Technical

Report

ISO/TR5914
Railway applications — Rolling First-edition
stock — Interior passive safety 2024-12

Applicationsl|ferroviaires — Matériel roulant — Sécurité passive
des aménagdments intérieurs

Reference number
ISO/TR 5914:2024(en) © ISO 2024



https://standardsiso.com/api/?name=45df9bf16ab63d17837275169d76aef2

ISO/TR 5914:2024(en)

COFYRIGHT FPRUTECUTED DUCUMENT

© 1S0 2024

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting on
the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address below
or ISO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8

CH-1214 Vernier, Geneva

Phone: +41 22 749 01 11

Email: copyright@iso.org

Website: www.iso.org
Published in Switzerland

© IS0 2024 - All rights reserved
ii


https://www.iso.org
https://standardsiso.com/api/?name=45df9bf16ab63d17837275169d76aef2

ISO/TR 5914:2024(en)

Contents Page
FOT@WOIM........coc e iv
IIIEIOMUICEION ... v
1 SCOPI@ ...ttt 1
2 NOTIATIVE FEEFEI@IICES ..........oc e 1
3 Terms and definitions...
4 SEIATEGIC ODJECTIVES ......ooo e
4.1 ROAA traNSPOTT COMPATISON ..ot 4
4.p Rail context
4.8 SErUCTUTAl PASSIVE SAFELY ..o e
4.4 Minimization Of INJUIY ... e
4.5 Interior passive safety principles......
4.5.1 General design considerations
4.5.2 Component design.........c
5 Bénefits of interior passive safety in train collisions........... N o 7
Examples of rail vehicle interior structural design criteria......... G e 7
6.]  Global standards for vehicle structural integrity ... S 7
6.2 Standards for interior equipment.........cccn
6.3 Material selection for rail vehicle interiors
6.4 Structural energy absorption and collapse: UK practice’from GMRTZ2100.........ccoccocesoricii, 10
6.5  Secondary imMpPact @SSESSIMEINE. ... Do
6.5.1 Considerations for persons with reducedmobility
6.5.2 Secondary impact PrinCiples ......amf e
6.5.3  Secondary iMPACE TEVIBW ... ¥ sssssesssse s
6.5.4 Secondary impact design scenarios......
6.5.5 Containment and compartmentalization.
6.5.6  Minor impacts with interier features........
6.6 Geometric Criteria ...
6.6.1 Standards with geometric requirements.
6.6.2  GEOMELTIC PIINCIPLES . ..ooiooe et
6.  Computer simulations, ¢alculations and teStING ... ]
6.8 Possible re-use of exiSting component test results.
6.9 OPEN DAY SEATIIIE e
Annex A [informative) Interior passive safety experience from UKand US...........cc o 17
Annex B |informative) ACCIAENT STATISTICS ... e 33
Annex C|(informative)~Costs and potential benefits of interior passive safety, based on YK
PHACHICES ek 47
Annex D|(informative) Considerations for persons with reduced mobility.........ifi 54
Annex E [informative) Example abbreviated injury scale ... o 57
BIDLEOZIAPIY ...t 58

© IS0 2024 - All rights reserved
iii


https://standardsiso.com/api/?name=45df9bf16ab63d17837275169d76aef2

ISO/TR 5914:2024(en)

Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

It is generally accepted that avoiding collisions is a key operating principle of railway systems. This can be
achieved, for example, by dedicated lines, eliminating level crossings and providing sophisticated control
(signalling) systems.

The safety performance of railways has improved significantly in recent years, to the extent that train
crashes, derailments and overturning are now very rare events. However, this document includes evidence
which suggests that, despite advancements in train control and other active safety measures, these incidents
will continue to occur, albeit at a much-reduced rate of incidence. Collisions and derailments can still occur
due to incidents such as infrastructure failures, landslides or incursions from road traffic.

Railway pdministrations in different countries have conducted extensive accident investigations and
research [into collision events. These and other countries have reached consensus that there lis penefit in
managing collision energy and vehicle dynamics in collision conditions. This is achieved by,designing rail
vehicle sfructures to have better collision performance in certain prescribed conditionsj’stich vehicles are
said to hdve a “crashworthy structural design”.

Many countries have static structural standards; these are complemented (e.g. in Europe and North|America)
with structural crashworthiness standards. The aims of crashworthy structural designs are genenally to:

— reduge the risk of vehicles overriding;

— absorb collision energy in a controlled manner;

— mainfain survival space and structural integrity of the occupied areas;
— limitfthe car body deceleration;

— reduge the risk of derailment;

— limit[the consequences of hitting an obstructiono# the track.

Some countries have investigated the effect of train crashes on passengers in rail vehicles, aiming tolestablish
a causal |ink between occupant fatalities or-injuries and the design and layout of train interios| fixtures,
such as sgats, tables, luggage racks, stanchiens and interior glazing. These investigations culminated in the
modelling and testing of deceleration everits, as prescribed for the crashworthy structural design, to apply
measureq to the design of rail vehicle.interiors which provide a favourable environment for passepgers and
staff in tHese conditions. These measures are collectively considered as interior passive safety and will aid:

— contdinment;
— compartmentalizatiofy;

— redu¢ing and controlling the risk of injuries in secondary impacts that occupants can experienge in train
crashles and déxailments, by incorporating energy absorption in seats and tables and non-aggressive
shapes for interior equipment (tables, grab poles, seats, luggage racks).

Specifica
not life t! ' v v : =
catastrophlc and Chaotlc events assoc1ated with vehicle colllslons derallments and overturnlng, passenger
injuries will still occur.

Interior passive safety principles are based on extensive research (e.g. the European Union (EU)-funded
Safelnteriors research project (2006-2010), and work conducted by the US Department of Transportation
(DoT) Federal Railroad Administration (FRA) and the Volpe National Transportation Systems Center).
This research has concluded that the aims of preventing occupant fatalities, and reducing the number and
severity of injuries, are best achieved through combining vehicle structural crashworthiness with interior
passive safety.

© IS0 2024 - All rights reserved
\%


https://standardsiso.com/api/?name=45df9bf16ab63d17837275169d76aef2

ISO/TR 5914:2024(en)

Application of the principles of interior passive safety can also be expected to reduce the consequences of
minor incidents, such as slips, trips and falls, that can result from unexpected vehicle movements caused by,
for example, emergency braking or track irregularities.

This document describes the worldwide state of the art regarding interior passive safety on passenger rail
vehicles.

© IS0 2024 - All rights reserved
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Railway applications — Rolling stock — Interior passive safety

1 Scope

This document reports worldwide best practice to minimize the risk of death and injury to occupants of rail
vehicles in the event of a collision or derailment.

This docyment investigates recent interior designs for passenger areas in heavy rail vehicles (€;g coaches,
fixed units, trainsets), including refurbished interiors.

2 Normative references

The folloying documents are referred to in the text in such a way that some or alloftheir content cgnstitutes
requiremients of this document. For dated references, only the edition cited applies. For undated r¢ferences,
the latest|edition of the referenced document (including any amendments) apples.

EN 17343:2023, Railway applications - General terms and definitions

3 Terms and definitions
For the purposes of this document, the terms and definitionsgiven in EN 17343:2023 and the followjing apply.
ISO and IEC maintain terminology databases for use in standardization at the following addresses

— ISO (nline browsing platform: available at https://www.iso.org/obp

— IEC Hlectropedia: available at https://www.electropedia.org/

31
structural passive safety
crash engrgy management
CEM
design to[preserve the structuraliintegrity of a rail vehicle during a collision or derailment

Note 1 to entry: It usually includes the objectives of reducing the risk (3.19) of derailment and overriding,|providing
survival space (3.2) for occupants, and minimizing the risk of detached or loose objects or debris.

3.2
survivalspace

residual dpace

portion of the.vehicle interior designed to have limited or no structural deformation

Note 1 to enfry: This can apply both to the general vehicle structure and to smaller subdivisions such as the space
between seats or between a seat and a table.

Note 2 to entry: In terms of occupant interior passive safety, this is regarded as the space required for an occupant to
survive and to avoid crush-type injury and entrapment.

3.3
containment
keeping occupants within vehicles

Note 1 to entry: Containment predominantly prevents occupant excursion via windows and doors.

© IS0 2024 - All rights reserved
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3.4
compartmentalization
control of occupant trajectory length within a vehicle

Note 1 to entry: This generally refers to an interior design strategy with the goal of limiting occupants’ travel within
a small, defined space during a collision, i.e. between rows of seats, or a seat and table, to prevent occupants from
travelling large distances and impacting other more hostile objects with larger velocities.

3.5
primary impact
collision of a rail vehicle with another rail vehicle or an obstacle on the track

3.6

secondary impact
contact of an occupant with a fixed interior feature, or another occupant or occupants, followiing p primary
impact (3{5) or other accident

3.7
prooflodd
load whith represents, or is intended to be equivalent to, an exceptional maximum load that can be
encountefed when in normal service and which, when applied and removed, results in no damage, Joosening
of fixings|or deformation that would require repair or replacement

Note 1 to |entry: Normally, a proof load is a static or quasi-static load which has been derived from morfe complex
dynamic cpnditions.

[SOURCE{ UNIFE REF 001[1], 3.17]

3.8
ultimate(load
load whi¢h represents, or is intended to be equivalent te, an exceptional load outside of normgl service
conditionfs due to overloading or accident which can result in significant damage or permanent deformation
that will fequire repair or replacement

Note 1 to ¢ntry: An ultimate load may be a static, quasi-static or dynamic load.

3.9
slips, trips and falls
accidental or involuntary movement ofa'person arising from and/or resulting in contact with an object pr surface

Note 1 to ¢ntry: A person can slip when they lose their footing, trip when they catch a foot on or in something, and fall
when they| come down suddenly.

Note 2 to ¢ntry: Slipping is.defined to be a fall because of sliding due to a sudden loss of all or part of the support base
(the area gpread by thefeet and any other support) in a way that the gravity line moves beyond the sugport area.
Tripping i§ most oftenscdused by an obstruction, followed by uneven surfaces, preventing normal foot movements and
leading tofa loss of balance. The size and location of any defects affects the severity of the trip. Finally, falling is usually
defined to[be a fall-from a height.[21[3]

3.10
handhold
handrail
any device on board a transport vehicle that is designed to allow passengers to use their hand grip to
manoeuvre through the vehicle or provide passengers with a more stable ride while on board the vehicle

[SOURCE: ISO 10865-1:2012[4], 3.4, modified — Admitted term “grab bar” deleted.]

3.11

grab rail

handhold (3.10) designed to support and to permit transfer of body weight, usually found in locations
adjacent to showers, bathtubs, WC suites, and wash basins in a bathroom or toilet

[SOURCE: ISO 6707-1:2020[21, 3.3.2.76, modified — Admitted term “grab bar” deleted.]

© IS0 2024 - All rights reserved
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3.12

light injury

moderate injury

person who is hospitalized for one day to three days or requires one day to three weeks off work

Note 1 to entry: See also minor injury (3.13), serious injury (3.14) and life threatening (3.15). These definitions vary
between countries. ISO/TS 17755-2[8] relates predominantly to fires in buildings.

Note 2 to entry: For the technical evaluation of occupant injury, the abbreviated injury scale (AIS, see Annex E) is used
by researchers and accident investigators to evaluate levels of attributed injury. The AIS system is an anatomically
based injury severity scoring system. It is linked to injury acceptance reference values (IARVs) or injury criteria used
by some countries to limit the injury potential of train furniture.

[SOURCE{TSOU/TS I7755-2:20Z201,3.57, modilied — Cross-reference to 1ire injury deleted and ddditional
sentenceg added in Note 1 to entry. Note 2 to entry added.]

3.13
minor injury
person who is hospitalized or off work for less than one day

Note 1 to|entry: See also light injury (3.12), serious injury (3.14) and life threatening {3.15). These definitions vary
between cpuntries. ISO/TS 17755-2[] relates predominantly to fires in buildings.

