
gradient acquires good speed and momentum, which gives additional kinetic energy to the train
and allows it to negotiate gradients steeper than the ruling gradient. In sections with momentum
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gradients there are no obstacles provided in the form of signals, etc., which may bring the train to
a critical juncture.

(d) Gradients in station yards
The gradients in station yards are quite flat due to the following reasons.
(a) To prevent standing vehicles from rolling and moving away from the yard due to the
combined effect of gravity and strong winds.
(b) To reduce the additional resistive forces required to start a locomotive to the extent possible.
It may be mentioned here that generally, yards are not leveled completely and certain flat
gradients are provided in order to ensure good drainage. The maximum gradient prescribed in
station yards on Indian Railways is 1 in 400, while the recommended gradient is 1 in 1000.

Grade Compensation on Curves
Curves provide extra resistance to the movement of trains. As a result, gradients
are compensated to the following extent on curves
(a) On BG tracks, 0.04% per degree of the curve or 70/R, whichever is minimum
(b) On MG tracks, 0.03% per degree of curve or 52.5/R, whichever is minimum
(c) On NG tracks, 0.02% per degree of curve or 35/R, whichever is minimum
Where R is the radius of the curve in meters. The gradient of a curved portion of the
Section should be flatter than the ruling gradient because of the extra resistance Offered by the
curve

Radius or degree of a curve
A curve is defined either by its radius or by its degree. The degree of a curve (D) is
the angle subtended at its centre by a 30.5-m or 100-ft chord.
The value of the degree of the curve can be determined as indicated below.
Circumference of a circle = 2π R
Angle subtended at the centre by a circle with this circumference = 360°
Angle subtended at the centre by a 30.5-m chord, or degree of curve
=

×30.5
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=1750/R (approx)
R is in meters
In cases where the radius is very large, the arc of a circle is almost equal to the chord connecting
the two ends of the arc. The degree of the curve is thus given by the following formulae
D = 1750/R (when R is in meters)
D = 5730/R (when R is in feet)
A 2° curve, therefore, has a radius of 1750/2 = 875 m..
Maximum degree of a curve The maximum permissible degree of a curve on a track depends on
various factors such as gauge, wheel base of the vehicle, maximum permissible superelevation,
and other such allied factors.

Relationship between radius and versine of a curve
The versine is the perpendicular distance of the midpoint of a chord from the arc of
a circle. The relationship between the radius and versine of a curve can be established
as shown in Figure. Let R be the radius of the curve, C be the length of the chord,
and V be the versine of a chord of length C.

•

The relationship between the radius and versine of a curve can be established as shown

•

AC and DE being two chords meeting perpendicularly at a common point B,simple
geometry can prove that

AB × BC = DB × BE
or
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V(2R – V) = (C/2) × (C/2)
or
2RV – V2 = C2/4
V being very small, V2 can be neglected. Therefore,
2RV = C2/4
V = C2/8R
V, C, and R are in the same unit, say, meters or centimeters. This general equation can be used to
determined versines if the chord and the radius of a curve are known.

Super elevation
The following terms are frequently used in the design of horizontal curves.
Super elevation or cant Super elevation or cant (Ca) is the difference in height between the
outer and the inner rail on a curve. It is provided by gradually lifting the outer rail above the level
of the inner rail. The inner rail is taken as the reference rail and is normally maintained at its
original level. The inner rail is also known as the gradient rail. The main functions of super
elevation are the following.
(a) To ensure a better distribution of load on both rails
(b) To reduce the wear and tear of the rails and rolling stock
(c) To neutralize the effect of lateral forces
(d) To provide comfort to passengers

Equilibrium speed When the speed of a vehicle negotiating a curved track is such that the
resultant force of the weight of the vehicle and of radial acceleration is perpendicular to the plane
of the rails, the vehicle is not subjected to any unbalanced radial acceleration and is said to be in
equilibrium. This particular speed is called the equilibrium speed. The equilibrium speed, as
such, is the speed at which the effect of the centrifugal force is completely balanced by the cant
provided.

Maximum permissible speed This is the highest speed permitted to a train on a curve
taking into consideration the radius of curvature, actual cant, cant deficiency, cant excess, and
the length of transition. On curves where the maximum permissible speed is less than the
maximum sectional speed of the section of the line, permanent speed restriction becomes
necessary.
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Cant deficiency Cant deficiency (Cd) occurs when a train travels around a curve at a speed
higher than the equilibrium speed. It is the difference between the theoretical cant required for
such high speeds and the actual cant provided.

