UNIT II GEOMETRIC DESIGN OF RAILWAY TRACK

Selection of a Good Alignment

Normally, a direct straight route connecting two points is the shortest and most economical route
for a railway line, but there are practical problems and other compulsions which necessitate
deviation from this route. The various factors involved is the selection of a good alignment for a
railway line are given below.

Obligatory or Controlling Points

These are the points through which the railway line must pass due to political, strategic, and
commercial reasons as well as due to technical considerations. The following are obligatory or
controlling points.

Important cities and towns These are mostly intermediate important towns, cities, or places
which of commercial, strategic, or political importance.

Major bridge sites and river crossings The construction of major bridges for large rivers is
very expensive and suitable bridge sites become obligatory points for a good alignment.

Existing passes and saddles in hilly terrain Existing passes and saddles should be identified
for crossing a hilly terrain in order to avoid deep cuttings and high banks.

Sites for tunnels The option of a tunnel in place of a deep cut in a hilly terrain is better from the
economical viewpoint. The exact site of such a tunnel becomes an obligatory point.

Topography of the Country

The alignment of a new railway line depends upon the topography of the country it traverses.
The following few situations may arise.

Plane alignment When the topography is plane and flat, the alignment presents no problems
and can pass through obligatory points and yet have very easy gradients.

Valley alignment The alignment of a railway line in valley is simple and does not pose any
problem. If two control points lie in the same valley, a straight line is provided between these
points with a uniform gradient.

Cross-country alignment The alignment of a railway line in such terrain crosses the watersheds
of two or more streams of varied sizes. As the levels vary in cross-country, the gradients are
steep and varying and there are sags and summits. The controlling or obligatory points for cross-
country alignment may be the lowest saddles or tunnels. It may be desirable to align the line for
some length along the watersheds so that some of the drainage crossings may be avoided.
Mountain alignment The levels in mountains vary considerably, and if normal alignment is
adopted, the grades would become too steep, much more than the ruling gradient (allowable
gradient). In order to remain within the ruling gradient, the length of the railway line is increased
artificially by the 'development process'. The following are the standard methods for the
development technique:

Zigzag line method In this method, the railway line traverses in a zigzag alignment (Fig. 3.1)
and follows a convenient side slope which is at nearly right angles to the general direction of the
alignment. The line then turns about 180 o in a horseshoe pattern to gain height.
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Switch-back method In the case of steep side slopes, a considerable gain in elevation is
accomplished the switch-back method (Fig. 3.2). This method involves a reversal of direction
achieved by a switch, for which the train has to necessarily stop. The switch point is normally
located in a station yard. In Fig. 3.2, A and B are two switches and A, and By are two buffer
stops. A train coming from D will stop at By and move in back gear to line BA. It will stop at
A, again and then follow the line AC.AC.

© Fig. 3.1 Zigzag fine alignment

Fig. 3.2 Switch-back asgnment

Spiral or complete loop method This method is used in a narrow valley where a small bridge or
viaduct has been constructed at a considerable height to span the valley (Fig. 3.3). In this case,
normally a complete loop of the railway line is constructed, so that the line crosses the same
point a second time at a height through a flyover or a tunnel. »

Fig. 3.3 Camplcte looo alignment

Geometrical Standards

Geometrical standards should be so adopted as to economize as much as possible as well as
provide safety and comfort to passengers. This can be done by adopting gradients and curves
within permissible limits. Transition as well as vertical curves should be used to provide better
comfort and safety.

Geological Formation

The alignment should be so selected that it normally runs on good and stable soil formation as
far as possible. Weak soil and marshy land present a number of problems including those of
maintenance. Though rocky soil, provides a stable formation, it is a costly proposal.
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Effect of Flood and Climate

The alignment should normally pass through areas which are not likely to be flooded. The
climatic conditions should also be taken into consideration for alignment. In hot climate and
sandy areas, the alignment should pass by those sides of sand dunes that face away from the
direction of the wind. Similarly, in cold regions, the alignment should pass by those sides of hills
that face away from the direction of the wind. A sunny side is more desirable.

Position of Roads and Road Crossings -

A railway line should cross a road at right angles so as to have a perpendicular level crossing
and avotid accidents.

Proximity of Labour and Material

The availability and proximity of local labour and good and cheap building material should also
be considered when deciding the alignment.

Location of Railway Stations and Yards

Railway stations and yards should be located on level stretches of land, preferably on the
outskirts of a town or village so as to have enough area for the free flow of traffic.

Religious and Historical Monuments

The alignment should avoid religious and historical monuments, as it is normally not possible to
dismantle these buildings. '
Cost Considerations

The alignment should be such that the cost of construction of the railway line is as low as
possible. Not only the initial cost of construction but also the maintenance cost should be as low
as possible. For this purpose, the alignment should be as straight as possible, with least
earthwork, and should pass through terrain with good soil.

Traffic Considerations

The alignment should be so selected that it attracts maximum traffic. In this context, traffic
centres should be well planned; so that the railway line is well patronized and the gross revenue
arising out of traffic receipts is as high as possible.

Economic Considerations

Keeping in mind the various considerations, it should be ensured that the alignment is overall
economical. For this purpose, various alternate alignments are considered and the most
economical one, which is cost effective and gives the maximum returns is chosen.

The maximum annual return ( 4 =) is calculated by the formula

R-E
!

where R is the gross revenue earned by the railway line and E denotes the annual running
expenses.

It may be noted here that R depends upon the route that proves to be advantageous when taking
traffic into consideration and, therefore, should be given due weightage. The other way to
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maximize the annual return is to have sound and economical construction work so as to reduce
the annual running expenses. A suitable balance has to be achieved between construction cost
and operating expenses.

Political Considerations :

The alignment should take into account political considerations. It should not enter foreign soil
and should preferably be away from common border areas.

Need for Construction of a New Railway Line

The need for construction of a new railway line arises because of one or more of the following
considerations.

(a) Strategic reasons It is sometimes necessary to extend the existing railway line to a new
point of strategic importance so that the defence forces can move quickly to the same areas
in case of any emergency such as the threat of war.

(b) Political reasons A new line sometimes becomes necessary to serve the political needs of the
country, for example, the railway line from Pathankot to Jammu.

(c) Development of backward areas Railway lines are sometimes constructed to develop
backward areas. Experience has shown that once railway communication is available, backward
areas develop very fast. The Assam rail link can be classified in this category.

(d) To connect new trade centres Sometimes new trade centres are connected with railway lines
for the quick transportation of goods between two trade centres or from the point of production
to the point of consumption.

(€) To shorten the existing rail link The existing routes between two important points may be
longer than required. New railway lines are constructed on a shorter alignment in such cases. A
short route is not only economical, but also helps in the faster movement of goods and
passengers. The Konkan Railway is a typical example.

Doubling of existing single railway lines is also done in a few cases to cope up with the
additional requirement of traffic. Recently, a large number of projects have also been under taken
for converting the existing metre gauge lines into broad gauge lines in order to have a uniform
gauge for the smooth flow of traffic.

Preliminary Investigations for a New Railway Line

Whenever the construction of a new railway line is under consideration, preliminary
investigations are done by the railway administration to determine how the proposed line will fit
in with the general scheme of future railway development. The preliminary investigations are
normally based on a careful study of the following:

(a) Existing topo sheets and other maps of the area

(b) Published figures of trade and population of the area to be served

(c) Statistical data of existing railway lines in similar terrain in other areas

As a result of these investigations, it becomes possible to decide whether or not

the new railway line is required and surveys should then be undertaken to get more details of the
new line being contemplated.

Types of Surveys
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Once a decision has been taken during preliminary investigations about the general feasibility
and desirability of a railway line, surveys are undertaken before the construction of the new line.
The following types of surveys are normally conducted:

(a) Traffic survey

(b) Reconnaissance survey

(c) Preliminary survey

(d) Final location survey

The details of these surveys are discussed in the following sections
1 Traffic Survey
Traffic survey includes a detailed study of the traffic conditions in the area with a view to
determine the
(a) most promising route for the railway in the area,

(b) possible traffic the railway line will carry, and

(c) standard of railway line to be followed.

Traffic surveys are normally undertaken in conjunction with reconnaissance or preliminary
engineering surveys so that the technical feasibility and relative costs of alternative proposals can
be formulated. The traffic survey team should work in close cooperation with the engineering
survey team. The survey team should visit all trade centres in the area and consult local bodies,
state governments, and prominent citizens regarding trade and industry and propose the most
suitable alignment for the new line.

Traffic survey consists of an economic study of the area keeping in mind the following
considerations, information on which should be collected in detail;

(a) Human resources
(b) Agricultural and mineral resources
(c) Pattern of trade and commerce
(d) Industries located and projected
(e) Prospects of tourist traffic
(f) Existing transport facilities
(g) Locations of important government and private offices
(h) Planning for economic development of the area
The traffic survey team should make an assessment of the traffic likely to be carried by to the
new line. While carrying out the survey, details of traffic likely to be offered by various
government organizations, public bodies, or private enterprises should be gathered.
At the end of the survey, a report should be formulated by the officer-in-charge of the survey.
The formation of the report is governed largely by the nature of the terms of reference and the
investigations made. The traffic survey report should normally contain the following
information:
(a) History of the proposal and terms of reference
(b) General description
(c) Potentials and prospects
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(d) Industrial and economic development and traffic projections

(e) Population projection and volume of passenger traffic

(f) Existing rates and rates to be charged

(g) Location of route or routes examined, alternate routes, and possible extensions

(h) Station sites and their importance |

(i) Train services, section capacity, and various alternative ways of increasing capacity

(§) Coaching eamings

(k) Goods earnings

() Working expenses and net receipts

(m) Engineering features

(n) Telecommunication facilities

(o) Financial appraisal

(p) Conclusions and recommendations

2 Reconnaissance Survey

This survey consists of a rapid and rough investigation of the area with a view to determine the
technical feasibility of the proposal as well as the rough cost of one or more alternatives to the
new line. The reconnaissance survey (RECCE) is normally based on contoured survey maps and
other data already available without carrying out detailed investigations in the field. With the
help of the maps, different alternative alignments of the new line are studied.

The general topography of the country is studied by the survey team and then field data are
collected.

2.1 Survey Instruments

The reconnaissance survey is mostly conducted using survey instruments that rapidly measure
approximate distances and heights. The survey instruments used are the following:

Prismatic compass To get magnetic bearings of the proposed alignment.

Aneroid barometer To ensure relative heights of various points.

Abney level or hand level or clinometer To measure the gradients or angles of slopes.
Binocular To view the physical features.

Pedometer To get an idea of the total length traversed while walking.

2.2 Modern Surveying Instruments and Techniques

Modern surveying instruments make extensive use of infrared beams, laser beams, as well as
computers. Using these instruments, it is possible to carry out fairly accurate surveying
efficiently at all times, eliminating human error.

