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Preface

The Rall Vehicle Crashworthiness Symposum was held at the at the U.S. Department of
Transportation's Volpe Nationa Transgportation Systems Center in Cambridge, M assachusetts on
June 24, 25, and 26, 1996. The objective of the symposium was to present results of current
research on rail equipment collision safety and to provide aforum for exchange of technical
information among research organizations, passenger railroad operators, equipment
manufacturers, and congtituent organizations concerned with rail passenger car collison safety.
The symposium was organized, in part, to address interest in rail equipment crashworthiness
research results expressed by the government-industry working group on Rail Passenger
Equipment Safety Standards. This working group was organized by the Federd Railroad
Adminigtration (FRA) for the purpose of developing passenger equipment safety standards.
Members of the working group include the operators, represented principaly through Amtrak
and the American Passenger Trangt Association, the unions-- Brotherhood of Locomotive
Enginears, Brotherhood of Railway Carmen, and the United Transportation Union -- and the
suppliers-- General Motors Electro-Mative Divison, Genera Electric Trangportation Systems,
Bombardier, GEC Alsthom, and Semens Trangportation Systems -- and other government
organizations induding the Federd Trangt Administration (FTA) and the Nationa
Transportation Safety Board. Additiona motivation for the symposum came from the
sgnificant advances madein rail equipment crashworthiness in the past decade.

Worldwide, there have been subgtantid efforts made over the last ten yearsto increase the
crashworthiness of rail equipment, driven by concerns caused by increased equipment speeds,
which can increase the severity of train collisons, and increased traffic dengty, which can
increase the likelihood of the occurrence of train collisons. These efforts have resulted in rail
equipment such as the double deck TGV trainset, which includes crush zones in the nose and at
the rear of the power cars and a the front of the end trailers and the British 465 Networker
multiple-unit commuter train, which includes crushzones at the leading and trailing ends of each
of the cars. In acollison, these crush zones are designed to absorb some of the collision energy
and to collgpse in controlled manner. The American Hyer - Amtrak's high speed trainset for the
Northeast Corridor - is being designed with crush zones in the nose and at the rear of the power
cars and leading and trailing ends of the passenger cars.

Proposds to include crush zones in rail equipment to control the decelerations of the occupant
volume, carbody structural design strategies to increases occupant volume strength, 1ap and
shoulder beltsto restrain passengers and prevent direct impacts of the occupants with the interior,
and other concepts for improved rail equipment crashworthiness have been made for nearly 100
years. Until reatively recently, evauating the effectiveness of these concepts and fully

devel oping those concepts found to be effective has been time- consuming and expensive. Rall
equipment is expensive - it costs about $2 million to purchase asingle rail passenger coach car -
which has precluded the widespread use of experimenta techniques like those used by the
automotive industry. Detailed computer modeding programs, which can simulate transportation
equipment collisons and other conditions which cause large deformations of structures, have
been developed by the aerospace industry. These programs have been available for more than ten
years, but affordable computer equipment capable of exercising detailed modes of train
collisons have only been available for about five years.



The symposium was sponsored by the Federal Railroad Adminidgiration's Office of Research and
Development and conducted as part of the Improved Equipment Safety and High Speed Ground
Trangportation Programs which the FRA supports a the VVolpe Center. The symposum was
organized by Tom Tsa, of the FRA's Equipment and Operating Practices Division, Herbert
Weingtock, Chief of the Volpe Center's Structures and Dynamics Divison, David Tyrell and

Joseph Davin of the Volpe Center's Structures and Dynamics Divison, and Debra Duncan of
Camber Corporation.

In 1978 the Center organized and held the Urban Rail Vehicle Crashworthiness Workshop. At
the workshop, results of then-current research on rail equipment collision safety were presented
and technical information was exchanged among congtituent organizations concerned with rall
passenger car collison safety. Under the sponsorship of the FRA and FTA, the Vol pe Center has
conducted research on rail passenger equipment crashworthiness to develop strategies to better
protect the operator and passengers, freight locomotive crashworthiness to devel op strategies to
better protect the operator, as well astank car crashworthinessto develop strategiesto minimize
the likelihood of a hazardous materias spill. The Volpe Center conducts research in a broad
range of technica areas related to transportation safety.
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OPENING SESSION TRANSCRIPT

Opening Session/Welcome/l ntroductory Remarks

DR. RICHARD R. JOHN: I'm Dr. Richard John, Director of the VVolpe Center. I'll wait until
everyone gets seated. On behdf of Dr. Sharma, Adminigtrator of the Research and Specia
Programs Adminigtration of DOT, I'm pleased to welcome you to the Volpe Center and the FRA-
sponsored Symposum on Railroad Vehicle Crashworthiness. Since, some of you are visiting the
Volpe Center for thefirst time, | thought | would use this opportunity to tell you alittle about the
Center.

Last October, we celebrated our 25th anniversary with a symposum on Challenges and
Opportunities for Trangportation in the 21st Century. We currently have more than 300 projects
in progress, and annua volume of about 175 million dollars. Two-thirds of the Center'swork is
for the Department of Trangportation, and one-third is for outside customers. More than one- half
of our 500 Federd employees have advanced degrees, and our staff is augmented by about a
thousand labor years, the private sector, and university expertise.

We're involved in supporting our clients, both in shaping the transportation system through safety
and other initiatives, and then providing activities such as the Air Traffic Control System and
military goods movement. Most recently, we have been involved with the Northeast Corridor
Electrification and Environmenta Impacts Statement, Application of Communication and
Computer Technology to Grade Crossings, and most gppropriatdly for this meeting, the
Crashworthiness of High-Speed Trainsets. In Vice President Gore's National Performance
Review vernacular, Vol pe has become the mode of a Federd entrepreneurial organization.

The Volpe Center is particularly pleased to host this symposium, because of the research related
to collison safety and vehicle crashworthiness that we have worked on for the Nationa Highway
Traffic Safety Adminigtration, The Federd Aviation Adminigtration, the Urban Mass
Transportation Adminigration, now FTA, aswell asthe Federd Railroad Adminigration. |

recall in the 1970s, when | was the Chief of the Center's Mechanica Engineering Divison, | was
persondly involved with work with FRA and UMTA in the development of projects related to
collison safety of tanks, cars, locomotive and passenger equipment. Some of you can il
remember those were the days of Miles Mitchell, who is here in the audience with us today; Ken
Lawson; Carlos Villared; Herb Richardson; and a spesker who will be joining us later, Steve
Ditmeyer. | understand that many of the results of our research of that period have been
incorporated into industry practice.

In January 1979, we were privileged to host a smilar workshop which addressed the state-of- the-
art of passenger rail crashworthiness at that time. I'm pleased to note that Frank Cihak, the Chief
Engineer for the American Public Trangt Association; Herb Gould, Deputy Director of our

Office of Systems Engineering; George Nest, Chief of our Crashworthiness Divison; and Herb
Weingtock, Chief of our Structures and Dynamics Divison, participated in the 1979 Symposum
and are also here today.

| understand that the activities associated with the development of high-speed train sets and the

expangon of computer rail operations have resulted in sgnificant extensions of the state- of-the-

art for controlling collison safety. This symposum brings together rail equipment

crashworthiness researchers from around the world, including England, France, and the United
1



OPENING SESSION TRANSCRIPT

States, with manufacturers and operators, Amtrack, and commuter authorities. I'm personally
looking forward to learning about the advances in the state- of-the-art of collison safety.

| ds0 know that the subject of collision safety has been an exceptiona strong interest to Dr.
Sharmaand to the Federd Railroad Adminigration, particularly Jolene Malitoris. They both
planned to be with us today but were required to attend other matters. We are, however, pleased
to have Mr. Steve Ditmeyer, Director of the Office of Research and Development of the Federa
Railroad Administration with us to open this symposium and to describe these proceedings.
Steve?

STEVE DITMEYER: Thank you, Dick. Good morning, everybody. On behaf of FRA
Adminigrator Jolene Moalitoris and Associate Administrator Jm McQueen, I'm pleased to
welcome you dl to this symposium today. The Adminigtrator very much wanted to be here, but
she got caught by a scheduling conflict. Today is aso an annua meeting of the Brotherhood of
Locomoative Engineers out in Cdifornia. And there's a group tha has obvioudy very strong
interest in what we're going to be talking about here the next severd days.

Asyou're probably aware, the Adminigtrator has avery strong interest in the topics that we're
going to be talking about here. She's been very active in the matters related to the specifications
for crashworthiness of the new American Flyer Train setsfor Amirak. As she has said, she wants
to make sure that these are the safest train sets manufactured anywhere in the world. Also, too,
obvioudy, the recent accidents have been some matter of personal concern to her. So | do
convey her persond greetings, and she wishes dl of usthe best for this meeting today.

The Volpe Center has been kind enough to sponsor this symposium on behaf of FRA's Office of
Research and Development. We in the Office of Research and Development have two mgor
programs that we carry on. Oneis to develop and demonsirate technology related to the safety of
our nationd railroad freight and passenger system. Claire Orth is Divison Chief that handles
those ectivities. We dso have another activity dedling with the advancement of technologica
innovation for high-speed passenger rail transportation, both safety and system performance.

Bob McCown isthe Divison Chief responsible for this next-generation high-speed rail program.

Within these two programs, we conduct research on track, rolling stock, operations, human
factors, hazardous materids, grade crossing safety, and signd and control technology. For our
programs, we have a number of mgjor customers. But probably the most significant oneis FRA's
own Office of Safety. And we support them with data for the development of improved
regulaions. But we have avariety of other custcomers for our work. They include the freight
raillroad industry, Amtrak, commuter railroads, rail |abor, passengers, freight shippers, and the
equipment manufacturers.

A fair portion of my work over the last decade-and-a-hdf has been involved in the fidd of
accident prevention, working on advanced train control systems that offer the likelihood of
reducing the probability of train collisons and over-speed accidents by perhaps as much as two
orders of magnitude. However, it's clear that accidents such as the Chase, Maryland accident a
decade ago, and the Secaucus and Silver Spring accidentsin last February, remind us that
accident mitigation is il a very important topic for al of us

2



OPENING SESSION TRANSCRIPT

As Dr. John noted, the FRA conducted intensive research in the 1970s on the issues of freight
raillroad collison safety. The studies were carried out by FRA's office of R&D, and alot of
testing was done out at the Transportation Technology Center in Pueblo, Colorado. That work
resulted in improvements in tank car head shields, shdlf couplers, and improvementsin
locomotive cab design. These improvements were adopted by the freight railroad industry and
incorporated into standards such as, for example, AAR's Specification S580, which dedls with
locomotive cab design. Also in the 1970s, the Federd Trangt Administration, with support from
the Vol pe Center, did some work on passenger-car crashworthiness.

The renewed interest in this country in high-speed passenger trains during the last few years have
caused usin FRA to re-evauate areas of passenger-car collison safety. There were particular
concernsthat rolling stock that was being considered was designed abroad to different structura
gtandards than those practiced in the U.S. Theinterest of Amtrak in acquiring higher-speed
equipment for usein the Northeast Corridor has resulted in a concern for potentia higher-speed
type accidents that could result from shared rights-of-way.

Thefocus of this symposium is toward the exchange of information on research conducted by
our organizations, on methodologies for evauation of risks associated with passenger train
collisons and the state- of-the-art of the technologies available for improving crashworthiness
through structural design and the design of safe passenger compartment interiors. We expect that
presentationsin this symposium will show modern computer-aided anaysis techniques along
with modern materials and congtruction techniques that they hold potentia for subgtantialy
increased rall equipment crashworthiness, with minimal weight penaties and manufacturing cost
incresses. However, it may require significant research and engineering costs to redlize these
potentias. Our studies have profited significantly from complementary research going oniin
other moda adminigrations within DOT. Nationd Highway Traffic Sefety Administration and
FAA, to name two. Wed like to thank both of those organizations for their help and for their

participation in this symposium.

We're going to have three sessions at this symposium. Session | being held today is going to dedl
with overd| collison safety and methodologies for describing collision conditions that have to be
survived for a particular train operation. The second session will be held in three parts.
Tomorrow morning, well deal with crashworthiness design considerations. Part |1, tomorrow
afternoon, will deal with recent train designs. And Part 111, on Wednesday morning, is going to
cover locomotive crashworthiness. And then the third session for this symposum, on
Wednesday afternoon, is going to dedl with secondary collision, what happens to the passengers
during a callison. We hope that this exchange of information will prove profitable to dl of us

and that it will help usto provide and assure trangportation safety and provide afocus for our
future research activitiesin thisarea

I'd like to recognize afew people right now. Dr. Thomas Tsal is Program Manager within FRA's
Office of Research and Development, and overdl responsible for work in this area. Tom? And
I'd ds0 like to congratulate Herb Weinstock, the symposium Chair, and his committee members
Dave Tyrdl, Joseph Davin, and Deborah Duncan, for their fine work in coordinating this
symposium for us.
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Okay, thank you. And at this point, I'd like to turn the podium over to my good friend and
colleague, Grady Cothen, who's the Deputy Associate Administrator for Safety Regulation. And
heis clearly one of the most important customers of ours for these safety research activities.

GRADY COTHEN: Good morning, everyone, and thank you for committing your time and
effort to participate in this symposium. Like Steve, 1'd like to bring greetings to you from
Adminigrator Moalitoris and the officers and employees of the Federa Railroad Adminigtration,
who are pleased to sponsor this conference. The issue of safety of employees and passengers on
the nation'srail system is obvioudy among the top priorities, not only of the Federal Railroad
Adminigration, but of the U.S. Department of Transportation.

Our purpose here this week isto support public and private sector initiatives that are directed at
the improvement of railroad safety, specificaly including regulatory development, but certainly
not limited to regulatory development. There are anumber of events and confluence of factors
that have brought us to this meeting. In 1992, the Congress enacted the Rail Safety Enforcement
and Review Act, which caled upon the Federa Railroad Adminisiration to conduct a proceeding
in the area of locomotive crashworthiness. A report flowing from the research that wasinitiated
as the result of that statutory command is nearing release from the department. And a number of
the products of that research will be discussed here this week.

Over the past severd years, FRA hasre-evauated its position and approach to the issue of
passenger rail safety. And asaresult, in 1994, in September of that year, at a Rall summitin
Washington, Secretary Peda announced that the Department would undertake afive-year
program of standards development in the area of passenger train safety. Later in that year, just a
couple of months later, the legidation was enacted, along with the Swift Rall Development Act,
which was are-authorization statute for our Railroad Safety program, and that statute codified a
five-year timetable for passenger standards. That timetable includes a proposed rule-meaking this
year and initid standards next.

Not incidentally, we are here because sefety is the most fundamenta level on which modes of
trangportation and trangportation companies compete. | think we see increasingly that the
tolerance of occupants of common-carriage vehicles for accidents and injury isvery low. These
are our customers. These are the people whom we serve every day as transportation companies,
as public authorities that support passenger rail. And | think when one considers the calculus of
costs and benefits associated with measures that we can take to prevent and mitigate rail
accidents, that it's absolutely criticd to take that factor into congderation.

In railroading, unlike some other forms of trangportation, it normally is not possible, following a
serious event, Smply to put acompany in reorganization, put a new logo on the transport vehicle,
and continue business. In the rail industry, we have relatively stable trangportation providers,
fixed routes, large invesmentsin fixed infrasiructure. And it's very important for usto redize the
benefit of those investorsin the interests of a balanced transportation system. In order to do <o,
we must operate safely.

Part of the Federd Railroad Adminidration's calculation in terms of determining that we should
be in the more active business of passenger rail safety with a more comprehensive regulatory
program had to do with the growth of commuter rail in the United States, in areas where it's
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previoudy not been provided. The unbundling of the services related to commuter rail, so that
very often sponsors of commuter rail service have not been from the same indtitutions that
historicaly have managed commuter rail. The promise of new high-speed rail starts on 10/10
corridors and elsewhere in the United States. Amtrak's plans for enhanced high-speed service on
the Northeast corridor. And of course, occasiona and very serious accidents that have brought to
our attention the need for additiona countermeasures and mitigating Srategies, including

Nationd Transportation Safety Board recommendations.

| want to emphasize that members of the Nationa Trangportation Safety Board and staff certainly
have been encouraged to participate in this activity. However, asaresult of conflict in

preparation for amgor public hearing in Silver Spring later this week, weve not had the same
sort of participation that we had definitely expected to have.

Obvioudy, reinforcing al of our concerns were two accidents that occurred this past February,
involving pushpull operations with control cab forward. These accidents followed a January
1993 cornering collison of two MU trains on the Northern Indiana Commuter Trangt digtrict, in
Gary, Indiana, and these issues continue to pose to us the issue of how we better protect
passengers in that configuration of operation.

Let metak for just amoment about context. | think that the generd response that we have
recelved to the issue of rail vehicle crashworthiness over the years has been an immediate
reaction: you're asking the wrong question. And | think that very often it's been suggested that
the first question that should be asked is, "How do we prevent these accidents from occurring?'
Let me say asamatter of context for this discussion that we agree wholeheartedly with that
proposition, that that's the first question that we should be asking. And | believe Steve refers to
the fact that the agency's separately working on issues related to accident prevertion, particularly
the promotion of postive train control systems and dlied technologies. We are continuing to do
that very aggressvely in partnership with freight railroads, Amtrak, and other partners, including
states.

However, | think it's necessary to note that investments to redlize the benefits of those
technologies are, to the largest extent, not in business plans a this point. There are not
commitments at this point to make those investments. And until there are commitments to make
those investments, we need to be urgently concerned about the issues that we face here, and even
then residua risks will exist that need to be accounted for and that will be apart of the discussion
today.

Obvioudy, we gtart with a system on a passenger-mile bads that's extremely safe. However,
there's no reason we cannot do better. It's certain that we can do better. We should not have to
be competing with trucks who operate in ajoint use environment with a very difficult Stuation in
terms of other motorists on the road, year after year, for the best spot in the competition on a
passenger-mile basis for land transport. We should far exceed that record based upon the
avalability of asngle-use right-of-way; abeit, with mixed freight and passenger service.

Obvioudy, were going to have to contend as the years go on, with highway rail grade crossngs.
Undersecretary Pefia, the Department of Transportation, under an action plan, has committed to
addressing highway rail crossings on acorridor bag's, to seeking eimination of as many
redundant and high-risk crossings as we can. But when we start from a base of 167,000 public
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crossings and 110,000 private crossings, it's a daunting task, and not onethat is easily addressed
when you address it over time. We hope to continue to drive down accidents, fatdities and
injuries a crossings, even astrain milesincrease and vehicle counts increase. Nevertheless,
heavy motor vehides will continue to find themsdves on these crossings at times inconvenient to
the rail movements competing with them for that same piece of red edtate.

We haveto beincreasingly cognizant of the fact that vandalism and other deliberate threats to
safety will continue to impact our society and users of dl its services and facilities. We dso have
to keep in mind the fact that adjacent property owners may engage in activities that may create
risk. Obvioudy, we know that where we have passenger and freight operations together on the
same right-of-way, that we have resdud problems of interfering freight traffic, even with the
most secure PTC systems that we can currently envision, including the dangers of foul westher
derallments and side collisons a switches. Termind operations, it's been noted, and I'm sure Dr.
Bing will comment, will remain congested; this presents an additional source of risk.

So what's our chalenge this week? Well, | would suggest to you that our chdlengeisto firgt
sheke off complacency. If we do nothing, things will not stay the same. Things will get worse
because other factors in the environment are changing. The extent to which rail vehicle
crashworthiness needs to contribute should be and is an active subject of debate. And we
certainly should not be complacent about the issues. | hope that we will comeinto this
discussion with open minds, both about what is possible and practicable, and also a sense of
relism about the engineering work, the research and devel opment that needs to be done before
we can implement additiona mitigating measures.

| hope that we will commit to relentlesdy pursuing codt- effective solutions, and Federal Railroad
Adminigration is certainly prepared, and | assume we are dl prepared, to be flexiblein
implementing solutions so that safety and operationd redlity and customer expectations can dl
be taken into account.

Thanks very much to our colleagues from the Office of Research and Development, the VVolpe
Center, and other Department of Transportation elements that are contributing to this conference
thisweek. We're congtantly in your debt, as users of your research, and we appreciate it very
much.

Y ou may be somewheat relieved at this point to know that you've heard the last from the
regulators until we've had a chance to share with you in discussion later today. At thistime, it's
my plessure to introduce the first of our speskers for the morning. Dr. Alan J. Bing is Principd
Investigator and Senior Consultant with Arthur D. Little's Technology and Product Development
Directorate. Dr. Bing has over 25 years experience in transportation systems. From a background
in rallroad track and rolling stock engineering, Dr. Bing has expanded hisinterests to embrace
many aspects of the operations, management, and technology of transportation systems, with
emphasis on rallroads, trandt systems, and related supply and service indudtries. Dr. Bing holds
aBachdor of Science and Ph.D degreesin Mechanicd Engineering from Nottingham University
in England; his doctora research wasin the field of Railway Pneumatic Brake Systems, but we
will not kid him about this, this morning, because he's a very esteemed colleague. And Dr. Bing,
if you would please come forward &t thistime.
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M ethodology/Approach

DR. ALAN BING: Wdll, good morning everybody. It's my role to kick off the research and
technicdly oriented part of this symposium. I'm not sure why they selected me. Maybe they
think the odd accent might keep you alittle more avake early on a Monday morning than
otherwise. Maybe because in my research over anumber of yearsin this subject on rail safety, |
have been something more of a big picture guy looking at the overal view of everything, rather
than focusing on one little aspect.

So what I'm going to try to do is set the scene, the overdl picture of rail sfety, primarily inthe
United States, and try to show where crashworthiness issues and where crashworthiness research
and understanding the benefits of improved crashworthiness can fit into the big picture. | can
assure you that it has amgjor and very important role.

I'm going to look alittle bit at different kinds of rail accidents that occur out there, what causes
them, what the consequences are and particularly try and highlight the severity of collison
accidents and the mgjor impact that collison accidents can have on casudtiesin rall accidentsin
generd.

Right at the end I'm going to try and talk alittle bit about how good do we have to be. What is
the present overd| performance from asafety point of view in therall industry and is this good
enough. Grady referred to the fact that the public is entitled to expect ahigh leve of sefety ina
public trangportation mode, and I'm going to try to emphasize what that level maybe ought to be.

Most of what 1'm going to say has been culled in one way or another from a bunch of previous
pieces of research and studies that mysdlf and my colleagues have performed. I'm afraid that this
dideis not in the package that got distributed in the books. That lists various studies that we at
Arthur D. Little have done for the Federd Rallroad Adminigiration and for some individua
clientsincluding an effort for Amtrak and John Bell on the Northeast Corridor. | should also try
to precede this a bit with an Alan Bing credibility warning. | am going to quote some numbers
for accident rates and casudlty rates. They are drawn from avariety of data samples from
different time periods and to some extent done for different projects under different gods. So
these are indicative numbers indicating the approximate leve of risk and they are not to be taken
veay literdly if you like. Someone €se performing the same sudy with adightly different data
st will probably arrive a adightly different number but | think it's unlikdly to affect, as| said,
the big picture.

An overview of what leads to casudties. | think I've got four boxes there that contribute to the
end effect of people getting hurt or killed in rail accidents. The first oneiswhat are you being
exposed to? Thisis quite important when consdering the risks that apply to a specific route or a
specific type of operation. A route without any grade crossings, or very few grade crossings, like
the Northeast Corridor, grade crossing accidents are not a big deal. Go somewhere else where
there are alot of grade crossings and obvioudy it becomes an important issue. Likewise, I'm
thinking increasingly becoming aware that traffic dengty on therailroad is an important factor
particularly in collisons. The higher the density, the more opportunities there are for something

to go wrong and an accident to result. Alternatively, if something does go wrong, theré's more
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chance that will lead to an accident than on alow dengty route. The likelihood of the accident is
associated with the likelihood of something going wrong, sort of error that leadsto acollison, a
failure of apiece of the track or rolling stock that leads to the derailment. Those kinds of events
are usually measured on the basis of an event for S0 many train-miles or car-miles.

The severity of an accident is the eement with which crashworthiness is concerned. If thereis an
accident, how severeisit particularly from the point of view of causing casudties. Findly, |

think Stephanie Markosis very concerned with here, how good after an accident isthe
emergency response? |s there a good means of escape from damaged vehicles? If there agood
emergency response on the part of fire, police departments and so on, the severity of casudties
can often be mitigated. The last step in this picture of the factors that contribute to overdl safety
performance.

What tools have we got for searching and examining dl this? There are avariety of toolsand |
think I don't want to dwell on this too much today, which tend to go from tools that are aimed at
identifying accident causes and accident scenarios to those at the bottom which are concerned
with putting a number on the accident likelihood or the accident risk. Mostly what | have done
mysdf in rail vehicle accidents, railroad accidents, isto do a quantitative andyss. Fortunately
we do have quite substantial databases of past accidents which give us the opportunity to put
some numbers on accident likelihood and the severity of consequences.

If you are dedling with a Situation where you do not have that luxury, for example looking at a
new form of maglev sysem where there is no history to go on, the more quditative methods are
redly dl you have. Something like prdiminary hazard andyss which ranksrisks as high,
medium, and low and consequences as high, medium, and low are a good way to go.

Reverting to therall vehicle, conventiond railroad accidents, most investigators, and certainly
oursalves, identify four main groups of accidents: collisions between trains on the same track,
and again that particular form of accident has been the focus of | guess the bulk of
crashworthiness research; straightforward derallments where trains leave the track. Thereés no
other train involved, usualy caused by the failure of ether the rolling stock or the track athough
there are other reasons. An overspeed accident in a curve, for example, through a turnout would
be another example. Collisons with obstructions which | usudly define when | andyze these
things as anything other than another train on the same track. It can include vehides not left in
the clear; shifted loads on atrain on an adjacent track; the wreckage from another accident, and
agan astraffic dendtiesincrease, the chances that an initid accident where the collison or
derailment could be followed by another accident, second train running into the firgt train that
was derailed, do increase quite significantly. Some of the very high density routes where 300 or
400 trains aday, tha is sarting to become certainly a potentid risk there in high density
commuter rail operations for example. Also, that category includes things like debris placed on
the track by vandals and so forth. Findly, therail highway collison which Grady mentioned.
The one or two kindsthat | haven't considered in this discusson that are out there, fires and
explosons are one, particularly those associated with hazardous materias, are an important cause
of accidents but are not included in my discussion today.

It's dso, getting back to the issue of traffic density, somewhat aware that there are awhole bunch
of different operating environments out there which can range from high densty passenger
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corridors, like the Northeast Corridor probably the best example, through various mixes of traffic
dengity and traffic types. Each one of these resultsin asomewhat distinct set of accident thresats.
From the point of view of the operator looking at an individua corridor, it's important to
understand where you are on this map and what particular kinds of risks might be present in your
corridor or your route. From the point of view of arolling stock manufacturer who probably only
wants to make one design of rolling stock that has pretty broad application, then a piece of
equipment probably hasto ded with dl the different operating environments it might encounter
when sold to the different customers. It's certainly important not to just think in terms of one or
two of these but to think of the overdl picture.

Now I'll tak in alittle bit more detail about the quantitative andyss welve done of rall safety and
risks. Thereredlly aretwo kinds. | kind of divide them in my head to the macro and micro kinds
of andlysis. On the macro level we're probably looking at either the whole country or the
performance associated with a particular kind of rail service whether it's freight railroading,
commuter rall, intercity rail, something like thet. The micro andyses tend to involve looking a a
particular route. The detailed study that we did for Amtrak of Boston to New Y ork on the
Northeast Corridor, looking a accident risks whether they were acceptable or not and what you
had to do to essentidly bring them down into the acceptable range would be a good example of a
microstudy.

The process for looking a what | might call a macro study system-wide andysesisillustrated in
thispicture. I'll point to afew of the boxes. The first geps involve defining what we're

andyzing and identifying the accident scenarios, usudly the four I've mentioned previoudy but
maybe others aswell or maybe subdivisions of those scenarios. Use historic data, data we have
from the Federa Railroad Adminisiration and other sources, to calculate the historic accident risk
for that kind of service. Very often the historic operating conditions are not the ones you
particularly want to be informed about. Y ou're looking at a service definition that differs from an
higtoric experience in some way. At this point things get alittle lesswdl-defined, maybe alittle
more flaky, but you have to identify the differences from historic experience and make a shot a
estimating what influence that has on each of these accident scenarios, the likelihood that
accidents will occur and the severity of those accidents. Thisis where analysis like that of
crashworthiness becomes very vauable because it enables me as a system safety analyzer to look
a and say well if we improve crashworthiness by making these modifications, then thisis how
much better things will get. Without that information I'm stuck, | can't tell you how good things
will be or how bad things will be overal. So with that information, the best we can get, we
estimate the safety performance of the desired system.

The gpproach in amicroandyssis redly very smilar with probably the mgor variation thet we
look at aroute, say the Northeast Corridor, divide it up into segments that have roughly constant
train gpeed, traffic mix characterigtics, and work out the accident performance for each of those
segments and add them up to get the overall corridor safety performance. It's rather tedious but
fortunately one can use a spreadsheet on the computer to do the andlysisfor you. Herésa
diagram of it. | don't want to dwell on it too much on how one might start a spreadsheet program
to calculate the risk on agiven corridor or route. Y ou can bring in to this andysis runs with
different equipment types, having different crashworthiness performance, look at the effects of
increasing speed on selected segments, changing traffic dendty and a bunch of other things.

[-1-3



COLLISION RISK-SESSION -1 TRANSCRIPT

When we did it for the Northeast Corridor it proved to be quite a powerful way of andyzing
accident performance and safety performance.

One point that actualy came up in the Northeast Corridor analysisis the question of in collisons
what the risk was of collisons between locomotives and locomotives, locomotives and cab cars,
cab cars and cab cars. That proved to be alittle complicated to work out because for examplein
the Boston areg, al the commuter trains operate with alocomotive out of South Station at the
south end of the train or the west end of the train. That guarantees that when two commuter
trains are involved, a collison between cab car and alocomotive, you cannot get locomotive to
locomotive or cab car to cab car. So in terms of exposure to risk, it is quite important to look at
how the individua operators run their service. It's not necessarily arandom mix of collison.

We dso in that particular caculation the same would be true of any other. In abusy commuter
corridor, we looked at weekend traffic separately from weekday traffic and looked at the effects
of different levels of crashworthiness improvement of the passenger equipment, without in our
study getting involved with how that crashworthiness would be achieved. We just assumed if

you could make it this much better, what impact would it have on overd| safety performance.

Now to go on to some specific figures for collisons, derallments and other forms of accidents.
What I've done is|looked back at al the work we've done in recent years and kind of
amagamated it, expressing accident likelihood in fairly round numbers. As| said before because
weve looked at different historical time periods and performed andyses in different ways, dl
these things are not gtrictly comparable but | think they tell an interesting story so I'd like to show
the results and talk about them alittle bit.

Thefirg thing | looked at was collison likelihood or more exactly the likdihood of any
individud train being involved in acollison, bearing in mind that collisons usudly involve two
trains. | looked at three of the Six or so operating environments that | mentioned earlier, high
dengity passenger corridors and passenger trains, mostly intercity trains on freight corridors or
freight railroads, and freight-only operations. The interesting thing to me and Frank isthat the
risk of collisonisnot in fact terribly different on those three forms of operation, dthough the
traffic dengties and the kinds of sgndsthat arein place are ditinctly different. | formed the
concluson that in fact traffic dengty does play a Sgnificant role, certainly in collison risk and

it's something maybe that we have not focused on awhole lot in the past and could be subject
worthy of more thorough study in the future. The other point, and | think Grady has aready
given me atraller about thisin his remarks, that on the high density passenger corridor whichis
actudly the Northeast Corridor, a Significant fraction of the accidents, collison accidents, arein
fact, occur in mgjor sations and terminds. Thereés alot of complex train movementsin such
terminals. The degree of protection offered by the sgna system is somewhat less and that leads
to quite alarge number of mostly minor accidents. | do think it's amistake to expect them dl to
be minor because trains are moving around in the presence of mgor fixed structures and | think
in a least one ingtance atrain succeeded in hitting a structurd member and becoming quite
severdly damaged even though it wasn't moving very fast. So that point is something to be aware
of and | would strongly recommend that in accident studies to separate out those that are low
gpeed, tend to occur in terminds, and tend to have somewhat unique hazards from the ones that
occur doing normal operations over the road as it were.
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There's not awhole lot to say about the passenger trains on freight railroads. In fact the accident
performanceis alittle bit worse but not awhole lot worse than the corridor and dightly different
in sngle systems. Likewise the freight railroad accident is somewhat worse again, but not
dramaticaly bad | would say.

The other important point about collisonsis that they are responsible for the lion's share of
casudties. This diagram shows the breakdown of al accidents other than grade crossing
accidents. These are collisions, derailments and some of the other category of collisonswith
obstructions on the track. Mogt of the accidents are derallments or other collisons, and thisis
passenger trains on freight railroads. But collisions cause most of the fatdities and about half the
casudties. Soit's very clear that even though collisons are rdaively few in number, and again
alowing some room for error in these numbers, collisons are the thing that causes the casudties.
So astudy of crashworthiness and waysto improve it are richly warranted by the experiencein
operation.

Y ou see dmost exactly the same picture on the Northeast Corridor where arather larger
proportion of collisons, 10% instead of 5%, | think related to traffic dendity but again
responsible for virtudly dl the casudties. Findly, going to freight operations. Again, | think it's
probably very well known, collisons are ardatively smdl fraction of the total accidents, but they
are respongble for asgnificant part of the casudties to train crew memberson trains. Near as|
could do it, these casudty figures are for train crew and not people who are otherwise involved
whether railroad employees or not.

Now since none of those figures contained grade crossing accidents, I've taken alook at grade
crossings separately. | think thereis amistake in the handout in your books which omitted the
definition of the quantity in thistable. It is accidents, that is grade crossing collisons with road
vehicles, per million crossing passage. That isfor each million times atrain crosses over a
public grade crossing. I've not looked at private ones. There are very strong differences
interestingly between the risk in different kind of operation. High density passenger corridor
seemsto have relatively low grade crossing accident risk. That isSmply afunction of the kinds
of crossngsthat are out there. They tend to be rdatively low highway traffic and are kind of
equipped with more than their fair share of warning systems compared with nationd practice.
Moving to passenger trains on freight railroads, the pictureis distinctly gloomier. Thereredly is
quite ahigh risk and that kind of makes logica sense. The trains are going fagter. They give the
road user less warning that they're approaching, and theré's agood deal more likelihood of an
accident occurring than on a dedicated freight corridor.

Whenever you milk a grade crossing accident dong with al the others, they do perform quite an
important part of the risk. They're avery large fraction of tota collision type accidents and they
aso lead to somewhere around 10% of total passenger casudties, mostly injuries. There are very
few occasions where a collison on a grade crossing causes afataity on a passenger train, but it
does occur sometimes.

The other thing thinking of passenger trains and grade crossing accidentsis the faster you go, the
worseit isfor the road user. Clearly, passenger trains are breaking 80, 90 miles an hour. Getting
into a grade crossing collison amost certain to cause afatality for the occupants of the road
vehide
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Just afew more points about grade crossings, again my role as the big picture person. | think
most of these points are well known. The road user is the cause. There are quite a number of
accidents out there of grounded vehicles on humped crossngs, particularly the kind that move
construction machinery around and so on, and that obvioudy points to one of the ways of
reducing the risk of grade crossing accidents is making sure the surface is reasonably good.

The other one that has alot of prominence recently, two very bad accidents where road vehicles
have become trapped on grade crossings by traffic congestion, a school bus in the Chicago area
and a gasoline tanker | think near Ft. Lauderdae in Horida. Both were involved in serious grade
crossing accidents. That isaso clearly | would think something that something can be done
about, particularly on making local government authorities avare of these kinds of risks and
getting them to manage their highway festuresto try and minimize the risk of that happening. In
fact theré's one not far from herethat | cross on occasion in West Medford where thereis a grade
crossing that has road junctions ether side of it, afairly aggressive school crossing lady who
holds up the traffic every time akid wantsto cross the road. Traffic is very frequently backed up
across that crossing. There is aflagman and the trains are moving dowly because thereé's an
adjacent gation, but | till have nightmares that one day therell be a non-stop train and it won't
stop.

The last subject | want to make a few remarks about is how good do we haveto be? Thisis of
course avery thorny subject and I'm not sure certainly what | have to say isalong way from the
last word on it, but | think it might perhaps at least provoke alittle discusson. When | thought
about this before, and most of this thinking was in the context of a Volpe Center project that
David Tyrdl managed on collison avoidance and accident survivability, we did ask this

question, what should be the target? How good do we have to be? We came down to redly three
or four different perspectives with which you have to look at this. Y ou cannot look at it with just
one perspective, say casualties per passenger mile. You haveto look at it from aseverd points

of view.

The first oneiswhat the public in genera will accept whether they are rail travelers or not. We
have certainly seen this criteriaof work in this year both with rail accidents and aviation sefety as
aresult of the Vau-Jet tragedy. Thereisasort of societd tolerance of accidents which isrelated
reglly how many occur in ayear, somewhat unrelated to how many train miles are operated or
flights or whatever. It'skind of more an absolute thing. If the public's perception is that

accidents have exceeded this comfort level than there will be pressure for more severe regulation,
better oversght of industry and so forth. Thereis| think away of finding out where that comfort
threshold sits, smply from empirical observation.

The second sort of group if you like that have a stake in this issue are employees of railroads
whether freight railroads or passenger railroads. From their point of view it's a question of
occupationa safety. It's the risk of working on the railroad reasonable relative to other
comparable occupations. The third point of view is the obvious one, the one that probably gets
the mogt attention, and is that perspective of the passenger. Am | asatraveler being subject to an
unreasonable risk or not? Findly, the question of grade crossing accidents where probably the
perspective should be that of the operator of a motor vehicle and the risks that they accept by
going out there on the highway in Boston or esewhere. Again, that's a different perspective on
risk. Y ou tend to get different comfort levels and results.
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Just to illugtrate the way of deding with the first one of those, the societd risk. We found, and
thisis not just looking & rail accidents and looking &t things like accidents in manufacturing
plants, aviation, nuclear power plants, whatever, that there is a boundary of acceptability that
looks something like that. It's on a scale of anumber of severe events per year againg the
severity of the individud event. The worse the individud event are, the lower the threshold of
comfort. In previous studies of this or efforts, 1've been very uncomfortable with this events per
year. It's got to be related to how many train miles are operated or landings and takeoffs or
whatever, but in fact | think that's not how the public perception work. Public perceptionisadl to
do with "my goodness you've had three accidents in a month. Something must be wrong."
Completed unrelated to how busy the railroad or the aviation industry happens to be.

| think it's dso an illugtration of how this has worked over many years and if you look at the long
term history of ether aviation or highway higtory; in fact, the number of severe accidentsin a

year tends to stay more or less congtant with a number of ups and downs, even though the activity
in those two areas, automobile travel and air travel, has gone up very steeply over the last 20 or
30 years. Every time thereis an increment in travel, more accidents result and therés a public
outcry it's not safe enough, and something gets done, new standards or oversight is introduced.

So | think that would be another, in fact, area that would be very interesting to look at, to see how
that has worked out over time. | think that's the effect at work.

The point of view to do with the other areas that | mentioned, occupational safety and safety
accepted by operators of travelers. Y ou can see from those figures the railroad, and thisis al
employees of therailroad lumped in together. | haven't tried to separate out train crew from other
occupations on the railroad. Tends to be quite a bit worse than manufacturing and occupationd
risk in generd. | think this perhaps explains why railroad employees are somewhat concerned
about this issue, the safety in performing their daily work. It's nothing like as bad as some

notable high risk occupations such as congtruction, commercid fishing, mining, farming, dl of
which are up in the 30-40 fatalities per 100,000 employees per year.

From the point of view of passenger safety expressed in terms of risk per passenger kilometer or
billion passenger kilometers, air travel, in spite of recent events, comes out to be very safe
indeed. Rall travel isaso pretty safe, and this number does jump around from year to year
because it's a product of asmall number of severe accidents, but generaly seemsto St at about
thislevel for anumber of years. What people accept when they're driving around in automobiles
iséat least ten times asworse. Far more risky driving your car. Again, people that set this
obvioudy because they fed they have a degree of control about what's going on. I'm not going to
uggest any targets we ought to be aming at but that does give an idea of whererall stsin the
bigger picture and might give some ideas on where it ought to fit.

Findly, just to sum up, what |'ve described, both the methodologies and the broad data | have
presented does indicate more or less how well therail industry isdoing. It placestherisksin
some perspective relaive to other risks out there in society, and particularly when doing
quantitative analyses, it does help very much perform this tradeoff between prevention of
accidents and mitigation of their consequences. It does show that were along way from
successfully preventing collison accidents. | certainly endorse Grady's remarks that maybe
therésahaoly gral out there of totd prevention. Were along way from getting there and we're
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not going to get there for at least the life cycle of anew rall vehicle being built today, so
crashworthiness matters,

There are some limitations on data with which to perform these analyses. Thetwo | most
commonly encounter is estimating how much better things will get as aresult of the change and
al the crashworthiness analysis clearly contributes greetly to helping that one. The other for
which I've yet to find agood way around, is that you often do not have good information on the
exposure to risk. How many train miles are operated across a given track class with a given kind
of sgnd system is data that is Smply not collected in the industry and is not available. Y ouve
got the numerator of the risk, how many accidents have occurred under those circumstances, but
you have no idea how many train miles or car miles were operated to produce that accident rate.
So that is another difficulty and you have to resort to making a bunch of estimates.

| sncerely look forward to the rest of the seminar and learning about how to understand collison
rate. Thank you very much.

GRADY COTHEN: We do have sometimein the schedule if you would consent to take
guestions.

AUDIENCE ATTENDEE: Do you have copies of your presentation to hand out?

DR. ALAN BING: They aren't in the book?

GRADY COTHEN: Let me answer that question. They're being copied right now and hopefully
they'll be here tomorrow.

DR. ALAN BING: | should explain that | was one of David's delinquents who didn't get the hard
copy in early enough, but it's avallable.

GRADY COTHEN: Come now, you were offered coffee earlier. That was a very provocetive
presentation and you must have questions, please. Steve.

STEVE: The gatigtics that you showed were U.S.
DR. ALAN BING: Yes, yes.

STEVE: Have you looked at any other foreign statistics and do you have any sense to which they
vaidate these or to what extent they might vary?

DR. ALAN BING: The particular foreign one I've looked at is the passenger risk in terms of
fatdities per billion passenger miles. European rallways fal right in the same band as U.S.
raillroads, but the mix of accidents tends to be alittle bit different. | think frankly they have a
good dedl more collisions. Much higher density operations and collision risk and running past
sgnals and that sort of thing tends to be a high profile for them, and derallments are less
common because most of the systems are heavy use passenger lines which are maintained to a

1-1-8



COLLISION RISK-SESSION I-1 TRANSCRIPT

fairly high standard. It's based on rather sketchy information. | have not done an in-depth study
of foreign experience.

The other onel did istrying to get alittle bit of ahandle on, it comes to this exposure issue again
with the much quoted performance of the various high-speed rail systemsin France and Japan
and how they have not had a passenger fatality. VWWhen you look a France, the totd cumulative
passenger kilometers are of the order of now probably two or three hundred billion passenger
kilometers which indicates they are sgnificantly better than rail in generd. In Jgpan, | think it'sa
trillion passage kilometers a least without a fatdity. So those systems are performing at a higher
gtandard by quite a high margin than conventiond rail operators.

GRADY COTHEN: If | could ask Frank, could you come to the floor mike please? We are
taking atape of the proceedings o if questioners would state their names, that would help us get
afull record.

FRANK CIHAK: American Public Trangt Association. Alan, you had a grest number of very
provocative illugtrations there and it's unfortunate that we couldn't interrupt you while it was

going on because there was so much materia going by here so fast, | was trying to figure out how
to write down fast enough the questions. But the particular illugtration that was put together to
illustrate when people become concerned about safety which had the instruments on the left Sde
and the severity | guess expressed in fatdities aong the bottom. If that's the curve of perception
or the illustration of perception, based on your experience in doing al the work you've done over

the years, where does this tell you to put your safety dollars? Which part of that do you think is
best to attack?

DR. ALAN BING: | think it'sthe very rare but severe accident. Thisend of the spectrum. The
ones a this end do not get alot of public attention. The ones up here, certainly those that might
cause more than ten fatalities or thereabouts, are those that create a tremendous amount of
attention, pressure for regulatory change, hearings in Congress and so on, and have the risk
atendant to them of ill-conddered actions being taken in the heat of the fuss. If the industry can
somehow get out ahead of those and make sure they don't happen.

FRANK CIHAK: Automobiles are on the left Sde?

DR. ALAN BING: Automohiles are way down here because they're so individually smal.
FRANK CIHAK: Passenger rail is somewhere under the 10 range, right?

DR. ALAN BING: Passenger rall isusudly here. Aviation up here. Interestingly you get a
dightly different shape for aviation accidents than you do for rail and that is because people
somehow accept that if a plane goes down, it will kill &l or most of the occupants.

FRANK CIHAK: Tendsto be aproblem.

PROFESSOR RODERICK SMITH: This question of international comparison of accident
gatistics which I'm particularly interested in. This overhead may be of interest to you. It'sa
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summary of rall accidents this century up to '89 with 20 or more degths of SO mgor accidentsin
the following countries.

I'm sure more accidents have occurred particularly in some countries that haven't been reported.
The U.S. isavery open society with information, an average about one major accident ayear this
century. Same's true of India. Lots of passenger kilometersin Indiaand | would think fairly
accurate reporting of accidents. Probably the same true of France, Germany, U.K. Probably
more accidents have occurred in Russathat haven't been reported. China doesn't figure on this
datidtic. It's not competing in this particular Olympics. But quite interesting, the figures aren't
wildly different. In terms of societad perception of risk, this sort of average of one accident ayear
or half an accidert ayear over awide range of countriesisfairly interesting | think. But | think if
we take modem datigtics, theré's alot to be made from a comparison of equipment and attitudes
in different countries. I'm convinced that the accident figuresin Jgpan are an order of magnitude
at least say than for any other country. It's not to do with equipment; it's to do with people and
the attitude to running the system. Thefigures for the Shinkansen are just the tip of the iceberg.

In terms of our persona risk per year to various exposures of transport, | calculated some figures
taken from U.K. accident Statistics and taking an average year's exposure to various types of
trangport. | took that fairly lazy person who walks 500 kilometers a year, commutes by train 40
kilometers per working day (so clearly not an American), travels by car gpproximately 20,000
kilometers ayear, takes two long air journeys ayear totaling 50,000 kilometers and tries to keep
fit by cycling 50 kilometers aweek. So it'samix of activities which is not unreasonable. In this
typica year's exposure to travel modes, the likely desth rates are taking one for the train, 7.5
times more likely by air, 16 times more likely by car, 21 times more likely by cycle, and 5.4
times more likely by foot. So those are quite interesting figures because of the perception people
have of the utility of the mode of transport they'rein. They'll jJump into the cars and discount the
fact that they're more dangerous because of the extra use they give. But if you attempt to keep fit
by cycling, don't.

DR. ALAN BING: | think I might add one comment if | may. The U.S. has not redly had one
magor passenger rail accident annualy in recent years. | think that is somewheat fated by the early
years of this century. In recent yearsit's been more like one every five years or so that have been
serious multiple fatdities, like Chase, Maryland, like the accident off the bridge in Alabama
where atrain went over adamaged bridge that collapsed which resulted in a derailment in which
alarge number of people were drowned in that circumstance. That's the most serious one in the
recent last few years. Any more?

GRADY COTHEN: Yes, Dr. Bing, you're not off the hook yet. Mr. Bell?

JOHN BELL: I'm John Béll. I'm with Amtrak. | have a couple of questions. In one of your
early didesyou indicated that speed was afactor in the likelihood of an accident or occurrence
rather than digparity. Could you describe where that's coming from? Does it have to do with
track forces and that kind of thing? Where does that part of speed come into play.

DR. ALAN BING: It'sonethat | suspect isthere but it's kind of hard to get a good handle on. |
do think that as speed goes up there is some dight increase in risk if other things stay equdl.
What mekesit difficult of courseisthat usudly for high speed the track quality is different and
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the kind of vehicles you're usng change S0 it's hard to get a handle on. It's not avery strong
effect.

JOHN BELL : Second one, your comparison of three types of rail operations. The passenger
service included operation of stations. Y our freight service did not include services and yards,
and | think if you work that factor in or take the factor out for passenger service, you'll seea
much larger disparity reflected in intengity of ingpection and performance. | think you overdated
the amilarities between the types of rail service. Ladtly, if load trucks are a problem, why aren't
they better regulated or eliminated? Is there a problem on the other sde of the building?

DR. ALAN BING: Thank you John. That last comment, asfar as| know theré's no regulation
about the underclearance of road vehicles. Maybe there is but I'm not aware of it. On the
question of yards and o forth, that's probably true and it's an artifact of the way the statistics are
partitioned. There are passenger accidentsin yards, but they generdly mean mantenance
facilities and that kind of thing and passenger stations count as main track. | agree there are alot
of freight accidentsin yards, a very large number, but we should look at the bigger picture.

GRADY COTHEN: Any other questions for Dr. Bing.
DR. ALAN BING: Thank you, Grady.

GRADY COTHEN: What did he say, "It's an artifact of the manner in which the data are
partitioned? Is that what he said?

DR. ALAN BING: | partitioned it.

GRADY COTHEN: Next time we're accused of polishing up our numbers, that's the phrase I'm
going to use. Very helpful kickoff here. We gppreciate that. Let me just interlineste here a point
or two about where we are at the Federal Railroad Administration with regard to regulation since
| think it's going to come up and | forgot to do it.