Note 2 to ¢ntry: See also Note 2 to entry in 3.12.

[SOURCE{ ISO/TS 17755-2:2020[¢], 3.61, modified — Cross-referenceo “fire injury” deleted and ddditional
sentenceg added in Note 1 to entry. Note 2 to entry added.]

3.14
serious ipjury
person who is hospitalized for four days or more or has more than three weeks off work

Note 1 tolentry: See also minor injury (3.13), light injury?(3.12) and life threatening (3.15). These definifions vary
between cpuntries. ISO/TS 17755-2[6] relates predominantly to fires in buildings.

Note 2 to ¢ntry: See also Note 2 to entry in 3.12.

[SOURCE{ ISO/TS 17755-2:20201¢], 3.73, rhodified — Cross-reference to “fire injury” deleted and gdditional
sentenceg added in Note 1 to entry. Note 2 to entry added.]

3.15
life threatening
injured person who must immediately receive emergency rescue and medical treatment to prevent a certain
and impephding death

Note 1 to gntry: See alse(minor injury (3.13), light injury (3.12) and serious injury (3.14). These definitions varly between
countries.[ISO/TS 17755-2[¢] relates predominantly to fires in buildings.

[SOURCE{ ISO/TS17755-2:202018], 3.56, modified — Cross-reference to “fire injury” deleted and gdditional
sentenceg added in Note 1 to entry.]

3.16
fatality
death
person who has died as a result of injuries sustained during an accident

Note 1 to entry: In this context, there is no limitation of time after the accident. Fatalities also include death from
natural or accidental causes sustained while involved in the activities of attempting rescue or escaping from the
dangers of the accident.

Note 2 to entry: Fatalities are composed of all persons discovered or declared dead at the location of the accident,
during their transportation to the hospital or after their admission to the hospital.

© IS0 2024 - All rights reserved
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Note 3 to entry: These definitions vary between countries; ISO/TS 17755-2[¢] relates predominantly to fires in
buildings.

[SOURCE: I1SO/TS 17755-2:2020[¢l, 3.37, modified — Terms “fatal casualty” and “fatal injury” deleted.
Referencesto fire either replaced by “accident” or deleted in the terms, definition and notes to entry. “including
blast and defenestration, except when a death occurred in sites with the right of extraterritoriality” deleted
from Note 1 to entry. Note 3 to entry added.]

3.17
value of preventing a fatality
VPF
sum of money used in cost benefit analysis (3.18) for the valuation of safety benefits and disbenefits in
decision-making processes

3.18
cost bengfit analysis
CBA
means used to assess the relative cost and benefit of a number of risk reduction (3.20) alternatives

[SOURCE{ISO/TS 16901:2022!7], 3.7, modified — Note 1 to entry deleted.]

3.19
risk
combinatjion of the probability of occurrence of harm and the severity of.that harm

[SOURCE{ISO/IEC Guide 51:2014[8], 3.9, modified — Note 1 to entrydeleted.]

3.20
risk redyction
actions of means to eliminate hazards or reduce risks (3.19)

[SOURCE{ISO 10377:201312], 2.22]

3.21
fatalitied and weighted injuries
FWI
composite measure of risk (3.19) or harm _that combines fatalities (3.16) with physical injuries anfl cases of
shock/trquma, which are weighted aceording to their relative severity

Note 1 to |entry: The measurement is\the number of fatalities, serious injuries (3.14) and minor injuries (8.13) from

the consequences of accidents, where/1 serious injury is considered equivalent to 0,1 fatalities, and 1 minqr injury is
considered equivalent to 0,01 fatalities.

[SOURCE] RSSBI1%, modifted — Note 1 to entry added.]

4 Strafegic objectives

4.1 Roadtransport comparison

Although travel by rail is generally safer than by car or bus, many of the safety measures adopted in the
United Kingdom (UK) and the United States of America (US) are derived from the automotive industry, as
described in the following paragraphs.

European automotive regulations (UN/ECE 80[11]) require impact testing using a sled to achieve a change of
velocity (Av) of between 30 km/h and 32 km/h (8,3 m/s to 8,9 m/s); this gives acceleration levels between
8g and 12g.

It is worth noting that the reduced levels of acceleration (and the increased time period of the pulse) set
out in GMRT2100[14] are based on trains being significantly heavier than road vehicles, and that there
is potentially more space in the front of a rail vehicle to provide a “crumple zone” than in a road vehicle.
Clause A.2 describes the derivation of the pulse.

© IS0 2024 - All rights reserved
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US automotive regulations 49 CFR 571_208 (FMVSS208)[13]: The platform is decelerated from 48 km/h to
0 km/h (30 mph to 0 mph) in a distance of not more than 0,914 m (3 feet), without change of direction and
without transverse or rotational movement during the deceleration of the platform and the departure of
the vehicle. The deceleration rate is at least 20g for a minimum of 0,04 s. This therefore gives a change of
velocity (Av) of at least 0,04 x 20 x 10 = 8 m/s; which is similar to UN/ECE 80[11],

In 2023, the US DoT FRA developed an “Engineers’ Protection System” (comprising an airbag and knee
bolster fitted in the driver’s cab).[16] The analysis and testing thereof used a test pulse derived from the
acceleration measured in the engineer’s cab during a single multilevel rail car impact with a rigid wall at
58,9 km/h (36,6 mph).

The APTA standard for seats (APTA PR—CS S- 016 99, ReV 3 1, 2023[17]) uses a scaled Verswn ofthe aerospace
crash test a-triaketa 33 t G-6% .
of 35,3 km/h (21 95 mph or 9 81 m/s)

Some redent work conducted by Transport Research Laboratory (TRL) for Transport for| London in the
UK assesfed the potential reduction in injuries on buses simply by implementing geométric criteria (e.g.
eliminatihg or relocating sharp edges).

4.2 Rall context

Rail systems aim to transport passengers and goods from place to'place safely, comfortiably and
economidally. Active train control systems play a major part in this, notably in reducing the number of
train colljsions; however, unforeseen circumstances still occur whicly’'can lead to collisions or denailments.
Such circphmstances are often outside the immediate control of the¢ailway system, such as weath¢r-related
events orincursions of obstacles (such as debris, landslips and road vehicles) into the railway.

Further, gperational events such as emergency braking, coupling trains in operation, and traversing switches
and crosdings lead to accelerations affecting occupants.

Annex A gives further details of the application of interier passive safety on rail vehicles in the UK and the US.

4.3 Structural passive safety

There exist many examples worldwide of-static structural standards, and these are complementgd by rail
vehicle d¢sign standards for dynamic struetural crashworthiness in North America and Europe. These aim
to preserfve the structural integrity of\the interior during a collision or derailment, with the objectives of
preservirg occupant survival spac€ ahd minimizing the risk from detached or loose objects or debyis.

For example, EN 15227:2020[12hstates:

“The|objective of the passive safety requirements described in this European Standard is to reduce the
conse¢quences of collision accidents. The measures considered in this European Standard prjovide the
meatr}s of protection when all possibilities of preventing an accident have failed. It provides a framework
for d¢termining the crash conditions that rail vehicle bodies can be designed to withstand, baged on the
most|commencollisions and associated risks.

This European Standard adds to the basic strength requirement defined in EN 12663-1:2010+A[1:2014[20]

b A3 Jddies 1 3 ok 4 4 1 3 £o4 3 | 4 3 f t 3
y S LI dUUItIUIIA TTUUIT TIHITHTS TUD Sthuttul dl PpassIvi 54dltTLy T1ITNUTutl tU LTI TastT UtLUupdll sale y 1n

case of collisions.

In the event of a collision, application of this European standard provides protection for the occupants
of new designs of crashworthy vehicles through the preservation of structural integrity, reducing the
risk of overriding and limiting decelerations. This protection does not extend to interactions between
the occupants and the vehicle interior ...” © CEN, reproduced with permission

Interior passive safety is therefore generally considered in the context of the first principle of vehicle
structural design and structural passive safety, i.e. the use of structural passive safety components to
preserve space and limit longitudinal decelerations up to specific collision speeds. Structural passive safety
also helps to prevent override and lateral buckling. Experience of crash tests varies between countries,
with some reporting reductions in fatalities and injuries from structural passive safety alone in relatively

© IS0 2024 - All rights reserved
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high-speed collisions, while in other cases, the use of structural passive safety without considering interior
passive safety has led to increases in injuries from secondary impacts.[2l] Therefore, in general, it is
concluded that designing the interior to control secondary impacts is necessary to reduce the risk and/or
the severity of injuries.

4.4 Minimization of injury

The second principle of interior passive safety is to minimize the risk of injury to train occupants in the
event of a collision or derailment. Even if the possibility of injury cannot be eliminated, the seriousness of
potential injuries can atleast be reduced; this improves the chances of injured persons being able to evacuate
themselves.

A further outcome is a likely reduction in the injuries to occupants arising from slips, trips and falls, by
minimizihg or eliminating sharp contours and edges.

If there emains sufficient occupant survival space, and interior components such asseats, tables, fire
extinguishers, etc. have not detached from the structure, minimization of occupant injuries is achieved by
the following three main control measures:

a) Contginment of occupants:

— tp prevent occupants from being ejected from the vehicle by careful design of doorways (e.g.
N 14752[22]) and glazing (e.g. ISO 22752[23]),

wul

b) Compartmentalization:

— ih the event of a collision or derailment, occupants are.contained within a small area of the vehicle
(p.g. between rows of seats, between a seat and table}.and, equally, that heavy items such gs luggage
dr on-board equipment are contained in their respegtive areas.

c¢) Reduftion of the consequences of secondary impacts:

=

hinimizing the trajectory length of an occupant before collision with interior fitments or another
ccupant by careful design of seats, tables) partitions and luggage racks;

(@)

— gareful design of interior components, including glazing (see EN 17530[24]) to reduce poinf loads on
he human body, and avoiding trapping risks by good geometric design and selection of materials
(kee JIS E 7103I23], JIS E 7104![26] and JRIS R 1010[27]);

ot

— donsideration of the potential impact surface, e.g. impact surface mechanical performange and its
T:ility to absorb impact,energy, and the shape of features and components.
Careful d

sign of the interior of a rail vehicle can also reduce the risk of injuries from other mechanisms
such as:

— electfic shocks-from damaged electrical fittings or exposed wiring;

— injurles frem broken glass in windows, partitions and draught screens.

4_ 5 lnt ¥ior nmaccivya cofafbyz s arnlac
. TTOT pPassSIve—SarCty priaCIpIcs

4.5.1 General design considerations

Experience from research and accident investigations in the UK (see RSSB Report T910[28]) and the US (see
Clause B.2) has shown that the vehicle layout, in particular the seating and the arrangement of screens,
partitions and grab rails or poles, plays a key role in determining potential trajectories for occupants in the
event of a collision.

NOTE Annex B contains examples of accident statistics from various countries.

Inside the vehicle, compartmentalization measures have the objective of managing the risk of uncontrolled
movement of occupants in the vehicle interior space. Vehicle interior layouts that offer good levels of

© IS0 2024 - All rights reserved
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compartmentalization limit the length and number of potential trajectories from a given occupant location
(seated or standing) and therefore reduce the risk of injury.

Interior layouts are subject to a wider range of, sometimes contradictory, considerations, for example:

— operational needs and aspirations, including passenger density, boarding and alighting times;

— the type of service (distance, speed, duration);

— vehicle ambience and security.

4.5.2 Component design

It is intended that, once a component design is successfully validated (e.g. for a seat or table), it cah be used

in anothdr vehicle design without the need for further validation, when the vehicle category.is|si

the instal
or a comh

When satfisfactorily completed, the component can then be used in a wide range of vehicle layouts

that the |
having bg
provided

5 Benegfits of interior passive safety in train collisions

As indicated in the introduction of this document, train crashes, dérailments and overturning are
events. Because of this, there is very little data upon which to base a realistic analysis of the dired
of interiof passive safety measures.

