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Neither London Underground nor Suppliers are bound to provide any of the 
items or services or follow any processes described in this document unless 
they are also required to provide them explicitly by Category 1 Standards. 
 
The information within this document must not be used by London Underground 
or Suppliers to raise or moderate expectations of delivery by Suppliers or 
London Underground over and above Contractual requirements. 
 
This document must not form part of Contractual terms and conditions between 
London Underground and Suppliers. 

1 Purpose 
1.1 The purpose of this Handbook is to provide general information about the need to 

maintain clearances between trains, and between trains and fixed equipment and 
infrastructure. 

1.2 It is particularly aimed at persons new to the rail industry, although it also provides 
useful guidance to experienced personnel. 

1.3 This document supports the use of LU Category 1 standard 1-156 which should be 
consulted for greater detail. 

2 Scope 
2.1 This Handbook applies to all tracks and structures on LU running lines and in depots 

and sidings. 

2.2 It covers the inspection, maintenance and approval of clearances and the 
requirements for places of safety on the track. 

2.3 This Handbook replaces Section 4 of Handbook 14. 

3 Guidance 

3.1 General 

3.1.1 The distance between trains on adjacent tracks, or between trains and fixed structures 
and lineside equipment is known as the clearance.  The maintenance of adequate 
clearance is vital for the safety of the operational railway in order to avoid risk of injury 
to members of the public and railway staff, damage to trains, structures and fixed 
equipment, and disruption to the operation of the railway with consequent loss of 
income. 

3.1.2 LU sets out requirements for clearances in LU Category 1 standard 1-156..  This 
standard includes drawings referred to as ‘Structure Gauge diagrams’ which depict 
clearance requirements as an inter-related set of cross-sectional profiles as follows:- 

a) Kinematic limit - the maximum outline of moving rolling stock. 
b) Structure profile - the minimum dimensions of structures. 
c) Structure gauge - the space required beyond the structure profile for operational 

equipment and personnel access. 

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

Not for Resale, 03/28/2016 05:57:07 MDTNo reproduction or networking permitted without license from IHS

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

Full document details: LUL TE-HBS-007 2011

http://www.avadocuments.com/doc/lul-te-hbs-007-2011
http://www.avadocuments.com/doc/lul-te-hbs-007-2011


 

Title: Track Handbook 07 Gauging and clearances   
Number: TE-HBS-007  

Issue no: A1   
  Issue date: February 2011 

 
 

Reference: TE-HBS-007 A1.doc Page 4 of 37 

3.1.3 Structure Gauge diagrams for all lines are listed in the LU Category 1 standard 1-156.  
Each diagram depicts the structure gauge, structure profile and kinematic limit for 
specified sections of the LU network on straight and level track.  Where track has 
either horizontal or vertical curves then additional clearance is required.  (See later in 
this Handbook).   

3.1.4 The Structure Gauge diagrams show requirements - they must not be interpreted as 
depicting actual clearances available, which may be less than shown at any given 
location.  Clearances in this handbook are taken from current standards; however, 
because of the age and history of the LU system, standard clearances are not always 
attainable.  It is important that the structure gauge, structure profile and kinematic limit 
are compatible and strictly observed, otherwise there is a risk that rolling stock may 
foul lineside structures. 

3.1.5 Where changes to clearances are proposed the following principles must be applied:  

a) Do not create a clearance infringement. 
b) Do not make an existing infringement worse. 
c) Attempt to make an existing infringement compliant or at least improve it. 
d) Do not impose a reduced clearance, (even if it is compliant), where a larger 

clearance can be provided. 

3.1.6 Where changes to existing sub-standard clearances are proposed, a concession is to 
be obtained from The Professional Head of Track.  (See later in this Handbook).  
Figure 1 below shows a simplified Structure Gauge diagram, depicting the relationship 
between structure gauge, structure profile and kinematic limit. 

 

 

Fig. 1  Simplified maximum kinematic limit and minimum maintenance structure 
profile and structure gauge for tube lines 
 

Note:  This diagram is for illustrative purposes only.  Do not use - see LU Category 1 
standard 1-156. 

 
The dimensions shown in figure 1 are in mm. 
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3.2 Trains operated on London Underground 

3.2.1 Three types of passenger rolling stock operate over LU tracks, dictated by the size of 
the tunnels:  

a) Tube stock,  
b) LU surface/sub-surface stock, and  
c) TOC rolling stock normally operating on Network Rail infrastructure. 

3.2.2 Tube stock is the smallest, and clearances which are adequate for the operation of 
tube stock may not provide sufficient clearance for the other types.  An individual LU 
track may be used by one type of stock only or by any combination of all three.  In 
addition to scheduled services, consideration must also be given to passenger stock 
transfer movements and to non-passenger train operations, including engineer’s trains, 
which may require larger clearances to be maintained. 

