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FOREWORD

On March 18, 1998, The American Society of Mechanical Engineers (ASME) formed the Rail Transit Vehicle
Standards Committee.
The RTV Standards Committee develops and maintains standards that cover safety, functional, performanc

(RTV)

e, and

operability requirements, as well as mechanical systems, components, and structural requirements for RTVs
include streetcars, conventional subway (rapid) transit rail vehicles, and light rail vehicles and excludes f
commuter| high-speed, or any other rail vehicles under the jurisdiction of the Federal Railroad Administratio

The RTVY Standards Committee is responsible for developing a series of safety standards within its Charter und
designatioh of RT. The purpose of the RT standards is to provide the rail transit industry with safety standarg
address vehicle mechanical systems, components, and structural requirements, so as to enhance public safety. Prin
recommendations, and requirements included in these standards promote good engineering/judgment as app
designing rail transit vehicles for safety. The standards are subject to revisions that are thie-result of the Comm
consideration of factors such as technological advances, new data, and changing environmental and industry

Both SI pnd U.S. Customary units are used in this Standard, with the latter placed in parentheses. These un

RTVs
reight,
.

er the
s that
ciples,
ied in
ittee’s
heeds.
ts are

noninterchangeable, and, depending on the country as well as industry preferences, the user of this Standargl shall

determinel which units are to be applied. Parameters are derived from the/“Standard for Use of the Interna
System of |Units (SI): The Modern Metric System,” IEEE/ASTM SI 10-1997or ‘the latest revision.

The firs{ edition of ASME RT-2 was approved by the American National Standards Institute (ANSI) in 2008. A 1
edition wqs approved by ANSI in 2014.

ASME RT-2-2021 is a complete revision of the 2014 edition. Following its approval by the RTV Standards Com
and ASME| ASME RT-2-2021 was approved by ANSI on November*30, 2021.

tional

pvised

mittee
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CORRESPONDENCE WITH THE RTV COMMITTEE

General. ASME Standards are developed and maintained with the intent to represent the consensus of concerned
interests. As such, users of this Standard may interact with the Committee by requesting interpretations, proposing
revisions or a case, and attending Committee meetings. Correspondence should be addressed to:

Secretary, RTV Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

Proposing Revisions. Revisions are made periodically to the Standard to incorporate changes that appear nec

or desirab
published
The Conj
citing the
including

Interpre

e, as demonstrated by the experience gained from the application of the Standard) Approved revisions
periodically.

imittee welcomes proposals for revisions to this Standard. Such proposalsishould be as specific as pog
paragraph number(s), the proposed wording, and a detailed description of the reasons for the prd
ny pertinent documentation.

fations. Upon request, the RTV Standards Committee will render an interpretation of any requirement

pssary
ill be

ssible,
posal,

of the

Standard. Interpretations can only be rendered in response to a writtensequest sent to the Secretary of the RTV Starpdards

Committeq.

Request]
form is aca
automatic

If the In
Committeg
ommende

Subject:
Edition:
Question:

Proposed

Backgrourn

5 for interpretation should preferably be submitted through the online Interpretation Submittal Fory
essible at http://go.asme.org/InterpretationRequest;Upon submittal of the form, the Inquirer will rec
e-mail confirming receipt.

at the above address. The request for an interpretation should be clear and unambiguous. It is furth
|l that the Inquirer submit his/her regquest in the following format:

Cite the applicable paragraph number(s) and the topic of the inquiry in one or two Y
Cite the applicable edition of the Standard for which the interpretation is being reqy

Phrase the'gquestion as a request for an interpretation of a specific requirement suita
generalunderstanding and use, not as a request for an approval of a proprietary de
sitliation. Please provide a condensed and precise question, composed in such a way
‘yes” or “no” reply is acceptable.

Reply(ies): Provide a proposed reply(ies) in the form of “Yes” or “No,” with explanation as nee
entering replies to more than one question, please number the questions and rg
d Information: Provide the Committee with any background information that will assist the Commi
understanding the inquiry. The Inquirer may also include any plans or drawings t}

n. The
ive an

uirer is unable to use the online form, he/she-may mail the request to the Secretary of the RTV Stapdards

P’ rec-

vords.
ested.

ble for
ignor
thata

ded. If
plies.

[tee in
at are

information

necessary to explain the question; however, they should not contain proprietary na1nes or

Requests thatare notin the format described above may be rewritten in the appropriate format by the Committee prior
to being answered, which may inadvertently change the intent of the original request.
Moreover, ASME does not act as a consultant for specific engineering problems or for the general application or
understanding of the Standard requirements. If, based on the inquiry information submitted, it is the opinion of
the Committee that the Inquirer should seek assistance, the inquiry will be returned with the recommendation
that such assistance be obtained.

vi
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ASME procedures provide for reconsideration of any interpretation when or if additional information that might affect
an interpretation is available. Further, persons aggrieved by an interpretation may appeal to the cognizant ASME

Committee or Subcommittee. ASME does not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary
device, or activity.