However,

injuries in collisions and derailments, which in turn.lead to a better chance of escape. For example

interior d

broken lijnb, which is likely to mean that the ocecupant is able to self-evacuate in the event that the

involved

Other pe
LOC&PAS

reputatio
lawsuits.

The RSSH
1,9 based
signalling

Further d

lation is mechanically equivalent. Validation can consist of calculations, static or dynam
ination thereof.

miting, worst case, conditions tested are not exceeded. It is therefore acceptable for a co
en successfully tested, to be used in a given vehicle interior without'recourse to furthg
that the effective design limits established are not exceeded.

it is considered that these measures are likely\to'lead to reductions in the number and s
esigned with these principles can reduce\the risk of an occupant sustaining a head ir

n an accident.

rceived benefits would includesreduced injuries and their severities in “other incidg
TSI29] clause 7.5.2 and Powel & Fletcher[29]. There is also the potential for improve
n and the public perception of the safety of travelling by rail, even extending to redt

Business Case forZlaMRT2100 issue 4 (Annex F of Reference [31]) gave a benefit to cof
on reductions ifi-ihjuries from slips, trips and falls alone (thus ignoring the benefits of
systems in preyenting collisions).

etails of petential benefits and costs are given in Annex C.

6 Exallnples of rail vehicle interior structural design criteria

ilar, and
C testing,

provided
mponent,
r testing,

very rare
t benefits

everity of
a vehicle
jury or a
train was

nts” (see
ments to
ictions in

t ratio of
improved

6.1 Global standards for vehicle structural integrity

In Europe, high-level legislation for mainline passenger rail vehicle structural integrity is set out in the
LOC&PAS TSI[29] (the equivalent being the NTSN[32] in the UK). The TSI requires compliance to parts of the
European standards EN 12663-1[20]1 and EN 15227191, which would otherwise be voluntary standards.

In the US, Passenger Equipment Safety Standards 49 CFR 238I33] are federal regulations required by law.
These are supported by (voluntary) APTA standards shown in Table 1.

© IS0 2024 - All rights reserved
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Table 1 — Selection of APTA standards for passenger rail vehicles

Reference Title
APTA PR-CS-RP-001-98[34] Passenger Equipment Roof Emergency Access
APTA PR-CS-RP-003-98I33] Developing a Clearance Diagram for Passenger Equipment
APTA PR-CS-RP-019-12[3¢6] Pushback Coupler in Passenger Rail Equipment
APTA PR-CS-S-020-03[3Z] Passenger Rail Vehicle Structural Repair
APTA PR-CS-S-034-99(38] Design and Construction of Passenger Railroad Rolling Stock

Other rail vehicle structural standards and codes are listed in Table 2.

Table 2 — Other rail vehicle structural standards and codes

Reference Title
PRIIA 30 (US)[29] Requirements Document For PRIIA Diesel-Electric Passenger Locomotives
UIC 566 (worldwide)#9 | Loadings of coach bodies and their components
TB/T 3548 (China)[41l Strength design and test accreditation specification for rolling’stock — General
TB/T 350p0 (China)[42] Crashworthiness requirements and verification specificationfor car body of EMU/DMU
TB/T 350[L (China)[43] Test method for crash test of rolling stock
JIS E 7103 (Japan)![23] Rolling Stock - General requirements of car body forpassenger car
JIS E 7109 (Japan)[44] Rolling stock - Test methods of static load for bady structures
JIS E 7104 (Japan)[42] Rolling Stock - Car body structure for passenger cars - General rules for design

6.2 Standards for interior equipment

[SO 2275
rail vehic

The samg
EN 14752
equipmer

GMRT21(
fourll3l a
Safelnter

various public inquiries into UK rail disasters.

[t was or
(TecRec),
Railway

standard

The US A

p[23] (bodyside windows) contains static loading-requirements which are relevant to thg
e occupants.

can be said of the European Standards-EN 14752[22] (doors) and EN 17530[24] (interioy

it such as luggage racks, coat hooks)seats, tables and doors.

0141 is the Railway Group, Standard in the UK for rail vehicle structures. GMRT2]

ors research programme-and research required to satisfy various recommendations

ginally intended-that UIC and UNIFE would publish a joint Technical Recommendation g

D .

PTA'standards for passenger vehicle interior equipment are listed in Table 3.

Table 3 — US APTA standards for passenger vehicle interior equipment

safety of

glazing).

[22] js called up in the LOC&PAS TSI[22]. UIC 56640 includes proof loading requirements fqr interior

00 issue

hd later issues include aspécts of interior passive safety based on the outcomes of the European

made by

ocument

but this neverscame to be. There exists a draft UNIFE Technical Reportlll, and a UIC Intdrnational
bolution (IRS/50564-3)[46], both of which have very similar content to GMRT2100[14] ih respect

of interior passive-safety. GMRT2100[14] is mandatory in the UK. UIC 566491 and the IRS[48l are yoluntary

Reference Title
APTA PR-CS-S-006-98[47] Attachment Strength of Interior Fittings for Passenger Railroad Equipment
APTA PR-CS-S-011-99[48] Cab Crew Seating Design and Performance
APTA PR-CS-S-012-02[49] Door Systems for New and Rebuilt Passenger Cars
APTA PR-CS-S-016-99[17] Passenger Seats in Passenger Railcars
APTA PR-CS-S-018-13[39] Fixed Workstation Tables in Passenger Rail Cars

© IS0 2024 - All rights reserved
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Japanese standards for passenger vehicle interior equipment include JRIS R 1010[27] (luggage racks) and

JIS E 7104[28] (passenger seats). Further, Japanese standard JIS E 7103[23] requires that:

“the facility shall be designed to have sufficient strength taking such factors into consideration such
as the vibrations and impacts in running, the pushing force of hands or bodies of a passenger and

possibility that two or more passengers may use the same facility at the same time”.

Chinese standards include TB/T 3263[31] (passenger seats) and TB/T 3286[32] (luggage racks and hat hooks).

Standards in the UK (GMRT2100[14] and RIS-2780-RSTI33]) and the US (49 CFR 238I33]) generall
equipment fitted inside rail vehicles to be designed to meet the same load cases as set out for

y require
exterior-

mounted equipment. The European Technical Specification for Interoperability (TSI)[29] also requires the

nce with

attachments of “fixed devices including those inside the passenger area” to be designed in accord
EN 12663-1[20],

US Standard APTA PR-CS-S-006-98, Rev. 2, 2021[47] requires body mounted equipment generally'to v
ultimate [nertial accelerations of 8¢g longitudinal, 4g lateral and 4g vertical, applied separately. Giv
EN 12663-1:2010+A1:2014[29], there is a recommended ultimate factor of 1,5, the APTA accelers
slightly gfeater than the European requirements of 3g or 5g, 1g and (-1 + 2)g, respectively.

Where there are specific static proof and ultimate loading requirements for interior mounted itg
as seats, fables, grab handles, grab poles, grab rails and luggage stowage), and-when the acceleraf
set out in|[EN 12663-1:2010+A1:2014[20] applied on the corresponding mas$are less severe than th
requiremgents, separate assessments against the acceleration loads set qut in EN 12663-1:2010+A
are not flways necessary because the specific requirements aré<derived from service and
conditionfs, are therefore more onerous and any requirements relating to EN 12663-1:2010+A1:20)
therefore|satisfied.

To maintgin a continuous load path for all load conditions andto absorb energy requires ductile b
Many int¢rior elements will, however, use some non-ductile: components (e.g. a table), where the t

vithstand
en that in
tions are

bms (such
ion loads
e specific
1:2014[20]

accident
14[20] gre

ehaviour.
hbletop is

often madle from a non-ductile composite or wood-based'material, but the legs and mountings are npade from

ductile mfaterials such as steel or aluminium. As a result, the overall assembly or sub-structure c3
the desir¢d behaviour when overloaded through plastic deformation of the ductile parts when sub
loadings $et out in this document.

It is accepted practice for what can be considered minor items, where an installation has been ug
extended|period in service in a similar or more arduous environment and has performed satisfact
no records of consistent unscheduled.anaintenance, this can be taken as evidence of acceptable perf
Where adopted, this approach is génerally documented.

In some cpses, quasi-static ineftia proofloads (mass x specified acceleration) have been applied dy
using a flynamic test pulse;’scaled to the acceleration level required where necessary. The
accelerat]on level is sustained for at least 80 ms for consistency with the dynamic test pulse.

6.3 Material selection for rail vehicle interiors

Materialg can play a part in achieving the aim of reducing the number and severity of occupar

in exhibit
ect to the

ed for an
brily with
ormance.

hamically
required

t injuries
ractured,

(e.g. fro
deformed

Therefore, the suitability of materials used in vehicle interiors, in addition to fulfilling structural and impact

requirements, usually takes into account other foreseeable material requirements, for example:
— fire performance;

— durability, including behaviour under fatigue loading;

— safety in manufacture;

— repair and disposal;

© IS0 2024 - All rights reserved
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— the potential for degradation due to ageing or environmental factors such as temperature, humidity,
sunlight, etc.

Compromises are therefore always required when selecting materials.

The princ

iples of reducing injury from vehicle interior components include ensuring the following:

— When items are broken or ruptured, sharp spikes, splinters or fragments are not formed where an
occupant could come into contact with them, and, for composite panels or substructures, aggressive
internal components (e.g. metallic inserts) are not exposed to occupants.

— When loaded beyond the specified proof loads (i.e. the ultimate load, which is generally around 1,5
times the quasi-static load, see EN 12663-1:2010+A1:2014[20] 5.4.3), vehicle interior structures or sub-

strudtures are designed to collapse in a controlled and predictable manner and have good

plast

— Non-fuctile or brittle materials are therefore designed to withstand the ultimate load, of are
wherje the consequences of their failure are mitigated, for example by alternative lead paths.

6.4 Structural energy absorption and collapse: UK practice from GMRT2100

GMRT21(

“All

a) E
b) A

c A
to bu|

d) Sharp objects or fracture surfaces that are\likely to cause injury shall not be produced.”

NOTE

often without structural failure. It can also"relate to a mechanical fuse where the modification of thd

performar

This ensy
beyond th
and reprg

[tems su
complete
energy by
attachme

Large iteims sueh as seats and tables have the potential to cause serious injury if they become deta|

therefore

interior fixtures, including seats and tables, shall meet the following requirements
specified proof, ultimate and dynamic loads are applied:

city and/or energy absorption properties.

0[14] A .4, states:

ements that form part of a primary load path shall includé ductile materials.
l attachments to the primary structure shall remain‘intact.

continuous load path shall be maintained, without abrupt changes in force levels due, for
ckling, snap-through or fracture.

The term “snap-through” relates to.acsidden movement of a structure with a relatively large
ce an item or device is beneficial to the safety of a vehicle occupant.

res that the complete stricture exhibits post-yield plasticity and energy absorption, wh
e specified proofloads.{tcontrols the risks of injury to vehicle occupants in the event of aj
sents UK practice.

h as seats and“tables cannot generally be made entirely from ductile materials; h
seat or table.assembly can be designed to behave in a ductile manner and absorb useful a1
7 using suitable materials for critical components where impact is most likely to occur, a
nts to the primary vehicle structure.

post-yield

pnly used

Wwhen the

example,

Heflection,
shape or

en loaded
1 accident

bwever, a
mounts of
hd for the

ched. It is

good practice to ensure that all items remain attached for the conditions specified.

Discontinuous load paths, abrupt jumps in force levels and the exposure of otherwise concealed parts
also have the potential for additional injury. Where items are loaded during an impact, it is good practice
to ensure that they do not break away or become partially detached, and that the fixings to the vehicle
structure are the last components to fail when the seat or table assembly is subject to overload.