We spent agood ded of time, much to John Bdl's chagrin, but ultimately to al our collective
satisfaction, working with Amtrak on high-speed train setsin the period of 1994 for ultimately
playing arole in the announcement of the procurement in this past March. In the course of that
activity, we marshaled alot of resources including resources from the Volpe Center to address
safety standards for high-speed equipment to 150 miles per hour and mixed use right-of-way.
That gave us a good foundation and we moved into the regulatory activity on passenger
equipment safety standards that | mentioned earlier as mandated by this legidation and acted as
part of the Swift Rail Development Act in 1994,

On June 10, just afew days ago, we published an advanced notice of proposed rulemaking on
passenger equipment safety standards. That document is very much out of phase. It was drafted
agood number of months ago, but it's intended to let everyone know what we are doing within
the passenger equipment safety standards working group which has broad participation from the
passenger rail community, employees, railroads and suppliers. We hope to have a notice of
proposed rulemaking on that issue for initid standards this November and we're working very
diligently with that group to come to agreement on core standards. Over the next few weekswe
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will publish anotice of proposed rulemaking on emergency preparedness for passenger rail
sarvice supported by the Volpe Center which produced an excellent set of emergency
preparedness guidelines that was a starting point for the work of the group, and aresource I'm
sure that will be consulted very frequently over the coming years. Then we will conclude that
rulemaking as expeditioudy aswe can likely, | would think being redigtic, early next yesar.

A key player in the FRA daff on theseissuesis Mr. Thomas Peacock who is our next presenter.
Tom received his Bachdor of Science degree in Mechanica Engineering from the Univergity of
Maryland and Master of Science degrees, two of them, one in Mechanical Engineering,
Universty of Maryland, the other in Technicd Management at Johns Hopkins University. Tom
has 20 years of experience with the United States Navy including program manager for mgjor
weapon system research and development projects, adirector of the Navy's premier nuclear
weapons effects test facility. For the past four years, weve been fortunate enough to have Tom
work with us a the Federal Railroad Adminigtration, Office of Safety, where he's been
respons ble for passenger equipment and high speed rail technical issues that impact safety,
among other duties as assigned | might add. It gives me a great dedl of pleasure to introduce
Thomas Peacock to you.
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/ Methodology — Overview

=  Anaysis Methodology Options

=  Typica Accident Consequences

This presentation discusses methodologies for analyzing railr oad
accident risks, from which the need for and benefits from improving
vehicle crashworthiness can bederived.

= Likdihood of Accidents of Different Types

=  Characteristics of Accidents of Different Types

» Ralroad Sefety Performance Targets

The focus of thisdiscussion isa North American freight, and
conventional and higher speed passenger operation.

~

%

1-1-15



COLLISION RISK—SESSION §-1

PRESENTATION

7

Methodology Dwenview

=

Overall safety performance is the combination of the likelihood and
geverity of each type of accident combined with exposure.

v Train-mies Furgtion of : Function ol
opa e
» Grade + Signal gystam + Train
crossing ype crashworthiness
intervals = Right-af-way + Spands
+ Traffic mix protecton * Train gize,
+ Traftic sysiems waight,
dansity * inspection/ confeguratian
Mamnienance
procedures for
vishicles and
frack
* Sneads

Methodology Owerview

A number of analysis techniques exist for identifying accident
scenarios and assessing accident likelihood and consequences.

Hazard and Operabiiity Analysis (Hazop)

P o
mawn poon al

Idertify Ancident Scenarios and
Consequences

Faiure Mades and Effacts Analysis (FMEAR)

Ideniify Accident Scenarios and
Consequences

Praliminary Hazard Analysis (MIL STD B82CH

Chualitative Evaluation of Accident Likelihcod J
and Sevarity

Fault and Event Trae Analysis

lderdilies Logical Relaticnships Batwaen
Accidant Causes and Congsaguences

Cuantiative Risk Anatyses (CQFA)

Cueniitative Estimate of Accident Likelihood
and Sevanity

Choice of analysis technique or combination of techniques depends

on data availability and the objectiv

es of specific analyses.
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f/r Accident Scenario

Four principal railroad accident scenarios can be defined, each with
several sub-scenarios having distinctive causes and consequences.
Rt o — Forerrams =
1.-«"5.“-%%.:.3'“5.‘1‘&--5;; d i
= Human ermror Moderata to very severe,
1 Traim 1o train collision = Brake system defect depending on speed
= Signal system defect
* Track or vehicle defect Minor 10 severe, depanding
2 | Derailmen + Excessive speaed on speed, local
circumsiances
iak ; = Lack of adeguale
MG:“IEH wack waming/protection systems Minor to severe, depending
3 [axcept at a grade = Vehiclesfloads not on spead and size of
Crossing) adequately secured obstruction
= ‘Vandalism
= Emor of road vehicle Minor with autos or light
Collision ar rail- operator trusck
4 | nighway grade * Lack ol adequate waming Mogerate to severs with
Crossing or protecton systems tractor-tralkers of oversize
= Waming system defact leads
“Mimer, no 3 mjunes; Bevein! S llakien,; Wy e
=10 lalaiees

Accident Scenario Exposure

Several types of railroad route or operation can be identified, each
have distinctive differences in exposure to accident risks and accident
severely.

Siondl SEtem: [ ooariin e

l-HgPl"l Density Passenger 40 - 300 i b 200 kmh Asileenatic Train

INomhaast Ceericar transiday 240 kmih i Cantrol i
o, |, | e | e | ST
i | G, | v | e | AT
L Desisity Freght Ony 2= 10 trainsfgay Up 1o 63 kW Direct Train Comrol 03 1 akm
O | LA | weien | SEFSAEL | ety
%| rrorid = 10 Faight trainsday Up te 57 lawvh mmﬁ, .i.;n_-| -n_m
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Methodology System-Wide Analysis

System-wide analysis is aimed at characterizing the safety
performance of a railroad system or a specific rail service type
(freight, commuter, intercity).

Identify Accident
Seenarios for

Calculate
Baseline
Accident
Likelihood and
Severity from
Historic Data

+ By Scenario

= Per Train-km

* Per Crossing
Pass

~ &

Methodology Cormidor or Route Analysis

Present and future safety performance levels on a specific corridor
can be estimated using historic accident data, and analyses of the
potential impact of planned changes on this historic performance.

| Establish
Rl
Segimers
Esfimas Estimate Estimate
Basalina impact of Future Corridor
Carrider futerre Safety
B Sli! ey Changes Performance
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Methodology Corridor or Route Analysis

A computer spreadsheet can be used to calculate accident risk by
segment and accident scenario.

Accident
frequencies
| {per 105
L train=km)

" — p—
| Segment length | Annual
Anniusl train- member of

accidents
Total cars Tetal
damaged in persons al

r miles operated by
Mumber of trains }| / scenario
|
yEar / risk in yaar

" > . !
| Testnoseed } Estimated 4
. vehicles
1 damaged in
Equipment types ; ] each accident

Estimated
Car

Occupanciss

/M ethodology Risk Assessment Procedures x

The spreadsheet isdesigned to take into accoun the important
factorsthat might affect corridor safety performance with different
train service patterns.

The probahilities of different collison events (locomotive-locomotive, car-
Ioco%ot%%, car-car, and high-speed train inv(o vement) can becdaﬁated
from the traffic mix and train cong s arrangements in eac ssgment,

used to calculate collision consequence

ate risk calculations may be performed for weekday and weekend
trarfic levelsin each segment

Train crashworthiness performance (expressed as the improvement over
conventiond equipment) is entered as a separate variable
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In the United States, the primary sour ces of accident data arein

federal Government reports and databases.

Federd Railroad Adminigtration annud Accident/Incident Bulletin
Federd Railroad Adminigtration annud Rail-Highway Crossng

Accident/Incident and Inventory Bulletin

Federal Railroad Adminigtration annua Railroad Accident/Incident Report

database

Nationa Transportation Safety Board reports on serious accidents

Themost significant problemsin safety analysisare a lack of good

exposur e data - breakdown of train-km operated by speed, track

guality class, traffic density etc.

Safety Performance Train-to-Train Collisons

J
~

Train-to-train collision likelihood appearsto befairly insensitiveto the
oper ating environment, as indicated by somerepresentative analysis
results.
Rail Operetion Type Approximate Trainsin Comments
Collision per 10° Train-km
High- Dengity Passenger 0.03 *About 30% of collisons arein mgor
(Northeast Corridor) detions
*Autométic train control used
Passenger Trains or Freight 0.04 eAnaysis of Amtrak safety
Passenger Trains or Freight 0.04 ormance on freight railr
Ralroa%s g * IOI\(Z“r(];stly ABSor CT signd?ﬁags
) _ eIncludes only main track (i.e., not
Freight Trains 0.05 %(ards/s wg)
*All agnd sysem'types
Possibly, hi?h traffic densities offset some of the benefits of improved
train control.
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Safety Performance  Passenger Trains on Freight Railroad \

Although few in number, collisions involving passenger trains or
freight railroads lead to large numbers of casualties.

Approximate Total Acciden! Rade 0.35 per milion irain-km
Approximate Fatality Rate 0.1 par milllon train-lm
Approximate Injury Rate 3 per million train-km

\ [excluging grade erassing collisians] _/

/" Safety Performance  High Density Passenger Caorridor ‘\'

Collisions also dominate train accident casualities in passenger train
operations on a high-density passenger corridor....

Approsimate Overall Accident Rale 0.3 per mallion tran-km

Approcimate Fataliy Rate 011 par million traindm 0.1 par million train-km

Approximate injury Aate 2.0 per million train-ikm
[excluding grade crossing collsions)

k\ Approxmately 40% of accidents ane &1 siow speed in terminals J
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Safety Performance

High Density Passenger Corridor

\

... and in main-line freight railroad operations.

Approodmate overad accicen rate 0.7 par midlion trein-km
Approcdmate overal fatalities rabe 0.0035 par million ramn-km
Approximate overal injury rale 0,15 per malion (rain-km

[*Crner inchudes firedexplosion events but exchdes grade crossing collisons]

i

Safety Performance

Grade Crossings

Grade crossing accident likelihood in significantly affected by railroad
operation type, as illustrated by some representative analysis results.

Rail Operation Typs Al Accidents Wapns . 1:_"T""“ Commants
High Density Passanger = Low he y traffic
(Northeast Corridor) R ot + Full sat of warning Syslems
Fassanger Trains or Freight g 0.9 = Limited crossing wamirg
Raiiroads >

ayslams

Freight Trains

Grade Crossing collisions cause over 10% of passenger casualties.

_/
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Safety Performance Grade Crossings

The casualty rate for highway vehicle occupants in grade crossing
accidenis depends strongly on train speed.

b8 5

LG

LB

Casualiles Par Acoldent

a2 4

0t 10 M2t 2tedd Hiwosl 41w 51 to 60 o T 71 to 80 &1 1o 50
Speed Band {mphi)

ﬂafety Performance Grade Crossings \

The characteristics of grade crossing accidents depend primarily on
the nature of highway vehicle, actions of its operator, and highway
conditions generally

» Mgority of accidents are caused by the road vehicle operator faling to
observe warning sgns and sgnas

* Heavy tractor - trailer rigs and over-size vehicles cause the worst
accidents

« "Grounded" low-clearance vehicles are a significant factor

» Traffic congestion trapping vehicles on a crossing has been afactor in
two recent very serious accidents

* Grade crossing collisons can lead to sgnificant casuaties
- Over 10% of passenger casuaties
- Over 20% of train crew causdlitiesin train accidents

- J
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/Target Safety Performance \

To addressthedifficult question of what is an acceptable safety
performance for freight and passenger rail systems, several
per spectives must be taken into account:

The public a large - societal acceptability

Employees of therall system &t risk of becoming casudties
Passengers uang rail intercity and commuter services

Other persons a risk, e.g. highway users a grade crossings

- /

4 I

Target Safety Performance Societal Acceptability

Societal acceptability is best represented by a risk profile (on a
severity vs. annual accidents scale), using severe accidents in other
“man-made” systems as a benchmark.

4
. {ff,gu};?
1T —t £ )}p
&

wl T

0.0 ——

Events per Year

0.001 ——

| I | | |
| . I .

1.0 10 100 1000
Severity: Casualties/Event
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G get Safety Performance Employer and Passenger

~

Target safety performance for employees and passenger s should be at
least no wor se than recent historic experience on rail systems, and
prefer ably, equivalent to " best practice” in other trangportation modes
and industries.

Railroad 14
Occupational Safetg Hig'\r}l Risk Occupations 40
[Annual Fatalities/100,000 employees] anufactur_lcl)‘g;: 0
All Occupati 8
Passenger Safet Maj Rglroa/f" l 0?54
er or U.S. Airlines )
[Fat it|$%a 109 gass-km) Automobile Occupants 6
@y Performance Analyses Bendfits and Limitations

The methodologies described are valuable in under standing railr oad
safety issues but their limitations must be appreciated.

* Bendfits
- Placerisks in perspective
- Enable trade-off andysis between accident likelihood and severity
* Limitations
- Paucity of hard data especialy of benefits of changes to vehicles, track

and other systems. many estimates and assumptions are needed to
resch aresult

- Difficuity of establishing acceptability criteria "how safeis safe
enough”

Thisseminar will help reduceamajor area of uncertainty in
under standing and analyzing the benefits of improved
crashworthiness.
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The Need for Rail Passenger Equipment Structural Standards
Accident History Review

THOMAS PEACOCK: Thank you, Grady, very much. Everyone out there hear me? Ok. I'd
like to thank Dr. Bing for warming up the crowd alittle bit. | don't know if it's Monday morning
or because theré's alot of engineersin the crowd, but you were kind of quiet there for awhile.
Glad to see things liven up alittle bit.

I'm going to talk alittle bit about the need for passenger equipment structural standards. The
regulations that Grady's talking about cover more than structura standards, but | want to focus on
gructural standards in my talk because that's where | hope al of you can help us. That'sredly
one of the reasons why we're having this symposium. Some of the things that the Federa

Railroad Adminigtration proposed kind of put the people who buy passenger equipment and the
people who build passenger equipment outside their comfort zone. I'm hoping thet this
symposium helps elther expand that comfort zone or give us a better sense of redity, one or the
other, so we're working in the same-with an understanding of where we need to be.

My tak iskind of divided into four subjects. What's driving the need for rail passenger
equipment standards? I'd like to give someingght into the FRA's database of past accident
history. 1'd kind of like to take Peacock's corollary to Bing's cavest in that this datais over
various spans of time so if you compareit directly to what Alan showed, there might not be a
direct corrdation. There might be alittle discrepancy there and | think that it's largely because
I'm looking at this chunk of history and maybe he's looking & this chunk.

I'd like to expand alittle bit on the approach we're taking. Grady introduced you to it. Findly,

I'd like to acknowledge some notable progress and some contributions of people, alot of whom
are here in the audience who have helped the FRA dong. Some of the drivers of why we need to
have passenger safety standards are pretty obvious but | thought I'd at least enumerate on them
here. The current industry standards are out of date and haven't been maintained. The old
Association of American Railroad Standards last attempted revison was in the early 1980's and
the AAR has concentrated on the freight end of the business and the passenger end has been
neglected. There are no federd standards for passenger equipment. There's only freight car
safety standards. We need some set of equivalent passenger equipment safety standards.

You're al aware that operating speeds are sarting to increase for passenger equipment. Traffic
dengty isincreasing. The types of authorities that run passenger equipment are becoming more
diverse. Some of them do not have awedth of history in the railroad industry. They're upstarts.
Foreign equipment is garting to come into play. They've been designed for a different operating
environment, a different set of gandards. There's abig question: Isit gppropriate to operate that
equipment in our operating environment in this country? Weve had alot of recent criticism; by
recent, | mean maybe in the padt five years, Generd Accounting Office and NTSB dl have
published recommendations on things that the industry needs to address as far as tandards for
passenger equipment. Last but not least, and it's probably the graph that Dr. Bing showed, is
we're probably over the past year the public's perception threshold and we're getting alot of
scrutiny.
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So for the next few minutes I'd like to give you some ingght in what's in the Federd Railroad
Adminigtration's database on accident history. To do that, you kind of need to understand how
the database is defined. In our database, there's accidents and accidents involve amoving train
and equipment or track or damage to the railroad's property of greater than $6300. So you need
those two things to be cdled an accident. An incident, or atrain incident, involves less than the
threshold of damage of $6300, but there was an injury involved. Then there are non-train
incidents where somebody was hurt and they were a passenger or crew member on the train but
the train wasn't moving. So just keep those three things in mind.

Over about, | guessthisisanine-year period, this shows the trend for passenger train accidents
and incidents. Nominaly, therés about 120 a year with adightly increasing trend. When you
put these accidents and incidents and try to divide them up by cause, equipment defects about
20%, grade crossings dightly larger, human error about the same as equipment defects, and the
other involves things like vanddism, track problems, things like that.

Now separating out just collisons. Thisis collisons involving a passenger train. Nominally

about 15 per year, again with adightly increasing trend. The way the database handles collisons
it calls a collison between trains traveling in the opposite direction on the same track, that'sa
head-on collison. A rear-end collison is when the trains are traveling in the same direction on
the same track. A side callisonis at aturnout where one train can impact the side of another,
and araking collison involves trains on adjacent tracks or atrain coming into contact with a
structure adjacent to atrack. Thisisimportant to remember. In this database, for a collison to
occur, the train has to be on the track. If the train derails and then collides, the database calls that
aderalment.

For the past Six years or so, a breskdown of the kinds of collisons of passenger trains that have
occurred (this surprised me alittle bit when | saw this), is that the rear-end and head-on callisons
are much less numerous than the Sde impact and the raking collisons. This could have some
design implications on future passenger equipment.

Deralments of passenger trains. Again, these are derailments that caused more than $6300 of
damage or caused an injury. So the very minor one whedl set that comes off the track probably
isnt included in here. But nomindly about 30 derailments of passenger trains per year, agan
with adightly increasing trend.

Callisons of passenger trains with highway vehidles. Again, it's about 40 per year nomindly,
with adight increasing trend. Thisiskind of atabular form of what's the impact of al these
accidents and incidents. It's divided into train accidents, grade crossing accidents, and then when
you add the incidents into the accidents and then atotal of al three of these categories. | guess
thisis 11 years worth of data; 130 people killed, alittle over 6000 injured, gives you about
average 11 people per year killed and maybe 600 people per year injured in any kind of event

involving a passenger train.

Thisiswhen you plot out the people who were killed aboard passenger trains. Thisdatais
skewed badly by the bad year in 1993. We'd actudly have adecreasing trend hereif it weren't for
that one bad year. It's nominaly less than 10 per year. Then, passenger train occupant injuries.
We have a decreasing trend here which is encouraging, but if you took it for the last five years
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that trend would change to increasing. So you have to take this chart with agrain of salt. Ther€'s
kind of pivot point right here. If you drew the data here weld have an increasing injury trend.

Now I'd like to switch gears alittle bit to the approach the FRA istaking. Weve established an
industry working group and it has members of dl interested partiesin the rallroad industry.

We're looking at possibly having tiered safety standards where we draw aline at some operating
condition and speed is usudly the one bandied about the most. Say a certain set of andards
applies aove this speed and some other set of standards applies below this speed. There's
actualy anew proposed part of the Code of Federal Regulations 238, and it will have standards
that include aformd systems safety program, or at least proposed to include, Smilar to what Dr.
Bing talked abouit. It will have mechanicd standards, power brakes will be included in there, and
safety gppliances.

A forma system safety program iskind of acknowledging that the industry needs to have more
big picture guys like Dr. Bing to take agloba view of the entire railroads operation, identify the
risks, track them and take some kind of proactive action to mitigate these risks. In my view, this
kind of leads to a defense-in-depth gpproach where rail vehicle crashworthinessis actudly the
last line of defense. When everything dse hasfailed, thisis what you have to fal back on.

| believe that we have a chdlenge here in that Dr. Bing is somewhét of apioneer in thet this
approach is not ingrained in the raillroad indudtry yet. It'skind of in itsinfancy. There's not much
experience in gpplying it to our environment. There's a problem in those defense-in-depth rings.
They compete for resources and we don't have a good way to decide which of those rings should
get the bulk of the money. I'll be quite honest with you. I'm not a systlems guy. My job isto
advocate the vehicle crashworthiness. | have to go out and compete, and if al of those other
guys don't get any money and | put it al in that last ring, then 1've done my job. So somebody out
there has to be out there advocating that the other rings need investment, and then there has to be
somebody who's the decisonmaker, the systems guy, who decides how we redlly make these
investments. That's the kind of setup we need to work towards.

Thisisjug alist of the kind of structural Sandards that the Federa Railroad Administration has
proposed. Crash energy management which isreally away to absorb energy and control a
collison, and | think there are severa papers that discuss this kind of gpproach. We have end
strength and in structure standards proposed, anti-climbers, rollover strength, side impact
srength, alot of interior design features such as how strongly seets need to be attached and other
interior fixtures, glazing sandards and fuel tank design standards. I'm pleased to be able to do
this because there's been so notable progress made. The Federd Railroad Administration has had
alot of hep. I think Amtrak and people that Amtrak has had help them like Dr. Bing, the
winning consortium of Amtrak's contract, they've dl been very responsible citizens. They've

done things the law hasn't required. They're kind of blazing the path here for | guess giving usa
template of what some of the high speed standards might be.

The American Public Trandt Association has taken up the banner of industry standards for
passenger equipment. They've kind of picked up the bal that the AAR dropped. They've put an
awful lot of work into what they think industry standards should be for passenger equipment. |
think it's not only good for safety but it's good business. The Volpe Center and their supporting
contractors have been very helpful, and they've increased or pushed forward the state-of-the-art a
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good hit. The members of the Passenger Equipment Safety Standards Working Group-there's
been alot of differences, alot of pointsto get by, but the group isfunctiond and it's working
wel and | think they're going to improve the product the FRA comes out with. Findly, this
symposium. | think thisis going to be of great benefit to us. | appreciate dl of you coming,
participating and giving us some guidance. We genuindy appreciate this support. I'd be glad to
take any questionsif anybody has them.

FRANK CIHAK: | hateto be fira dl the time, but Tom you had your ligt of driversthet is
pushing this whole process forward. | noticed it did not specify any increase in accident rates,
and | assume that istrue. Thereisnot any increase in passenger rail accident rates happening
over the last few years.

THOMAS PEACOCK: That's probably a pretty true statement. Y ou saw some dightly
increasng trends on some of the charts | showed, but that doesn't cause me great darm because
it'sin an environment that's changing aso, so there's reasons for those increasing trends. So
probably what you say isafair Satement. YesSr?

JOHN LEWIS: British Rall Research in England. Y ou quoted on your database that one of your
collison definitions was raking accidents and then on the following dide you showed that raking
accidents actudly count for mogt of the train collisons. What I'm interested in is how do these
occur a dl. How do two trains running Sde-by-side ever comeinto contact unlessit's a sort of
sideswipe or more asort of turnout type accident. It's the type of accident that we never see that
I'm aware of in Europe and I'm just interested to know how it occurs in the States.

THOMAS PEACOCK: | would have to draw out the individua accident reports for those
accidents to give you a definite answer. Honestly, | don't have a good answer for you but |
certainly could go back and get one. | can see what's going on there. It'sin the detalls of the
individua accident reportsthat | didn't pull up. But | will do that.

GRADY COTHEN: Some of them of course are shifted loads on freight movements that are on
paralld tracks. Some of them are probably equipment fouling at turnouts that are reported as
raking since the equipment is stationary rather than being reported as being as sde with the
equipment moving. That would be in termind areas largely. Mogt of those, not dll, are low
damage accidents, but it does indicate the envelope of safety in which you attempt to operateis
difficult to protect.

THOMAS PEACOCK: Any other questions? Frank.

FRANK CIHAK: With that chart that has the four raking, collisons, and so forth, do you have a
digtributed fatalities across there that gives us an idea where the fatdities would be versus type of
accident?

THOMAS PEACOCK: | certainly could do that. | could give you afed for that right now.
There aren't too many fatditiesin rear end collisonsthat I'm aware of. There's quite afew in
head on. | would say that head-on probably has more fataities than the others. Asfar asinjuries
go, that would be an interesting thing for me to go back and replot. | could do that for you.
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FRANK CIHAK: How about the last two sSde impact and raking collisons in terms of fatdities?

THOMAS PEACOCK: Sideimpact | have seen relatively few casudties because they're usudly
very low speed and they usudly involve the lead vehicles and oftentimes they're locomotives so
sde impact hasn't been a huge problem. Raking collisons, that sometimes tears open the Sde
and exposes people to injuries but it would be less than the head on. | think head on is probably
the biggest injury producer.

FRANK CIHAK: Silver Spring would be classified asasde?

THOMAS PEACOCK: No, that was actudly by our definition two trains traveling in opposite
directions on the same track. The Amtrak train was desperately trying to get off the same track
but didn't quite succeed. So that's aform of head-on collison but not a direct head-on collison,
but the database would classify it as a head-on collison.

Any other questions? Thank you very much.

GRADY COTHEN: Before | ask Bob, we surprisingly beet our timetable this morning. What
would you like to do?
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f FRA DATA BASE DEFINITIONS
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DATA BASE - COLLISION DEFINITIONS

Head-on = trains traveling in opposite directions on same track
e End = trains traveling in same direction on same track
 Side = at aturnout where one train strikes the side of another

» Raking = trains on adjacent tracks or a collision with a structure

Both trains must be on therailsfor a" collision' to occur.

K A derailment followed by a collision is a derailment.
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CHALLENGE

True systems approach to safety is not yet part
of therailroad industry culture.

Not much experience applying a system safety approach
in arailroad environment.

Defense-in-depth rings compete for resources, a methodology
for making trade-off decisions is needed.

I'n the mean time, my job isto advocate crashworthiness.
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Proposed Structural Standards
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* Crash Energy Management

» End Strength

* End Structure (Collison & Corner Posts)
* Anti-Climbers

* Rollover Strength

» Side Impact Strength

* Interior Design

» Glazing

e Fud Tanks
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Operator Experience

MR. DORER: | would like to present Mr. Frank Cihak, Deputy Executive Vice-President for
Technica Services of the American Public Trangt Association, better known as APTA, in
Washington. Mr. Cihak has 33 years of widdy varied public transit experience for the Chicago
Trangt Authority and APTA. Following graduation with a B.S. in mechanica engineering, Mr.
Cihak filled various management and engineering positions with the CTA, being Chief
Equipment Engineer and Director of Maintenance Engineering among the positions. Heis
presently responsible for research, bus, rail car engineering, maintenance procurement, safety,
security, Trangt Cooperative Research Program (TCRP) information activities, and Phase |l of
the FTA APTA Bus Procurement Program at APTA. Mr. Cihak isamember of the Society of
Automotive Engineers, the American Society of Mechanicd Engineers, the American Society for
Teding and Materids, the Transportation Research Board and the Car Department's Officers
Association, and also serves as Executive Director of the Transt Development Corporation, Inc.,
and is the Chairman of the Nationa Fire Protection Association Committee on Fixed Guideway
Trangt Systems (Standard- 130).

MR. CIHAK: Thank you, Bob. As | prepared my remarks for this meeting, this symposum, |
was coghizant of being amember of the Class of 1979, and I'm going to ask: How many people
in this room were here in "79? One? Okay, for your edification avery smilar conference was
held then, and the fact that that one was held is one of the reasons why this one is being held,
because it became evident that there was a need to update our knowledge base over the ensuing
17 years. So this particular symposium was organized. The circumstances are alittle bit
different, but many of the issues have not changed.

This morning Alan made some comments and he referred to them as "big picture items™ I'd like
to continue on that basis. | consdered a presentation for this meeting filled with Satigtics,
diagrams, charts, but | know that over the next few days| think you'l get into avery deep leve
of detail on those types of things. So | concluded that | would try to give you the benefit of my
experience, based on the theory that we don't live long enough to learn everything ourselves, we
have to learn from other people. And | chose to focus on safety objectives that cover dl forms of
rall trangt-not just railroad or commuter but aso light rail, heavy rail; dso to comment on

some features other than the physica crashworthiness protection, which isthe subject of this
symposium. The need, for ingtance, for a system safety program plan in FRA and railroad
operationsis a step forward. Every rapid transt system, for instance, has had such an interna
requirement, which was sponsored by APTA over the last seven years, and we do have 23
membersin our Rail Safety Audit Program (RSAP), which mandates and requires that each
participating agency have a system safety program plan that includes 23 specified dementsiniit.
We do ds0 have in the RSAP a commuter operator, so it'snot just light rail or heavy rall.

| ds0 note here that it was mentioned this morning that the NTSB is not represented here, and
that certainly is a disappointment consdering their important role in crashworthiness research. |
aso looked through the ligt of attendees and | could not find anyone from the Federa Highway
Adminigraion. So my question is. Is anybody here from FHA? No, there's another segment of
our interest group that's not represented here, particularly in respect to highway crossing
accidents caused by trucks and automobiles.
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The points | choose to cover in this commentary are safety concerns-what are they and why do
they exigt; safety perceptions-the public's perception vs. redlity; and then philosophy-
addressing the red problems and solutions of this business. And they should help us determine
what we want to do as aresult of dl thiswork. My observations are based on my experience,
now 33 years. It includes such events as the invedtigation of Chicago Trangt Authority
accidents, including the famous Lake Wabash collison and derailment in February 1977, which
clamed 11 lives; the lllinois Centrd Gulf accident-the most horrendous one in modern times,
certainly-of October 30, 1972, and | dso attended the NTSB field hearings, which occurred
about three weeks later, and | sat within five feet of the witness box because | wanted to hear
every word that was said at that time-there were many interesting things that happened.

That accident, you may know or remember, had 44 people dead on the first day and one died the
following day. In addition, | participated in severd panes of inquiry thet the Association has
organized for its members. The two mogt sgnificant ones are the Washington Metropolitan Area
Trangt Authority accident of January 13, 1982, which was a derailment that resulted in three
fatdities. Y ou may also remember that asthe day that Air Florida Hight 70 crashed into the
Potomac River, and that happened 30 minutes before the WAMATA accident, so it was avery
bad day in Washington, in the midst of a blizzard. More recently | participated in the New Y ork
City Trangt Authority-then it was the Trangt Authority-accident of August 28, 1991, which

is called the Union Square-14th Street derailment, and that resulted in five deaths. That probably
was the most horrendous rapid trangt accident I've ever seen.

So having done al these things, they have pointed out to me some truisms of railroad operation
and design that | would like to summarize at the very end. For those of you who want to be
students of accidents, | recommend an excellent history of railroad and rail trangt accidents and
associated safety responses, because we always want to think of them when something happers,
what isthe response: That isabook entitled A History of Railroad Accidents. Safety Precautions
and Operating Practices, and it was written by Robert B. Shaw and published in 1978. And if

you don't want to spend the time reading that (it's about three or four hundred pageslong), there's
amore gragphic record, which is more casud reading, of railroad accidents which can be found in
aphoto book called Train Wrecks by Robert Reed published in 1976. If you look at that, and you
look a what happens to the cars involved and the locomatives, you find out many thingsthet are

dill true today.

So now 1'd like to begin with passenger concerns. Passengers want to complete their travel
without injury, and that's what we call an accident; they want a safe trip. Now I'm not here
congdering or will comment on security issues, which are totaly different than safety issues and
should not be confused between the two. | believe that safety is not usudly aprimary trave
mode choice decider: people do not decide ontheir travel mode primarily based on safety.

Y ou've heard comments this morning that verify that.

In respect to rail travel, passengers do have certain fears, though, and those, | believe, are
collisions, derailments and fires. Now why do those fears exig? Well, rail trangt frequently
operatesin tunnels or on eevated structures where egressis difficult. You can't just walk away
from it; it'snot like abus. Rall trangt often operates at fairly high speeds, and rail trangit
operates generdly in very close headways with fully loaded cars. So you have the rush hour
condition, the trains are close together, the cars are dl filled with people, you're operating in a
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tunnel somewhere—you can see why people might have some concerns. So those are the factors:
confined areas, speed and crowded cars.

So stepping back alittle bit, what are the public and passenger perceptions of rail trangit? | think
primarily they think it's safe; that's why they ride it every day. However, security is a concern, as
| mentioned, and avery red one not to be discussed here. And what isthe redlity of this. Well,
rail trangit is safe, we know that, and some numbersthat | had tried to generate in respect to
commercid ar trave in the United States, and I'm looking at it from a different criterion-this
morning Alan, put some numbers up there and it was passenger-miles or passenger-kilometers,
but | choose to use the one that is the more appropriate, passenger boardings. Every time
someone makes atravel choice, they decide to get on atrain or get on an airplane or drive, |
counted that as a boarding and based on the gross numbersthat | looked at-and | have to tell
you these are subject to discussion, because they're taken from different sources-thet | could
find ratios of 8 to 20 times safer boarding rail trangt versus getting on an airplane. | think those
are very sgnificant numbers, but those are facts and not related to perceptions.

Wi, having looked at perceptions alittle bit, now we can talk about the red problems and
solutions. The red problem in our businessis events, which we cal accidents, that resuit in
callisons, derailments or fires. We have many events that occur that do not result in accidents.
They must be concurrent in both time and place. And | also want to stress that events, | believe,
are dways plurd. The sngle-point falure accident cause in rall trandt is amost unknown. The
only onethat | know about in modern times-and I'm looking &t the erafrom, say, middle-1960s
on-was the famous BART Fremont Flyer in 1972, which resulted from asingle-point falure in
the automatic train control system.

Also, we can determine thet rail accident investigations, when they're properly done, dmost
awaysreved the true causes of an accident. There are very few railroad accidents where the
causes are unknown. Again, in modern times | can point out to one where the cause is unknown,
and this occurred in 1975 in the London Underground; it was the famous M oorgate accident,
which resulted in 41 fatalities. There never was a cause found for that accident. So if accident
defines the redl problem, then how do we prevent or defend against these events happening?

Wéll, we do this by consdering severa things: they are personnel, procedures, equipment, usage
and design. And the process of using dl of those eements has been wdl thought out in the

raillroad business for many years, but it ways should be re-examined in the light of any accident
investigation—you have to go back and feed in new information. Our firgt priority should

aways be to prevent accidents. When we have an accident we need to find out what caused it,
and we need to examine those causesin relation to our defenses and make appropriate changes as
required. We never finish our safety work; we just keep plugging away at it.

In respect to personnel, you must consider al aspects of employeesin safety-critical positions.
By the way, that term "employees in safety-critica postions' is one that's become fixed into
legidation now and dso by regulation. Mogt rail accidents that 1've been involved in are the
result of personnel mistakes. Inairlines, it's pilot error. Human performance can be enhanced.
How do we do that? You do it by careful selection, by training, by testing, by retraining, by
monitoring and evauation. Again, thisisthe mgor cause of accidents, but were not going to
cover that agpect in this symposum. This might be abasis for a future symposum.
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Procedures: these are the rules of operation of arailroad, the rule book, asit's usudly caled, and
the associated standard operating procedures that govern and define operations. These are
backed up by the maintenance procedures we use to keep our equipment in proper condition. In
respect to equipment, most accident evauations again that I've been involved in recognize that
since personnd errors are the cause, there are very few ingtances, particularly inrail trangt,
where equipment isthe cause. In fact, equipment has been developed to prevent and limit human
intervention in operations. In most operations these are caled ATP or ATO signd control
systems. And from observations we know that they are remarkably good in preventing
calligons. Accidentsin rail sysemswith ATO and ATP are dmost dways due to human
interference or override of safety functions, either by mistake or on purpose. The Amtrak
Northeast Corridor accident at the Gunpowder River Bridge was the result of persons
purposefully disabling safety devices, and thet's extremdly difficult to defend againg.

Now if we start looking to the subject of this particular symposium, and thet is the role of
crashworthiness, remember it dways occurs after the accident. | defineit asthe loss of livable or
survivable volume for the passengers and crew and/or extreme decderation. The loss of livable
volumeis due to crushing, overriding, telescoping or penetration by externd forces-1'd use the
term "missiles’ but that's not particularly correct: penetration of the space by these misslesis
amost dways connected to shifted loads or wide loads on adjacent rail or freight tracks, it'sa
very rare occurrence. Theloss of volume in modem cars due to overturning or Side penetrations
isaso very rare. Based on al this, we can conclude that the longitudind callison isour main
concern, and | think again that was presented today, you remember the one diagram had head-to-
head collisons and dso rear collisons: well, they're both the same collison, just some of the cars
seem to be running in the opposite direction. These are both collisons that occur directly on the
center line of equipment or dightly offset.

Our usud defenses on these are well known in this business, and we are carefully reviewing them
as part of the APTA Task Force to Develop Safety Standards. And I'm going to recite these;
maybe you've heard them al, maybe you havent, | do it because in every kind of meeting here
there are some people who are not necessarily well informed about al this business and they
need to have abasc levd of understanding.

Firg of al, we need to describe and discuss buff load or static end strength. As described by the
AAR inther Standard S034, 1969, it is"the load gpplied a the line of draft.” In light rall and
heavy rail particularly, that requirement is defined as the load gpplied at the anticlimber, whichis
bascadly a the floor leve, in line with the main structure. Now why are those dimensions
different? Why is one a the line of draft and one at the floor? Well, it's due to the weight of the
cars, the length of trains, and the handling practices. Five-mile-an-hour couplings with freight
cars and railroad passenger cars are relatively routine. On the other hand, the five-mile-an-hour
coupling with heavy rail cars can be described as a collison and cauise some significant damage.

In respect to devices that we use to prevent accidents, the couplers are part of that scenario also.
Obvioudy, passenger cars now in dl heavy ral and light rail service usetightlock coupler

designs, which don't have any dack and do not permit vertical uncoupling. Interestingly enough,

iIf we think about it, couplers are dmost dways aligned by springs or center locks, and in most
collisons the cars couple up before they collide or at the same time they collide. And that limits
the forces that can be exerted afterwards. Anticlimbers resist the tendency of one car to override
the other and are complemented by the collison posts, which are intended to prevent telescoping
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and penetration. The strength, the height and the method of attachment to the floor and the roof
are very important in collison post design.

An item that is never put into any specification that I've ever seen, but isafact, isthe smilarity
of design, and that means that one car is going to operate with other cars of a particular
configuration. If thisis not consdered when you design a car, then you're going to have very bad
results. The classic example of thiswas the 1972 Illinois Centrd Gulf Rallroad collison in
Chicago, where there was a floor height difference between the striking car and the struck car,
and it resulted in the driking car overriding the floor of the stlanding new Highliner car. Dueto
faulty welding detall of the collison post connection to the floor, the collison post sheared off in
that particular collison, and it resulted in penetration of 35 or more feet into the Highliner car.
Again, there were atotd of 45 fataities, so in the scope of things we need to defend againg,
that's a very important one.

Ancther item which is often specified and is very important is the truck-to-car body connection.
That connection significantly increases the resstance to crushing, particularly a the end of the
car, and prevents penetration. In the Illinois Centra accident, it should be noted that the striking
car truck separated from the car body, which made further penetration possible.

Now I'd like to cover how these principles could be gpplied to a particular car designin a
procurement specification. And the carsthat | want to refer to here are rapid trangit carsthat I'm
particularly knowledgesable about, since | was the person responsible for the specifications. |
bring it to your attention because the people who designed the car, based on the specifications,
were not traditiond railroad people at dl; they were engineers from the Boeing Vertol Company,
and they undertook to build acar order for the Chicago Trangt Authority in 1974. The cars were
ddlivered in late 1976, and they're 2400 Series cars. They are of Sainless sted congtruction,
there was some low aloy/high tendle sted in the end underframe, but essentidly they were dl
dainless sted car bodies, they were 48 feet long. They weighed alittle under 48,000 pounds, and
with the maximum train length of eight cars, you have an empty train weight of around 400,000
pounds.

Now this particdar car order had a series of design features. | mentioned those features before
and I'll tell you how they were incorporated there. The couplers, for instance, were identica to
all other CTA car couplers, 1100 cars had the same mechanica coupler. Soin acallison we
knew how those couplers were going to react. These couplers did include another feature not
mentioned earlier, which is the provision for shear bolts that allowed the coupler to dide back
when it exceeded the bolt shear strength which is around 75,000 pounds, and it alowed the
anticlimbers to come together in a controlled fashion. Again, the couplers being coupled
together limited vertica displacements, for instance, and were important in the car design. The
anticlimbers again were identica to dl other CTA car anticlimbers. They were on the floor
sructural center line where the 200,000- pound static end strength was specified.

In respect to the end structure of the car-which includes the anticlimber, the end framing, and
collison pogts-the collison posts were full height, and the floor and roof connections were
required to develop the full strength of the connected members. Now that's different from other
specifications where they say it must have certain strength; in addition to having that strength, we
required dl those connections to be, wherever possible, welded on both sides and al welds were
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full-length. We did not permit any skip welds, even though that amount of welding could have
met the requirement, we did require a completely welded design.

It was intended that this end structure would collapse as a unit, keeping the floor and roof
together, to maximize the energy absorbed by the deformation of metal. Now this was a concept
adopted by the CTA years earlier and known at that time as "controlled crush design.” A useful
description of thisis contained in areport entitled "Controlled Type Crush Design for Repid
Trangt Cars' by Lawrence Gordon Anderson, who was then Superintendent of Shops and
Equipment with the Chicago Trangt Authority, in 1965. This particular design included a
controlled void in the floor structure behind the anticlimber, which was put there to direct and
initiate the structure collapse. We wanted the collgpse to begin at a place specified, so there was
avoid put into the Structure at that point.

The truck atachment for the CTA cars used a unique design. It's the PCC car kingpost design,
which easily exceeded our 150,000~ pound horizonta strength requirement; it also had 100,000
pound vertica strength. In addition, these cars had, as | indicated, a 200,000-pound static end
grength "without permanent deformation™ requirement. Later in the specifications there was a
provison that required that this design was to be achieved usng 100 percent of yield strength for
the portion of the car between the end of the car and the body bolster. The portion of the car
between the bolsters was required to have this strength but at only 70 percent of yidd. So the
strength between bolsters was commensurately higher. That meant that the ends would crush
firgt, not the car center. In addition, it was required that positive car body camber was to be
maintained under dl load conditions, a very important festure. So thisis how these principles
were gpplied to a particular car construction. They had proved very successful over 45 years of
experience.

Other points we should think about are strength definitions, which I'm sure well talk about alot
herein the next few days, and fire resstance. And the definition of strength levels-if you look

a lots of specifications and reports, you'll find many terms used, and they are very important and
they need to be carefully consdered. | indicated one was |oad without permanent deformation,
that's one; ultimate strength, yield strength are others. They have to be carefully worded when
you write a pecification. In regard to rail car fire resstance, thisis aso part of asystem of
design, and | would refer you to the National Fire Protection Association Standard #130 for
Fixed Guideway Transit Systems, which is a comprehensive defense againg fire loss,

In that document there are four principles. one isisolation of fire and energy sources. And since
most cars are powered by eectricity, particularly in rgpid trangt, dl of them are, separation of
eectricd sourcesis very important. The next principle was to try to limit the total BTU load of
the car. Next was to limit individud item fire propagation rates and smoke propagation. And
lastly, in specid cases like when trains operate in tunnels, to provide externa ventilation and
specific egress requirements.

So I've given you alot of ideas here and told you alot of things, so let'stry to pull dl this
together. Firg of al, | want to commend everyone here to continue to try to find better, cheaper,
more reliable and more effective solutions to improve crashworthiness. | hope this symposum
does eventudly end with a new paradigm for crashworthiness. (I went to a course on paradigms
s0 | promised to get the word into every talk | did after that.) To thisend, | note that there has
been very little direct red world crash information generated and available. We know some
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things by andyss and modeling, very little by test. So as aresult of this symposium and other
things, we may recommend a comprehensive test program to fill in our knowledge gaps.

Now getting to the very end, I'd like for you to consider, as this symposium goes on, the
following truismsthat I've learned. Thereés basicdly ten amplerules. Firg of dl, weight isthe
enemy. Second, where cars and equipment are Smilar, the design issmpler. Third, where cars
and equipment are dissmilar, such as three 100,000-pound locomotives and 100,000~ pound
coaches, our problem and our design has to be much more complex. Fourth, we should dways
seek to reduce or diminate human decision-making or response to routine tasks. Fifth,
maintenance of equipment by ingpection, repair and overhaul isimportant. Sixth, we have to
maintain our personnd by training, testing and monitoring. Seventh, the most survivable
accident is the one that did not happen, and the highest priority must dways be to eiminate
accidents, again by means of automatic train protection and automatic train operation systems.
Eighth, crashworthinessis aways after the event; we can only seek to minimize injury and
damages. Ninth, safety is a continuous task and we need to always apply ourselves. And lastly,
there are some rules of operation violations that happen over and over again: in sgnificant
accidents, you find out they're dways violated, and when they are violated they aways result in
terrible things.

And they are: Rule #1, don't pass stop signals. Rule #2, don't back up. Rule #3, don't back up.
And you know what Rule #4 is, don't back up. Thank you for your attention. [Applause]
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Transit Operator Crashworthiness Experience
Frank J. Cihak

June 24, 1996

As amember of the Crashworthiness Conference (VNTSC) Class of 1979 | considered a presentation
filled with getidtics, diagrams and charts. | know a greet ded of information will be provided later

in this Symposum. Some is based on experience, some on anadlys's, modeling and testing. | chose

to focus on Safety Objectives covering dl rail trangt - light, heavy and commuiter rall.

| will dso comment on features other than physicd crashworthiness protection. The need for a
System Safety Program Plan (SSPP) in FRA/Rallroads is a step forward - heavy rail hasthe APTA
Rail Safety Audit Program with SSPP requirement for the last seven years.

| also regret that the NTSB is not represented here today. | dso note that the Federal Highway
Adminigration is not present.

The main points | will cover are:

> Safety Concerns- what are they and why do they exist?
> Safety Perceptions - public vs. redity
> Philosophy Addressing Real Problems and Solutions- what do we want to do includes

al ral trangt - light rail, heavy rail, commuter rail

My views are based on my experience
33 years of observations and investigations &t -
a) Chicago Transt Authority - many accidentsincluding Lake/Wabash collison and
derailment on February 4, 1977 - 11 fatdities
b) llinois Central-Gulf Railroad - collison of October 30, 1972 and NTSB Field Hearing
following - 45 fadities
c) American Public Transit Association Panels of Inquiry -

0 Washington Metropolitan Area Trangt Authority - January 13, 1982 - derailment -
3fddities
O New York City Trangt Authority - August 28, 1991 - derailment - 5 faidities
This experience has pointed out some truisms of railroad operations and design that | will summarize

at the end of my remarks.

[-3-12



COLLISION RISK-SESSION 1-3 PRESENTATION

For those of you who want to read an excdllent history of railroad and rail transit accidents and

associated safety responses, | recommend: " A History of Railroad Accidents, Safety Precautions and
Operating Practices, " by Robert B. Shaw, 1978. A more graphic record of railroad accidents can
befoundin " Train Wrecks, " by Robert C. Reed, 1976~.

To begin with, what are the passenger concerns?.

Passengers want to complete travel without injury (accident) i.e., a"saf€’ trip - we are not here

congdering security issues.

SAfety isnot usually aprimary travel mode choice decider.

In respect to ral travd, there is fear of
- cdlligons
- derallments
- fires
Why do these Passenger Concerns Exist?:
a) rail trangt frequently operatesin tunnels or on devated structures where egressis difficult.
b) rail trangt often operates at much higher speeds than buses.
C) rail transit operates close headways with fully loaded cars.

Thefactors are:

O confined aress
[J speed

O crowded cars
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What are Public/Passenger Perceptions of Rail Trangt?
a) it'ssdfe

b) security isaconcern

What is the redity?

a) ral trandt issafe - it may be 8 - 20 times "safer” per boar ding than scheduled air carriers
b) ral trangit is secure

Now We Can Discuss Real Rail Problemsand Solutions

Thered problem is events, which we cdl accidents, resulting in collisons, derailments or
fires.
Note that many timesthe "events' do not result in accidents - the events must occur in the
same place and time. | want to stress events are plurd - that single point failures dmost
unknown. An exception was the BART Fremont Flyer in 1972.
Rail accident investigation amost dways reved the true cause(s) of the accident - how many
causes are listed as "unknown"? Very few i.e,, an exception was the London Underground
collison a Moorgate in April 1975 (41 fatdities).
If "Accident” as defined isthe red problem, then how do we prevent or defend against the
events happening? We do this by personndl, procedures and equipment design and usage.
This process has been well thought out and should dways be re-examined as appropriate to
the results of any accident investigation.
Our fird priority should aways be to prevent accidents. Thisis a constant cycle of
investigation of accidents and incidents and the analysis and feed back of resultsinto the
operating system. We can never say we have finished our safety work, its never finished but
in a congtant state of re-evaugtion.
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Personnel - We must consder all aspects of employeesin safety critica postions. Mogt rall
accidents are the result of personnel mistakes ("pilot error” in the air travel industry). Human
performance can be enhanced by careful selection, training, testing, re-traning, monitoring
and evaluation. However, thisis not the subject of this symposium.

Procedures - These arethe "Rules of Operation” - The Rule Book - and Associated Standard
Operating Procedures (SOPs) that govern and define operations. These are backed by
mai ntenance procedures to keep equipment in proper condition.

Equipment- most accident evauation effortsin rail trangt recognize that personng mistakes
in operations or maintenance are the magjor cause of accidents. Rail transit equipment has
been developed and ingtaled to reduce or diminate the role of human intervention in
operations. These are Automatic Train Protection (ATP) and Automatic Train Operation
(ATO) sgna/control systems. These are remarkably good in preventing collisons. Accidents
at rall sysemswith ATO/ATP are dmost dways due to human interference or override of
safety functions ether by mistake or on purpose.

This brings us to the accident after the event and the role of Crashworthiness - this problem can be
defined as loss of livable volume or extreme decderation. The loss of livable volume is dueto
crushing, overriding, telescoping or penetration by external missiles. The penetration of passenger
spaceis dmogt dways connected to shifted or wide loads on adjacent freight tracks and isvery rare.
The loss of volume in modern rail cars due to overturning or Side penetration isaso very rare.