3.3 Basis of clearance requirements 

3.3.1 The Office of Rail Regulation (ORR) is the independent safety and economic regulator 
for Britain's railways.  It is the enforcing authority for the Railways and Other Guided 
Transport System Regulations 2006 (ROGS), and for various other pieces of railway 
specific legislation.  ROGS do not provide prescription regarding clearance 
requirements, but require that railway operators develop and maintain safety 
management systems (SMS) that are capable of ensuring their transport system runs 
safely.  LU is a self-regulating railway, as its standards and SMS demonstrate that it 
follows the basic principles defined in ROGS.  

3.3.2 ORR also provides written advice and guidance on how to comply with the law. 
Guidance on clearance requirements is given in ‘Railway safety principles and 
guidance Part 2A - Guidance on infrastructure (1996)’, (RSPG), which was produced 
by the predecessor of the ORR, Her Majesty's Railway Inspectorate (HMRI).  
Responsibility for this document has now moved to the ORR, and it is regarded as 
illustrating good practice. 

3.3.3 LU follows the requirements laid down in RSPG which lays down minimum track 
centres and structural clearances between rolling stock and lineside structures, 
including passenger platforms.  The requirements are modified by the LU Category 1 
standard 1-156 to meet the constraints of the LU Network. 

3.4 Clearance approval 

3.4.1 Any temporary or permanent asset, structure, or equipment to be installed, modified or 
adjusted that is located less than 5m above or within 3m laterally of LU track must 
receive clearance approval in advance of the works.  Application for clearance 
assessment must be made using the application form for approval of clearances 
shown in LU Category 1 standard 1-156. 

3.4.2 After assessment, if clearances are non-compliant with the requirements of LU 
Category 1 standard 1-156 but are deemed acceptable due to specific circumstances, 
a concession should be sought except as explained below. 

3.4.3 Where the proposed change relates to the approval of the installation or repositioning 
of equipment that will exceed the permitted structure gauge/profile but will not make an 
existing situation worse a concession need not be sought provided that the change is 
authorised through the clearance approval procedure and has established that: 
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a) the work is necessary; 
b) the work will not cause any reduction to existing clearances where these are 

equal to or less than those specified in this standard; 
c) the infringement is unavoidable on the basis of technical feasibility and/or cost; 
d) the proposed design represents “Good Practice” and provides the best 

affordable solution; 
e) the work is formally recorded. 

3.5 Application for clearance approval 

3.5.1 Stage 1: Clearance Application by the Applicant 

3.5.1.1 The Applicant must complete Stage 1 of the application form for Clearance 
Assessment, using the form shown in LU Category 1 standard 1-156. The form will 
include: 

a) Your name, address and telephone number; 
b) A reference number for the job; 
c) The SAP number for charging the assessment to; 
d) A description of the site; LCS code or station name; 
e) The subject of the application; 
f) An alternative Contact Name with telephone number or email address; 
g) Any drawing numbers to describe the job; 
h) The method of measuring clearances and equipment to be used l; 
i) Any track curvature at the site, (see later in this Handbook); 
j) When the job is to be carried out with shift and date; 
k) Your signature and date of application. 
l) Add extra sheets to describe the job fully, include photos if necessary. 

3.5.2 Stage 2: Clearance Approval by the Assessment Engineer 

3.5.2.1 Stage 2 is the response from the Track Assessment Engineer.  There are 3 outcomes 
from this process, and the Track Assessment Engineer will indicate which response is 
appropriate on the form: 

a) The application will be approved if it complies with the gauging standard; 
b) If the application does not comply precisely with the clearance standard but the 

clearances are deemed to be adequate, then the applicant will be recommended 
to apply for a concession before approval is granted; 

c) The application will be rejected if it does not comply with the gauging standard 
and the clearances are deemed inadequate; 

3.5.2.2 The gauging diagram used for the assessment will be included, together with the 
signature of the Assessment Engineer and the date of response. 

3.5.2.3 Once you have a signed and approved Stage 2 form the installation can go ahead. 
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3.5.3 Stage 3: Clearance confirmation by the T002/T003 

3.5.3.1 Stage 3 is the confirmation that the job was successfully completed.  This is to be 
completed by the T002/T003 on hand back of the works.  The information will include: 

a) The name of the T002; 
b) The gauge number used for checking clearances; 
c) Signature and date completed; 

3.5.3.2 The form should be completed and returned to the Track Assessment Engineer for 
filing with the application history. 