6.5 Secondary impact assessment

6.5.1 C

onsiderations for persons with reduced mobility

See Annex D.
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6.5.2 Secondary impact principles

In a collision or derailment, a vehicle typically experiences a primary impact or a series of impacts, and a
very rapid deceleration. Some of the vehicle’s kinetic energy is retained by the occupants and objects, which
is then dissipated by secondary impacts inside the vehicle.

The severity of a secondary impact injury is dependent upon the occupant’s kinetic energy and the rate of
energy dissipation (the relative deceleration at the point of contact) on impact. The rate of energy dissipation
is related to the stiffness of the contact surface, the concentration of energy per unit area at the point of
contact and the body region involved.

To minimize the severity of injuries, design for interior passive safety would therefore take account of the
following:

a)

b) the characteristics of features or structures impacted;

c) probsble impact areas relative to the occupant and their proximity to vital organs.

6.5.3 Secondary impact review

UK pract

The design and installation of the interior (with the exception of seats and tables, which are 3
separate fpecific requirements) are examined for potentially aggressive features with respect to:

a)
b)

c) protijusions.

The secodary impact review is often simplified, since in a rail vehicle there will be many items {
repeated throughout the train, such as handholds, partitions, draught screens and doors; therefore
necessary to assess one example of an ,item or component that is repeated.

A further possible simplification 0f)the review is to use a risk-based approach, e.g. in areas ¥
infrequently used. A risk-based approach includes the following considerations for determining, sg
assessing the level of risks for an occupant to be injured in a train accident because of projecti
train’s interior surfaces:

the ofcupant’s velocity and kinematics at the point of contact;

exposed corners and edges;

recesses;

The ljkelihood of gcedpants being positioned in a zone, including the frequency of occupation.

The dredible approach path of occupants during an accident, addressing the credibility of their t
to impact a given item/surface. It generally assumes a given initial position of the occupant.

Hot-initially standing occupants, priority is given to exposed surfaces in a height range fj

ce, as stated in GMRT2100[14], is to subject areas which are accessible to occupants in normal
service td a secondary impact review; this examines the general features-and detailing of the vehic
consideripg the risk of injury due to secondary impact against surfac€s or items.

e interior

ubject to

which are
,itis only

vhich are
rting and
on to the

rajectory

om 1,1 m

to ;9T from the ftoor: T e I, T T covers the heightof the fiead of a 6-year-otd chitdamd ti
which a tall person would hit a surface during his/her fall.

Regardless of the height of 1,5 m, the undersides of overhead luggage racks are included a
surfaces.
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— For initially seated occupants, priority is given to exposed surfaces up to 1,5 m from the floor.

S priority

Exposure of a surface, e.g. edges and corners are exposed only where a theoretical 100 mm diameter
sphere can make contact (165 mm diameter for surfaces with a predominant probability to be impacted
by the head of an occupant); see 6.6.2. The exposure is inherent to the integrated items in the train, and
excludes the notion of a credible approach path.
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— Compartmentalization ability of a surface/item, e.g. a transverse seat or a transverse partition is efficient
to limit occupant excursions in the case of accidents leading to longitudinal accelerations, and therefore
these surfaces are regarded as a priority.

— Repeated items and/or radius of an item in a train. Typically, an interior item of the same design that is
implemented several times in a train has more probability to be impacted during an accident compared
to a unique item, even though the credible approach trajectory is estimated as low.

— Surface rigidness, addressing the ability of an impacted surface to deflect locally (shore hardness) or
globally.

— The shape of the rigid surfaces:

— Consfraints that can limit changes to meet interior passive safety design rules, including:

6.5.4

The initidl effect of many rail vehicle accidents is predominantlydongitudinal, but even in these d
to the dyjnamics of the train or external influences such as, for example, track curvature, swi
crossings, some or all of the vehicles involved can come to resthaving been subject to large latera
yaw, pitch or roll movements. Accidents due to defective~track or landslides can include signifi
longitudihal effects from the outset.

NOTE

and rockfdll detecting systems), which can help to prevent derailments.

The Railway Group Standard (GMRT2100[4]} used in the UK assumes a nominal 5g longitudinal c1f
as the principal design scenario (see Claus§e;A.2). This pulse is derived from post-accident collision
and genefates secondary impact velocities (of at least 5 m/s) and loadings which have been shd

Radii = 20 mm for head impact;

Radii =2 5 mm to 10 mm for limb impact.

manufacturing and/or geometrical constraints (including aesthetics);

gverriding requirements, such as sightlines, persons with reduced mobpility (PRM) TSI[2Z] a
fhctors.

Secondary impact design scenarios

Some countries have measures to detect defectivVe track and landslides (such as concrete reinfor

nd human

ases, due
ches and
, vertical,
cant non-

ced slopes

ash pulse
research,
wn to be

consistent with the severity of injuries encountered in typical accidents. Where dynamic assessients are

used, thid pulse therefore permits-injury criteria to be assessed.

The collidion pulse used in the US is of a triangular shape, with an 8g peak and a duration of 25
yields seqondary impact velgeities around 10 m/s. The pulse represents an in-line train-to-train c
which thg cars remain upright and in-line and the occupant volume is severely challenged or cripp

Specific interior design scenarios have not been developed for situations where lateral, vertical, y
and roll accelerations, or a combination of these, occur. For this type of scenario, any additional ris
controlledl usingdesign relating to shape and geometry and proof loads.

6.5.5

ms; this
bllision in
ed.

raw, pitch
ks can be

Centaimmentand-compartmentalization
UuULIvIil

The general principle of containment is to prevent occupants from being ejected from the vehicle, on the
basis that this can allow better control of the potential for injury.

The principle of internal compartmentalization is that, in the event of a collision or derailment, passengers
or staff are contained in the area of the vehicle where they are located, and equally, that heavy items such
as luggage or on-board equipment are contained in their respective areas. The principal objectives are to
prevent long excursions through the vehicle and therefore reduce the velocity of secondary impacts and
interaction with other occupants.
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Research has shown that unidirectional seating provides a better level of restraint for seated occupants
compared to bay seating, as the occupants’ movements are restricted to the immediate area (e.g. see RSSB
research report T910[29], and US DoT report numbers 61614541, 54597(55] and 35576[36]).

Bay seating is provided on many European trains because of passenger preference. Where fixed tables are
installed, bay seating can also give a level of constraint by limiting the distances in which occupants can be
displaced. Bay seating without tables provides a lower level of constraint.

Longitudinal seating is often preferred for suburban operations where station-to-station times are short,
and passenger boarding and alighting times are critical. Longitudinal seating arrangements will not always
appear to give the same control as transverse seating, but when groups of longitudinal seats are sub-
divided, for example, by armrests, grab poles or draught screens, it is considered that the risk is adequately

controlle

d

Aspects d
risk of inj
areas and
for interc
poles, grg

6.56 M
Accident
of injurie
significar
of the pof]

Accident
however,
table ligh

6.6 Ges

6.6.1 S

Linked tq
geometri

Similarly,

“the
edge
damd

In additig

“To t]

=

f vehicle layout design, such as the location of draught screens and grab poles, can.infl
Lry to standing occupants. Other design considerations include the relationships between
seating areas, and operational parameters, e.g. whether standing occupants are<nlikel

b rails and grab handles can provide elements of constraint for standing eccdpants.

[inor impacts with interior features

investigations and research (see RSSB Research Report T910[28]) have shown that thg
5 in an accident or collision can be attributed to impact against seats and tables. The c3
t proportion of injuries were uncategorised. This research therefore recommended cons
ential effects of impacts with other interior features.

njury data are often not able to directly identify the‘effects or influence of other interior
the detail design of these features (e.g. partition edges, luggage racks, coat hooks, magaz,
Es) can significantly influence injury levels.

pbmetric criteria

fandards with geometric requirements

the need to reduce the consequences of slips, trips and falls, GMRT2100[14] contains
C requirements for interior.eguipment to reduce the risk of injury.

Japanese standard ]IS E-Z103[23] requires that:

facility installed in‘ah area where it is likely to touch with human bodies shall be free fT|
protrusion andZthe like so that human bodies, clothes and other articles are not i
ged”.

n, US standard APTA PR-CS-S-006-98, Rev. 2, 2021[47] requires that:

he extent possible, all interior fittings in a passenger car shall be recessed or flush-mount

edge

hence the
standing
y (such as

ity services where seat reservations are required) or if a metro style operation is envisaged. Grab

majority
huses of a
ideration

features;
ine racks,

detailed

om sharp
hjured or

ed. Sharp
with such

5 and corners shall be either avoided or padded to mitigate the consequences of an impact

surfaces. Where protrusions are unavoidable, rounded edges shall be used. Materials that may fracture
to reveal sharp edges or dangerous inserts shall not be used. Wherever possible, use shall be made of
energy-absorbing features in areas where passenger impact may occur.”

6.6.2 Geometric principles

The following geometric principles are set out in GMRT2100[14] for the secondary impact assessment.

An assessment of what constitutes an exposed rigid edge:

— that which can be contacted by a 100 mm diameter sphere;
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1 A 165 mm sphere is used in the automotive industry to assess head injury potential (see cl

ause 5.3.2

and Annex V of Directive 74/60/EECI[38]). It is understood that the Safelnteriors[32] research recommended the use
of a smaller diameter sphere in the rail environment, to facilitate an indication of potential injuries to limbs as well.

— that with a Shore hardness greater than 50 (as set out in clauses 5.1.6, 5.2.4, 5.3.5, 5.7.2 and 5.8 and
Annexes V and VI of Directive 74/60/EEC[58]),

Minimum radii: GMRT2100[14] states that radii of 3 mm should be used, except:

— for longitudinal partitions, edge radii of at least 10 mm and a minimum edge thickness of 35 mm, unless
the partition is shielded by a grab pole, grab rail or other feature;

— for transverse partitions, edge radii of at least 5 mm, and a minimum overall thickness of 20 mm, unless

the p
— 20m
NOTH

Details, fi

requirements.

Details ai
G.B.4.10,

“Whe
due t
to en|
20 m
ensu

The dimfensions are understood to be based on.\the anthropometric measurements se

ISO/TR 7
large eno
recessed

The APTA
top radii
It also sp
risk of en

For refer
this requ

6.7 Coa

ATrLILIoN IS shielded DY a grab pole, grab rall or otner reature;
m is preferable where there is a risk of head injury.
2 Itisunderstood that these radii are also derived from the Safelnteriors[9l research’tecomm

brmulae, figures and guidance are provided to enhance and assist users with implement

e also provided regarding recesses, to reduce the risk of hand or foet'entrapment; GMR
btates:

n subject to secondary impact, gaps between items or recesses could be significant cause
p entrapment. For locations around seats where hands coild become entrapped, it is goo
sure that there are no gaps or recesses smaller than 25¢mm in width with a depth gre
Im. For areas where feet could become entrapped, forexample beneath seats, it is good p
e that any gaps are either smaller than 100 mm x 50 mm or greater than 300 mm x 150

250-2[60], and are intended to ensure that@ecesses or gaps are too small for fingers
ugh that fingers or feet can be easily moved out. GMRT2100[14] also suggests the use of d
pr domed fasteners to reduce the risk ofinjury from impacting them.

 table standard APTA PR-CS-S-018-13[20] specifies minimum geometry requirements foy
pf 25,4 mm (one inch) for aisle-side corners and 4,76 mm (3/16 inches) radii for top/bott

frapment.

bnce, it is understood that reference is made in some train technical specifications to E

mputer simulations, calculations and testing

As comp
reliance
validate

respectivi

ting power increases and simulation methods are continuously improving, there is i
n simulation with consequent reduction in the need for costly testing. It is common p

endations.

ing these

21000141,

5 of injury

1 practice

ater than
actice to
m.”

t out in
r feet, or
oncealed,

the table
bm edges.

pcifies a maximum gap of 5038 mm (2 inches) between the table top and the wall to minjimize the

N 1176-1;

res gaps to be lessthan 8 mm or greater than 25 mm, to reduce the risk of finger entrapment.

creasing
ractice to
describe

infalations with testing (eg European Standards EN 12663- 1[201 and EN 15227[19]
f th ifi

ely).