We can therefore conclude that longitudind collisions are our main concern. Thiswas confirmed by

Alan Bing's erlier remarks. Longitudina collisonsinclude on center line and offset collisons.
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The traditiond defenses againgt these collisons are well known and are being carefully reviewed by
the APTA PRESS Task Force. They are:

a) Buff strength or static end load - anote of caution here, the requirements developed by the
AAR as shown in Standard S-034-69 have the load gpplied & the "line of draft.” Thisisthe
standard gpplied to railroad and commuter cars. The common requirement for heavy rail cars
defines the load to be gpplied to the anticlimber &t the car floor level and therefore, in line
with the main structure. The difference is due to the weight of cars, length of trains and
handling practices. For ingtance afive mile per hour coupling is not unknown in freight car
and railroad passenger car operations. On the other hand, a five mile per hour coupling with
heavy ral carsisacallison.

b) Couplers- passenger car couplers are of the tight lock design and do not have dack or permit
vertical uncoupling. Couplers are usudly digned by springs or center locks and often couple
up inacallision to limit load direction.

¢) Antiddimbers - thisfesature resists the tendency of one car to override the floor structure of
another car in a collison and engage the collison posts. The vertica strength and width of
anticlimbers are important features.

d) Collision posts- these resst the opposte car floor structure in overriding and are intended
to preclude telescoping. The strength, height and method of attachment to the floor and roof
dructure is very important.

€) Similarity of design - thisis normaly not stated in a specification but is very important. The
design features of a car have to be considered part of a system. If thisis neglected than very
bad resultswill be obtained. The classc example of thiswas the linois Central- Gulf Railroad
collison on October 30, 1972 in Chicago. There was afloor height difference which resulted
in the striking car overriding the floor of the standing Highliner car. Faulty welding detail of
the Highliner collison post connection to the floor structure dlowed the collison posts to
shear off a the floor and the result was penetration of more than 35 feet of the Highliner car.
There were atota of 45 fatdities.
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f) Truck to carbody connection - the ability to retain the truck to the carbody greatly
increases the resstance to crushing and penetration of the carbody. Both horizontal and
vertica strength must be specified in adesign. In the ICG accident the striking car lead truck
separated from the carbody permitting the further penetration of the Highliner car.

Application of These Design Principalsto a Specific Design

I would like to describe how a particular car order used these principals as a system of design. The
example will be argpid trangt car, S0 you mugt take into consderation the differences with railroad
and commuter cars. The example is 200 cars designed by the Boeing-Vertol Company in 1974 and
delivered beginning in October 1976 to the Chicago Trangt Authority in Chicago, Illinois. They were
of dainless stedl congtruction, 48 feet long, weighed under 48,000 Ibs and operated in a maximum
train length of eight carsfor train weight of about 400,000 Ibs. | am familiar with these carsas | was
the Chief Equipment Engineer of the CTA and was responsible for the specifications and procurement
of this car order. The design featured:

M echanical couplers- identicd to al other CTA cars, they included shear bolts that allowed
controlled engagement of the anticlimber.
Anticlimber - identica to dl other CTA cars, ison the floor (structure) line where the static
end strength of 200,000 Ibs without permanent deformation was specified.
End structure- thisincluded the anti- climber, the floor framing between the anti- dimber and
the body bolster, the collison posts and the roof structure.
a) the collison posts were full height and the roof and floor connections were required
to develop the full strength of the connected members. All welds were full length and
double sided where possible.
b) it was intended that the end structure would collgpse as a unit keeping the floor and
roof together to maximize the energy absorbed by deformation of metal. The concept
adopted by the CTA was that of "controlled crush design.” It included a controlled
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void behind the anti-climber to direct and initiate collgpse. A ussful description is
contained in areport entitled, " Controlled Type Crush Designfor Rapid Transit

Cars, " by Lawrence Gordon Anderson, Superintendent of Shops and Equipment of
the Chicago Trangit Authority in 1965.

Truck attachment - this used the PCC kingpost desigh and easily exceeded the
150,000 Ibs horizontal strength requirement and 100,000 Ibs. vertica strength
requirement.

Strength level definition for static end strength - the 200,000 Ibs static end
strength, without permanent deformation, applied at the anticlimber was designed
using 100% of yield strength from anticlimber to body bolster and 70% of yield
strength between bolsters. This design will have the ends crush - not the car
center section. Positive car body camber was to be maintained under al load
conditions.

The preceding describes a system of design based on local and externa experience and has been

proven successful over 45 years. Other points of note are in strength definitions and fire resistance.

Definition of grength levels - in technica documents and specifications, the terms used to describe

drength levels must be very specific. Such terms as yield strength, ultimate strength, "load without
permanent deformation,” dl have specific meaning and must be carefully consdered in a system of
desgn.

Regarding rail car fire resstance - thisis dso part of asystem of design and the best gpplication for
rall trangt can be found in the Nationa Fire Protection Association (NFPA) Standard #130 for Fixed
Guideway Trandgt Systems. The basic principas are:

a) isolation of firelenergy sources

b) limit totd BTU load
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c) limit individua item fire propageation rates and smoke generation

d) in specid cases, like tunnels, provide externa ventilation and egress requirements

SUMMARY

Having recited the well known, traditiond views, and experience, | commend that we dl continue to
find better, chegper, more reliable and effective solutions to crashworthiness for anew paradigm!

| hope this symposum will help this quest. To this end, very little direct, red world crash information
isavallable. We know some things by andysis and moddling, little by test. We may recommend
consderation of a specific research program to develop factua crash information for existing
equipment if such testing is gppropriate.

| would like to leave you to consider, while the symposium continues, the following certain "truisms’

| have learned. They are contained in 10 smplerules:

w

N o o &

10.

Weight is the enemy.

Where cars and equipment are Smilar, designissmpler.

Where cars and equipment are greetly dissmilar, i.e., 300,000 Ib locomotives and
100,000 Ib coaches, design is much more complex.

Reduce or eiminate human decision making or response to routine tasks.
Maintenance of equipment by inspection, repair, and overhaul isimportant.
Maintenance of personnd by training, testing and monitoring is important.

The most survivable accident is the one that did not happen. Our highest priority must
be to diminate accidents by means of APT and ATO systems.

Crashworthinessis aways after the event - it can only seek to minimize injury and
damages.

Safety is a continuous task.

There are violaions of four rules of railroad operation that we repeat again and again.
They are:

Rule1 - Don't pass stop Sgnds

Rule 2 - Don't back up

Rule 3 - Don't back up, and,
1-3-19
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Detailed Risk Assessment

MR. DORER: Any questions? Any that come up we can handle in the panel discussion. Next
will be a presentation on the detailed risk assessment work, and the two gentlemen presenting are
Dr. Mark Snyder and Duncan Allen. I'll introduce both at this time and then handle the
presentation however they planto. Dr. Snyder has over 25 years of experience in mechanics,
materids and finite-dlement analyss. Since joining Foster Miller he has directed a number of
programs involved in finite-element anadlyss: mechanics, structura design, robatics, rail vehicle
crashworthiness, and rail vehicle dynamics. Prior to joining Foster Miller, Dr. Snyder was a
mechanica engineering consultant whose work included investigation of fatigue falluresin
helicopters, sructurd design in industrid furnaces, and development of solution agorithms for
non-lineer finite dement andyss. Dr. Snyder holds a Ph.D in mechanica engineering from
Massachusetts Ingtitute of Technology and aB.S. in mechanicd engineering from Tufts
University. While pursuing his doctora degree, he made extensive contributions to the design
and development of acomputer program for finite ement dressin therma anaysisthat is
currently in use worldwide.

Duncan Allenisaprincipa transportation engineer and Senior Project Manager with Del_euw,
Cather & Company. A graduate aso of MIT and the University of Toronto, he has been with the
company for over 15 years. Over that time Mr. Allen has been extengvely involved with railroad
and light rall trangit projects, including design of centrdized traffic control, centers for Amtrak
and the MBTA in Boston and SEPTA in Philade phia, operating in maintenance planning and
cost estimation for commuter rail, high-speed rail and magnetic levitation systems, and accident
frequent estimation and grade crossing designs for Batimore's centra light rail line. Prior to
joining Del_euw Cather, Mr. Allen was project engineer for the IBI group on the design of
severd agpects of Cdgary'slight rail trangt syslem and participated in the design of the
reconfiguration of Toronto's Union Station for commuter rail operation with bilevel equipment.
He isthe author of severd papers on ralroad and LRT operations planning. So if Duncan and
Mark will come up.

DR. SNYDER: Okay, it's a pleasure to be here this afternoon, and our talk this afternoon is
about detailed risk andysisin generd; specificaly, were going to talk about a methodology that
weve devel oped for performing this type of analyss and some results that were obtained looking
at the study of current intercity passenger rail operations. This was a quantitative assessment;
we're going to be presenting numbers, probabilities and frequencies of accidents, differentiation
by speed range, accident severity, casudtiesin terms of fatalities, and severe injury. Thiswas a
program that was developed by the Volpe Center-David Tyrell was our contact manager-and
there were other companies involved in this project with Foster Miller.

Our team members are Del_euw Cather, Duncan Allen; The Analytic Sciences Corporation
(TASC), and SRI Internationd. Since risk involves both accident frequency and accident
severity, our talk this afternoon is going to concentrate on the frequency side; and Steve
Kirkpatrick and Jeff Smons from SRI will be talking about the severity portion of the work in
their talk, which | believeis tomorrow.

Now what are the key features here of this work? Accident frequency: so many accidents per
year. Accident severity: what are the consequences of the accident. Combinations of the two
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give you ameasure of risk. The uniqueness of the work that were going to talk about isthat we
are looking redly-weve gone beyond historical data and were looking at the root causes of
train accidents. Weve developed what we believe is a generic methodology which will dlow us
to look not only at current railroad operations, or allowed usto look at current railroad
operations, but will dso dlow usto assess theintroduction of new technology. And thisis
because we have dissected accidents and the structure of events leading to an accident and are
looking at very low levels and building upwards.

Now what are some of the key components? Following on the ADL work that Dr. Bing talked
about this morning, we've identified a number of accident scenarios. Scenarios are high-level
groupings of accidents, such as head-on collisons or overtake colligons with trains; derailment,
which isasgngletrain event or could possibly happen as the consequence of an accident; or
collisons with obstructions, obstructions being rocks, shifted loads, heavy vehicles a grade
crossings. Underneath these high-level scenarios are a number of sub-scenarios.

Now we've introduced what we call basic metrics, and basic metrics are fundamenta units of
raillroad operation that Duncan will be talking about in some detal, that redly describe an
exposure to an accident. The train does something: it goes past asgnd, goes through a switch.
Each one of these present a certain possibility of an accident occurring. And after connecting the
basic metrics to the accident scenarios, we then proceeded to dissect them, if you will. And that
led to the formulation of a number of event trees or logic trees, and I'll show an example of one
of those in amoment.

On the accident severity Sde, crashworthiness of individud cars, detailed assessment of how a
car behavesin an impact process. That is aso coupled with modeling of complete consstsin
calligons, and dso interior assessment of the cars. how an occupant in a car interacts with his
surroundingsin atrain collison. And some very detailed modding was done of an occupant and
the seating and the part of the vehicle around him, and some very interesting results were
obtained.

Now since these event trees were akey part of the study, | think it's worthwhile just to throw one
up here. Thisisthe event tree for no action to gpply the brakes. And in most of these accident
scenarios, braking is akey thing: you ether brake or you don't brake or you don't brake
aufficiently. And starting with the high-leve event-no action to apply the brakes-weve

dissected the process back down. On the left side is a case that would apply if ATP were present
in this system, and on the right Sdeis the case of what would happen if the operator falled to
initiate braking when required. As you come down the tree, you'll see a number of eventswhich
were aso-we developed other subsidiary mode s to feed probabilities into these events, so in

the end we were able to come up the tree and evauate a very specific stuation, the conditiona
probability of the "no action to gpply brakes." And as|'ve said, a number of these were
developed and used throughout the study.

Now another key part of this study was. how do we gpply the accident frequency methodology to
current intercity passenger rail operations? And a composite, fictitious or what-have-you ralroad
car was developed, the description of one was developed, and this incorporates a number of key
features. For example, there's a segment that could be described as generdly representative of
Amitrak's Northeast operations. dense corridor operations. There's another segment that is
representative more of a nationwide kind of average. And then theré's another segment which
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would be perhaps or is representative of next generation high-speed rail service, say the proposed
Florida Overland Express. The issues that were involved in developing this modd are things like
the traffic mix and dengity, the sgna and control system equipment descriptions. And al of this
information was gathered to support the accident frequency assessment. | think well just go right
to some results at this point.

These are some model predictions. These are for the composite railroad corridor as awhole; we
aso have developed results on a segment-by-segment basis. And | think that you can clearly see
that the most frequent accident is heavy vehicles a grade crossings. All accidents—theresa
small number of accidents on ayearly bas's, fractions of an accident—and the interegting thing is
the second most frequent accident predicted by the modd is collisons with the end of the tracks,
small accidents, low-speed accidents in atermina. Coming down the list we have derailments,
track and train fault-related derailments, overspeed derailments; and then collisions, head-on
callisons. And we're talking about very smal fractions of an accident for ayear. Soto get a
whole number you're going to have to scale this up quite abit. It is definitely not kilometers.

| want to present detailed results, complete results, which include frequency and severity for two
types of accident scenarios. Thefirst oneis collisons with heavy vehicles a grade crossings. So
we can look a whole numbers; thisis ten-year expected values. So over ten years we can expect
atotd of 18 collisons with heavy vehicles at grade crossings, for atotd of 444 fadities and
seriousinjuries. Now a couple of things are noteworthy here: one, there's a cluster of accidents
down at the 29- to 30-mile-an-hour impact speed range, which is probably due to the fact that
trains-thisis a group of accidents where the passenger trains are operating at lower speeds and
therés sufficient time to give warning so braking can beinitiated. The other cluster of accidents,
from 60 miles an hour and above, is reflective of the higher-speed operation, where there is very
little time to give warning, and so braking is either not initiated or has relatively low effect. The
injuries which were evauated usng the methodology that Steve and Jeff will be talking about
tomorrow were based on complete consst modeling and modeling of individud cars, and are
based primarily on the head injury criterion as well as seats lost due to structura crushing.

Now the next type of accident is a head-on collison. And weve lumped together here once again
ten-year expected values. These are al types of collisons between a primary passenger train and
an opposing train, so lumped in here are head- on collisons with Smilar types of trains,

commuter trains and freight trains, and once again it's ardatively rare event, one-and-a- hdf
head-on collisons over ten years, with aclugter in the 60- to 112-mile-an-hour closing speed
range. And dso fatdities and serious injuries were evauated in the same manner.

At thispoint | think | want to turn the presentation over to Duncan, who will continue on with a
more-cover some more details of the accident frequency methodol ogy.

MR. ALLEN: Thank you, Mark. Just to give you an overview of what I'm going to address here,
I'll talk somewhat more about the structure of the frequency model asit was built up. Basicaly,
we've discussed-and you've heard from Dr. Bing as well-the idea of the scenarios. Weve
divided them into sub-scenarios, as you'll see. I'll talk somewhat about the various e ements of
the modd, as it was developed. And I'll discuss the event trees somewhat more, then discuss the
compoasite corridor description. Aswe found out, and | think as dl of you aready heard from Dr.
Bing, alot depends on what the particulars of the corridor are. Y ou used the word "tedium” a
one point, and | think it is operative when you start having to look &t the particular operating
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rules, procedures, the features of the particular signa system, the traffic mix and density and
other operating arrangements: there's alot that does have to come into play to start getting a
reasonable prediction of what the results might be.

MR. ALLEN: We will tdl you about the composte corridor we devel oped its territory segments,
traffic characteristics, and then spend some more time talking about the observations and
conclusions.

The basic structure of the model that you saw, includes a scenario and subscenario structure
which basicdly builds on prior work that was done, basic metrics which have to do with the unit
on which the modd is built, event trees and then as Mark mentioned within some of the
subscenarios, we do break out the results by the speed at the occurrence of the accident what we
cdl the primary train which is the one we are studying as opposed to a secondary train which

may be the other train involved in an accident that we andyze and bresking out by the type of
object impacted for various types of collisons.

The basic reaults for, we have 23 subscenarios and many segments, we roll those up by scenarios
and segment to produce results that you have seen and the ones that we will be getting into.

Brief word on the basic metrics we have gpplied, these are the basic units that we kind of
decomposed the operating plan or the assumptions for the railroad into a number of measures
that were used. A number of things are determined on atrain kilometer basis such as equipment
falures which are logicaly associated with the operation of atrain on afarly continuous basis.
Welook at interlocking movements or actudly or perhaps more gtrictly, termed controlled point
movements, the actua movements of atrain through an interlocking or control point.

The diverging movements, those particularly interlocking movements which actudly include a
diverging move where you move off the Sraight at a turn out, overtake movements or following
interlocking movements, those are occasions where you are routed in behind atrain traveling & a
dower speed and in effect have to run on the sgnas and dow down to that train's speed. Sow
orderstraversed, this again is referring to particularly to temporary dow orders that may come
out of the bulletin order and aso to gray crossing traverse another case whenever another train
operates over ahighway crossng that counts as a unit of gray crossing traversal. Permanent
Speed redtrictions traverse, again you may have civil or particular curve speed regtrictions that are
permanent.

Every time atrain runs through one of those we actudly estimated them by the amount of speed
change required so that a change from 79 to 59 would be classfied differently than achange
from 79 to 30 or 25 for acurve redtriction. A train termination, again number of instances where
your corridor, train would or your train being studied would wind up in effect approaching a
bumper post at a subtermind, dl our terminds stations would assume to be subterminas. A
number of freight trains passed and findly the number of occasions where you would be making
amovement around atrack lock ingtituted for a maintenance away purposes. Whichisagainin
some cases may be something which is not protected through your sgnd system.

This basic structure of scenarios is divided into three categories pretty much as you have dready
heard, looking at collisons with secondary trains, thet is, with atrain other than the one being
sudied; collisons with obgtructions, in this case including wayside structures, heavy vehicles,
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rocks, debris. One thing we did do was exclude collisons with typical passenger automobiles
and less, so we talk about collisons with heavy vehicles, we're talking basicdly trucks and
heavier vehicles. Derailments from any cause form the third basic scenario.

When we looked within each scenario, we had a number of sub-scenarios defined: collisons with
secondary trainsis one of the mgor categories, and we divided those into, in effect, head-on
callisons which include some of what FRA terms as Sde collisons or raking collisons-they're
bascdly involved when an opposing train as opposed to atrain you may be following, and we
broke those up in our category, in our corridors, into collisons with other intercity passenger
trains which were assumed to be of the same equipment type as the primary train; with freight
trains, and with commuter trains, either in a pushor-pull mode.

Our basic commuter consist was assumed to be alocomotive hauled bileve if | recal correctly,
that basicaly had a push-pull configuration. So you're looking a some instances where your
opposing train is cab forward or push-or-pull mode locomotive forward. Rear-end collisons
again, we have the possibility of dl of those interactions occurring as arear-end collison, where
in effect you overtake a preceding train. Collisions with obstructions: what we included as sub-
scenarios there were various interactions with the heavy highway vehicles at grade crossings, one
that we thought was somewhat unlikely, the overpass runoffs, aswell as runoffs from parald
highways or roadway facilities.

Onejust happened a couple of days ago here in Boston on the Needham line-a car wound up
on the tracks. It has happened on some of the normal running track off the TGV in France, and
our estimated ratesin fact compare pretty well with the reported rates of vehicles running off the
highways or overpasses onto tracks. Also, then, rocks and debris: again, there are alot of rock
and debris accidents reported, or incidents reported, that involve impacts with very small objects.
We cuit it off a a point where we fet it began to present some risk of actualy causing a
derailment or on-board injuries. So as we get to discuss the actual accident data, again there are a
lot of categories and you have to understand that there are some items that may or may not be
included from the FRA accident database. End of track, the bumper post scenario, and again
non-shutting equipment if you've got maintenance-away activity in abloc that you were
protecting, it is possble for atrain to get in there and strike either equipment or crews on the
tracks.

Derallment scenarios, we looked at a number of posshilities: overspeed through a permanent
speed redtriction, primarily curves, we did not look at, say, civil speed redtrictions that are there
for noise or other reasons, we concentrated primarily on looking a curve restrictions where there
is some danger of derailment inherent in overspeed operation. Overspeed through temporary

dow orders, again where atrack condition that you're protecting with atemporary speed order; an
overspeed there again presents the risk of derailment. Looking at various train faults and track
faults, again these categories are fairly well established in the FRA database, and we've pretty
much preserved those dassfications. And findly, aroute map line, again a Stuation where you

may enter aturnout againg a switch that is lying in the wrong way.

Key dements of the frequency modd that we've talked about before again are occurrence rates
for alot of train fault and track fault. We went through an exercise very smilar to what Dr. Bing
outlined in terms of going down to afairly low leve in the FRA accident database and extracting
in terms of gpeeds and types of operation and geography-looking at urban versusrura versus
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suburban, east versus west, looking at rates that seem to be reasonable. We did try to look at
some of the trangit experience as well, figuring that that was al essentidly urban, to look at
occurrence rates for various obgtructions. An important eement was the warning time
distribution, where we looked at-in fact, | think the tree that Mark showed you did talk about
the various communication pathways that exist for getting word on an obstruction on the track. It
may bein multitrack territory, it may be from the crew of atrain operating on the other track, it
may be from motorigts, police—there are dl kinds of possibilities whereby a dispatcher can get
word of an obstruction and in fact radio the train crew other than smply coming around a curve
and seeing it. So wetried to look at every possible way the information that would prevent the
accident could get to the train crew in time to begin braking, a safe braking distance, or a a
distance short of that sufficient to reduce the speed.

Sgnd braking: again we looked at a very complex event tree, werre looking at typicd sgnding
arrangements. We basicaly had consideration of territories either with or without ATP features.
We were looking exclusvely at autometic block signd territory at this point and did not get into
looking at dark territory, because we were looking at primarily a passenger train environmert.
And findly, the downstream secondary train locator: this is where the density comes into
congderation. Clearly, while the risk of passing astop sgnd may be a a certain levd, the risk
aso is contingent on their being something protected by it downstream; and then as a function of
traffic dendty we had amode which told us what the relative likelihood was of having atran a
given number of blocks away at a given rdative speed a the time of the Sgnd overrun. So
basicdly in dl ingances which were protected by dark signds, we had amodel that enabled us-
given the braking state of the train with its associated probahilities, given the overrun speed at the
sgnd that was at stop-we were then able to look at the conditional probability of there being an
opposing train or atrain operating ahead of you downstream a given number of blocks and
looking at its speed. So that'swhere alot of the very, if you will, tedious computations camein;
there were literally hundreds of possible combinations that were worked through spreadsheets to
dothis, soit'snot atrivid exerciseto look at even just a single track segment.

The overdl dructure of the modd looks essentidly like this: there are three magor scenarios. We
look at the basic metrics going on, the corridor description, and build up the accident scenarios
and sub-scenarios on that basis. Two or three different mechanisms may come into play,
depending on whether you're talking about a derailment or a collison. In most cases, asignd
and/or braking event treeisinvolved, where you look at the possibility of beginning braking on
encountering the first sgna and following signa's, which depends on the presence of ATP or
not; on the number of blocks involved-one of our territories was a three-aspect borderline
territory, in other words a two-aspect three-block kind of arrangement.

Fault occurrence rates we discuss briefly. The warning time distributions, again we have
communication pathways. So for each of the three mgjor scenarios, for each sub-scenario in
there, one or more of the blocks shown may have been active; they were combined back into
actua frequencies by segment. The results, as you may have inferred dready, are very dependent
on the territory assumed and the operating assumptions. As Mark mentioned, we had sort of
three basic overall sub-pieces of the corridor here, from what we call City A to Control Point
470, which iskind of our mgor junction in the middle of a hypothetical railroad, is redly pretty
representative of what | cal nationd practice. Y ou'll see some numbers, but basically it was
patterned after-in fact, it's divided into two pieces. one which has geography and terrain typica
of the eastern United States, the other haf has geography and terrain typicd of the western
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United States. It basicaly carries two daily passenger trainsin each direction with about 20
freight trainsin each direction. So for amedium-dense freight car there are a couple of daily

passenger transon it.

The branch to the south down to City C, shown in orange, iskind of dmaost a prototype high-
speed rail operation. It's a dedicated high-gpeed rail a 110 miles an hour. We did assumethat a
number of grade crossings would be retained on there, and we learned alot from doing that. It's
not something I'd recommend, but it proved very interesting aswe did it. The last corridor is
wheredl of these services come together. The freight, at that point, basicaly gets off; it's
essentialy a dedicated passenger corridor but with afairly rich mix of commuter and longer-
distance trains operating on it as well. It's probably roughly equivaent to the Northeast corridor
perhaps between Providence and Boston or between Wilmington and Philadelphia, or perhaps
Batimore and Washington-some commuiter, not redly intense commuter activity like New

York, but an intermediate level.

What we've done there is just-1'll throw some numbers out here just to get a better sense of what
these territories look like. Again, the red territory isatypica passenger territory, being a 70-
mile-hour territory with a couple of primary passenger trains, 20-odd freights over most of that
except in the vicinity of the downtown; and right near City A there was acommuter service, a
sort of starter level commuter service & five trains aday. The orange corridor was 110 mile-an
hour with 12 trains per day per direction, no freight or commuter on it; that was the area that had
the four-aspect system. And the remainder of the corridor to City B was 70 mile an hour with 14
trains per direction per day, as well as 16 commuter trains per day per direction on there. We did
assume, on both the high-speed branch and the dense branch, we assumed a form of automatic
train protection: bascdly it'sacab Sgnd overlay, it's automatic enforcement of the cab signd
agoect if you overrun asignd.

As being more representative of some of the nationa experience, the red corridor does not have
any ATP onit. Looking at some aggregete Statistics here, to give you an idea of the Sze of the
operation on each one in terms of the basic metrics, they're roughly the same sze in terms of
interlocking movements, 60-odd thousand per year, about a million—one to two and change-a
million train kilometersin each territory per year; grade crossings traversed, varies abit but
therée's about 148,000 in the western portion of the system, only 43,000 on the high-speed, so
what we did iswe closed alot of the crossings that would otherwise have existed, but we did
leave afar number of suburban and rurd crossings open. We did assume only standard flasher
and gate protection; there was no attempt to look at afour-quadrant or a more advanced grade
crossing protection system in that territory.

Some of the results that Mark aready showed you, again, had to do with rates looking very much
at heavy vehicle crossings being the largest sourceis, in fact, grade crossing accidents. The
overrun end of track, again, were very low speed, and in terms of severity do not have significant
consequences. Overspeed derailments, both for temporary dow orders and permanent speed
resirictions, appear to be afairly rich source of accident potential. The train and track fault

related derallments are o mgjor contributors; as you get down into the head-on collisons
they're not so important. Shifting loads and freight trains were showing up in the top ten; even
though freight trains were only operating on that western portion of the railroad and we only had
two trains aday out there, they managed to get onto the list. And the head- on collison with
commuter train being another aspect of concern.
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A few things to bear in mind, and everybody € se has provided cavests, o | have to get my
caveatsin here too. Expected frequency of grade crossng collisons-what were redly trying to
do is go back into the mode and just take a quick look at what the fact that our grade crossing
collisons increased so much meant, and the sense | redly felt that we had looked at both

70- and 110-mile-an-hour grade crossings. It gppears that for a grade crossing with the same
train frequency and the same highway traffic dengity, that the incidence of grade crossing
collisons would somewhat more than double going between 70 and 110 miles per hour, which
doesfdl in line with the square of the speed, dthough there was nothing in the model to
mathematically force it to do that other than perhaps the physics of the braking modd. But
certainly there was a very marked increase in risk by going up that 40 miles an hour for agrade
crossing with traditional flasher and gate protection.

Frequency of overspeed operation: the violations, in effect, of either the bulletin orders, the
generd orders, or the timetable provisions protecting speed retrictions, either permanent or
temporary-that again seems to be athreat which grows markedly with operating speed, which is
something we noted. Low-speed collisons with end of track were relaively frequent; some of
those, frankly, were probably not reportable in FRA terms. They would be something that people
in reality might not choose to report because of their low conseguences.

Automatic train protection, ATP, does as you might expect significantly reduce the incidence of
train-to-train collisons. When we gtarted looking at thiswith afew other-there were alot of
numbers we could present and | tried to be alittle sdective here. Thisis probably the highest
level of comparison here: thisislooking at accidents per million train miles on passenger main
lines. From this have dready been exempted freight trains, yard movements; ether freight-
related or in terms of equipment moves to and from stations by passenger trains—thisisadl
revenue train miles of passenger operations. And what weve done there is divide it up: | looked
a the 1993-94 FRA accident base, and you do see on that bar—thereis some ydlow, therésa
number of categories of train accidents that we did not explicitly model, that just werent
included in our framework asit's currently built. The largest number of those are in fact grade
crossing collisons with automohiles, which are probably two-thirds of thet yelow bar. Other
reportable types of accidents which redly cannot be strongly linked-1 think you heard about
fires and explosions, we have not got anything in there that triesto in any detall generate the
possibility of causing fires and explosions. But when we look at the difference in remaining nort
yelow, looking a derallments which gppear in sort of a magenta, collisons with obstructionsin
green, and collisons with other trainsin blue-overdl, the very next bar over, the composite
corridor in fact pretty good correspondence with nationwide passenger train operations, the big
exception being the collisons with other trains being lower. And that isredly directly a
consequence of the assumptions that we made about the Sgnd system, as you can see from the
next three right-hand bars, which look at the three territories as we displayed them before. The
onein the middle, A to 470, isthe sort of typicd nationd segment and, not surprisngly, its
breakout of accidents among scenariosis very close to the nationd average, with afair number—
| mean, it's not alarge number of collisons, but alarge number of the accidents, collision with
transis dgnificant, as you heard before; because of the severity of those accidents and the
number of possibleinjuries, it's of very great importance.

What happens basicdly in the other territories is because they are under ATP, the number of
tran-to-train collisons goes down markedly, both in absolute terms and as a fraction of the total
accidents. In the high-speed territory, C to 470, the second from the rightmost, you notice that
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both the number and the share of grade crossing accidents go up markedly, again because the
incidence of those collisons does increase dramatically with speed and becomes the dominant
accident source for the high-speed operation. And findly, the last territory has fewer grade
crossings, therefore grade crossings become a smaller fraction of the totd, but there still are some
in there. Collisons with obstructions becomes afairly large component because now alot of that
track is used in urban areas and suburban areas, areas subject to higher levels of vandalism,
which isdso included effectively in the colligons with obgtructions category.

When we move to look a what some of the differences might be between our results here and
national experience, there are some points that | wanted to make there. In our corridor, again,
amog al primary train movements are under ATP, which is not the case with the nationwide
passenger system in the aggregate. And there were some collision types, as | pointed out, that
were not explicitly modeed, particularly with some kinds of obstructions. Ancther difference
between the composite corridor's vison of the near-term high-speed rail and proposed corridors:
we did not include any improved grade crossing trestments. So were assuming sort of sate-of-
the-practice; there was assumed elimination of sdected grade crossings, but if they did not
eliminate a grade crossing, we kept it in with standard treatment. And again, the festure does
not-the train control system or even the high-speed territory we looked at does not include any
automatic enforcement of either permanent speed restrictions or temporary dow orders. Thet is
something which can be done; TGV and other high-speed lines have afeature to do that, but for
the purposes of doing this particular corridor, we did not assume that that festure was active.

A few more notes on comparing the '93-'94 experience: again, we excluded from our database
accidents that were still under investigation as of the time we got the data. Certain fractions that
we reported for '93-'94 were estimated based on reclassification of individua accidents on the
basis of the cause codes. Some of the train-handling related things we felt we could reclassfy.
Again, we only included some categories, most categories of accidents, but there was that yellow
dice we didn't. Rock and debris collisons are difficult to sort of get a comparison on: we did
estimate the fraction that we felt were causing less than $50,000 in equipment vaue and we
excluded them from what we reported as the '93-'94 results. So if you try to just take raw results
for FRA, youll find there are some differences in our numbers which are the results of specific
adjustments that we did make.

Looking for aminute a how some of the key sub-scenarios compare within the scenarios, thisis
kind of an examination of the collisions with obstructions. Looking at the three or four

categories that showed up most strongly in our results againgt nationwide practice, we basicdly
found that snce we only had freight in the westernmost portion of our system, that was the only
place where shifted loads showed up as afraction of the tota, which was a sgnificant fraction of
total accidents as we estimated them there. The high-speed branch collisions with heavy vehicles
totally dominated the collisons with obstructions. There was till asmal amount of

maintenance away, and dmost vanishingly smal rock debris possbilities there,

The 470 to City B, again because of the number of grade crossings in there, they redly swamped
al the other forms of accident in there. The composite corridor as a whole showed essentidly
the same shifted load fraction as the nationwide database. What didn't show up so strongly there
was maintenance away activity, and rock and debris; and again the '93-'94 number contains
probably alot of impacts with rock and debris which would not be sufficient to cause injuries.
And maintenance away activity: again, dl our territory that we looked at did have the ability to
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enforce atrack block through the signa system, which is not true of alot of territories
nationwide, which iswhy | think that shows up as non-negligible in that scenario.

Looking very briefly, just sort of as avalidation check, looking at the fraction of collisonswith
vehiclesin highway grade crossings, | did compare the FRA reported impact speeds or accident
speeds with our moddl, and | think we got a satisfactory basic match with that. We did not have
any-| think the one difference was we did not consgder any commuter trains as our primary
trains, and in fact the commuter trains are probably operating or are going to account for some of
what's going on around the 20-meter-per-second neighborhood. Basically our trains are ether
going faster than that or are in the terminal areas going dower, but there seems to be pretty good
agreement- plus we have red true high-speed rail in here a 110 and there's not really any grade
crossing at that speed in the nationd database. So basicdly the basic shape of the digtributions
seem to be agood match, and the differences that were there we felt could be explained in terms
of the assumptions we make.

Looking briefly at derailments by cause in asimilar way—Ilooking at afraction of the estimated

or actual numbers-overspeed derallments being a significant fraction of the tota but basicaly,
except for the high-speed corridor, being pretty close to the nationwide; track-related, again,
being generally comparable as afraction and so | think if you took the average of our three
territoriesit would be very close to the nationa, with the exception of the overspeed, which again
we get into a high-speed corridor with curve restrictions and very high-speed territory. I'd
suggest that automatic enforcement of those speed restrictions is probably a pretty good idea,
because we did see that source of accidents growing significantly with speed.

Anacther quick look at the collison areathere: asmilar type of andysis with some significant
differences there, again, which redlly can be related to the traffic we assumed was there. Our
dtuation on the typicd western, if you will, or long distance scenario there being alot of the
collisons are of course with freight trains, they're rdaively unlikely in that smal commuter
territory we had, and train-to-train among the passengers actudly being afairly sgnificant
possibility. So you see, where there's nothing €lse operating but that high-speed branch, of
course dl train-to-train collisons are between high-speed trains. Looking &t the 470 to City B,
there's so much commuiter traffic in there that in fact they account for most of the train-to-train
collisons. When we take our whole composite corridor—we didn't set it up, we tried to make it
broadly representative of nationd experience-when you add it dl together, the breakout by type
of train impact, it isfairly close to the nationa breskout.

At this point you'll be hearing more-let me address afew conclusionsfirst, we have this one.
Again, basic conclusons We fed we have a comprehensive methodology that has been worked
out for most accident scenarios. There are afew exceptions, but it does dlow usto assess the
collison frequency for a particular territory. One has to develop al the operating assumptions
and dl the basic metricsin order to begin processing those numbers, but we do have a method.
Some of the unique features of that method are the use of the basic metrics; breaking down the
railroad operation into eight or ten specific operationd datistics, and the fairly detailled modding
of the sgna and braking and warning time processes that are involved. So we fed that thisisan
effective methodology that can get us to the point where we can get accident frequencies out and
gart looking at severity as anext piece.
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Some other observations there: the predictions generdly agree pretty well with the nationwide
experience when we combine al three of our segments together and look &t the aggregate result.
Coallisons with heavy vehicles a grade crossngs do seem to redly stick out there as athreat, and
that doesincrease substantialy with speed; ATP, not surprisingly, does seem to reduce the risk of
tran-to-train collisons pretty substantidly. At that point, with numbers on the risk, we're able to
go into the severity side of it, which will be addressed by the people from SRI tomorrow. And
with that thank you; | guess we're ready for questions. [Applause]

MR. DORER: Any questions before we take a break and have the pandl discusson?

MR. SONG SING: I'm Song Sing from the AAR. In one of your dides where you showed 300
fatdities out of atota of 444 in the speed range of 70-74 miles an hour, and at the high speed it's
amuch smdler rate. In your dide you are saying al things being equd, that's how the andysis
turns out. I'm just wondering, is it because when you do the regression that you don't have
aufficient data at high speed now, or involving such asmdl....

MR. ALLEN: Let'sseeif we can find the dide... Is that the one? Y ou mentioned 444, that was
this one, right?

MR. SING: Yes.
MR. ALLEN: Sorry, your question again.

MR. SING: I'm just wondering what's the explanation for such asmall number of high-speed
versus 74 miles an hour.

MR. ALLEN: Okay, the basic reason for that is the corridor has 400 and some odd miles of 70-

mile-an-hour operation without ATP out of a segment to the west; whereas dl that high-speed
operation at over 70 miles an hour occurs with automatic train detection lines.

MR. SING: But if you are projecting this...
MR. ALLEN: Do we have the wrong viewgraph?
MR. DORER: Grade crossings.

MR. SING: It's the other one.
MR. ALLEN: The 444 number | heard, let's go back to this one, then.

MR. DORER: He wants the other one up because the grade, you're moddling something at the
lower speed; a the high speed you're likely to have more e ements.

MR. ALLEN: Okay, as soon as you leave the accident frequency area, you are leaving the area
where I'm best familiar with results. | think in generd that the fatalities per collison, or the
fatdities per collison, are going up with speed, and whether that correction is exactly what it
should be or not I'm not in a position to discuss. It's the percentage of collisons; the fatdities are
not going to go up with speed, because the number of collisonsis different.
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MR. ALLEN: Right, the absolute number. Again, to redlly have timeto look at the Situation at
the lower speed, you've got two injuries for 12 percent of the accidents, you've got 42 for 35, so
thisis only one-sixth; hereit's one, hereit's more than one, here's one-haf. So the severity does
increase with speed, but the absolute number of accidents depends on both the severity and the
frequency of accidents.

MR. TOM LEWIS: Tom Lewis, from British Rall England, again. Now | don't want to make a
speech, but we're doing risk assessmentsin the U.K. aswell, and were doing them in avery
smilar way to the way you're doing them: we're trying to split down the type of accidents you can
get in such minute detail and such a frequency for each possible occurrence. Thefirst question |
would liketo ask is: you say you've tried to some extent to base it on hitorical data, but have you
taken an actud line within the U.SA. and modeled that using your techniquesto seeif you come
up with the same answer? Because it seems to me thet is the only way that you're really going to
vaidate thismodd. The second question is: looking at that dide, our experience is most of our
running in the U.K. is about 90, between 70 and 100 miles an hour; most of our accidents occur
below 40 miles an hour. So line speed and accident speed are not related.

MR. ALLEN: Wdll, they're rdlated. This is the speed at which the accident occurs, not the line
Speed.

MR. LEWIS: That'sright, and I'm surprised that a 70-mile-an-hour track—what you have, you
have three types of lines you have high-speed lines, which are very well protected, and you have
no accidents- TGV in France, Shinkansen; and you have normd lines, where you've got
intermixed running, and you have quite a number of accidents, and my position would be that
those accident speeds are far too fast.

MR. ALLEN: If you're talking about a British nationd average, | think you're taking in alot of
more or less locd workings that are not in the-this is representative of intercity passenger

sarvice by North Americans, probably the average stock is 50 miles and dl fairly consstent, this
isacomposite corridor. And your other point isthat it would certainly be very interesting in
modeling an actud corridor, youd think that weld come close to what the nationa aggregeate rates
are when we look at our aggregate corridor. Yes, we certainly would like to be able to apply that
to a specific corridor of some size and see how that compares.

MR. LEWIS: | wastaking about intercity lines aswel. We have very few accidents for 40 miles
an hour on intercity lines

MR. ALLEN: Offhand | don't have an immediate reaction as to why that might be the case, but |
know that when we compare-this is the one with the grade crossings, but again when we look a
peeds that are againgt the nationa aggregate, when we look at the distribution of speeds at times
referring to the aggregate of the accident, in fact we get a pretty good match. It may be that the
United States has more, or North America has more higher-speed accidents than the U.K. does,
butl...

MR. LEWIS: Grade crossings are easier to modd. My third question is: have you discussed
these findings actudly with the people who operate the railways? Let me give you an example.
Lagt winter we had a very severe winter in Scotland, and the end of track stops at Glasgow
gation. Our water, hydraulic water failed, and they all froze, and so we had to do arisk
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assessment asto what the likely possibilities were in terms of increased accident frequency. And
the risk assessmert recommended that if the platform was empty a 10 miles an hour instead of
50 miles an hour, the risk would be a tenth of what it would be a 50 miles an hour, and therefore
we could get away without making these buffers. All that in fact hgppened isyou have ajoint

that would bresk later when they came into the station, so the risk is exactly the same. These are
the sort of factors which when you apply pure physics and common sense you don't think abot.
And | would ask you if you'd actudly discussed these with the operators and with drivers and this
sort of thing.

MR. ALLEN: Weve not got to the point of looking a details operating at that leve. | think that
inthat particular case of the Scot terminds, there are alot of other visua cues that you're coming
to the end of the track that you probably could not explicitly model in a great detall. That's one
of the sub-scenarios where | think there are some additional factors that contribute to probably
lowering that rate in terms of the assumption there was essentialy that you're depending on
waysde sgnds and/or path Sgnalsto give you that indication, or in fact as you come into the
gation, in through the termind area through those interlockings and turnouts and actualy get

onto the station track platform and whatnot, that you're going to have a much higher likelihood of
recognizing that as a place where you have to bring yourself to abig stop. Asfar as getting down
to exact points, where somebody makes a brake application of what magnitude, we've not tried to
address that now.

DR. SNYDER: I'd just like to get back to your question about the distribution of collision
peeds. That's head-on collisons with al other types of opposing trains, which have different
braking characteritics, and since the modd does have a detailed representation of the braking
process at different times as the trains are coming together, when that data is broken gpart and
presented individualy, you might see the type of relationship that you were asking about. That's

an aggregate.

MR. ALLEN: A territory that might be temporarily dark, for instance; again, that's another
corner of the areathat weve not delved into, so again that might contribute possbly to some
accidents in the lower speed ranges that might occur.

MR. DORER: The question | had probably for Duncan was given that it sounds as if you used
the FRA accident data to validate the mode or the assumptions of the model, could you step
through one example of how you developed your accident frequency with some specific
numbers? I'm kind of confused asto....

MR. ALLEN: Wdll, I'd have to bejudicious in choosing afairly smple one, | guess. In cases
where we did have to rely on the actua accident frequency, | think some of the collisons-let's
look at the grade crossing type collisons. We in fact took from FHWA alot of detailed dataon
the digtribution of traffic by type of roadways. So in fact what we did islook through alot of
corridors, look at the actual roads that were crossing a grade, got the digtribution of the average
road traffic and the speed that would be operating there, then looked for a basdline, looked at the
upper edge accident crossing prediction formulato again reate that to the number of possible

encounters.

We knew roughly what we expected the result to be based on the accident prediction formula
We then exorcised the mode of warning times to estimate the fraction of potentid grade crossing
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accidents, those ingtances when there would be somebody-say a heavy vehide-stuck on the
grade crossing to hit, using our modd to estimate the fraction of time that you wouldn't hit it
because you would have had adequate warning time or it would have been cleared before the
train got to the crossng. So at that point it involved coming up with our estimate; in effect, we
tuned the warning time modd so that it would in fact get arate which seemed to be
representative of the national accident datarate. That involved doing alot of bresking down the
FRA daainto fairly smal categoriesin terms of operating speed range and then comparing that
to what the expected digtribution of traffic was. So alot of it had to do with looking at
conditiona probabilities.

MR. DORER: That will be covered in areport that'll be available in sx monthsto a year,
depending? It's going to be a published report. Yes. Right. Okay, | guess we're now ready
for-are there going to be refreshments outside? Okay, so we have about a 15-minute bresk, so
we could tend to back around 10 of 3 or 15 minutes from what your watch says now for the pane
discusson. Thank you for dl the presenters. [Applause]
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Collision Risk Panel Discussion

BOB DORER: We have in addition to the pand amember you haven't heard from yet today.
Wéll, you've heard from him, but he hasn't been formaly introduced. That's John Bell, who's
program director of High-Speed Train Setsat Amtrak. And he's respongible for directing dl
agpects of the acquigition and design of high-speed performance train sets for service on the
Northeast Corridor. Prior to joining Amtrak, Mr. Bell worked as a consultant in the areas of
Corporate Strategy, Transport Operations, High- Speed Rail Planning and Implementation,
Trangportation Networks, Organizational Assessment, Contract Management, and Privatization
Planning, both domesticaly and internationaly. He's also been Vice President and Generd
Manager of the Buffalo and Pittsburgh Railroad, and Termina Superintendent for the Southern
Pacific, and even a maintenance foreman for the Mongehdla Connecting Railroad. And hewas a
Strategic Planner at Conrall.

Mr. Bell recaived a Master of Business Adminigtration from Harvard Graduate School of
Business Adminigration, and a Bachelor of Sciencein Civil Engineering from Carnegie Melon
University. He is currently active in the American Railway Engineering Association and the
Trangportation Research Board.

So | think what well do to start things going, 1'd like to offer the opportunity for the various
panelists and presenters to fire afew questions to each other, and then well openit up to the
floor. So, does anybody have afirst question? If not, we can aways open it up to the floor and
the questions can be fired later.

JOHN BELL: I'd like to toss something out to Frank that we didn't ask before. I'd like him to
elaborate on the smilarity of design issue that he started on. | think it's one that deserves afair
amount of discussion beyond the smple point that he made. And I'll gart by saying I'min generd
agreement with the concept.

FRANK CIHAK: Wdll, the more differences that are required to be compensated for by design
features, obvioudy the more complicated things get. In our business, the units of mass here are
vadtly dissmilar between locomotives and passenger cars. Wherein rapid trandt, where the cars
are essentidly sdf-propelled and dl weigh about the same, it's much smpler. And | think at the
end | sad that where design becomes dissimilar, our problem becomes much more difficult, and
we should therefore seek, when we particularly when we design or contemplate changes, we need
to carefully consder how a changed vehicle that is going to operate with other ones, what the
effects of those changes are.

BOB DORER: Wdll, let's open it up to the floor. Are there any comments, questions that people
would like to propose? Y es?

STEVE SOLTIS: I'm Steve Soltis with the FAA, and I'd like to echo that comment, that Smilar

designs make alot of sense. And one of the ten summary points | think that was presented by

Mr. Frank Cihak | believe was the name, one was he made a comment that crashworthinessis

after the event. And | hope that's understood what is meant by that. And it's not considered after

the event. Crashworthiness should be considered up front in the design, and trying to keep the

crashworthiness aspects smilar. It was mentioned in the CTA carstherés alot of thought given
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to crashworthinessin theinitia design; | think it proved very successful. Soin theinitial desgn
stages, you can get alot for your money when you're considering crashworthiness.

FRANK CIHAK: What | meant about crashworthiness after the event meaning that the operation
of those features only occurs after we've had an accident. And | want to emphasize that we
should be preventing accidents from happening firgt, and with our highest priority.

STEVE SOLTIS: | agreewith that. | just wanted to make sure that after the event is understood.
It's that inner concentric circle that was presented by one of the other presenters.

FRANK CIHAK: That'sthelast line of defense, not the firgt.

RON MAYVILLE: Ron Mayville from Arthur D. Little. Weve heard this morning, or dl day, |
guess, the accident information and risk andlysis. What | haven't heard yet, which | was kind of
hoping for, is how well use dl that information to design for crashworthiness. In other words,

now that we have that, what scenario or what conditions do we choose for designing crashworthy
vehicles. For example, | think well hear tomorrow morning about the use by British Rall

Research of the 40-mile-an-hour closing speed collison. And I'd like to hear some comments, |
think, from the panel about that.

JOHN BELL: To paraphrase alittle bit of the work that ADL did for Amtrak ayear and a hdf
ago, thisisthe study that Alan was quoting from. It was used to identify how much of the risk
had been mitigated by invesiments in Sgnaling systems and upgrades in track and structures, to
offset the risk that had been created by higher-speed operations and a higher density of
operations. Alan made acomment that | hope you'll pick up on, that in the end one of the mgor
conclusons was it was the dengty, not the speed that was driving the risk in the corridor.
Because at the time, we were doing the anadysis around the projected operations in 2010, which
included such things as | believe dmost a doubling or atripling of the MBTA operations, a
sgnificant Connecticut shoreline operation, the P& W projections based upon their most
optimigtic forecast: al those were getting dumped into the dengity, and that density was driving
risk up and the risk was requiring grester mitigation. Over on the environmenta impact sde, the
same thing was going on. That dendty was driving controlling noise, controlling vibrations. To
the extent that we project growth, we project risk, or project problems. And Alan, if you want to
pick up on the dengty question?

ALAN BING: Yes. I'd like to actualy add a couple of thingsto that. Firdly, one of my fedings
isthat dendity isvery important. The higher the density, the more exposure you have to potentia
errors or failures causing or leading to an accident. | don't think that has been examined enough.

| think Fosterman and their colleagues got into it to some extent in the most recent presentation,
but it deserves alot more effort. That is not answering Ron's question, which is, "What do | have
to design for?' I'm afraid my answer, at least at thisstage in dl that | and other people have
looked at thingsin asimilar way have done, iswe don't know yet.