» o«

Attending Committee Meetings. The RTV Standards Committee regularly holds meetings and/or telephone confer-
ences that are open to the public. Persons wishing to attend any meeting and/or telephone conference should contact the
Secretary of the RTV Standards Committee.

vii
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INTRODUCTION

Safety of heavy rail transit operations, like all rail vehicles, is a system characteristic. As do all transportation options in
a given corridor, the operation of rail vehicles has certain risks, including derailment and collision with another vehicle.
The risks are mitigated by the design of the signal system and other systems elements, by operating and maintenance
proceduref, and by the design of the vehicle. Risks are further mitigated by the elimination of grade crossings ahd the
provision ¢f safety barriers. Active safety systems on the vehicle include train control, communication, and propulsion
and braking subsystems. The vehicle carbody, if properly designed, may be considered a passive safety deyice, and this
Standard is intended to address the performance of the carbody in collisions.

This Stahdard draws from existing requirements for the design of the carbody of heavy rail trahsit vehicles. [It also
considers recent developments in the design of rail carbody structures intended to optimize the Structure performance
under the fonditions of an overload, such as might occur during a collision. This topic is commonly identified aq crash
energy mahagement (CEM). The intent of CEM is to better manage the dissipation of the portionof the energy of a cdllision
that can rgasonably be expected to be absorbed by the deformation of the carbody. CEM-design, when appropfiately
applied, may reduce risk of injuries to occupants of the rail vehicle due to loss of survivable volume and due to secqndary
collisions df occupants with the car interior. Specific portions of the carbody are designed for controlled deformatipn and
energy absorption and are located in the structure so as to limit the damage to, and-aeceleration of, occupied volumss. This
Standard tequires the incorporation of CEM principles in the design of heayy'rail transit vehicles. For multiple unit
operation,|distributing structural energy absorption through the train has.been shown to be beneficial.

viii
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ASME RT-2-2021
SUMMARY OF CHANGES

Following approval by the ASME RTV Committee and ASME, and after public review, ASME RT-2-2021 was approved by
the American National Standards Institute on November 30, 2021.

This Standard has been revised in its entirety.
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ASME RT-2-2021

SAFETY STANDARD FOR STRUCTURAL REQUIREMENTS
FOR HEAVY RAIL TRANSIT VEHICLES

1 SCOPE

Thd objectives of the passive safety requirements
described in this Standard are to reduce the risk to
passenger injury and damage to equipment resulting
from ¢ollision accidents by providing a means of protec-
tion when all possibilities of preventing an accident have
failed.|In the event of a collision, application of this Stan-
dard provides protection for the occupants of new designs
of craghworthy vehicles through the preservation of struc-
tural iptegrity, reducing the risk of overriding and limiting
decelgrations. This Standard does not extend to the design
of the|vehicle interior structures that may help reduce
injury| risk caused by impacts between the occupants
and vehicle interior, beyond limiting vehicle acceleration
and c¢nsequential secondary impact velocity of passen-
gers cplliding with interior surfaces.

1.1 Subjects Not Addressed by This Standard

There are several design considerations relatedto
safety|that are not addressed, such as, but not limited to

(a) |structural repairs

(b) |fatigue

(c) [corrosion

(d) |fire protection

(e) linterior vehicle design

(f) emergency egress from yehiele

(g) |inspection and maintenance

1.2 Effective Date

Thi§ Standard applies to newly constructed heavy rail
transift vehicles for transit passenger service ordered 6
montls following the date of issuance of this Standard
by thg Rail Fransit Vehicle (RTV) Standards Committee
and APME:

anticlimber: a structural member or mechanjsnp located at
each end of the vehicle, used to engage| anl opposing
vehicle, coupled or not, to resist relative’vertical travel
between the two carbodies during(a collisio

antitelescoping plate: a single~structural mgmber that
spans the full width of the carbody at the fop of the
end frame, that is attachéd‘\to the tops of thle collision
and corner posts, and isdesigned to transmit the collision
and corner post top Keaction loads to the carlpody sides.

articulation: a rotating connection at the infermediate
ends of carbody sections to allow negotiatiof of tracks
with varigugs'\wvertical and horizontal profiles.

averagecollision acceleration: the longitudindl accelera-
tion 6f“each car computed using a 100-ms simple
moving average over the duration of thq collision
event and averaged over each car.

belt rail: a longitudinal structural member of the carbody
located on each side of the carbody below the|passenger
side windows. The distance between oppositg¢ belt rails
often establishes the overall width of the carbpdy, exclu-
sive of the side door thresholds, side cameras, afpd mirrors.

car: see heavy rail transit vehicle.

carbody: the main load-carrying structure aboye all truck
suspension units. It includes all components that are
connected to this structure and contribute flirectly to
its strength, stiffness, and stability.

collision posts: a set of two full-height strucfural posts
located at each end of the carbody, extending from the
bottom of the underframe structure up to afstructural
shelf or an antitelescoping plate. Collision posts may
be made of several structural members assembled to
each other, provided that the required perfqrmance is
met. They are located at the approximate|one-third
points across the width of the vehicle and are forward

2 DEFINITIONS

This Standard relies, where practical, on terms already
in use by ASME, the American Public Transportation Asso-
ciation (APTA), and the Institute of Electrical and Electro-
nics Engineers (IEEE). For the purposes of this Standard,
the following definitions apply:

of the seating position of any passenger or crew
person. An alternative to collision posts is a collision wall.

collision wall: a structure at the leading end of the vehicle
spanning the area between the structural shelf, corner
posts, and top of the underframe. The use of a collision
wallisintended to provide a collision performance equiva-
lent to a collision post design.