Centrifugal Force on a Curved Track
A vehicle has a tendency to travel in a straight direction, which is tangential to the curve, even
when it moves on a circular curve. As a result, the vehicle is subjected to a constant radial
acceleration:
Radial acceleration = g = V2/R
Where V is the velocity (meters per second) and R is the radius of curve (meters).
This radial acceleration produces a centrifugal force which acts in a radial direction away from
the centre. The value of the centrifugal force is given by the formula
Force = mass × acceleration
F = m × (V2/R)
= (W/g) × (V2/R)
Where F is the centrifugal force (tones), W is the weight of the vehicle (tones), V is the speed
(meter/sec), g is the acceleration due to gravity (meter/sec2), and R is the radius of the curve
(meters).
To counteract the effect of the centrifugal force, the outer rail of the curve is elevated with
respect to the inner rail by an amount equal to the super elevation. A state of equilibrium is
reached when both the wheels exert equal pressure on the rails and the super elevation is enough
to bring the resultant of the centrifugal force and the force exerted by the weight of the vehicle at
right angles to the plane of the top surface of the rails. In this state of equilibrium, the difference
in the heights of the outer and inner rails of the curve known as equilibrium super elevation.

Negative Super elevation
When the main line lies on a curve and has a turnout of contrary flexure leading to a branch line,
the super elevation necessary for the average speed of trains running over the main line curve
cannot be provided. In Fig. 13.9, AB, which is the outer rail of the main line curve, must be
higher than CD. For the branch line, however, CF should be higher than AE or point C should be
higher than point A. These two contradictory conditions cannot be met within one layout. In such
cases, the branch line curve has a negative super elevation and, therefore, speeds on both tracks
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must be restricted, particularly on the branch line

Safe Speed on Curves
For all practical purposes safe speed means a speed which protects a carriage from
the danger of overturning and derailment and provides a certain margin of safety.
Earlier it was calculated empirically by applying Martin’s formula:
For BG and MG
Transitioned curves
V = 4.4 R - 70
Where V is the speed in km/h and R is the radius in metres.
Non-transitioned curves Safe speed = four-fifths of the speed calculated using above equation.
For NG
Transitioned curves
V = 3.65 R - 6
(Subject to a maximum of 50 km/h).
Non-transitioned curves
V = 2.92 R - 6
(Subject to a maximum of 40 km/h).
Indian Railways no longer follows this concept of safe speed on curves or the stipulations given
here.
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New Formula for Determining Maximum Permissible
Speed on Transitioned Curves
Earlier, Martin’s formula was used to work out the maximum permissible speed or safe speed on curves.

This empirical formula has been changed by applying a formula based on theoretical
considerations as per the recommendations of the committee of directors, chief engineers, and
the ACRS. The maximum speed for transitioned curves is now determined as per the revised
formulae given below.
On Broad Gauge

Where V is the maximum speed in km/h, Ca is the actual cant in mm, Cd is the permitted cant
deficiency in mm, and R is the radius in m. This equation is derived from Eqn (13.6) for
equilibrium super elevation and is based on the assumption
that G = 1750 mm, which is the centre-to-centre distance between the rail heads of
a BG track with 52-kg rails.
On Meter Gauge
This is based on the assumption that the centre-to-centre (c/c) distance between
the rail heads of an MG track is 1058 mm.
V=0.347( (Ca + Cd)*R)
Narrow Gauge (762 min.)

V = 3.65 R - 6 (subject to a maximum of 50 km/h)