Electromagnetic Distance Measurement (EDM) Instruments

EDM instruments rapidly and automatically measure both horizontal and vertical distances. The
readings can be displayed on built-in computer screens. Examples of such instruments are the
geodimeter and the tellurimeter, which have been used in the past for electronic distance
measurement of up to 80 km during day or night. Modern EDM instruments are much more
advance and versatile.
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Use of Computers
The results of the field survey are recorded in the form of angles and distances in the normal
field book or electronic notebook. Using computers, it is possible to do all calculations as well as
plot accurately. Thus, output from the EDM can be fed into the computer, which in turn can plot
plans and sections.
Use of Laser in Surveying
Laser is an acronym for light amplification by stimulated emission of radiation. Its property of
low diversion is used for alignment purposes. The invisible line of sight in ordinary survey
instruments is replaced by the bright red beam of the Laser. This beam is intercepted by the
target composed of light-sensitive cells connected to the display panel. Its most important aspect
is that the beam is in a perfect straight line. Distances up to 70 km can be measured using laser.
For short distances infrared beams are used. '
2.3 Field Data
The following field data are collected during the reconnaissance survey.

(a) General topography of the country
Approximate heights of the different points falling on the alignment

(c) Positions of rivers, streams, and some hydrological details of the same

(d) Positions of roads and highways

(e) .Nature of soil at different places

() Rough location of various station sites

(g) Controlling points on the alignment, through which the railway line must pass

(h) Facilities for construction
2.4Project Report for Reconnaissance Survey
Based on the above data, a report should be prepared by the engineer in charge of the project
bringing out clearly from the financial point of view whether or not the prospects of the line
surveyed are such as to make it worthwhile to undertake further investigations to construct the
line. The project report should be accompanied by an abstract estimate of the cost of the line.

The report and estimate should be accompanied by a map of the area on a scale of 20 km to 1
cm and an index map of 2.5 km to 1 cm.
3 Preliminary Survey
The preliminary survey consists of a detailed instrumental examination of the route to be selected
as a result of the reconnaissance survey in order to estimate the cost of the proposed railway line.
Based on the preliminary and traffic survey reports, the railway administration decides whether
or not the proposed railway line is to be constructed.
3.1 Instruments for Preliminary Survey
The instruments to be used for a preliminary survey will depend on the topography of the
country and its flora. The survey instruments normally used are the following.

(a) Theodolite for traversing and pegging the centre line

(b) Tacheometer for plotting the main features
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(c) Dumpy level for taking the longitudinal and cross levels
(d) Plane table for getting details of various features
(¢) Prismatic compass for measuring the magnetic bearings of a particular alignment .
3.2 Field Survey
The route selected is surveyed in greater detail in the preliminary survey. The survey normally
covers a width of 200 m on either side of the proposed alignment. The following survey work is
carried out.
(@) An open traverse is run along the centre line of the proposed alignment with the help of a
theodolite, tacheometer, or a compass.
(b) Longitudinal and cross levelling on the proposed route for a width of 200 m on either side
in order to make an accurate contour map.
(c) Plane tabling of the entire area to obtain various geographical details.
(d) Special survey of station sites, level crossings, and bridges using the plane table.
3.3 Data
The following information should normally be collected during a preliminary survey.
(a) Geological information such as type of soil strata and the nature of rocks.
(b) Source of availability of construction materials such as sand, aggregate, bricks, cement, and
timber.
(c) Facilities for construction such as the availability of labour and drinking water.
(d) Full details of the land and buildings to be acquired.
(¢) Details of existing bridges and culverts along with information about proximity of tanks,
bunds, etc., which may affect the design of bridges.
(D) Details of road crossings along with the angles of crossing and the traffic expected on the
level crossings. '
(g) High flood level and low water level of all the rivers and streams falling on the alignment.
(b) Full details of station sites along with the facilities required.
3.4 Preparation of Project Repor
A report based on the preliminary survey is prepared after obtaining an estimate of the cost. The
project report should contain the following details.
(a) Introduction
(b) Characteristics of the project area
(c) Standard of construction
(d) Route selection
(e) Project engineering including cost estimate and construction schedule
(f) Conclusions and recommendations
3.5 Cost Estimate
The report should be accompanied by cost estimate. The estimate based on the preliminary
report should be sufficiently accurate to enable a competent authority to take a decision
regarding the construction of the new line. The estimate should contain the following details.
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(a) An abstract cost estimate of the line surveyed accompanied by an abstract estimate of
Jjunction arrangements.
(b) Detailed estimates of land, tunnels, major bridges, minor bridges, one kilometre of
permanent way, rolling stock, and general charges.
The report and estimate should be accompanied by the following drawings.
(a) Map of the area (scale 20 km = 1 cm)
(b) Index plan and section (scale 0.5 km to 1 cm horizontal and 10 m to 1 cm vertical)
(d) Detailed plans and sections Plans of station yard
(e) Plans of junction arrangements
4.Preliminary Engineering-cum-traffic Survey
In practice, and quite often, both the traffic survey and the preliminary engineering survey are
carried out simultaneously in order to expedite the project. In such cases techno-economic survey
reports based on preliminary-cum-traffic surveys are compiled. Such techno-economic survey
reports contain the following details.
(a) Introduction v
(b) Traffic projections
(c) Analysis of alternatives
(d) Characteristics of project area
(e) Standards of construction (for new lines, multiple tracking schemes, gauge conversions)
(f) Route selection and project description
(g) Project engineering (for new lines, multiple tracking schemes, and gauge conversions)
(h) Cost, phasing, and investment schedules
(i) Financial appraisal
() Recommendations
5.Final Location Surve
Once a decision has been taken for a particular railway line to be constructed, a final location
survey is done. The instruments used are generally the same as in the case of the preliminary
survey. Final location survey is done to prepare working details and make accurate cost estimates
in certain cases. The principal differences between the preliminary survey and the final survey
are as follows.
(a) In the final location survey, the alignment is fully staked with the help of a theodolite,
whereas it is not obligatory to do so in the case of preliminary survey.
(b) In the final location survey, a more detailed project report is prepared and submitted
(c) All working drawings are prepared in the final location survey.
The following tasks are carried out in the final location survey.
(a) The centre line is fully marked by pegs at 20 m. At each 100 m, a large peg should be used.
(b) Masonry pillars are built at tangent points of curves and along the centre line at intervals of
500 m.
(c) Longitudinal and cross levelling is done to ascertain the final gradient of the alignment. All
gradients are compensated for curves.
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(d) The sites for station yards are fully demarcated.

In the final location survey, the following set of drawings is prepared.

(b) General map of the country traversed by the project at a scale of about 20 km to 1 cm Index

map, scale about 2.5 km to 1 cm

(c) Index plan and sections

(d) Detailed plans and sections

(e) Plans and cross section

(f) Plans of station yards

(g) Detailed drawings of structures

(h) Plans of junction arrangements
Necessity for Geometric Design of Track
The need for proper geometric design of a track arises because of the following considerations
Introduction
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 superelevation 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 of Track
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Fig. 12.1 Rising and falling gradient

Gradients are provided to negotiate the rise or fall in the level of the railway track.

Details of Geometric Design of Track

The geometric design of the track deals with the various aspects described in the following.
Alignment of railway track The subject of railway track alignment has been covered in Previous
Pages.

Curves Details regarding curves and their various aspects have been discussed in Previous Pages.
Gradients Details regarding gradients are discussed in the following section.

Gradients of Track

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. For example, if there is a rise of 1 m
in 400 m, the gradient is 1 in 400 or 0.25%, as shown in Fig. 12.1.
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Fig. 12.4 Rising and falling gradient
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
(¢) To reduce the cost of earthwork.
The following types of gradients are used on the railways.
(a) Ruling gradient
(b) Pusher or helper gradient
(¢) Momentum gradient
(d) Gradients in station yards

1 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 ® is '

P=W Sin?®
= W tan °® (approximately, as ® is very small) = W * gradient

Indian Railways does not specify any fixed ruling gradient owing to enormous variations in
the topography of the country, the traffic plying on various routes, and the speed and type of
locomotive in use on various sections. Generally, the following ruling gradients are adopted on
Indian Railways when there is only one locomotive pulling the train.

In plain terrain: 1 in 150 to 1 in 250 '
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In hilly terrain: 1 in 100 to 1 in 150
Once a ruling gradient has been specified for a section, all other gradients provided in that
- section should be flatter than the ruling gradient after making due compensation for curvature.

2 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. Examples of pusher gradients are
the Budni-Barkhera section of Central Railways and the Darjeeling Himalayan Railway section.

3 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
gradients there are no obstacles provided in the form of signals, etc., which may bring the train to
a critical juncture.

4 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 levelled 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 metres. 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.
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Example Find the steepest gradient on a 2 o curve for a BG line with a ruling gradient of 1 in
200.

Solution

(i) Ruling gradient =1 in 200 = 0.5%

(ii) Compensation for a 2 o curve = 0.04 % 2 = 0.08% .
(iii) Compensated gradient = 0.5 - 0.08 = 0.42% =1 in 238 The steepest gradient on the curved
track is 1 in 238.

Curves and Super elevation - Introduction

Curves are introduced on a railway track to bypass obstacles, to provide longer and easily
traversed gradients, and to pass a railway line through obligatory or desirable locations.
Horizontal curves are provided when a change in the direction of the track is required and
vertical curves are provided at points where two gradients meet or where a gradient meets level
ground. To provide a comfortable ride on a horizontal curve, the level of the outer rail is raised
above the level of the inner rail. This is known as superelevation.

Circular Curves

This section describes the defining parameters, elements, and methods of setting out circular

curves.

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.

Angle subtended at the centre by a circle with this circumference = 3600

Angle subtended at the centre by a 30.5-m chord, or degree of curve
_360°
- 2zR
= 1750/R (approx., R is in metres)

% 30.5

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 metres)
D = 5730/R (when R is in feet)

A 2 o curve, therefore, has a radius of 1750/2 = 875 m.

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 Fig. 13.1.
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.
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Fig. 13.4 Relation between radius and versine of a eurve

AC and DE being two chords meeting perpendicularly at & common point B,
stmple geometry can prove that
AB x BC =DB = BE

[aly
V2R - 1) =(C12) x(CI2)
OF
2RV -V =C4
" being very small, ° can be neglected. Therefore,
gy =
4
of
c? :
V=% 13.1
S8R | (13.1)

In Eqn (13.1), V,C, and R are in the same unit, say, metres or centimetres. This general
equation can be used to determined versines if the chord and the radius of a curve are known.

Case I: Values in metric units Formula (13.1) can also be written as

yo_c

9 &R
where R is the radius of the curve, Cis the chord length in metres, and V is the versine in
centimetres, or
_CPx100
Y

I

125C2

12.53C
om of

b
s

mm {(13.2)

Case II: Values in fps units When R, is the radius in feet, C; is the chord length in feet,
and V) is the versine in inches, Formula (13.1) can be written as
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or
1.5¢7
‘RE
Using formulae (13.2) and (13.3), the radius of the curve can be calculated once the versine
and chord length are known.

b= (13.3)

Determination of degree of a curve in field

For determining the degree of the curve in the field, a chord length of either 11.8 m or 62 ft is
adopted. The relationship between the degree and versine of a curve is very simple for these
chord lengths as indicated below.