This principle is already used in the UK railway standard GMRT 21000141,

ormance,

Proprietary software models of the standard automotive anthropomorphic test devices (ATDs) are already
available, which are compatible with typical finite element analysis software (such as Ansys LS-DYNA,
Altair® Optistruct® and Altair® Radioss®V). These ATD models have already been validated, which means
that validation is generally only needed for the items being tested (seat, table, cab desk, etc.).

1) Ansys LS-DYNA, Altair® Optistruct® and Altair® Radioss® are examples of suitable products available commercially.
This information is given for the convenience of users of this document and does not constitute an endorsement by I[SO of
these products.
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However, one drawback is that the automotive Hybrid III ATD (HIII) is not fully biofidelic in the abdominal
and lower chest area for impacts with tables; that is to say, the ATD test does not necessarily give a realistic
indication of the actual levels and types of injury that would be sustained by a person. This is because these
ATDs were developed to assess injuries from impacts with a steering wheel and the effects of a seatbelt,
neither of which is relevant to a table or cab desk. There is, therefore, likely to be a need for further testing
and validation as and when improvements to rail-specific ATDs are made. Nevertheless, the costs of such
validation testing would only apply once.

NOTE The 50th percentile Hybrid III is based on typically Western populations (US, Europe) and is therefore not
necessarily representative of, for example, Asian populations.

The APTA standard[1Z] permits the use of either the Test Device for Human Occupant Restraint (THOR) ATD
or the HIHRail Qnﬁ:fy (Hm-n Q) ATD in accnccing seats and tables. THOR was dnvn]npnd hy the US National

Highway |Traffic Safety Administration (NHTSA) for automotive applications, whereas the HIII-RS was
developed in the UK specifically for rail.

6.8 Possible re-use of existing component test results

One of the fundamental principles of standardization is to reduce costs. Many standards therefpre allow
a reductipn or elimination of validation processes where it is possible to maké*use of validation| evidence
from preYious projects, provided that the extent of design changes is limited. European Standards such as
EN 12663-1[201 and EN 13749[61] and UK railway standards such as GMRT2100[14] are examples|of where
reduced validation is permitted.

EN 12663-1:2010+A1:2014[29] states:

“Where a vehicle body is a development of an earlier design:for which the safety has been dempnstrated
and gimilar service conditions apply, then earlier data may.be used, supported by comparativelevidence.
Areas of significant change shall be re-analysed. Whéte the global load path is maintainedl and the
stresges remain below the acceptable limits it is sufficient to demonstrate the acceptability of the
changes only by analysis.” © CEN, reproduced wighrpermission

EN 13749:2021[61] states:

“Where the design is a development of an earlier product any previous data, or other eviidence of
satisfactory performance that is still applicable, can be offered as validation of the revised product.

In the case of an existing designzof*bogie frame intended for a new application, or a modificafion to an
existing design, a reduced programme can be used, depending on the significance of the diffgrences. If
the differences are small, analysis, supported if necessary, by measurements made during a lifnited test
programme, will be sufficient to validate the design.” © CEN, reproduced with permission

GMRT21Q0M4], A.6.1, G A-622, G A.6.4 and G A.6.5, state:

“Where an itemtas already been dynamically tested in accordance with this document, and cqmpliance
demqnstrated, additional testing for a new installation shall not be required if it can be dempnstrated
that all of the following conditions are satisfied:

a) Thé-proposed layout in terms of occupant safety is equivalent to or better than the arrapgements
previously tested.

b) Dynamic load data has been obtained from the original test series to define the dynamic load
requirements for the item’s installation, attachment points and fixings.

¢) Theitem’s fixings and corresponding vehicle structure can resist all loads resulting from static proof
and dynamic collapse loads.

d) The item’s design and mounting arrangements are mechanically equivalent to those for which test
data has been obtained.

This reduces the costs of verification where appropriate conditions are satisfied, assisting in controlling
the risks of injury to people inside the vehicle in the event of an accident and represents GB practice.
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Typically, the critical parameter for the risk of injury will be the potential free flight distance for a
passenger in any given location; for seats this will be the relative seat pitches proposed.

It is good practice to demonstrate that the original test data is sufficient to fully define the dynamic
mounting loads and that the new installation arrangement can satisfactorily withstand these loadings:

a) For seats, the squabs, cushions, headrests, frames, pedestal and fasteners need to be mechanically
equivalent to the design tested.

b) For tables and other components, it is good practice to demonstrate mechanical equivalence of the
assembly and attachment points.”

US railway standard APTA PR-CS-S-018-13, Rev. 2, 2022[3% also contains a similar statement regarding tables:

“If a|structurally identical table installed in a similar physical arrangement ... has been‘|tested in
accorldance with the requirements of this standard, then at the discretion of the purchaspr and in
lieu qf added testing, the manufacturer may provide test data in accordance with ... this doqument to
demanstrate that the table is in compliance with all the requirements of this standard.”

6.9 Open bay seating

The UK sfandard does not currently specify dynamic test requirements for.open bay seating (bgy seating
without thbles).

These teslts are required in prescribed conditions by the APTA seat standard APTA PR-CS-S-016-99, Rev. 3.1,
202319

“Open bay seating in rail vehicles should be limited to the lowest extent practical, unless the configuration
complies with all the requirements in this standard. Open‘bay seats used at the end of a row to prevent
seats| from facing a bulkhead [vehicle end] wall, witidscreen, vestibule wall or similar structure are
considered an acceptable justification for the use of'lopen bay seats. To compromise on operatdrs’ desire
to usg unlimited open bay seats, up to 50 percefnt of a rail vehicle’s seating capacity may be|open bay
seats| without conducting the forward-facing ATD sled tests in the open bay configuration. Unlimited
open|bay seats may be used if the seats comply with all the requirements in this standard, including the
forward-facing ATD sled tests, in the open,;bay configuration.”

Where sdats are configured in open bays;the design of the leading edge of the seat pad or base|can limit
force levls in the lower limbs and allow:energy to be absorbed before the upper body contacts the seat back.
Suitable features can include a gefierous contact surface and a progressive crushing characteristic for the
leading efige of the seat.
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Annex A
(informative)

Interior passive safety experience from UK and US

A.1 Case study from Great Britain

Interior pa C ety as been mandated for New designs of tralnm In the UK since 20107 PT
codes of practice, developed following extensive research into the consequences of train crashes;
consistently applied. RSSB developed a business casel21l for mandating interior passive saféty ‘on

of the reduction in injuries from slips, trips and falls alone.

gvious UK

were not
the basis

One of th¢ reasons that the cost benefit analysis (CBA) used data from slips, trips anddalls is that thjis offered
a much larger database than injuries from train accidents, mostly because train agoidénts are relatively few

and far bptween. RSSB has been compiling risk assessments and cost-benefit analyses from data
over marly years. These are based on the well-documented concepts of the(value of preventing
(VPF), currently around EUR 2 million, and the measure of fatalities and weighted injuries (FWI
fatality i considered statistically equivalent to 10 serious injuries.

collected
a fatality
, €.g. one

The analysis showed a benefit to cost ratio of 1,9, even including the costs of full dynamic testing (see

Clause C.B). This was based on a reasonably conservative assumption that injuries from slips, trip
(and their severity) would be reduced by around 40 %.

In 2022, the RSSB database clearly shows that there has beea reduction in injuries of 41 %.

A.2 Derivation of the deceleration pulse used in GMRT2100

In the latp 1980s, British Rail Research was conducting a programme of assessing the structural
of rail vehicles in collisions (this concentrated on the British Rail “Mark 1” design). The 1988 Clap

and falls

integrity
ham Rail

disaster led to a recommendation (see Hiddenl[62], recommendation 56) to: “extend [this] progfamme of
research fo include dynamic testing of.full-scale simulations of collision retardations in order to in;E)rove the

design offinternal furniture under cenditions of passenger impact.” This was to be complemented

y studies

into dynamic simulation (see Hidden!2], recommendation 57) and participation in European railway studies

of performance of passenger steck; including collision resistance (see Hiddenl2], recommendation

58).

Much of the subsequent research was conducted by The engineering link Ltd (a train engineering services

company(set up as part @fthe privatization of British Rail). The work is summarized in a British Rail
documentle3l, This déseribes the structural requirements in GMRT2100 issue 3[12] (energy absq
1 MJ at tijain ends-and 0,5 M] at intermediate ends) and a draft code of practice; this latter docu
published as BR-BET 60964l in July 1996, and was supported by research into designs of “cras
seats and|tables:

It is ackn ‘Arlpdgpd that similarresearch hastaken p]:xr‘p inthe US

Research
rption of
ment was
hworthy”

The injury criteria in BR BCT 609 were based on extensive research and differ from automotive and
aerospace criteria for many reasons; these include the use of seatbelts in cars and the existence of bay tables
on trains. This document appears to be the first instance of the crash test pulse. Lewis[®3] states that the

specified pulse is “determined from past accident analyses”; see Table A.1.

Commonly accepted injury criteria are shown in Annex E.
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Table A.1 — Collision scenarios assessed for deceleration

Collision scenario Designation for impact speed of:
9m/s (32 km/h) 6,5 m/s (23 km/h)

Unmodified Mk1 vehicle striking unmodified vehicle: collapse at C1 C5
constant load
Unmodified Mk1 vehicle striking unmodified vehicle: collapse at C2 cé6
decreasing load
MKk 1 vehicle, modified to meet the full requirements of then-current C3 Cc7
British Rail crashworthiness specifications, striking similar crash-
worthy vehicle
Unmodifigd-Mktvehictestr i}\iug ot red Mk tvethiclewith €4 €8
vehicle overriding

A clue aslto the accident analyses is found in the T910 reportl28]; the referenced documerntlis degcribed as
“unnumbgred British Rail Research report”, although some of the outputs of that document‘are illuptrated in
the T910 [report.

The abovg proposed pulses were modified during testing for practicability, i.e. whether the HyGe [sled used
by MIRA pould reproduce the proposed pulses in practice (see Figures A.1 toA.17). They were th¢n subject
to further modification in order to take account of over-riding effects.