What we can do is jointly work through an assessment of different crashworthiness srategies,
how much they might cost to implement, and how much benefit you get out of them. We on the
risk assessment side can certainly tdl you, if you can give us this performance, heré's the benefit.
And we ought to examine two or three dternatives of those and home in on the one that seemsto
offer the best compromise between benefit and cost. And the best way of meeting our overdl
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gods. Because | dont think there's any one performance requirement we can say, "Here, you
must insure survivability of thiskind of accident at this speed, and then you've doneit.” | think
that's something to work towards, but we can't tell you what it istoday.

DUNCAN ALLEN: Mr. Cihak remarks at one point did not seem to spend alot of time talking
about the track and equipment-related derailments, which are afactor but again don't necessarily
result in quite the same severity or injury impacts. What it gppeared to usto look likeis that
looking at nationd rail satistics asafunction of dengty, across the board, the collisonsare a
fairly smdl fraction of accidents, but that does seem to grow noticeably when you get into the
40/50/60-train a day neighborhood. Thisis on theralroad sde. And my guessis, and maybe
Frank would comment on this, that when you start talking about rapid trangt at 150 or 200 or
250 or something, that collisions become a much more sgnificant fraction of the total ?

FRANK CIHAK: | don't know if | ever looked at it that way. | don't think you can tolerate many
collisons on arapid trangt line, even if it runs two or three hundred train movements a day,
which rapid trangit operations do every day. You just can't have lots of those.

DUNCAN ALLEN: Well, yes, I'm just curious about the derailment-to-collison ratio in the
senseof its....

FRANK CIHAK: Wdll, rapid trangt tracks are in pretty good shape, and derailments, other than
those which occur in yards, are dmaost unknown.

THOMAS PEACOCK: Ron, back to your origind question: How do we use dl this uff to
change designs to make improvements? | think we have a credibility problem in that if you say
build a passenger car so that it has a 800,000 pound end strength, that's pretty easy to verify. You
just squeeze some substructure 800,000 pounds and demonstrate it. When you give them a
requirement that says, "Keep the passenger acceleration to some level in a certain accident
scenario in the occupied compartment of the train,” how do you prove you've donethat is a
problem. And you can run amode, put together some of the models that people here have
developed, and it shows, yes, the acceleration of the passenger in this high-speed collison was
less than some head injury criteria, but therés alot of peoplein therallroad industry who are
from Missouri, and they don't believe the modds, and it's a show-me kind of Stuation werein.
And it'sa hurdle we need to get over, | think, before we can really make use of this kind of
information. Isif you can't do asmple test to demondtrate it, we don't want it. If you have to go
through alot of andysis that's too hard to do and we don't necessarily believe it, isthe problem in
thisindugtry.

DUNCAN ALLEN: Tom, you kind of beat me to the punch here. When Ron brought up the
issue of what do you design to in your talk this morning, you were taking about a proposed
sructura design basis for passenger cars. Could you talk about what the Satus is of that? And
what that will be based on? Because in effect, won't that govern future car designs?

THOMAS PEACOCK: Yes. Just recently, within the past week or o in the Federa Regisiry,
there was published an advance notice, and it discusses the proposals the Federal Railroad
Adminigration made and the fact that an industry group has been put together to take these
proposds and try and modify them to make them more tolerable to the industry. We have two
efforts ongoing right now. Oneisfor high-gpeed trainsets, over 125 miles an hour, and working
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largely with Amtrak. And it looks like the requirements will kind of track Amtrak's system
specification with their builder. It1l be based on that. That's where the high-speed requirements
will come from.

The requirements for the more conventiona equipment that travels at dower speeds probably is
going to be based on some of the work that AFTA is doing to develop industry standards. AFTA,
over the last month, has been working red hard. They kind of owe us right now aresponse;

when we put out our proposal, they're going to make a counter-proposa, and well probably
negotiate from there in these passenger working groups. But | think by September or so, these
things need to be nailed down and garting to get into the notice of proposed rulemaking phase of
the process we have to go through.

BOB DORER: Yes, Herb?

HERB WEINSTOCK: Herb Weinstock, VVolpe Center. And Ron had a question that people keep
on posing: What isit | haveto do? And that's redlly not necessarily the question. The first part

of the effort that we started to describe was the question of, "Geg, if we leave things the same, or
we leave things with these representative systems, how many people are we going to kill?" If

this becomes a horrendous number, that's definitely unacceptable. The other Side of the question
becomes one of, "What is it that we know how to do? What is it that we know how to design
for?' Soin terms of what the English had done was, "Here, I've got a design that will make the
40 miles an hour. I've done my risk andysis, and lo and behold, the accident history. 1've saved,
in theory, most of the people | would have killed. On the other hand, it cost another nicke or
another ten cents per, and they could have handled a 50- mile-an-hour closing speed with that ten
cents if they knew how, they would have doneit." The chalenge on the design sSide, or the
guestion on the design sde is, "Where are the limits of what we know how to do on design?’ On
the risk anayss Sde, "How important or how imperative isit that we get adesign to achieveit?"
And both e ements have to keep working together and have to keep going back and forth. So if |
tell you thet it costs us a dollar to increase the speed survivability from 40 miles an hour to 80
miles an hour, you're going to say, "Herb, go spend the money.” If | tell you that it's going to cost
you twenty hillion dollars, you're going to say, "Go away and don't bother me." But what we
need isthe information. And I'm hoping that our participants tomorrow will be ableto tell usa
little bit more in terms of what's doable in terms of design. And how far away, wheat the
engineering uncertainties are, and what the engineering possibilities are.

HOWARD MOODY: Howard Moody from the AAR. Thisisto any from the FRA. Are you
doing arisk mitigation analysis with any of your NPR andysts? In other words, are you faling

in the same trap that you fal in when you come from the other direction of your performance
gtandard you were talking about, in that you are proposing a standard without knowing what the
risk isthat you are building?

GRADY COTHEN: Probably, Howard. On the other hand, we are funding most of this research
that you're hearing reported from the point of view of the U.S. R&D community. Specificdly, for
the purpose of understanding the context in which we are regulating, providing tools to conduct
such anadlysis. We were at the center last week looking at an andyticd tool with regard to
digribution of collison risk on the nationd rail system; well be back on Monday.
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| think that another point, perhaps, that's pertinent, isthat risk assessment is useful to the extent

that it refines one's understanding of hazard. Unfortunately, when you look at the issues of

national applicability, we have adequate epidemiology to be able to predict risk from prior
outbreaks on a gross level. More difficult issues come when we start varying our assumptions, as
was the case down the North End with Amtrak, where reasonably sophigticated work was done to
look at what happens when we start varying those assumptions. We have those opportunities, if
we have the tools available and they're well-honed, to do similar analyses in other Stuations.

And wewill.

To me, one of the benefits of this kind of work is to have pointed out from a number of different
directions that the risks are manifold and one can isolate them, determine whether they can be
dedlt with or not independently, as opposed to with regards to the subject matter immediately at
hand. And 0, you can look at what the opportunity cost is of not making an investment over
here.

Amtrak, when it looked at the North End, immediately said, " Thank goodness weve aready
determined that we want advance civil speed enforcement, for instance, and positive stop features
in thet territory where the densities were going up." And that decision had been made before the
risk assessment was done. But the risk assessment very clearly pointed out the wisdom of that
decision. It dso pointed out the congestion in termina areas, and as the planning goes forward,
Amtrak knows that it has to focus on discipline in terms of termind operations, and Amitrak
knows, FRA knows thet it has to follow-up.

Another pertinent comment, perhaps, is that whoever gave FRA the ability to consider overal
risk anyway? FRA has been under the gun with respect to one statutory mandate or another,
essentidly snce Chase, Maryland. And one of the difficulties with reguleting in this environment
isthat you're taking the next project in line based on the statutory deadline that's coming up,
rather than stepping back and looking at, on a systemslevel, what should we be doing. Again, |
think the good news is that we're hopefully assmilating some of the learning that's being
generated by the research. And as opportunities present themsalves, well be adleto act
respongve to that information, positive train control being one of the areas that may or may not
at some future time be ripe for mandatory action from the standpoint of a regulator based on
benefit cost andysis.

That'salot of talk, Howard. Did it even respond at al to the question you asked?

HOWARD MOODY:: | just wanted ayes or no! [laughter]

GRADY COTHEN: Yes. You know better than to ask me a yes-or-no question, Howard!
GEORGE NEWMAN: George Newman from the Brotherhood of Locomotive Enginears, the
Massachusetts legidative board. And I'd like to convey the greetings and regrets of our Vice
President, Leroy Jones, who had another commitment. And I'd like to applaud the efforts of
everyone here to make locomotives and control cars crashworthy, because that can save the lives

of our members. We concur that prevention of accidentsis certainly the first line of defense;
let'stry to diminate these accidents before they happen.
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In line with that, the BLE has long advocated safety measures such as poditive train separation.
Weve advocated |ooking into the work/rest cycles of locomotive engineers. Fatigue is a mgjor
incident in many of these accidents, amagjor factor in many of these accidents. Asyou said, Mr.
Cihak, itsrarely one event that leads to an accident. There's a human being at the throttle, for
some reason, no locomoative engineer sets out to roll by ared signd, or to plow into the rear of a
train ahead of him. There are other factorsinvolved.

Fatigue is one mgjor factor that has to be addressed. The Canadians are a step ahead of usin this
regard; they've done a great sudy recently on studying the work/rest cycles and carrier caling
procedures for freight pool engineers. And they even set up a divison where they implemented a
whole new set of operating rules, where they alowed crewsto pull into sdings to take rests.
They could radio ahead to the dispatcher and say, "Gee, | think | need alittle nap," and they'd
alow them to take alittle nap. Y ou know, innovative procedures such asthét....

But again, it's been said that the human error seemsto be amgjor factor. And weld like to
eliminate everyone of those. Those are our members, their families; we represent them. We

don't want to see anyone hurt ever. But let's, we urge the industry and the FRA to help us give
the locomotive engineer dl the help you can give him. Were dl human, we dl make mistakes,
unfortunately, when alocomotive engineer makes amistake, he's ether killed or maybe there's
serious property damage. So but we gpplaud your efforts, and well pledge to work with you any
way we can. But were not bad guys, an engineer that rollsby asignd is an unfortunate
character. Let'stry to see that doesn't happen.

FRANK CIHAK: I'd just offer two comments in response. First of al, thanks very much for
stepping forward with those remarks. Secondly, FRA has on file a petition from the Brotherhood
to dedl with the issue of Sgnals and train control, particularly with respect to redundant or
additiona approach sgna and traffic control territory consideration of postive train control
sysems. And | think that it's no secret, it should be no secret that that's an issue very much to the
fore of the Federd Railroad Adminigration. Fatigue issue as wdll; we were indrumenta in
getting an authority for pilot projectsinto the 1994 legidation that would be smilar to what's
been done up in Canada. And indeed, one of the eastern roads is considering using the same
consulting outfit that's also done work for us, that did the Canadian work, aong with the
operating employees and railroads in Canadato do a pilot project in this country under operating
conditions in the eastern United States. And we encourage that.

And then, finaly, as we move this discusson forward over the next two days, what if, best
efforts notwithstanding, we do have an accident which can certainly occur today in cab signa
territory, with automatic train control, particularly where there's a derallment on an adjacent main
and engineer rounds the curve and theré's an obgtruction in the way, or rounds the curve and
there's one of those lowboys on the grade-crossing. One of the big issues, probably the $64,000
guestion here in terms of how much further we ought to go, is a question regarding the degree to
which we can indill confidence in employeesin those last resort Situations, that the crash refuge
being provided is one that's reasonably secure, taking into consideration the crash exposure, the
threat of fire from diesd fuel, and any other factors that may obtain in that scenario. If you can't
convince employees to stay in the cab, there is no reason to spend enormous amounts of money
improving that cab. And | mean, | don't know the answer to that question, and | do know that we
will not come to an answer to that question without very careful consultations with railroad
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operating employees who live and work in that environment every day, and incur these risks on
our behdf.

BOB DORER: No additiond questions?

STEVE DITMEYER: By asking a question, that means | don't have to answer it. | asked a
guestion earlier about nationd differences, nationd datistics. And | guess that remains an issue
that is of some concern to me. Sx months ago | visited Jagpan, and meeting with people from JR
Weg, they said to the FRA adminigtrator Molitoris and mysdf, "We are putting our money into
crash avoidance techniques,” and by crash, that would be both collison and deraillment avoidance
techniques, "rather than putting money into crashworthiness and other effects, other items that
would mitigate the effects of accidents and deraillments.” We know that over in Europe, the UIC
standards for passenger equipment are less stringent than those in the United States. And again,
I'll throw over to the pand of experts over here who gave presentations today, the question, "Isit
the severity of the accidents that's different in these countries?' "Is it the frequency that's
different?" "Is there amatter of national attitudes that has an effect on these different
approaches?’

I will end my comments by saying that | was for many years an advocate for having lighter-

weight passenger cars; cheaper to build, easier and cheaper to operate and so on. However, a the
Chase, Maryland, accident, the son of a good friend of mine wasin the lead coach. He survived,
smply because that car was built very solidly and withstood the crash. So | have backed off my
drong fedings on this, but yet, | sill wonder about the nationd differences. And would any of

you care to address that?

DUNCAN ALLEN: Wél, let mejump in. Firg, | think some people who are involved in other
countries probably have their own observations. Asweve said before, you brought up both
factors, therés multiplication involved. So whenever you have arisk times severity, they both,
smdl changesin each, depending particularly when they're both fairly smal numbers, can have
dramatic differences. | think there has been very definite differences in the sort of nationa
psychology or gpproach. What | find very interesting, my guess would have been, up to afew
years ago, that on average, Western Europe and Japan were putting more of an investment into
track inspection and other areas which would reduce crash risk. And I'm curious whether there's
a perception now, as we move towards separating those former Nationa Railroads into business-
like operating units, some of which they're dedling with maintenance away and some of which
are doing maintenance of equipment, whether that islikely to change.

ALAN BING: Could | just leap in and make afew comments, having observed, certainly there
are amilarities and differences between Europe and North America | cannot spesk very much
about Japan. Certainly, based on the numbers, the safety performance of passenger railways or
raillroads in North America and Europe are not draméticdly different from each other. Therisk
you face as a passenger riding in certainly anything other than a dedicated high-speed line, or a
train on a dedicated high-speed line, in recent years has not been terribly different. | think it's
true that there was afocusin Europe on automatic train protection and smilar systems. Those
sysems are expendgve, as| think my former colleagues in Britain have found out. And what's
more, accidents, particularly in the U.K. and France, have focused attention on crashworthiness,
the TGV that hit the large piece of machinery on agrade-crossing and the Clapper Maximate in
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the U.K. both resulted in much grester focus on crashworthiness in those countries, despite a sort
of prevention orientation.

And | think the lesson in that for dl of usisthat it's very hard to diminate accidents, and at least
some measure of effort has to be devoted to crashworthiness, the survivability part of the
equation. | aso suspect, and | think this is where Steve is coming from in his former life with the
Burlington Northern interest in ATCS, that the capabilities of eectronicsin communications are
sooner or later going to make the prevention awhole lot easier. | think the industry legped into it
afew years ago thinking it was probably going to be a bit easier than it turned out to be. But that
doesn't mean a second look in afew years time might yield much more effective results. And |
think the industry's beginning to head that way. With great berefit to dl of us. | don't know if
that helpsto talk to your comments at al.

BOB DORER: | have arather specific question that maybe will help spur the discussion on risk
trade-offs versus crashworthiness. And I'll use an example, and if | don't have the facts exactly
right, plesse correct me. Talking about the American FHlyer, and if | understand correctly, it is
now designed, or to be designed, with high-platform exits only. And that has to do with the
dructura strength at the end of the car. That obvioudy has implications on emergency, not
necessarily preparedness, but emergency responsg, if you need to evacuate the train. I'm not
saying it'seasier or harder, but it's different.

During that cycle between an operator and the regulator, was that risk trade-off made, or wasiit
just sort of, how was it made? It obvioudy was made. And do we need to make progress on

making that kind of arisk trade-off more understandable and trackable for future efforts?

JOHN BELL: I'm not sure | envison the use of trap doors as part of an emergency egress
system. In atrue emergency, the ingtructions are to open the door and to depart the train. There
are no ingtructions to open atrap door, so the two are unconnected.

THOMAS PEACOCK: The aircraft industry has an emergency- preparedness requirement that
the aircraft hasto be evacuated in, | think it's 90 seconds. In the railroad industry, we say it hasto
have a certain number of emergency exits. We had some discussions that maybe we should go to
a performance-type requirement that the entire train has to have enough exit capacity to be
evacuated in some minimum time. And that minimum time maybe should be tied to some kind of
afire-prevention or fire-resstant capability of the train, thet if the materid in thetrainis desgned
to withstand for 60 or 90 seconds some heat level. We had discussions about maybe thisisthe
way we should be going. We haven't specifically done it yet, but weve talked about it. But maybe
rather than just requiring four window exits, four window emergency exits, we ought to say,

"You, Industry, design the exits, but show us you can evacuate your train in 90 seconds, or some
other reasonable time.”

FRANK CIHAK: The NFPA 130 requires the floor to be resistant to pretty substantial fire-
loading for 30 minutes. So that's essentialy cars that don't have any fuel other than the dectrica
components. So I'm not sure that an evacuation time when the mgor separaion is built into the
car of 30 minutes, makes alot of senseto me. Ten-minute evacuation for acar shouldn't be any
problem with one exit.
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JOHN BELL: Aswas pointed out earlier, where are you going to evacuate to? Because dl too
often, these incidents occur in settings where the evacuation of the train isthe last thing you
want. Y ou may want people to move to adjacent cars, which is Amtrak'sfirst ingtruction. So to
make it too Smple and too direct to egress to an adjacent live track or off of astructure isredly
not a controlled egress e all.

GRADY COTHEN: Just to punch it once more, snce | have to answer this question in Silver
Spring on Friday, maybe I'll get ahead start. Again, our experience in looking at some of these
accidents is that very often, the method of safest egress is through the train to another unit of the
train, that isin amore secure location. One of the issues raised by NTSB was situations where
passageway doors are inoperable. And we think that's a legitimate question to raise. They've
suggested either kick pands or glazing that would be easily removed in a dire emergency where
the norma means of egressfailsto function or egress to that location wasn't gppropriate. We
think that's worthy of exploration, and are encouraging APTA to, in fact, explore those options
aong with us. Aslong as we're talking about passageway's through the train. The issue of quick-
release on automeatic doors is dso worthy of discusson, and dong with that, an appropriate
packaging of those releases so that they're not used casudly by passengers. And weredso in
active discusson about that, and will be for the next couple of months, | think.

BOB DORER: | guess that was a bad example question, given that you dismissed it
immediately. Maybe amore general question, from the process of balancing risk versus
crashworthiness, do you have any lessons learned for future endeavorsin that area? Because
obvioudy decisons were made.

JOHN BELL: Who isthat question directed to?

BOB DORER: Anybody who would careto... I'm just thinking that the most recent example we
have of experiencing this effort to firgt try to dedl with risk and mitigation and different cregtive
ways of dedling with the design of the train set was the American Flyer. There are some good
experiences and probably some good lessons learned as to how to proceed.

MARK SNYDER: Wel, | see some gentleman from Bombardier in the audience. Perhaps they
might want to make afew comments? [laughter]

BOB DORER: While he's coming to the mike, I'll say theré's one thing we should do, and that's
Sart earlier.

FRANK DUSCHINSKY': Frank Duschinsky from Bombardier. Maybe | will answer the
question with a question. And basicdly, weve seen a number of presentations where pieces of
puzzle were presented, but somehow | would say it was missing the clarity what we seeiin, for
ingtance, from our English colleagues or French, where the logic is rdaively smple: you do the
study of historicd data, and evaduate it, come to some conclusions, and eventudly get on with
certain levels, and experimentally proveit or don't prove it, or whatever. But as an end result,
thereisa certain levd of crashworthinesswhich istested, and it isnot redly alaw, butitisarule
or aregulation.

For the American Flyer, the specification tried very hard to bring some clarity into this process.
And | think that was appreciated, and we're going to discuss about it tomorrow. The question
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would be: The studies what were presented just before, what are the conclusions? And what are
the scenarios and what would be the approach one would take? And what would be the logic, for

instance, to decide what to do for Tier One and what to do for Tier Two? | don't know if
somebody will teke it?

ALAN BING: I'll try and say few words. Probably the study that we did for Amtrak on the North
End of the Northeast Corridor wasthe, if you like, the most directed effort in risk assessment
that's been done recently here. And there we did ddliberately set out to compare conditions as
they are today and as they would be with the proposed high-speed train service and other changes
to the corridor. Compare the risks and say broadly what you had to do to make sure that the
safety performance of rail service on that corridor was at least as good, if not better, than the
exiding service. And that did show that a certain leve of crashworthiness improvement, plusdl
the other improvements that John Bell mentioned to us a while ago, would, taken together,
produce this desired result. Asfar as| am aware, that kind of study has not been done. Certainly
alot of people have worked, as colleagues here have, on methodol ogies, and have done studies
on hypothetica corridors, and I've done some mysdlf, but have not looked at the real world, said
what performance are we aming at and what are the dternative ways of getting there? And that
seems to me to be something we collectively ought to do. We've gat, | think, some fairly good
tools and methodol ogies now. We have not spent alot of time using them in the real world. And
as Grady mentioned earlier, given the mandates imposed on the FRA safety regulatory process,
it'skind of difficult for thet to get into the regulatory process. | think maybe what we should do
iswork towards making risk assessment the respectable way to go, or at least an accepted
contributor to working out what safety requirements for rail service ought to be. Don't think

we're quite there yet.

DUNCAN ALLEN: I will add to that, we did try to make our hypothetica corridor, which was
ultimately the FRA suggested that was away we ought to proceed, at least initidly at looking a
this, to try to be broadly representative of North American inter-city passenger service asit could
be. And certainly, as I've seen and heard of the results of the Amirak Risk Assessment, | have
not been surprised by anything, in the sense that certainly we're not seeing anything that was
indicating anything at variance with what was coming out of that sudy.

DUNCAN ALLEN: I think another point we should make isthat the sudy that Mark Schneider
and Duncd Allen reported on was initidly concelved to be another one of those direct
comparisons of the Texas TGV at the time dedicated right-of-way against Northeast Corridor
operations, with the premise that at an absolute minimum the public would accept nothing less
than the high level of safety experienced on the Northeast Corridor. And that was going to feed a
lot of things, including arule making at some point. But the project died for other reasons, and
that's al history, and the project was refocused for other reasons.

JOHN BELL: I'll take agood stab at and leave it as a question. Ultimately, Amtrak's
procurement had to come back around to the issue of, "How do you write a specification for a
train that enhances the safety of the passengers, enhances the safety of the corridor thet it'sin,
including the public riding trains, the public crossngs, and gtill end up with adoable design.” In
other words, not end up in the corner of design and feagibility by writing into it "the reach” that
the academic community seems to want. The problem with that processisthat it's doomed to find
enough infeasibilities to financialy destroy the project. And a some point, when you're going to
try and make abusiness out of it, and clearly the Republican Congress had said it's going to be a

1-5-10



COLLISION RISK-SESSION 1-5 TRANSCRIPT

business or it's not going to exis, you don't want to end up throwing out the baby with the
bathwater. Y ou want to have a project that builds atrain that can be built that can provide the
service and can provide the safety, without overreaching.

Now, if wewant to go into an R&D project, I'd be glad to do that, but | won't put passengersin it
and | won't put Amtrak financialy at risk over it. And if someone wantsto crash some cars, I'm
sure the American Fyer team would be glad to build them cars to crash, but not to run in the
corridor in revenue service. And if there's one message that | want to bring, it's, "Don't decide to
regulate and reach.” Regulate for what has been established in empiricd testing. Because that

you can build, and that you can build and support in contractud arguments. you can put it into
service, you can prove that it's capable. If wefal to ddiver thisthing to the American public in

the next four years, were dl going to be out of ajob, because | don't think they'll give us another
shot. So I'm sincerely hoping the regulatory process that's starting doesn't end up in ablind dley.

GRADY COTHEN: Asone who's been down many blind dleys, this gentleman who's coming
to the microphone, just wanted to concur with John's point. We actudly did start out with a
design philosophy a FRA for high-speed equipment. And we entered into a very extensve
conversaion. The conversation pointed out some of the infeasibility that John's describing, which
we were not surprised, but we, of course, were educated asto at various junctures the nature of
that lack of feasbility. And we tried to keep our eye on the bal, and that is what improvements
could we make in the current state- of-the-art, which is actudly quite good, that would not creete
an incompatibility and that would yield a reduction in casudties that would return the investment
to the company purchasing the equipment, based on the reduction and the ligbility. And | think
that's not abad way of going a it if you have to be in the public policy business.

DANIEL MCNAUGHT: Danie McNaught from Transport. We are one of the suppliers of the
American Hyer. What's surprised mein your project of regulations for the high-speed for the
tranin U.SA., your new regulation, is that you limit the speed of operation when you consider
the worst set of regulations with speed of 160 miles per hour. And you don't consider to gppend
this regulation up to 200 or 250 miles per hour. We have demonstrated Snce along time that it's
possible to operate trains at 200 miles per hour with ahigh leve of safety. And it's difficult for
us, the Europeans and French especidly, builder of TGV since 20 years, to understand why the
United States limits its project of new regulation to such a speed of 200 miles per hour. And
when we consder the Amitrak specs for the American Hyer, it's clear that you have walked for
the competibility of the new train st with the existing train in operaion. But this limitsthe

Speed of operation. Because when we apply the rules and the specifications, we obtain the weight
of train, the weight of car which is not competible with the operation a 200 miles per hour.
Understand? So it seemsthat there is a difficulty in the process. It's difficult to understand why
you limit the speed.

GRADY COTHEN: Bab, shdl | respond to that?

BOB DORER: Go ahead.

GRADY COTHEN: | think the gentleman answers his own question. The criteria that we're
riding for now, up to 150 or 160 miles an hour, is assuming ajoint-use corridor with other
passenger equipment, with freight equipment, and on the portions of those corridors where were
not operating in excess of 110 miles an hour, the existence of probably many highway ral
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crossings. And under that set of assumptions, you try to put together a set of safety criteria

They may or may not be appropriate for higher speed operations on awhoally dedicated and
grade-separated corridor. And that's specificaly the dif#?ence

Now, we are entering into a conversation on the issue of the current ultra high-speed rail project
that the State of Floridais sponsoring. We enter into that conversation without preconditionsin
terms of whether that operation would be tied to standards for the genera system of rall
trangportation with mixed passenger and freight and grade crossings or not. And with regard and
with an open mind with regard to the technology that's proposed to be imported dong with
congderation of the operating conditions which may or may not be imported, given the difficulty
of making us North Americans think in quite the same way that the French have through about
high-speed rail. But we need to move more in your direction. Did | begin to answer your
question, Sr?

DANIEL NAUGHT: Yes, patly. But what | want just to point out is that the regulations, of
course, have to give the condition of safety to provide good condition of safety. But it hasaso to
provide a condition of economical condition of operation, for competitive condition of operation.
Compstitive condition of operation. And it's clear that for new infrastructure, if you build a new
track, if you have to build a new track to creste a new service in one state somewhere, you will
not build the track for old criteria. Y ou will not use the same kind of criteria used one hundred
years ago. Or fifty years ago. And you will build aline which will be competitive with operation
at very high speeds. And when | say very high speed, this operation is arange of 200 miles per
hour, you know? And since thereisalack of regulation....

GRADY COTHEN: Right behind you, the gentleman israising his hand, Mr. Philip Alexic,

who's Deputy Associate Administrator, and my cohort. And | think there's a conversation needed
there. But to answer your question, we have to tackle those issues. We need to take on those
issues. And we are prepared, in fact, to do that.

DANIEL MCNAUGHT: Because we discuss the Texas project five years ago. [laughter]
GRADY COTHEN: Therés a history there. Okay. Thank you for your comments, we agree.

JOHN BELL: Danid, just to answer your question, we very much understand that the American
Fyer meseting the specification that Amtrak has, is not a 200-mile-an-hour train. It's probably not
even a 160-mile-an-hour train. It's a 150- mile-an-hour train specified around the 150-mile-an+
hour definition by the FRA, and there were alot of trade-offs that were very difficult to make to
make it fit thet criteria. And when we findly build dedicated right-of-way railroad, somebody's
going to need to build a new train. Because the one we have won't go faster without tearing up
the track under it.

HARVEY BOYD: I'm Harvey Boyd from Generd Motors. And letf'stak alittle bit about the
vaue of risk assessment. And my comments concerning mainly locomotive crews, snce we

build locomoatives. I'd like to separate it out alittle bit. And including in this, of course, isthe
freight as wdll as passengers.

Therésalot of misconception out there. | believe that, and I've heard comments thet thisis the
most unsafe railroad industry in the world. We've seen lots of bad press reports in the news. Even
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Congress seems to think that nobody in the indudtry is doing anything to improve safety. And a
lot of that is based on ignorance of what is out there and what's going on. And | think that proper
risk assessments and getting that risk assessment out to the public will go along way towards
correcting that ignorance. Ignorance redlly isalack of data. And unlike stupidity, ignoranceis
correctable.

In assessing risk assessment, it's easy to say what the risk is today; you smply count the numbers.
But whereisthe risk ten years from now? It's a much more difficult problem to assess. Y ou have
alarge fleet and dow replacement of that fleet. It may take something near 30 years for atota
replacement of thisfleet. So if you make some changes today, it may be 15 years before we begin
to see the effects of that change. On the other hand, there are a number of things that are going

on today which should be helping out and reducing the risk. And when you're making your risk
assessment, are you taking those into account? Are you taking into account the fact that crews on
trains have been reduced by afactor of two or more over the past Six or eight years? That done,
in itself, will begin to show up in consderable reduction in the number of crew deeths. That's
crews not only for locomoative but for tota train crew. They've been moved out of the most
vulnerable position of the train such as the caboose.

Other things which are going on, some of the new technology, such as higher horsepower, which
ismoving some of the mass out of the locomotive consst or massthat is a direct contributor to
the severity of collison. AC technology, AC traction, which is moving more of the mass out of
collison. Power digtribution. The increased fleets of AARSS8, which has increased collison
srength. Asthe next ten years goes on, that fleet is going to grow, and you're going to begin to
see more and more of its effectiveness, perhaps more so at the lower end, where there are more
collisons. But when you're doing your risk assessment, are we consdering dl these things, and
looking a whereisthisfleet going to bein the year 2005 or 2010? So that we can truly evauate
whichever scenario we tack to reduce collisons, are we evauating the proper fleet?

JOHN BELL: If the caboose is the vulnerable point in a plane, how do you defend cab cars?

HARVEY BOYD: Cab cars actudly are stronger than the caboose, and there's far fewer cab cars
than there were cabooses 15 years ago.

JOHN BELL: One of the patternsin commuter servicesis for every locomotive, there's a cabcar
at the other end. Their numbers keep growing.

BOB DORER: On the question of the actua risk assessment and factoring in future changes, |
guess Alan or Mark or...

DUNCAN ALLEN: I'll say, from our point of view, that technology was not, athough we
reported some ten-year results, there was not an explicit extragpolation of the commuter. We were
taking probably 1'd mentioned the years '93 and '94, so as far as freight concepts was included, we
were taking equipment that was representative of '93 and '94. So most of the equipment changes
that you're talking about, we did not extrapolate into changes of that nature. And smilarly, with

the passenger equipment, we were looking at that point conventional equipment, both typica sort
of bi-level commuter equipment they have here in Boston and the Heritage fleet. I'm sorry, not

the Heritage. We wound up with the Horizon fleet for Amtrak, is what we used. We assumed
certain equipment characteristic of today's operations.
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But | dso want to add in that we're not necessarily hard-wired into that, and that future changes
in technology on dl fronts, on operations, equipment, and signalling and control systems, can,
with gppropriate modifications to the methodology, be readily included. So we could ook at
future scenarios to assess, plan what we might want to do ten years out.

BOB DORER: And one last question, then well wrap it up.

BILL STRONG: Bill Strong, Long Idand Railroad. Going back to some of the issues that came
up afew minutes ago, | think, Frank Cihak, that your focus on specific hardware things that can
be done to improve the crashworthiness to work on that inner circle are important. The 800,000
pound versus the European and Japanese standards, 1've done some anadysis; I'm sure some other
people have. My vote goes to 800,000. But that's an area of focus. Y es, there's money to be
saved by reducing that. And it seems like some philosophic discussion is going on, but hopefully
behind the scenes there's some brass tacks stuff.

Asfar asthe differences go, | redly believe that managing the differences is important to the
future vigbility of the passenger rail busness. The diesd dectric locomotive is certainly different
than the cab car. Long Idand operates 934 MU cars, and a bunch of locomatives on dl terrains.
And freight on top of that. And the investment in the infrastructure to try and change that is, you
know. So | don't think the differences are unmanageable. Double or triple the weight of the
locomotive? The collison posts need to be worked out and the corner posts need to be worked
out. And the FRA requirements need to be worked out. And | don't think they're worked out yet,
but smilarity is, | think, aword that maybe shouldn't be taken literdly in this business.

M: Well take one last question.

LANCE SLAVIN: Lance Slavin, Smula Incorporated. Based on the agenda and based on the
discussions this morning, most of the discussion has been about structura crashworthiness. But |
suggest that once you gtart to elther test or put red carsinto operation, you're going to find that
this structurd crashworthinessis not going to help very much unless the interior has dso been
designed correspondingly to congtrain the occupants. If you merely make the vehicle crashworthy
and don't contain the occupant, you're merdly transferring the collison from the train to the
occupant, between trains to between the occupant and his own train. The collison will be just as
severe unless his restraint is managed in some way.

BOB DORER: Wednesday afternoon, thereis an entire sesson on interior crashworthiness,
dedling with judt the issues you mentioned.

BOB DORER: Wdll, gtructure isn't redly getting three, because thiswas risk. So at least it was
identified that risk is an issue with crashworthiness. But for the most part, the focus was
crashworthiness. But you're right; it's two to one.

MARK SNYDER: Could | ask one more question? And | guess I'd like to addressiit to John,
Frank, and Tom. Because we've talked about reducing risk on the accident-frequency side and
a0 on the severity Sde. And we've got to come up with some agreement as to where were going
to put the dollars and do cost-benefit analyses. I'm amechanical engineer, and even though I'm
working intherisk fidd, I like to build things. And I'm ill alittle confused as to how we will be
gpproaching the design of these new train sets. | mean, on the one hand, you could have avery,
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very well-developed structural design basis doing design by analysis and very, very detailed
design rules. But correct meif I'm wrong, but | thought that you were implying that you're
advocating afair amount of freedom, and that a design should be arrived at by, say, negotiation,
but it meets certain generd levels of safety that would be acceptable?

JOHN BELL: That discussion was redly focused on making sure that the specification didn't
cdl for adesign that was not yet developed. | spent agreet ded of time trying to keep the
specification at a point where we knew it could be built. Contractudly, if we specify something
that cannot be built, the contractor goes down the dley, stops, tells usit can't be built, we pay
him for dl the time he went down the dley, go back to the gart point again, give him anew
specification, and pay him a second time to do the same job we just paid him for. It's not very
atractive financidly to do that inside of the procurement that's intended to be done for aknown
cost.

MARK SNYDER: Wdll, | guesswhat | was thinking in the back of my head that, say, pressure
vessels, which affect the public safety, does the AS& E boiler and pressure vessdl code, which is
avery well-developed set of design rules. And if you meet the design rules and you meet the
code alowables, you can blam! stamp your vessdl as being certified. If you don't like the rules,
you can set up a code case and appea them. And now, there are probably fewer trains or would
be fewer trains than pressure vessalsin this country. And | guess that, as a mechanica enginesr,
I'm trying to get afed for, from the industry side, would you fed more comfortable with avery,
very detailed design basis? Or would it make more sense to just have genera sets of
requirements and let the owner and the builder show, in their own way, that their design meets
these goa's and objectives?

JOHN BELL: Let mevoalley at the town, but a the time that we tarted this process, Tom's
opening statement was right; there were no passenger car safety standards. There were some
loose requirements that were dated from the AAR that gave us just a smattering of things. There
was agreat collection of international work that had been both researched and, in many cases,
empiricadly qudified, while we were writing the specifications, the French were crashing acar to
confirm amassive amount of andyssthat they had done in advance of that. That gave usa
foundation upon which to build much of the risk control that's available in structures.

MARK SNYDER: Agreed.

JOHN BELL: Now, tofill you in on the process, which is steding Frank's thunder for tomorrow,
iswere going to be putting controlled crush zones strategicdly throughout the train, that creates
alimit of deceleration, that allows the passenger leaving his seet toward the seatback in front of
him to strike that seatback at alower velocity than he would if it was a hard, two-millior+ pound
srength locomotive that you see in atypica commuter service. Once he's up againgt the seet in
front of him, his body can ded with alot more than he could if he's ether flying freeor ina
higher initid impact. Once you're up againg the wal, you're pretty wel just going to ride it out.
And that's based upon afair amount of research that's coming out of the military sde
applications. Therein lies the solution. And the automakers have been using it for a number of
years. | don't want to get into any more of that, I'll just valley it to Tom in terms of the passenger
car safety standards.
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THOMAS PEACOCK: Theway | seeit evolving right now, it'skind of a hybrid Stuation in thet
therés alot of specific requirementsin there that specific Strengths are required, in specific
locations. But it lso leaves afair amount of freedom of design, so that thereisn't just one
solution to this set of requirements. There could be alarge variation of sets of solutionsto these
requirements. So we tried to reach a compromise of comfort of specific things we could test for
and look at and be sureit'swhat it's supposed to be, and yet not totally handcuff the desgner and
diminate d| credivity.

MARK SNYDER: Thank you. That's precisaly what | was looking for.

BOB DORER: Wdll, I'd like to thank the pandlists and speakers. | think they've done an
excdlent job. And fidlded dl the questions with honesty. And Grady has a comment.

GRADY COTHEN: If I could just put afew wrap statements on this here, Bob, so that we could
keep them in mind as we go forward over the next two days, picking up on things people have
sad. Firgt of al, we do prefer performance standards. And we've started thisdiscussion at a
rather high leve in terms of performance standards and practica considerations have caused this
to become more specific about strengths of particular locations, because John just will not loan
us two American Hyer train setsto tet; | don't know what it isl But...

JOHN BELL: I'll call my banker and ask him.

GRADY COTHEN: Yes. But that iswhere we gtart from, anyway. And we al do need to be
practica about this. Secondly, | think that as you hear more about the discussion were having at
the Federd Railroad Adminigtration with our partners from labor, management, passenger
associations, suppliers, sates, that you will see that werein an interesting phase. We're looking
at, onthe one hand, conventional speeds, if you will, which | would describe as 110 miles an
hour or below, and looking a what marginally we can do to improve on avery good North
American standard. We're aso looking above 125 miles per hour, basically withou anticipating
it, perhaps, just as shorthand to codify some of the things that we agreed with in our discussons
with Amtrak, again, regarding the train set that's going to be in service on ajoint-passenger
freight corridor, with exposurein the termindls, and at least part of the background of the
discusson was some of these train sets, a couple of them originaly were going to be operating
off the Northeast Corridor, where we might have more grade crossngs than they faced on the
Corridor.

Y ou notice there's a gap in between there? One of the issues that arisesis that commuter
authorities and others tell us the equipment they're procuring, they'd like to see operate above 110
miles an hour. We believe that internationa concepts regarding crash energy management have
gpplication in that speed range, between 110 and 125. We do not yet have, | think it's safe to say,
consensus on that point. And certainly there are anumber of very interesting and difficult

technical issues, most of which | personally probably don't even understand, but which hopefully
Mr. Peacock does, that we need to get past. And during this five-year rulemaking period, so that
as opportunities do present themselves to improve conventional equipment, we take advantage of
those opportunities. And that's one of the reasons that 1've urged that we not enter this discussion
with a sense of complacency, and we enter into it with an open mind and that we look for
opportunities to improve safety over time. And certainly, maintaining the basic compatibility of
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the passenger equipment that exists out there today with what we order in the future and
compatibility of that equipment as best we can with freight equipment.

The issue keeps occurring regarding an occupied vehicle passenger occupied vehiclein the lead,
cab car. FRA hasthisissue posed squarely to it as a result of the three commuter accidents that |
mentioned to you, al three of which occurred outside of cab signd territory. And the obvious
solution would appear to be cab signals, positive train separation, whatever you want to cdll it.
That hero is not yet visble riding over the horizon on agrand stdlion, and so | think we need to
be thinking about what we do in this area. What other dternatives may exid. Certainly, a a
minimum, we have aresponghbility to the Nationd Transportation Safety Board and the Congress
to respond to their recommendations on cab car in strength at the corner. Y ou will hear before
the week's out, I'm sure, that that's easier said than done. Particularly at the higher closing
peeds. We need somehow to keep that issue to the fore, and see what's possible given the
exiging configuration of the physicd facilities that we have out there and the needs we have to
serve our customer, the passenger.

There's aso the point that, athough we talk about refinements that we can make with regard to
corridor risk, therisk on individud corridors, very often the redity is that the equipment that's
ordered for passenger service in this country may be used in avariety of ways. Trested
somewhat as fungible, sometimes sold from property to property, sometimes moved from lineto
line. For instance, some operators on the Northeast Corridor want to use that equipment on the
corridor and on their lines off the corridor. And therefore, if we talk about isolating
improvements, smal subsets of the fleet, in some cases we may not be talking about making
improvements  all.

If we assume dl equipment is fungible in terms of its use, it's going to be in joint operations with
freights, that they're going to be lowboys stuck on the crossing, then we need to perhaps and
operating, by the way, on facilities that are not maintained with the same attitude that may exist
in portions of Europe and Japan, in terms of the investments that are made front-end and the
maintenance philosophy. Again, the premium is placed again, not as aresult of choices that the
Federd Railroad Adminigration has made on finding opportunities to improve the
crashworthiness of the vehicle. So these are the hard kind of public policy choicesthat weve
been wrestling with. | believe it's safe to say that most of the policy concerns, as opposed to the
technica concerns, perhaps, that have been raised here today, have been raised very vigoroudy
acrossthe table, with dl of uslistening to one another in the past year of equipment safety
standards working group. Hopefully you'll see some of the flavor of that in the advance notice.
But certainly not al of it, because much conversation has transpired since that document was
initidly drafted.

And again, one of the reasons that this symposium was held was to get a good focus on the
opportunities that do exist as aresult of internationa innovations and notions that have been
brought to the table domesticaly to improve the next generations of rail passenger equipment. |
hope over the next two days that well have further very productive discussions about that,
recognizing that welll probably not be able to do everything we identify as atractive to do.
Nevertheless, we need to do what we can. Bob?

BOB DORER: Okay, with that wrap-up, I'd like to give the pandlists and speakers a hand, and
then Dave has afew things to say about the reception. [gpplause]
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Structural Crashworthiness Design Practice

MS. SEVERSON: | work for the Volpe Center and I'd like to welcome everybody back to the
Volpe Center again this morning for another day of presentations. I'm sure well be apt to
generate even more good conversation following. This morning well kick off Part A of the
Structura Crashworthiness sesson. Part A dedls with the design consderations for structural
crashworthiness. After lunch, Part B of the sesson will cover the new trainset designs. At the
end of the day, therell be another panel discussion like yesterday, covering the first two parts of
the structural crashworthiness session.

The lead-off gpesker thismorning is Dr. Clifford Woodbury 111, of LTK Engineering Associates.
Cliff Woodbury isaPh.D mechanica engineer educated at Swarthmore College, University of
Pennsylvania, and University of Massachusetts. In June of 1972, Dr. Woodbury joined the
Philadelphiafirm of Louis T. Carter and Associates, now LTK Engineering Services. Dr.
Woodbury's firm has specidized in the planning and design of transportation sysems since the
early 1920s, and is probably best known for its vehicle design work. Dr. Woodbury has worked
on al mechanica subsystems of vehicles and has specidized in structurd design for over 20
years. During that time, he had the privilege of associating with rail car designers, who were
active car designers asfar back as the development of the light-weight streamlinersin the 1930s.
Dr. Woodbury has participated in the gradua development of rail car crashworthiness
requirements over the past two decades, culminating recently in the requirements for Amtrak's
new high-speed trainsets. Dr. Woodbury.

DR. WOODBURY': Good morning. | truly am very pleased to be here and particularly honored
to be placed among the people that | respect very highly for having done some of these very
excellent developments in crashworthinessin the recent years. My assgnment from Dave Tyrell
was to discuss the current North American design practices for railroad passenger equipment. Of
course, | will do that. I'll also be discussing what the present requirements are, as reflected by the
Amitrak high-speed trainset specifications. AsKrissaid, | wasinvolved in those. And I'll dso be
discussing the design practices from the perspective of the future. And in that regard I'll be
discussing and commenting on afew of the proposed requirements and FRA's Advance Notice of
Proposed Rulemaking, which was recently published last Monday, | believe-but it's been under
discusson for some time now. | wasfindly able to have a chance to greet Grady Cothen this
morning in the hal and | mentioned to him that | did intend to be frank with my commentsin

that regard. However, thisis atechnical conference and | will limit my comments to the

technical merits of the requirementsthat | seein the advanced notice. And in finishing up the
preparation, my remarks last night in my room, it was gpparent to me that it's now time for me to
put up or shut up. All the world's experts are here-the experts for the design of rall vehidesfor
crashworthiness. They need to hear your frank opinions about what you believe to be achievable,
given the state of development of crashworthiness today. That's redlly the underlying purpose of
this symposium. So | hope that you will do the same.

In hiswrap-up remarks yesterday, Grady Cothen used a phrase-thisis not a direct quote and if

I've gotten this way off, please correct me-something to the effect of "the good North American

standard” or "the excellent North American sandard” or wordsto that effect. Well, | agree with

that on two counts: | agree that one, there is a standard and two, that it is avery good one. It's

important to keep in mind that there are two things going on right now: one, an effort to revise
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and update the regulation; the second, which will start soon, will be an effort to revise the
gandards. The regulation is under the care of the FRA. The standards will be under the care of
APTOR or perhaps APTOR with one of the professona societies. Thereis a current regulation
for the design of railroad passenger equipment. It has problems, primary among those the fact
that its scopeis very limited, being applicable essentidly only to EMU's. However, regarding the
standard, and with apologies to our internationd friends here, who are probably puzzled by why
we can't seem to agree on something that's so basic, 1'd like to state without reservation that it is
my position that thereis a current standard for the design of North American passenger railroad
equipment, in the sense that thereisadesign practice. And I'll be discussing those things this
morning.

Our design practiceis based on about 150 years of hard work and hard lessons learned from
accidents. The basic proposition hereisthat there is something deficient or defective about what
we're doing now. If that's too strong away, then what were doing now needs to be looked at and
carefully revised. In either case, it would be my vote that if nothing else comes out of this
symposium that we could &t least agree that there is a standard or there is a practice for the desgn
of railroad passenger equipment now, and then to agree on what that practice is. So that will be
the focus of my remarks to define the practice. Where it's gppropriate and where | know enough
about it, I'll make comparisons to internationa standards.

Thiswill not be a complete discussion of the current North American practice, of course; my
remarks will be limited to those requirements that are related to collison and derailment, which
of course is appropriate for this forum. So the subjects I'll be discussing are the ones that are
shown on thisdide. Frank Cihak in his comments yesterday has addressed some of these, the
first in particular. But since I've prepared my remarks, I'll go ahead with them, and I'll be talking
about our use of the tight-lock coupler, our bus strength requirements, our end-frame collison
post and corner post requirements, and truck connection strength requirements. I'll briefly talk
about NU and cab car corner post srengths. | redize thisis a somewhat sendtive issue at this
point with the recent accidents, but what | haveto say | believe isfactud, and it will help to
define the current practice. I'll so be talking about side strength and rollover protection, and
yes, findly crash energy management, which is what the acronym CEM standsfor. Intheend, I'd
like to leave you with some appreciation that the current North American practice doesin fact, in
some fashion, in some way, address each of the concernsthat are in the FOA's Advance Notice.
So, again, that in my view makes our current practice theright place to gtart in the efforts to
revise and update the regulations and standards.

So thetitle of thisdide is backwards; it should be anti-climbing and anti-tel escoping, of course.
And if you look at the things that are on the dide there, perhaps you recognize that the
philosophy for anti-cdlimbing and anti-telescoping includes severd lines of defense. Thefirg, of
course, isthe tight-bar coupler, which has avery high strength and is build into the ends of the
cars, and is backed up by cars with a high bus strength. Next, if the anti-dimbing arrangement
which is provided by the tight-bar coupler built into the end of the car is overcome, we have the
subgtantial end-frame collison post and corner post congtructions. That failing, and telescoping
in, and thereis climbing and telescoping is underway, the trucks are required to be locked to the
car body with avery high horizontal strength, and if the telescoping proceeds that far, the truck
attached to the overriding car will strike the underframe of the overridden car, and prevent further
telescoping, at least up to the ability of the truck connection strength to do thet.
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For the tight-lock coupler, | quite frankly don't know if they've ever been actudly tested to
destruction. | don't think they have. They have been tested, however. In one case, the test rig
faled, rather than the test article. In any case, the tested bus strength is somewhere in excess of
one million pounds; in draft, it's about half that. The torsond strength is about 200,000 foot
pounds and the bending strength-1 haven't mentioned bending up there—is somewherein

excess of 300,000 pounds in either direction, that is verticaly or laterally. Now the torsiona
drength is available to prevent rather than protect againg, but prevent rollover. And the bending
drength in the vertica direction againgt dlimbing and in the latera direction againgt bypassing of
the ends of units-those two together, if you think about it, are effective in keegping unitsin a

train in line when dso passing very high forces due to collison or derallment. That's another
concept that's addressed by the FRA's Advance Notice. The Amirak high-speed trainset will use
a shear-back coupler with arelease value of something on the order of 450,000 pounds. If that's
the wrong number, there are people from the consortium here who can stand up and correct me
on that. Thisis a practice that's familiar to usin North American trangt, of course. But | believe
that thisisthe first gpplication of thisin railroad practice in North America, a least in modern
times.

