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How to use this handbook
This handbook is one of a series intended to help Track Managers, Track Area Managers and
Section Track Managers achieve standards and meet LUL corporate objectives.  This
handbook offers:

„ material to use in staff training.

Before you first use this handbook, you should familiarise yourself with its contents.  These
are set out on the following page under the heading ‘What this handbook covers’.

The front pages also include a quick reference guide to topics and page numbers that tells
you where you can find information directly on particular items.

You will find in this handbook notes and comments based on the day-to-day experience of
staff, outlining methods they have found successful in particular conditions as well as
points not to be overlooked in carrying out the work.

If you have any comments about the guidance contained in this handbook or suggestions
for additions, improvements or amendments, please communicate them to the Standards
Engineer (Track).

„ practical advice on track activities
„ guidance on choices and alternatives
„ ‘do’s and don’ts’ for use on site
„ technical data and illustrations
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Quick reference guide to items covered
in this handbook
alignment, 20

buffer stop, 33, 34
bullhead, 37, 44

cable posts, 27
cant, 1, 6, 15, 16, 17, 18, 19, 23, 27

deficiency, 6, 16, 18, 19
equilibrium, 16, 19
gradient, 6, 17, 18
maximum, 16
negative, 16, 17
on clearances, 23
rate of change, 18

cant deficiency, 6
rate of change:, 19
under and over, 20

cant rail
on vehicles, 23

centre and end throw, 27, 31, 33
centre throw, 31, 32
cess, 29, 30
chairlock, 43
chord, 3, 10
ciamond crossing, 39
clamplock, 43
clearance, 35, 36

behind buffer stops or train arrestors, 33
dispensation, 21
infringement, 23
sub standard, 21
verification, 25

clearance dispensation, 26
clearances, 1, 11, 20, 21
clearances in depots and workshops, 30
comfort, 6, 11, 18, 19
common crossing, 37, 39, 46

fabricated
position, 46

measuring the size, 47
contrary flexure turnout, 16
cranes, 35

crossing, 44, 45
angles, 45
built-up, 44
cast monoblock, 45
fabricated, 44
semi-welded, 44
types, 44

crossings, 37
crossover, 1, 40, 41

follow-on, 40
scissors, 39, 40, 42

curvature, 15
curve, 1

circular, 3
compound, 4, 5
reverse, 4, 5
simple, 4, 5
transition, 3, 4, 5, 6

curved switch, 42

derailment, 20
diamond, 16, 39, 42
dip, 11
double junction, 40, 42

encountered layout, 41
end throw, 31, 32

facing turnout, 37
flat bottom, 37, 44
following on, 41
force

centrifugal, 15
fouling, 21
fouling points, 28
four foot mechanism, 43

gradient, 10, 11

Hallade, 8
heel, 43
Her Majesty's Railway Inspectorate (HMRI), 25, 28
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horizontal alignment, 3
hump, 11

junctionwork, 16, 37

kinematic profile, 21, 23, 28

ladder, 41
ladder arrangement, 40
layout, 39, 41
lead, 37
lift, 20
Limited Clearance Warning Board, 28

maximum rail level plates, 25
monument block, 14
moveable angle, 39

obtuse crossing, 37, 39, 46
other railways adjacent to LUL, 30
overhead cables or wires, 27

periodic inspections on existing lines, 26
permitted running routes, 35
places of safety, 28, 29, 30
plaque, 14
Platform heights, 22

radius, 3, 6, 9, 18
rigid platform barriers, 22

safety, 6, 18
sag, 11, 13
six foot mechanism, 43
six-foot, 27
slew, 9, 20
slip, 41, 42
speed, 17, 18

equilibrium, 15, 16, 18
headway, 15, 18
line, 18
maximum allowable, 15, 18
through junctionwork, 48

stanchions, 26
stock rail, 37, 42
straights, 3

stretcher bar, 43
string line, 8, 9
structure, 23
structure gauge, 21, 23, 26, 36
structure gauging train, 35
structure profile, 21, 23
structures, 23
summit, 11, 13
switch, 1, 13, 37, 42, 43

planing length, 42, 44
switch diamond, 42, 46
switch diamond crossing, 39
Switch opening, 43
switch rail, 42

tangent point, 3
ten foot way, 30
ten-foot, 27, 29
toe, 43
track centres, 27, 28
track spacing, 27
train arrestor, 34
train arrestors, 33
transition, 7, 17

centre and end throws, 32
throws on curves without (including turnouts),

33
transition plate, 14
triple intersections, 39
turnout, 37, 39

contrary flexure, 38
equally split, 38
preferred types, 46, 47
similar flexure, 38

turnouts, 1, 37, 41
two common crossing, 39

versine, 3, 8, 9, 10
vertical curve, 11, 13

centre and end throw, 32
vertical offsets, 12
virtual transitions, 7
Vmax, 18

Westinghouse system 63, 43

H0014A2.DOC

Copyright London Underground Library 
Provided by IHS Licensee=Weston Williamson/5989497001, User=sam, albett

Not for Resale, 03/28/2016 05:56:43 MDTNo reproduction or networking permitted without license from IHS

--`,,``,````,,``,``,,`````,,``-`-`,,`,,`,`,,`---

Full document details: LUL TE-HBS-0014 2011

http://www.avadocuments.com/doc/lul-te-hbs-0014-2011
http://www.avadocuments.com/doc/lul-te-hbs-0014-2011


