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1. INTRQDUCTION

The Transportation Systems Center (TSC), in providing tech-
nical assistance to the Federal Railroad Administration (FRa),
has directed a program at improving railroad safety and effi-
ciency through safer rail equipment. The bhasic problems in
minimizing occupant injuries and fatalities (trainmen and
passengers) in a collision environment are a function of:
primary impact protection (injury due to structural crushing),
secondary impact protection (injury due to occcupant impacting
structure or equipment), and safe post-crash egress.

In support of the TSC effort in improving occupant safety
in rail vehicles, Boeing Vertol Company has been contracted to
investigate both the primary and secondary impact protection
problems under Contract DOT-TSC-856, "A Structural Survey of
Classes of Vehicles for Crashworthiness,"” and Contract DOT-TSC-
8§21, "Rail Safety-Egquipment Crashworthiness," respectively.

The structural study (Contract 856) examines the impact
effects which result from primary structural failure in several
classes of vehicles. The goal of this study is to maintain a
survivable occupant living space and to reduce eguipment
damage.

The rail safety study (Contract 821}, the subject of this
document, concerns itself with the safety aspects of the inte-
rior environment of rail vehicles and addresses the problem of
secondary impact effects on the occupants of locomotives,
cabooses, and passenger cars. Also part of this study is a
technical analysis of railcar accidents including passenger
railcar collisions, derailments, and motions causing occupant
injuries.

Together, these studies will provide a technological basis
for crashworthy railcar structures; improved equipment perform-
ance specifications; and possible regulation of rail vehicle
crashworthiness, inspection, and surveillance of eguipment.

The 821 contract is divided into three tasks. Each task
resulted in the preparation of a document as follows:

1. Railway Safety Environment -~ A Systems Analysis of
Injury Minimization In Rail Systems DOT-TSC-821-1.

2. Rail safety/Equipment Crashworthiness Occupant Pro-
tection Design Guide DOT-TSC-821-2.

3. Rall Safety/Equipment Crashworthiness Proposed
Engineering Standards DOT-TSC-821-3.

This Executive Summary Report describes the results of the
study and the highlights of the contents in the above documents.

1



2. RAILWAY SAFETY ENVIRONMENT - A SYSTEM ANALYSIS
OF INJURY MINIMIZATION IN RAIL SYSTEMS

2.1 SCOPE OF THE INVESTIGATION

This investigation is aimed at determining the causes of
injury to rail vehicle occupants in a collision or derailment
and studying ways of eliminating or reducing the severity of
these injuries. The investigation is limited to occupants of
locomotives, cabooses and passenger cars used in inter-city
operations. The investigation includes an analysis of data
from a representative accident sample to identify injury types,
locations, and when possible, injury causal factors. Vehicle
interior design details are also considered in conjunction
with the accident data to compile a listing of potential im-
provements to develop occupant protection guidelines.

Secondary impact effects, which is the impact ¢of the rail
vehicle occupants with their interior envircnment, is the sub-
ject of this investigation. It is however, only a portion of
the overall problem when the crashworthiness of rail vehicles
is considered. Figure 2-1 shows the "Basic Reguirements for
Occupant Survival in a Crash Environment" as a function of
three basic problems: primary impact protection, secondary im-
pact protection, and safe post-crash egress,

To aid in the determination of causes of rail vehicle

occupant inijuries, data surveys of accidents were made. The
data was analyzed using the fault tree methodology in an
attempt to isolate the major injury causing factors. Typical

rail vehicle configurations were investigated in the areas of
the occupant's normal seated and standing environment for in-
jury producing potential during an accident. Crash impulses
are simulated mathematically for various types of rail vehicles
and at different collision velocities. A computer program is
used to simulate an occupant's impact within a railcar. Graphs
were developed for a simplified determination of impact ftorces
of occupants impacting various interior furnishings.

To prevent and minimize injuries, the crashworthiness
state of the art for aircraft and highway vehicles was inves-
tigated for application to rail vehicle use. New protective
devices are proposed and delethalization procedures discussed.
Costs for incorporation of improved crashworthy features in
rail wvehicles on a new build and retrofit basis are presented.
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2.2 SUMMARY OF KEY FINDINGS

2.2.1 Accident Data

The primary source of data, the FRA T-forms, in general
presented the type of accident which occurred, the nature of
the injury to the occupant and the type of rail vehicle in
which the occupant was riding. The data that was' lacking in
most of the cases was the injury mechanism or the object that
the occupant struck. Of all the fatal injuries reported on
FRA T-forms, the injury mechanism was not specified for any of
these cases. The great majority of the fatalities were attrib-
uted to rail vehicle crushing, after reviewing the few NTSB
reports and photographs of the accidents. The more minor in-
juries and thcose not attributed to collision received more
detailed writeup presumably to justify payment or time off for
the injury.