And having said that, I'm sure therés severd historians in the audience who will stand up and
correct me on that one aswell. The coupler has an energy-absorbing cartridge in it to begin the
process of controlled energy absorption in the event of a collison. This essentidly congtitutes a
return to the practice of sharing high buff load between the underframe and the center idand
draft, which was prevaent before the introduction of the tight-lock coupler. It has the effect of
reducing the offset of the very high buff load with repect to the center of resstance in the car
body structure, and this apparently is going to be necessary for designs with structural zones for
controlled crushing. So if that's true, then this type of coupler will probably become standard
practice, at least for equipment designed with crushable zones in the structure.

All right, moving on to the buff srength. Thisisin my paper—I apologize, the font Szeistoo
smdl here, but if you can't quite seethis, it isin my paper, which isavaladle. Thisdide
compares current North American buff strength requirements with the European standard. The
intent here isthat you're to visuaize that these |oads apply to these heights due to proxy for a
type of regiond rolling sock, which isalabd that I've used that | think most people will
understand. For usin North America, of course, here's our 800,000 pound buff load on the center
line of draft. The standard aso includes a requirement for 400,000 pounds, halfway between the
coupler and the buffer. Thisis a an approximate factor of safety of two, so I've Smply put
another value a 800,000 pounds right above here, and drawn aline straight up. Incidentaly,
thereis no functiond requirement in our practice which isthe line, thisis smply connecting the
dotsin order to make the illustration, redly, that the difference between these two is alittle
clearer. In any case, moving up here's 500,000 pounds which is required to be gpplied to the
buffer. | believe thisis aholdover from the Railway Mail Service specification, which wasin
effect before the issuance of the AR in 1939. In that pecification prior to the tight-lock coupler,
it was permitted to share the high buff |oad between the center idand buff load and the center
idand coupler.

For those who here are redlly, for us who are not buff loads, however, I've shown them here
because in the standard for the Europeans, they are actually caled "buck loads,” these loads
above the floor. So I've shown them on this diagram, even though I'm redlly talking about buff
loads. Here's our 300,000 pound shear vaue with collison posts at the floor times two posts. At
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eighteen inches above the floor, the posts are required to be designed for 300,000 pounds at
ultimate. Now this results from an NTSB recommendetion following the collison in Chicago in
1972 that Frank Cihak talked about yesterday. Thisis not the value that you find if you go back
and look inthe AR standard SO-34. | said 300,000 pounds; well, that's an ultimate, so I've
estimated the yield load up two-thirds of that or two hundred times two is four hundred. As
Frank mentioned yesterday, posts are required to be designed such that the connections at top and
bottom and the supporting structure on the roofing interframe are sufficient to support the post at
Its ultimate capacity loaded here. Thisis areaction that designs currently, the reaction &t the roof
thet is currently produced by desgns with which | am familiar. Actualy this number, 120,000
pounds, is high. It's probably the highest that | know of. A more typica range would be
somewhere around 80-100,000 pounds.

One other note here: on the collison podts, typicaly it's required that the load here at 18 inches
be applied anywhere within 15 degrees of longitudina. Now that's away to essentidly require
that the post be stable enough to take a hit, not only just straight on but from some angle, and
essentidly it ends up requiring that the post be a closed sectiond with some torsond sability.
These requirements are taken from a draft standard by the Committee for European
Standardization, or CEN. | believe these are the same as the requirements that we were familiar
with before under the UIC. Anyway, the buff load requirement there is 450,000 pounds, and |
believe that that standard says that it can be applied ether to the buffer or the coupler, as
gppropriate. | assume that that's away to alow various different types of buffer and coupler
arrangements between units. Ninety thousand pounds, 6 inches above the floor and 67,500
pounds applied to the waist rail butler for us, and cantrail, roofer for us. Now as| sad, these are
labeled buff loads in the standard and they are to be applied to the end row, which means that
essentidly they're ressted by the body profile. Thereis no requirement in the standard lease as
far as| can determine from the trandation that | have of it, for discrete posts to resist these loads
abovethefloor, whichit typica of our practice. Anyway, one last comment here, and this
graphicaly shows the difference between the two, and is an indication of where the problems
have been in the past for us in procuring equipment designed by internationd builders.

Moving on to high speed, I've attempted to represent over here what | believe to be the design
requirements for the TGV double-decker. Again, the designers are here, and if I'm wrong on
some of these values, please correct them. Again these arein pips or thousands of pounds. Note
here, these requirements as far as | understand are intended to apply to the entire structure of the
power car from end to end, except for this one, this 670,000 pound strength is applicable only to
the strong floor under the cab. For the Amtrak high-speed trainset, we have asmilar concept
here. The cab is designed as avery, very strong substructura module sSimilar in concept to the
road cage around arace car driver. These loads that I've shown here are applicable to that
module, which is designed to be a safe refuge in the case of acollison. You can see there's
redlly atremendous difference here, increase in the loads compared to these, but keep in mind
that they are on a different basis. These gpply only to the cab module. And hereésthe
requirements for the nose, which is areflection of the implementation of crash energy
management for this design. This gppliesto the very carefully designed crushable structure on

the nose. Note here that this constitutes a departure from our current practice, which is 800,000
pounds period from the end of the car. It's necessary in this case, however, in order to implement
the crashworthiness technology in the right way.
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| think I've been over each point on there, except for perhaps the last. The number isincorrect. |
believe that for Japan Railways the buff load requirement is 100 metric tons, which would be
220,000 pounds. And our information is, in aletter from them in May of thisyear, thet they are
currently implementing the latest concepts of crashworthiness in their equipment.

Some of thiswas discussed yesterday by Frank Cihak; | won't go into alot of detail here.
Currently our anti-climbing arrangement is required to have a 100,000 pound strength up and
down a yidd. The high-speed trainset trailers, it's alittle bit more now, it's equd to the weight

of the heaviest trailer, which is currently about 130,000 pounds. The power car isrequired to be
designed to ARS-580, which is 200,000 pounds, verticdly, but in this case, it's a ultimate. A
particular concern that | have is arequirement for anti-climbing strength as stated in the FRA's
advance notice for Tier [1. The way to describe it isbasicdly, it's related to the crash energy
management system design. And what that comes down to in my opinion is the scenario that's
eventualy sdlected for design and evauation, and I'll talk about that more in aminute.

| probably talked about most of these enough by now. Anyway, for the end frame, our practiceis
substantid collision posts and corner podts. In the past a requirement for total section modulusin
end-frame podts has occasiondly been met by including some of that in quarter posts, ether at
the extreme corners of the cars or at the body cornersin cars within vestibules. Thereisthe
counterpart, not the exact counterpart, but asmilar practice in the European standard, which I've
explained. Onething | did not mention in the dide about high-speed buff strength was that the
high-speed trainset power car does use the concept of a unitized crash wall at the front of the cab
module instead of discrete posts. The crash wal is made up of an array of about five posts below
the windshield, dl tied together and acting, more or less, as a unitized structure. Three of those
posts, the one in the middle and the two at the sides, proceed on up to the roof. And hereis
another concern that | have in FOA's Advance Notice, the suggested requirement in there is that
such designs where you have a unitized crash wall in front of a cab produce aload at the roof of
400,000 pounds gpplied uniformly to the roof. Thisiswell above current practice, it'swell above
the value for the high- speed trainset, which again is on a different basis. My understanding of
thisoneisthat it'sintended again, to gpply to the entire structure. The vaue for the high-speed
trainset, which islower than this, 310 or whatever the number was, isintended to apply only to
the cab module. That's an entirdly different problem, easier problem. | smply don't see the need
for such ahigh load. My recommendation isthat it not go forward, that we stick with the current
practicein the high-speed trainset, if you will, but that a value of 400,000 pounds at this point is
smply not within the reelm of the possble.

I've dready briefly mentioned this, however, thisis an important part of our anti-telescoping
philosophy. It's not well understood, so perhaps just afew minutes on it would be a benefit. It
was implemented after avery serious wreck in 1938 where a heavyweight car jumped up the
bolts that attached the center plate to the underframe of the car, sheared off and the heavyweight
telescoped most of the length of the lightweight car to which it was coupled. Ever snce then
weve had arequirement for the trucks to be locked to the car body and to have the very high
horizontal shear strength that you see there. It dso has the benefit of keeping the trucks attached
to the car so the mass of the truck is available to hold the car down in case it wants to tend to try
toriseup inacollison. And in a derailment, the trucks stay attached to the car asthey plow,
bdlast and turn; they can tranamit avery high returning force to the carsin the train and bring the
train to a safe stop. Theré's no problem here. The requirement is basicdly the practice in the
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high-speed trainset specification, and asfar as | can determine based on my reading of it, in the
Advance Notice.

Corner pogts, they are included in our current practice for cab cars. The onethet | think started
us off was the 1966 specification for the original Budd-built Metroliner for the Pennsylvania
Railroad, which had arequirement for extra-heavy corner posts, each to be two-thirds of the
srength of the collison posts. In other words, they had 200,000 pounds shear vaue & the floor.
For the high speed trainset trallers, what 1've said there is a bit confusing. For high-platform-only
designs, there is one corner post at the extreme corner of the car. It's required to have the same
200,000 pound strength vaue at the floor. In case the design did have load platform steps and
end vestibules, then there would be arequirement for two pogts, one on ether side of the
vestibule, the one at the extreme corner having 150,000 pound strength at the floor. By top
reaction, | don't mean the biggest reaction, | mean the reaction at the top. For the high speed
trainset trailersit's 20,000 pounds. That's about double, alittle more than double current
practice. For the power cars, it's 80,000 pounds, well above current practice. But again, that
applies only to the cab module. But these vaues have been confirmed as achievable by the
bidders. In the Advance Notice, those values respectively are proposed at 80,000 pounds and
133,000 pounds. Once again, these are two values the need for which is Smply not clear to me,
It's not been shown that that sort of level is achievable, or if it were what the benefit would be.
And | think those things should be established before we go forward with requirements like that.
My recommendation is that we stick with current practice in this area as well.

Rollover protection, which is the next dide, again thisis addressed by our current practice.
Agan, perhagps not in the way that is being envisoned by the Advance Notice, but it is addressed.
I've mentioned the tight-lock coupler. We're having a very high torsona strength available to
prevent rollover. In my paper I've discussed the bt rail, and how it's been used in North
American practice over the years, to protect passengers in side-swiping incidents and in rollover
incidents. We are dl familiar with the purlinesin the roof of lightweight stainless stedl cars,

which act to support the tops of collison posts, their full length running between the tops of the
collison pogts. What these were origindly intended to be—and they were called skid rails, to
protect the roof from grossfalure in the case of overturning-were to hep resst very high loads
applied from above. The current sandard has requirements for sheeting thickness on the roof

and the sdes and minimum section properties of the Sde frame and the roof framing members
and sdeloads. In the high-speed trainset, the Side loads have been increased, the Sde sails are
doubled. But again, this has been confirmed as achievable by the bidders. In the Advance

Notice, my concern here is the dynamic scenario that is being proposed for the purpose of
designing and evaduating Sde loads. It's going to be subject to tremendoudy widedly varying
interpretations, and aso in the case of rollover protection the requirements that are stated also are
going to be subject to interpretation. And my recommendation here is that we start with what we
are doing now, perhaps refine it—not perhaps, but do refineit; look very carefully a what's
cdled for in the Amtrak high-speed trainset specificationsin this area; and not go any further

than that, unlessit's clear what the benefits are. Next dide, please.

Okay. Her€'s an area where there have been effortsin the past. In my paper | describe two
specific things that are evidence that in the past engineers and car designers have been concerned
about preserving occupied volumes. The Amtrak high-speed trainset incorporates the latest
developments, and I'm going to leave that for the developers themsaves to discuss later today. In
the Advance Notice, in my view therés a very critica need to keep the requirements for crash
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energy management reasonable and practical. In the past the discussions have included scenarios
with trainsst-to-trainset collisons a high speed and even very high speed-90, 100, 140 miles an
hour. These may be an interesting exercise; however, the assumptions that have to be made
smply go out the window at such high speeds. Also, using that brick fixed barrier collison
assumption, the energy that's available in trains operating at that speed is some order or two of
magnitude greater than what's currently achievable in the trainsets for absorption. So we're
worlds apart here on this particular requirement, and we smply can't be because this on€e's
criticd. We have to leaveit a aleve which we know can be achieved. Next dide, please.

So in conclusion, | think | begin to have you understand what the concerns are, and therefore
raise Advance Notice on, somehow or in some fashion in our current practice. That's not to say
that refinements are not necessary; they are. They're possible and they're necessary. However,
it's my view that we should start with what we're doing now; determine what's practica, what's
achievable, and what's of benefit; and then go from there. And thisis particularly so, as| said,
for crash energy management.

Findly, responding to a comment made yesterday by Tom Peacock, | think it'sredly a
communication gap rather than a credibility gap. What thisdl will come down to will be
Structura requirements in specifications for the procurement of new equipment at some point in
the future. These requirements have to be concise, subject to the minimum amount of
interpretation, and cgpable of design and analysis and tests by ordinary humans—that is, if
sructurd engineers are in that class. So it's my pleathat nothing go forward in the Advance
Notice to the next stage—whatever that is—without showing the need for it, and without
showing that it clearly solves some problem that were currently having, and can be achieved at
acceptable weight and cost. That concludes my remarks. Thank you very much. [Applause]

MS. SEVERSON: Are there any questions for Cliff at thistime? | can't believe there aren't.
Okay.

AUDIENCE ATTENDEE: Thank you. That's avery good tak. It's probably the clearest I've
seen this Stuation were in being described in one place a one time. And you hit severd nailson
the head. Most of the places where you questioned what's in the ANPRM have aready been
brought into the more reasonable realm, maybe not as reasonable as they need to be, but certainly
we have moved on. Y ou probably should see George Pins, he'sinvolved in the group that's
taking the next step forward from the ANPRM to the NPRM. And he has a draft that hasthe
new vauesinit. And | would gppreciate it if you would take alook at it and see how far your
concerns have been aleviated.

DR. WOODBURY': Thank you. | assume you'e referring to the TIER Il group. I've not been
involved in that. If you wouldn't mind, explain what the purpose of the gppendicesin the
published notice is, because the values that I've mentioned are in there.

AUDIENCE ATTENDEE: Okay. My view isthe current practice that Cliff was describing
probably is one bound to where our standards need to be, it's the lower bound. | would view the
proposed appendices in RENPRM as an upper bound, and in some cases probably beyond an
upper bound. And where we end up needs to be between those two limits. That was my view of
the purpose. And the appendices were supposed to get people to react like Cliff did. In some
cases we knew the numbers were probably beyond achievable, but that's how you get people to
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react, to put something in that they know is wrong, and then they'll come and tell you what's
right. [Laughter.]

DR. WOODBURY: Anybody else?

FRANK DUSHINSKY': Cliff, in your paper you mentioned that on severd occasonsthe FRA
required higher strength in certain zones. And this for acost of weight. Frank Cihak yesterday
sad that weight has to be considered especidly in high speed. What is your understanding of the
reasons for it? Would it be because it isjust new equipment or would it be that some scenarios
for acrash at higher speeds were considered?

DR. WOODBURY': The smple explanation of that isthat there was a desire on the part of FRA
for-for the lack of a better way to say it-for something better, something superior to what

were doing now for this new high-speed equipment. And each of the requirements suggested by
the FRA wastheir view of how to achieve that: something better, something superior. That's not

afair satement of the reason for it. Does that answer your question, Frank?

FRANK DUSCHINSKY': Yesand no. What is better is not, | mean you cannot look only & one
agpect. | guess rebuilding high-speed trains, manufacturers have to be waiting, | think, someone
explained yesterday that there are some considerations to be made, and weight is one of the very
important. And in other words, the benefits must be demonstrable, like you said before.

DR. WOODBURY': You're preaching to the chair. | think we agree on that point. What | said
was, "better in their view." These things were argued quite strenuoudy over a period of severd
mesetings. And we tried our best to introduce arguments about weight and so forth. But again,
the desire was to achieve the next leve, ahigher level, a superior set of requirements for this
equipment.

MS. SEVERSON: Any other questions? Okay. Thank you very much, Cliff.

1A-1-8



PRESENTATION

STRUCTURAL CRASHWORTHINESS DESIGN PRACTICE



DESIGN CONSIDERATIONS-SESSION I1A-| PRESENTATION

Volpe National Transportation Systems Center
Symposium on Rail Vehicle Crashworthiness

North American Passenger Equipment Crashworthiness
Past, Present, and Future

Clifford A. Woodbury, 3
Senior Engineer
LTK Engineering Services
Blue Bdl, Pennsylvania

Introduction

Thisis another in a series of papers about the current North American passenger equipment
design standards.* The underlying messagein dl of them is that we think the railroad passenger
equipment design sandard we have in this country now is avery good one. It is best appreciated,
however, in the context of the railroad experience - meaning the designs that were produced, the
operating environment, and the accidents that happened - during the century and ahdf it has taken
to develop it. Therefore, wherever possible, we have researched the background of the
requirements in the current stlandards. This has dso led to a grester gppreciation for the
tremendous effort that has been devoted over the years to each part of the current standard.

The FRA has published its Advanced Notice of Proposed Rulemaking (ANPRM)? covering
aspects of passenger equipment design related to safety, including structure. There will eventually
aso be alonger-term effort to revise and update standards for railroad passenger equipment. The
discussonsin this paper are primarily related to the requirements proposed in the ANPRM. But,
our suggestion is that any new regulations or standards which are ultimately developed should

!References 6, 7, 8, and others.

2Reference 2.
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North American Passenger Equipment Crashwor thiness (continued)

gart with what we have now, and systematically update them and add the new idess, while
keeping the new requirementsin practica bounds.

Our part in the Symposum is to discuss in some detail the current North American design
practices, and compare them, where possible, to other international standards. The discussions
are, of course, limited to emergency loads that result from collisons and derailments. The current
practice is compared with the requirements devel oped with the FRA for the Amtrak high speed
trainset (HST), and with what is being proposed for the future in the ANPRM.

Subjects Discussed

The cornerstones of the North American passenger equipment design practice have been
compdtibility, high anti-climbing and anti-tel escoping strength to protect the occupied space from
the loads applied at the ends, and requirements for strength and toughness of the sides and roof
to protect the occupied spaces from the sides and above. Stated thisway, it is perhaps clearer that
the North American practice, which has been in effect for some 60 years, and parts of it more
than twice that, has an underlying purpose of protecting and preserving occupied volumes, the
label being applied to these practices today in the context of the latest developmentsin
crashworthiness.

The discussion begins with anti-climbing and anti-telescoping design practices in North
America Thisdiscusson, asaredl of them, isfrom the perspectives of the past (the
development leading up to the current practice), the present (Amtrak HST), and the future (the
ANPRM). Thesewill be followed by discussions of cab corner post strength, roll-over
protection, and collison energy absorption by controlled crushing of structure, or crash energy
management (CEM) asit is being called.
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North American Passenger Equipment Crashworthiness (continued)

Anti-climbing and Anti-telescoping

It's been said before, but it bears repesting; telescoping is the primary cause of injury and
death in the event of a collison. North American railroad passenger equipment design has been
based on providing severd "lines of defense”’ againgt telescoping:

High body end-compression or "buff" strength, to resist loads applied to the underframe and

the coupler;

*  An"anti-climbing arrangement”, which, for railroad designs, has been provided by the
tightlock coupler built into a strong pocket at the ends of the underframe to provide high
levels of resstance to climbing (verticd) or bypassing (latera) of coupled units;

* Aspart of the anti-climbing arrangement, the tightlock coupler, with high tensle, shear,
bending and torsond srength;

»  Endframes consging of strong poststo resst penetration if the anti-dimbing arrangement
isovercome, and, ultimatdy

»  Thehorizonta strength of the attachment of the truck to the car-body, which is available to

resst further penetration if dl ese fails and telescoping proceeds from the end of the car to

the truck.

Coupler

The standard AAR Type H tightlock coupler has ultimate buff strength in excess of
1,000,000 Ibf, and somewhat more than half of that in draft. It'storsond strength isin excess
of 200,000 ft-Ibf even for Grade C sted, but the ultimate tordond strength of an ingtalled coupler
is probably defined by the strength of the draft-gear pocket. In any case, given the typica height
of the center of gravity of afully-loaded coach, there islikdy to be sufficient torsond resstance
in the two couplers on a unit to resist any conceivable leve of forces that would tend to overturn
acoachinatran.
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North American Passenger Equipment Crashworthiness (continued)

The Amtrak HST design will take advantage of a provison in the Specification for ashear-
back, energy absorbing coupler. Although common in transit, this type of coupler hasrardly, if
ever, been used on North American railroad passenger equipment. Shear-back, energy absorbing
couplers begin the energy-absorption processin a collision, and permit, after release, direct
transfer of loads from unit to unit without the difficulties introduced by the offset of the coupler
from the main longitudind membersin the underframe. Minimizing the effect of the offset is
necessary for the proper functioning of energy absorbing zones in the body, and, for this reason,
the use of shear-back couplerswill probably be standard practice in the future for equipment with
CEM.

Buff Strength. North America

The mucht discussed, not to say despised, 800,000 Ibf buff strength on the line of draft has
been in effect for most of this century. It appearsin the AAR passenger equipment standard, first
issued in 1939.3 Before that, in the Railway Mail Service (RMS) Specification, there was four
tiers of end strength from 125,000 |bf to 400,000 Ibf, depending on the type of equipment and
sarvice. It isimportant to keep in mind that the RM S end strength values were at an approximate
factor of safety of 2 on yield, S0 that the top category was equivaent to the AAR's 800,000 | bf,

for which the failure criterion is no permanent deformation.

The AAR as0 requires the following buff loads:

* 500,000 Ibf on the buffer beam, without permanent deformation; and
. 400,000 Ibf halfway between the buffer beam and the center line of draft, at an approximate
factor of safety of 2 on yidd.

SReference 1.
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North American Passenger Equipment Crashwor thiness (continued)

These are gpparently hold-overs from the RMS, which dlowed end load to be shared between the
buffer beam (which is directly in line with the main underframe structural members), and the line

of draft, according to their respective capacities. Interestingly, the second is required to be

ressted by the center sl congtruction only, and so obvioudy can not be met by designs without
center Slls (absent some free thinking about what condtitutes a center sill). This "back-door”
requirement for a center sill should not be perpetuated.

The only one of the three buff load requirements that is traditiondly subject to test isthe
fird, because it isthe mogt severe. The difficulty in meeting this requirement is compounded,
epecidly for lightweight designs, by a"recommended” 1-inch limit on upward deflection of the
body when subject to the 800,000 Ibf load on the line of draft. This has dways been trested as
arequirement rather than agod, and the design of lightweight stainless stedl equipment is greatly
affected by this requirement.

The Amtrak HST is required to meet these same buff load requirements. Power cars must
aso meet AAR S-580 for locomotives, and, in addition, the cab is required to be designed asa
super-strong “crash refuge’, amilar in concept to the roll cage around arace car driver.
Consdered with the crash energy management (CEM) requirements, extraordinarily high buff
strengths will be required in certain zones of the trainsets:

Trallers will have passenger compartments (between end vestibules) of strength substantialy
greater than 800,000 Ibf, so occupied spaces will not be damaged before the ends, which are
designed for controlled fallure a dightly more than 800,000 Ibf. The units must ill

withstand a static end load of 800,000 Ibf, but gpplied directly to the underframe rather than
the centerline of draft, because of the use of a shear-back, energy absorbing coupler.
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North American Passenger Equipment Crashworthiness (continued)

*  Power carswill be strong enough to support the bottom reaction of two collison posts which
together provide one million pounds of resistance a a point even with the top of the
underframe, at ultimate.

*  Therésmore when it comes to the power cars, however. The floor of the cab crash refuge,
when dl the various loads are added up, must withstand 2.1 million pounds. Understand,

this applies only to the cab considered as a sub-structure, not to the entire body structure of
the power car.

These loads, formulated in discussions with the FRA while preparing the specifications for
the Amtrak equipment, represent several sgnificant steps up the buff strength scale, but satisfied
the FRA's desire for superior strength for this 150 mph equipment.

The future till holds the promise of lower buff strengths, at least at the ends of unitsin
zones designed for controlled crushing and energy absorption. Some research or at least
investigation is necessary to determine where to place the substantial end-frame posts which have
been such an integra part of North American anti-telescoping design practice for so long. Their
drength, dong with the strength of the connections and supporting structure at their tops and
bottoms must be rationdized with the strengths of the roof and underframe which are necessary
for CEM.

Buff Strength. Internationa

European equipment has been designed to a UIC standard which specifies the equivaent of
about 450,000 Ibf buff strength. This now appears in adraft European Standard by the European
Committee for Standardization (CEN),* which permits the strength to be at coupler or buffer level

‘Reference 9.
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North American Passenger Equipment Crashwor thiness (continued)

"as appropriate’. A lower buff strength, about 340,000 Ibf, is permitted for equipment not
subject to humping or loose shunting (a note indicates thisis appropriate for "fixed units'). A
compressive strength of 90,000 Ibf is required 6 inches above the floor, 67,500 Ibf at waist-rall
height, and 67,500 Ibf a cant rail height.

European high speed designs are, &t least in some cases, designed to loads significantly
greater than required by the CEN. For example, the cab end of the TGV-2N power car has been
designed to a requirement for 340,000 Ibf compressive strength below the windshield, and
160,000 Ibf at roof level. The cab floor isrequired to have not |ess than about 675,000 |bf

compressive strength.

Our research has indicated that the Japanese "Bullet Train" equipment has been designed
to a buff strength requirement of 220,000 Ibf. The JR is applying the concepts of CEM to its
equipment.”

The buff strength vaues discussed above are shown on Figures 1 and 2.

Anti-Climbing Arrangement

The practice has been that anti-climbing protection is afforded by tightlock couplers built
into pockets at the ends of cars. The vertica anti-climbing strength on coach-type equipment is
aminimum of 100,000 Ibf at yied, provided by the coupler bearing on the buffer beam in the

upward direction, and the coupler carrier in the downward direction.

With such arrangements, anti-dimbing at the impact zone in a collison involving MUs or
cab carsis provided by the couplers either mating, or lodging under the opposing car's buffer

SReference 10.
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beam, or by the buffer beams directly. The Amtrak HST power cars and high speed dectric
locomotiveswill aso have ribbed anti-climbers. Thisisafamiliar trangit practice, but represents

aregppearance on USrailroad |locomotives after a 30-year hiatus.

With the advent of AAR Standard S-580 in 1990, locomotives have been required to have
avertica anti-cimbing arrangement with avertica strength of 200,000 Ibf at ultimate. Thisis
amore severe requirement than the one for coach-type equipment, but the difference in the failure
criteria (yield for coach-type equipment, ultimate for locomotives) reduces the apparent difference
indicated by the strength values.

For the Amtrak HST, the vertical strength of the anti- cdlimbing arrangement on thetrallers
will be equa to the weight of the heaviest trailer, or about 130,000 Ibf, & 30% increase over the
previous vaue from AAR Standard S-034. A vertica strength of 100,000 Ibf is sufficient to lift
the end of a coach, MU, or cab car with the truck attached at the lifted end, and resting on the
truck at the other end, even including a sgnificant dynamic augment that might result from a
collison. The 30% increase represents additional margin for dynamic augment at the cogts of
some added structure and, therefore, weight, but the increase satisfied FRA's desire for improved
grength for Amtrak's high speed trainsats.

For the future, the levels proposed in the ANPRM for Tier | equipment are essentidly the
same as the current AAR requirements for locomotives and cars, which is considered appropriate.
However, the effects of what is being proposed for Tier |1 equipment are not possible to
determine without their being further developed to establish requirements which are shown to be
practical, achievable, effective, and capable of being evaluated.
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End Frame Strength

North American design practice has included sgnificant "vertica end members' or collison
posts, securely connected to and supported at the bottom by the underframe and at the top by the
roof. The AAR Standard has required each of two collison posts to have an ultimate shear
strength of 300,000 Ibf at the floor. The strength above the floor is not specified, but, if desgned
to the minimum requirements of the Standard, a cal culation based on a pinned-end assumption
indicates a strength of about 50,000 Ibf & yield when loaded 18 inches above the floor. For the
past 20 years (approximately), design specifications have required 300,000 Ibf at 18 inches above
the floor & ultimate, per post, a Sgnificant increase over the minimum reguirements of the
Standard.

The AAR Standard includes a requirement for a minimum tota section modulus for dl
vertical end members, and the minimum portion of the total section modulus that must bein the
collison pogts. Designs with callison posts just meeting the minimum requirements typicaly met
the requirement for total section modulus by digtributing the difference in "corner posts' at the
extreme body corners, or the body corners for designs with end vestibules.

This North American practice has a counterpart in the European Standard in the
requirements in the latter for the loads above the floor mentioned in the discussion above about
buff loads. The mgor difference is that, in the draft European Standard, the loads are to be
ressted by the "end wall" (and thus the body shdll profile); there is gpparently no requirement
for discrete vertical end members with sufficient strength to resist the specified loads. Asfar as
we know, thisis the only counterpart in internationd practice to the North American collison

post.

Amtrak HST trailer collison posts will be designed to the current North American
requirements, except that the reaction at the top must be a minimum of 60,000 Ibf. The
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requirements for the power car are increased significantly above the current values, as has dready
been mentioned above as part of the discussion of buff strength. The loads gpply to a
substantidly- built wall a the front of the cab, with five posts across the width of the cab. Three
posts, onein the middle, one on each sde, continue from the top of the collison wall to the roof.
Thetotd strength available in the end frame Structure & the front of the cab isfrom two to three
times the strength of typica designsto the current North American standard. On the other hand,
the strength of the nose of the power car is less than would result by application of the current
gtandard, which is necessary to maximize the benefit of the crushable, energy absorbing structure
in the nose of the power car.

In the FRA ANPRM, the proposed collison post requirements for Tier | equipment can be
generaly described as the current practice for non-cab ends, and AAR S-580 for cab ends. Tier
[l requirements are formulated around the unitized collison wall concept for power car cabs.

For articulated or otherwise permanently joined units, it is proposed in the ANPRM that collison
posts only be required at the ends of the trainset, and not at ends of unitsinterior to the trainset.

The capahiility to transfer aminimum of 400,000 Ibf from the end frame Structure to the roof
is proposed. Thisiswell above any vaue that has been achieved or specified to date. This and
the other the collison post requirements proposed in the ANPRM, particularly the onesfor Tier
1, are undergoing further analyss regarding their benefits and for their effects on weight and

cost.

Truck Connection Strength

This has been another cornerstone of North American practice since the issuance of the AAR
passenger equipment standard in 1939. The requirement is asmple strategy for safety in
derailments and callisions, achievable with very little weight increase. It was included in the
AAR Standard as aresult of adisastrous telescoping in awreck in 1938, where a heavyweight
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telescoped mogt of the length of the lightweight to which it was coupled. The center plate
attaching rivets on the heavyweight sheared, and the truck dropped to the ground. If the truck

had stayed attached, its mass would have helped keegp the car from rising up. Also, if dl dse
failed, the truck, gill atached to the bottom of the car, would have struck the end sl of the
lightweight, and prevented further telescoping up to the point where the strength of the truck
attachment was overcome. Also, in aderailment with the trucks plowing balast and dirt, they

can apply a high retarding force to the cars to bring them to a safe stop while, with the assistance
of the tightlock couplers, maintaining the car upright. So, ever since that time, trucks have been
required to be locked to the car body so they remain attached if the car rises up (or is raised), and
the connection must have a 250,000 |bf ultimate horizonta strength. This requirement, with a

few refinements, has been gpplied to dl railroad equipment since the first issuance of the AAR
Standard in 1939, and is required for the Amtrak HST. The proposed requirement in the ANPRM
is essentialy the same as current practice. Asfar as we can determine, there is no counterpart

in the draft European Standard, or in Japanese design practice.

MU Car and Cab Car Corner Posts

There is no specific requirement for corner post strength in AAR S-034, AAR S-580, or the
current FRA regulation for "MU locomotives'. As explained above in connection with end-frame
collison post design practices, the AAR S-034 requirement for tota section modulusin vertica
end members was often satisfied by including some of it in extreme corner or body corner posts.
In spite of there not being a specific requirement for comer posts in the Standards or the exigting
FRA regulations, substantial corner posts have been part of North American practice, and have
been consstently gpplied to MU and cab cars for at least thirty years.

Requirements for "extra-heavy" comer posts were included in the 1966 specification for the
cab ends of the origind Budd-built Pennsylvania Railroad Metroliners. Each cab corner post was
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required to have 2/3 the strength of a collision post, and a shear strength at the top of the floor of
200,000 Ibf, was specified. This should have been relaively easy to achieve because the cab ends
of the origind Metroliners did not have a vestibule with low-platform steps, and the sde sill could
be used to effectively support the bottom of the corner posts. Severa designs since that time with
low- platform steps interrupting the side slI have achieved 150,000 |bf shear strength at the bottom
by usng extra- heavy buffer sills, and by reinforcing the edge of the trap door over the stepsto
tranamit the corner post bottom reaction load into the Sde sl

The Amtrak HST trallers may eventudly have one low-platform step on each side, but the
rest of the Sde doors will be high platform, with the sde sl extending dl the way to the buffer
dll. Metroliner-style corner posts will be used at dl extreme body corners. If alow-platform
sde door is eventudly incorporated, there will be structura posts on both sides of the opening,
with 150,000 Ibf and 200,000 Ibf shear strength at the floor for the one at the extreme corner and

body corner, respectively.

Corner post specifications have typicaly included aload at 18 inches above the floor, and
arequirement that the connections at the top and bottom be capable of supporting the posts loaded
to ultimate capacity at the specified points. For the first time that we are aware of, the Amtrak
HST specification includes a minimum reaction load at the top of the corner posts of 20,000 Ibf.
Thisis about double what has been achieved in existing designsin service, but was confirmed by
the bidders as being achievable.

In the ANPRM, the proposed corner post concepts are generaly in line with current
practice, but, in some cases, the specified design loads are well above current practice. A
"unitized type of end structure”’ is permitted for Tier 11, but if discrete posts are used, for trailers
they must be able to resist 80,000 Ibf, four times the Amtrak HST reaction load vaue, and
roughly eight times the reaction load currently developed by existing designs at the tops of corner
posts.
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The proposed requirement for the strength of power car corner posts at top is 133,000 | bf,
compared to 80,000 Ibf for the Amtrak HST power car. The difference here is even greater than
indicated by the numbers, however. The 80,000 Ibf requirement for the Amtrak HST power car
applies only to the cab crash-refuge module, but the higher vaue proposed in the FRA ANPRM
is gpparently intended to apply to the entire structure of the power car. To explain, a requirement
for ahigh corner post strength at the top is amore severe requirement for the structure supporting
the post than it is for the post itsdlf. It is relaively easy to achieve ahigh shear strength in a post
usng high-srength materiads. There isno vauein having such a strong post unless the
supporting structure, in this case, the roof, and more specificaly in North American parlance,
the roof rail, can aso withstand such aload. Thisis another areaiin the FRA ANPRM where a
sgnificant increase in the requirements compared to current practice is being proposed. It is
strongly recommended that the valuesin the ANPRM for corner post strength at the top be
replaced with vaues which have been shown to be achievable, and to postpone any further
ecadion is strength vaues until sufficient R & D can be performed to establish the benefits of
grester strengths.

Roll-Over Protection

Thisis another area addressed by current passenger car design practice in part by a set of
requirements that add up to strength and toughness in the sides and roof. In the past, the
requirements have not, a least in any specifications we are aware of, been consolidated under the
heading "Rall-Over Protection”, and thus it may not be generaly understood that the current
practice does, in fact, address roll-over protection.

A subgtantid rail below the windows, called abelt rail, has long been used in the

congtruction of carsin North America Y ears ago, heavyweight, girder-type steel carsused a
wrought section which was custom rolled just for that purpose. Lightweight designs of stainless
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sted duplicated the strength of the hot-rolled section with arail built in the Sde frame, and
gusseted at intersections with full-height side frame posts to act as a continuous member. This
helps resst end loads, and aso provides a substantial member at an idedl location to protect
passengers in sSde-swiping and side-impact incidents, and if the car rolls-over onitssdeina
collison or derailment. If the best method of protection is prevention, then perhaps the primary
method of roll-over protection is the tightlock coupler, which has sufficient strength to withstand
severd g'slateral force at the c.g. height of atypical railroad coach.

Perhaps another little known fact is that the full-length purlinsin the roof of some existing
sainless sted cars were incorporated as aresult of roof damage in awreck on the New Y ork
Centra on April 19, 1940, at Little Falls, New Y ork. This was a disastrous wreck, where some
cars cameto rest on their sdes, and some were catapulted onto the roofs of other cars. The
wreck took a high human toll, with 30 people killed and far more than that injured. Getting back
to the changes in roof design as aresult of thiswreck, whileit istrue thet the purlinsarein line
with and assst in supporting the tops of the collison posts in such designs, they were |abeled
"skid rails' by their designers because they were intended to minimize the chance of grossfalure

of the roof in rare cases of complete overturning.®

In addition, AAR Standard S-034 has requirements for minimum side and roof sheething
thickness, and minimum side and roof framing member section modulus. These requirements
assist in minimizing the chance of penetration and collapse of the sides and roof in case of roll

over.

For gpproximately the last 10 years, some specifications for raillroad passenger equipment
have specified atic laterd loads to be gpplied to the belt rail and sde sill. For the belt rail, these
were intended to emphasize the need for a stable, continuous-acting belt rail to help resst and

Reference 2.
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disiribute loads that might be applied in Sde-swiping, sSide-impact, and roll-over incidents. The
underframe of arail car, including the sub-floor pan and the floor pandls, is, in the horizonta
plane, a plate girder, and can be used to resist latera forces without change except perhaps for
improvements in connections. One connection that may need improvement is between the major
underframe transverse members (cross bearers') and the side sill. These connections are
designed primarily to transmit vertica shear. The laterd load requirement at the sde sill requires
that some thought be given to designing those connections to dso be effective in trandferring axid
loads into the underframe transverse members, so that, for example, Sde-swiping loads can be
more effectively ressted by the underframe considered as a plate girder.

The Amtrak HST Specification contains adl of these requirements. The load at the Sde sl
has been increased compared to current practice, to 80,000 Ibf over any 8 ft length of the side glll.
A stion titled "Roll-Over Strength” was added, giving specific methods of evauation and failure
criteriafor the conditions of acar rolled over on its Sde, and on its roof. These were aso
confirmed by the bidders as being achievable.

The FRA ANPRM contains proposed requirements for roll-over and side-impact strengths.
The requirements as stated will have to be interpreted for the purposes of designing Structures to
the requirements, and showing by caculation that the requirements have been satisfied.
Regarding roll-over strength, it is stated in the ANPRM that it is believed "existing North
American desgnswill likely meet this requirement”. They may, but it should be known whether
or not they meet the requirement, and, if they don't, the scope, cost, weight increase, and benefits
of modifications necessary for compliance should be known. And, compliance will depend on
agreement with the interpretations that were gpplied during design and stress andyss.

A sdeimpact strength requirement based on aimpact by aloaded highway tractor trailer

Is proposed in the ANPRM. While it may be possible to eventudly develop arequirement on this
badis, this goes well beyond current methods of specifying Sde impact strength, and the benefits
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to be gained from such a development effort are not clear to us. Thismuch isdear; if itis
absolutely necessary to specify Sde-impact strength on the basis of a dynamic scenario such as
is being proposed, then further development is absolutely necessary, because the requirement as
gated in the ANPRM is again subject to interpretation, even more so in this case than in the case
of the proposed roll-over sirength requirement.

Crash Energy Management

Thisis another area of car design which has been addressed in the past in North American
practice in spite of the fact that it is not specifically covered by the gpplicable the sandards and
regulations. Car designers have been concerned about " protecting occupied volumes' without
necessarily gpplying that labd to ther efforts. E. J. W. Ragsdae captioned a photograph of some
Budd lightweight equipment after awreck asfollows "The reslient yidding of the car ends saved
the rest of the structure and, incidentally, also the passengers’ . Designing cars for crushable,
energy absorbing ends is mentioned in a 1926 publication of the Railway Training Inditute: "The
sructure, above dl the ends [meaning the body ends in a car with low-platform end vestibuled],
has been so developed asto be as nearly indestructible as is possible. The platform, vestibule,
and its hooded covering are often so constructed that they will collgpse under aless shock than
isrequired to crush in the end of the car itsdlf - this"give" tending to absorb the shock of
collison, and prevent damage to both car body and passengers.” An illugtration in the book
shows the end-vestibule platform mounted on slIs that are apparently separate from and of lower
strength than the main body slis, so that they will crush back and absorb energy well before any
damage is suffered by the "occupied volume”, i..e., the body.®

"Reference 2.

SReference 4.
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For years, specifications have required static car body buff strength to progressively increase
from the ends to the middle of a car to help avoid structurd collgpse in the occupied volumesin
the event of a collison. With the exception of one in the mid-1980s for atrangit car that was
never built because the project lost political support, the concept of controlled crushing has not
been included in specifications for North American rail equipment until recently, in the Amtrak
HST specification and now others.

Crash Energy Management has been discussed often enough by now that there is no need
to dwell on it here. There have been many informative presentations concerning the CEM
requirements in the specifications for the Amtrak high speed trainset and dectric locomotive. The
automotive industry has performed considerable research onthese ideas, and has incorporated the
results of the research in successful designs for many years now. For rall cars, there have been
excdlent developments in Europe and the UK recently, and they truly deserve much praise for
developing practica ways to implement these ideas. In these cases, the benefits are clear; they
have been demonstrated.

The ANPRM includes a proposed requirement for CEM design. It isimperative that the
requirement be kept within achievable bounds. That comes down to the evaluation scenario which
is ultimately sdlected and included in the eventua regulation. The scenario mugt be redligtic, and
the CEM requirements must be achievable and of proven benefit. The high speed trainset-to-
trainset collison scenarios which have been under discussion in connection with the ANPRM go
well beyond what has been developed to date, and are not capable of being achieved without
condderable further development, if a dl. It is recommended that the scenario be the same as
or smilar to the ones currently in existence as aresult of the work in this area internationdly, or
asit gopearsin the Amtrak specifications, which has been ratified as achievable by these same
international developers of the concept. Regarding high speed trainset-to-trainset collisons, the
best, if not the only method of protection is prevention, by safe system design and operation.
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Conclusion

We have attempted to once again demonstrate that North American railroad passenger
equipment design practice has developed to the point where dl of theissuesin the ANPRM are
aready addressed in some fashion, as described in this paper. What we have now is known to
be achievable. Thereis no question that refinement is possible, and perhaps even necessary. We
have indicated areas where the requirements in the ANPRM represent Sgnificant legps forward
in the technology. These should not be implemented in aregulation until sufficent R& D is
performed to establish that they are achievable and will return benefits that make the necessary
development worthwhile.

Probably the area of most concern in the collison scenario for the purpose of implementing
CEM. From the perspective of the structura designer, it is unfair to charge them with the
respongbility for safety of passengers and crew in a high speed trainset-to-trainset collison,
epecidly because the book of design guidelines for preserving occupied volumes and limiting
peak accderationsin such collisons has yet to be written, and because, as has been stated many
times, high speed collison smply must be avoided. Whatever is ultimately included in the new
regulation must be known to be achievable and of benefit. Better yet, the regulation could bein
generd terms, so that the industry can gpply CEM technology at the state- of-the-art level when
the regulation becomes effective, and at higher levels as time goes on and further developments
are made.
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MS. SEVERSON: The next speaker this morning is Dr. Herbert Weinstock. He is the Chief of
the Structures and Dynamics Division of the Volpe Nationa Transportation Systems Center of
the Research and Specia Programs Adminigtration of the United States Department of
Trangportation. In his position he is responsible for engineering and research programs and
projects in the areas of structures and dynamics related to safety and performance of
trangportation vehicles, guideways, and structures. These projectsinclude studies of vehicle
sugpenson systems, vehicle guideway interaction, vehicle and guideway sructurd integrity,
collison avoidance, collison energy management, structurd sability, fatigue, fracture, and
mechanics of wear.

A dgnificant portion of the Divison'swork isin support of programs of the Office of Research
and Development of the Federd Railroad Administration, which are directed towards
establishing the technica basis for improved safety specifications and needed regulatory actions.
Dr. Weingtock's contributions to the study of the dynamic interactions between rail vehicles and
track have included the development of the two-point rail-whed contact theory that resulted in an
improved understanding of the curving behavior of rail vehicles, identification of mechanisms of
dynamic ingability in guided steering trucks that were not previoudy understood (thisis cdled

the Weinstock effect), and improved criteriafor establishing safety from deraillment during rail
vehide-track dynamic interaction testing (the Weinstock criteria) and approaches to track
geometry specifications to assure safety from derailment.

Dr. Weingtock received his bachelor's degree in mechanica engineering from the City College of
New Y ork, and degrees of Master of Sciencein mechanica engineering, and Doctor of Science
in mechanica engineering, with specidizations in gpplied mechanics and control systems from
the Massachusetts Indtitute of Technology. Heis amember of the American Society of
Mechanica Engineers and is registered as a professiona engineer in the Commonwedth of
Massachusetts. Dr. Weinstock's presentation this morning covers the desgn consderations for
ral vehicle desgn.

DR. WEINSTOCK: Firg I'd like to thank Dr. Woodbury for giving us an excdlent review of the
current state-of-the-art in terms of the gpplication of existing crashworthiness sandards. At the
recent ASME/IEEE Joint Railroad meeting he gave an excdlent paper, which | suggest people
look up, describing the history of these stlandards and criteria and how the requirements evolved.
A good ded of the current standards and current practice was developed on a heuristic basis.
Something happened, corrective action was taken. Assembled groups of wise engineers, wise
manufacturers got together and said, "Look, how much bigger should we make this? How much
stronger should we make this?' But the thing that is Srongly missing in the history isa

definition of the performance requirements and how these requirements relate to mechanics and
design practice. We must gill provide quantitetive answers to questions like, "What closing
gpeed can be developed before we achieve aclimbing Situation? To what level of speed can we
control over-ride before it happens with a specified anti-climbing devices? How much protection
is provided by acollison post of a given strength?”!

In this presentation, we would like to step back and ask some fundamenta questions relating to
the mechanics of collison and design options available for controlling their consegquences.
HA-2-1
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SLIDE1

In many of our conversations on crashworthiness, we frequently enter into a discussion of the
trade- offs between investments in accident avoidance and crashworthiness design. Each of our
trangportation systems have measures built into them and have operating practices which are
intended to prevent collisions from occurring. Train accidents are not supposed to happen. We
don't want them to happen. If I'm adesigner of something, | don't want people breaking it; | don't
even want to think about something like that hgppening. The difficulty isthat they do. And the
accidents do not limit themsalves to closing speeds of five miles per hour or ten miles per hour,

or even forty miles per hour. As noted in Side 1, the accidents that we've seen this year had
closing speeds of the order of seventy miles per hour. And the Chase, Maryland accident in
January of 1987 happened a over one hundred miles per hour. In our design considerations and
in our operating practices, are we doing as effective ajob in terms of protecting people aswe
know how to do? Would providing increased levels of protection redlly cause horrendous
increases in weight or cost? Our mission in this symposium and in part in my presentation isto
seeif we can develop some of the information and some of the trade-off data related to designing
crashworthy railroad vehicles.

| would appreciate your indulgence while | attempt to review some of the fundamental
congderations based on engineering mechanics related to crashworthiness design.

SLIDE 2

Fird, let's be sure that we understand some of our definitions. The Situations we're out to control
(thet is keep fatdities from getting out of control in these Stuations), are conditions where we
have an impact between the train and an obstacle. When there's an impact between two trains we
do have the potentia for an override. The override can be produced by awedging action
resulting from the geometry of the impacting structure. It could be produced by the pitch
regponse of the vehicles. Even if override does not occur, we will develop structurd failures
which result in collgpse and crushing of the vehicle's structures. People get hurt if they're trapped
or impaed within the collgpsed structure; and if they impact a device or an object that is capable
of causing them injury as aresult of the secondary collison.

SLIDE 3

Side 3illugrates the override potentia produced by the wedging action. Here we have two
locomotives after arecent collison. Our colleagues at Arthur D. Little Inc. did avery nicejob of
smulating this Stuation and developing tools and a methodology which we can sart to use for
predicting the consequences and predicting what the effects of modificationsin the desgn might
have. These have been explored partialy, and thereis a set of reportsthat are available on the
sudiesthat they did. Within that interaction, they had looked a some in terms of the kinematics
and dynamics of the Stuation. So where we have the initid impact, the firgt effect is that the
geometry shown in Side 3islikely. This geometry permits the two couplers to meet and ride
over each other.
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SLIDE4

If events proceed as indicated in Side 4 the coupler should become trapped in the Structure.
However, we found that the limitations were on the support structure of the coupler and the draft
gear support. The Association of American Railroad's standard S-580 does specify the strengths
of key structuresinvolved in the collison. However, failures of supporting structures whose
srength are not specificaly specified in the sandards provide the potentia for an override
situation. Our objectives have been to be sure that we understand these mechanisms and have
devel oped appropriate predictive tools. Working with these predictive tools we hope to be able
to quantify how much a change in design is going to affect survivability. In this case, the
survivability of the person in the locomotive car.

SLIDES

Slide 5 illudrates the scenario of two trains meeting head-on. Since the impact point tendsto be
below the gravity center of the cars, they will tend to bow into each other. This produces an
opportunity for an override of one lead car into the other leading car. While this pitchis

occurring, we aso have the opportunity for the rear car to comein undernesth it. Prior to the '70s,
this type of override was not uncommon. One of the things that has been successful at reducing
the incidence of thistype of override has been the tight-lock coupler.