Versine on a 11.8-m chord
Versine on o 11.8-m chowd

12501

Vo= em ffrom formula (1323}

L 175G .
D= 5 (e specified before)
From the two equations given above, the degree of the curve fora 11.8-m chord
can e determined as follows. Substituting the value of B =12.5C24",
1780 1750V
12507 12.5=(11.8Y
= } approx. {cm) '

D=

Versine on 1 62-ft chord

V= -'R‘ i [from formula (13.3)]
1
D= D;ﬁ {as specified before)
P
The degree of the curve for a 62-1t chord can be determined as follows.
Substituting the value of
7308, 3730V

5

13C7 LEx(62)

R =

= [, approx. {in.}

This important relationship is helpful in determining the degree of the curve at any point by
measuring the versine either in centimetres on a 11.8-m chord or in inches on a 62-ft chord. The
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curve can be of as many degrees as there are centimetres or inches of the versine for the chord
lengths given above.

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. The maximum degree or the minimum radius of the
curve permitted on Indian Railways for various gauges is given in Table 13.1.

Table 13.1 Maximum permissible degree of curves

Table 13.1 Maximum permissitde degres of curves

(rauge On plain rack On turnouts

Max. degree Min. radius fmj Max. degree  Min. radius (m)

BG 10 173 8 218
MG t6 109 5 118
NG 40 44 17 a3

Elements of a circular curve

In Fig. 13.2, AO and BO are two tangents of a circular curve which meet or intersect at a point
O, called thepoint of intersection or apex. T; and T, are the points where the curve touches the
tangents, called tangent points (TP). OT,; and OT; are the tangent lengths of the curve and are
equal in the case of a simple curve. T;T, is the chord and EF is the versine of the same. The
angle AOB formed between the tangents AO and OB is called the angle of intersection (1) and
the angle BOO; is the angle of deflection . The following are some of the important relations
between these elements:

O

E

T 2
4o —a

|
Yangem point
Fig. 13.2 Elements of a circular curve

L+ £ =180°

Tangem length = O, = QT, = Rmng

)

T, T, = length of the long chord = 2Rsm =
2rR . wRe
X @ = e

Length of the curve = —
360 - 180
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1.Setting Out a Circular Curve _
A circular curve is generally set out by any one of the following methods.

Tangential offset method
The tangential offset method is employed for setting out a short curve of a length of about 100

m (300 ft). It is generally used for laying turnout curves.

In Fig. 13.3, let PQ be the straight alignment and T be the tangent point for a curve of a known .
radius. Let AA , BB, CC, etc. be perpendicular offsets from the tangent. It can be proved that

Value of offset O; = C12=2R
where C, is the length of the chord along the tangent. Similarly,

o

27 3R
2

0y =2%
c:
f)n = '?jé

Fig. 13.3 Tangential offset meathod

The various steps involved in the laying out of a curve using this method are as follows.
(a) Extend the straight alignment PT to TQ with the help of a ranging rod. TQ is now the

tangential direction.

(b) Measure lengths Cj, Cy, C3, etc. along
offsets Oy, Oy, O3, etc. for these lengths as per the formulae given above. For simplicity, the

values of C;, Cs, Cs, etc. may be taken in multiples of three or so.
(c) Measure the perpendicular offsets Oy, Oy, O;, etc. from the points A, B, C,

the tangential direction and calculate the
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In practice, sometimes it becomes difficult to extend the tangent length beyond a certain point
due- to the presence of some obstruction or because the offsets become too large to measure
accurately as the length of the curve increases. In such cases, the curve is laid up to any
convenient point and another tangent is drawn out at this point. For laying the curve further,
offsets are measured at fixed distances from the newly drawn tangent.

Long chord offset method

The long chord offset method is employed for laying curves of short lengths. In such cases, it is
necessary that both tangent points be located in such a way that the distance between them can
be measured, and the offsets taken from the long chord.

In Fig. 13.4, let T\ T, be the long chord of a curve of radius R.

P a R s
]02 Y4

Fig. 13.4 Long chord offset method

Let the length of the long chord be C and let it be divided into eight equal parts T; A, AB, BC,
CD, etc., where each part has a length x = C/8. Let PW be a line parallel to the long chord and
let Oy, O2, and O3 be the offsets taken from points R, Q, and P.

Versine V from the long chord C is calculated by the formula
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V=
S8R
(LLY |
=) =t 13.4
S8R (134)
Offset 3y from the line PW is calculated by the formula
0<% _RS)_ c
'"2R 2R 128K
or
c? _
= 135
128R (133)

Using formulae (13.4) and {13.5), the values of the perpendicular offsets ¥y, Vo,
¥, ete. can be calenlated as follows:

(SEE SE IO Sy o

¢_eof _n c 1,
© B8R I128R 16 8R 1s
¢t _gof 7 T,
KR 12BR 16 B8R 16

During fieldwork, first the long chord is marked on the ground and its length measured. Then
points A, B, C, etc. are marked by dividing this long chord into eight equal parts. The values of

the perpendicular offsets Vi, V,, V3, etc. are then calculated and the points A, B, C, etc.
identified on the curve.

Quartering of versine method _
The quartering of versine method (Fig. 13.5) is also used for laying curves of short lengths, of
about 100 m (300 ft). In this method, first the location of the two tangent points (T and T>) is

determined and then the distance between them is measured. The versine (V) is then calculated
using the formula
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Fig. 13.5 Quartering of versine nwthod

V is measured in the perpendicular direction at the central point O of the long chord. The tangent
points Tjand T are joined and the distance AT, measured. As AT is almost half the length of
chord T),T, and as versines are proportional to the square of the chord, the versine of chord
AT is V/4.

For laying the curve in the field, the versine V/4 is measured at the central point B on chord
AT, and the position of point B is thus fixed. Similarly, a point is also fixed on the second half of |
the curve. AB is further taken as a sub-chord and the versine on this sub-chord is measured
as V/16. In this way the points D and F are also fixed. The curve can thus be laid by marking
half-chords and quartering the versines on these half-chords.

Chord deflection method

The chord deflection method of laying curves is one of the most popular methods with Indian
Railways. The method is particularly suited to confined locations, as most of the work is done in
the immediate proximity of the curves. In Fig. 13.6, let T; be the tangent point and A, B, C, D,
etc. be successive points on the curve. Let X, X;, X3 and X4 be the length of chords T|A, AB,
BC, and CD. In practice, all the chords are of equal length. Let the value of these chords be c.
The last chord may be of a different length. Let its value be c;. It can be proved that

1. The position of the tangent point T) is located by measuring a distance equal to the tangent
length R tan(1/2 from the apex point O. In this case, {1 is the deflection angle.

2. A length equal to the first chord (c) is measured along the tangent line T,0 and point Ais
marked.

3. The zero end of the tape is placed at the tangent point T}. It is then swung and the arc A{A
marked. Then the first offset on the arc is measured. The value of the offset is ¢*/2R. The
position of point A is thus fixed.

4. The chord T A is extended to point B and AB is marked as the second chord length equal
to c.
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O

Apent point
Tangent line _.j ,
B/ cr
N\

Tangent poent

Fig. 13.6 Chord deflection method

2
Firstoffset A'A = I,
2R 2R
X% . X
2 4%

Second offset BB = 2
ccond @ 2% 2R

3
Third offset CC =353 ¢ A=

Lastoffset N'N = 2esi%n % _co o _aleta)
2R 2R 2R 2R 2R

The procedure for laying the curve is as follows.

5. The position of point B is then fixed on the curve since the value of the second offset is
known and is equal to /R,

6. Similarly, the positions of other points C, D, etc. are also located.

7. The last point on the curve is located by taking the value of the offset as
¢ (c O ¢ )/R , where c; is the length of the last chord.

The various points on the curve should be set with great precision because if any point is fixed
inaccurately, its error is carried forward to all subsequent points.
Theodolite method
The theodolite method for setting out curves is also a very popular method with Indian Railways,
particularly when accuracy is required. This method is also known as Rankine's method of
tangential angles. In this method, the curve is set out using tangential angles with the help of a
theodolite and a chain or a tape.

In Fig. 13.7, let A, B, C, D, etc. be successive points on the curve with lengths
T,A =x;, AB =x%,, BC =x3,CD =x4, etc. Let 0, , 0 », O 3, O, be the tangential angles OT\A,
AT)B, BT;C, and CTD made by the successive chords amongst themselves.

Let Uy, O, O3, and (4 be the deflection angles of the chord from the deflection line.
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Fig. 13.7 Theodolite method
Angle subtended at centre by a 100-ft chord = D o Tangential angle
for a 100-ft chord = D/2

Tangential angle for an x-ft chord, O = (D/2) (1/100) x degree
=(5730/2R) (1/100) 60 x minutes

= 1719(x/R)

The procedure followed for setting the curve is as follows.

(a) The theodolite is set on the tangent point T; in the direction of T>O.

(b) The theodolite is rotated by an angle , which is already calculated, and the line T1A is set.

(c) The distance x, is measured on the line T} A, in order to locate the point A.

(d) Now the theodolite is rotated by a deflection angle (1, to set it in the direction of T B, and
point B is located by measuring AB as the chord length x,.

(e) Similarly, the other points C, D, E, etc. are located on the curve by rotating the theodolite
to the required deflection angles till the last point on the curve is reached.

(f) If higher precision is required, the curve can also be set by using two theodolites.

Railway Engineering: Supereleva_tibn

Centre of gravity

Fig. 13.8 Equilibdum superelevation

www.Jntufastupdates.cbm | 23



Superelevation or cant Superelevation 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.

Superelevation or cant Superelevation or cant (C,) 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
superelevation 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 cruves where the maximum permissible speed is less than the maximum
sectional speed of the section of the line, permanent speed restriction becomes necessary.

Cant deficiency Cant deficiency (C4) 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.

Cant excess Cant excess (C.) occurs when a train travels around a curve at a speed lower than
the equilibrium speed. It is the difference between the actual cant provided and the theoretical
cant required for such a low speed.

Cant gradient and cant deficiency gradient These indicate the increase or decrease in the cant
or the deficiency of cant in a given length of transition. A gradient of 1 in 1000 means that a cant
or a deficiency of cant of 1 mm is attained or lost in every 1000 mm of transition length.

Rate of change of cant or cant deficiency This is the rate at which cant deficiency increases
while passing over the transition curve, €.g., a rate of 35 mm per second means that a vehicle will
experience a change in cant or a cant deficiency of 35 mm in each second of travel over the
transition when travelling at the maximum permissible speed.

1 Centrifugal Force on a Curved Track
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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 = V/R

where V is the velocity (metres per second) and R is the radius of curve (metres). 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 ( szR)
= (W/g) *(V’/R)

where F is the centrifugal force (tonnes), W is the weight of the vehicle (tonnes), V is the speed
(metre/sec),g is the acceleration due to gravity (metre/sec’), and R is the radius of the curve
(metres).

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 superelevation. A state of equilibrium is
reached when both the wheels exert equal pressure on the rails and the superelevation 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 superelevation.