3.5.3.3 Appendix 1 contains a flowchart of the Clearance Application and Approval process. 

3.6 Clearance concession 

3.6.1 While it is a requirement that all structures comply with the appropriate clearance 
requirements there will be occasions when for a particular reason, a concession to the 
standard will be required.  At such time approval needs to be sought from The 
Professional Head of Track for a concession and the following information needs to be 
supplied: 

a) Exact details of the infringement (location, dimensions). 
b) Reason for requiring a dispensation. 
c) How long the infringement will last. 
d) What measures are being taken to eliminate the infringement. 
e) What precautions have been taken to protect trains or personnel from damage 

or injury. 

3.6.2 If the concession application is rejected the work will have to be redesigned to satisfy 
the appropriate standard or any revised minimum dimensions which may be proposed 
by The Professional Head of Track. 

3.6.3 Once a Concession has been obtained it should be sent to the Track Assessment 
engineer who will then grant approval on Stage 2 of the form. 

3.7 Centre and end throw 

3.7.1 Clearance requirements are defined for straight and level track, and must be increased 
where track is curved to allow for the additional space occupied by the body of the train 
as it traverses the curve.  All LU Passenger Trains are formed of bogie cars arranged 
as Multiple Units of between 3 and 8 cars in length.  Each car is comprised of one 
body on 2 four wheel bogies near the ends of the car.  Each 4 wheel bogie sits on the 
track and rotates with the track curvature.  As a consequence the body of the car 
forms a chord on the curve between the bogie centres which follow the curve.  The 
ends of the car body form an extension of the chord.  The chord and its extensions will 
be displaced relative to the curve by the throw which needs to be taken into account 
when calculating clearances. 

3.7.2 When a bogie rail vehicle negotiates curved track the centre of the vehicle will be 
displaced on the inside of the curve by an amount known as the centre throw.  
Likewise the ends of the vehicle will be displaced on the outside of the curve by the 
end throw. 

3.7.3 At a given point on a curve, the maximum displacement of all vehicles likely to pass 
that point need to be added to all horizontal dimensions of the minimum structure 
profile before it is applied to any structure at that point. 
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3.7.4 The calculation of end and centre throws is dependent upon the radius of curvature, 
the distance between bogie centres of the vehicle and the length over the body.  For 
details of vehicle dimensions refer to the Structure Gauge diagrams which are shown 
in LU Category 1 standard 1-156.  These identify the dimensions which are to be used 
when calculating throws for any line or section of line (see figure 2). 

 

Fig. 2  Bogie vehicle showing centre and end throw 

3.7.5 Centre throw can be calculated by the formula: 

CT BC
R

=
( )2

8
    

 
Where: CT is the centre throw (in m)  
  BC is the distance between bogie centres (in m)  
  R is the radius of the curve (in m).  

 
3.7.6 End throw can be calculated by the formula: 

ET BL BC
R

=
−( )2 2

8
 

 
Where: ET is the end throw (in m) 
  BL is the body length (in m). 

3.7.7 Note that the values given by the two formulae above are approximate, because the 
centre throw may be varied by narrowing the vehicle at its centre and the end throw by 
shaping the vehicle ends. 

3.8 Centre and end throw at vertical curves 

3.8.1 Centre and end throws will occur as a vehicle traverses a vertical curve.  Because 
vertical curves are usually of parabolic form, the calculation is somewhat complex and 
if this information is required, reference needs to be made to The Professional Head of 
Track. 

Curve 
radius 

(R) 
 

Centre  
throw (CT) 

Bogie centre (BC) 

Body length (BL) 

Centre of vehicle body 
End throw 

(ET) 

Outline of  
vehicle body 
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3.9 Centre and end throws on transitions 

3.9.1 The calculation of centre and end throws on transition curves is complex.  The 
following diagram (figure 3) provides guidance on the application of centre and end 
throws for the simple case of a straight track leading through a transition to a regular 
curve. 

 

Fig. 3  Bogie vehicle showing centre and end throw on a transition 

3.9.2 Both end throw and centre throw are zero when the train is on the straight.  As the 
leading bogie of the train enters the transition both the end and centre throw start to 
increase and continue to do so progressively, reaching their full values once the trailing 
bogie of the train reaches the regular curve.  The reverse applies for a train travelling 
from a regular curve via a transition to a straight. 

3.10 Throws on curves without transitions (including turnouts) 

3.10.1 On circular curves without transitions, the centre and end throws will increase from 
zero to the full throw while the vehicle is negotiating the tangent point between the 
straight and the curve.  This increase is considered to take place over the distance 
between the bogies centres of the train, and is referred to as a ‘virtual transition’.  It is 
common for junctionwork to incorporate circular curves without transitions. 

3.10.2 The following diagram (figure 4) illustrates how the centre and end throws of a vehicle 
increase when the vehicle negotiates the tangent point of a non-transitioned curve. 

