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Abstract: The design of automatic train protection and signal systems for fixed guideway (e.g., 
rail) transit systems requires knowledge of the braking distance of the vehicles utilized on the 
systems. Methods and assumptions used in calculating the braking distances of rail transit 
vehicles are provided in this guide. The methods encompass automatic train protection and signal 
system operation, propulsion and brake system operation, environmental conditions, operator 
interfaces, tolerances, and failure modes. 
 
 
Keywords: automatic train control (ATC), automatic train operation (ATO), automatic train 
protection (ATP), braking, braking distance, fixed-guideway transit, rail transit, signal systems 
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Introduction 

This introduction is not part of IEEE Std 1698-2009, IEEE Guide for the Calculation of Braking Distances for Rail 
Transit Vehicles. 

Notice to users 

Laws and regulations 

Users of these documents should consult all applicable laws and regulations. Compliance with the 
provisions of this standard does not imply compliance to any applicable regulatory requirements. 
Implementers of the standard are responsible for observing or referring to the applicable regulatory 
requirements. IEEE does not, by the publication of its standards, intend to urge action that is not in 
compliance with applicable laws, and these documents may not be construed as doing so.  

Copyrights 

This document is copyrighted by the IEEE. It is made available for a wide variety of both public and 
private uses. These include both use, by reference, in laws and regulations, and use in private self-
regulation, standardization, and the promotion of engineering practices and methods. By making this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE documents 

Users of IEEE standards should be aware that these documents may be superseded at any time by the 
issuance of new editions or may be amended from time to time through the issuance of amendments, 
corrigenda, or errata. An official IEEE document at any point in time consists of the current edition of the 
document together with any amendments, corrigenda, or errata then in effect. In order to determine whether 
a given document is the current edition and whether it has been amended through the issuance of 
amendments, corrigenda, or errata, visit the IEEE Standards Association web site at 
http://ieeexplore.ieee.org/xpl/standards.jsp, or contact the IEEE at the address listed previously. 

For more information about the IEEE Standards Association or the IEEE standards development process, 
visit the IEEE-SA web site at http://standards.ieee.org. 

Errata 

Errata, if any, for this and all other standards can be accessed at the following URL:  
http://standards.ieee.org/reading/ieee/updates/errata/index.html. Users are encouraged to check this URL 
for errata periodically. 
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Interpretations 

Current interpretations can be accessed at the following URL: http://standards.ieee.org/reading/ieee/interp/ 
index.html. 

Patents 

Attention is called to the possibility that implementation of this guide may require use of subject matter 
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validity of any patent rights in connection therewith. The IEEE is not responsible for identifying Essential 
Patent Claims for which a license may be required, for conducting inquiries into the legal validity or scope 
of Patents Claims or determining whether any licensing terms or conditions provided in connection with 
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-
discriminatory. Users of this guide are expressly advised that determination of the validity of any patent 
rights, and the risk of infringement of such rights, is entirely their own responsibility. Further information 
may be obtained from the IEEE Standards Association. 
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IEEE Guide for the Calculation of 
Braking Distances for Rail Transit 
Vehicles 

IMPORTANT NOTICE: This standard is not intended to ensure safety, security, health, or 
environmental protection in all circumstances. Implementers of the standard are responsible for 
determining appropriate safety, security, environmental, and health practices or regulatory 
requirements. 

This IEEE document is made available for use subject to important notices and legal disclaimers. These 
notices and disclaimers appear in all publications containing this document and may be found under the 
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Documents.” 
They can also be obtained on request from IEEE or viewed at http://standards.ieee.org/IPR/ 
disclaimers.html. 

1.  Overview 

1.1 Scope 

This guide provides methods and assumptions used in calculating the braking distances of rail transit 
vehicles. The methods encompass automatic train protection and signal system operation, propulsion and 
brake system operation, environmental conditions, operator interfaces, tolerances, and failure modes. 