2 Equilibrium Superelevation

In Fig. 13.8, if O is the angle that the inclined plane makes with the horizontal line, then
superclevation ¢

anf= ———— = —
gauge G
Also,
ang = cemnfug&i force - ﬁ
weight W

From these equations

e F
G W
of
e =":"><§—fr
Mf
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where ¢ is the equilibrium superelevation, G is the gauge, V is the velocity, g is the acceleration
due to gravity, and R is the radius of the curve. In the metric system equilibrium superelevation
is given by the formula _

Gt
¢ =
127R
where ¢ is the superelevation in millimetres, V is the speed in km/h, R is the radius of the curve
in metres, and G is the dynamic gauge in millimetres, which is equal to the sum of the gauge and
the width of the rail head in millimetres. This is equal to 1750 mm for BG tracks and 1058 mm
for MG tracks.

(13.6)

= g
Y
1
]
]
H
1
]
]
]
e

=

-~
E.‘

o o e

Fig. 13.8 Equilibriom superelevation

3 Thumb Rules for Calculating Superelevation in the Field

A field engineer can adopt the following thumb rules for determining the superelevation of any
curve.

(a) Superelevation for BG in cm

_( speed in km/h 3 N degre of curve
10 i3

(b) For MG tracks the value of superelevation is taken as three-fifths of the value calculated
using the preceding formula. The equilibrium speed is used in this formula.
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For example, if the maximum sanctioned speed (MSS) of the section is 100 km/h, the
equilibrium speed may be taken as 75% of the MSS, i.e., 75 km/h. The superelevation foral o
curve as calculated by the thumb rule is as follows:

SE= zé x-—‘-—=4.32cm=43.2mm
10) 13

Note that presuming that the MSS is 100 km/h, the thumb rule is that for every 1 o of
curve, the cant is approximately 43 mm for BG tracks and 25 mm for MG tracks.

4 Equilibrium Speed for Providing Superelevation

The amount of superelevation that is to be provided on a curve depends not only on the
maximum speed of the fastest train, but also on the average speed of the goods traffic moving on
that section. A compromise, therefore, has to be achieved by providing superelevation in a way
that fast trains run smoothly without causing any discomfort to the passengers and slow trains
run safely without fear of derailment due to excessive superelevation.

Earlier stipulations

Earlier the equilibrium speed prescribed on a level track under average conditions was as
follows.

(a) Where the maximum sanctioned speed of the section on both BG and MG tracks was over
50 km/h (30 mile/h), three-fourths of the maximum sanctioned speed of the section was
taken as the equilibrium speed, subject to a choice between minimum speed of 50 km/h (30
mile/h) and the safe speed of the curve, whichever was less. »

(b) Where the maximum sanctioned speed of the section on both BG and MG tracks was 50
km/h (30 mile/h) or less, the maximum sanctioned speed of the section or the safe speed of
the curve, whichever was less, was taken as the equilibrium speed.

Revised standards

The standards for deriving the equilibrium speed stated in the preceding section have been
revised by Indian Railways recently. As per the revised standards, the chief engineer (CE) should
decide the equilibrium speed that would be required for the determination of the cant to be
provided on a curve after careful deliberation and taking into consideration the following factors.

(a) The maximum permissible speed which can actually be achieved both by fast trains and by
goods trains
(b) Permanent and temporary speed restrictions
(c) Number of stoppages
Gradients

Composition of both slow and fast trains
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After deciding the equilibrium speed as described, the amount of superelevation to be provided
is calculated using the following formula:

GF: 137607

g = IR = 2 {for BGY
8.33172 ,
= ® £for MQG)

where ¢ is the superelevation in mm, V is the speed in km/h, G is the dynamic gauge (1750 mm
for BG and 1058 mm for MG tracks), and R is the radius of the curve in metres.

5 Maximum Value of Superelevation

The maximum value of superelevation has been laid down based on experiments carried out in
Europe on a standard gauge for the overturning velocity, taking into consideration the track
maintenance standards. The maximum value of the superelevation generally adopted around
many railways around the world is 1/10th to 1/12th of the gauge. The values of maximum
superelevation prescribed on Indian Railways are given in Table 13.2.

Table 13.2 Maximum value of superelvation

Table 13.2  Maximum value of superetvation

Gauge Grony _ Limiting valne of cant finmj}
Unider normal With special
conditions permission of CE
BG A 163 183
BG Band C 163 -
BG Dand E 140 -
MG - 90 16
NG - 65 73

According to Table 13.2, a cant of 185 mm may be provided for the purpose of setting up
permanent structures, etc. besides curves that have been laid on new construction sites and
doublings on group A routes, which have the potential for allowing an increase in speed in the
future. The transition length should also be provided on the basis of this cant of 185 mm for the
purpose of planning and laying curves.

6 Cant Deficiency and Cant Excess
Cant deficiency is the difference between the equilibrium cant that is necessary for the maximum
permissible speed on a curve and the actual cant provided. Cant deficiency is limited due to two
considerations:
higher cant deficiency causes greater discomfort to passengers and
higher cant deficiency leads to greater unbalanced centrifugal forces, which in turn lead to the
requirement of stonger tracks and fastenings to withstand the resultant greater lateral forces.
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The maximum values of cant deficiency prescribed for Indian Railways are given in Table
13.3. |

Table 13.3 Allowable cant deficiency
Table 13.3 Allowable cant deficiency

Gauge Grownp Normal cant Remarks
deficiency {mm)

BG Aand B 75 For BG group

BG C.D and E 73 A and B routes; 160 mm cant deficiency
permitted only for nominated stock and
routes with the approval of the CE

MG - 30

NG - 40

The limiting values of cant excess have also been prescribed. Cant excess should not be more
than 75 mm on broad gauge and 65 mm on metre gauge for all types of rolling stock. Cant excess
should be worked out taking into consideration the booked speed of the trains running on a
particular section. In the case of a section that carries predominantly goods traffic, cant excess
should be kept low to minimize wear on the inner rail. Table 13.4 lists the limiting values of the
various parameters that concern a curve.

Table 13.4 Limiting values of various parameters concerning curves

Table 13.4 Umiling values of various parameters conceming curves

Parameter Limiving values
BG MG
Maximum degree 1p° 16° for MG and 40° for NG
Maximum cant Groups A, B, and C—65 mm 90 mm (100 mm with speciat
Groups D and E—~140 mm permission of chief enginear}
Maximum cant En normal cases—73 mm (in 3¢ mm
deficiency special cases, 100 mm for

group A and B routes with a
nominated rotling stock and
with permission of the chief
engineery

Cant excess 75 mm 63 mm
Maximtu cant 1 in 720 {in excepticnal 1in720
gradiemt cases, | in 360 with
permission of CE}

Rate of change of Presirable—33 mavsec Bresirable—33 mm/fsec
cant of cant Maximunr—33 mmdsec Maximum—33 mm/sec
deficiency ‘
Minmmum cant 73 mm 34 mm
deficiency in

" tarnout

7 Negative Superelevation
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When the main line lies on a curve and has a turnout of contrary flexure leading to a branch

" line, the superelevation 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 superelevation and, therefore, speeds
on both tracks must be restricted, particularly on the branch line.

£

Maln Hne

Fig. 13.9 Negative superelevation

The provision of negative superelevation for the branch line and the reduction in speed over
the main line can be calculated as follows.

()The equilibrium superelevation for the branch line curve is first calculated using the formula
Gy
P —
1278

(ii) The equilibrium superelevation e is reduced by the permissible cant deficiency Cq and the
resultant superelevation to be provided is

X=€C- Cd

where, x is the superelevation, e is the equilibrium superelevation, and Cq4 is 75 mm for BG

and 50 mm for MG. The value of Cq4 is generally higher than that of e, and, therefore, x is

normally negative. The branch line thus has a negative superelevation of x.

(1i1) The maximum permissible speed on the main line, which has a
superelevation of x, is then calculated by adding the allowable cant deficiency (x + Ca).
The safe speed is also calculated and smaller of the two values is taken as the maximum
permissible speed on the main line curve.
Safe Speed on Curves
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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=44JR-70 (13.7)
where F 15 the speed in knm/h and R s the radius i metres.
Non-transitioned curves Safe speed = four-fifths of the speed calculated using
Egn {137}
For NG
Transitioned curves

v=365/R-6 (13.8)
(subject o & maximum of 30 km/).
Non-transitioned carves

v=292/R"6 (13.9)

{subject to o maximum of 40 kem/h).

Indian Railways no longer follows this concept of safe speed on curves or the stipulations
given here.

1.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
. G, +Cyx R .
? = ’w = 027.f(C, +C,) .
1 TR (C, +C )% R (13.10)

where V is the maximum speed in km/h, C, is the actual cant in mm, Cq4 is the permitted cant
deficiency in mm, and R is the radius in m. This equation is derived from Eqn (13.6) for
equilibrium superelevation 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 Metre Gauge

Vo=0347J(C, + CR (13.11)
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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.

Narrow Gauge (762 min.)
Vo= 3,&5,}1&’ — 6 {subject to a maximum of 50 kin/h) {13.12)

2.New Criteria for Determining Maximum Speed on Curves Without Transition
As per the procedure being followed at present, the determination of the maximum permissible
speed on curves without transitions involves the concept of virtual transitions. The linear velocity
of a train moving with uniform velocity on a straight track begins to change into angular velocity
as soon as the first bogie reaches the tangent point. This change continues till the rear bogie
reaches the tangent point, at which moment the train acquires full angular velocity. The change
in the motion of the train from a straight line to a curve takes place over the shortest distance
between the bogie centres and is considered a virtual transition. Normally, this distance is 14.6 m
on BG, 13.7 m on MG, and 10.3 m on NG, commencing on a straight line at half the distance
before the tangent point and terminating on the curve at half the distance beyond the tangent
point. The deficiency of cant is considered as being gained over the length of the virtual
transition and the cant has to be gained in a similar manner. The cant gradient must not be
steeper than 1 in 360 on BG and 1 in 720 on MG and NG under any circumstance.

The safe speed should be worked out on the basis of the the cant that can be practically provided
based on these criteria, and increased by the permissible amount of cant deficiency. In the case of
non-transitioned curves, where no cant is provided, the safe speed for the curve can be worked
out by calculating the permissible cant deficiency after taking into consideration the rate at which
the cant deficincy is gained or lost over the virtual transition.