consist: a set of vehicles forming a complete train.
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corner posts: a set of two full-height structural posts
located at the outside corners of the passenger compart-
ment or at the extreme corners of the carbody, extending
from the bottom of the underframe structure up to an anti-
telescoping plate and to the roof at the top of the side frame
at its intersection with the roof. Corner posts can be an
assembly of several structural members, provided that the
required performance is met.

coupler system: a system comprised of the coupler head,

open gangway: a flexible, semi-permanent, connected pas-
sageway spanning a full-width opening between adjacent
vehicles providing a walkway that allows passengers to
freely move between vehicles.

override: the behavior of end-to-end colliding vehicles
such that one vehicle vertically rides above the other
resulting in unintended crush deformations. Override
can lead to telescoping intrusion.

permanent deformation: a condition resulting from a

pa | L o dade. 1 e b= 4l 1 o
drawbar, rartgear, ant attacirmnrentsto—tire- carooay,;

permitting the connection between vehicles or trains.

crash energly management (CEM): a method of design and
manufacture of vehicles that enhances crashworthiness
by assigning certain structural members or components
of the catbody and the coupler system the task of
absorbing p portion of the collision energy in a controlled
manner (sge energy absorption zone).

crashworthiness: capability of a vehicle structure to
protect odcupants from injury or fatality in the event
of a collisi¢gn between trains or between trains and obsta-
cles.

end frame] structure inboard of the extreme ends of the
vehicle that typically includes the corner posts, collision
posts, or dollision wall.

endsill compression load (buffload): longitudinal compres-
sive force japplied at the ends of the carbody.

energy abjorption zone: a zone, typically located at the
ends of the vehicle, designed for controlled deformation
or crush, while the integrity of the remaining structure
outside th]s zone is maintained.

heavy rail transit vehicle: typically an electrically
propelled| bidirectional vehicle, capabletef multiple
unit operation, and designed for rapid, high=level boarding
and discharging of passengers. The veliicl€is operated on
amode of rjail rapid transit generallycharacterized by fully
grade-sepgrated construction on{exclusive rights of way,
with statign platforms at thefloor level of the vehicles.
These sysfems are commonly referred to as subways
or metros

high-strength corner-post: a structural post typically
located at] the extreme corners of the carbody, at the
noncab ends pf-the leading and intermediate cars in a
train, typidally-found in open gangway designs, replacing

stress greater than the minimum yield strength |of the
material or where the material has deformed'fo the
extent that it will not return to its original shape o} posi-
tion within 0.2% after the load is released. Lodalized
stresses above yield are allowable, ptovided

(a) an elastic-plastic finite element analysis (FHA) for
the relevantload case shows the@ffected areas to b¢ small
within 1% plastic strain

(b) the overall structure does not take a permanegnt set
beyond its initial dimensions

(c) no visual permanent deformation can be found via
visual inspection

(d) the structure continues to function as desighed to
meet the requirements of this Standard

principal Structural element: an element that contifibutes
signifieantly to resisting the loads specified for thg iden-
tified structure (e.g., carbody, collision post, cornef post)
and whose integrity is essential in maintaining the ¢verall
structural integrity of the vehicle and preservaﬂion of
occupied volume. Principal structural elements shall be
agreed to by the customer and manufacturer.

simple moving average: an arithmetic mean g¢ver a
prescribed block of time or for a set number of Higital

data points, sequentially applied over a digital data set.
Given a sequence of N data points (ai)ﬁlan nipoint
moving average is a new data sequence (si)f\:"“defined
by computing the arithmetic means of n-point blgcks.

i+n-—1

1
Si = ; lz::l aj

structural sheathing: the parts of the exterior covefing of
the carbody that are used as structural componentd of the
vehicle and included in the stress analysis.

the need forcottiSIon posts, extending from the bottom of
the underframe structure up to the level of the roof rail.

occupied volume: the volume of the heavy rail transit
vehicle where passengers or crewmembers are normally
located during service operation, such as the operating cab
and passenger seating and standing areas. The entire
width of a vehicle’s end compartment that contains a
control stand is an occupied volume. An articulation or
gangway is typically not considered occupied, unless
there are seats.

structural shelf: the structural member in the end frame
that spans the width of the carbody and is attached to the
collision posts and corner posts, below the window sill,
which is designed to transmit the collision post reaction
loads to the carbody sides.

survival volume: the portion of the occupied volume that
shall be preserved during the collision.

telescoping: the intrusion of one vehicle into another in a
collision.
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train: one or more vehicles coupled together.

ultimate strength: the maximum load-carrying capability
of a structure, for aload applied at a specified location and
direction. For further deformation of the structure, the
load capable of being supported will be less than this
maximum load.

vehicle: see heavy rail transit vehicle.

vehicle vertical loads:

(a) -to-run load: the weight of a vehicle tha
service ready with all mounted components, including
full operating reserves of lubricants, windshield fluid,
etc., but without any crew or passenger load.

(b) |seated load: ready-to-run load plus the crew and all
passemger seats occupied with average weight per person
of 79.5 kg (175 1b).

(c) fcarbody volume capacity load: a seated load plus all
availaple standee areas occupied with a standee density
that rsults in a floor pressure of 488.4 kg/m? (100 1b/ft?).

NOTE:}An alternate occupant weight based upon specific service
conditjons, such as service to airports and use of luggage racks,
may b¢ specified.

edd

yield dtrength: the stress published by American Society
for Tepting and Materials (ASTM) for the specified mate-
rial ard grade. If the material used is not covered by an
ASTM specification, or another specification, the
minimum yield strength for design shall be as guaranteed
by thg material supplier.