POINTS AND CROSSINGS
Points and crossings are provided to help transfer railway vehicles from one track to another. The
tracks may be parallel to, diverging from, or converging with each other. Points and crossings are
necessary because the wheels of railway vehicles are provided with inside flanges and, therefore,
they require this special arrangement in order to navigate their way on the rails. The points or
switches aid in diverting the vehicles and the crossings provide gaps in the rails so as to help the
flanged wheels to roll over them. A complete set of points and crossings, along with lead
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rails, is called a turnout.
IMPORTANT TERMINOLOGY
The following terms are often used in the design of points and crossings.
Turnout It is an arrangement of points and crossings with lead rails by means of which the
rolling stock may be diverted from one track to another. Figure 14.1(a) shows the various
constituents of a turnout. The details of these constituents are given in Table 14.1.
Direction of a turnout A turnout is designated as a right-hand or a left-hand turnout depending
on whether it diverts the traffic to the right or to the left. In Fig. 14.1(a), the turnout is a righthand turnout because it diverts as the traffic towards the right side. Figure 14.1(b) shows a lefthand turnout. The direction of a point (or turnout) is known as the facing direction if a vehicle
approaching the turnout or a point has to first face the thin end of the switch. The direction is
trailing direction if the vehicle has to negotiate a switch in the trailing direction i.e., the vehicle
first negotiates the crossing and then finally traverses on the switch from its thick end to its thin
end. Therefore, when standing at the toe of a switch, if one looks in the direction of the crossing,
it is called the facing direction and the opposite direction is called the trailing direction.
Tongue rail It is a tapered movable rail, made of high-carbon or -manganese steel to withstand
wear. At its thicker end, it is attached to a running rail. A tongue rail is also called a switch rail.
Stock rail It is the running rail against which a tongue rail operates.
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Points or switch A pair of tongue and stock rails with the necessary connections and fittings
forms a switch.
Crossing A crossing is a device introduced at the junction where two rails cross each other to
permit the wheel flange of a railway vehicle to pass from one track to another.
Switches
A set of points or switches consists of the following main constituents
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(a) A pair of stock rails, AB and CD, made of medium-manganese steel.
(b) A pair of tongue rails, PQ and RS, also known as switch rails, made of medium-manganese
steel to withstand wear. The tongue rails are machined to a very thin section to obtain a snug fit
with the stock rail. The tapered end of the tongue rail is called the toe and the thicker end is
called the heel.
(c) A pair of heel blocks which hold the heel of the tongue rails is held at the standard clearance
or distance from the stock rails.
(d) A number of slide chairs to support the tongue rail and enable its movement towards or away
from the stock rail.
(e) Two or more stretcher bars connecting both the tongue rails close to the toe, for the purpose
of holding them at a fixed distance from each other.
(f) A gauge tie plate to fix gauges and ensure correct gauge at the points.
Crossing
A crossing or frog is a device introduced at the point where two gauge faces cross V each other
to permit the flanges of a railway vehicle to pass from one track to another .To achieve this
objective, a gap is provided from the throw to the nose of the crossing, over which the flanged
wheel glides or jumps. In order to ensure that this flanged wheel negotiates the gap properly and
does not strike the nose, the other wheel is guided with the help of check rails.
Types of Crossings
A crossing may be of the following types.
(a) An acute angle crossing or 'V crossing
(b) An obtuse or diamond crossing.
(c) A square crossing

NUMBER AND ANGLE OF CROSSING A crossing is designated either by the angle the
gauge faces make with each other or, more commonly, by the number of the crossing,
represented by N. There are three methods of measuring the number of a crossing, and the value
of N also depends upon the method adopted. All these methods are illustrated below.
Centre line method This method is used in Britain and the US. In this method, N is measured
along the centre line of the crossing.
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Right angle method
This method is used on Indian Railways. In this method, N is measured along the base of a rightangled triangle. This method is also called Coles method. Cot α/2 – N = N /1/2 or N = 1/2 Cot
α/2

Cot α = N /1 or N = Cot α
Isosceles triangle method
In this method, N is taken as one of the equal sides of an isosceles triangle.

Sin α/2 = ½ /N or N = 1/2N
Cosec α/2 = 2N
N = ½ Cosec α/2
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The right angle method used on Indian Railways, in which TV is the cotangent of the angle
formed by two gauge faces, gives the smallest angle for the same value of N.
To determine the number of a crossing-on site, the point where the offset gauge face of the
turnout track is 1 m is marked. The distance of this point (in metres) from the theoretical nose of
crossing gives N.