3 Maximum Permissible Speed on a Curve
The maximum permissible speed on a curve is the minimum value of the speed that is calculated
after determining the four different speed limits mentioned here. The first three speed limits are
taken into account for the calculation of maximum permissible speed, particularly if the length of
the transition curve can be increased. For high-speed routes, however, the fourth speed limit is
also very important, as cases may arise when the length of the transition curve cannot be altered
easily.
(i) Maximum sanctioned speed of the section This is the maximum permissible speed
authorized by the commissioner of railway safety. This is determined after an analysis of the
condition of the track, the standard of interlocking, the type of locomotive and rolling stock used,
and other such factors.
(ii) Maximum speed of the section taking into consideration cant deficiency
This is the speed calculated using the formula given in Table 13.5. First, the
equilibrium speed is decided after taking various factors into consideration and the equilibrium
superelevation (C,) calculated. The cant deficiency (Cg) is then added to the equilibrium
superelevation and the maximum speed is calculated as per this increased superelevalion
(Ca + Cd)
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Table 13.5 Calculation of permissible speed on curves

Table 13.5 Calculation of permissible speed on curves

Tvpe of curve Procedure for calculating max. permissible speed
ar sqfe speed
Fully transitioned curve (1) For BG V"'=027 JR(C, +C)

(i} For MG F=0347 JR(C, + C;)
{iii) For NG ¥=3.65.JR—6 (subject to a maximum

of 30 km/h)
Non-transitioned curve with {1} Cant to be gained over virtual ransition is 14.6 m
cant on virtual transition on BG, 13.7 mon MG, and 18.3 m on NG, and the

cant gradient i5 to be calculated accordingly
(ii) The cant gradient is not to exceed | in 360
{2.8 mm/m)on B(iand t in720 (1.4 mm/m)on

MG and NG.
Non-transitioned curves {1} Calculate permissible cant deficiency that is lo
with no cant be gained or {ost over the virtual iransition

(1) The desirable value of rate of change of cant
deficiency is 33 mmfsec for BG and 53 mmyfsec

for MG
Curves with inadequate (i} Calculate the actuat cant or cant deficiency which
transition can be provided 1aking into conmideration its
limiting vatue

{r) The cant or cant deficiency has to be run over
the transition lengfh. The rate of change of cant
or cant defictency should nol exceed its limiting
value. For BG, the desirable value is 35 mm/fsec
and the maximum permissible value is 35 mmfsec.

(iii) Maximum speed taking into consideration speed of goods train and cant excess Cant
(C,) is calculated based on the speed of slow moving traffic, i.e., goods train. This speed is
decided for each section after taking various factors into

account, but generally its value is 65 km/h for BG and 50 km/h for MG.

The maximum value of cant excess (C.) is added to this cant and it should be ensured that the
cant for the maximum speed does not exceed the value of the sum of the actual cant + and the
cant excess (C, + Ce).

(iv) Speed corresponding to the length of the transition curves This is the least value of speed
calculated after taking into consideration the various lenths of transition curves given by the
formulae listed in Table 13.6.

The following points may be noted when calculating the maximum permissible speed on a
curve.

(a) Criterion (iv) is to be used only in cases where the length of the transition curve cannot be
increased due to site restrictions. The rate of change of cant or cant deficiency has been
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permitted at a rate of 55 mm/sec purely as an interim measure for the existing curves on BG
tracks. -

(b) For high-speed BG routes, when the speed is restricted as a result of the rate of change of
cant deficiency exceeding 55 mm/sec, it is necessary to limit the cant deficiency to a value lower
than 100 mm in such a way that optimum results are obtained. In this situation, the maximum -
permissible speed is determined for a cant deficiency less than 100 mm, but gives a higher value
of the maximum permissible speed. This concept is further explained with the help of the
following solved problems.

Table 13.6 Various lengths of transition curves to be considered when calculating speed

Table 13.6 Various lengths of transition curves to be
considered when caladating speed

Criteria for lengeh of transition
curve

Desirable length of
TOanSiGor curve™

ASiimuns lengrh of
raxsition curve

‘When the rate of change of cant is
taken as 35 mm/sex for normal
cases and 535 munfsec for
excepiional cases

When the rate of change of cant
deficiency is taken as 35 mun/fsec
for noonal cases amd 35 mam/fsec
for exceprional cases

Taking the cant gradient inta
acceunt.

€, = ¥ A2S
£0.008 C .y

€y =V A2S
(D008 Cy¥, )

Cant gradient not o
exceed 1 in 720

O, =V, 08

Cy = K 198

Cant gradient not te

exceed § in 364 for BG

and 1 in 724 for MG
and NG

Table 13.6 Varfous lengths of fransition curves to be
considered when calculating speed

Lriteria jor length of transition
ctrve

Desirable length of
tramnsition curve®

Minimum length of
transition curve

When the rate of change of cant is
taken as 33 mm/sec for normal
cases and 35 mm/fsec for
exceptional cases

When the rate of change of cant
deficiency is taken a3 35 mm/sec
for normal cases and 33 mm/sec
for exceptional cases

Taking the camt gradient into

€, =V N25
(0008 C,F,)

Cy = F 25
(0008 C,V.)

Cant gradient not to

¢, =V A9

€y = N98

Cant gradient not to

exceed | in 360 for BG
and §in 720 for MG
and NG

account exceed { in 720

* Notation used in the table: C,is the value of actual cant in mm, Vi, is the maximurm
permissible speed in km/h, and Cy is the cant deficiency in mm.

Example 13.1 Calculate the superelevation and the maximum permissible speed for a 2 0 BG
transitioned curve on a high-speed route with a maximum sanctioned speed of 110 km/h. The
speed for calculating the equilibrium superelevation as decided by the chief engineer is 80 km/h
and the booked speed of goods trains is 50 km/h.
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Solution

Solution
W r=120_170 g95m
D 2
1} St levation fi ilibri d = il
{1} Superelevaiion for equiltbriom speed = 7R
where (7 = 1750 mm €cfe distance of 32-kg rail} =80 km/h and R =875 m.
- T
SE= M = 100.8 mm
127 x 875

(ii1) Superelevation for maximum sanctioned speed {110 ke/h):

GV® 1750 = 110°
127R 127 x 875
Cant defictency = 1906 — 10{0.8 = 89.8 mm

{which is less than 100 mm and hence permissible).

{iv) Superelevation for goods trains with 3 booked speed of (50 kim/h)
GF® 1750 = 50°
127R  127x875

Cant excess = HI0.& — 39.4 = 61 .4 mm {which is less than 75 mm and heace
permissible).

{v)} Maximum speed potential or safe speed of the curve as per theoreticsal
considerations, being a high-speed route:

(C, + T ix R

13.76

where C, = 100.8 mim, C; = 898 mm, and X =875 m.

v J(me_s + 89.8)x 875
- 13.76
4y The maximusn permissible speed on the curve is the least of the folloaving:
» maximum sanctioned speed, ie, 110 kmih.
= maximum o safe speed aver the curve based on theoretical considera-
tiong, i1e., 1131 km/h.
= Also, there is no constraint on speed due to the wransition lenpth of the
curve.
Therefore, the maximum pernussible speed over the curve is 110 ke/h and
the superefevation 1o be provided is 100.8 mm or appro. 100 mrg.

= 190(.6 mm

= 39 4 mm

IV’

i

=0.27J(C, +C,) = R

= 1101 km/h

Simplified method of calculating permissible cant and speed

Often a simplified method 1s used for calculating the permissible cant and the maximum
permissible speed in the field. This simplified method is applicable to most cases except those
involving very flat curves.

Step 1 Calculate the cant for the maximum sanctioned speed of the section, say, 110 km/h, using
the standard formula C = GV 2/127R . This is Ciio.
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Step 2 Calculate the cant using the same standard formula as for the slowest traffic, i.e., for a
goods train which may be running at, say, 50 kmv/h. This is Cso. To this add cant excess. This
becomes Csp + Ce.

Step 3 Calculate the cant for equilibrium speed (if decided) using the same standard formula. Let
it be 80 km/h. This value is Cgo.

Step 4 Adopt the lowest of the three values obtained from the preceding steps and that becomes
the permissible cant (C,). The three values are Cijo, Cso + Ce, and Cgo. Step S Taking this cant
value (C,), add the cant deficiency and find the maximum permissible speed using the Eqn
(13.10).

Solution to example 13.1

Step 1
G2 : , .
Coo = I zl?saximxnﬂﬂw&émm 0
1278 127% 875 ~
Step 2
~grd s Ef% <
Co = GV® 175050 x 50 - 30 4mm
127R 127 x 8735
On adding cant excess,
C,+C,=394+75= 1144 mm {ii}
Step 3
GF? 1750x 80 x 80
Coy = = — =100.8 G
WU aTR T 127x 875 Au-emm (iif)

Step 4 The lowest of the three values caleulated in the preceding steps is 100.8 mm.
Therefore, 100 mm is adopted as the actual cant.

Step § Cant to be provided 100 mm, cant deficiency = 73 mm
¥ =02T0C, + C;yx R =027.f(100 + 73)x 875

= 1101 = [ H) kah approx.
Therefore, the maximum cant to be provided 100 mm and the maximum
permissible speed 1s 11 km/h,

Example 13.2 Calculate the superelevation, maximum permissible speed, and transition length
for a 3 o curve on a high-speed BG section with a maximum sanctioned speed of 110 km/h.
Assume the equilibrium speed to be 80 km/h and the booked speed of the goods train to be 50
km/h.
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Solution

{1} Radius of curve = %—E = -%?-9« =35833m

G¥® 1750 80°

. levation fo 5 - =
{ify Equilibrium superelevation for 80 km/h= r=o = oo

=151 2 mm

_ 1750 110°
127 % 5833
(iv) Cant deficiency =283 8 mm— 1512 mm = {34 6 mm
Thisg value of cant deficiency is more than 100 mm (the permitted value of
C,), therefore, take Cy as 100 mm. Now,
Actual cant =285.8 — 100 = 1858 mm

= 2§55 mm

However, actual cant 5 to be limited to 165 mm, and, therefore, this value
will be adopted.
v} Eguilibrium superelcvation for a goods 1rain with a speed of 50 km/h
1750 50°
T 127x 5833

1} Cant excess = actual cant — 59 mm
= }65 — 39 =106 mm
which is in excess of 75 mm—the permitted value. With 75 mum taken as
cant exeess, the actual cant to be provided now is 73 + 59 mm = 134 mm.
Therefore, a cant of 135 mm should be provided (rounding off 1o the higher
multiple of 5).
1} Safe speed or speed potential (for high-speed route)

_JIC, G xR J135 +100) % 5833
13.76 13.76
= 996 ken/h (or approx. 100 km/h).
i} Maximum permissile speed on the curve 15 the least of the following:
= maximum permissible speed of the seetion, t.e., HO kmdh
» safe speed on the curve, 1e., 100 km/h
The maximurn permissible speed on the curve is, therefore, 100 kmh.
£} The length of rransition is the maximum value from among the following:
» When taking the rate of change of cant into constderation (35 mm/fsec),
L=0008({C, x ¥ )=0008 x 135 <« l0m=18m
= When taking the rate of change of camt deficteney mito consideration
{35 mm/sec),
L=0008(Cy = ¥y}
=0008 x 160 = 100m
=80 m
s When taking the cant gradient 1sto consideration (1 1n 720,
L= xe=072= 135 m=972m
Therefore, the superelevation to be provided 15 135 mm, the maximum
permissible speed over the curve 15 100 kn/k, and the leagth of transition
curve 18 108 m.

59 mm
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Example 13.3 Calculate the maximum permissible speed on a curve of a high speed BG group A
route having the following particulars: degree of the curve = 1 o , superelevation = 80 mm,
length of transition curve = 120 m, maximum speed likely to be sanctioned for the section =160
km/h.