3 INTEROPERABILITY

Thi§ section covers geometric compatibility‘considera-
tions for collisions between vehicles of different design
operafing on the same routes of the subject transit system.

3.1 Anticlimber and Coupler Interface

Each heavy rail transit vehjele.shall incorporate an anti-
climbgr at each end of the vehiele. The height and design of
the anficlimber and couplér'on new heavy rail transit vehi-
cles sLall be compatible*with existing heavy rail transit
vehicles that are operated on the same routes of the
subjedt transit.system. The anticlimber shall be designed
for enpagemeéntbetween vehicles to mitigate override or
telescping-in a collision, including any condition of failed
or deflatedsuspension elements. In the event of a collision

3.2 Multiple Unit Operation

All combinations of vehicles to be operated within a
train shall be considered in assessing the effect of multiple
unit operation in a collision.

4 STRUCTURAL REQUIREMENTS

The carbody shall withstand the maximum loads consis-
tent with the operational requirements and achieve the
equired-servcetife-undernormal-eperating—onditions.
The carbody and vehicle design shall be baged on the
design load requirements specified in~sectjon 5. The
capability of the structure to meet these requirements
shall be demonstrated by calculationiand/or ;Lpropriate
proof of design testing.
The strength of connegetions between $tructural
members for all structuralloading requiremenits outlined
in Table 4-1 shall exceed'the ultimate load-carrying capac-
ity of the weakest member joined. For these loagl cases, the
ultimate load-carrying capacity is defined by applying the
load at the location and in the direction specifigd in Table
4-1 but incréased in magnitude to the maximuin load that
can be resisted by the structure, as determined by obser-
ving that-further increase in deflections will fresult in a
decrease in the load capable of being carried by the struc-
ture” References to sheathing in Table 4-1 refer only to
sttucturally related (load-carrying) sheathing

4.1 Welding

Design of welded structures shall be in accorflance with
AWS D15.1, AWS D1.1/D1.1M for steel, and AWS D1.2/
D1.2M for aluminum or equivalent.

4.2 Articulation

An articulation, if used, shall include structyre to meet
the requirements of section 5.

4.3 Design Parameter Tolerance

The allowable stresses for the loads specified in
section 5 shall consider the limiting cases of djmensional
tolerances, manufacturing processes, workmanship, and
other manufacturing effects.

4.4 Demonstration of Strength and Stryctural
Q‘I’ahili‘l’y

with another rail vehicle, the coupler system shall include
a feature that will permit engagement of anticlimbers. See
section 6 for additional requirements. Design of the
vehicle leading end structure shall not interfere with
proper engagement or operation of the vehicle anticli-
mber system. Geometric compatibility does not
mandate coupling between vehicles of different designs.

It shall be demonstrated by analysis (section 9) and/or
tests (section 10) that the requirements of section 5 are
achieved.

4.5 Truck to Carbody Attachment

A mechanism for attaching the completely assembled
truck, including the bolster if used, to the carbody
shall be provided, with strength levels in accordance
with section 5. The trucks shall remain attached to the
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Table 4-1 Structural Load Requirements for Heavy Rail Transit Vehicles

Item

Type of Load

Specified Load

Acceptance Criteria

6

Vehicle vertical

End sill compression

Evenly distributed carbody volume capacity

Minimum of 890 kN (200,000 Ib), applied in the
longitudinal (inward) direction on the end
sill or anticlimber. Vehicle loaded to ready-to-
run weight.

Stress not to exceed 65% of any carbody structural
member yield strength and no loss of
local stability

No permanent deformation of any structural
member or structural sheathing, with the
possible exception of the energy absorption
elements

Coupler anchorage
dompression
dtructural load
kee section 6)

Coupler anchorage
tensile

Collision post shear
Collision wall shear

Collision post elastic
Collision wall elastic

Collision post
dlastic-plastic
Collision walk
dlastic-plastic

Carbody structure shall support the maximum
dynamic load needed to fully collapse a coupler
such that its physical retraction stroke is
maximized.

Loads shall meet the required duty as specified
in section 6

Load equal to the end sill compression load,

applied to each collision post separately or
applied to the collision wall at the approximate
one-third points across the width of the vehicle
in the longitudinal (inward) direction

(a) Load application direction variation shall
be within 15 deg on either side of the longitudinal
(inward).

(b) The applied load area shall not exceed
250 mm (10 in.) in width nor 150 mm (61n.)in height
measured from the top of end frame:

Load equal to 33% of end sillycompression load

positioned at 450 mm (1775 in.) above the top
of underframe, applied, tojeach collision post
simultaneously or applied to the collision
wall at the approximdte one-third points across
the width of the véhicle in the longitudinal
(inward) direction

(a) oad/application direction variation shall
be within-15 deg on either side of the longitudinal
(inward).

(b) The applied load area shall not exceed
250 mm (10 in.) in width nor 150 mm (6 in.) in height
centered on the point of loading.