TURNOUTS
Introduction The simplest arrangement of points and crossing can be found on a turnout taking
off from a straight track. There are two standard methods prevalent for designing a turnout.
These are the (a) Coles method and (b) IRS method. These methods are described in detail in the
following sections. The important terms used in describing the design of turnouts are defined as
follows:
Curve lead (CL) This is the distance from the tangent point (T) to the theoretical nose of
crossing (TNC) measured along the length of .the main track.
Switch lead (SL) This is the distance from the tangent point (T) to the heel of the switch (TL)
measured along the length of the main track.
Lead of crossing (L) This is the distance measured along the length of the main track as
follows: Lead of crossing (L) = curve lead (CL) - switch lead (SL)
Gauge (G) This is the gauge of the track.
Heel divergence (d) This is the distance between the main line and the turnout side at the heel.
Angle of crossing (a) This is the angle between the main line and the tangent of the turnout line.
Radius of turnout (R) This is the radius of the turnout. It may be clarified that the radius of the
turnout is equal to the radius of the centre line of the turnout (/?,) plus half the gauge width. R =
R}+ 0.5,G As the radius of a curve is quite large, for practical purposes, R may be taken to be
equal to .ft,.
Special fittings with turnouts Some of the special fittings required for use with turnouts are
enumerated as follows:
Distance blocks Special types of distance blocks with fishing fit surfaces are provided at the
nose of the crossing to prevent any vertical movement between the wing rail and the nose of the
crossing.
Flat bearing plates As turnouts do not have any cant, flat bearing plates are provided under the
sleepers
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Spherical washers These are special types of washers and consist of two pieces with a spherical
point of contact between them. This permits the two surfaces to lie at any angle to each other.
Slide chairs These are provided under tongue rails to allow them to move laterally. These are
different for ordinary switches and overriding switches.
Grade off chairs These are special chairs provided behind the heel of the switches to give a
suitable ramp to the tongue rail, which is raised by 6 mm at the heel.
Gauge tie plates These are provided over the sleepers directly under the toe of the switches, and
under the nose of the crossing to ensure proper gauge at these locations.
Stretcher bars These are provided to maintain the two tongue rails at an exact distance.
TURNOUT OF SIMILAR FLEXURE A turnout of similar flexure (Fig.) continues to run in
the same direction as the main line curve even after branching off from it. The degree of the
turnout curve will be higher than that of the main line curve.

TURNOUT OF CONTRARY FLEXURE A turnout of contrary flexure (Fig. 15.2) takes off
towards the direction opposite to that of the main line curve. In this case, the degree and radius of
the turnout curve are given by the following formulae: Dt = Ds-Dm
Rt = Rs Rm /(Rm –Rs) Here, Dm is the degree of the rail of the main track on which the crossing
lies, i.e., the outer rail in Fig. below.
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SYMMETRICAL SPLIT
When a straight track splits up in two different directions with equal radii, the layout is known
as a symmetrical split (Fig. below). In other words, a symmetrical split is a contrary flexure in
which the radii of the two curves are the same.

THREE-THROW SWITCH

In a three-throw arrangement, two turnouts take off from the same point of a main line track.
Three-throw switches are used in congested goods yards and at entry points to locomotive yards,
where there is much limitation of space. A three-throw switch has two switches and each switch
has two tongue rails placed side by side. There is a combined heel block for both the tongue rails
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of the switch. The switches can be operated in such a way that movement is possible in three
different directions, that is, straight, to the right, and to the left. Three-throw switches are
obsolete now as they may prove to be hazardous, particularly at higher speeds, because the use of
double switches may lead to derailments.

Fig Three-throw switch (contrary flexure)
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Three-throw switch (similar flexure)

DIAMOND CROSSING A diamond crossing is provided when two tracks of either the same
gauge or of different gauges cross each other. It consists of two acute crossings (A and C) and
two obtuse crossings (B and D).
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Single Slip and Double Slip In a diamond crossing, the tracks cross each other, but the trains
from either track cannot change track. Slips are provided to allow vehicles to change track. The
slip arrangement can be either single slip or double slip. In single slips, there are two sets of
joints, the vehicle from only one direction can change tracks. In double slips, there are four sets
of joints, the vehicle from both directions can change tracks

GAUNTLETTED TRACK Gauntletted track is a temporary diversion provided on a doubleline track to allow one of the tracks to shift and pass through the other track. Both the tracks run
together on the same sleepers. It proves to be a useful connection when one side of a bridge on a
double-line section is required to be blocked for major repairs or rebuilding. The speciality of
this layout is that there are two crossings at the ends and no switches

Gauntletted track

Gauntletted tracks are also used on sections where trains have to operate on mixed gauges, say,
both BG and MG, for short stretches. In such cases, both the tracks are laid on the same set of
wooden sleepers [(b)].
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Gauntletted track for mixed gauge

SIGNALS
In the early days of railway operation, there was seldom need for more than one train to operate
on a section of track at any given time. As traffic increased, it became necessary to operate trains
in both directions over single track. The purpose of signaling and interlocking is primarily to
control and regulate the movement of trains safely and efficiently. Signaling includes operations
and interlocking of signals, points, block instruments, and other allied equipment in a
predetermined manner for the safe and efficient running of trains.