SLIDE 6

As Frank Cihak noted in histalk, compatibility, smilarity of vehicles, is extremey important.

As shown in Side 6, if we have mismatches between the sl heights, we have an invitation for
override and the telescoping of one car into another. In some of our newer operations where we
are operating commuter equipment in amix with the generd freight systlem, we have to be very
careful that the equipment were introducing is reasonably compatible in the event of collison.
Otherwise, we are inviting telescoping and override conditions.

SLIDE7

Asnoted in the literature and the discussions in this symposium, lines of defense againgt override
include the tight-lock coupler between cars, use of improved anti-climbers, controlled crush
characteridtics, higher strength of superstructures and mechanisms that will cause entrapment
within the collapsed structures. Our colleagues in England and in France, and Frank Cihak of
APTA noted in their discussions that as far back as the '60s, people were talking about using
controlled crush zones. They aso proposed using a sacrificia volume and a careful design of
collapse loads. The intention would be to provide a more gradua development of pesk loads that
would result in enough time for the anti-climbing devices to engage properly and produce an
entrgpment between the cars that will prevent an override from occurring and keep structures
together.

SLIDE 8

In the event override has occurred, the effective use of collision posts may provide protection
agang intruson into the occupied volumes of the car as shown in the top portion of Slide 8.
Slide 8 provides a sketch of the type of crush zonesthat the researchers at British Rail have
been studying and testing. They have designed the ends of the car Structure to be sacrificia with
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the collapse of the crush zones developing lower forces and providing alittle bit more time and
ability to contral the interlocking of the anti-climbing devices. This gpproach gppearsto be quite
helpful as demondtrated by the tests that they have conducted.

SLIDE9

Side 9 providesaligt of options available to the designer for controlling the consequences of
override. Using collison posts, integrated end structures, and potentialy increasing strengths of
superstructures may be sufficient to move the line of action of the forces closer to the gravity
center to limit the pitching behavior. Strong collison pogts and a very high strength occupant
compartment which act to prevent intruson into the passenger volume would be expected to
reduce injuries and fatdities.

SLIDE 10

This dide shows a schemétic of arecent collison. For this scenario, we have to ask some
questions on the mechanics of the impact, the structural damage and the resulting derailment. A
cabcar-led commuter train has passed through astop signa and istraversing a switch and
entering amain line track at a gpeed of 18 mph. A locomotive-led train was moving aong the
track at 53 miles per hour resulting in a closing speed of 71 miles per hour. Fortunately, the cab
car led train had not fully entered thistrack. If it had been fully on the main line track, we would
have had a head-on collison with much more damage. As shown in Slide 10, at the time of
impact, it appears that the mechanics were such that a Sde force was induced between the
locomotive-led consist and the cabcar-led consst. This Sde force succeeded in derailing the
train moving adong at 53 miles an hour, and aso derailing the cab car. At the end of the collison,
the cab car was at the Sde of the locomotive-led train consst, and the locomative pulled its
consst over the other side of the track the track. A recurring question for this type of scenario is
whether the derailment acted as a safety vave on the Stuation, in terms of limiting the amount of
damage that occurred. On the other hand, if you have a deraillment in a place with abridge or a
place with pardld tracks, you can wind up increasing the consequences enormoudy. We are
conducting analyses of the dynamics of this situation and trying to develop an understanding of
the trade-offs.

One of the efforts that were initiating now through contractor studies is developing better
understandings of the mechanics of override, especialy in degling with cab cars. We are dso
congdering what measures are avallable to keep carsin line and what the sengtivity to variaions
in design might be. The emphasis of al of these sudiesis establishing relations between
parameters that can be controlled by the designer and safety performance as measured by
survivahility of occupants of the trains.

SLIDE 11

Let me review alittle bit of mechanics and the behavior of cars when they do collide and they do
crush. One of the things that characterize and il tends to characterize most of the passenger
carsthat are built currently is an essentialy uniform crush force characteridtic. This definitely

has its limitations, as we will show. Concepts that have been explored by the French and
explored by the English and explored by usin the discussons that we engaged in with AMTRAK
and the FRA in the development of crashworthiness specifications for the American Flyer

[1A-2-4



DESIGN CONSIDERATIONS-SESSION I1A-2 TRANSCRIPT

specification include crash energy management concepts. In applying crash energy management
concepts we are trying to distribute the deformations throughout the train to minimize crush of
occupied volumes and to maintain survivable environments.

SLIDE 12

So now well get back to some fundamenta physics. If I'm out to limit the crush of the car, what
| do in an automobile (what | do in dmost any vehicle) istry to decelerate the vehicle asfast as|
can without injuring people. People can tolerate for awell-designed seatback an impact velocity
with the seatback surface of the order of 30 kilometers per hour. Slide 12 shows the impact
velocity that a seated unrestrained passenger would experience in atrain, undergoing a constant
deceleration as aresult of acollison, for several assumed seeting pitches. The train deceleration
for a congtant crush force characteristic is the ratio of the crush strength of the train to its mass.
That would mean that if we had-and taking the Stuation of a uniform deceleration—anice
tightly packed compartment, we might be able to safely decelerate about something like 9 or 10
gs. If we loaded the car to minimize the space available for the passenger (and this might be an
option that people may consider, saying that we packed the seats closer for your safety and we
can put more passengers in the same volume) we might be able to sustain higher decelerations.
However, I'm not sure that would sdll too well. When we gtart getting into more comfortable seat
gpacing as Amtrak is planning, what we're saying is that we probably would want to keep the
decderation below, say, 6 g's. The design target would be between 4 and 6 g's for the average
decderation on theinitid train impact to minimize the crush and keep the impact speed with the
sedt in front to within 30 km/hr.

SLIDE 13

If we look at atrain with auniform crush srength that is meeting another train that's identica to

it, the amount of crush that we're going to need to absorb the collision is controlled by the retio of
the crush gtrength to the effective weight. If were talking about eight 100,000-pound cars
designed that way, and if we were talking about a uniform strength of 800,000 pounds, that
would trandate to 1g. As shown in Slide 13 this means that with a collison speed of just 30
miles an hour you'd wipe out 25 feet of volume; and with a collison speed of 50 miles an hour
you'd wipe out something like 75 feet. Accordingly, our recommendation in the 1978
Symposium on Rail Car Crashworthiness was thet if you have to be involved in acragh, stinthe
middle car. Stay away from the ends.

SLIDE 14

In terms of physics, therés rdatively little you can do about the total energy that must be
disspated in acollison. You have to absorb this much energy. But now people have looked at
what kinds of things can be done to distribute the energy that must be absorbed by structura
deformation. And if we're ready to introduce some sacrificia zones having alower crush
srength than the occupied volume there is a potentid to improve passenger safety. As shown in
Slide 14, for the sake of argument, | used four times the weight of the car, eight times the weight
of the car, and twelve times the weight of the car for different segments of each car. If we dso
introduce a breskaway coupler as done by the English, the cars will engagein effectively
independent collisons and we maximize the use of the sacrificid volume that you have in thet
design condition. (I've cdled this the privatization or free enterprise approach to occupant
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protection in thet each car isindividudly respongible for its own surviva.) In Slide 14 we scaled
the length of the front sacrificid zone for a 22-mile-an-hour collison into atrain traveling an
equa 22 miles an hour in the opposite direction, for a closing speed of 44 miles an hour. What
happensis that as the lead car is engaging inits collison, the trailing car doesn't know too much
about it. As each car isengaging inits collison, it is unaffected by the other carsin the congg.
Just asthefirg car finishes its collison, the next car in the train comes up, kissesiit at the end
and dartsits collison. Thiswill produce your most efficient use of the sacrificia zone.

The reason that Slide 14 shows stepped force-crush characterigtics is that we might want to create
Stuations with a second line of protection. We might desire to make the initia collison
decderaion 4g's and limit it to thet for low impact velocities while being willing to decelerate
occupants at a higher acceleration than the 4g's in more severe collisions. Thiskind of strategy
could be used.

SLIDE 15

We dso consdered what would happen if we take that same set of carsand put them in atrain
with no gap between cars as shown in Side 15. As shown in Slide 15 we get alower
deceleration to sart off, with al of the cars decelerating at 4/3 of ag.

SLIDE 16

Side 16 shows the stages of the crush of the crush zones of these cars for the case of aclosing
speed of 50 miles an hour. The two trains are moving towards each other at 25 miles an hour: In
the first stage we lose some speed and we wipe out the crush zone at the front of thefirst car. If
the speed were much lower, this sacrificid zone would be the only zone affected. Asthe crash
proceeds we wipe out this sacrificia zone and we start moving back in the conss, and we have
the crush being transferred to the other cars in the consst. The effect, as shown in Side 16, is
that as we proceed the crush gets transferred from the front to the next sacrificia zone to the next
sacrificia zone, so that the front cars to a degree act to protect the cars following, and we have
gradud crash. One of the advantages of the step crush isin the minor collison you only have to
repair the first car; you don't have to repair dl the cars. With the gap in each car acting
independently, any collison requiring repair of one car will require repair of dl cars. So there
are some trade-off considerations there.

SLIDE 17,18

The sequence of crush for thistrain configuration for a closing speed of 76 miles per hour is
shown in Slides 17 and 18.

SLIDE 19
However even for the extreme 76-mile-an-hour collison shown in Side 17, if the disance
between the head of the occupant and the seet in front isless than about two feet, as shown in

Slide 19, we've kept the secondary impact speed to the range that we know how to handle with
interior padding and with good seat back design.
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The mgor point of this discussion is not necessarily that either one design approach or another
should be used, but that the options are available to the designer By considering the results of
samulaions and by the use of some of the modem design and anaysis tools that we currently

have available, we can decide where we want the car to crush; how we want the cars to crush,
and how the energy isto be dissipated. So we now have a potentia to control this Situation.
These were some of the congderations when we started to do some of our analysesin to support
the discussions rdated to potentia crashworthiness of trains for Amtrak's high speed

applications.

SLIDE 20

Slide 20 provides alisting of some of the work that we have been engaged in over the last six or
seven years. Thiswork was partly inspired by the potentia for the introduction of high-speed
equipment being built to different specifications from those in the United States and partly
ingpired by the increase in commuter operations, particularly commuter operations entering the
generd railroad system. The work was aso motivated by aneed for the FRA Office of Safety to
provide Congress with an evauation of the degree of effectiveness (what degree of protection is
being given to people) in improving crashworthinesswhich is provided by the use of the AAR's
S-580 standard in locomotive design. Congress aso required a study of the sengtivity of
potentid injury, potentia codt, potentia impact to modifications or changesin the design.

SLIDE 21

To facilitate the conversations that we had on the American Flyer, David Tyrdl and Kristine
Severson of the Volpe Center have performed andlyses of options for employing a crash energy
management concept within congraints and within judgments where we felt that sacrificid zones
could be introduced into the car or into the train. Since thistrain isan integrd trainset, the
philosophy employed hereisfairly smilar to that used by the French. We have regions of
unoccupied volume. We have aneed to protect the operator (protect the locomotive engineer), o
we want to be able to provide a crush zone to at least reduce hisimpact. We have a bit of space
in the locomotive where we could readily sacrifice volumes, and we have vestibule aress that
could be used for crushes.

SLIDE 22, 23

These are the smulation results that you've seen in the paper that Dave Tyrell presented at the
ASME Winter Annua Mesting this past November and in severd reports that you may have had
copies of. In these analyses we have been performing parametric studies. Were doing a"what
happensif,” sudy. Where we are doing sensitivity sudies, we do want to go through the full
range of potentia speeds to see what happens if an event should occur and what kinds of
improvements we could effect. Whether it makes economic sense to do this starts becoming
another set of condderations, but in order to make those decisions you need the kind of
information we are developing to be able to exploit the tradeoffs.

SLIDE 23

Here we have the constrained crash energy managed design, and what you see is a distribution of
the crush. Y ou haven't reduced the energy that had to be diss pated; what we have doneisto

[HA-2-7



DESIGN CONSIDERATIONS-SESSION I1A-2 TRANSCRIPT

move the crush energy around in away that starts to reduce the amount of occupant volume that
islost. And in terms of secondary impact, the ability to a some level control and manage the
energy provides an ability to provide much better protection for the passenger occupants. The
andysis dso does show (if thiskind of gpproach is being used) that we want to do something
specia for the operator of the vehiclein terms of his protection. Since he isthe operator in a
much more constrained environment, we have potentia for giving him more protection. I'm not
sure anybody would be serioudly ready for it yet, but air bags and specidly designed seats would
not be totaly out of thisworld or totaly unreasonable in this Situation.

SLIDE 24,25

Some things you'll hear more about tomorrow are some of the ded testing, shown in Slide 25,
that Krigtine Severson with MGA Research has been doing on AMTRAK seat designs making
use of the Hybrid-3 anthropomorphic dummies that National Highway Traffic Safety
Adminigtration has been kind enough to let us abuse. The results of these tests are being
compared with smulation results usng some fairly detailed modds of the occupant in the
interior. Some results of andyses using models developed by our colleagues a SRI International
of the Occupant Secondary Impact Response are shown in Slide 26.

SLIDE 26, 27

SLIDE 27 illugtrates the results of structurd impact smulations performed by SRI Internationa
as part of efforts contracted for by the VVolpe Center. This particular smulation shows the Sart
of apotentid override (telescoping) Situation. Our colleagues a SRI Internationd will beteling
us more about some of the finite eement modd s that they've congtructed, and the essentid
results of their studies.

SLIDE 28
Side 28 isaso achart | borrowed from SRI, which illustrates an anadysi's approach.

The mgor point | have been trying to make in these discussionsis that we do have tools, we do
have capabilities and techniques which can be used to make assessments of what the sensitivities
of design changes and design options are, and what kind of fatalities can be prevented. The next
sep is developing the kind of costs and weight impacts they produce. This provides us a means
by which we can solidly make the economic and socia decisions that we have to make as to what
becomes a reasonabl e crashworthiness specification and what can be done by design. There are
uncertaintiesin terms of the actud ability to build equipment having the characterigtics that we
can glibly draw or design on the computer. The concepts must be proven in terms of actua
hardware. We are looking forward to the experience of the French, the English and the people
that have congtructed crushable structures. We've been looking a some of the innovations that
have been very effectively used in the automobile industry, where they are being extremely
effective & designing crumple zones, causing the failures to occur in the way that they want them
to occur, and to provide maximum protection to the occupant. And there's been avery dramatic
change in automobile design practice over the past 40 years, particularly asit concerns
crashworthiness: they are using the kinds of analytic tools that we're working with, and hopefully
well hear alittle bit more about smilar potentias. Have | run over?
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MS. SEVERSON: Thank you. [Applause] Any questions for Herb at this point?

FRANK DUSCHINSKY : Frank Duschinsky, Bombardier. | think 1'd like to express concern
about continuing showing the consideration for head-on crashes at a speed of 140 miles an hour.

| think this possibly leadsto alot of digtraction on the actua subject, and that's about it. What I'm
saying isthat | believe that consdering that crashes of 140 miles per hour—head-on crashes-

and showing the results and comparing them for the current design and design with the crash
energy management gpproach included are distracting. | don't believe there is a sound basis for

it. What is shown here are the results of very smpligtic one-dimensiona models. | guess you
know; that's about it. Sorry, did you understand my comment?

DR. WEINSTOCK: | think what you said was the results that we showed were the results of
very amplified one-dimensiona modds, and that was one statement. Y ou questioned what the
realism of those one-dimensond models are in terms of actud behavior. And then there was
another thing that was essentialy independent, dthough related: Is it reasonable to talk about
140 miles an hour? | think what you're saying is maybe aslong as | kept my speeds down to 5
miles an hour or 10 miles an hour where the mations are rdaively smdl, maybe | can get awvay
with my one-dimensond models, but once I've got alot of crush, the one-parameter models are
garting to bresk down. Isthat what you're saying? Thisis one of the reasons that we are having
the type of finite-dlement modd s that | showed in Side 27. SRI congructed this mode with the
Dyna 3-D program, which takes alot more detail than the one-parameter characterization. It
takes account of the distributions and mass, and other factors. The models we have used are a
amplification but they become a garting point for an andysis, and something that can readily be
refined where we have the tools to start refining the extent of the andysis,

When weve had collisions that have occurred of closing speeds of greater than 100 miles an
hour, | cannot say that a collision of 140 miles an hour will never occur in any universe—I don't
know how to do that. | can not close my eyes and say if it happens, | divorce myself from
responsibility because terrible things are going to happen. | haveto at leest andlyzeit; | haveto
ask the question of what happens, and then | have to let your customer and you decide what's
buildable, what isit you're ready to pay for, and | have to ask the FRA and other people's
customers, the public, as to whether it's an acceptable condition. But we should be developing
the information and the data. I'm not saying that we should necessarily implement on that basis.

MS. SEVERSON: A question back there?

ED LOMBARDI: Ed Lombardi of Amtrak. Herb, if you could just go back to dide 17 where
you showed the closing speed of 76 miles an hour, I've got a question on some of the numbers.
Y ou're showing after the firgt car hit the wal a zero grit's dide 18 on the handout if thet'll help
youl.

DR. WEINSTOCK: That'll help. I have 18.

MR. LOMBARDI: Okay. I've just got a question of interpretation. The very top, thet first car,
zero G, I'm sure it had alot more than zero g-another 4g's, I'm sure, are maximums.

DR. WEINSTOCK: Oh. no, what's happened is this one, as it came to a stop-in order to
understand this one, we need the viewgraph before, so now dl | haveto doisfind 17. And I'm
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afrad | did gart to move alittle bit too quickly. Our closng speed of 76 miles an hour
corresponds to 38 miles per hour into a brick wal, and we go through the structura collagpsesin
stages. So at the end of the first stage being crushed, you've gotten down to a speed of 28 miles
an hour, but thisfirst car had-at the initid condition, this thing behaves like atrain, everything's
connected, and it's a uniform decderation of 4/3 of a g, until al of this zone collgpses. At the

point that this zone has collgpsed, we've gotten down by a speed, we've reduced speed by 2 miles
an hour, so 36 miles.

DR. WEINSTOCK: Then on the next stage what's that done with this 4g deceleration, it's
brought this guy's speed down to 28 miles an hour. And we've depleted this zone, we've depleted
agood part of, weve started to crush Zone 3. And at this point as aresult of the 8g deceleration,
this car is has been brought to a stop. So it's at zero miles an hour. Beyond that it has no
incentive to go anyplace, because the forces thet are pushing on it are less than the forces that are
capable of being developed on this Sde. So the effect is azero g acceeration to the next stage.
ED LOMBARDI: Thank you, sir. That answered it exactly. But one other follow-up question.

In actua practice, each car would have a crush zone or crush zones on each Sde of it. It'savery
smple diagram. Y ou know, youd put up awall.

DR. WEINSTOCK: You'd do up the front and backs together.

ED LOMBARDI: But would that change any of the numbers you just put up?

DR. WEINSTOCK: The numbers would essentialy be similar. I'd have to take a second look at
the behavior at the interface.

ED LOMBARDI: Well, but between two intermediate cars, you would have two of the four W's
up against each other instead of one up againg.

DR. WEINSTOCK: Right. What effectively you could imagine is hdf of this guy being on this
car.

ED LOMBARDI: Okay. So you've accounted for it.

DR. WEINSTOCK: It would be the same kind of distribution.

ED LOMBARDI: And the g levels would be the same as you've showed us,
DR. WEINSTOCK: Right.

ED LOMBARDI: Thank you.

DR. WEINSTOCK: For again these dimensions, which are pulled out of the air, and athough
the mativation was for asingle-car collison to keep the deceleration level at about 4g's.

ED LOMBARDI: Thank you.
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MS. SEVERSON: One more question in the back before we bregk. That was you with your
hand up.

CLARENCE SCOTT: Clarence Scott, Electromotive. I've some concern about the modeling
amplifications. And those of us that modd understand that you have to smplify. But it seems
like we're coming up with a philosophy of design based on avery pure head-on crash, where the
end gtructures can capture each other. And yet even in the accident examples you gave, at least
two of the three that I'm familiar with, | don't believe an end structure would have captured either
one of them; and even with crush zones, they would have still passed by each other, and when
they did pass by each other, the decelerations, the way they dowed down were much more severe
than this, even with the crush zones. So it would seem that we're in danger of imposing adesign
philosophy based on something that very rarely happens. Even rarer than the so-called head-on
crash isthe pure head- on crash. Should we be expanding this or looking at whether this would
have redly prevented the crash and actualy dowed the deceleration rates?

DR. WEINSTOCK: | think we should be asking the question and doing the level of analyss that
defines what kinds of options are available. Then in terms of trandating it into practice, there are
definitely design phases, experimental phases, that somebody would have to go through in order
to go into complete redity. But | think we should be asking questions.

CLARENCE SCOTT: Why choose the pure head-on crash for that andyss?

DR. WEINSTOCK: The pure head-on crash is chosen for the analyss because that is your most
severe condition and it is the likely condition of two trains coming into a head-on collison.

CLARENCE SCOTT: Two trains being exactly on atangent track, heading at each other, no
switches, no curves, no nothing dmost hardly ever happens.

DR. WEINSTOCK: On atangent, close to aturn out, somebody who has completed a maneuver;
in that figure, the difference between what did happen, which was the side collison, and what
could have happened.

MS. SEVERSON: Herb, while you're looking for adide, | think Dave had something he wanted
to say.

MR. TYRELL: Dave Tyrel of the Volpe Center. A couple of comments. There was a collison

| believein ether '81 or '82 outside of New Y ork City—two trainsled by AEM-7'S held by
AmHeet coaches. The collison speed was alittle over 60 miles per hour is my recollection. The
two trains did stay inling, it was a dead head-on. At least in a generd sense or a quditative
sense the model agrees quite well with what happened in that collision. I'd dso like to defend the
sngle-degree-of-freedom modd alittle bit. It is extremely smilar to the modd that SNCF used
to evauate what happened a Varonne. That modd corresponds very well with that accident.
Some of the implications of what Frank Duschinsky was saying isthat at higher speeds, you're
going to have override latera coupling. If you are wise enough, if you are smart enough, you
have some prior knowledge of what the find collison condition islike, you could indeed apply a
sangle-degree-of-freedom model. If you do it right, you should get a very good corrdation. It'sa
meatter of what you're looking for out of the mode, whether you're getting appropriate
information or not. If you're looking for some detail and some impressions about the structura
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deformations, you're not going to get it from a single-degree- of-freedom moded. If you're looking
for gross crush, it is appropriate.

DR. WEINSTOCK: Coming back to this picture, the difference between this Stuation and the
head-on Stuation isjust car length. Just one car length. Had this car moved judt alittle bit

further in terms of time, and occupied that Stuation, you would have had a head-on collision. So
ahead-on collison isworth looking at. Whether or to what degree it becomes the controlling
Stuation does get into your risk trade-offs and your economic decisions and your design
decisons, but developing the information and developing the parts to make the trade- offs from,
that | will defend. Whether you should buy atrain or ook for atrain to survive the 1,000-mile-

an-hour head-on collison, | couldn't tell you. But if it took very little to provide the protection,
I'd gofor it.

MS. SEVERSON: At this point I'd like to take a break. If there are further questions, they can
be raised or addressed at the pand discussion at the end of the day. If we try to reconvene about
10:10? Thanks, Herb.
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DESIGN CONSIDERATION FOR RAIL VEHICLE CRASHWORTHINESS ("

TRAIN COLLISONSARE RARE AND SHOULD NOT BE
PERMITTED TO OCCUR, BUT...

February 16, 1996 Silver Springs, Maryland,
Closing Speed 70 mph

MARC Cab Car into AMTRAK
Locomotive

January 09, 1996 Secaucus, New Jersey,
Closing Speed 71 mph

New Jersey Transit, Cab Car
in to Locomotive

January 4, 1987 Chase, Maryland, Closing Speed 105 mph

Amtrak Locomotive into Conrail
Locomotive

WE MUST DESIGN VEHICLESTO ANTICIPATE COLLISION AND
LIMIT CONSEQUENCES...
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DESIGH COMNSIDERATION FOR RAIL VEHICLE CRASHWORTHINELS

DEFINITIONS:
IMPACT BETWEEM TRAIN AND OBSTACLE

¢ Owver ride produced by wadging astien resulting freem EROMETry

Slide 2 of impacting structures
¢ Cver nde produced by vehicle pitching respanse

¥ Svructural filere, collapse, and erushing of vehicle structure

SECONDARY COLLISION:
IMPACT BETWEEN PASSENGER OR OPERATOR AND VEHICLE INTERIOR

v Oecupant trapped in collapsed interior

* Occupant impaces interior surface

d CONSIDERATION FOR Rall YEHICLE CRA ATHIMESS e

OVERIDE PRODUCED BY WEDGE CTIDN

Slide 3
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Slide 6

Slide 7

OVER RIDE PRODUCED BY DIFFEREMCE IN SILL HEIGHTS

DESIGH CONSIDERATION FOR RAIL YEHICLE CRASHWIORTHIMNES e

OPTIONS TO PREVENT OVER RIDE:

¢ TIGHT LOCK COUPLERS BETVWEEN CARS
¢ IMPROVED ANTI CLIMBERS

v CRUSH ZOMES TO LIMIT DYNAMIC IMPACT FORCES
¢ INCREASED STRENGTH OF SUPERSTRUCTURE

v ENTRAPMENT IN COLLAPSIBLE STRUCTURES
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DERGH COMSIDERATION FOR RAIL VEHEICLE CRASHWORTHIMESS

Over-ride Control

Colinen Poztt

Protection

Against

Intrusion

Increased
Resistance

DESIGH CONSIDERATION FOR RAIL YEHICLE CRASHYYORTHIMES: e

OPTIONS FOR CONTROLLING CONSEQUENCES OF
OVER RIDE:

# COLLISION POSTS
7 INTEGRATED END STRUCTURES
/INCREASED STRENGTH

I / INCREASED STRENGTH OF SUPERSTRUCTURE
/ HIGH STRENGTH OCCUPANT COMPARTMENTS
/ LOCOMOTIVE ENGINEER CRASH REFUGE
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DESIGN CONSIDERATION FOR RAIL VEHICLE CRASHWORTHINESS
RAIL VEHICLE CRUSH BEHAVIOR
Slide 11

+ UNIFORM CRUSH STRENGTH
+ CRASH ENERGY MANAGEMENT CONCEPTS

/" "GAP" BETWEEM CARS TO EQUALIZE CRUSH
BETWWEEM CARS

v STEPPED CRUSH CHARACTERISTIC
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RECENT U.S. CRASHWORTHINESS RESEARCH:
1989

v Assesment of the State of the Art

v Analysis of High Speed Crashworthiness Options Slide 20
v Locomative Crashworthiness Research

v Dynamic Sled Testing of Passenger Seats

v Case Studies in Collision Safety

v Modifications for Improved Cab Car Crashworthiness

v Crash Energy Management Preliminary Design Study
v Override/Lateral Buckling Study 1996

CESIGN CONSIDERATION FOR RAIL YEHICLE CRASHYWORTHINESS o

Constrained Crash Energy
Management Design

Shide 21
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Power Car to Power Car
Collision Conventional Design
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Slide 22
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BESIGM COREIDERATION FOR RAIL VEHICLE CRASWORTHINESS

COLLISION SAFETY ANALYSIS

Intercar structures & Lateral buckiing and Detailed description
other rail equipment override responses of interior structures
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HIGH-SPEED RAIL COLLISION SAFETY

DR. WEINSTOCK: Well next discuss work we've done and some of the analyses that we've
been doing to assess the severity of the collison event. SRI Internationa was part of the Foster
Miller team in doing the case studies in collison andyss. And their role was going through

some detailed models of car designs, detailed modds of secondary impact conditions, with a bit
of emphasis on the use of DY NA3D program, that was developed by Lawrence Livermore. The
presenter will be Steve Kirkpatrick, who's been with SRI Internationa as a research engineer for
about the past dozen years, and he's been doing computationa and experimenta investigations
on dynamic response and failure of materids and structures to impact and glass gloating, which
seems gppropriate to the high-energy collison situaions that were dedling with. Some of the
typica programs that he's been involved with have included dynamic buckling of thin shell
Sructures, impulsive loading, ductile fracture conditions, dynamicaly loaded developments,
sructures used by the Navy. And he's going to talk about some of the crashworthiness analyses
that he's done in work related to rail car crashworthiness. Steve.

MR. KIRKPATRICK: I'm going to talk about the work weve been doing on the high-speed rail
collison safety program. Thisiswork that I've been doing with my colleague, Jeff Smons, who
isdso here. Fird, abrief overview of the program. A lot of this was discussed yesterday by
Mark Snyder and Duncan Allen. Overal, were looking at the collison safety of high-speed rall
systems. Thisis aprogram that was originated by the FRA and administered through the VVolpe
Center. At SRI Internationd, we're looking at crashworthiness and accident survivability, dong
with our prime contractor, Foster Miller. The other part of the program, discussed yesterday, is
the collison avoidance and risk andysis.

It's helpful to remember the red problem we wart to analyze, and that's what this dide shows.
Thisisan illustration of the Silver Springs accident in February. What you need to remember
about thisisthat the collision response has alot of complicated aspects. If you look at individua
cars, you have large crush deformations. If you look at the overall consst, you seethet latera
buckling has occurred. There are large rotations and large displacementsin the response which
are difficult to andyze. In addition, you have to follow through from the train and consst
response to the occupant response inside where a secondary collision of the occupant occurs.
Thus, you have various phases of the response, which makes the overdl analyss quite
complicated.

If you look at the previous work that had been done, considering North American rail equipment,
much of the andlysisisrdativey old. It gpplied limit-load andyses, or smplified frame

andyses. This dide shows an example of an andysis that was done by the Boeing Vertol
Company for the ICG Highliner, in the mid-"70s. It's for a case of an overriding car. The plot
shows a caculated crush load of 0.6 million pounds in override and then once the trucks
engaged, then you obtain something like 1.2 million poundsin bulk compresson. Thisisthe

kind of information we had as a starting point. What we wanted to do was to gpply more state-
of-the-art methods for andlysis of the North American equipment.

The other analyses that have been done for train car crashworthiness are the determination of
static buff strengths, because that was one of the design conditions. In terms of the detailed
finite-dlement andyses, there are smulations going on in the European community, SNCF and
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GEC Alsthom for the TGV and British Rall. I'm sure well hear more about those research
programs later.

The modding technique that we wanted to bring to program this was to gpply the DY NA3D
finite end element code. Thisis a code that's been used extensively within the crashworthiness
community for automobiles. It's adynamic, nonlinear, three-dimensond finite dement code
with an explicit integration. Thistype of explicit finite dement Smulation is very well suited to
andyzing the nonlinear dynamic crash response with large displacements. DYNASD aso has
features built in so that it does avery good job of modeling contacts and impacts required for
crash Smulations.

In addition, to understand the overal response, we thought it's important to look at the entire car
asasingle gructure. In that way, the various structurd members dl interact with each other, and
you don't have to make assumptions of how individual components, such as the collison post
interact. By andyzing the entire structure, |1 think you can do a better job of modeling the
complete crash response.

This dide illugtrates the overdl gpproach that we set up. This approach is one of the things that
we wanted to emphasize. Y ou can't do the entire range of crash response and occupant safety
andysis with any one single caculation. It'stoo large a problem to do that. Y ou need to breek it
down into the various portions of the problem that you need to understand and can andyze. We
darted with an andlysis of the detailed crash response of an individua generic coach car. This
required building up a detailed model from which we're able to learn about the characterigtic
crush behavior and crash response of an individud car. The next step is andyss of the overdl
congs and the cong st collison dynamics using amore smplified modd. By doing thet, you're
able to get the acceleration histories of each of the carsin the consst. These car accelerations
giveyou initid conditions for doing the third step, which is the occupant response and the
interior safety assessment.

At this point, I'd like to show avideo that illustrates those various types of smulations. [Plays
video.] Thisvideo just quickly steps through those three phases of response. The first thing you
need to do is understand the detailed responses of an individua car. What you're seeing hereis
the mode we built of a generic coach car using North American design practices. The
smulation that I'm showing here is an impact of that generic car at 60 miles an hour into a 50-ton
rigid but moveable mass. Y ou see the massis represented by the outline shown here. The car
model being shown has gpproximately 50,000 dements. The outer skin is removed in thisview
to show the various slls, stiffeners, and the overal structural design. The collison being shown
hereisfor aduration of gpproximately 50 milliseconds. At 60 miles an hour, this produces a
crush of 30 to 40 inches. Y ou can see that the whole front end of the car is severdly crushed and
the sde doors are pushed closed by the crush deformations. Y ou can aso see dynamic buckling
forming in the outer skin, fairly noticegble back in thisregion. This example illudrates the
complex response that you need to be able to analyze for this severe collison.

Toillugrate the individua car crash response further, this animation has a transparent outer skin
and floor panels, so you can see the type of buckling that occurs within the structura frame. The
draft 5l forms plastic hinges leading to a dynamic buckling a collgpse mechaniam. Thisandyss
gave usalot of ingght into the collison responses for this type of structure. In addition, it
dlowed usto define what the characterigtic crush strengths were for the generic coach car, and
that information feeds into the smplified modds for the collison dynamic smulaions. An
illustration of thet type of collison dynamics reponse is shown next.
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Here, we have three cars impacting a 50-ton mass a 60 miles an hour. What's illustrated by the
colorsin these car end crush regions are contours of crushing or damage, and you get afar
amount of crushing at the front of the first car aswell as some crushing in the interaction

between the first and second car. If we look at a close-up of the interaction between the firgt and
second car, it shows some details of the mechanisms that can lead to an override-type response.
The deformations of the smplified couplers, mixed in with the overal kinematics of the

response, leads to alifting response of the second car. Had this been a more severe collision, the
car end lifting could have led to an overriding behavior.

Thissmulation illudratesis that even though thisisasamplified modd, by doing it within the
framework of afinite eement code, like DYNAS3D, you andyze the overdl| three-dimensond
dynamicsincluding the mechanisms of override and buckling.

The fina stage of the train crash problem isthe interior response, and here's a representative
caculation: you have a seated occupant, and we apply an accderation history to the seats that
leads to a 15-mile-an-hour secondary impact with the forward seat row. This caculated response
isvery smilar to the ded tests that welll see in a presentation tomorrow.

For this secondary impact analys's, the overal motion of the occupant and the seatback is such
that the head has a very light impact with afairly compliant seet. In this case, we calculate a
head injury criterion (HIC) on the order of 100, which corresponds to alow injury probability
and you'd expect that this occupant would survive that collison. (Can we have the dides again®?)

To summarize again, our overdl approach for the collision safety andysesisto bresk the
problem up into a three-stage response, where you first do a detailed analysis of the car crash
response. This helps us develop an understanding of the detailed collapse mechanisms for the
car. These andyses dso caculate crush curves which feed into the next step: the andysis of the
overd| collison dynamics. These are smplified modds thet dlow us to andlyze the crushing
response and have the ability to build in lateral buckling and override. These smplified modes
cdculae the interior crash environment, which feeds into the interior assessment and occupant
survivability analyses. Using the crash environment with an interior and occupant mode, we
caculate the secondary collision response and obtain an injury assessment.

Developing amode for the detailed car crash analyses requiresthe train car structural
definitions. Y ou can obtain thiswith elther drawings or by looking at the actud hardware.
Foster-Miller helped us quite a bit in defining a generic train car structure. From the structurd
definition, we created a detailed modd that had on the order of 50,000 eements. The resulting
smulations of the individud train car crash response would take on the order of 40 hours on an
engineering work station.

The different collison scenarios we looked at, 30- and 60-mile-an-hour impactsinto 50-ton
rectangular masses, aswdl aslooking a more complex mass geometries. The more complete
geometries were used to study the effect of various impact conditions, such as hitting the
underframeinitialy and then engaging the superdtructure later, on the overdl crush strength.
These detailed crash smulations then ca culate the corresponding response mechanisms in about
40 CPU hoursfor 100 millisecond duration. That is representative of 105 inches of travel at 60
miles an hour, so that duration dlows you to caculate the sgnificant crush response for an
individud train car.

This dide shows the car model as pictured in the video. Y ou can see that we have modeled the
Sde doors, collison posts, and the other significant car structures. If you look at the modd with
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the floor and wals removed, you can see the roof slis, dde glis, dl the stiffeners within the wall
sructure, the draft Sill and body bolsters shown there. This dide of the draft sill and body bolster
show the mesh resolution that's included in the modd. This dide shows the calculated 60 mph
crash response which was shown in the video. The responseis dominated by dynamic buckling.
In this case, one of the responses thet is calculated, and observed in some collisons, isthat side
door is closed up by the crush response. If you look at that side door response, you might think
that that's potentidly awesk point in the structure that is lowering the amount of crash energy
that could be absorbed in the crush response. Well look at that effect in a couple more dides.

Thisisaclose-up of the draft Sl response that we cdculate for that 60 miles per hour collison.
The draft sl forms plastic hinges from dynamic buckling at these points. That response
dramatically reduces the loads being transmitted to the rest of the structure and limits the overdl
crush loads for this type of structure. That's very important in understanding the response of this
train car structure,

This dide shows the crush curve that we predict. This curve isfor the 60 miles per hour collision
and shows the crush force as a function of crush distance. What you seeisthet in theinitia

impact you have some fairly high forces, on the order of two million pounds. A lot of thet initid
load isthe inertia force of the car end structures as they impact the rigid mass. Y ou have alot of
weight in the car end that needs to be stopped. That resultsin ahigh initid force againgt the

mass. After you get on the order of 10 to 20 inches of crush, the caculated response settles down
to a near-steady dtate crush force that's on the order of haf amillion pounds.

Having defined what our characterigtic crush behavior is, there are other things you can do with
thistype of detailed model. Y ou canlook at what types of modifications can be made to the car
Sructure to strengthen it or improve crashworthiness. As | mentioned before, the side door
looked like it might be awesk point, S0 you can modd the car with and without that Sde door, or
with a Sde door modification, to see what effect that has on the crush energy and crush strength.
Y ou could increase the thickness of the structural members, make thicker and stronger draft Slis,
and caculate the effect on the crash behavior. Y ou could look at other collison scenarios, such
as override, and caculate the car forces at initiation of override, or smilarly the car forces and
moments with laterd buckling. That's something that we think redly needsto be donein the
future, to apply thistype of mode to investigate the latera buckling in the overdl callison
dynamics, aswel aslooking at offset impacts, which addresses a comment madein the last talk.

Here's the comparison that | mentioned of looking at the crush strength of a car with and without
the Sde doors. It's hard to distinguish the colors, but the yellow curve isthe car without the Sde
doors and the white curve is the car with Side doors. These are again plots of the crush force
versus crush distance. These additiona curves are obtained by integration to calculate overdl
crash energy absorbed as afunction of crush. What we see is that the difference between not
having doors and having doorsis less than five percent. Therefore, the side door collapse looked
likeit might be important, but the modd shows that it does not have that large of an effect in the
overd| collision response and energy absorption.

Here's another example smulation of the detailed train car modd impacting a partiad barrier. In
this collison, you crush the corner of the coach car, and you get alot of deformation of the
corner structures. However, the draft sill, which isamgor structura member and a significant
load path, redly isn'tt interacting and involved in this collison. Asaresult, with this type of
callision, you get much larger intrusion into the occupant volume of the car for the same energy
collison.
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Here's the find example with the detailed modd where we cdculae the deformations and
responses of the structural members for the case of developing override. In this smulation, we
had initid vertical offsat between the impacting cars. Y ou can see the deformations developing,
the collapse of the draft slI, and the eventud rotation in defeet of the collison posts for this
collison. So thistype of smulation alows us to investigate the override response and determine
the best way to strengthen the Structure to prevent this override-type deformation.

To summarize what weve seen out of the detalled car andyses, they're very helpful for
understanding the overall response mechanisms, and very ussful in learning about the interaction

of the structural members. The detailed car analyses aso were used to determine the
characterigtic crush curve, that was found to have a steady state crush strength of on the order of
haf amillion pounds. One obsarvation isthat it would be very helpful to add to thismode a
smilar detailed representation of the coupler, S0 you can better caculate car-to-car interactions to
learn more about what happensin the development of override and laterd buckling.

The next gep in the train crashworthiness sudy is the collison dynamic analysis. To perform
this, we again developed DYNA3D mode. Thismodd is smpler and uses the effective car
crush behavior. This produces alower fiddity mode but with much shorter run times that dlow
samulaions of complete conssts for avariety of collison scenarios. The shorter run times are
important for performing that. Again, the mode is capable of andyzing override and latera
buckling. However, to accurately model these responses, you need to define the appropriate
moment-angle and force-deflection reationships at this point aren't known. The appropriate
rel ationships could be obtained by detailed analyses of these responses. The collision dynamics
andyss dlows usto define arange of car interior collison environments which feed into the
occupant response.

Whét this dide showsisthe smplified car model for the same crash conditions that we analyzed
with the detailed car of 60 miles an hour into a 50-ton mass. In this case, rather than 50,000
elements, we brought it down to on the order of a couple thousand € ements. The calculated car
end crush behavior smilar to what we saw with the detailed modd, and you can compare the
forces and deflections as avdidation of your smplified modd.

Thisisthe type of interior crash environment obtain from the collison dynamics modes. This
example is a 65-mile-an-hour impact of a seven-car consst into an 80-ton mass. What you seein
this dide are the acceleration time higtories of each car dong the consst. This definesthe
environment that occupants in the various cars will experience for the secondary impact

response. In thisexample, the train remainsinline.

Here's an example of collison dynamics cdculation we performed to investigete latera buckling.
It's a 13-car consst with two locomotives in the front that have derailed. This calculation uses an
even smpler level modd where each one of the carsisjust an individud rigid e ement attached
with couplers and dadtic hinges to form the consst. What we calculate is that you develop this
large-scale laterd buckling response from the deraillment deceleration with the loads being
gpplied by the trailing cars. This example shows the cgpability mode to analyze complex
buckling responses. However, to do this accurately, you need to go back and do the detailed
amulation of the rotation moment relationships at the couplers.

So, to summarize, the smplified collison dynamics modes helped usto define the interior crash
environments and the crush regions for the inline crush behavior. An important observation is
that the calculated crash environments (accel eration time histories) in the cars are well within the
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human tolerance limits for afully restrained occupant. Thus we have the potentid to protect the
occupants in those environments. Another feature of this andys's approach is that the collison
dynamics modds are capable of predicting lateral buckling and override. However, more
information is needed about the inner car forces and interactions to be able to vaidate the
prediction of those train collision response mechanisms.

The find component of the train crash safety assessment is the analysis of interior and occupant
responses. To perform this, aDYNA3D occupant model was devel oped, based on previous work
on modeling anthropomorphic test devices (crash dummies). This modeing gpproach is helpful

in that you're able to draw on alot of experience and developmenta work that was done on crush
dummies for the automaobile environment. The strength of going with this type of adetalled
occupant modd with DYNAZ3D for the interior assessment is that you can do an excellent job in
moddling the seats and the interior structures and cal culating the occupant secondary impacts.
Thisis because again you're using a code that is desgned for this type of response thet alows

you to smulate contacts, impacts, and the dynamic response. | think this leads to a potentia for
much higher fidelity occupant response smulations that some of the rigid body type of models
such as MADYMO or ATB. These rigid body models represent the interior structures using

force deflection behaviors that are specified by the user. The requirement in using the rigid body
modeing gpproach is that you do need to have an accurate representation of the interior structure
nonlinear stiffnesses to properly mode the secondary impact response and injury potentid.

This dide shows the setup that were using for the interior assessment. Were looking at asingle
occupant and two rows of sedts. In this case, we didn't have a structura definition of the seat
down to leve of structural materials and thicknesses, so we had to make some assumptions. The
approximations of the seat structure were made based on Stetic force deflection measurements of
seats. To determine the effect of the seat gpproximations, we aso studied the effect of variations
in the seat mode using both a more compliant mode and a stiffer model to look &t the effect on

secondary impact response. With our occupant model, each smulation requires on the order of
4-8 CPU hours on aworkstation.

Caculations were performed for secondary impacts at velocities of 15 and 20 miles per hour.
The two examples I'm going to show are at 20-miles-an-hour secondary impact velocity. What
you seeisthat initidly the occupant with applied decderation is uncoupled from the interior
sructures and he just trandates forward until his knees impact the seatback in the forward row.
For the compliant seat model, shown here, the impact pushes the seatback forward and out of the
way. The overdl response is such that only avery minor impact occurs between the occupants
head and the seatback. For this case, we caculate ahead injury criterion (HIC) of 77. Thisisa
very low vaue with aHIC of 1000 consdered the threshold of significant injury. However, this
isalittle mideading because the occupant till has a sgnificant forward velocity relative to the
interior. Thus the occupant would probably till be thrown over the seat, producing atertiary
impact that needs to be consdered. Smply using a very compliant seat doesn't mean the
occupants are protected. However, in this study we only analyzed the prompt response of the
occupant and two-seat rows.

This dide shows the secondary impact response with the stiffer seet model. In this case, the
seatback is not pushed out of the way, and the occupant hits his head on the top of the seatback.
This produces a severe deceleration of his head, and we cdculate aHIC of over 4000, indicating
ahigh potentia for injury for this response.
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To summarize the interior assessment smulation, injury potentid was found to be very sendtive
to the stiffnessesiin the interior Structures. This shows that you have potentia for protecting
unrestrained occupants in these types of collisonsif you design your interior structuresto be
friendly to the secondary response. However, there's a so potential for occupantsto be injured in
secondary impacts if you don't design the interior structures properly. In addition, the
caculations show that to assess interior safety accurately, you need to know the detailed design
of the existing car interior structures and be able to modd those structures with the occupant
interactions.

To conclude, we chose a three-step methodology to analyze overdl train collison safety response
that we believe successfully solves the entire range of responses. These three response analyses
are: (1) the detailed car crash response, (2) the overall train collison dynamics, and (3) the
interior assessment and occupant survivability. But, to finish, we aso wanted to address the
future needs for this gpproach: the first thing is that the detailed modd needs to have the couplers
added and perform more smulations of the inner car forces interactions. That will tell you more
about the detailed response of the carsin the consgg, and it aso feeds into the smplified model
S0 that you can do a better job of laterd buckling and override. Another need for future andyses
isin the third step, the occupant assessment and interior model, where more detailed descriptions
of theinterior structuresis needed.

DR. WEINSTOCK: Sara?

SARA LYMAN: Thank you, Steve. I'm Sara Lyman from Bruce Allen & Hamilton. | think
you've shown that DY NA modeling can modd interesting scenarios in a practica amount of
time. | would like to caution, however, that based on my work when | was at Livermore, when
you're doing models of detailed end structures collgpse, the buckling and crush behavior can
differ greatly from what actudly happens, and in fact smd| differencesin modding assumptions
can make sggnificant differences in the behavior. So dthough thisis redly auseful tool for
capturing qualitative behavior and finding out how things in generd behave, | would caution
agang using this as a predictive or design tool, especidly for detailed structura behavior,
without testing as well.

MR. KIRKPATRICK: Yes, | think you make agood point. In the past, we've done work in
other areas where we studied dynamic buckling of shdll structures. In that case, we had abig
advantage in that we were doing experiments in pardld. This alowed us to examine how
different features such as structural imperfections influence the response. We found that for
those structures, thin cylindrica shdls, structura imperfections made a big difference, and thet if
you don't model those imperfections you're not going to predict the right behavior.

Thetrain collison problem has some advantages in that the car geometry, and the collison
scenario, produce areas where locdization would naturdly occur. | think the Smulations we
performed allowed us to learn alot about these responses. However, | agree that we would redly
like to have some experimenta work. | think that's a good subject to bring up here: it isagood
time to start thinking about performing some well-instrumented train collison vadidation
experiments.

DR. WEINSTOCK: Ron? Please remember to identify yoursdf and your organization.
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RON MAYVILLE: I'm Ron Mayville with Arthur D. Little. Just a couple of questions. One, did
you look at fracture as alimiting criterion for crush in your andysis? And the other oneis. What
did the load crush curve look like for the barrier impact, the corner impact? What was the pesk
load, for example, and how much energy was absorbed?

MR. KIRKPATRICK: On the second question about the corner impact: that smulation was
done fairly recently, and we haven't carried it through to the same levels of deformation. The
smulation was not part of the origind study that was presented here, and | haven't done a direct
comparison. However, by looking at the gross decelerations, | would say the crush force isfairly
amall fraction if the force caculated for the barrier impact, maybe 20 percent. However, I'd have
to go back and look at that in more detail to be certain. And the first question again was-

MR. MAYVILLE: Did you see afracture?

MR. KIRKPATRICK: No, we didn't include that. | think it's an area that we need to look at
more: At what point do you get failure of the members? This could be added to the smulations
however it adds sgnificant complexity. Also, to modd failure properly, we would need some
test data to determine appropriate failure criteria

DR. WEINSTOCK: Song?

SONG SING: Song Sing from the AAR. One question: in your video you showed the initid
impact and the rebound, and | thought that those two parts were separated. The parts remain
connected, | think so, because the way you had the picture...

MR. KIRKPATRICK: Y ou're taking about the collison dynamic smulation, where you have
the...

MR. SING: ...they bump and then separate. That would not happen because the cars would be
coupled, right?

MR. KIRKPATRICK: Well, that depends on the severity of the collison and the strength of the
coupler. In that case, those couplers underwent alot of rotation and failed in our model.
However, that brings up one of the points that | tried to made, we need to do a better job of
modding the couplers and interactions of cars. This requires doing a detailed andysis of the
couplersto develop a better representation coupler response.

MR. SING: In the same comment, you're talking about the buckling. Once you get to that point,
and then you have to worry about how many of the cars are still trapped on the track and how

many have dropped on the ground. Right now you are just assuming they're kind of free
floating...