Load applied per the elastic design load case (see
Item 6 applied to single post or collision wall)
beyond the elastic design load, until the post or
wall achieves a permanent deflection at the
back of the side of the post or wall, directly

No permanent deformation of any-stiuctyral
member or structural sheathing

No permanent deformation of any structyral

member or structiutral sheathing

=1

Stresses in the carbody structure and collision
post to'be less than ultimate strength

No permanent deformation of any membgr,
structural sheathing, or connections

The load shall remain above the elastic design
load. There shall be no complete separgtion of
the posts or loss of integrity of the wall ffom its
connecting structure.

behinrdtoadtocationrpointequat-to651mr
(2.5 in.). The deformation is to be measured
after the load is removed and relative to a
reference frame connecting the top and bottom
of the post or wall back surface.
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Table 4-1 Structural Load Requirements for Heavy Rail Transit Vehicles (Cont’d)

Item Type of Load Specified Load Acceptance Criteria
8 Corner post shear 25% of the end-sill compression load, applied to Stress in the carbody structure and corner post to
each corner post over a surface area of the be less than ultimate strength

corner post in separate longitudinal and
transverse directions
(a) Load application direction variation shall
be within 15 deg on either side of the longitudinal
(inward) or 15 deg on either side of transverse
(inward).
fb)-The-apphiedload-area—shal-not-exceed
250 mm (10 in.) in width nor 150 mm (6 in.) in height
measured from the top of end frame.

9 Corner post elastic Two loads, applied separately, to one post 450 mm  No permanent deformation of any sfructural
(17.75 in.) above the top of the underframe, one member, structurdhsheathing, or ftructural
load equal to 12% of the end sill compression connections

load applied in the longitudinal inward
direction, and a second load equal to 6% of the
end sill compression load applied in the
transverse inward direction

(a) Load application direction variation shall
be within 15 deg on either side of the longitudinal
(inward) or 15 deg on either side of transverse
(inward).

(b) The applied load area shall not exceed
250 mm (10 in.) in width nor 150 mm (6 in.) in‘leight
measured from the top of end frame.

10 | Corner post elastic- Load applied per the elastic design load case (see The load shall remain above the elaptic design
plastic Item 9 applied to single post) beyond the elastic load. There shall be no complete spparation of
design load, until the post achieves a permanent the posts, its connection to the und¢rframe, and
deflection at the back of theside of the post, its connection to either the roof stjucture or at
directly behind load loeation point, equal to the antitelescoping plate.

50 mm (2 in.). The ‘deformation is to be
measured after the.load is removed and relative
to a reference(frame connecting the top and
bottom of the post back surface.

11 High-strength corner Two leads; applied separately, to one post at the No permanent deformation of any sfructural
post shear top.of the underframe, one load equal to 70% of member, structural sheathing, or ptructural
the"end sill compression load applied in the connections

longitudinal inward direction, and a second
load equal to 25% of the end sill compression
load applied in the transverse inward direction
(a) Load application direction variation shall
be within 15 deg on either side of the longitudinal
(inward) or 15 deg on either side of transverse
(inward).
(b) The applied load area shall not exceed
250 mm (10 in.) in width nor 150 mm (6 in.) in height
measured from the top of end frame.
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Table 4-1 Structural Load Requirements for Heavy Rail Transit Vehicles (Cont’d)

Item Type of Load Specified Load Acceptance Criteria
12 High-strength corner Two loads, applied separately, to one post 450 mm  No permanent deformation of any structural
post elastic load (17.75 in.) above the top of the underframe, one member, structural sheathing, or structural
load equal to 45% of the end sill compression connections
load applied in the longitudinal inward
direction, and a second load equal to 6% of the
end sill compression load applied in the
transverse inward direction
(a) Load application direction variation shall
baaithi i i adinal
(inward) or 15 deg on either side of transverse
(inward).
(b) The applied load area shall not exceed
250 mm (10 in.) in width nor 150 mm (6 in.) in height
centered on the point of loading.
13 High-strength corner Load applied per the elastic design load case (see The load shall remain above the elastic design
post elastic- Item 12 applied to single post) beyond the load. The connections between the cornpr post
Rlastic load elastic design load, until the post achieves a and all othef structural members have|not
permanent deflection at the back of the side of separated;
the post, directly behind load location point,
equal to 50 mm (2 in.). The deformation is to be
measured after the load is removed and relative
to a reference frame connecting the top and
bottom of the post back surface.

14  Strpctural shelf 7.5% of the end sill compression load at any peint No permanent deformation of any member,

in the longitudinal inward direction structural sheathing, or connection
(a) Area of load application shall not‘exceed

250 mm x 150 mm (10 in. x 6 in.).
(b) Load direction variation shdll be within

15 deg on either side of longitudinal (inward).

15 Side wall, at side sill 178 kN (40,000 Ib) applied in the transverse No permanent deformation of any structyral
inward direction atsthe side sill and distributed member or structural sheathing. Some lofalized
along an area of 2.4-m x 150 mm (96 in. x 6 in.), deformation of the side wall profile in the area
including the deorways of the load application is permitted.

16  Side wall, at belt rail 44 kN (10,000 1b) applied in the transverse inward  No more than 75 mm (3 in.) of permanent
direction at the belt rail and distributed along structural deformation into the vehicle iterior.
amarea of 2.4 m x 150 mm (96 in. x 6 in.), not This load shall not result in sharp edggs or
inelading the doorways protrusions of vehicle structure within|the

vehicle interior.