Notably, the C3 pulse will probably result in a velocity change (Av) of 9 m/s; similar to that speciffied in the
APTA pulse.

a

60

40

20

-20
Key
a acceleration (m/s?)
t time (s)
1 madymo pulse
2 BRB proposed pulse
3 HyGe pulse

Figure A.1 — Deceleration pulses from collision scenarios — C2 acceleration time response
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Figure A.3 — Deceleration pulses from collision'scenarios — C6 acceleration time resppnse
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Figure A.4 — Deceleration pulses from collision scenarios — C7 acceleration time response
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Figure A.5 — Simplified C2M pulse
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Figure A.6 — Simplified C4 pulse
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Figure A.7 — Simplified C4MS “medium severity” pulse
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Figure A.8 — Simplified C4LS “low severity” pulse
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Figure A.9 — Simplified‘C8 pulse
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Figure A.10 — British Rail research C1 pulse
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Figure A.11 — C2 pulse
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Figure A.12 — C3 pulse
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Figure A.13 — C3 pulse
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Figure A.14 — British Rail research C5 pulse
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Figure A.15 — C6 pulse

a 1
\V/ S

/

05t

05 t

acceleration (g)

time (s)

C7 (British Rail research) pulse
C7M (MIRA modified) pulse

Figure A.16 — C7 pulse
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Figure A.17 — British Rail research C8 pulse
The proppsed pulses were modified yet again in an attempt to align them with the UN/ECE 80[11] agtomotive
pulse; se¢ Figure A.18. This requires a sled Av of between 30 km/h and 32 km/h+(8,3 m/s to 8,9|m/s); not
much different from the 9 m/s. However, the UN/ECE 8011l pulse contained veéry high acceleratjon levels
(between 8g and 12g); this can be related to the relatively short “crumple zon€s® and generally lighter mass
of road vehicles. With an anticipated acceleration level of 7g, it was agreed-to reduce the acceletfation but
increase the time period to achieve the necessary Av.
a
12 fmeeme e e =
\
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. 4
8 .. 3
: \
6 : N
\ \ 1
\\
4 N\,
\ N\
\\
2 \ \,
\ R
\.
. \ \
150 200 ¢t
Key
a accelgration'(g) 2 UN/ECE 801l upper and lower limits
t time (ms) 3 proposed railway upper and lower limits
1  C3 Hyge pulse 4  proposed railway envelope

Figure A.18 — Design deceleration pulse comparison

One of the activities in the SafeTrainle3] project was a correlation between modelling conducted by GEC
Alstom and testing conducted by Cranfield; see Figure A.19.
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Figure A.19 — Design and test pulse comparison
bis of typical train masses under'the collision scenarios in EN 15227:2020[12] (with ac

g and 7,5g) supports the use of the’theoretical 5g over 100 ms pulse, for all three collision 3

s were further revised for-GMRT2100 issue 4[13] to align them with the accelerations p

5g and an upper bound, of 7,5g.

UNIFE Technical-Reportlll, along with UIC IRS 50564-3[46], imposes a more restrictive
th the aim of achieving a Av of between 5 m/s and 6 m/s; however, feedback from some te
that the resulting corridor is too restrictive and difficult to achieve in practice.

arison;_the equivalent APTA triangular pulse (see key 3 in Figure A.20)[66] results i
although a reduction for testing permits this to be reduced to 7,36 m/s:

releration
cenarios.

rescribed
I a lower

6g upper
st houses

n a Av of
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gure A.20 — Comparison of APTA and GMRT2100 design and test deceleration puls

dentical trains colliding;

n colliding with a freight/wagon equipped with side buffers (or a heavy-haul locomotivg
a freight wagon withla)central heavy-duty coupler);

pact with aléw obstacle.

nariosswere derived from surveys of rail vehicle collisions in Europe, as noted in Refere
[69) EN 15227:2020[12], Annex A, sets out a methodology for assessing the parameters

nces [67],
of design

bcenarios, where it is deemed that the four scenarios are not representative. The metho

dology in

af/aal
U

101 r . . .
202022 Amrex A, Tam onty be used by nonm=Europearnr operators, as it s effectivety prot

reportl70],

InEN 15227:20082), there was a 7,5g deceleration limit imposed for scenario 3, with a 5g deceleration limit for
scenarios 1 and 2. In EN 15227:2020[19], the decelerations in scenario 3 are a function of the characteristics
of the deformable obstacle, which are defined in the standard. (This characteristic is a load-deflection
curve with a maximum of 4 500 kN, which would nominally equate to a 7,5g instantaneous deceleration for

61-tonne impacting vehicle or a 5g instantaneous deceleration for a 92-tonne impacting vehicle.)

2) Cancelled and replaced by EN 15227:2020.

© IS0 2024 - All rights reserved
28

colliding

ibited by


https://standardsiso.com/api/?name=45df9bf16ab63d17837275169d76aef2

ISO/TR 5914:2024(en)

EN 15227:2020[1% modified the acceptance criteria; there is no longer a deceleration requirement in scenario
3, and the limits for scenarios 1 and 2 are dependent on calculation of a moving average over 30 ms or
120 ms, with limits of 10g and 5g, respectively. It also requires that body-mounted equipment withstands 5g
as an ultimate case; this is therefore slightly higher than the requirement in EN 12663-1:2010+A1:2014[20]
(3g x 1,5 ultimate factor is only 4,5g), which is unlikely to make much difference in practice.

A.3 Examples of interior layout considerations

Figures A.21 and A.22 illustrate examples of configurations that would be permitted or not permitted when
applying GMRT2100[14] in the UK.

a)|Seats at different heights - facing b) Seats at different heights - back-to-pack
(not-permitted seat configuration) (permitted seat configuration)

c) Seats at different heights - anidirectional d) Seats at different heights - back-to-pack
(not-permitted seat configuration) (permitted seat configuration)
NOTE The dotted arrow represents potentially injurious passenger trajectory in a longitudinal collisioh event.

Figure A.21 — Seating layout configurations
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a) Single transverse seat b) Double transverse seat
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mne ame

a  This grrangement shows fixed longitudinal seating. Where tip-up seats are used (e.g. to accommodate bi
dividing partition could take the form of an armrest which is raised with\the seat, to ensure there is suffi
for a bicycle.

NOTE The dotted arrow represents potentially injurious passeénger trajectory in a longitudinal collisio
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c) Longitudinal seating

Figure A.22 — Seating layout configurations

perspective on structural and interior crashworthiness

fructural crashworthiness requirements
This clause contains US termitntology (such as “grade crossings”).

hber 1994, the US Secretary of Transportation convened a meeting of representatives
f the rail industry mwith the goal of enhancing rail safety. The Secretary announced thg

passed the Federal Railroad Safety Authorization Act of 1994. Under the Act, the Se
tation taskeddthe FRA with prescribing regulations establishing minimum standards for
ed by railread carriers to transport passengers, with consideration of the crashworthin|

hs were published in 1999 in Title 49 of the Code of Federal Regulations Part 238 (49CH
 Equipment Safety Standards (PESS).

ycles), the
ient space

h event.

from all
t the DoT

velop safety standards for rail passenger equipment over a five-year period. In Novempber 1994,

'retary of
he safety
ess of the

nteriox-features that can affect passenger safety, among other requirements. The resulting federal

R238l331)

Structural requirements for Tier | passenger rail equipment, i.e. equipment operating at speeds not exceeding
201 km/h (125 mph), are prescribed in 49CFR238[33] Subpart C. A principal requirement, which had been
industry practice for decades, is that all passenger equipment must resist a minimum static compression end
load of 3 559 kN (800 000 lbf) applied along the line of draft, i.e. at the buffer centre line such as
EN 12663-1:2010+A1:2014[20] without permanent deformation of the car body structure. Additional
requirements are specified for vertical strength of the anti-climb mechanism (445 kN (100 000 1bf)) and
horizontal strength at the base of the collision posts (1 334 kN (300 000 Ibf)) and corner posts (667 kN (150

000 Ibf)).

Structural requirements for Tier Il equipment, i.e. equipment operating at speeds exceeding 201 km/h
(125 mph), but not more than 257 km/h (160 mph), are identified in 49CFR238[33] Subpart E. These
requirements include a minimum energy absorption of 13 M] in the first two cars at each end of a train, and
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a peak deceleration of 8g on the occupied volume of a car during a 48 km/h (30 mph) head-on impact with a
like train.

In 2018, the FRA published new regulations pertaining to Tier I alternative equipment in 49CFR238[33]
Appendix G and Tier Il equipment, i.e. equipment operating at speeds exceeding 201 km/h (125 mph), but
not more than 354 km/h (220 mph) on dedicated track without grade crossings, in 49CFR238[33] Subpart
H. Each vehicle that complies with Tier I alternative and Tier Il equipment requirements must resist a
minimum quasi-static end load applied on the collision load path of:

a) 3559 kN (800 000 Ibf) without permanent deformation of the occupied volume; or

b) 4 448 kN (1 000 000 lbf) without exceeding local plastic strains of 5 % and without vehicle shortening
greater than 1 per cent over any 4,57 m (15 foot) length of occupied volume; or

c¢) 5338 kN (1200 000 Ibf) without crippling the body structure.

Tier I altdrnative and Tier III trainsets must also comply with dynamic collision scenario réquirements for a
32 km/h [20 mph) like train impact with a cab car leading or a 40 km/h (25 mph) impact with a Iqcomotive
leading.

Requirenjents for crashworthy equipment have two main goals:
— presdrve the integrity of the occupied volume;
— limitfthe severity of secondary impacts.

The first goal is achieved with structural requirements for car body strength and energy-absorbing $acrificial
crush zohes. The second goal is achieved with interior requirements to compartmentalize occupants,
ensure infterior fixtures remain attached to the car body, and:absorb energy when impacted by ofccupants.
Crashworthy equipment must strike a balance between_ thiése two competing goals, recognizing that the
car body ktructural requirements affect the crash pulse to.which occupants are exposed in an accifdent.

A.4.2 Interior crashworthiness requirements

Attachmgnt strength requirements for interior fixtures are defined in 49CFR238.233 and 49CFR238.733.
Prior to the publication of the PESS in 1999,(US design practice for attachment strength requirements had
been basgd on car body decelerations of. 6g longitudinally, 3g laterally and 3g vertically. As noted in the
section-bj-section analysis containedwwithin the PESS, the FRA determined that, due to injuries ¢aused by
broken seats and other loose fixtures.observed during accident investigations, 6/3/3g design practice was
inadequafe. Beginning in 1999, interior fixture requirements in the PESS specify that interior fittings within
a passenger car must be attached to the car body with sufficient strength to withstand the inctividually
applied afcelerations actinglon the mass of the fitting: 8g longitudinally, 4g laterally and 4g vertically. The
8¢ longityidinal pulse wasbased on single degree of freedom collision dynamics analyses. The incrgase from
3g to 4g fpr lateral and.vertical accelerations was similarly scaled.

Prior to the 1999 rul¢, attachment strength was based only on a scalar acceleration value acting onf the mass
of the interior fixtures. There was no consideration for the mass of occupants impacting interiof fixtures
or the dufation/of the car body deceleration, both of which influence fixture attachment and the sgeverity of
secondary @mpacts. There were no requirements for dynamic crash testing to evaluate collision pafety for
train pasSengeTs, Vel thoug T Simiiar TEqUITEMENtS eXiSted 0T Seats I autoImobiles and pranes.

Additional requirements in 49CFR238.233 specify that passenger seats must withstand the longitudinal
inertial force of 8g acting on the mass of the seat as well as the load associated with the impact into the
seatback of an unrestrained 95th-percentile adult male initially seated behind the seat when subjected an 8g
triangular crash pulse with a duration of 250 ms. This crash pulse is consistent with the structural car body
requirements mentioned above.

Beginningin 1999, aseries ofindustry safety standards were published by the American Public Transportation
Association (APTA) to address interior crashworthiness associated with passenger seats, cab (driver) seats,
interior fixtures and workstation tables, in APTA PR-CS-S-016-99[17] APTA PR-CS-S-011-99[48] APTA PR-
CS-S-006-98[47]1 and APTA PR-CS-S-018-13[30], respectively. These safety standards specify minimum
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strength, crashworthiness and fire safety requirements for the design and procurement of seats, tables
and interior fixtures for use in passenger railcars that are operated on the general railroad system of
transportation, regardless of the tier of operation. The passenger seat and table standards specify dynamic
sled testing using the 8g crash pulse to demonstrate compliance with performance requirements, including
component attachment, occupant compartmentalization and injury criteria, to establish a minimum level
of crashworthiness. The 8g pulse is an idealized representation of the deceleration time history associated
with an in-line train collision in which the occupied volume is challenged, i.e. the crush zone is exhausted,
and the occupied volume is loaded or crippled, i.e. structural crushing of occupant volume is initiated.

The concept of structural passive safety is to absorb collision energy by judiciously deforming crush zones,
typically sections of the car body that are unoccupied. These zones are designed to crush at a lower force
than the occupied volume. Energy can be absorbed by crush zones at the ends of cars throughout the train,
not only gttirecottistominterface. T he effect 1S to deceterate the moving traim graduatty wiile presarving the
occupied [volume.