 

Direction of travel 
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Zero 
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throw 
(CT) 
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 (BC/2) 

½ [Body length 
-Bogie centre] 
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Tangent point 
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(CT) 
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Fig. 4  Bogie vehicle showing centre and end throw on a non-transitioned curve 

3.11 The effect of cant on clearances 

3.11.1 The diagrams of kinematic limit, structure profile and structure gauge in LU Category 1 
standard 1-156 show straight, level and uncanted track.  On curved and canted track, 
the kinematic limit is tilted with the cant.  In addition the kinematic limit, the structure 
profile and the structure gauge are enlarged to allow for the effects of curvature, both 
horizontal and vertical.  Details are shown on the Structure Gauge diagrams in LU 
Category 1 standard 1-156. 

3.11.2 Care needs to be taken to maintain the correct cant on curves, as there is a possibility 
of vehicles striking structures or tunnels particularly where the roof and the side panels 
meet.  This point on vehicles is called the cant rail. 

3.11.3 If the track cant is less than designed then the vehicle cant rail on the high rail side of 
the curve may infringe the clearance or even strike a fixed structure.  Similarly if the 
track cant is more than designed then the vehicle cant rail on the low rail side of the 
curve may infringe the clearance or even hit a structure 

3.11.4 It is possible that cant may not be the same value on an adjacent track, and the 
amount of cant must be measured for both tracks since the difference may reduce the 
clearance between trains, (passing clearance).  The following diagram, (figure 5), 
depicts the effect of cant on clearances. 
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Actual cant less than designed cant 

 

 
Actual cant more than designed cant 

 

Fig. 5  Effect of incorrect applied cant on clearances 
 
3.11.5 Cant effect (CE) can be calculated by the formula: 

CE = C x ARL/1505  

Where: C is the applied cant (in mm) 
ARL is the height above rail level at which the CE is calculated (in mm) 
1505 is the distance (in mm) between rail head centres for a track 
gauge of 1435mm 
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3.12 Track spacing 

3.12.1 Minimum track spacings are defined for both the six-foot and the ten-foot.  Track 
spacings between adjacent running lines, (six-foot), are laid down in RSPG based on a 
minimum clearance between the maximum kinematic limits as follows: 

a) minimum on existing lines - 100mm 
b) normal requirement - 380mm 

3.12.2 Based on the kinematic limits shown in the Structure Gauge diagrams in LU Category 
1 standard 1-156 for LU tracks the above dimensions correspond to a six-foot track 
spacing of 1965mm, (based on a track gauge of 1435mm), measured between the 
running edges.  Note that this spacing is not reduced where tube stock only operates, 
even though the resultant clearance between kinematic limits of adjacent tube stock 
will be in excess of RSPG requirements. 

3.12.3 Where a pair of running lines have additional running lines or sidings adjacent to them, 
(e.g. in a three track or four-track section), then a wider track spacing is required 
between the paired running lines and the additional track or tracks, referred to as the 
ten-foot.  Wherever possible this wider spacing should provide sufficient width for a 
place of safety for personnel, with a minimum clearance each side of the place of 
safety to the maximum kinematic limit.  The requirement in RSPG is as follows: 

Place of safety plus clearance to maximum kinematic limits – 900mm + (430mm x 2) 

= 1760mm 

3.12.4 Based on the kinematic limits shown in the Structure Gauge diagrams in LU Category 
1 standard 1-156 for LU tracks the above dimensions correspond to a ten-foot track 
spacing of 3300mm, (based on a track gauge of 1435mm), measured between the 
running edges where tube stock only operates.  Where any other stock operates this 
spacing is increased to 3500mm. 

3.12.5 Note that the above dimensions are based on straight track, and that full account 
needs to be taken of the effects of cant and end and centre throw on parallel curved 
tracks.  Note that the cant may not be the same on both tracks. 

3.13 Fouling points 

3.13.1 Where two tracks converge in a depot, the fouling point is located at the point where 
the tracks are 2m apart as measured between the nearest running edges of the rails.  
This corresponds to track centres of 3435mm and rail vehicles are not to 
simultaneously occupy adjacent tracks where the tracks are closer than this. 

3.14 Places of safety 

3.14.1 Places of safety adjacent to tracks can be either in the cess or, on four track running 
lines, in the ten-foot.  The clearances required are shown in figure 6 and table 1 below, 
and only places where these clearances are achieved are permitted to be places of 
safety.  Where inadequate clearances in the cess are present, Limited Clearance 
Warning Boards, (as shown in photo 1 below), are to be erected. 

3.14.2 The dimensional requirements given in table 1 define places of safety solely in terms 
of clearances.  Adequate clearances do not, in isolation, determine the suitability of a 
location as a place of safety.  Other requirements such as easy access, good 
underfoot conditions and good visibility must also be met. 
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