Understanding track design Introduction

  London Underground Limited 1995 Page vii of viii

List of figures

1  Main elements of a railway curve 4
2  Railway curves 5
3  Diagram of virtual transition 7
4  Versines at the start of a curve 8
5  Chord and versine relationship 10
6  Vertical curve profiles 13
7  Forces involved on track and vehicle on a curve
15
8  Simplified maximum kinematic profile and
minimum maintenance structure profile and
structure gauge for tube lines 22
9  Effect of incorrect applied cant on clearances 24
10 Maximum rail level plate 25
11  Places of safety 29
12  Bogie vehicle showing centre and end throw 31
13  Graph showing the build-up of centre and end
throw as a vehicle traverses the tangent point of
an untransitioned curve 33
14  Sketch plan of buffer stops and train arrestors
34
15 Simplified sketch of a left hand turnout 37
16  Similar flexure turnout 38
17  Contrary flexure turnout 38
18  Equally split turnout 38
19  Diamond crossing 39
20  Commonly encountered layouts (continued) 41
21  Planing length of switches 42
22  Diagram showing switch opening 43
23  Measurement of a common crossing angle 48

List of tables

1  Curves requirements for geometric design 5
2  Radii in metres for versines in mm on 10m
chord 10
3  Cant 17
4  Places of safety - dimensions 30
5   Planing lengths of switches 44
6  Use of various types of crossing 45
7  Preferred crossing angles 46
8  Preferred turnouts 47

List of plates

1  Limited Clearance Warning Board 28

H0014A2.DOC

Copyright London Underground Library 
Provided by IHS Licensee=Weston Williamson/5989497001, User=sam, albett

Not for Resale, 03/28/2016 05:56:43 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
`
`
`
,
,
`
`
,
`
`
,
,
`
`
`
`
`
,
,
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: LUL TE-HBS-0014 2011

http://www.avadocuments.com/doc/lul-te-hbs-0014-2011
http://www.avadocuments.com/doc/lul-te-hbs-0014-2011


H0014A2.DOC   London Underground Limited 1995 Page 1 of 49

Copyright London Underground Library 
Provided by IHS Licensee=Weston Williamson/5989497001, User=sam, albett

Not for Resale, 03/28/2016 05:56:43 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
`
`
`
,
,
`
`
,
`
`
,
,
`
`
`
`
`
,
,
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: LUL TE-HBS-0014 2011

http://www.avadocuments.com/doc/lul-te-hbs-0014-2011
http://www.avadocuments.com/doc/lul-te-hbs-0014-2011


H0014A2.DOC   London Underground Limited 1995 Page 2 of 49

Copyright London Underground Library 
Provided by IHS Licensee=Weston Williamson/5989497001, User=sam, albett

Not for Resale, 03/28/2016 05:56:43 MDTNo reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
,
`
`
`
`
,
,
`
`
,
`
`
,
,
`
`
`
`
`
,
,
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: LUL TE-HBS-0014 2011

http://www.avadocuments.com/doc/lul-te-hbs-0014-2011
http://www.avadocuments.com/doc/lul-te-hbs-0014-2011


Understanding track design 2  Curves

  London Underground Limited 1995 Page 3 of 49

2  Curves
Introduction
Most railways tend to follow a more or less sinuous course because of the need to avoid
obstacles such as hills and deep valleys and to avoid excessively steep gradients.  In the
sub-surface and tube sections of LUL the horizontal alignments were often imposed by the
need to follow the streets and roads above the railway to avoid the foundations of
buildings and paying compensation to property owners.

In terms of design, railway horizontal alignment consists of a series of:

u straight lines
u circular curves
u transition curves which are used to join a curve to straight track or to another curve of

different radius.

Hand of curves
Railway curves are said to be handed according to whether the curve goes towards the left
(left hand) or right (right hand) in the direction of running.

Geometric elements of a curve
The geometric elements of a curve are:

u the radius; the larger the radius, the flatter the curve
u the tangent point; this is where:

` a curve meets a straight
` a curve meets another curve of different radius
` a straight meets a transition curve
` a transition curve meets another transition curve

u a chord which is a straight line joining two points in a curve
u a versine which is the offset from a chord at its midpoint to the curve.

See figure 1 below.
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chord

half chord half chord

radius straight

versine 

tangent
point

Fig. 1  Main elements of a railway curve

Types of curves
In terms of geometric design, there are four main types of horizontal (as opposed to
vertical) curve:

u simple curves in which two straights are joined by one curve of constant radius
u compound curves in which two or more curves of the same hand but different radius

follow one another without any intervening straight track
u reverse curves in which two or more curves of differing hand follow one another

without any intervening straight track
u transition curves in which the radius is constantly changing.  See later in this section for

further explanation of transition curves.

Table 1 summarises data for the geometric design of curves (from TE-DS-0105).  The data
shown are those for new work and upgrading existing tracks.  Because of site constraints
when carrying out upgrading work, it is often not possible to use the figures quoted in
table 1.  In these cases the figures used are those which would give the best possible design
for the particular site.
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Table 1:  Curves: requirements for geometric design

Horizontal curves Desirable Absolute
On running lines

Minimum length of straight or curved track 45m 25m
Curve minimum radius
- where line speed exceeds 80 km/h 500m
- elsewhere 400m 250m

 - through station platforms straight 1000m
Minimum length of straight track between
tangent points

45m 25m

In depots
Minimum curve radius
- if only used by LUL rolling stock 210m 120m
- elsewhere 210m 140m
Minimum distance between tangent points 12m

Note that curves below 200m radius are to be fitted with running check rails.  Figure 2
below shows the four main types of curves.

constant radius curve

tangent points

straights
tangent points

straights

Radius 1 
(sharp)

Radius 2 
(greater than curve 1)

Common tangent 
point

Simple curve without transitions Compound curve without transitions

tangent pointsstraight

straight

Curve 1, opposite hand to curve 2

common 
tangent point

straight

transition curve with steadily
increasing radius

circular curve

tangent points

Reverse curve without transitions Transition curve joining straight to a
circular curve

Fig. 2  Railway curves
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