17  Ro¢f, in rollover Vehicle shall be able to rest upon its roof. Structural damage in occupied areas limifed to

dondition roof sheathing and roof framing membgrs

18  Ro¢f, cdneentrated 1.330 kN (300 1b) spaced over an area of 380 mm No permanent deformation of any structyral
x 330 mm (15 in. x 13 in.), applied anywhere member or structural sheathing

19  Truck to carbody (a) 667 kN (150,000 lb) applied on the truck in (a) stress in the attachment mechanism to be

attachment

the horizontal plane through the center of truck
rotation

(b) a vertical load of two times the weight of
the truck

less than ultimate strength
(b) not to exceed yield strength in the
attachment mechanism
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Table 4-1 Structural Load Requirements for Heavy Rail Transit Vehicles (Cont’d)

Item Type of Load

Specified Load

Acceptance Criteria

20 Equipment
attachments

Separately applied acceleration loadings of
(a) +5g applied in the longitudinal direction

Stresses in the attachment mechanism to be less
than ultimate strength

(b) *2g applied in the transverse direction
(c) +3g applied in the vertical direction
All above accelerations shall be applied in

combination of -1g vertical.

carbogly when the vehicle is raised unless first intention-
ally detached. The ultimate strength of the attachment
mechgnism in the horizontal plane (ultimate horizontal
strength) shall be as specified to secure the entire
truck fo the carbody during collisions at any possible posi-
tion of the truck in its vertical suspension travel. This shall
include the condition of the vehicle raised off the track
with the truck hanging from the vehicle and shall not
deperld upon external vertical constraints nor upon
bolstef anchor rods.

4.6 (Qollision and Corner Posts

Colliision posts are required in end frames to protect the
occupfnts at the end of the train, normally a cab end, from
the seyverity of a collision with another train. For inter-
medidte carbody ends between like vehicles and not
desigrled for configuration at the ends of a train, the func-
tion of|a collision post may be relocated to the corner of the
end fijame to become a high-strength corner post. The
desigm of the high-strength corner post shall include
featurps that prevent anticlimbing, provide strengthresis-
tance |against override, and exhibit a distributed load
transfpr into the car structure along its length, including
the ropflevel end-frame to end-frame reaction at the roof
to sid¢ frame structural connectiony

4.7 Collision Wall

A c¢llision wall may bessubstituted for collision posts
provided it meets all of the’same performance require-
mentg as required in_Fable 4-1, Items 5 through 7. For
intermediate carbody ends between like vehicles and
not d¢signed for configuration at the ends of a train,
the fupction of\a collision wall may be relocated to the
cornef ofthe end frame with strength equivalent to a
high-strength corner post.

The design requirements for gangway kofner posts
shall apply only to ends of carbodies fittedswith ppen gang-
ways but not applied to ends of cars attheend pf a consist
(see Figure 4.8-1).

The cab end must comply with, the requir¢ments for
collision posts, corner posts, or<ollision walls ps applica-
ble in Table 4-1. The open gangway end must c¢mply with
the high-strength corner post requirements pgr Items 11
through 13 in Table 4-1-

Open gangways.are only located in the migldle of the
train and arg,not subjected to high acdeleration
loading seen by*leading cab cars. Therefore, the longitu-
dinalload requirements for the high-strength cgrner posts
are lowerthan for the cab end collision posts.

Gangways between vehicles constitutirlg flexible
confections are excluded from the global velficle short-
ening requirements of para. 9.3.

In the event of a collision, according to thg scenarios
defined in this Standard, the following criterip apply:

(a) The open gangway attachment poipts to the
carbody end frame shall comply with Table 4-1, Item 20.

(b) The open gangway attachments shall withstand all
forces imparted by the open gangway, inclufling those
resulting from negotiating all applicable track|conditions
on the system, loads from jacking, and lifting

(c) The open gangway attachments shall withstand the
carbody volume capacity load.

(d) The gangway system shall not prevent the design
function of a drawbar coupler, energy absorber elements,
or anticlimbers. The minimum length of cdmpressed
gangway components shall be taken into accpunt.

4.9 Crashworthiness

(a) Thecrashworthiness performance shall achieve the
following objectives:

4.8 Open Gangways

For heavy rail vehicles using an open gangway design,
the open gangway as defined provides passage width
between cars that prevents the common location of colli-
sion posts by the nature of its design. As a result, the side
corner posts at open gangway-equipped ends require
higher strength criteria to provide the necessary
passenger protection and loading resulting from collision
events.

H—minimize-thetoss-of-oeeupted-volume resulting
from structural collapse or structural penetration

(2) provide for a progressive controlled collapse of
energy absorption zones of the carbody structure prior to
crush of other carbody structures, while limiting the
average collision acceleration

(3) minimize the possibility of injury to occupants
during a collision from such causes as parts detaching
from the carbody or equipment falling from the ceiling
or roof
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Figure 4.8-1 Gangway Configuration
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e energy-absorbing element(s).

enario 2 (Safe Speed Collision). This collision
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L is the scenario where all the protection
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1 further specifies required design loads-and
bf structural elements, such as collisienposts
' posts, side walls, end sills, and equipment
ts to protect passengers and opérators from
penetration, free-flying objects; and loss of
volume in the event of(ajcollision with
hicle or obstruction.