OBJECTIVES OF SIGNALLING
The objectives of signaling are as follows:


To regulate the movement of trains so that they run safely at maximum permissible
speeds



To maintain a safe distance between trains those are running on the same line in the same
direction



To ensure the safety of two or more trains that has to cross or approach each other



To provide facilities for safe and efficient shunting



To regulate the arrival and departure of trains from the station yard



To ensure the safety of the train at level crossings when the train is required to cross the
path of road vehicles
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CLASSIFICATION OF SIGNALS Railway signals can be classified based on different
characteristics as presented in Table below.
Characteristics
Operational
Functional

Locational

Basis of classification
Communication of message in
visual form
Signaling the loco pilot to stop,
move cautiously, proceed, or
carry out shunting operations
Reception or departure signals

Constructional

Semaphore or color light
signals

Special characteristics

Meant for special purposes

Examples
Fixed signals
Stop signals, permissive
Signals, shunt signals
Reception: Outer, home,
Departure: Starter, and
advanced starter signals
Semaphore: Lower quadrant or
upper quadrant. Color light:
Two aspects or multiple
aspects.
Calling-on signals, repeater
signals, coaching signals, etc.
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Audible Signals
Audible signals such as detonators and fog signals are used in cloudy and foggy weather when
hand or fixed signals are not visible. Their sound can immediately attract the attention of drivers.
Detonators contain explosive material and are fixed to the rail by means of clips. In thick foggy
weather, detonators are kept about 90 m ahead of a signal to indicate the presence of the signal to
the drivers. Once the train passes over the detonators thereby causing them to explode, the driver
becomes alert and keeps a lookout for the signal so that he/she can take the requisite action.

Hand signals
These signals are in the form of flags (red or green) fixed to wooden handles that are held by
railway personnel assigned this particular duty. If the flags are not available, signaling may be
done using bare arms during the day. In the night, hand lamps with movable green and red slides
are used for signaling purposes.

Fixed signal
These are firmly fixed on the ground by the side of the track and can be further subdivided into
caution indicators and stop signals.

Caution indicators
These are fixed signals provided for communicating to the driver that the track ahead is not fit
for the running the train at normal speed. These signals are used when engineering works are
underway and are shifted from one place to another depending upon requirement.
Trap indicator
•

A trap is a device fitted on the track, which in its open position derails the vehicle that
passes over it. When the trap is closed, the vehicle passes over it as it would over a
normal track.

•

A trap indicator reveals whether the trap is in an ‘open’ or ‘closed’ position.
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Semaphore signals
The word ‘semaphore’ was first used by a Greek historian. ‘Sema’ means sign and ‘phor’ means
to bear. A semaphore signal consists of a movable arm pivoted on a vertical post through a
horizontal pin as shown

The arm of the semaphore signal on the side facing the driver is painted red with a vertical white
stripe. The other side of the signal is painted white with a black vertical stripe. The complete
mechanical assembly of the signal consists of an arm, a pivot, a counterweight spring stop, etc.,
and is housed on top of a tubular or lattice post. In order for the signal to also be visible at night,
a kerosene oil or electric lamp, operated through a twilight switch, is fixed to the post. A
spectacle is also attached to the moving signal arm, which contains green and red coloured
glasses. The red glass is positioned at the upper end and the green glass is positioned at the lower
end of the spectacle so that the red light is visible to the driver when the arm is horizontal and the
green light is visible when the arm is lowered
Lower quadrant system
Lower quadrant semaphore signals move only in the fourth quadrant of a circle and have only
two color aspects. In order to provide the drivers with further information
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This system of signalling was designed so that the semaphore arm of the signal could be kept
either horizontal or lowered. The lower left-hand quadrant of a circle is used for displaying a
semaphore indication to the driver of a train. This concept was possibly developed based on the
left-hand driving rules applicable on roads in the UK and in India.