Solution
{1} Radius of curve = 1750/D=1750/1 = 1750 m
{1} Safe speed over the curve as per theoretical considerations, this being a
high-speed route,
V=027THC, + C4}x R
where Cy = 100 mm {assumed}, C, =80 mm, R=1730m

¥ =0.27,f(80 + 100) X 1750 = 151.3km/h
{iii) Speed based on transition length:
{a) Rate of gain of cant {not to exced 35 mm/sec)
po= 198 198 x 120
- £ 88
(b} Rate of gain of cant deficiency (not to exceed 55 mm/fsec)
_198L 198 =120

=2497.0 kevh

¥, : = 237.6 kmvh
Cy 100
{c) Cant gracient
=i 12021000 mm _ o500
{0 mm

{which is not steeper than I i 720}

v} Maximum permissible speed is the least of the following:

= maximum sanctioned speed of the section, 1.e., 160 kav/h

= safe speed based on theorectical considerations, ie., 1313 km/h

» speed based on the transition length, i.e., 237.6 kmv/h
Therefore, the maximum permissible speed over the curve 1 151.3 km/h or
about 150 km/h. As the controlling factor in this case is the safe speed hased
on theoretical considerations (and not the rate of change of (), hence no
further analysis 15 necessary,

Example 13.4 Calculate the maximum permissible speed on a 1 o curve on a Rajdhani route
with a maximum sanctioned speed of 130 km/h. The superelevation provided is 50 mm and the
transition length is 60 m. The transition length of the curve cannot be increased due to the
proximity of the yard.
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Solution
{i} Radius of the curve = 1750/0 = 1750/1 = 1750 m
{t1) Safe speed on the curve as per theoretical considerations,

V=027f(C, + Cy) x R

where
Co=50mm, Cy=100 mm, R=1750m

o (}.2“7\[{5{) + 106) x 1730 = 138.3 km/h

{111) Speed based on transition length:
{a} Rate of change of cant {not 1o exceed 55 mm/sec)
1981 198 =60 ..
YV, = e 2 el = 337 6 kmfh
"0 50
(b} Rate of change of cant deficiency (not to exceed 55 mm/sec)
1987 198 =460

W, = e = 118 8 ki
R 100

60« 1000 mm _
50 mm -
{which is not steeper than 1 in 720).
{iv} Maximum sanctioned speed on the curve is the least of the following:
= Maxirmum speed sanctioned for the section, 1.2., 130 km/h
s Safe speed based on theoretical considerstions, e 1383 km/h
» Speed based on transition length, i.e., 118.3 knvh,

In this case, the speed has to be restricted to 118.8 ks, because of the constraint
of transiiion length. A cant deficiency of 100 mm has been assumed, which is is
maximum possible value. On the field, the cant deficiency may be somewhat lower,
giving a lower rate of change of C, for the given transition length and a higher
permiissible speed. The optimum value of this maximuem permissible speed can be
found from the following equation:

Equitibriom superelevation = actual cant + cant deficiency for maximum
permissible speed for g given transition
length

{¢} Canl gradient = {in 1200

or

e
G = getual cant + —E 981
127R ¥
where G = {750 mm, R = 1750 m, L = 60 m, and ¥ is the maximum permissible
speed. Therefore,
175010 198 %60
e 22§} e
127 = 1750 ¥
Solving this equation, ¥ = 133 km/h. This value however, cannot be more than
the MSS of the seetion, Le., 130 kimth. Therefore, the maximum permissible speed
over the curve 1 130 kb,

With 1 = 130kmvh, ¢, = 1282 L 198 260

¥ 130

=91 4 mm
which s less than 100 mm. Thersfore, the maximuom perimissible speed over the
circular carve s 130 ke/h and that over the ansition curve 3 118 km/h
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Example 13.5 A BG branch line track takes off as a contrary flexure through a 1 in 12 turnout
from a main line track of a 3 o curvature. Due to the turnout, the maximum permissible speed on
the branch line is 30 km/h. Calculate the negative superelevation to be provided on the branch
line track and the maximum permissible speed on the main line track (when it takes off from a
straight track).

Solution
(i) For a branch line erack, the degree of the curve s 4 -3 =1°
Radiys = 1750/0 = 1730/ = 1750 m
.= GV 1676 %307
127R  1270x1750

After rounding it off to a higher multiple of 5, 1t is taken as 10 mm.
(i} The value of negative superelevation for a branch line track,
x=¢—C, =10 mm —75 mm = 65 mm (negative)

(ifi} The superelevation to be provided on the main line track is 63 mm, which is
the same as the superelevation of the branch line track, but in the opposite
direction,

{iv) The maximum permissible speed is calculated by taking the actual
superelevation of the main line track (65 mm) and adding it to the cant
deficiency {75 mm), and then using this value of superelevation, 1.¢., 140 mm
(65 + 75} in the formula for equilibrium speed. The main line track hasa 3°
curve, ie., I730/3 = 5833 m radius.

Therefore, the maximum permissible speed on the main line wack,

= GI’? 1676 %V’
127R 127x 5833

= [ 4{mm

or

= 78.Tkm/h

P J127x5‘$3.3x 140
1676
Alternatively, the maximum permissible speed can also be calculated as
follows

¥ =021J(C, + Co)x R

=0.27,J(65 + 75} % 5833

=77.16 km/h
Therefore, the maximum permissible speed on the main line track i3
17.16 km/h. After rounding it off to a lower muktiple of 5, it becomes 75 km/h.
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Transition Curve

Fig. 13.10 Transition curve

As soon as a train commences motion on a circular curve from a straight line track, it is
subjected to a sudden centrifugal force, which not only causes discomfort to the passengers but
also distorts the track alignment and affects the stability of the rolling stock.

Transition Curve

As soon as a train commences motion on a circular curve from a straight line track, it is
subjected to a sudden centrifugal force, which not only causes discomfort to the passengers but
also distorts the track alignment and affects the stability of the rolling stock. In order to
smoothen the shift from the straight line to the curve, transition curves are provided on either
side of the circular curve so that the centrifugal force is built up gradually as the superelevation
slowly runs out at a uniform rate (Fig. 13.10). A transition curve is, therefore, the cure for an
uncomfortable ride, in which the degree of the curvature and the gain of superelevation are
uniform throughout its length, starting from zero at the tangent point to the specified value at the
circular curve. The following are the objectives of a transition curve.

(a) To decrease the radius of the curvature gradually in a planned way from infinity at the
straight line to the specified value of the radius of a circular curve in order to help the
vehicle negotiate the curve smoothly. v

(b) To provide a gradual increase of the superelevation starting from zero at the straight line
to the desired superelevation at the circular curve.

(c) To ensure a gradual increase or decrease of centrifugal forces so as to enable the vehicles
to negotiate a curve smoothly.
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Fig. 13.10  Transition curve
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1 Requirements of an Ideal Transition Curve
The transition curve should satisfy the following conditions.
(a) It should be tangential to the straight line of the track, i.e., it should start from the straight
part of the track with a zero curvature.
(b) It should join the circular curve tangentially, i.e., it should finally have the same curvature
as that of the circular curve.
(c) Its curvature should increase at the same rate as the superelevation.
(d) The length of the transition curve should be adequate to attain the final superelevation,
which increases gradually at a specified rate.
2 Types of Transition Curves
The types of transition curves that can be theoretically provided are described here. The shapes
of these curves are illustrated in Fig. 13.11.

Bernoulli's @’4

Fig. 13.11 Different types of trarsition curves

Euler's spiral This is an ideal transition curve, but is not preferred due to mathematical
complications. The equation for Euler's sprial is

§=— (13.1%

Cubical spiral  This is also a good transition curve, but quite difficult to set on the field.

;3

y=—— 13.14)
YECRL { )

Bernoulli's lemniscate In this curve, the radius decreases as the length increases and this causes
the radial acceleration to keep on falling. The fall is, however, not uniform beyond a 30 o

deflection angle. This curve is not used on railways.

Cubic parabola Indian Railways mostly uses the cubic parabola for transition curves. The
equation of the cubic parabola is
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3

¥ .
}—g‘;& {13.15)

In this curve, both the curvature and the cant increase at a linear rate. The cant of the transition
curve from the straight to the curved track is so arranged that the inner rail continues to be at the
same level while the outer rail is raised in the linear form throughtout the length of the curve. A
straight line ramp is provided for such transition curves.

The notations used in Eqns (13.13) to (13.15) are as follows: f is the angle between the straight
line track and the tangent to the transition curve, | is the distance of any point on the transition
curve from the take-off point, Lis the length of the transition curve, xis the horizontal
coordinate on the transition curve, y is the vertical coordinate on the transition curve, and R is
the radius of the circular curve.

S-shaped transition curve In an S-shaped transition curve, the curvature and superelevation
assume the shape of two quadratic parabolas. Instead of a straight line ramp, an S-type parabola
ramp is provided with this transition curve. The special feature of this curve is that the shift
required (‘shift' is explained in the following section) in this case is only half of the normal shift
provided for a straight line ramp. The value of shift is
I -
= :{S_}i; (13.16)

Further, the gradient is at the centre and is twice steeper than in the case of a straight line
ramp. This curve is desirable in special conditions-when the shift is restricted due to site
conditions.

The Railway Board has decided that on Indian Railways, transition curves will normally be laid
in the shape of a cubic parabola.
3 Shift
For the main circular curve to fit in the transition curve, which is laid in the shape of a cubic
parabola, it is required be moved inward by a measure known as the 'shift' (Fig. 13.12). The
value of shift can be calculated using the formula
. F ; .

8= iR (1319
where S is the shift in m, L is the length of the transition curve in m, and R is the radius in m.
The offset (in centimetres) from the straight line to any point on the transition curve is
calculated using the equation.
y=16.7 x*/LR
where y is the offest from the staight line in cm, x is the distance from the commencement of the
curve in m,L is the length of transition in m, and R is the radius of curve in m.
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T2 27 Centre of curve \
Fig.13.12 Shift

4 Length of Transition Curve
The length of the transition curve prescribed on Indian Railways is the maximum of the
following three values:

O o=

L=0.008C, * V= 5z 4 (13.19)
Cy % I,

L=0008C,x ¥, = —‘i—zgﬁ (13.20)

L=0.72C, (1321
where L is the length of the curve in m, C, is the actual cant or superelevation in mm, and Cq is
the cant deficiency in mm.
Formulae (13.19) and (13.20) are based on a rate of change of a cant or cant deficiency of 35
mm/sec. Formula (13.21) is based on a maximum cant gradient of 1 in a 720 or 1.4 mm/m.

Other provisions made to meet the requirements of special situations are as follows.

(a) When deciding the length of transition curves, particularly on high-speed routes, future
speeds expected to be implemented on those tracks, such as 160 km/h for group A routes
and 130 km/h for group B routes, may be taken into account.