1.2 Purpose 

The design of automatic train protection and signal systems for rail transit vehicles requires knowledge of 
braking distance. This guide provides methods of performing braking distance calculations. 
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2. Definitions, acronyms, and abbreviations 

2.1 Definitions 

For the purposes of this document, the following terms and definitions apply. The IEEE Standards 
Dictionary: Glossary of Terms & Definitions should be referenced for terms not defined in this clause.1 
 

brake assurance: A function in the automatic train protection (ATP) system that monitors the actual 
achieved braking rate, and, if less than a predetermined value, applies emergency brake.  

brake build-up: The time to achieve full commanded braking rate, beginning from the point at which a 
typical value of 10% of the commanded rate has been achieved. 

braking rate: The deceleration of the train, resulting from the retarding effort of the braking apparatus, but 
excluding train resistance and grade or curvature effects. 

curvature: The measure of the amount by which the track does not run in a straight line (i.e., is not 
tangent). 

dead time: The time from a point at which the instantaneous accelerating tractive effort is zero until 
braking rate has reached a typical value of 10% of the commanded value. 

entry point: The civil position of a train at which it enters territory wherein a more restrictive speed limit 
applies (i.e., a signal boundary or transponder location). 

entry speed: The speed of the train at the entry point that is allowed by the signal system or by governing 
rules and procedures. This speed may include allowable speed and wayside/vehicle equipment tolerances. 

equipment reaction time: The time from passage of an entry point until the carborne equipment has 
detected, processed, and indicated the existence of a more restrictive speed. 

full service application: A service brake application of sufficient amount to obtain the maximum service 
brake rate obtainable. 

grades: Civil changes in track elevation; the tangent of the angle formed by the algebraic value of the rise 
divided by the horizontal component of the run, typically expressed as a percent.   

gradient: The horizontal run over which one unit of rise occurs. 

jerk rate limit: The limit to the rate of change of acceleration designed into the propulsion, automatic train 
operation (ATO), and/or braking apparatus. 

maximum attainable speed: An entry speed, commonly used with trip-stops with wayside signals, which 
is the highest speed that a train can achieve at the entry point of the braking model while operating in 
accordance with the rules of the authority having jurisdiction.   

maximum authorized speed: The highest speed at which a train is allowed to operate in the absence of 
any condition requiring a lesser speed. 

operator reaction time: The time from passage of an entry point until an operator has performed a 
definitive action in recognition of the existence of a more restrictive speed limit. 

                                                 
1 The IEEE Standards Dictionary: Glossary of Terms & Definitions is available at http://shop.ieee.org/. 
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rail transit vehicle: For the purposes of this guideline, rail transit vehicles include multiple unit (MU) cars, 
heavy-rail vehicles, light-rail vehicles, automated people-mover and similar rubber-tired guided vehicles, 
and locomotive-hauled passenger trains. 

reaction time: The time from passage of a point (in time or in civil location) where a new condition exists 
until the existence of the new condition is recognized by definitive action. 

runaway acceleration: Is the maximum possible acceleration of the train, as a result of equipment failure. 

safety factor: A percentage increase applied to the calculated braking distance to accommodate such 
factors as available adhesion, percentage failed brakes, equipment tolerances, efficiency of spin/slide 
apparatus, other equipment failures (e.g., load weigh system), the dictates of Operating Rules and 
procedures, and similar factors. 

vehicle overhang: The distance between the foremost structure or front coupler face of a train and the 
location of the front of the train as established by the train control system. 

2.2 Acronyms and abbreviations 

AREMA American Railway Engineering and Maintenance-of-Way Association 
ATC automatic train control 
ATP automatic train protection 
ATO automatic train operation 
km/h kilometers per hour 
mph miles per hour 
mphps miles per hour per second 
m/s meters per second 
m/s2 meters per second squared 
SI Système International d'unités (French) International System of Units (English) 
TE tractive effort 
TPC train performance calculator 
 

3. Braking model components 

3.1 General 

Braking distance is an important consideration in designing rail transit vehicles and train control systems.  
The braking model is used to determine the distance required for stopping (Clause 5) and for speed 
reducing (Clause 6) under normal and abnormal conditions. Braking distance is also important for the 
interaction of trains with civil restrictions.   
 
The braking model is an analytical approximation of the braking distance of the train. The model is 
intended to be comprehensive and include all commonly-used considerations; specific transit applications 
may not require use of all model components. The “worst-case” combination of parameters applicable to 
the vehicles (or combination(s) of vehicles) and physical location(s) being analyzed, as used in 
calculations, is defined by the authority having jurisdiction. Where a component is not to be included, the 
development of a comprehensive failure analysis supporting this decision is strongly recommended.  
Similarly, failure modes or other specific conditions considered and all components values used should be 
validated by supporting analysis and test results wherever possible. 
 
A simplified illustration of the braking model is shown in Figure 1. 
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