The car Hody acceleration (or deceleration) is proportional to the net force acting on the carrbody during a
collision.[The maximum acceleration that a car body will experience is based on the largest reaction force
that the ¢ar body can generate. This peak force occurs in collisions in which the speed is high ¢nough to
begin defprming the occupied volume.

The crashworthiness approach in Europe is driven by EN 15227:2020[1], The-standard limits the| car body
deceleratjon to an average of 5g over any 120 ms duration and 10g over.any 30 ms duration. It|has been
determingd that a reasonable and achievable goal is to limit the average deceleration to 5g for g collision
up to 36 km/h (22,4 mph). This goal is achievable by designing crush*zones that deform at lower forces
than the preserved occupied volume, as noted above. For equipmeritybuilt to EN 15227:2020[19], it is likely
that the maximum deceleration that a car body will experience will occur at a collision speed over 36 km/h
(22,4 mph).

Presumably, the 36 km/h (22,4 mph) collision requireifiénts in EN 15227:2020[1%] were based on a
preponddrance of low-speed accidents, current structural passive safety technology and advanced $ignalling
controls. While it is practical to design structural passive safety systems to preserve occupied volume only
up to a given speed, it is also practical to ensure that'occupants are protected from secondary impgacts with
seats, tables and interior fixtures at the maximum deceleration that a car body can experience, ¢specially
when it i likely to occur with a collision speedtonly slightly higher than the structural passive safdgty design
collision fcenario. It is not possible to preserve the occupied volume for all collisions, but it is|probably
possible :lo limit secondary impact injuries-for higher speed collisions. This has been the approach|in the US
in requiring design and analysis using'an 8g crash pulse, which is based on an in-line collision withsufficient
speed to ¢hallenge or cripple the o¢cupied volume.

Depending on the structural car-body design and train configuration, the occupant volume is lilely to be
compromfised at in-line train-epllision speeds between 40 km/h (25 mph) and 48 km/h (30 mph). A collision
in which the occupant volume is crippled represents the most severe crash pulse that the equipment will
experienge. Collisions,athigher speeds will result in more occupant volume crush, but not higher| car body
deceleratjons. Thusswrhile it is reasonable to specify a design collision scenario with a specifiq collision
speed, thfis structubal design collision speed does not need to limit the interior design collisipn speed.
Defining fthe crash pulse based on occupant volume crippling can ensure a high level of protecfion from
secondary impacts with seats and tables in a collision of any speed.

The 8g puilse was originaily based on computer analyses of in-1ine train-to-train cottisions in which the cars
remain in-line and the occupant volume was challenged or crippled. It was subsequently supported by data
from a series of full-scale train impact tests,[ZL[72][21] a5 well as collision dynamics analyses of selected
accidents.[Z3][74] The triangular shape of the 8¢g pulse was informed by the 16g 180 ms crash pulse used for
Federal Aviation Administration (FAA) requirements to test airplane seats.
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Annex B
(informative)

Accident statistics

B.1 European accident statistics

The Europea

safety acy
passenge
follows:

“Signjificant accidents and resulting casualties have decreased steadily since 2010; the saf
tered for 2020 are historically the highest. Major accidents resulting in five 6r more fataljities have
me rare: no such accidents have occurred in the past 2 years, and onlyxtwo have been rjegistered
b past four years. The number of fatal train collisions and derailments)has decreased continuously

regis
becol
in thq
since

“The

oss the EU S rallways Clearly, the data for 2020 w1ll be affected by the reductlon in the n
I journeys due to the COVID-19 pandemic, but there are still several key points werthy d

1990. In 2020, though, a peak (of eight such accidents) was registered.”

taki
fatali
a sig

“Desj

accidents (collisions, derailments, fires in rolling stock and other accidents) is stagnating and t

toll o

about

2010
is stg

accidents alone was estimated at about EUR 3,2 billion in 2020.”

“In td

count

2019
the fq
collig

suici¢les have also*been observed. However, collisions of trains and other accidents increase

comp]

“Fatall train'collisions and derailments are situated between significant and major accidents; d

dowrt

millir}:n train-km have decreased substantially since 2010. Despite'the reduction in passenger

bite an overall decrease in the number of sigiificant accidents since 2010, the number of]
[ railway accidents remains high: the ecohomic cost of significant accidents alone was esf

the number of ‘internal’ accidents\(eollisions, derailments, fires in rolling stock and other :
gnating and the overall toll of railway accidents remains high: the economic cost of s

tal, 1 331 significant acCidents, 687 fatalities and 469 serious injuries were reported in
ries in 2020, the lowest-values ever recorded. The 12 % decrease in significant accidents
and 2020 is statistically significant; the difference between the 2020 figure and the a
ur preceding years is also significant. The decrease occurred across all accident categor
ions and othér/accidents; statistically significant reductions in serious injuries, fata

ared with 2019 and with the average for 2016-2019.”

wards trend in recent years, in 2020 eight fatal collisions and derailments were regist

y rate has increased compared with 2019, showing-a-slightly rising trend since 2017.] ...
hificant decrease until 2018, both the railway passenger fatality rate and the railway pmployee
fatality rate show a slightly increasing trend in the past2 years.”

mbers of
f note, as

bty levels

rates of significant accidents, fatalities, and fatalities and weighted serious injuries (FWSIs) per

fatalities,

g into account the significant drop in passenger-km (due to the COVID-19 pandemic), passenger

“After

‘internal’
he overall
imated at

EUR 3,2 billion in 2020. Despite anbverall decrease in the number of significant accid¢nts since

\ccidents)
ignificant

he EU-27
between
verage of
es except
ities and
d in 2020

bspite the
ered. The

accid
with

ent rates (faking into account the underlying changes In traillCc volume) Iollow the Same pattern,

the 5-year moving average decreasing steeply since 1990 but flattening in recent years.”

“The overall fatality rate in 2020 was around 0,2 fatalities per million km (one fatality for every 5 million
train-km on average), whereas the overall passenger fatality rate was 0,046 passenger fatalities per

billio
2022

n passenger-km (around one fatality for every 22 billion passengers-km).”

(2020 data) collisions and derailments represent around 2,5 % of all railway fatalities.

Unfortunately, most of these reports do not include the age of the rolling stock concerned, so is it not possible
to draw any conclusions regarding differences between older trains and newer, EN 15227[19]-compliant trains.

Figures B.1 to B.3 give accident data for the EU.
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The source of the data is Common Safety Indicators (CSIs) as reported_by National Safety 4
the European Agency for Rail (ERA).

Figure B.1 — Number of railway “internal” and “externial” significant accidents
(EU-27,2010 to 2020)
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Figure B.2 — Trends in accident and fatality rates (EU-27, 2010 to 2020) per million train-km
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Figure B.3 — Number of persons Kkilled in railway accidents{{EU, 2010 to 2021)

passenger rail accident statistics

y changes that have been implemented to improve,safety of passenger train operations
more years. Rail equipment can have a useful lifé.of 30 to 40 years. As a result, it can tak
the full benefit of new regulations and standards implemented to improve rail safety.

ructural and interior crashworthiness regulations and safety standards are described in|
have also been taken to prevent acc¢idents from occurring in the first place. Congre
afety Improvement Act (RSIA) in, 2008, which directed the FRA to mandate the impler
e train control (PTC). In late 2020, PTC was fully implemented for freight and passeng
| prevent many types of passenger train accidents, such as train-to-train collisions and ¢
its.

inimize the occurrencé of accidents, the FRA has made several amendments to the Tr4
5 specified in the Code)of Federal Regulations, Title 49, Part 213 (49CFR213)[ZZ]. The go4
nts has been to imiprove track quality and promote the safe interaction of rail vehicles
 which they operate. The focus of the amendments is briefly described below:

The FRA amended the Track Safety Standards (49CFR213) to update and enhance its tr4
atory program, including standards specifically addressing high speed train operati
nph.

S accident statistics in context, it is worth highlighting some of the legislative initiatives and

over the
> decades

Annex A.
5s passed
nentation
er trains,
verspeed

ck Safety
I of these
with the

ick safety
ns up to

I railroad

The FRA amended the Track Safety Standards (49CFR213) to promote the safety o

operations over continuous welded rail (CWR).

2011: The FRA amended the Track Safety Standards (49CFR213) to promote the safety of railroad
operations over track constructed with concrete crossties.

2013: The FRA amended the Track Safety Standards (49CFR213) to promote the safe interaction of rail
vehicles with the track over which they operate under a variety of conditions at speeds up to 354 km/h
(220 mph). The final rule revised standards for track geometry and safety limits for vehicle response to
track conditions.

2014: The FRA amended the Track Safety Standards (49CFR213) to enhance rail flaw detection processes.
The FRA established minimum qualification requirements for rail flaw detection equipment operators,
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as well as revising requirements for effective rail inspection frequencies, rail flaw remedial actions and
rail inspection records.

The statistics used for Figures B.4 to B.8 include 40 years of passenger rail history. Included in the plots
are commuter and intercity train accident data, but not subway, tram or grade-crossing accident data. The
fatality/injury data include passengers and crew on passenger trains only. All trendlines are linear. All plots
were developed from accident data publicly from the FRA, see Reference [93].
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Figure B.4 — US annual commuter and intercity passengers (millions), 1983 to 2022
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Figure B.5 — Number of US passenger train accidents by type
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Figure B.8 — Rate of US passenger train accidents and fatalities

ons:
nger train ridership had been increasing until the effects of the COVID-19 pandemic starte
pes of passenger train accidentshave been decreasing since the early 2000s.

es and fatalities from pasSenger train accidents also have been decreasing.

verall safety improvements are most likely attributed to several factors, including:

he introduction of itew equipment that is compliant with structural and interior collisi
egulations and standards;

radual removal of aging, non-compliant equipment from service;

mplementation of PTC;

2

d in 2020.

on safety

2°% complete in 2016;

100 % complete in 2020;

improved track safety standards.

Accident-avoidance strategies such as PTC and improved track safety standards can reduce the number of
accidents. Collision mitigation strategies such as structural and interior crashworthiness regulations and
standards can minimize the consequences of accidents. Both strategies are necessary and complementary
to reduce the total number of injuries and fatalities for passengers and crew travelling on passenger trains.
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panese accident statistics

B.3.1 General

In October 2008, Japan Transport Safety Board (JTSB) was launched as an administrative body based on
Article 3 of the National Administrative Organization Act, the so-called “Article 3 Commission”, and merged
the investigation functions of the railway and air accident investigation commission as well as the marine

accident

inquiry agency.

As a new organization, the scope of investigation has increased to three modes: railway, air and marine

accident

Their ai

S.

et
15 LU,

a) Conduct investigations to determine the causes of accidents and serious incidents invaolving
aircraft and ships, as well as the causes of damage caused by accidents.

b) Encopirage improvements by providing recommendations and opinions to related admi]
agengies and parties involved in accidents etc., regarding policies and measutés for preve
recurrence of accidents and incidents and reducing damage caused by accidents.

¢) Condpct investigations and research necessary for promoting the measures of JTSB, such aj

inve

They not

Until the

j'tigations, recurrence prevention and damage mitigation.

nly investigate the cause of the accident, but also publish the réports and accident statistics e

Accidentq Investigation Commission (ARAIC), which was a commission belonging to Japan’s M
Land, Infrastructure and Transport (MLIT).

Statistics|other than accidents, such as train ridership, have been published by MLIT.[Z8]

This ann¢x describes the railway accident statistics\published by JTSB and ridership by MLIT, res|

from 201

category for “heavy rail” or “urban rail” and thése are included. However, trams are eliminated beg
do not comply with the scope of this document.

Regarding accidents at level crossings,.accidents with pedestrians, motorcycles and bicycles

eliminat

o]

gd. Only accidents with autemobiles are described.