MR. KIRKPATRICK: Yes, it'savery difficult problem determining the gppropriate amount of
congraint that would be provided to cars by the track during a derailment. In our simulations we
neglected this effect. The consequences of this assumption needs further andysis.
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DR. WEINSTOCK: In terms of your sde impact andysis, did you include any laterd degrees of
freedom, or what it strictly longitudina degrees of freedom?

MR. KIRKPATRICK: All six degrees of freedom were alowed for each train car.
DR. WEINSTOCK: So it had to touch to move collateraly.
MR. KIRKPATRICK: Right.

DR. WEINSTOCK: Kris, you have a question?

MS. SEVERSON: Kris Severson, Volpe Center. I'm wondering how you defined a compliant
versus astiff seat. You said you used gatic test data—just because the disparity between 77 and
4500 for the HIC seems huge. | would expect to see, even for amorerigid seet, HIC'sthat are
much lower. And | understand that it's extremely sensitive to the stiffness. | wonder how you
define this diffness.

MR. KIRKPATRICK: The gtiffness of the basdline compliance was done by looking at the Static
force deflection for the high load gpplication. And then by that we basicdly built in an dagtic
plastic hinge at the bottom of the seatback to match that kind of force deflection characterigtic.
When we did the smulations on that, it looked fairly compliant compared to the videos of the
ded tests; and as aresult, we doubled that value to look at the variation in response.

NICOLE POWERS: Nicole Powers. I'm wondering how do you take the materias
characterigtics into congderation for the globa mode? What do you consider work hardening,
for example?

MR. KIRKPATRICK: Yes, there are severd different materiadsinvolved in that structure, and
for each one of those, we defined the plastic behavior usng both ayied stress and hardening
modulus, so dadtic-plastic behavior with linear hardening was used.

MS. POWERS: What kind of modd did you take-an exiging rail car?

MR. KIRKPATRICK: We were looking at exigting rail car desgns and usng them to design a
generic car, S0 we looked at standard design practice and then used that. We wanted to stay away
from any one design from a specific manufacturer. Instead we wanted to analyze the behavior for
thisclass of cars.

MS. POWERS: Did you look at a difference of response of different materias?

MR. KIRKPATRICK: We didn't analyze different materids directly, athough we did look at the
effect of changing thickness of certain components, such as the thickness of the outer skin and
andyzed the effect on the overall crush force characterigtics.

MS. POWERS: Are you saying that you used different materias, say duminum, stainless stedl...

MR. KIRKPATRICK: No, there were...
1A-3-9
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MS. POWERS. ...have different characteristic behavior...

MR. KIRKPATRICK: Yes, the materials were al stedls, and we used representative properties
for sedsthat are used in rail equipment fabrication.

MS. POWERS: Thank you.

DR. WEINSTOCK: Are there any more questions? Okay, thank you very much, Steve.
[Applause]
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High-Speed Rail Collision Safety

Approach to Crashworthiness and Accident
Survivability

Steven W. Kirkpatrick
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-

Rail Crashworthiness Complexity

Collision response includes large displacements and deformations,
complex consist collision dynamics, interior secondary collisions.
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Previous Crash Analyses

» Desggn andyses of North American rail cars primarily for
datic buff srength.

» Detaled finite dement smulations of European rall
equipment.

~

/

-

.

analyzing the nonlinear dynamic crash
response.

» Understanding the crash response
requires modeling the entire train car
structure.

- eliminate assumptions on the B.C. and include the structural
component interactions.

~

/
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Approach for Collision Safety Analysis

~

Step 1 Step 2 Step 3
Detailes analysis of - Analysis of train mm | Interior assessment ang
car crash response collision dynamics occupant survivability

Approach for Collision Safety Analysis

» Detailed analysis of car crash response

- Develop understanding of the car collision response
- Develop crush curves for the generic car

» Analysis of train collision dynamics

- Simpilified models using etffective crush response
- Simulate response for various collision scenarios
- Determine interior crash environments for occupants

» Interior assessment and occupant survivability

- Occupant and interior interaction in secondary collision
- Injury assessment for various crash environments
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Detailed Car Crash Analysis

o Structural model definition

- Approximately 50,000 elements
- Structural definition provided by Foster-Miller

¢ Collision scenarios

- 30 and 60 mph into various 50 ton masses
- Mass representative of a second train car

* DYNA3D crash simulations

- Accurate representation of crash response mechanisms
- Approximately 40 CPU hour for simulation to 0.1 second
- 105 inches of travel at 60 mph.

\

Detailed Car Model
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Detailed Car Model

Detailed Car Model

Mesh resolution in body bolster and draft sill
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Calculated Crash Response

o Sy ¥,

60 mph impact into a 50 ton rigid but movable mass

N

Calculated Crash Response
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60 mph impact into a 50 ton rigid but movable mass
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Detailed Car Crash Analysis
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60 mph impact into a 50 ton rigid but movable mass

~

Detailed Car Model Applications

« Define characteristic crush behavior.

o Investigate design modifications for

improved crashworthiness.

- Effect of the side doors on the car end crush behavior,

- Effect of increased thickness of structural members or other
structural design moditications.

¢ Investigate other collision responses.

- Intercar forces and initiation of override.

- Intercar forces and moments and coupler response in lateral
buckling.

- Obligue or oftset impacts such as could occur at switches.
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Detailed Car Crash Analysis
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Detailed Car Model Versatility
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Partial Barrier Impact Simulation

11A-3-20



DESIGN CONSIDERATIONS—SESSION HIA-3

PRESENTATION

-

Detailed Car Model Versatility
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Override Crush Simulation

™

Detailed Car Analysis Summary

+ Detailed car model simulations were very helpful
for understanding the collision responses of the
generic coach car.

¢ A characteristic crush curve was obtained with a
“steady-state” crush strength of approximately
500,000 Ibs.

o Addition of the coupler and draft gear to the
model is needed for calculating car interactions.
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Train Collision Dynamics Analysis

» DYNA3D model of consist with effective
crush behavior.
- Model of lower fidelity but with much shorter run times
- Used in crash scenario parametric studies

- Capable of incorporating three dimensional crash responses
* override

+ lateral buckling

¢ Used to define range of crash environments
for occupant response.

~

Simplified Car Model
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b) final configuration

o Simplified car model with effective crush behavior
- Model of lower fidelity but with much shorter run times
- Several simplified cars used to create train models
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Train Collision Dynamics
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65 mph impact of a 7 car consist with an 80 ton mass
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Train Collision Dynamics

Lateral Buckling of Derailed Consist
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Train Collision Dynamics Summary

» Simplified collision dynamics models defined
interior crash environments and crush regions for
in-line crash behavior.

« Crash environments well within human tolerance
for fully restrained occupants.

» Models are capable of predicting lateral buckling
and override but additional information is needed
on intercar forces and moments for validation of
model.

Interior & Occupant Assessment

« DYNA3D occupa'nt model development based
on anthropomorphic test device structures.

«+ Interior assessment model strengths:

- Excellent for modeling seats and Interlor structures and
calculating cecupantinterior interaction.

- Paotential for higher fidelity cccupant response simulations
than rigid body occupant models.

« Interior assessment model requirements:

- Requires accurate simulation of the car interior to model
the true secondary impacl response.

- 4-8 CPU hours per simulation on workstation.
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interior & Occupant Model

* 2 Seat Models:
- Compliant
- Stiff

50th percentile male occupant model with simplified interior configuration

- _

a A

Occupant Secondary Impact Response
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20 mph secondary impact with the compliant seat model.
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Occupant Secondary Impact Response
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20 mph secondary impact with the stiff seat model.

Interior Assessment Summary

¢ Calculation of head injury criterion (HIC)
found to be sensitive to the stiffness of
the car seat model.

» There is potential for significant safety
enhancement with crashworthy interior
structures.

o Accurate assessment of existing car
interior safety requires detailed modeling
of seat and interior structures.
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Conclusion

» Approach successfully solves the entire
range of the collision safety problem.

- Detailed car crash response
- Train collision dynamics
- Interior assessment and occupant survivabhility

o J

4 N
Collision Safety Analysis Future Needs

Intercar structures & “Lateral buckling and Detailed description
other fail equipment » override responses of interior structures

\ A 4 4

Step 1 Step 2 § Step 3 1
Detailed analysis of  § sl Analysis of train mup- | Interior assessmant and 2
car crash response collision dynamics occupant survivability  [%
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Crush-Zone Development

DR. WEINSTOCK: And to retdiate for my quip on privatization and free enterprise conditions,
we've asked Professor Rod Smith to join us. Professor Smith is the Roya Academy of
Engineering British Rall Research Professor resident at the University of Sheffield, and he's been
a Sheffied for about the past eight years and he is aso the chairman of the Advanced Railway
Research Directorate at the university. He's been very active in research with British Rail. His
area of expertiseis most heavily in the areas of fatigue, fracture, sructura integrity. He received
his doctorate from Cambridge University and hisfirst degree from Oxford University (thet'sin
England). He was very heavily involved and heavily insrumenta in working with British Rall

on definition of the crush characterigtics of the crashworthy cars that they just completed design
and research on. So let me present Professor Rod Smith. Dr. Smith.

DR. SMITH: Good morning, ladies and gentleman. The topic of my talk is crush-zone
development. | want to introduce you to just afew generd ideas about crashworthiness of
vehides, and trainsin particular. And alot of the work will be discussed in detail by John Lewis
from British Rail Research, an organization which conducted alot of thistest program over the
last few years.

Watching televison last night, there was a program about the higtory of the automobilein
Americasince the last war. And there was a section on the fierce debate you had a the time
Ralph Nader wrote the book Unsafe at Any Speed. And Lyndon Johnson, then President,
appeared and said, "We are going to assure our citizensthat every car is as safe as modern
knowledge can makeit." He said that in 1969. And it seemsto me that that is readlly what were
about in this debate about crashworthiness of trains. The automobile indusiry has responded.
Thisis an advertisment taken from a newspaper a couple of weeks ago; it illustrates crush zones,
surviva gpaces, the language of sde impact bars, air bags and so on, have dl been introduced in
our vocabulary since 1970.

The railway industry, of course, has a much greater time scae for change. Many of the vehicles
that are running around are 20, 30, 40 or even more years old. The pace at which they're replaced
is much dower than automobiles. The technologica window through which we can operate is
much, much longer. That opensin fact a completely new debate about the philosophy we should
have in desgning railway vehicdes. In the past, they've been designed to be extremely strong,
rugged, and to last aslong as possible. Their maintenance cogts have been very high. One
wonders in the future it might be better to build them to last shorter with considerably reduced
maintenance costs So their life cycle costs are much more effective. As an added bonus, of

course, the technologica window will be much shorter, and we can put into them much more
modern devel opments.

The automobile industry has responded to demands for safer products and crashworthiness
designs, and I've mentioned the vocabulary that they've introduced: it doesn't work at any speed.
If you hit something hard enough fast enough, acar will disntegrate badly. Kinetic energy isa
product of mass times velocity squared, and if you push up the velocity too much you will have
great difficulty in protecting the occupants. But mention has been made of the importance of
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meass, if you caculate one of the efficiencies of the transport system to minimize fuel
consumption and infrastructure damage as the structurad mass per passenger, then conversely the
more mass you have around you, the safer you're likely to bein acollison.

If you're wearing apair of roller skates and you're hitting an automobile, then your one kilogram
of mass per passenger doesn't protect you against the automobile. If you want to meke atrain
that will withstand 500- mile-an-hour collisons, you ought to build it like a Sherman tank.
Clearly, engineering is a compromise between the conflicting requirements of mass for

protection and lowering mass for energy usage, acceleration, and so forth. Were talking about a
dramatic engineering compromise here, and since engineering isthe art of being approximately
right rather than exactly wrong, | think we ought to enter this debate in that sort of Spirit.

The fascinating history of railroadsis littered with spectacular accidents. Here is an engraving of
awooden coach being completely disntegrated in an impact at about the turn of the century. All
the early railway passenger vehicles were made of wood, and they suffered very badly in impacts.
Overriding of the vehicleswas very difficult to avoid because the vehicles had rigid underframes
and very flimsy superdtructures which collgpsed in collisons.

We rdaively recently, in terms of the history of raillways, started building vehicles from stedls.
Sted's produce much more rigid structures which don't crumplein collisonsin quite the same
way. It's ill possble to get gross overriding. This picture from Bangladesh illugtrates the point:
ardaively lowspeed collison, and quite alot of people were killed in this accident.

To cary on with the theme that if you hit things hard enough they disntegrate, this spectacular
accident occurred in France not too long ago: complete overriding of one vehicle ad
disntegration of the vehicle. | think the speeds were up to about 100 miles an hour at this
collison; perhaps our French colleagues could tel us more. It's there as awarning that redly
there are limits to what we can do.

The incidence of grade crossings was mentioned severd times yesterday as high risk in the
rallway indudtry. In the UK, we cdl them levd crossngs, but the principle isthe same: the
drivers play agame with the trains, trying to get in front of the trains just before or just after the
barriers have closed. This particular accident was taken as a publicity shot to warn drivers about
the danger of driving in front of trains. Depending on the Sze of the vehicle, of coursg, if the
vehicleisaamdl onelikethis, then the train can happily override it and crush the vehicle
undernegth its front whedls. Not too good for the driver and passengers in here, but good for the
train. If it's a heavy truck, then the Stuation is condderadly different. It's an accident which is
extremey common in the U.S. and in Japan, and alot of work has been carried out in Japan to
reinforce front end structures againg the collison of trains and heavy goods vehicles.

In the U.K., an accident occurred Six or seven years ago at Clapham Junction. The stock was
very old; you will notice the doors of thistrain, it has many doors on the Side because it's
commuter stock. This superstructure is very flimsy; the stock was over 30 or possibly 40 years
old, and this accident created great consternation about the strength of old railway stock.
Another accident happened not too long after that at Cannon Street Station in London, and one
coach in the middle of a condgst was destroyed and you can see the flimsy nature of the
congtruction of the coach. The point about this accident was that it prompted acdl to examine
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the strength of older rolling stock and to make some proposals about the strength of new built
rolling stock in the future.

And thisredly wasthe origin of BR's expensive program that's been conducted over the last five
years or 0. John Lewiswill say more about that program and how its various parts were put
together. The program came about because of the pressure for reassessment of carriage safety. It
was very obvious we will have to be moving away from rigid underframes and light
superstructures, for the reasons I've aready shown you. It was decided to introduce the concept
of crumple zones to reduce injuries ingtead of lives, in effect technology transformed from the
automobile industry. And it was recognized, of course, that prevention of override was crucid,
and the counter-climb devices, which had been in use in the end of the last century inthe U.S,
and in Britain, should be introduced again to stop overriding asfar as possible.

It shouldn't be necessary to say that dl this was conducted in an atmosphere of "these
developments mustn't cost any money," because of the need for cost efficiency in the railroad
system. | see no reason after having gone through this exercise why crashworthy design should
cost any more money than any other sorts of designs. Most of the work is done on the drawing
boards and in the minds of the engineers who are making the concepts. Theré's no particular
reason why the design should be any more expensive. If it comes to modification of existing
gock, than the picture is quite different in retrofitting of crashworthy featuresinto existing siock
may well be an expensive and possibly fruitless exercise. We ought to take notice, again, of the
automobile industry. Since 1970, the introduction of crashworthy designs hasn't added
ggnificantly to price. It's done through good engineering and cost effectiveness.

The figures that were the outcome of BR's very careful study of accident statistics over a number
of years were that in moderate collisons a about 40 miles an hour, most deaths and injuries
occurred from end-on collisons and mogt saving of livesin injuries could be made by protecting
vehicles through good crashworthy design at those sort of speeds. And a criterion was
developed, which in round figures says that the ends of the vehicles should crush by a meter, and
in that crushing absorb one meggoule of energy. Clearly at different speeds they will have
different characterigtics, but the compromise response would till be, we're making an
improvement. The whole idea of this crushing distance and absorption of energy is of course so
that the decelerations transmitted to the passengersin the train are substantially reduced. And it
is herethat | have a great worry about the debate that's been going on at this meseting, about
designing for strength on proof-loading of the vehicle, presumably proof-loads which must be
ressted without any permanent deformation. That says nothing about the subsequent behavior at
higher loads. And we can pass a proof-1oad test and build an absolutely rigid structure, but it
wouldn't do anything for the passengers in the event of acollison. So | think weve got to move
away from that sngle-vaue proof-load that must be passed, to a more sophisticated criterion
which a least acknowledges the possibility of permanent deformation a higher loads than the
proof-load and makes some estimates of the energy that will be absorbed at those higher loads.

Thisideaisnt new. One of the speakers this morning mentioned somebody in the 1920'swho
was talking about crush zones. A gentleman in the UK in about 1850 designed a crashworthy
train with crush zones between the carriages. Y ou'll see from the dide why the things were

caled carriages, these were redlly horse-drawn carriages on whedls. And here are the specia
zones which he designed between the carriages, which were encased in leather to make them
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artight. And he had some longitudina strength, o here was arigid surviva zonefor the
passengers, with rigid cast iron tubes holding that interva to make asurviva space. And here
were the |egther-covered crush zones, artight, which when the collison occurred, compressed
the air indgde the carriages and absorbed the energy.

Now you can do alittle caculation, presumably an adiabatic pressure changes over asmadl
period of time, and you can work out, knowing the dimensions of the vehicles, the likely forces
involved, and it looks reasonably practical. What they haven't doneisto look at the discomfort
caused to the passengers when this sudden compression of air takes place in the coaches. | think
there would be quite alot of burst ear drumsin quite minor accidents. But | show you thisjust to
show you that theré's nothing quite new in the world. As early as 1850 these sort of ideas were
being thought abot.

The concept that BR devel oped, as has been mentioned dready by Herb in his presentation of
each carriage looking after itself, is such that there's a gap between the carriages. The first
carriage completesiits crushing and reduces its speed to nearly zero before the next coach
impinges on the back this interface. And so on down the line. So ingtead of having one big
collison absorbing dl the energy, the energy is partitioned between the carriages and each one
absorbs a certain amount of energy in a sequence of collisons. That concept has been tested
experimentaly and my colleague John Lewis will talk to you at grester length about the tests this
afternoon.

The centrd ides, of coursg, isthat we can crush dements of the structure of the vehicle and we
can control what the crushing load is by controlling the plastic deformation. We can integrate the
area underneath the force/crush curve and calculate the absorbed energy. Typicaly, these sort of
smple gtructures need a high load to initiate the crumpling, and then the geometry of these
crumples causes an oscillation on the load-crush distance response curve. And that's the sort of
thing we need to control by geometry and structure.

Thisexample is rather interesting. This dide shows awater bottle. Y ou are perhgps familiar

with the brand of the water bottle. And this was an advertissment in the Metro system in Paris.
Thetrain | was on was passing this advertisement, and the next stage of the advertisement shows
the bottle crushed and collapsed with these wrinkles in it to save space in the garbage can. Well,

| had taken my wife to Paris for our 20th wedding anniversary. We were on the Metro train. | saw
these advertisements and | was S0 excited scientificaly, that 1 thought that there was bound to be
apresentation in the future that | could show pictures a. So | jumped out of the train and took
these pictures and then redized that the train had gone on with my wifeinsdeit. [Laughter.] We
had no method of communication, no portable phone or anything like that. It was some time
before we were reunited in our hotdl. | ought to tell you that the next 20 years are looking quite
difficult. [Laughter.]

It isworth studying basic physics because, whatever we do, we can't beat the laws of physics.
Welve got to operate within the parameters that they dictate. I've looked here at avery smple
collison: an object of length 1 with average density rho and area aimpacting with avelocity v
againg arigid wal. And during the collison it is crushed by an amount delta, so its overdl
length after the callisonis (1 - delta). Now the same sort of stress crush /distance
characteristic-the load divided by the area -- will fdlow some experimentally determined curve,
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but let's call the average vaue of that, the cushioning diress, y. The equetion of motion for this
object during this calligon-the force, which isthe stress times the impacting area a the end-is
smply the mass times the acceleration, where the mass is the dengity times the volume.

So the decdleration is given by y, material property, divided by the dendity, a materid property,
divided by the length. So the decdleration is proportiond to the reciproca of the length. The
longer the length, the less savere we can make the deceleration. And that's an important physica
point. Automobile manufacturers haven't got great lengths to operate with, and they've managed
energy disspation rather well. Wein raillways have got greater lengths to play with, and we
should be able to do better.

If we equate the kinetic energy before the collison, which is Smply haf the mass written as rho
(a 1) timesthe velocity squared, and equate it to the work done during this crushing process,
which is the force, the area times the crushing stress, times the crushing length; then you can
reorganize that equation in anon-dimensona form: the product of the density times the velocity
squared divided by the crushing stressis equd to 2 ddtatimes 1, which is ameasure of the
crushing grain, the crumple zone length. And so thisis adamage number in the collison. Two

of the properties—the dengty and the crushing sress—are materid properties; and the velocity,
of course, iswhat we're trying to design againgt.

Taking this very smple approach, reorganizing that expresson here, and plotting out crushing
strength againgt dengity for al the engineering materias we know, we obtain this rather
complicated plot which is explained in detal in one of the papersin the handout. So thisisa
logarithmic plot of srength againgt dendty. And the baloons on here are typica engineering
materids stedls, duminum aloys, composites, and so on.

We can plot sraight lines on this logarithmic plot which are the velocities and crushing strains
that we are prepared to design for. | have indicated two on this plot: thetop lineisalarge
velocity of 100 meters per second and a crushing strain of one-tenth; and typicaly a sted bullet
will undergo that crushing strain when it hits an object at that sort of speed. And we see aline of
equa performance aong thistop line here that awooden bullet would at the same velocity have
the same crushing strain. So you can move aong thisline and pick out materids thet will behave
in the same way.

Now the lower line, indicated by the bottom of this red overlay, is aveocity of 16 meters per
second and a crushing strain which istypica of the 1 meter in the length of arailway coach. And
anything dong thisline will operate in the same way, but of course we are condrained by the
congtruction of the coach and the dendity that we make it to operate at these sorts of levels down
here. A bit lower a the bottom is the typical density of arailway coach, and these crushing
grengths indicated by the blue line on that overlay are the typica crushing strengths that we
would achieve for aralway coach. And if you trand ate these into experimentally observed
forces and areas that we've observed from crushing tests, these are about the balparks we work
in. If you want to play about with different velocities, then you can shift these lines and make
some predictions of the sort of structures and materid's you need to make things out of.

If you are observant, underneath al this overlay you can see that we appear to be operating in an
areawhich, if we built the coach out of solid materid, it would be a polymer foam. And a first

[1A-4-5



DESIGN CONSIDERATIONS-SESSION 11A-4 TRANSCRIPT

sight that's not a particularly good materid to make arailway coach out of, but it's a good
materid to stop aralway coach, and I've got some interesting references with some experiments
with our high-speed train in Britain-experiments conducted 15 or more years ago-where an
arresting device was made out of polymer foam to stop the train if something went wrong during
testing and the brakes failed.

Of course, because of the dengty of the congtructed materid, we have things like stedls
converted through the geometry to tubes of different thickness-to-diameter ratios, which bring us
down to this region down here. Smiliarly, duminum honeycombs, change the dengity of solid
auminum by severa orders of magnitude and the strength by perhaps one order of magnitude.

So the graph redly servesto illustrate the point that the form of the geometry and the
congruction of the vehicle gets usinto the areathat were operating in, and the detailed collgpse
IS something that was dedlt with in the last presentation. 1'd like to just show how we built up
modding skill without going into too much detail. We started off by taking smple tubes-thisis
actudly a polymer tube-and weve applied crushing with our three-dimensond modds and
we've followed the geometry of that tube. Perhaps a better picture isthis color sequence of the
deformation of the tube. And weve actudly tied dl these smple finite-element testsinto
experiments with the materia. That was the comment that was made at the last presentation: the
need to tie the finite dement results to experimenta results and fine-tune and close the loop Al
the time. Unlessthat is done, the finite element results gppear to be producing plausible results,
but they might be along way from redlity.

So we close thisloop dl the way through, starting with very smple geometries like this round
tube. With BR's experimental facilities we take dightly more complicated square tubes and
rectangular tubes, where the geometry of the buckling was not quite so well defined. We looked
at smple structures, here's some substructure underneath the floor of atrain, and we looked how
that performed in the finite-element models, and we tied that to experiments that were done by
BR at Derby. So dl the time this loop between the finite e ement predictions and experiments
was being closed.

More complicated till are tests on full-scale vehicle ends. John Lewis will talk about thisin
more detail. And of course thisis an expensive business, and one doesn't want to have to do it
too often; but one wants a modeling capability that you are convinced modd s what's hgppening
in redlity. Hence the need for doing some testing and validating the FE models and tuning them
and undergtlanding how these structures redlly work.

The collapse of these structuresis controlled by the geometry and the joints, not redly the
materid, dthough the joints are dominated by the materid that these are made out of. The
strength of the weldsin these materials can dominate the bending and fracture behavior of dl the
components in this structure. What we've found is that we have consderable difficulty with
aluminum structures because the heat- affected zones near the welds were much less strong than
the surrounding materiad and therefore, concentrated strain locdly; it took very high loads to
initiate the fracture a the welds, but then the welds tended to zip open with very little energy
absorption after the initid fracture. And that's quite different from the behavior of welded sted!.
We might expand on those ideas in amoment.
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Here's the finite-element modeling of this sort of test, the sequence of the collapse of thistest
leading to the buckling of the floor and so on. Here are some experiments conducted on a
deceptively smplelittle bin structure with awed in the middle, one of the bins being made out
of dructura sted and one out of duminum. And you can see even with the weld in the center,
the stedl bends absorbing alot of energy; the duminum dloy bends dastically. Nothing appears
to be happening, avery high load is attained; the weld pops and fractures with no subsequent
energy absorption leading to a completdy different moment-force relationship.

So the detailed understanding of the joints in these materids is absolutdly crucid to thisfinite-
element modeling, as well as the geometry of the structure. | aso should say weve had some
difficulty with stainless sed and spot weldsin stainless sted which appear to pop openin a
amilar way to these difficultiesin duminum. Herés an example of the splitting of such aweld

in an duminum structure. Y ou can see the sharp lane where the weld is fractured with very little
deformation in the area of the world. The overal response of the end of the cab is, of course, that
you get high load to initiate the fracture; so we've passed the proofload test okay-the load
increases further then, bang! something goes and with very little energy absorption the rest of the
structure collapses, leaving in its wake very sharp and aggressive edges, which, of course, are not
an advantage for a crashworthy design.

To emphasize the geometry, the last speaker talked about the effect of doors and openings. All
these things need careful design if the end of the Structure is going to be designed successtully.

BR conducted alot of tests on cabs of current design where crashworthiness hadn't been a design
criterion. It dso carried out tests on new designs both in sted and duminum to show that these
crashworthy designs could be successfully made and built without any additiona cost. And |

think that's a very important bottom line that John Lewiswill talk about more afterwards. If in

the initial design stage these congiderations are made, and an understanding is available about

how the materids, joints and geometries behave, then crashworthy design can be achieved and it
can be done rdatively easly and cost effectively.

| ought to say that we aso conducted some unintentional experiments, that isred railway
accidents, during this program. And anytime an accident occurred over thisfour- or five-year
period, John's team would examine the detailed structural response of these vehicles. And this
provided an additiona feedback |oop to bring redity into the program dl the time. Thiswasa
very interesting accident involving one of the first-generation duminum vehicles, rather smilar
to the one which you've seen in the crush test: arunaway diesd locomoative, avery substantia
locomotive, impressed its presence on the front of this vehicle with some effect, as you can see
here.

| haven't said anything about the response of passengers insde, because that's a completdy
different topic from the crush zone development. | did say a the beginning thet the idea of the
crush zone was to limit the decelerations seen by passengers. | would add one comment: the
finite-lement models of dummies are very good at modeling the behavior of dummies. Red
people take evasive action, and in generd their response is quite different.

We need to build inteligence into the dummies so they can take some protective and evasve
action. John will talk this afternoon about the fullscale tests that were carried out on crashworthy
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ends of trains and he will tdl you about how the idea of the gap works and the sequencing of the
collisons,

At therisk of gppearing too complicated, it's worth trying to get some overview of the sort of
activities that are involved in this crashworthiness modelling. We're looking &t the structure of a
train which typicdly isten's of metersto hundred's of meterslong. The object of looking at that
big vehicleisto protect a passenger who has atypica sze scale of one meter. And our
enginesring strategy isto design a crush zone of the order of ameter in the ends of the vehicle to
protect the passenger. But the development of that crush zoneis controlled by detailed
microscopic behavior of the materid. For example, at the heat- affected zones of welds. For
example, a defects near welds and | mean metallurgical defects, not defectsin the legdistic
sense. And s0 the fracture processes can be controlled by incredibly small sze scalesin the order
of microns or even down to atomic scaes, since that's what fracture is about, separating materias
atomidicdly. | find our finite-element models are quite good a coping with these microscopic
events at this Sze scale, but to give them the input that we require to these microscopic scaes,
needs aredly firm understanding of the fracture processes that are taking place insde the
collapse zone. We shouldn't be afraid to mix theoretica predictions such as a mass/'spring/
damper lumped parameter models with laboratory tests, observation from accidents and any ties
back to redlity so that we can be sure that our theoretical predictions are in fact predictions of rea
behavior and not just fantasies.

[Applause]
HERBERT WEINSTOCK: Thank you. Do we have some questions?

HARVEY BOYD: | think I'll have to take alittle bit of an issue with your comment that
controlled crash energy management should not add any costs and you justify thet by talking
about the automobile and the greet job they have done. Y et we're talking about crash energy
management showing at least a 50 percent survivability at the speeds the equipment's going to be
operating at.

If we gpply that same thing to the automobile, 70-mile-per-hour collisons on the highways, do

we show that type of survivahility or if were required to show thet type of survivability will
those cogts indeed rise considerably from where they are presently?

DR. SMITH: | think you're saying what level are we designing vehiclesfor, inrail vehicles. At
what level of potentid survivability. | think thet is a matter of debate. | thought | indicated

clearly a the beginning that the higher the speed, the more difficult it is unless you add alot of
meass and that will add alot of cog. | think the reasonable engineering compromise isto look at
your accident statistics, as BR has done, and to decide where you can make most impact, perhaps
an unfortunate term to use in this circumstance, where you can make most improvement to those
figures. And BR decided that it was in rdatively moderate end-on collisons.

Judging by the discussion here a this conference, it might be, and John has suggested thisto me,
that your accident statistics differ considerably from ours. | think you've got to look at those
datistics carefully and decide where you can make most improvement. Generaly spesking if you
can make an improvement there, it will make an improvement in every other Stuation as well.
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But if you gart with the idea that you must design for 150-mile-an-hour collison and 98 percent
aurviva rate, yourein amess. An expensve mess.

JOHN LEWIS: The only point | was making is that within the UK, most of our accidents occur
at speeds less than 40 miles an hour. I'll be presenting afew statistics firgt thing this afternoon to
show that. I'm not sure what happens in the States. There were three accidents this morning thet
were sort of talked about, two at 70, one at 105 miles an hour. Now | don't know of any
accidentsin the UK that's happened at 105 miles an hour, or above 100, in the last 50 years. Our
accidents tend to be very much below that speed. And so perhaps the requirementsin the U.S.
are going to be different from those in the UK, in that respect.

DR. SMITH: Yes, Sir?

GEORGE FEINSTEIN: George Feingtein, New Y ork City Trangt. From what | see | think that
the problem isin definition. | think you're defining your accident speed in terms of the speed of
the individud train. Here they're trying to define the accident in terms of the closing speed.
That's why you're getting these monstrous speeds where they aren't actualy the speeds of the
train.

DR. SMITH: The point is yes, you might have one accident at very high closing speeds. But
how many accidents do you have a dower closing speeds? So where is your design? Y ou don't
design for the extreme rare event. Y ou design to have mogt effect on the most numerous events.

MIKE KLEINBERGER: Mike Kleinberger, Nationd Highway Traffic Safety Adminigtration.
I'm not sure if I'm the only automotive representative here but 1'd like to make a generd comment
which kind of tiesinto dl of this. Inthe automotive industry, we can certainly document crashes
well in excess of 100 miles per hour. Thet is not the way we design cars, that would be certainly
expendve, if not impossible. We know from gtatistics that the vast mgority of the accidents are
under 30 miles an hour, and that's typicaly where we're designing our cars—30, 35, maybe 40
miles per hour. | mean we could design cars that could protect people a much faster speeds, it
would be expensive, and again, you don't get the maximum benefit for your dollar.

DR. SMITH: Exactly the philosophy | was mentioning.

HERBERT WEINSTOCK: Are there any more questions on the design methodology? Y es?

PHIL STRONG: Phil Strong, Long Idand Railroad. A couple comments. One, the cost of
carrying extraweight, at least in our Stuation, the total operating cost is dominated by the
maintenance cost of the vehicle, not by the fuel and the dectricity codts, in the case of the MU.
Secondly, the low speed collison damage that we note, derailments near station platforms and
things like that, by and large don't result in passenger injury or a most, minor passenger injury,
but they're very expensive in terms of repairs. We have 16 carslaid up now for having what we
cdl long-term collison damage. So | would suggest that careful congderation be given to the
tradeoffs of reducing the weight of the vehicle, a the expense of possbly incurring other codts.

DR. SMITH: Fair point. I'm very interested in the redl drivers for reducing mass. | mean there
are some fairly obvious benefits, not the least of which is reducing track damage if you have
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lighter vehicles and reducing maintenance costs of the track. Surely, energy costsarea
sgnificant part of your operating codts. If you're saying your maintenance costs are dominating
your operation, that's where you should be targeting some research.

PHIL STRONG: Just to repest. If the three segments of operating costs were vehicle
maintenance, fud or dectricity cogts, and track maintenance, of those threein our case, vehicle
maintenance is the highest. And maybe you're right, that does deserve some research. 1'd be
curious to know whether that's a common occurrence on other railroads. Is the vehicle
maintenance cost their dominant cost?

DR. SMITH: Were having a big debate about vehicle maintenance costs and this whole idea of
the lifetime of railway vehides. If you look again a the automobile industry and think of a

vehicle that you bought in the early 1960's, and the maintenance it required, and how frequently
you had to have it serviced, and oil-greased nipples and goodness knows what. Modern vehicles,
you basicaly forget them. Put abit of ail in occasiondly, but the maintenance requirements have
changed, been reduced dragtically. That doesn't appear to be the case in railway vehicles, partly
because most of our vehicles are so old. But in our new designs, | really do fed we should be
building for shorter life and zero maintenance. Because in the future, maintenance costs with
people involved are going to be very expensive. If you want to cut costs, cut maintenance.

HERBERT WEINSTOCK: We say thank you again for an excellent presentation. And | think
well daose this morning's sesson and we should have achance to get to rail designsthis
afternoon with the French experience and the English experience. Thank you very, very much,
and welll resume at one o'clock.
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CRUSH ZONE DEVELOPMENT
RODERICK A. SMITH

Roya Academy of Engineering/British Rail Research Professor
Department of Mechanical and Process Engineering
The Universty of Sheffidd

Mappin Street
Sheffidd S1 31D
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These notes serve as an aide-memoire for this presentation. The two published papers are
atached (Railway Gazette International 151 No 4, April 1995, pp 227-230, ASME, AMD-Voal
210/BED-Val 30 pp 79-88) which cover considerably more background then this

presentation which concentrates on the development of crush zonesin raillway vehicles and
considers materials aspects relevant to the problem.

Ideas about crush zones

Theideaof including crush zones at the end of railway carriagesis not new. Appendix 1 is
an illugration from a pamphlet published by M A Garvey (c. 1850), cdled The Patent
Spondyloid Life Train', which had the object "To secure perfect safety to passengers by
rallway on case of collison, by entirdy disspating the shock before if can reach the
passengers ..... by rendering it impossible for the carriages to mount over one another, to
be thrown off therails, or to be crushed together”. Thisis a satisfactory objective for our
designs of the 1990's! (Delegates may care to study Garvey's figures to try to understand
how the system might work).

In 1958 K Swarup (J. Inst. Loco. Engrs. 48 No 264, pp 477-509) discussed the design of
lightweight coaches and observed that his proposed coach, " possesses an extraordinary
high compression rigidity, particularly over the entire length of the passenger
compartments. This ensures a greater protection in the case of accidents, still further
increased by the fact that the sections located at the ends i.e. lavatories, etc., possess
lower compression rigidity than the passenger accommodeation. In case of accidents these
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parts would be destroyed first and this absorbs the collison energy. Thisis borne out by
the behaviour of these light-weight coaches in an accident which took place on the Swiss

Federd Railway".

In recent years crush zones for rail vehicles have received considerable attention,

particularly by BR Research (described el sewhere at this meeting) for crush zones between
vehiclesin arake and by SN.F.C. for large crush zones at the front of alocomotive

heading arake.

and

The main purpose of such a crush zone isto achieve a controlled
deceleration force acting over a suitable distance and time, to bring
the vehicle to rest, without transmitting damaging decelerations to the

passengers.

Clearly the longer (physicdly) the crush zone, the more gentle the
acceleration can be. There are obvious practica limits.........

The Strategy of force/time/decd eration characteristics can be

determined to the first order by smple mechanics (spring/mass
models) and from a knowledge of the biomechanica responses of

the occupants.

There remains the practical implementation of the strategy, through
the detail design of the vehicle structure.

An important stage in this latter process, is the choice of material

from which the crush zone is to be made.

Furthermore, the choice of the geometric configuration of the
materid is critica (tube, bar, rod).

The methods of joining the structure may well completely control the

collgpse mechanisms and hence the forces generated.
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Expanding on the latter points

Our knowledge of materials under impact loadingsis il largely confirmed to Smple
shapes of agiven materid. A sandard reference is N Jones, Structural Impact, CUP 1989,
which contains many details of tests on the smplest of structures such as the crushing of
tubes, impact on plates and Smple beams, etc., but joints and welding are not mentioned in
the index! Faced with amore redlistic and complex structure, our prediction capabilities of
load/crush distance are severedly tested.

Although large non-linear finite dement packages are now routingly avalable, in a
particular programme some feedback between experiment and prediction is necessary to
tune the modelling used. Broadly spesking, Structures made from sted are 'better
behaved' than structuresin duminium and stainless stedl. (It isworth noting that SN.C.F.
have banned the use of stainless sted in critica areas after a collison in Paris where the
spot welds ins a stainless vehicle agppeared to shear with little or no energy absorption -
detic tests conducted in the UK have shown that hest affected zones in duminium sections
have faled in aglobdly brittle manner, leading to a characterigticaly high load to initiate
failure, followed by rapid structurd collapse a fdling load levels).

These are examples of vehicleswith sted ends on duminium bodies - the rationdeis that
stedl is 'better’ understood and has more reproducible collapse characteristics and that the
crush zone is a bolt-on which can be easily replaced in the event of damage. Some
discontinuity of property between the crush zone and the main carriage bodly is desirable.

The appropriateness of Sze-scaeis extremey important. This point is emphasised in

Figure 3 of the attached ASME paper and will be the subject of consderable discussion
during this presentation.
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APPENDIX 1
The Patent Spondyloid Life Train

M A Garvey (c. 1850)
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Crashworthiness moves from art to science

Up to now, strength standards for passenger coaches have been defined in terms of resistance to
deformation by static loads. Now the emphasis is switching to energy absorption in zones
designed to collapse in a collision at deceleration rates which passengers can survive

availability and construction techniques
have changed enormously since the
days of wooden railway coaches. Nevertheless,
some of these changes are surprisingly recent.
Large numbers of wooden-bodied vehicles

P ASSENGER EXPECTATIONS, materials

i were built after the second world war, and they

continue to operate in many countries, particu-

+ larly on commuter services. The introduction of
< steel underframes merely served to emphasise
- the fragile nature of a wooden superstructure,

which often disintegrated completely in acci-

. dents, causing many fatalities.

Modern stock made from steel or aluminium

Europe, reduced to 150 tonnes for multiple

Professor R A Smith
Advanced Railway Research Centre
University of Sheffield

is perceived to be ‘strong’, and its ability to sur-
vive some major collisions or deraiiments reia-
tively unscathed has been a testimony to this
strength. Why then is a radical change of design
philosophy needed for railway vehicles?
Current UIC and AAR standards are based
on minimum compressive proof loads which
must be resisted without permanent deforma-
tion, tor example 200 tonnes end load in

Ranwary GAZETTE INYERNATIONAL APRiL 1995
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units. These standards are necessary to avoid
damage in normal operation. Excess strength
above these minima simply adds mass, and
therefore kinetic energy to moving vehicles.

What is required in crash situations is a stan-
dard based on the ability to absorb energy, by
relating imposed loads to a crushing distance.
Ideally, the load to initiate this crushing should
be just above the UIC minima. Indeed, there
may well be a case for revising the required sta-
tic end proof loads downwards once the princi-
ple of controiled collapse has been accepted.

EXPECTATIONS HAVE RISEN

Crashworthy design features of private cars
now form a key element of their commercial
advertising. The public is informed through
newspapers and television about crumple
zones, survival spaces, passenger restraint,
airbags and side-impact bars. All these devel-
opments became necessary because accident
statistics clearly demonstrate that car travel is
substantially more dangerous per passenger-

Top: Despite 2 relatively low impact speed, BR's
1991 buffer stop collision at Cannon Street caused
significant injuries when two commuter EMU cars
telescoped; the heavy steel underframe scythed
through the old bodyshell of the adjacent vehicle

Left: The cab end of this Class 158 DMU buckled

when hit by a Class 47 diesel loco near Stockportin
June 1992, but other damage was minirmal
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km than competing modes such as buses,
aeroplanes and trains. ’

However, rail accidents generate adverse
publicity quite out of proportion to their seri-
ousness in terms of risk exposure, and the
pace of change of technology in rail vehicles is
considerably slower than in the motor indus-
try. Apart from the fact that the car market is
both international and an order of magnitude

larger, the economic life of rail vehicles is

much longer.

Serious accidents in France during the
1980s, and more recently in Britain at
Clapham Junction (1988) and Cannon Street
(1991), have spawned investigations into
crashworthy design for rail vehicles. The

studies have many similarities, although the’

tests may have been addressing. different
aspects of the problem,

It is the professional duty of engineers to

incorporate best practice into their designs,
commensurate with cost and likely safety
benefits. This last point is particularly impor-
tant. If safety expenditure means increased
fares, causing passengers to choose a more
dangerous mode (usually their car), the end
product of a safety programme may be
increased deaths and injuries. This is a good
example of the need to look at transport sys-
tems as a whole, rather than concentrating on
particular elements. Readers will be aware of
the inability of governments to understand
this fundamental point!

A prime constraint on crashworthiness pro-
grammes is that any proposed changes must
be cost effective. It can be argued that avoid-
ance i our primary concern and that
enhanced ‘active’ safety measures such as bet-
ter signalling or ATP would help ensure that
collisions do not occur. But by their very
nature, accidents will continue to happen ~
the landsiip that causes one train to derail into
the path of another, for example. Hence the
need for crashworthy vehicles, Nevertheless,
the low probability of a collision and the like-
ly consequences must be refated to the cost of
additional protection, especiaily if the retro-
fitting of older coaches is contemplated.
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Underfloor tubular
reinforcement (inset)
absorbed much of the
impact energy during
crumple trials with this
cab structure at BR
Researchin 1993

ABSORBING KINETIC
ENERGY
Moving  vehicles
possess kinetic ener-
gy, calculated as half
the product of the mass times velocity
squared. The basic objective of a crashworthy
desigrn is to manage the rapid conversion of
this energy into other forms (such as structur-
al deformation} in ways that reduce the
effects of rapid velocity changes on passen-
gers. This means that the kinetic energy has to
be absorbed by the collapsing structure in a
way which seeks to reduce both vehicle and
passenger deceleration rates. ;
The collapse must also ensure that a sur-
vival space remains within the collapsed
vehicles, into which the deformed structure
does not penetrate. Passengers must be
retained within this space and not ejected
from the vehicle; measures must also be taken
to ameliorate secondary impacts between
passengers and the vehicle interior, as well as
loose objects like luggage.

LARGE MASS AT HIGH SPEED
Two key differences between trains and cars
are immediately apparent.

Firstly, trains have considerably more mass
than cars and move at much higher velocities.
A typical car of 800kg mass moving at
50km/h possesses 0-078M] of energy. A two-
car Pacer railbus of 48tonnes has 4-7M], 60

Trials with vertical loadings on tubular structures
confirmed their ability to absorb significant
amounts of kinetic energy
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times more, at the same speed. A Eurostar, at
752tonnes and travelling at 260 km /h, multi-
plies the energy a further 500 times to
2344M]J. At this speed, the kinetic energy pos-
sessed by a train is almost exactly that
required to raise it from ground level to the
318m height of the TV aerial at the top of the
Eiffel Tower! Clearly the energy management
of massive trains moving at high speeds pre-
sents considerable problems.

Secondly, passengers in trains are not
restrained by seat beits, nor discouraged from
moving around. Injuries at Cannon Street
arose at an impact speed estimated to be
between 15 and 20km/h, mainly because
many passengers were standing prior to
alighting.

With the demise of traditional compart-
ments in favour of open saloons, the distance
passengers might be projected subsequent to
a collision (the ‘flail distance’) can be consid-
erable, with consequent risk of serious injury
on impacting interior fittings. Studies of inte-
rior design are particularly important,
because opportunities for improvements on
refurbishment will occur more frequently
than major design changes at first build.

DIFFERENT PHILQSOPHIES
‘Two distinct philosophies of energy manage-
ment in train collisions have been developed
by British Rail and SNCE.

Studies on crashworthiness at BR Research,
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Deechy, began with a careful shudy of accident
statistics over a Tong period todiscover what
areas might be most cost effective in imprav-
ing safety, [t was concluded that 64% of falali-
ties and £0% of serious injuries cocurred a5 a
result of end-gn collisions, and that almost all
fatalities (94%) ooomrred in end-on collisions
at impact speeds below 80km/h. Further-
more, over-riding of ‘telescoping’ - when ong
coach rises abowve buffer level of the adjacent
coach and shices through its superstruchene -
was the single mosk comnmon cawse of fatali-
tiees; B0 of fatalities resulted frotn the 5% of
collizions whers telascoping corurmed.

With multiple-unit trains in mind, a eriten-
on wai developed in which all interfaces
betwesn coaches share a part of the energy
absorbing . The criterien reduced to
providing a tatal of 18] of energy absorpton
capability in a deformation length of Tm at
the-end of each unis, and 0.5 at each side of
each following interface between coaches
within the wnit. For a multipleunit vehicle of
Htonnes travelling a1 60%km /b, this leads o
an approcimabe deceberation of Bl m /¥, aboul
&g, which i thoughl 1o be & reasonable Agure
for survival of pissengers,

A key feature of this strategy is that gach
coach, ag it were, inoks after itself. To make
thiz possible, the gap between adjacent coach
bodies must be of such a size that the time
taken in a cellision for this gap to close is
equal to the time taken lor crushing and ener-
gy absorphon 1o take place at the interface
immaediately in frond (Fig 1), Thus a single col-
lision i replaced by 3 suceession of impacts,
eazh absorbing the kinctic energy of a single
coach rather tham the total energy of the
whaole rike

The approact in France has een dominat-
ed by studies involving the TGV, The essen-
Lial feature is Lhat these traing are headed by
rirlativily Sasdive panwer cars with long noses
which are capable of being collapsed over
el Barger distances than | m.

The TG also has arsiculated bogies a1 all
nterfaces cxcep! brtween the power car and
the first coach, which means that the coach
bodies are very close wogether. This fimils
ooth the seope fur sequennal collsions, and
the enorgy #bsorplinn capabilities which con-

Coach 1
I

., Aler callisian

— e e

Hadweny GATLTYE IRTEANATIGRaL SFilL 1955

ventional buffers and drawgear provide
between adjacent vehicles.

SMCF has therefore developed
designs which absarb as much as 6] at the
front end and first interface.

ROse

PLASTIC DEFORMATICN

Hovwr then is energy absorbad in a collapsing
struciure? The key principle is by permanent
plastic deformation, 2s appased to the elashe
recoverable deformation produced by normal
service foads,

The printiple of plastic deformation is easi-
iy demonsirated by the collapse of an end-
loaded tube inko a senes of concentris ARgs;
each of the multipticty of hinges s¢ formed is
kent through a lazge angle, thus absarbing
large guantities of plastic work. The interest-
ed reader can test this concept by axially
crushing an eenpty Beer can (Fig 2),

A diffecutty will become apparent: a high
toad is needed to initiate ihe collapse, but suc-
czssive hinges farm at ower load levels. Asthe
energy absorbed is the area under the
load / deformation curve, & specific amount of
enitgy can be absorbed by 2 high collapse load
gver a small distance or by a low load overa
larger distance, [deally, M| over 1m ¢an be
absorbed by a constant boad of HOMOKN,

fn practice, crushing tests petfurmed an
full-scale cab ends ininally produced load/
deformation curves similar bo that of the ideal
tube, with high initiating Joads,

Aluminium cabs proved 1o be paricularly
difficult howaver, becawse thie wilds failed af
low local straing, precipitating a collapse of
the structure without further plastic hinge
foamation. This problem arises because the
gradet of aluminium wsed in rail vehicles
were chosen for properties needed to produce
long extrusions, rather than for waldability.
Wetding this kind of aluminium produces a
losal region of diminished mechanical prop-
erties adjacent to the weids, known a5 the

Lefe Fig 1. Spead.time graph chowing the congept
of energy sbsorption through sequential callidons
along the traia

Right: Fig L Plastic deformation abtorbs energy at

the hinges as an end-lpaded tube <ollapres into 2
series of concentric rings -
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BR Research conducted 2 full-size trisl in October
1954, using two five-car trains of Midl scock ficted
withantclimbers at the ends (orange), and
crumpls tubes under the floor; the test praved
highty succesful with little or no damage (o the
passznger sxloon ress

heat-affected zone. The problems of geometry
and joints have much exercised enginsers, bul
successhul designs in both aluminivm and
stee] have now been produced,

PREDICTIVE HODELS

T is olvious that Full scale tesis a8 ecpensive,
g0 the capabilities of theoretical predictive
macals sre important, in many countries, but
principally in Britain, France and the USA,
computer models using the finitc-elemens
technique have been used o predact laad /ol
lapse characteristics.