Upper quadrant signaling system
In lower quadrant signaling, the semaphore arm of the signal can only take two positions,
namely, horizontal or lower; it is not possible to include a third position for the semaphore arm,
such as vertically downward position, due to design as well as visibility problems, since as the
semaphore arm would, in that case, be super imposed on the signal post. Due to this limitation,
the upper quadrant system was developed, which can display more than two aspects. In this
system, it is possible to incorporate three positions of the semaphore arm, namely,
(a) Horizontal,
(b) Inclined at an angle of about 45° above the horizontal level, and
(c) Vertical, i.e., inclined at an angle of 90° above the horizontal level.
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STOP SIGNALS
The various types of stop signals with reference to their location on a station are discussed here
in detail.
Outer signal on double-line section: This is the first semaphore stop signal at a station that
indicates the entry of a train from a block section into the station limits. This signal is provided at
an adequate distance beyond the station limits so that the line is not obstructed once the
permission to approach has been given. It is provided at a distance of about 400 m from the
home signal. The signal has one arm but has a warner signal nearly 2 m below on the same post.
Home signal on double-line section: After the outer signal, the next stop signal towards the
station side is a home signal. It is provided right at the entrance of the station for the protection
of the station limits. The signal is provided about 50 m short of the points and crossings. The
arms provided on a home signal are generally as many as the number of reception lines in the
station yard. The signal for the main line is provided on a 'doll', which is higher than others.
Routing signal: The various signals fixed on the same vertical post for both main and branch
lines are known as routing signals. These signals indicate the route that has been earmarked for
the reception of the train. Generally, the signal for the main line is kept at a higher level than that
for the loop line. It is necessary for the driver of a train approaching a reception signal to know
the line on which his or her train is likely to be received so that he or she can regulate th speed of
the train accordingly. In case the train is being received on the loop li 3, the speed has to be
restricted to about 15 km per hour, whereas if the reception s on the main line, a higher speed is
permissible.

Starter signal
The starter signal is a stop signal and marks the limit up to which a particular line can be
occupied without infringing on other lines. A separate starter signal is provided for each line.
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The starter signal controls the movement of the train when it departs from the station. The train
leaves the station only when the starter signal is in the ‘off’ (or proceed) position. As this signal
controls the departure of a train, it comes under the category of departure signals.

Advanced Starter signal
•

This is the last stop signal provided for the departure of trains from a station.

•

The signal is provided about 180 m beyond the outermost points or switches and marks
the end of the station limits.

•

A block section lies between the advanced starter signal of one station and the outer
signal of the next station.

•

No train can leave the station limits until and unless the advance starter is lowered.

Signaling arrangement under Modified Lower Quadrant Signaling System
Since lower quadrant semaphore two aspect signaling system is capable of conveying limited
information to the loco pilot, the arrangement was modified to be known as Modified Lower
Quadrant Signaling. In this an arrangement a Warner is provided on the same doll as that of
mainline home signal.

COLOURED LIGHT SIGNALS These signals use coloured lights to indicate track conditions
to the driver both during the day and the night. In order to ensure good visibility of these light
signals, particularly during daytime, the light emission of an electric 12 V, 33 W lamp is passed
through a combination of lenses in such a way that a parallel beam of focused light is emitted
out. This light is protected by special lenses and hoods and can be distinctly seen even in the
brightest sunlight. The lights are fixed on a vertical post in such a way that they are in line with
the driver's eye level. The system of interlocking is so arranged that only one aspect is displayed
at a time. Coloured light signals are normally used in automatic signalling sections, suburban
sections, and sections with a high traffic density Coloured light signals can be of the following
types.
(a) Two-aspect, namely green and red
(b) Three-aspect, namely green, yellow, and red
(c) Four-aspect, namely green, double yellow, and red
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In India, mostly three-aspect or four-aspect coloured light signalling is used. In the case of threeaspect signalling, green, yellow, and red lights are used. Green indicates 'proceed', yellow
indicates 'proceed with caution', and red indicates 'stop

Co-acting signal In case a signal is not visible to the driver due to the presence of some
obstruction, such as an overbridge or a high structure, another signal is used to move along the
main signal on the same post. This signal, known as the co-acting signal, is an exact replica of
the original signal and works in unison with it.
Repeater signal In case where a signal is not visible to the driver from an adequate distance due
to sharp curvature or any other reason or where the signal is not visible to the guard of the train
from his position at the rear end of a platform, a repeater signal is provided at a suitable position
at the rear of the main signal.