This anngx is based on a reportpublished by JTSBIZ9] and therefore only includes cases investigate

B.3.2 Number of accidents

JTSB inv

gstigates the feHowing types of accidents:

a) train|collision;

b) train|defailments (except those relating to snow plough cars at work);

railways,

histrative
nting the

accident

very year.

inauguration of JTSB, these research and publication activities were led by Aircraft andl Railway

inistry of

pectively,

2 to 2022. It considers accidents in railway operations, but excluding trams. In Japan, there is no

use they

are also

1 by JTSB.

¢) trainfire;

d) other accidents:

1)
2)
3)
4)

those resulting in the deaths of passengers, crew members, etc.;
those resulting in five or more casualties (limited to those resulting in deaths);

those occurring at level-crossings without a gate and resulting in deaths;

those resulting in one or more fatalities and deemed likely to be caused by wrong operation by
railway staff or by breakdown, damage or destruction of vehicles or railway facilities, etc.;
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5) only those cases deemed to be particularly exceptional;
e) serious incidents.
JTSB investigates the accidents and publishes reports for each one, as well as a summary in its annual report.
The number of railway accidents in this decade is shown in Figure B.9.
These accidents are classified in four categories: fire, derailment, collision and level-crossing accidents.

NOTE Accidents with pedestrians, motorcycles and bicycles are not counted, as mentioned in B.3.1.
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B.3.3 Fatalities and injuries in railway accident

The numbers of fatalities and injuries are shown in Figure B.10. The numbers do not include fatalities and
injuries outside of trains, such as pedestrians and car drivers.

The definitions of fatalities and injuries (heavy injury, minor injury) in Japan are:
— fatality resulting from a traffic accident occurring within 24 h of the accident;

— serious injury resulting from a traffic accident requiring medical treatment for 30 days or longer;
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— slightinjury resulting from a traffic accident requiring medical treatment for less than 30 days.[24]

NOTE

These definitions differ from 3.12 to 3.16.

Also, the status of some injuries is “unclassified” when injury levels were unknown.

Key

2012:
2013:
2014:
2015:

2016:
2017:
2018:
2019:
2020:
2021:
2022:

On 30 Jume 2015;there were two fatalities recorded, but this case was a criminal case, in which
d sdicide in Shinkansen by burning himself and an old lady was found dead after being
This is the only fatality case during the period.[8%]
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Figure B.10 — Number of fatalities and injuries in railway accidents in Japan, 2012 to 2

ht injury

hilments: 2 slight injury

hilments: 7 slight injury,

hilments: 9 fatalities, 47 slight injury

hilments: 5 slight injury, unclassified

hilments: 15 fatality, 65 slight injury
hilments: 3 slight injury; levél crossing: 2 slight injury

hilments: 1 fatality, 16 slight injury; level crossing accidefits: 10 slight injury

hilments: 3 fatality, 22 slight injury, 8 unclassified; collisions: 1 serious & 71 slight injury
2 fatality, 2 serious & 26 slight injury; derailments: 1 fatality, 16 slight injury; level crossing: 1 se

rious & 44

022

one man
pvercome

There were two collision cases. One occurred on 15 February 2014 when, due to heavy snowfall in Tokyo,
a Tokyu commuter train failed to stop properly. The brake force could not be obtained because of the
significant reduction of the coefficient of friction between the surface of the brake shoe lining and the tread
of the wheel due to snow.[81]

The other case occurred on 17 February 2015 when a shunting locomotive failed to stop at its predetermined
position and disturbed the adjacent truck, causing the freight train to collide with the shunting locomotive.[82]
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B.3.4 Accident rates in Japan

The accident rates were calculated and summarized using the accident statistics from JTSB and train
operation statistics from MLIT. The latter depicted annual data within the Japanese fiscal year (April to
March), therefore the data were recalculated into the ordinary year (January to December).

Also, in 2022, Japan suffered from the COVID-19 pandemic. Its effect clearly appeared in Japanese statistics.
The Japanese government did not impose a curfew or lockdown like in other countries due to constitutional
regulations (there is no such legislation in Japan), but instead recommended to close schools and offices. On
7 April 2020, the first state of emergency was declared for the first time in Japan. People in Japan were asked
not to go outside and stay home; thus, the number of passengers and commuters plummeted. The number of
passengers and train services plummeted sharply from 2020 to 2022. Although the number of passengers
recoveregtt i i
raise the

)

humber of trains until they are satisfied that the recovery of passengers is sufficient.

Figures Bl11 and B.12 show the number of passengers and train services.
However,| the rate of accidents (see Figure B.13) and the rate of fatalities (see Figuie B.14) do
significant changes during this period.
Derailmept and level-crossing accidents seem to be lower than other years, but 2017 is lower than th
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Annex C
(informative)

Costs and potential benefits of interior passive safety, based on UK

C.1 Ca

practices

The RSSH states[83l:

“Costtbenefit analysis (CBA) weighs the expected costs of one or more options agdinst the

bene
to as

[RSS

necegsary to reduce risk so far as is reasonably practicable’ describes haw CBA can be used
a deg¢ision. Further information on the wider decision-taking procéss’can be found in Ta
Decidions document, which sets out the industry consensus view of;how safety is taken int
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“Fatalities and weighted serious injuries (FWSIs)” means a measurement of the consequences of
significant accidents combining fatalities and serious injuries, where 1 serious injury is considered
statistically equivalent to 0,1 fatalities.

RSSB produced a CBAI21I for the inclusion of interior passive safety measures in GMRT2100 issue fourl13],
which was based on an estimated net reduction in injuries (from only slips, trips and falls) of 40 %.

Therefore, it could theoretically be worth the European rail industry spending up to 0,4 x EUR 36 million
= EUR 14,4 million per year on interior passive safety measures.

Clearly, investing in technology to reduce the numbers of collisions and derailments is a good idea;
however, despite increased use of the European Train Control System (ETCS), etc. there is no decreasing
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trend. Further, there are some types of incident (e.g. landslides) which are not possible to prevent by using
signalling systems.

See also Brell[88],

C.3 Costs of implementing geometric and material criteria

C.3.1 General

A conservative estimate of the additional cost to a European train manufacturing project of implementing a
standard for interior passive safety is described in C.3.2 to C.3.8.

C.3.2 design and material costs
Design and material costs can add between EUR 75 000 and EUR 150 000 to a project.

The costq for the supplier and manufacturer to cover engineering work, prototype development, materials,
in-house fosts and retests in the event of failure can be dependent on their experience(see Table C|1).

NOTE Drivers’ cabs are not currently included.

Table C.1 — Design and material costs

Design or material element Cost

Additional design and prototyping costs for areas exposed to secondary; EUR 13 000 to EUR 70 000
impacts:

— seat radius + table thickness
— table|radius and thickness
— toilef radius and flush parts
— luggdge racks radius

— luggdge stacks radius

— tip-up seats radius

— shielding parts (poles, rails, coyers)etc.)

Engineering to define the worst-gasg¢configurations EUR 2 000 to EUR 20 000

Engineeri|ng specific to design‘for injury potential and structural integrity Up to EUR 60 0000
Total EUR 75 000 to EUR 150 000

If new materials aresenvisaged for interior passive safety reasons, industry best practice is desgribed by
a CEN Wgrking Gfoup set up to define a process to support the introduction of new materials to|meet the
minimun] requirements in the railway sector. It identifies requirements of plans for design, manufacture,
maintenance“and proof of compliance (e.g. testing) applicable to new materials for all rolling stogk and its
on-board|edquipment.

NOTE Suppliers of passenger seats for European applications will need to make changes to seat designs to comply
with fire testing requirements in EN 45545-2:2020[82], which comes in to force in 2024. The incremental costs of
design/material changes for improved crashworthiness can therefore be lower.

C.3.3 Tooling costs
Tooling costs can be in the range of EUR 100 000 to EUR 200 000.

The need for generous radii can force the use of different materials and manufacturing techniques. Interior
fittings compliant with the principles of interior passive safety can require a different assembly line to that
for standard components. In some cases, such additional tooling and equipment costs (see Table C.2) are
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treated by manufacturers as continuous product improvements, so it is difficult to quantify the additional
tooling and manufacturing costs specific to interior passive safety. In many cases, these can be considered
cost neutral for a new project, because components such as extrusions, castings, panels are likely to be to a
new design, even before interior passive safety requirements are considered.

Table C.2 — Additional costs

Additional element Cost

Additional/modified tooling to the following interior components exposed to |Zero to EUR 100 000
secondary impacts:

— seatradius + table thickness

— table|radius and thickness
— toilef radius and flush parts
— luggdge racks radius

— luggdge stacks radius

— tip-up seats radius

— shielding parts (poles, rails, covers, etc.)
Setting up) a dedicated assembly cell (if required) EUR 100 000
Total EUR 100 000 to EUR 200 (00

C.3.4 Marginal increase in cost of seats
The marginal increase in the cost of seats can be approximately EUR 30 000 per rolling stock projgct.

This is difficult to quantify, as seat manufacturers tendto continue evolving seat designs anyway.

C.3.5 Imcreased costs associated with approvals
Increased costs associated with approvals canybe approximately EUR 20 000 per rolling stock project.

For those railway administrations for whom compliance to interior passive safety standards is njandatory
(e.g. UK, US, Netherlands) or is a contractual requirement on a new rolling stock project, there Will be an
additionall cost for design and build conformance assessment by an accredited assessment hody. The
assessmepnt of interior passive safety conformance forms part of a broader assessment workstream and the
delta cosf has been estimated to/be EUR 20 000 per rolling stock project.

C.3.6 her costs associated with interior passive safety

On high-density cominuter rolling stock, where the unidirectional high-back seat spacing is requjred to be
less than[approximately 760 mm, interior passive safety requirements must be carefully designedl to avoid
an impact on train capacity. Seat pitches of < 720 mm do not allow the target population (95th percentile
adult male)to'sit without a forced modification to posture.

Crashworthiness is possible to be achieved with pitches as low as 720 mm. Indeed, in theory at lower pitches,
there is less relative acceleration between the impacting dummy and the seat back and less impact energy;
although any impact absorbing material (if fitted) must be carefully designed to avoid a reduction in the
available space envelope between the seats.

There is an issue around survival space when considering seats which are typically fixed back to train
architecture (partitions, etc.) and cannot simultaneously deflect as the occupied seat in front deflects to
invade their space envelope; see Figure C.1.

In practice, most manufacturers mitigate the issue without affecting train capacity by nominating the seats
closest to the fixed partitions as priority seats under the ADAI20] or PRM TSI[27] requirements, i.e. to have a
space of 230 mm between the front of the seat pad and the back rest of the seat in front, to facilitate access
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for PRM. This is also usually convenient, as it is good practice to have priority seats adjacent to entrance
vestibules and draft screens, which are the fixed structures most affected. Usually, the vehicle seat plan can
be accommodated in this way and allows survival space to be respected.

Therefore, a zero cost has been assigned to any work required to ensure that interior passive safety
requirements do not negatively affect train capacity.

C.3.7 Costs of dynamic testing requirements on seats and tables

C.3.7.1 Dynamic testing with ATDs

Dynamic testing with ATDs can add between EUR 80 000 and EUR 225 000 to a project. The source for
this cost pstimate is based on recent values provided by Alstom, and on experience of recent testing to the
current miandatory requirements for interior passive safety in the UK.

NOTE The seat on the rightis constrained by a partition.
Figure C.1 — Constrained seat

An example breakdown of costs for dynamic testing of seats using ATDs is given in Table C.3.

NOTE The costs associated with developing a rail-specific ATD are included in the testing costs (i.e. ar¢ reflected
in the costoftiring thetestfacitity amdimstrumerntation):

An example breakdown of costs for dynamic testing of tables using ATDs is given in Table C.4. In practice, it is
likely that a combined test with seats and tables would be done for maximum effectiveness and to minimize
costs to the project.
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