10 describes the test principles used to verify
hshworthiness requirements in Table 4.9-1 are

Table 4.9-1 Crashworthiness for Heavy Rail Transit Vehicles

5 DESIGN LOADS AND ASSESSMENT CRITE

This section defines load requirements used to
the structural design of heavy rail vehicle carbodie

RIA

hssess
s with

respect to safety of the occupants. Tdble 4-1 conta[]:s the

loading conditions and assessment Criteria and

quirements to assess passive safefy for heavy rail vg
based upon structural loading-cases. The structure
carbody shall be completely-assembled with the 1d
all equipment included*before the specified loads

e re-
hicles
of the
ads of
as ap-

plicable are applied: Each specified load or force shall be

applied over the minimum area necessary to prever
yielding or buckling with its center of action at the lo
specified. Where no permanent deformation is spe
localized plastic deformation is permitted, provide
shown-by analysis and/or test that it has no effect
structural integrity of the complete carbody.
Table 4-1 does not contain all loads necessary to §
the structural integrity of a carbody. Additional loa
may need to be considered include the following;
(a) loads associated with vehicle maintenance
dures, such as jacking or hoisting, to ensure the sal
maintenance and operation personnel

tlocal
cation
cified,
ditis
pn the

nsure
Is that

broce-
fety of

(b) recurring operational loads should cogsider

industry accepted fatigue analyses and criteria, s

ich as

AWS D1.1/D1.1M, endurance limit or accumlated

damage methods to assess repeated loading from p
sion, braking, and track features

ropul-

Item Typé_of Load Specified Load/Condition Acceptance Criteria
1 Collision-Scenario-1; Collision-of-twe. vn—mly to=run-loaded-trains—under-conditions c;\ol‘iﬁ'nr“ i Am-apfanro criteria-defined in
low speed collision para. 9.3.1 with moving train at an impact speed of 8 km/h (5 mph) para. 9.3.2
2 Collision Scenario 2:  Collision of two ready-to-run loaded trains under conditions specified in ~ Acceptance criteria defined in
safe speed collision para. 9.3.1 with moving train at a speed of 24 km/h (15 mph) and trains  para. 9.3.3
vertically offset by 30 mm (1.18 in.) at mating anticlimbers of the colliding
vehicles
3 Collision Scenario 3:  Collision of two ready-to-run loaded trains under conditions specified in Acceptance criteria defined in

structural stability
collision

colliding vehicles

para. 9.3.1 with moving train at an impact speed of 40 km/h (25 mph) and
trains vertically offset by 30 mm (1.18 in.) at mating anticlimbers of the

para. 9.3.4
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(c) infrequent exceptional loads, such as rerailing
recovery and emergency braking, should be assessed
to ensure damage does not result from their application

6 COUPLER SYSTEM

The design of the coupler system, including drawbars,
draft gear, attachments to the carbody, and the carbody
connection point shall respond to normal and overload
conditions in a predictable manner. The coupler

7.3 Aluminum

Structural use of aluminum and aluminum alloys shall
be in compliance with APTA PR-CS-S-015-99 or an equiva-
lent.

7.4 Nonmetallic Materials

If nonmetallic materials are being utilized, then this
Standard shall be applied to the extent possible. Data
from internationally accepted standards that represent

systerh shall be capable of absorbing the compression
and tension forces encountered in normal vehicle opera-
tion infa train, including coupling and uncoupling, without

e.
coupler system shall also be designed with arelease
nism to respond to compressive overload condi-
he coupler system may also include a regenerative
regenerative energy absorption unit(s), including
s that could be considered recoverable or easily
able. In a collision, the draft gear elements and/

allow the coupler system to retract a sufficient distance to
permif the carbody anticlimbers to engage. If the collision
energy is sufficiently high such that compression
continjues following the full retraction of the coupler
systerh, the coupler system shall not impede the CEM
respohse of the carbody to overload conditions. The
value pf the release load shall satisfy the specific charac-
teristifs of the subject transit system’s intended operation.

7 STRUCTURAL MATERIALS

Minfimum material propérty values as defined by a
materjal specification or standards stated in the following
sections shall be utilizediThe limiting static material prop-
erties|shall be as givén in the referenced material stan-
dard.|When other-standards are used, equivalency
shall pe deménstrated between these standards and
the referenced material standards.

7.1 Austenitic Stainless Steel

the performance of the material mayrbe applied
pending demonstration of equivalency to a UlS. code or
standard.

8 CRASH ENERGY MANAGEMENT (CEM]}

To improve crashworthifess, this Standarfd requires
that the principles of Crash Energy Managenjent (CEM)
be applied, including7the use of analyticdl tools to
verify that the structiral design and CEM feptures are
stable and crush(or deform as intended. Evaluation of
the load cases{specified in para. 4.9 and Thble 4.9-1
shall be performed using time-dependent, largd deflection
computer. simulations. Validation of the crush hehavior by
test shall be performed if specified.

The vehicle shall be designed to crush ahd absorb
energy in a controlled manner when subjected to end colli-
sionloads. The design shall be based on the CEM structural
energy absorption zones per the scenarios specified in
Table 4.9-1. A CEM and collision survivabilify strategy
shall be developed that is compliant with the criteria
provided herein. The strategy shall define the specific
features of the carbody that will provide the¢ required
zones of energy absorption.

NOTE: The specifications given within this Standqrd for CEM
represent a basis for protecting passengers when trains are
involved in collisions with like trains or with objtacles. The
specifications do not address all the consideratiops that may
need to be examined inclusive of vehicle design and operating
variances that may lead to incompatibility related [to strength,
geometry, or variations in the condition of coupler ¢ngagement
during collisions. It is recommended that the pugchaser and
supplier agree on a compatibility plan to ensfyire perfor-
mance-based scenarios are applicable.