(b) In exceptional cases, when there is no space available for providing full length transition
curves, particularly on high-speed routes as per the preceding calculations, the length of the |
transition curve may be reduced to two-thirds of the desirable length as worked out by Eqns
(13.19) and (13.20). This is based on the assumption that the rate of change of cant or cant
deficiency will not exceed 55 mm/sec and the maximum cant gradient will not be steeper
than 1 in 360 or 2.8 mm/m. This relaxation is permitted only for BG sections. For MG and
NG sections, however, the cant gradient should not be steeper than 1 in 720 or 1.4 mm/h.
For MG sections, the change of cant or cant deficiency should not exceed 35 mm/sec.

(c) At locations where the length of the transition curve is restricted and as such may be
inadequate to permit the maximum speed calculated for the circular curve, the design
should be such that both the cant and the cant deficiency are lowered, which will reduce the
maximum speed on the transition curve to permit the highest speed on the curve as a whole.
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Example 13.6 A curve of 600 m radius on a BG section has a limited transition of 40 m length.
Calculate the maximum permissible speed and superelevation for the same. The maximum
sectional speed (MSS) is 100 km/h.

Solution In a normal situation, a curve of a 600 m radius will have quite a long transition curve
for an MSS of 100 km/h. However, as the transition curve has been restricted to 40 m, the cant
should be so selected that the speed on the main circular curve is equal to the speed on the

transition curve as a whole.
{1} For the circular curve, the maximum spoed 1§ calculated from Eqn{13.10):

J = 0,27,/12(5; + Cy)
The most favourable value of speed 1s obtained when C, =,
{#i} For the transition curve, the maximum change of cant 15 taken as 55 mm/fsec
and the maximum speed is then caleulated:

] 4% Or E’r = .-I—?EL,
198 C,
Therefore,
{).2‘7,{}?(@‘ +Cy) = I:ig L

T

or

027 JR(600+ 2C,) = I 98; 40

i

On solving this equation, = 89.50 mm = 90 mm.
(iti) On limiting the value of C; to 75 mm,

Maximum speed = (1-2?,}}2((? . + i)

= 0.27.,J600{90 + 75)
= 84.95 or approx. 85 km/h

50 mm
40 = 1000
=1 in4d4d
which i5 within the permissible Limits of 1:360.
Therefore, the maximuom permissible speed is 85 kimv/h and the superelevation
to be provided s 90 mm.

(iv} Cant gradient =

5 Laying a Transition Curve

A transition curve is laid in the following steps (Fig. 13.13).
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Fig. 13,13 Laying a transition curve

1

1. The length of the transition curve is calculated by the formulae given in Eqns (13.19) to
(13.21). ,

2. This transition length is divided into an even number of equal parts, usually eight.

3. The equations for a cubic parabola and the shift [Eqns (13.15) and (13.17)], reproduced
here, are us_ed for calculations.

3 3
X - X .

T AT ®
. r

{all measurements are in the same units),
4. The shift is calculated using Formula (ii).
5. The ordinates are then calculated at points 1, 2, 3, etc. using Formula (i).
6. The point at which the transition curve starts is then determined approximately by shifting

the existing tangent point backwards by distance equal to half the length of the transition
curve.

7. The offsets yi, y2, y3, etc. are measured perpendicular to the tangent to get the profile of the
transition curve.
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A compound curve is formed by the combination of two circular curves of different radii curving
in the same direction. A reverse curve is formed by the combination of two circular curves with
opposite curvatures. A common transition curve may be provided between the two circular
curves of a reverse curve.

Compound Curve

A compound curve (Fig. 13.14) is formed by the combination of two circular curves of different
radii curving in the same direction. A common transition curve may be provided between the two
circular curves of a compound curve. Assuming that such a connecting curve is to be traversed at
a uniform speed, the length of the transition curve connecting the two circular curves can be
obtained from the formula

L=0008(Cy—Cy) * ¥
or
L=0.008 {Cy — Cyp) x ¥, whichever is greater
where C,; and Cq; are the cant and cant deficiency for curve 1 and Cy; and Cq; are the cant and
cant deficiency for curve 2 in millimetres. L is the length of the transition curve, in m,and Vp, is

the maximum permissible speed in km/h.

- LIPS

Fig. 13.14 Compound curve

Reverse Curve

A reverse curve (Fig. 13.15) is formed by the combination of two circular curves with opposite
curvatures. A common transition curve may be provided between the two circular curves of a
reverse curve. The total length of the transition curve, from the common circular curve to the
individual circular curve, may be obtained in the same manner as explained for a compound
curve in Section 13.15.
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Centre

Fig. 13.16 Reverse curve

It has been stipulated that for high-speed group A and B routes, a minimum straight length of 50
m should be kept between the two curves constituting a reverse curve. In the case of a high-speed
MG route, the distance to be kept should be 30 m. Straight lines between the circular curves
measuring less than 50 m on BG sections of group A and B routes and less than 30 m on high-
speed MG routes should be eliminated by suitably extending the transition lengths. When doing
so, it should be ensured that the rate of change of cant and versine along the two transition
lengths being extended is kept the same. When such straight lines between reverse curves cannot
be eliminated and their lengths cannot be increased to over 50 m in the case of BG routes and 30
m in the case of MG routes, speeds in excess of 130 km/h on BG routes and 100 km/h on MG
routes should not be permitted.

xtra Clearance on Curves

End ! g : End throw
throw p n
. . |

Fig. 13.16 Effect of curvature on long vehicle

Extra clearances are provided on horizontal curves keeping the following considerations in mind.

Extra Clearance on Curves
Extra clearances are provided on horizontal curves keeping the following considerations in
mind.
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Effect of curvature

When a vehicle negotiates a horizontal curve, its frame does not follow the path of the curve,
since, being a rigid structure, it is unable to bend. The vehicle, therefore, projects towards the
inside of the curve at its central point and toward the outside of the curve near its ends. The
distance by which the longitudinal axis of the body of vehicle moves out from the central line of
the track is the extra clearance required (Fig. 13.16).

Over thnow

¥
i
i
i )
g : End throw

| ' |

Fig. 1316 Effect of curvature on long vehicle

(i) The extra clearance required at the centre of the vehicle, which projects towards the inside
of the curve, is called overthrow and is given by the equation
EF =’/8R
(ii) The extra clearance required at the ends of the vehicle, which project towards the outside
of the curve, is called end-throw and is given by the equation
APorBQ=L?- C?/8R

where L is the length of the vehicle, C is the centre-to-centre distance between the bogies
and R is the radius of the curve.

Effect of leaning due to superelevation

On account of the superelevation provided on a curve, the vehicle leans towards the inside of the

curve, thereby requiring extra clearance as shown in Fig. 13.17. The extra clearance required for
leaning is as follows:

Lean = he/G
where h is the height of the vehicle, e is the superelevation, and G is the gauge.

In case the superelevation is not known, it is suggested that its value be assumed to be 70 mm
up to a 1 o curve and 115 mm for curves above 1 o . No extra clearance, however, is required for
leaning on the outside of the curve.
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Fig. 13.47 Effect of lean due to superelevation

Effect of sway of vehicles
On account of unbalanced centrifugal forces caused due to cant deficiency or cant excess, the

vehicles tend of experience an additional sway. The extra clearance required on the inside of the
curve due to the sway is taken as one-fourth of the clearance necessary due to leaning.
On summarizing, the total extra clearance (in mm) required on curves is as follows:
o Extra clearance inside the curve = overthrow + lean + sway
1
C” eh 1 ch

Ee, = = 4 St 4

Extra clearance outside the curve = end-throw

(13.24)

B¢t
{13.2%)

Ec, =

- 8k
where C is the centre-to-centre distance between bogies, which is 14,785 mm for BG routes
and 13,715 mm for MG routes, R is the radius of the curve in mm, L is the length of a
bogie, which is 21,340 mm for BG routes and 19,510 mm for MG routes, eis the
superelevation in mm, h is the height of the vehicle, which is 3350 mm for BG tracks and

3200 mm for MG tracks, and G is the gauge, which is 1676 mm for BG tracks and 1000

mm for MG tracks.
The empirical formulae normally adopted in the field for determining the extra clearance due to
the curvature effect are as follows: '
BG MG
Overthrow (mm) 27,330/R  23,516/R

End-throw (mm) 29,600/R  24,063/R
These empirical formulae are based on standard BG and MG bogie lengths and the value of R

is in metres.
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1 Extra Clearance Required in Various Situations
This section discusses the extra clearances required in different situations with regard to the track
and the platform.
Between adjacent and curved tracks
In this case, the lean will not be taken into consideration, as both the tracks will have almost the
same superelevation. The extra clearance required in this case will be the sum of the clearances
required on the inside and the outside of the curve as follows:
Ec = (Ec, - lean) + Ec

= Qverthrow + sway + end-throw

2 1 eh D-C S

w0 (129
where e is the superelevation in mm, h is the height of the vehicle (3.35 m for BG and 3.2 m for
MG), and Gis the gauge.
For adjacent tracks with structures in between
When there is a structure between two adjacent tracks, each track is treated independently and
extra clearances are provided by considering each track with respect to the structure.
For platforms

In the case of platforms, it has been observed that the provision of extra clearance on curves as
discussed may lead to excessive gap between the footboard and the platform. It is, therefore,
stipulated that next to platforms this extra clearance be reduced by 51 mm (2 in.) on the inside of
the curve and 25 mm (1 in.) on the outside of the curve.

Example 13.7 Two high-level platforms are to be provided on the inside as well as the outside of
a 2 o curve on a BG track with a superelevation of 100 mm. What should the required extra
clearances for these platforms, both on the inside and the outside of the curve, be? (Length of
bogie = 21,340 mm, c/c bogie distance = 14,785 mm, height of platform = 840 mm.)

Solution  Radius of the curve = 1750/D = 1750/2 0 = 875 m.

(1) Extra clearance required on the inside of the curve, Ec; = overthrow + lean +

sway - 51 mm.
Solution  Radius of the curve = FT30D = 1750/2° =875 m.
(i} Extra clearance required on the inside of the curve,
Ee, = overthrow + lean + sway — 51 mm,
C? eh 1 _eh

+ — 4 =X — —3lmm
88 G 4 G

In this example, € = 14,875 mm, R=875 000 mm, &= 100 mm, G = 1676 mm,
and 4 = 840 mm. Therefore,
14,785% W00=840 1 100 x 840
oy = e —— & — % - — Stmm
8 » 875,000 1676 4 1676
=47 88 mm o= 43 mm approx

(i1) Extra clearance required on the outside of the curve,
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2-c?

-25

where L =21 340 mun, C = 14,875 mm, and & = 875,000 mm. Therefore,

21,3407 —14785°
8 = 875,000

= 3383 - 25 mm = 8.83 mm or approx. 10 mm

Ee, = End-throw — 25 mm =

Ee, -25

Therefore, an extra clearance of 45 mm should be provided for the outside platform on the
inner side of the curve and of 10 mm for the inside platform on the outer side of the curve.
Widening of Gauge on Curves
A vehicle normally assumes the central position on a straight track and the flanges of the wheels
stay clear of the rails. The situation, however, changes on a curved track. As soon as the vehicle
moves onto a curve, the flange of the outside wheel of the leading axle continues to travel in a
straight line till it rubs against the rail. Due to the coning of wheels, the outside wheel travels a
longer distance compared to the inner wheel. This, however, becomes impossible for the vehicle
as a whole since the rigidity of the wheel base causes the trailing axle to occupy a different
position. In an effort to make up for the difference in the distance travelled by the outer wheel
and the inner wheel, the inside wheels slip backward and the outer wheels skid forward. A close
study of the running of vehicles on curves indicates that the wear of flanges eases the passage of
the vehicle round curves, as it has the effect of increasing the gauge. The widening of the gauge
on a curve has, in fact, the same effect and tends to decrease the wear and tear on both the wheel
and the track.