Shunt signals
These are miniature signals and are mostly used for regulating the shunting of
vehicles in station yards. Unlike fixed signals, these are small in size and are placed on an
independent post of a running signal post. In semaphore signalling areas, the shunt signals are of
the disc type.
The disc type of shunt signal consists of a circular disc with a red band on a white background.
The disc revolves around a pivot and is provided with two holes, one for the red lamp and the
other for the green lamp, for the purpose of night indication. At night, the ‘on’ position of the
signal is indicated by the horizontal red band and the red light, indicating danger. During the day
the red band inclined to the horizontal plane and during the night the green light indicate that the
signal is ‘off’
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Sighting board
•

The function of a sighting board is to allow the driver to estimate the location of the next
stop signal from the current location so that he/she starts applying brakes in case the first
stop signal is in an ‘on’ position.

Trap indicator
•

A trap is a device fitted on the track, which in its open position derails the vehicle that
passes over it. When the trap is closed, the vehicle passes over it as it would over a
normal track.

•

A trap indicator reveals whether the trap is in an ‘open’ or ‘closed’ position.
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Caution indicators
When the track is undergoing repair, trains are required to proceed with caution at restricted
speeds and may even have to stop. Caution indicators help the driver of a train to reduce the
speed of (or even stop) the train at the affected portion of the track and then return it to the
normal speed once that portion has been covered.
The following indicators are used for this purpose.
Caution indicator This cautions the driver to get ready to reduce the speed.
Speed indicator The driver has to reduce the speed (or stop) at this location.
Stop indicator or stop board The driver has to stop the train at this location.
Termination indicator This indicates that the driver can assume normal speed and that the speed
restriction zone has ended.
These indicators are also called temporary fixed engineering signals and are provided in the
direction of the approaching train in the case of double lines and in both directions in the case of
single lines.
SIGNALLING SYSTEMS
The signaling system can be broadly classified into two main categories. (a) Mechanical
signaling system (b) Electrical signaling system In addition to these two main categorisignaling
systems, electronic or solid-state signaling system is also in use. Each system of signaling
comprises five main components.
(a) Operated units such as signals and points
(b) Interlocking system
(c) A transmission system such as single- or double-wire transmission or electrical transmission
through cables
(d) Operating units such as levers and press buttons
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(e) Monitoring units such as detectors, treadle bars, and track circuits The comparison between
mechanical and electrical signalling based on these five broad components is given in Table
below.
Component
Operated units signals

Points

Level crossing gates

Transmission systems

Operating units

Interlocking units

Monitoring units

Mechanical
Mechanically operated signals
as per lower quadrant or upper
quadrant and modified lower
quadrant signalling
Mechanically operated points;
locking with the help of point
locks, stretcher bars, and
detectors
Interlocking of manually
operated swing leaf gate or
operation and Interlocking of
mechanically operated lifting
barriers
Single or double wire
transmission to the requisite
points by means of rods or
double wires
Hand levers with a range of 500
to 2000 m used in collaboration
with single wire or double wire
lever frames
Mechanical interlocking with
plungers attached with levers
and tappets moving across in a
locking trough
Monitoring of points with the
help of mechanical detectors;
monitoring of the passage of
trains using a treadle, which is
an electro-mechanical device

Electrical
Coloured light signals with
two- aspect, three-aspect or
four-aspect signalling
Electrically operated points (by
converting the rotary movement
of electric motors into linear
push or pull); locking with the
help of slides and solid rods
Operation and Interlocking of
electrically operated lifting
barriers

Electrical transmission through
overhead wires or underground
cables
Push buttons, rotary switches,
or electrical signalling
equipment
Interlocking through
electromagnetic switches
known as relays or solid-state
switching devices
Monitoring with the help of
direct current track circuits,
alternating current track
circuits, electronic track
circuits, axle counters, etc.