9 ANALYSIS

Structural use of austenitic stainless steel shall be in
accordance with APTA PR-CS-S-004-98 or an equivalent.

7.2 Low Alloy High Tensile Steel

Structural use of low alloy high tensile (LAHT) steel
shall be in accordance with the requirements of APTA
PR-CS-5-034-99 or an equivalent.

In a collision, interior equipment within the occupied
volume shall remain securely fastened. An analysis shall
be provided for such interior equipment of weight greater
than 11.3 kg (25 1b), e.g., display panels, seats, fire extin-
guishers, luggage stowage racks, excluding interior liners,
such as side and end walls, door pockets, ceiling-lining
materials, and floors. All exterior equipment attached
to the carbody of weight greater than 67.8 kg (150 lb)
shall be analyzed. Equipment attachments shall be of
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sufficient strength to support equipment under loading
specified by Item 20 in Table 4-1.

Equipment housed within a fixed compartment need
not be analyzed, provided it can be shown that contained
equipment will not penetrate the walls of a fixed compart-
ment when exposed to the specified acceleration loads in
Item 20 of Table 4-1. For any portion of the proposed
design that is based on a service-proven vehicle, data
from previous tests, historical data from operations, or
structural_analyses a equired to satisfv the corre-
sponding portion of these requirements may be provided
in lieu of mew analyses or tests.

9.1 Strudtural Renderings

Structufal renderings shall be provided in order to
clearly defiine the primary carbody structure. The struc-
tural renderings shall include a side view; a top view,
showing ohe longitudinal half of the roof and one longi-
tudinal half of the underframe; and typical carbody cross-
sections, which may include side frame and door frame
posts; end, side, draft, and center sills; belt rail, top,
and roof rails; collision and corner posts; antitelescoping
plate; bolpters, floor beams, and cross bearers; roof
carlines and purlins; roof sheathing or corrugation;
and side frame sheathing and/or corrugation.

9.2 Stress Analysis

The carpody stress analysis shall consist of a finite
element analysis (FEA) using a recognized computer,
FEA code| supplemented as appropriate by manual
stress analyses. The results of the stress analysjs Shall
include cdlculated stresses, allowable stresSes; and
margins ¢f safety for all structural elements at all
design logding conditions required by this*Standard.
The stability of plates, webs, and flanges_shall be calcu-
lated for members subject to compression and shear.
For results that are not efficiently/analyzed by finite
element gnalysis, such as weld-connections, welded
and/or bdlted joints, and column and plate stability,
manual stfress analyses may*be performed. The format
and content of these analyses shall include the following
as a minimum:

(a) load case_desefiption

(b) rendering,of the item to be analyzed, with dimen-
sions, appliedforces, and other boundary conditions

results shall be provided in various forms, including
video animation, static images of the calculated response,
graphs of collision forces, displacements, accelerations,
and energy balance data. The documentation of results
shall demonstrate progressive crush response and the
ability of the structure to maintain survival volume
required for operator and passengers. The force deflection
curves shall show the crush response of the front-end
structure, where force is measured at the interface

shall be determined as defined by the average, cdllision
acceleration definition. Energy data shall)be inq¢luded
to demonstrate conservation of momentuin, conseryvation
of energy, and minimization of compuitational energy loss
such as might be caused by computational errprs in
element deformation.
The performance of the energy absorption comp¢nents
shall be validated by the callision conditions and sceparios
specified in Table 4.9-1<and paras. 9.3.1 through p.3.4.

9.3.1 Collision‘Conditions. Train crashworthiness
analysis simulatien conditions are as follows:

(a) Amovingtrain collidinginto astopped, brakefl train
(wheel/rail friction coefficient of 0.5) of identical flesign
shall usesthe train initial velocities and loading condlitions
identified in Table 4.9-1 and occurring on level tangent
track.

(b) Avertical height offsetbetween colliding vehikcles as
specified in Table 4.9-1, Items 2 and 3 only, with the
stopped train in the lower (below nominal) heighf posi-
tion shall be modeled by a vertical offset movement{ of the
track.

(c) Both trains shall be configured to the majimum
train length used in operation.

9.3.2 Collision Acceptance Criteria: Scenario [L. The
results of the simulation for collision conditior}s and
Scenario 1 as referenced in para. 9.3.1 and Tabld 4.9-1
shall conform to the following criteria for any trafin:

(a) The energy shall be absorbed by arecoverabl or an
easily replaceable element.

(b) There shall be no permanent deformation fo any
vehicle structural member or side sheathing.

(c) There shall be no damage to vehicle equipment
other than the recoverable or easily replaceable elements.

NOTE: This scenario isintended to maintain vehicle avai ,qh]]]ty

(c) drawing references

(d) material properties

(e) allowable stress

(f) detailed stress results and analyses
(g) conclusions

9.3 Crashworthiness Analysis

A crashworthiness analysis shall be performed using a
nonlinear, large-deformation explicit, time-dependent,
finite element software program. The simulation

and reduce repair costs.

9.3.3 Collision Acceptance Criteria: Scenario 2. The
results of the simulation for collision conditions and
Scenario 2 as referenced in para. 9.3.1 and Table 4.9-1
shall conform to the following criteria for any train:

(a) Vehicle interactions do not exhibit override or tele-
scoping responses.

(b) Progressive structural crush begins at vehicle ends.
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