The stipulations laid down with regard to the gauge on straight tracks and curves on Indian
Railways are given in Table 13.7.

The widening of the gauge on curves can be calculated using the formula

13(B+ LY

Extra width on curves (w) = 7

(1327

where B is the wheel base of the vehicle in metres, R is the radius of the curve in metres, L =
0.02 (h? +Dh)"? is the lap of the flange in metres, h is the depth of flange below top of the rail,
and D is the diameter of the wheel of the vehicle.
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Table 13.7 Gauge standard for curves

Dope of track (Gange lolerances Gange toleramces for
Joar BG MG and NG

Straight track including curves -3 mmic+3Imm MG -2 mmto + 3 mm

of 330 m for BG, 290 m for MG, NG -3 mm to+ 3 mm

and 400 m and more for NG

For curves of radius less than Up to+ 10 mm Upto +10 mm

330 m for BG, 280 m for MG,

and 400 m to 100 m for G

For curves with radios less - upto+ 15 mm

Than 100 m for NG

* The gauge on a track with wooden sleepers need not be disturbed if it is likely to cause spike

killing of sleepers.
Example 13.8 The wheel base of a vehicle moving on a BG track is 6 m. The diameter of the
wheels is 1524 mm and the flanges project 32 mm below the top of the rail. Determine the extra
width of the gauge required if the radius of the curve is 168 m. Also indicate the extra width of
gauge actually provided as per Indian Railways standards.

Solution

(i) Lapof flange L =0.02J#* + Dh

where B = 3.2 om is the depth of the flange below the top of the rail and
D =132 4 cm is the diameter of the wheel. Therefore,

L=002Jn + Dh

=0.02,{32% +(152.4 x3.2) =0.446m

T
() Extra width of gavge (w) = iﬁgﬂ
I 3
zlj%@; =3 21oem = 32.1 ram

(i} As per Indian Railways standards, an extra width of 5 mm 15 provided for
curves with a radins less than 400 m m actual practice.
Vertical Curves The angle formed at the point of contact of the gradients is smoothened by
providing a curve called the vertical curve in the vertical plane.

Vertical Curves

An angle is formed at the point where two different gradients meet, forming a summit or a sag as
explained in Fig. 13.18. The angle formed at the point of contact of the gradients is smoothened
by providing a curve called the vertical curve in the vertical plane. In the absence of a vertical
curve, vehicles are likely to have a rough run on the track. Besides this, a change in the gradient
may also cause bunching of vehicles in the sags and a variation in the tension of couplings in the
summits, resulting in train parting and an uncomfortable ride. To avoid these ill effects, the
change in gradient is smoothened by providing a vertical curve. A rising gradient is normally
considered positive and a failing gradient is considered negative.
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Fig. 13.18 Summits and sags in vertical curves

A vertical curve is normally designed as a circular curve. The circular profile en-sures a uniform
rate of change of gradient, which controls the rotational acceleration.

"Fig.13.18  Summits and sags in vertical cunes

1 Calculating the Length of a Vertical Curve (Old Method)

The length of a vertical curve depends upon the algebraic difference between the gradients and
the type of curve formed (summit or sag). The rate of change of gradient in the case of summits
should not exceed 0. 1% between successive 30.5-m (100-ft) chords, whereas the corresponding
figure for sags is 0.05% per 30.5-m (100-ft) chord. The required length of a vertical curve for
achieving the maximum permissible speed is given by the formula

L= (a/r) 30.5 m (13.28) where L is the length of the vertical curve in m, ais the per cent
algebraic difference between successive gradients, and r is the rate of change of the gradient,
which is 0.1% for summit curves and 0.05% for sag curves.

2 Existing Provisions on Indian Railways

As per the existing provisions, vertical curves are provided only at the junction of gradients,
when the alegebraic difference between the gradients is equal to or more than 0.4 per cent. The
minimum radii for vertical curves are given in Table 13.8.

Table 13.8 Minimum radii for vertical curves
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Table 13.8  Mnimem radii for vertical corves

Broad gauge (BG) Mewe gauge (MG
Crroup Min. vadins (m) Group Min. radius (i}
A 40006 Alf routes 2300
B 30640
C,DandE 2300

3 Setting a Vertical Curve
A vertical curve can be set by various methods, such as the tangent correction method and the
chord deflection method. The tangent correction method, which is considered simpler than the
other methods and is more convenient for the field staff, is described here (Fig. 13.19). It
involves the following steps.

Gz
G

~

|

!
{
| :
F G

o 5
. i i
o
c D E
Fig 13.19 Setting out a vertical curve

d reduced levels (RL) of the tangent points and apex are then worked out.

2. Tangent corrections are then computed with the help of the following equation:
y=cx’ (13.29)
andC=g;-g/4n
where y is the vertical ordinate, x is the horizontal distance from the springing point, gl is
gradient number 1 (positive for rising gradients), g2 is gradient number 2 (negative for falling
gradients), and n is the number of chords up to half the length of the curve.

The elevations of the stations on the curve are determined by algebrai adding the tangent
corrections on tangent OA. '

Example 13.9 Calculate the length of the vertical curve between two gradients meeting in a
summit, one rising at a rate of 1 in 100 and the other falling at a rate of 1 in 200.
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Seolution
Gradient of the rising track (1 in 100) = 1% {+)
Gradient of the falling track (1 in 200) = 0.5% (=}
Chanpe of gradient (a1 =1 - (-5} =1 + 0.9% =+ 1.5%
Rate of change of gradient () for summit curve = 0.1%

q
Length of vertical curve ——:?I —%x305m= -éwx 30.5

=4575m

4 New Method of Calculating Length of Vertical Curve

According to the new method, the length of a wvertical curve is calculated as
follows: L=RQ (13.30) whereL is the length of the vertical curve, R is the radius of the
vertical curve as

per the existing provisions given in Table 13.8, and Q is the difference in the percentage of
gradients (expressed in radians).

It is seen that the length of the vertical curve calculated as per the new practice is relatlvely
small compared to the length calculated using the old method. The length of the vertical curve
according to the new practice is considered very reasonable for the purpose of laying the curve
in the field, as can be seen from the next solved example.

Note that when the change in gradient (a) is positive it forms a summit and when it is negative
it forms a sag.

Example 13.10 A rising gradient of 1 in 100 meets a falling gradient of 1 in 200 on a group A
route. The intersection point has a chainage of 1000 m and its RL is 100 m. Calculate the length
of the vertical curve, and the RL and the chainage of the various points in order to set a vertical
curve at this location
Solution

First gradient = 1 in 100 (rising) = + 1% Second gradient = 1 in

200 (falling) = -0.5% Difference in gradient = (+ 1) - (-0.5) =

1.5% Length of vertical curve = L= RQ

= 4000 (1.5/100) = 60 m Chainage of point A (refer
Fig. 13.19) = 1000 - 30 = 970 m Chainage of point B = 1000 + 30 = 1030 m

RL of point A = 100 - (30/100) = 99.70 m RL of point B =

100 - (30/200) = 99.85 m
Increase in RL for 60 m=99.85-99.70=0.15m
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x(L—x}

2R
where L =60 m, B=4000m, andx =0 m.

The calculations for the RL of different points on the curve are shown in
Table 13.9.

Firsi offset oft vertical curve =

Tahle 13.9  Seiting a vertical curve

Chainage Foimt RL of print Offset = Points on RL of points on
(L =x} 2R vertical  curve
9N A 99.700 0.0000 A 45 7000
1% 50 .
, 5 e = 00625
980 C 90 70080 + (1.025 3 % 4000 C 49725 + 0.0623
=09 725 = 097875
. 20x 40 .
\ 5 £ 0025 e = 0.1000 ; ;
990 D 99730025 T 7000 .1 D $9.750 + 0. 1000
=99 750 = QG 850
3= 30
g =0.1125 2 GG - 3 §19%
1660 E 99,730 + 0023 3 % 4000 E Gq 775 + 40.8123
=99775 =04 {875
: _ 40 x 20 _
1640 F 99T+ 002 x " E)(?@ = G_IDGU G 49 8060 + £.100
=59 00 = GG %00
30x10
1020 G 99800 +0025 5 oo 0‘-0625} G 99.825 + 0.0625
=59 8§35 =09 8873
1830 B GO R25 + 0.025 6.0000 B 99 830
=G B30

Cutting Rails on Curves
Rails on curves are usually laid with square joints. The inner rail gradually gains the lead over

the outer rail on a curved track.
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Fig. 43.21 Cutfing rails on curves

Cutting Rails on Curves
Rails on curves are usually laid with square joints. The inner rail gradually gains the lead over
the outer rail on a curved track. The excess length D, which the inner rail gains over the outer
rail for a length L of the circular curve is calculated as follows (Fig. 13.21).
(i) Difference in circumference of outer rail and inner rail (i.e., gain):
2pR-2pR(R-G)=2pG

n .
Gain for length Lzﬂngzﬁf‘.

2nR j

DL X DL ..
= -I-ED_O- for BG and Tesd for MG

Gain for length 2p R=2p G

where L is the length of outer rail of the circular curve, R is the radius of outer rail of the circular
curve, D is the degree of curvature of outer rail, and G is the dynamic gauge (i.e., gauge + width
of rail head), which is 1750 mm for BG and 1058 mm for MG.

Normally, when the inner rail of the curve leads over the outer rail by an amount equal to half
the pitch of the fish bolt holes, the inner rail is cut by an amount equal to one full pitch and
another hole is drilled for fastening the joint with a fish plate. The number of rails to be cut for a
particular curve is worked out depending upon the degree and length of the curve and the pitch
of the bolt holes.

Check Rails on Curves Check rails are provided parallel to the inner rail on sharp curves to
reduce the lateral wear on the outer rail.

Check Rails on Curves

Check rails (Fig. 13.22) are provided parallel to the inner rail on sharp curves to reduce the
lateral wear on the outer rail. They also prevent the outer wheel flange from mounting the outer
rail and thus decrease the chances of derailment of vehicles. Check rails wear out quite fast but
since, normally, these are worn out rails, further wear is not considered objectionable
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Fig. 13.22 Check rails on curves

According to the stipulations presently laid down by Indian Railways, check rails are provided
on the gauge face side of the inner rails on curves sharper than 8 o on BG, 10 o on MG, and 14 o
on NG routes. The minimum clearance prescribed for check rails is 44 mm for BG and MG
routes and 41 mm for NG routes.

www.Jntufastupdates.com 60