INTERLOCKING
Points

Points are set mechanically and are kept in locks and stretcher bars. The mechanical
arrangement for operating them includes a solid rod with a diameter of 33 mm running from the
lever provided in the cabin and connected to the point through cranks and compensators. Owing
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to transmission losses, the operating points with rods is restricted to a specified distance from the
cabin. The following devices are used to ensure that the points are held rigidly in the last
operated position under a moving train and to ensure absolute integrity of the same.
(a) Point locks to hold the point in the required position and to rigidly hold the point in the
position of the last operation
(b) Facing point lock with lock bars to prevent the movement of points when a train is passing
over them
Point locks A point lock is provided to ensure that each point is set correctly. It is provided
between two tongue rails and near the toe of the switch assembly. The point lock consists of a
plunger, which moves in a plunger casing of facing point lock. The plunger is worked by means
of a plunger rod, which is connected to the signal cabin through a lock bar. Additionally, there is
a set of stretcher blades and each blade is connected to one of the tongue rails. Each blade has
two notches and they move inside the facing point lock plunger casing along with the tongue
rails. When the points are set correctly for a particular route, the notch in the stretcher blade rests
in its proper position and the plunger rod enters the notch, locking the switch in the last operated
position.
INTERLOCKING
Interlocking is a device or a system meant to ensure the safety of trains. With the increase in the
number of points and the signals and introduction of high speeds, it has become necessary to
eliminate human error, which would otherwise lead to massive losses of life and property. The
points and signals are set in such a way that the cabin man cannot lower the signal for the
reception of a train unless the corresponding points have been set and locked. The signal is thus
interlocked with the points in a way that no conflicting movement is possible and the safety of
trains is ensured. Interlocking may therefore, be defined as a technique, achieved through
mechanical or electrical means by which it is ensured that before a signal is taken 'off, the route
which the signal controls is properly set, locked and held till such time the entire route is
traversed by the train and at the same time all the signals and points, the operation of which
would lead to conflicting movements, are locked against the feasibility of such conflicting
movements. The signal and interlocking system is so designed that the failure of any equipment
results in the turning 'on' of the signal, thus ensuring train safety.
ESSENTIALS OF INTERLOCKING
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Lever frames and other apparatus provided for the operation and control of signals, points, etc.,
must be so interlocked and arranged as to comply with the following essential regulations.
(a) It should not be possible to turn a signal off unless all points for the line on which the train is
to be received are correctly set, all the facing points are locked, and all interlocked level
crossings are closed and inaccessible to road traffic.
(b) The line should be fully isolated before the signal is turned off, i.e., no loose wagons should
be able to enter this line.
(c) After the signal has been turned off, it should not be possible to make adjustments in the
points or locks on the route, including those in the isolated line. Also, no interlocked gates
should be released until the signal is replaced in the ‘on’ position.
(d) It should not be possible to turn any two signals off at the same time, as this can lead to
conflicting movements of the trains.
(e) Wherever feasible, the points should be so interlocked as to avoid any conflicting movement.
Typical Cases of Interlocking The following typical cases of interlocking are usually
encountered.
Normal locking In this case, pulling one lever locks the other lever in its normal position. Such
locking shall be required in situation like the signal lever locking a point lever, when the signal
requires the point to be moved for train movement.
Back locking or release locking In this case, when the lever is in its normal position, it also
blocks the other lever in its normal position, but when this lever is pulled it releases the other
lever, which can then be pulled. Furthermore, once the second lever is also pulled, the first lever
gets locked in the 'pulled' position and cannot be returned to its normal position unless the
second lever is restored to its normal position.
Both-way locking In this case, once a lever is pulled, it locks the other lever in its current
position that is, in the normal or pulled position. Such type of locking is normally required in
situations when the lock on point is to lock the point in either position. Here, if the point is to be
locked in normal condition, the point lever shall get locked as it is by pulling back the lever.
Special or conditional locking In this case, the pulling of one lever locks the other lever only
when certain conditions are fulfilled, say the third lever being in a normal or pulled position as
the case may be. Such a locking is normally required when a signal leads to more than one route.
Welding
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Welding is a fabrication or sculptural process that joins materials,
usually metals or thermoplastics, by causing fusion.

•

Welding a Rail Joint

•

The purpose of welding is to join rail ends together by the application of heat and thus
eliminate the evil effects of rail joints. There are four welding methods used on railways.

(a) Gas pressure welding
(b) Electric arc or metal arc welding
(c) Flash butt welding
(d) Thermit welding
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