Inakiafly. these models had te be uned’
using feedback from experiments. bul knowl:
edg - parttoularly of joint bebasbour - has
now improved to the extent that 1w<e modeis
are wow capable of making reasonable blind
predictions. Full scale collision rests hawe
been undertaken in France, Poriugal, lapan
and most recenthy and extensively in Britan.

In Octaber kst year, BR conducted a colli-
shon test between two rakes of five coaches
each, On stationary, the ofler inypaciing at a
spead of approximately 60 km /5. Old Mil
coaches with separate underframes and body
siruchines were used, bat with the cnds mode

Crush distance
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fied to absorb energy Insuccessive deforma-
tons a3 outlined above. The test successhully
demaonstrated that the cancept of energy shar-
ing at the successive interfaces of the rake had
been achieved without derailment and the
effectiveness of ribbed anti-climb devices, fit-
ted to prevent overrid The experiment
also demonstrated the i:;?;:»ul:il.it;-,r of several
predictive modelling techniques which have
been developed, and showed that the integr-

ty of the passenger survival spaces had beer
maintained.

INTERIGR DEVELOPHENTS

Considerable progress has also been made in
the design of crashworthy interors, Some fea-
tures are obwvious: elimination of aggressive
corners on seats, grab-handles and partitions.
Seat stiffnesses and head supports need care-
ful design, as do tables and luggage stotage
spaces, Seating layout, with its many varia-
tions of unidirectional, forward or backward
facing. bay-lype or hng;umdma]' isa primary
determinant of possitble flail distances.

Much  useful information has  been
obtained rom investigations after accidents.
Irjuries to passengers have been correlated
with their positions just before an accident,
and severities of injuries have been related to
particalar types of secondarny impacts. Clearly
this i< 3 sengitive area, which requires consid-
erable tact, bt it can fead to the accumudation
of much valuable know and plays an

iness Ei‘velup-

important role in crash
et

Actident information has been coupled
with computer simulation of dummies in
sccidents, which as far a3 railway studiu are
comcermed b still in its infancy for titative
injury criteria predictions. This is the
midels are of dummies rather than real peo-
ple, and dummies have no indelligence to
react in an instinctive protective manner on
the onset of an impact event. Too litrle is yet
known of the mechanieal response of the
human body to incorporate realistic features
inthe durnmy models. but considerabls wark
iz being carried oul by the automaobile indus-
try in this amea,

The durnmies leave their ferward faclng
seats or standing pesilions with the velocity
of the train immediately prior to impact, and
with an accel eration determined by thesaver-
ity of the collision - hence the aln of progres-
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give energy absorption to decelerate the vehi-
cle more gently. The old adage ‘itis better to
sit wiith onve’s back to the engine’ is grapiicak-
Iy demensirated (Fig 3).

The glaring conclusion to emerge from pas-
smger/impact interaction studies is that seat
belts would prevent imury. However, the
number of deaths and injuries in train acci-
dents is wery low, and by no means all would
be avoided by seat belts, 50 it is unlikely that
adversé passengsr reaclion to such con-
straints could be overcome. A mejor selling
peint of the comfort of rail travel 15 “quality
time”, in which the freedom to take a wall, get
2 drink from the buffet, and 5o on, isa major

component.

DRIVERS AT RISK
It is clear that in the event of a coilision, the
diriver is at high risk, particularly if he rem-
ains within the crumple zone, Appronimately
cne third of fatalities which aceur &5 2 result
of rall collisbons in Britain are cab occupants.
Metherlands Raibways has also been studying
this problem, in & bid to minimise the rasks
from collisions en its many leve! crossings.
Vigereus efforts are now being made to
reduce the risks. Cab and desk hittings are
being redesigned to reduce the likelihood of
injury, and separate survival spaces which
o backwards are being investigated. Also
under study are the possibilities of air bags,
burst-through doors and other means of
rapid egress. Recent theoretica) studies al BR
Research indicate the effectiveness of such
measures al collision speeds of wp to

& km/h; fil-scale validation tests are
planned for the near future,

Fig 3. Computer simalations of passenger Nladl
trajectories, |00 and 200 msafker mipact

INTERMATIOMAL DEBATE
Discussions with colleagues in Japan reveal
their astonishment that ‘passive’ safety mea-
sures for crashworthiness are a major ssu:,
Accident statistics from Japan reveal that ih.-
number of people killed or injured inside
traing is remarkably few, particularly on the
Shinkansen, which has an unblemished safe-
ty record in its 30 years of operation
Mevertheless, there is congern over level
crossing accidents on comventional lines,
which has led to strengthering of the fron:
end of trains and improved driver protectio: i
Similar provisions have existed in the LIS+
for some years, but necent increased | ntenest m
high speed rail has led to several studies. A
recent report from the Federnl Railread
Administration suggests that ‘maximum use
of vehicle body crushability o absorb collision |
#mg}rsha.ll be made by designing the opers-
tor's cab ard the passenger compartments to |
be significantly stromger than unoccupie.d |
equiproent spaces in power vehicles, aml |
vestitales or equivalent spaces at the ends of |
passenger vehicles and vehicle sections’. |
Workisin progress in a wide range of coun- |
tries that will change the design philosophy
of rail vehicles. Instead of simply "make it as
strong as possible’, we are now looking te !
‘make it as strong as necessary to withstand |
normal service loads, but use clever enginecr
ing at the ends of vehicles lo disperse energy |
by structural collapse whilst maintaining Ih-e

integrity of the comupied zones’,

Pauuway GazrrTe INTEANATIGHAL Ampy | 775
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CRASHWORTHINESS OF TRAINS:
PRINCIPLES AND PROGRESS

Roderick A Smith
Advanced Railway Research Centre
University of Sheffidd
Sheffidd
UK

ABSTRACT

This paper describes why crashworthy designs for rail vehicles are necessary, even though
railways are a comparatively safe mode of transport. The concept of energy absorptionis
gudied using a non-dimensona damage number which is shown to be useful in comparing
gtuations of different materids, geometry, velocity and crushing strain. The importance of
geometry and jointsin red structuresisidentified.

A brief discussion is made of British Rail's energy absorption philosophy and the progress
that has been made towardsiits redisation. The various important size scales which dominate
different facets of this problem are consdered.

INRODUCTION

The public are well informed through commercid advertisng of developments which have
occurred over the last decade or so to improve the crashworthy design festures of automobiles.
The use of terms such as crush zones, surviva spaces, passenger restraint systems, air-bags
and sde-impact bars is commonplace, and, even if the public do not necessarily understand the
details of the design of such items, they perceive that consderable attempts are being made to
improve their chances of survival or escape without serious injury should they beinvolved in
an automobile accident.

These developments are necessary because datistics clearly demondtrate that automobile
travel is congderably more dangerous than competing modes of transport, see Table | (Royd
Society Study Group, 1992).
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TABLE 1: DEATHSPER 10° KM TRAVELLED, UK

1967-71 1972-76 1986-90

Railway passengers 0.65 0.45 11
Passengers on scheduled air serviceson

UK arlines 23 14 0.23
Bus or coach drivers and passengers 12 12 0.45
Car or taxi drivers and passengers 9.0 75 44
Two-wheded motor vehicledrivers 163.0 165.0}
Two-wheded motor vehicle passengers 375.0 359.0}
Pedd cydlists 88.0 85.0 50.0
Pedestrians® 1100 1050 70.0

* Based on aNationa Travel Survey (1985/86) figure of 8.7 km per person per week.
Source: Department of Trangport.

Although this table refers to the UK, worldwide trends are Smilar. The most recent figures
for rall travel in the table above show an increase which reflects two mgor accidentsin that
period - afire a Kings Cross Underground Station and acollison a Clapham railway
junction. The most recent annud report on UK raillway safety (HM  Railway Inspectorate,
1994) which states that no passengers had been killed in arailway accident for the years 1992-
93 illugtrates the care which must be exercised in interpreting the influence of asmal number
of incidents, contrasted to the much larger numbers incorporated in road Satistics. The
reduction in risk for car travel over the 25 year time period of Table| reflects many factors,
induding the introduction of compulsory wearing of seat belts, increased awareness of
drink/driving and dower traffic in town caused by congestion, as well asimprovementsin
crashworthy design. Even though rail accidents are rlatively few, they generate massive
adverse publicity, which may, at least temporarily, cause potentid passengers to switch from
trains to amore dangerous trangport mode. (It isworth noting that al accidents on public
trangport induce debate. A recent coach accident in the UK, in which 10 passengers were
killed, generated immediate cdls in the press for the compulsory fitting of seet beltsto all
coaches.)

INCREASESIN RAILWAY SAFETY

It is clear that the mogt effective contribution to railway safety is through active measures
amed at reducing gill further the relaively small number of accidents. This avenue has been
vigoroudy pursued throughout the history of railway development. The introduction, for
example of improved signdling systems, continuous brakes, block-working and more rdigble
rolling stock and track have made sgnificant improvements to safety: in the years 1859-60
(Anon, 1862), the rate of deaths on Britain's railways was 301/10°km travelled, ie. some 300
times greater than the figures shown in Table 1. At the time, these figures were used to

illugtrate the rdative safety of rall travel, by comparing them with the 70 personskilled in
horse drawn carriage accidents in London in 1859, the average deaths of 1000 per annum in
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cod mines and the fact that a British salling vessd was wrecked on every tide throughout the
year. Acceptable safety standards are clearly relative to contemporary rates!

These improvements in active safety are till continuing, but accidents, by their very nature,
will il occur. It isthe professond duty of engineers and designers to incorporate best
knowledge and practice into their products and, driven either by conscience, or legislation, or
fear of litigation, pressure continues to increase to improve passive safety in order to decrease
the risk to passengers should accidents occur. An additiond factor isthat many railway
systems throughout the world are moving from nationa government control to some kind of
private systlem, making cost effectivenessin al agpects more important. In the fidd of safety,
it is necessary to judge the cost/benefit of any suggested safety improvements. If the cogts are
passed directly to the customers through increased ticketing prices, then the eadticity of
price/demand could cause mode switch to more dangerous forms of transport, resulting in the
undesirable consequence, for the trangport system seen as awhole, of increasing risk.

With this background in mind, this paper seeksto review the principles behind
crashworthiness developments for railway vehicles and to briefly review the sgnificant
advances made to date.

CHANGESIN MATERIALS OF CONSTRUCTION

Early railway coaches were built of wood. Thefirgt accident, involving mgor loss of life,
occurred on the Versailles railway in the suburbs of Paris on 8 May 1842 (Smith, 1990). The
wooden coaches were locked and became death traps when set on fire by burning coal from
the locomoatives involved. More than 55 people perished, including Admira D'Urville, a
circumnavigator who early in his career had brought the famous Venus dMilo satue to France
from the Greek Idand of Milos. Aswith dl accidents, there were lessons to be learned.
Scientific investigation of metd fatigue was started by the discovery of the broken wrought
iron axle which caused the accident; carriages were subsequently left unlocked. (Thetrains
onwhich | travel to London have recently been fitted with door locks activated when the train
ISin motion, to prevent passengers faling out!) Wooden coaches still continue to bein service
in many parts of the world but throughout this century increasing use has been made of sted,
both structural and stainless and duminium. The key design principle has been strength:
sandards exigt throughout the world to define aminimum longitudina compressive strength
for rail vehicles. Indeed, the robustness of modern stock has been judged by the absence of
deformation of stock after it has been involved in accidents, and a 'stronger the better'
philosophy has been arrived &, in line with the long service life expected for rail vehicles a
life sometimes congderably in excess of 40 years. If, however, the srength of rail vehicles
concentrates the effects of acollison at a particular locetion, over-riding - onevehide
mounting an adjacent one and cutting through its superstructure - can occur and, away from
the main collison dite, passengers in undamaged vehicles can be injured by the effects of the
sudden decderation to which they are subjected causing them to impact with the interior of the
carriage. The redisation has grown that the most effective gpproach to minimise risk isby
controlled energy absorption.

ENERGY ABSORPTION

How is energy absorbed in acollgpsing vehicle? The key principle is by permanent plastic
deformation of the structure. Figure 1 illustrates the derivation of a'Damage’ number
(Johnson, 1972), associated with a measure of the degree of collapse of the structure. Figure 2
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isaplot of compressive strength againgt density for engineering materids. Note that on the
logarithmic scales used, for agiven crumple 'srain', A, and a constant impacting velocity,p/6
isacongant and lineswith Pradient | onthe plot are lines of equal performance. Thus, asted
bullet impacting at 100 ms-~ would be expected to undergo the same deformetion (eg. a=|
/120) as awooden projectile, or anylon pellet. Now in practice we are interested in impacting
speeds of up to, say, 30 ms-! and it is evident from the plot that solid materids, with the
exception of polymer foams and el astomers are not practica energy absorbers. The average
dengties of sometyplcd vehicles have been added to the plot - ajust floating ship being
aoproximately | Mg m-3, an averagecar in the order of 0.8 Mg m® and a passenger railway
vehicle of the order of 0. 2 Mg m->. Because these densities are much lower than those of most
solid engineering materids, we need to investigate how the geometry of a component may
move its pogition on Figure 2.

A smple exampleisthe use of ged in the form of athin waled circular tube of thicknesst
and diameter D. The dengty of the overdl structure, p, thet is the mass divided by the
enclosed volume, is related to the density of sted Ps, from smple geometrica considerations,

by:

A
p=psD

The tube collgpsesin a bellows shape by the formation of plastic hinges with the mean
collapse load, P, determined by, for example, Alexander's (1960) approximate formula:

P=66 t3¥? DY

where 0 isthe flow gtress of the materid and D/2t <15.

Note now that on Figure 2 a huge spread of vaues can be achieved for the strength/density
relaionship for sted tubes. In asmilar manner, a point has been plotted for adense
aluminium honeycomb using manufacturer's data (3003 Al, 6.4 mm hexagond cells, between
Al sheets). These two examples are chosen to illugtrate that the strength can be grestly varied
with relatively little dendity change (the tube) or dternatively, the dengity can be much varied
with smaler change in strength (the honeycomb). Both techniques can be used in crashworthy
desgn.

Turning again to Figure 2, aline of equa materia performance has been plotted for a speed
of 16 ms-* and a collapse strain of 0.09, corresponding to design parameters for trains (see later
discussion). At atypica rail coach density (200 kg/nt), the required strength is found to be
-0.57 MPa. Converting thisto aforce (area~ 8.5 nf), we obtain a crush load of the order of
2.4 Mn, avaue which will later be shown to correspond well with both experimental and
theoretical values. Clearly in ared dructure, the collgpse behaviour is largely determined by
the geometry and joints within the structure, and not only by the materia behaviour of the
component parts.

ENERGY MANAGEMENT

Two digtinct philosophies of energy management in train collisions have been developed by
British Rall (Scholes & Lewis, 1993) and SNCF. Studies on crashworthiness at BR Research,
Derby, began by a careful sudy of accident statitics taken over along period, in order to
discover what areas might be most safety and cost effective. It was concluded that most
fataities (64%) and seriousinjuries (60%) occurred as aresult of end-on collisons and that
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amog dl fatdities (94%) occurred in end-on collisons at speeds less than 60 km/hour.
Further overriding - that is one coach rising above buffer leve of the adjacent coach and
dicing through its supergtructure - was the single most common cause of fatdities. With
multiple-unit types of trainsin mind, a criterion was developed in which al interfaces between
coaches share apart of the energy absorbing process. The criterion reduced to providing a
totd of | MJ of energy absorption capability in adeformation length of | m &t the leading end,
and 0.5 MJ at each side of each following interface. For amultiple unit car of 24 tonnes a
60 kmvhour (= 16 ms™, hence the line plotted on Figure 1), this leads to an approximate
deceleration of 60 m/s” (~6g), thought to be a reasonable figure for passenger survival. A key
feature of this strategy isthat in order for each coachto, in effect, look after itsdf, the gap
between each coach should be of such a sze that the time taken in a collison for thisgap to
closeisequd to the time taken for crushing and energy absorption to take place at the interface
immediatdy in front. Thus asingle collison is replaced by a succession of impacts, each
involving the kinetic energy of a single coach rather than the tota energy of the whole rake.
The gpproach in France has been dominated by studiesinvolving the TGV. The essentia
difference is that these trains are headed by reatively massive locomotives, which are capable
of being collgpsed over much larger distances than | m. Thetrain dso has articulated bogies
at al interfaces except between the locomotive and the first coach, which means the coach
bodies are very dose together, thus limiting both the scope for sequentid collisons and the

energy absorption capabilities of the buffers and drawgear. SNCF have therefore developed
designs which absorb as much as 6 MJ at the front end and first interface.

EXPERIMENTAL FULL-SCALE TESTING

In practice, crushing tests performed on full-scale cab ends have initialy produced
|oad/deformation curves of smilar magnitude to the order of magnitude predictions made
above. Aluminium cabs have proved to be particularly difficult because the welds fail at low
locd drains, precipitating a collgpse of the structure from arelatively high initiating load
without further plastic hinge formation. This problem arises because the grades of duminium
used in rail vehicles have been chosen for properties needed to produce long extrusions, rather
than for weldability. Weding in this kind of duminium produced aloca region of diminished
mechanical properties adjacent to the welds, in the so-called heat affected zone. The problems
of geometry and joints have therefore much exercised engineers, but successful designsin both
auminium and steel have now been produced.

It is obviousthat full scae tests are expensgive, so that the cagpabiilities of theoretical
predictive modds are important. In many other countries, but principaly in the UK, USA and
France, computer models using the nontlinear large deformation finite e ement technique have
been used to predict load/collgpse characteristics. Initialy these models had to be ‘tuned' using
feedback from experiments, but knowledge, particularly of joint behaviour, has now improved
to the extent that these models are now capable of making reasonable blind predictions.

Full scale collision tests have been reported from France, Portugal, Japan and most recently
and extensvely from the UK. In 1994 BR conducted collisions between two rakes of five
coaches each, one gtationary, the other impacting at a speed of gpproximately 60 km/hour
(16 m/s). The stock used comprised Mark | coaches, modified with ends designed to absorb
energy in the way outlined above. The tests successfully demongtrated that the concept of
energy sharing at the successive interfaces of the rake had been achieved without derailment
and the effectiveness of ribbed anti-climb devices, fitted to prevent overriding. The
experiment also demondtrated the capability of severad predictive moddling techniques which
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have been developed, and that the integrity of the passenger survival spaces had been
maintained. Further, the crushing strain, A, was of the order predicted (~1 m in a23 m coach)
and illustrated on Figure 2. The details of the considerations |leading to these crashworthy
designs and both the laboratory and full scale testing programme are described in papers by
colleagues from British Rall.

DESIGN OF INTERIORS

Condderable progress has been made in the design of crashworthy interiors. Some features
are obvious: the dimination of aggressive corners on seets, grab-handles and partitions. Seat
stiffnesses and heat supports need careful design, as do tables and luggage storage spaces.
Seet layout, with its many variations of unidirectiond, forward or backward facing, bay-type
or longitudind, isaprimary determinant of possible flail' distances. Much useful information
has been obtained from investigations after accidents. Injuries to passengers have been
correlated with their positions just before an accident and severities of injuries have been
related to particular types of secondary impacts. Clearly thisis a sengtive area, which requires
consderable tact, but it can lead to the accumulation of much valuable knowledge and plays an
important role in BR's efforts on crashworthiness. This information has been coupled with
computer Smulation of dummiesin accidents, which asfar as railways studies are concerned,
isinitsinfancy for quantitative injury criteria predictions. Thisis because the models are of
dummies rather than red people, and dummies have no intelligence to react in an indinctive
protective manner on the onset of an impact event. In computer smulations, the dummies
leave their forward facing seats or standing positions with the velocity of the train immediately
prior to impact and with an accderation determined by the severity of the collison, hence the
am of progressive energy absorption to more gently decelerate the vehicle. Progressis being
made to link the deceleration time histories gpplied to these modes derived from soring/mass
moded predictions and eventudly from experimentaly observed vauesin full-scale tests, to
injury criteria after subsegquent motion and impact on interior features. The old-adage it is
better to it with one's back to the engine" has been graphically demonstrated by computer
modelling. Too littleisyet known of the mechanicd response of the human body to
incorporate redidtic featuresin the dummy models, but rapid advances are being made by the
automobile indudtry in this area. The glaring conclusion to emerge from passenger/impact
interaction studies is that seat belts would prevent injury, but the number of deaths and injuries
intrain accidents is low and by no means dl would be avoided by seat belts so it is unlikely
that adverse passenger reaction to such congtraints could be overcome; nor has the cost
effectiveness of such congraints been demonstrated.

In the absence of new-build, attention can be given to the improvement of interior design
when refurbishment opportunities arise. Further, in view of the longevity of raillway rolling
stock, cost-effective modifications to existing structural desgns may prove worthwhile. This
point was made in avery recent officia report of an accident a Cowden in the UK involving
38 years old stock and in which five people died.

SZE-SCALESOF THE CRASHWORTHINESS PROBLEM

Finaly, Figure 3 attempts to summarise some of the activities relevant to crashworthy
design and to emphasise the huge range of size scales encompassed by the problem. Many of
these activities are intimately interrdated: for example, overdl modelling of the energy
sharing process may be achieved by mass/'spring/damper models, but the non-linear
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characteristics of the spring needs to include information about the couplers between coaches
and the force/crush characteritics of the vehicle. Whilst theoreticd finite e ement predictions
can be made of the latter, they are unlikely to be successful unless both macroscopic and
microscopic details are known of joint behaviour, particularly in welds. Problems arise when
this detail, typicaly on micron scae, isincorporated FE modds of the gross geometric layout
of the vehicle: consderable ingenuity is needed to marry these apparently incompatible sze
scales.

CONCLUDING REMARKS
Crashworthy designsfor rail vehicles are being developed in severa countries. British Rall

Research a Derby in the UK are leading the approach based on shared energy absorption
aong the vehicle rake and the avoidance of overriding. This approach contrasts strongly with
the traditiona ‘as strong as possible’ design for rail vehicles. The links between vehicle and
passenger decelerations are being studied and related to injury criteria. Detailed design of
interiors to promote passenger friendlinessis being pursued.

It isimportant to recognise that these 'passve’ gpproaches to safety must be advanced
without cost pendtiesto rail vehicle builders, that ‘active’ gpproachesto safety must still be
pursued to minimise rail accidents and thet rail travel remains amuch safer mode of
trangportation than most of its competitors.

REFERENCES

Alexander, JM., 1960, "An Approximate Analyss of the Collgpse of Thin Cylindrica
ShellsUnder Axid Loading,” Quarterly Journal of Mechanics and Applied Mathematics,
Voal. 13, pp. 10-15.

Anon, 1862, "The Influence of Railway Travelling on Public Hedlth, Report of the
Commisson,” The Lancet, January 4, pp. 15-19 (see aso succeeding issues).

H M Railway Inspectorate, 1994, "Railway Safety: Annua Report 1993/94", Hedlth and
Safety Executive Books.

Johnson, W., 1972, "Impact Strength of Materids," Edward Arnold, p. 303.

Royd Society Study Group, 1992, "Risk: Anadyss, Perception and Management,” The
Royad Society, London.

Schales, A., and Lewis, JH., 1993, "Development of Crashworthinessfor Rallway Vehice
Structures,” Proceedings Instn. Mech. Engrs., Vol. 207, Part F, pp. 1- 16.

Smith, RA., 1990, "The Versalles Railway Accident of 1842 and the Beginnings of the
Meta Fatigue Problem,” Proceedings Fatigue '90, H. Kitagawaand T. Tanaka, eds., Materids
and Component Publishing, Birmingham, UK, Val. 4, pp. 2033-2041.

1A-4-27



DESIGN CONSIDERATIONS-SESSON 11A.4 PRESENTATION

Impacting velocity, V
Density, p

Mean crushing strength, o
Effective area, A

Original length, L

Crush length, &

5

L N

kinetic energy = crushing energy

B % % ER XK K XK

: (pAL) V* = (0A) S

2
v: 23
p _—E —_— = ﬁ
o L
'Damage’ number Deformation or crushing strain

FIGURE 1: DEVELOPMENT OF THE CONCEPT OF A 'DAMAGE' NUMBER
(JOHNSON, 1972)

[1A-4-28



DESIGN CONSIDERATIONS-SESSION [1A-4 PRESENTATION

10000 o o : _ e
| ! ENGIMEERIMG\L ENGINEERING } )
| | EEHAHE: ALLGYE} :“:llj Mm%

|
ENGINEERING |
COMPOSITES

PARALLEL
TO GRAM

NENGINEERING

STRENGTH o (MPa)

AL % F"-DLTMFF?‘.':-}F
HONEYCOME i IT
ELaSTOMERS S D |
. ,{LSTEtL. TUBES - —
_H""--.._____ "I"MER ; I -:“MD ! .
FOAMS Mﬂ/ '
/ /D'D'D'- :
0.1 | L R
77 |
0.01 VA L | |
0.03 01 0.3 i 3 10 0
; b gaiL 1
toan 1 RA1 Sip

DENSITY p (Mg/m?)

FIGURE 2: STRENGTH/DENSITY ENERGY ABSORPTION CAPABILITIES OF
MATERIALS AND STRUCTURES (ADAPTED FROM MATERIALS SELECTION IN
MECHANICAL DESIGN, ASHBY, M.F., PERGAMON, 1992)

[1A-4-29




PRESENTATION

DESIGN CONSIDERATIONS—SESSON I1A-4

S31Y0S 3ZIS SS3INIHLHOMHSYHI ‘€ JHNDIL

S[OpOLI JUALUS[a LUl

A _
azIs Juauodwo))
I ]
S[1BIp plom S|IE12P plam 159] Fuiysnid
nuiof ardoasorarpy  aAutol o1doasodey A101RI0qE ]
| LI I I 1
U0Z
ssa001d aumgoel ] SU0Z oIS
! _  Jepow sadureqy/Bunidg/ssepy
| 1
§109J2p [1e19p aliley)
[e213IN[[BIAN [Banjonas Yysniy
1 S— Ta—
| S ] | |
T T | 1 T ] ] I | I T |
uru | wrl | ww oo wigg o wig | wol o owpol  uyg
0 e
SW01Y 1a8uassed yidua] urel]

[1A-4-30



NEW TRAINSET DESIGNS--SESSION 11B-1 TRANSCRIPT

Structural Crashworthiness Overview

STEVEN DITMEYER: Our first spesker this afternoon is John Lewis, from the soon+to-be
privatized British Ral Research. John has his bachelor's degree in mechanica engineering from
the University of Sufford, is a chartered engineer and he's worked for 25 yearsin the fidd of
Sructurd engineering, the last 20 of those years with British Rail Research. For the last 10 years,
he has been researching rail vehicle crashworthiness and is currently team leader in charge of
sructural development and crashworthiness sudies.

JOHN H. LEWIS: Good afternoon ladies and gentlemen. I'd redlly like to thank the VVolpe
Center for inviting me here. It's not very often | get the chance to cometo Americaand I've
redlly enjoyed the stay in Boston, dthough it's been very short.

| don't know redlly why I'm here because Roderick said what I'm going to say, so why repest it?
But | will do anyway. Before | do gart, I'll just mention one dight coincidence. He talked about
hiswifein Paris. | took my wife to Parisfor our 25th wedding anniversary, it was about the
sametime. | didnt know Rod was going to be there. And | noticed that salf-same advertisment.
Thisiswhere I've got to sort of take my hat off to Rod. | didn't have the courage to get off the
train. | stayed with mewife and I'm glad | did because | kind of look forward to the next 25
years. [Laughter]

| think | need to just put one thing straight. Mention was made yesterday of 40 miles an hour and
how we've carried out arisk assessment and come to this figure of 40 miles an hour for train
crashes. We did no such risk assessment. The BR has only been looking at risk assessment over
the last three to four years and once we did look at historical data to get some fed for what we
should be doing in the field of crashworthiness, but we didn't carry out a proper risk assessment.

| would also say in thisintroductory remark that | will be repeating one or two things that have
aready been said. | make no gpology for that redly, because | think some of these issues are
very, very important and warrant repetition. So the presentation will, | hope, give a genera
gructura crashworthiness overview, particularly an overview of what's been happening a British
Rail inthe UK over the last few years.

Now railways throughout Europe have been gtriving continudly for increased safety for 150
years. What we're discussing now is not new, it's been going on ever since the first accident
occurred. And there have been many, many continuous improvements, some of them, sort of
safety issues of red risk have been diminated al together. For example, we don't have wooden
boilers blowing up on BR any longer, they've been diminated. And, as time moves on, what was
yesterday's safety issue becomes sort of today's non-event, redly. But we have been griving for
continuous improvement.

And mogt of thisimprovement has been in the fidld of active safety. Aswe said yesterday, it is
very important to try and stop the accident happening and that's where most of the effort should
be put. However, accidents till do hagppen. Thiswas atrain that went into a sation and didn't
redlize there was another train parked on the gation. It was wrongly signdled into the station.
Thiswas an empty train on itsway to the Sdings for maintenance after it had finished its tour of
duty and the Sde a the maintenance depat, it was at the end of atunnd, it came out of the tunnd,
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not knowing there was another train on the track and it hit it head on. And thistrain was severdly
overridden, as you can see.

This particular case was as adirect result of cost-cutting measures. We have two tracks, which
were very safe, but they're expensive to maintain. So one track was ripped up and we had double
way working on the track that was left. One driver passed asignd a red and drove Straight into
the front of another train. And this was the result. So we till do have accidents and we need to
think very carefully and intelligently about what we're going to do in terms of passve sdfety.

Now the current European specification for the safety of vehicles was written about 30 years ago,
or came into force about 30 years ago and is enshrined in a leeflet caled Leaflet 566. And this
requires the vehicle to be able to sustain proof loads, the loads, again, we talked about this
morning. And within Europe, these loads are 1500 to 2000 kilonewtons at underframe level and
the 1500 is for fixed formation sets and the 2000 for variable formation. And then lower levels

of load a a superstructure from just above the underframe, going up to the roof leve.

Now, as | said these are proof loads, and they are loads which the vehicles mugt sugain with no
permanent deformation. Now, again, as Rod said this morning, a high speeds, it isimpossible to
sustain the concept of no permanent deformation. There comes a point when you have to
consider energy absorption. And so at BR, some years ago, we were looking into an dternative
philosophy for designing vehicles againg collisons. Now to insure that this philosophy was
founded on good data and we did sensible things, and that the things that we were doing were
cost-effective, we carried out an accident review. And we looked at accidents over the last 20
years and what we found was that two-thirds of fatdities and about haf the serious injuries that
occurred in al accidents on BR, both to passengers and crew, occurred in end-on collisons.
These were straight head-on or rear-on collisions between two trains.

What we aso found out was that more than 9 in 10 of those accidents, which resulted in
fataities, occurred at less than 40 miles an hour. We have very, very few accidents above that
gpeed. And findly it became very apparent that we must avoid overriding. If overriding does
occur, this dide shows the consequences. Fatdity rates can be 30 to 60 times higher in accidents
at the same speed if overriding occurs. And serious injury rates can be five to eight times higher.
The reason we get these variations is as someone yesterday coined the phrase, that I've not heard
before but | enjoyed the phrase, it was "a chunk of history." According to which "chunk of
history™ you take, you can get 30 to 60 or 5 to 8. So these are the sort of studies of general
accidents over 20 years.

We dso studied specific accidents. Weve gone out to gpproximately 25 mgor accidentsin the
last 15 years and studied each one in detail to see what we could learn. Thefirg thing that we
learned is that vehicles do have digproportionate end strengths. And thisis crucia in what
happens during an accident. And it's not surprising to have disproportionate end strengths.
They're actudly designed thisway. If you look at the USE loadings, the underframeloading is
very much higher than the superstructure loading. Now, as | said these are proof |oads.

And what tends to happen with vehicular designers, is at the underframe they have lots of
materiasto play with and they can make things very strong and in fact they meet that proof load
very, very eadly. And vehicles generdly collgpse at loads much higher than those, typicaly of
the order of 3000 to 4000 kilonewtons. The load just above that, 400 kilonewtonsis just more
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difficult to meet. And 0 they try and just meet this. And so what you end up with in redity isa
vehicle when it collapses having an dmost 10 to 1 ratio of strength between the underframe and
just aboveit. Soit's hardly surprising that overriding happens.

Another thing we found is a huge variation in forces and energy absorbed between different
vehicles. We actudly took three vehicles and loaded them at this point just above the
underframe and measured the force displacement characteristic. And we can see from there that
we get quite avariaion in pesk fulls and quite a variaion in energy absorbed. So some vehicles
are going to collapse preferentialy to others.

We dso found that we get very unstable collapse. The vehicles meet the proof loads but because
there's no specification requiring what happens when the proof loads are exceeded; vehicles
collapse in avery unstable manner, they form ramps, members bend and al of these are very
conducive to vehicle overriding. Thisis a collison that happened at—it's one of the few that was
greater than 40 miles an hour—this was 55 between two trains. This shows the leading vehicle

of one of thetrains, both trains are moving by the way. And you can see the whole of the
superstructure was completely diced off, dmogt like a knife going through butter.

Fortunately, and | say fortunately because if this accident had happened 48 hours later, we would
have been talking 40, 50, 60 fatdities. Asit turned out, fortunately, there were only four people
on board thet train, including two crew. All of them were killed. That sort of accident is dmost
unsurvivable. And one of the main problems with it was the overriding caused by ungtable

collapse.

And findly, we need to congder very, very carefully dructurd joints. Again, as Rod sad this
morning, it'sthe details that dart to go first and asmall detail collgpsing can lead to amgjor
sructurd collapse, can lead to overriding and dl that that entails. Thisis the bottom end of a
crash pillow or collison post | think you cal it over here. And it was loaded just above the
underframe and there we can see the weld cracking and that collison pillow is pushed back with
very, very little force. Some better design would have stopped that happening. So we need to
pay attention to design.

So what the accident review indicated redlly was that we need to concentrate on end-on
callisons. And within BR end-on collisons below 40 miles an hour was a good target, because
that's where most of them occur and it's also the region that we can actualy do something abot.
It's economicaly feasble to make improvements to vehicles in accidents with that sort of speed.

We do need to consider structura behavior beyond proof. The old UIC proof load requirements
were no longer adequate. And we do need to control overriding. Without doubt, it isthe most
crucid effect that we havein end-on collisons, certainly with BR and | suspect probably within

the U.S. and the rest of Europe aswdll.

So following this accident review, BR formulated a new structura design philosophy for
vehicular loading, which took into account energy absorption. The objectives of this proposal
are-they're probably pedantic. But | think they're worth stating, because we sometimes forget
redlly what we're trying to do with crashworthiness. We can get so wound up as engineers with
our modelling, with our theories, with the laws of physics, that we forget redly what were trying
to do. And so | think we need to be very clear what the main objectives are. And they areto
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minimize passenger and crew injury. Not only minimize the number of people injured, but those
that were killing a present, can see stop killing them, perhaps il injure them, but at least not
kill them. Those who were dedling seriousinjuries to, can we perhaps il injure them, but only
get them to sustain minor injuries. Or better Htill, can we stop them being injured & all.

We need to minimize vehicle damage. It's costs are important. Operators do need to make
profits. And as BR movesinto the private sector, thisis becoming more and more important.
And we need to minimize costs. We cannot go for the theoretica idea of saving everybody if the
cogt is so high that nobody will be able to afford to travel on trains. What will then happen is
they'll dl go back into the cars and they'll be far less safe than they wereif they had stayed on
trains where we did nothing.

So we developed this new philosophy with these main objectives. And we did try to vdidate this
philosophy with some smple tests. Somebody mentioned yesterday, please on track, give ustwo
trains to crash and well do some tests. Y ou don't need two trains to crash, you can get alot of
information by smpletests. Thisisadatic test on a cabin and alot of information can be
derived from this sort of test. And it's very, very much chesper.

We dso did dynamic tests. Thiswas atest that we did in collaboration with French, German,
and Polish railways as part of a European research piece of work. And, again, it helpsto reduce
the cogts if you can share the work with other organizations. But this was a dynamic test carried
out in Poland.

Now dl that I've talked about so far is history in away. But I've included it after yesterday. It
wasnt in my origind presentation. Because it became clear after yesterday that much of what
we've sort of gone through and the struggles we've had and the debates we've had are the sort of
debates that I'm hearing again now. And | offer these, not as solutions, but redlly just to sort of
give you some comfort that you're not alone, these debates do go on. And just because they're
dill going on in the U.S. doesn't mean tha you're missing out on something that everybody else
knows about. We've thought and argued long and hard about what we should do on BR s0 |
think it's important to get it right. But that's our history. | offer it and | hope it's helpful, but your
Stuation may be very different.

We got to this point in about 1991 and from there we had a three-year research funding for a
series of collison tests. And these collison tests culminated in October 1994 with the actua
tests themsalves. And redlly we wanted to look at two specific areas on this three-year program.

One was the train collison behavior. We spent alot of time and effort looking a how individud
vehicles behaved but we wanted to trandate that into actua train behavior. And we wanted to
et to the bottom of the causes and how we were going to prevent override from happening.

So turning firg to train collison behavior. We need to absorb energy and if werre going to do
this, we redly have two main options: We can either have a collgpse zone & the end of atrain or
we can have a number of collapse zones a various positions down the train. It's shown here a
each vehicle end down the train, but they could be anywhere. The firgt solution isvery
appropriate for fixed formation trains where there is sufficient room to have fairly long collapse
zones. Again, as Rod said this morning, you do need the length of collapse to absorb energy.
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This sort of solution has been adopted by TGV, by the French. And I'm sure the next
presentation will sort of say what they've been doing.

But for BR, we have a particular problem with that kind of solution. In that we have long trains
and short platforms. And with our commuter stock, we like to cram as many people as we can
into the trains. And for most of the London termini ations, if we put a 12-car set into the
platform, we can just get it in. If we create even atwo-meter long collagpse zone in front of the
train, the back end of the train is poking off the end of the platform, or worse, it's piling a set of
points. We redlly are that tight for space. And so for the BR, for commuter stock, a second
solution is much more appropriate.

And you can't change the laws of physics, much asyou'd like to. And | need to briefly sort of
explain how the physicsfitsinto train collison behavior. When two masses, two trains, two
vehicles collide mass M1 and M2, the energy that has to be absorbed, assuming thereisno
rebound, is the product of the masses, divided by the sum of the masses times the vel ocity
squared. And for the specid case, where the vehicles are the same mass, this reduces to MV
squared over 4.

Now in the privatized case where each vehicle |ooks after itsdlf or the Thatcher train

aswe cdl it, the two impacting vehicles have to absorb MV squared over 4. Subsequent
collisons down the train, only MV squared over 8 hasto be absorbed. It's purely a question of
conservation of the momentum and energy. | won't attempt to prove it, but please accept it asa
fact for those of you who are not sort of working on mechanics and collison area. Y ou need to
absorb twice as much energy a the impact point as you do further down the train. But what
were trying to do when each vehicle absorbs its own kinetic energy, is to didtribute the energy all
the way down the train, rather than have it piled up at the impact point.

Now thisidedlized behavior is only possble if each vehicle collison isindependent of every
other vehicle collison and this occurs when the gap between vehiclesis st a acertain vadue.
And the value of that gap is the product of the mass and the velocity squared divided by 8 times
the collapse force and this is seen as a congtant collgpse force between vehicles. So in other
words, if the gap is smdler than that, you will tend to try and pile more energy up a the impact
point. If the gap isequd to or larger than that you can didtribute the energy dl the way down the
train.

Now clearly thiskind of ided behavior isvdid for uncoupled trains only. Only practice trans
need to be coupled and resiliently coupled at that. And what happens then is the minute you
apply couplersto trains you put more energy towards the front end. And you can imagine that in
the extreme limit, if the couplers are completely rigid, al the energy will be absorbed at the
impact point. So we're looking for some sort of compromise. And what we found was that high
velocity senstive breskaway couplers provided this compromise. So a dow speed, the couplers
absorb the energy, at high speed they broke away, alowing the vehiclesto effectively become
separated and then we have this series of separate collisons.

Now such an arrangement provides a good approximation to the idedl. And if you look at the
thin dotted line, that's what happensif you have arigidly coupled train. All the energy's absorbed
at theimpact point-sorry what were plotting here isimpact energy againg the interface of two
five-car trains colliding a 60 kilometers an hour. So al the impact energy is piled up at the front
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end if we have rigid couplers and the thick dotted lineis the ideslized case and we can see that as
aratio of two to one a the impact point and subsequent interfaces. And the full lineis what we
can achieve using velocity sengtive breskaway couplers. And thisis atheoretica caculation.

So that's for train collisons.

Looking briefly at overriding, we stood a a number of overriding accidents and what we found
was that mogt of them were caused by the buffers—I understand that the American term buffers
IS very different from the English term—when | talk about buffers I'm talking about two pads
which are on ether side of the coupler and these are resiliently mounted and take most of the
buffing force when two trains sort of come together. Or two vehicles are coupled together. And
we can see these, these are the red pads. Most overriding accidentsin the UK occur when the
buffers bend in this manner, forming aramp. And one vehicle then has the ramp to climb or
dide over the other one and overriding occurs. So, from an overriding point of view, we need to
provide some sort of vertica and shear restraint to stop this happening.

So these are the sorts of ideas and concepts behind the test program that we carried out. So
coming to that test program, we actually carried out four tests. The first one was between two
five-car trains and it was at 15 kilometers an hour. Well that was the proposed impact speed.
And the concept was that this would demonstrate that the couplers at that speed could absorb dll
the energy and the train remain intact and serviceable.

The second test was designed to take place at 60 kilometers an hour and was designed to
demongtrate our ideas about energy distribution down the train. And the fina two tests were
sngle vehicle tests. Test C was between unmodified vehicles with buffers and redly was a
benchmark test to demongtrate how overriding occurred. And the final one was asimilar test to
demonstrate that overriding could be prevented.

So looking firgt a the test conditions for the two trains—again | gpologize for usng didesfrom a
previous lecture in England—but arakeisjust aconss if people are not familiar with the term.
So the conditions for the two train collisons were that one congs is stationary and the other one
impacted at it at 15 or 16 kilometers an hour. There was five vehiclesin each consst and each
vehicle weighed 35 tons. And al the vehicles have modified crashworthy ends designed to
absorb energy.

The override test conditions, again we had one vehicle Sationary and the other vehicle impacting
at 60 kilometers an hour, again the two vehicles, each weighed 35 tons. But the stationary
vehicle was st to be 100 millimeters higher and this is the two vehicles before the test. Vehicles
are naturaly varidble in their height, this is due to manufacturing tolerances, different heights at
the sink, the sorings, whed wear, variaionsin track, variationsin wheel wear. We dlow more
than 25 millimeters of whedl wear before we have to change whedls and so we can have anew
vehicle with a vehicle ready to have its whedls changed. Y ou've dready got 25 millimeters of
height difference. For our override tests, we set the height difference between the two vehicles
artificdly a 100 millimeters, which iswell above what we would normdly find in practice. But
it's conditions which are very conducive to overriding.

All the vehicles were built from sted, using standard sections. We had no specia sections made
and this primarily because we needed to keep the cogts to an absolute minimum and demondrate
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that we could build crashworthy vehicles from standard sections which were available off the
shelf from stedl stockets.

The vehicles were actudly manufactured from redundant old vehicles which were sort of
savaged from the scrap yard. The old ends were cut off and the new crashworthy ends grafted
on and thisisatypica crashworthy end, which shows the affected part which was grafted onto
the old vehicle.

| said the draw gear was a ve ocity sengtive hydraulic unit which fitted into the tube and the tube
was attached to the vehicle by means of a series of shear bolts and the concept was that when the
load reached a certain point, in fact it was at 1200 kilonewtons, the bolt sheared, the coupler
broke away, and was pushed back into the underframe.

The underframeitsalf comprised a series of rectangular tubular sections and some very coarse
stedl honeycomb. Both the honeycomb and the tubes were stiffened as collapse progressed
because it's very, very important to retain laterd stability aswell. Therés dwaysavariationin
grength between materials and between sides of vehicles due to manufacturing variations. We
need to avoid is when the two vehicles come together, the sdes collgpsing asymmetrically and
therefore leading to a sort of sdeways angle which could push the vehicles off the track sdeways
and lead to derailment. So we have a carein this point, having an increased forced displacement
characterigtic. So, as soon as the two vehicles try to collgpse asymmetricaly, the force increased
and they were bought back to symmetry again. And these sorts of smdll details are important
because these are the sort of details, if you get them wrong the whole experiment goes wrong.

That's a better closeup of the tubes. The two tubes are at the left and right-thisis a plunger,
you're looking down at the floor-and the two tubes form the sole bar in the sense of longitude
and you can see the honeycomb and that was stiffened by having different sections, or more
sections coming in, as collgpse progressed.

There were two tubes on the vehicle-the impacted end, which has to asorb twice as much
energy asthetrailing ends and this shows the impacted, up front of the impacting vehicles and

it's atwo-stage collapse. One stage before the trapezoida plate, which you can see, and one
stage after. For intermediate vehicles, only one of these stages was included. At the impact end
we designed atrapezoid, one-and-a-haf meggoules and at each intermediate end, three-quarters
of ameggjoule. And that was the train before the full impact.

One thing that's worth noting is the anticlimber part, these are the red pads on the front of the
train. And the ideawas that if the coupler broke away and was pushed back, these serrated pads
would come into contact and provide the vehicle vertica restraint. They're not anew idea. | was
at amuseum some years ago and saw those on a freight wagon dated 1875 so | repeat what | said
thismorning- nothing's new. What is new abouit thisis they've actudly been put on avehicle

with a controlled collgpse mechanism aswell.

So looking at the test results, the firgt test—I won't dwell on this-but effectively we didn't get

up to 15 kilometers an hour, we only got asfar as 11. We had a very short testing program and
we were concerned that we would shear dl the bolts and get the couplers to bregk away before
the high speed test and we only had two days to do both tests. And so we stopped at 11
kilometers an hour. Taking to the hydraulic capsule manufacturers, they were convinced that we
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could get up to 15. But this redly wasn't possible because of the crashworthiness of the program.
However, what it does demondirate is that up to 11 kilometers an hour, we can absorb dl the
energy within the couplet with no damage to the train. And thisis at higher speed than we can
with any of the present couplers on BR.

Looking at the train results, the two trains that collided a 60 kilometers an hour, we did get a
series of separate collisons. And we can demondrate this if we look at the vehicle speed against
time for each of the vehicles. And thisis for the impacting rake. So it impacts the Sationary

rake at 60 kilometers an hour and then both trains move off at 30 kilometers an hour, the law of
consarvation of momentum. And we can see the fird vehicle, which is vehicle number 5, it
comesin at 60, isemphatically decelerated down to 30, and reaches that speed before the second
vehide, vehide number 6 starts to decderate. And that is decelerated from 60 down to 30 before
vehicle number 7 darts to decderate. And what this demonstrates is that each collison wasin

fact separate.

The tota collison between the two trains lasted about 0.8 seconds and there was control of
energy absorption al the way down the train. In fact 12 meggjoules of energy were absorbed
between the two trains. And the collapse was distributed.

Ignore the red for the time being. What the green histograms show are the collapsed distance at
each vehicle end againg the interface. And we can see that a the impact point, gpproximately
twice as much collapse occurred at each subsequent interface but those subsequent interfaces
were reasonably constant, at least they were the firgt three vehicles. So the objective of
digtributing the energy down the train was achieved.

The peak force on the coupler was around 1500 kilonewtons. It was designed to be 1200, so it's
dightly higher than designed. There was no overriding, which is very rare for acollison of that
speed on BR between trains. And the peak acceleration with the vehicles down the train varied
between about 7 and 10g.

If you look at the forced displacement characterigtic a the impact point, we can see that afirst
peak, pesking at just about 1000 kilonewtons and that's to cut the shear out. Thereafter the force
dropped back to zero as the vehicles close with no effective connection in compression after a
couplet sheared out and then after about 0.5 meters, the two vehicle ends come together at the
anticlimbers, the force rises rapidly and we get collagpse at a constant force of between 2 and
3000 kilonewtons until al the energy is absorbed and then the force drops back to zero. So this
isthe two impacted vehicles.

And thisis what actudly happened to the two impacted vehicles during the test. And as| sad, at
40 miles an hour the damage to those two vehicles is congderably less than anything weve ever
seen in any genuine accident. And that's the whole train after the collison. I've got avideo, a
very short video, which will demondtrate this far better than these dides.

Turning to Test C, which was the benchmark overriding collison, we did in fact get overriding,
very clear overriding, as you can see from that dide. The overriding vehicle derailed and
penetrated the other vehicle by about one-and-a-haf meters. Again, you can see the angled
buffers, which were the main sort of ingtigator of the override.
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Again, looking at the forced displacement characterigtic, we see an initia peek that the couplers
made contact and then bent out of the way. We see the secondary pesk as the buffers made
contact. But, thereafter as the buffers bent and overriding occurred, the force dropped
dramatically and continued a avery, very low leve asthe underframe of the overriding vehicle
sheared through the very flimsy structure of the overridden vehicle and that isa very low load. |
should point out that these vehicles were not designed to the RC requirements. And the strength
deferential between the underframe and the superstructure was even greeter than 10 to 1.

If you look at what happened with the crashworthy vehicles under the same override conditions
we find that we did not get any override, as seen by that dide and, looking at the forced display
characterigtic, we get the very amilar characteristics with what we got with the two trainsin the
ratestest. Theinitia coupler shear-out you see, followed by a period of zero load and then asthe
anticlimbers make contact, the force rises rgpidly and collgpse occurs at a constant force.

If you compare the vertical forces between the two vehicles for each test, these are very, very
heavily filtered 