2.2.2 Crash Impulse Simulation

Mathematical simulation of occupants striking typical
interior surfaces and furnishings within passenger rail ve-
hicles did not show forces or accelerations generally high
enough to produce fatal injury. Although fatal injury can be
incurred from a simple fall, the idealized cases analyzed did
not show a general trend toward exceeding human tolerance
limits.

2.2.3 Injury Mechanisms

Of the 1400 injury cases investigated only 288 presented
data on the mechanism produc1nq the injury. Only ten percent
of the passenger car injury cases reported the injury mecha-
nism none of which were due to collisions. The mechanism was
reported in 18 percent of locomotive accident injuries and
64 percent of caboose injuries. Of the mechanisms reported in
the variocus type rail vehicles, no- SLngle one stood out as a
chief producer of injury. The 288 injury cases which' had the
mechanism reported were distributed over 56 items of rail
vehiclée equipment and structure.

2.2.4 Rail Accidents Contributing to Injury

The initiating accident circumstances ccntributing to
occupant inju¥y is thought to be principally due to collision
of two trains. However, there are more incidents of hard
coupling and slack action, in which injury occurs, than any
other factor. Derailment is the third most freguent occur-
rence. Rear-end collisions occur at a rate three times as
frequently as head-on collisions. Injury due to braking has
a high frequency of occurrence while train motion accidents
and grade crossing ccllisions occur at an average freguency.



Derailment accidents produce the greatest number of in-
juries but rarely cause fatalities. Rear-end ccllisions pro-
duce the next greatest number of injuries and when structural
crushing occurs there are a high number of fatalities.

2.3 TYPICAL RAIL VEHICLES INVESTIGATED

Interior arrangements, eguipments, furnishings and struc-~
tures of typical rail vehicles were investigated for their
potential to cause injury due to acceleration of occupants
within them. One locomotive, three basic types of passenger
cars and four cabooses were included in the investigation.

2.3.1 Locomotive

The EMD GP-40 locomotive was selected as the typical gen-
eral purpose locomotive in large quantity usage on railroads
throughout the United States. The occupied cab was investi-
gated and the seating environment reported on. Controls,
equipment, furnishings and structure with potential to cause
injury when impacted were shown. Other areas with potential
to cause injury to trainmen when walking about the cab were
described.

2.3.2 Passenger Raill Cars

" Three basic type passenger rall cars were reviewed as
representing typical passenger environments: coach, parlor.
car, and snack bar coach. FEach car was analyzed fcr seating
arrangement, inherent containment provisions, and surfaces oz
equipment with potential to cause injury if impacted.

Coach type passenger railcars have similar interior
arrangements; however, various types of seats, windows, and
furnishings are used., Potential hazards discovered in the in-
vestigation were described. The nature of injuries anticipated
as a result of the deficiencies in the design of the furnish-
ings was pointed out.

Parlor cars are equipped with swiveling seats, desks and
other variances frcm the coach. The additional hazards of
these furnishings were discussed.

Snack bar cars presented many hazards in the stand-up £food
preparation and eating area. The lethal objects cne could im-
pact in this area were shown as well as the hazards for stand-
'ing occupants to be thrown long distances.

Caboose rail vehicles present many impact hazard areas and
are highly vulnerable to rear end ccollision. Four caboose ver-
sions are shown with the areas of potential impact hazards.



2.4 EVALUATION OF SYSTEM SAFETY TECHNIQUES

A formal systematic analysis technigue was used for consid-
ering the safety aspects of rail vehicle occupied environments.
These technigues have only emerged in the last decade as viable
methods for dealing with complex systems. The objective of any
safety analysis is to identify hazardous conditions ahd provide
for their elimination or control.

Various state-of-thHe-art system safety analysis techniques
employed in such fields as aerospace and nucléar power were
investigated for their appropriateness to rail safety analysis.
The falilt tree ahalysis and preliminary hazard analysis tech-
nigues were selected as the most appropriate for the rail
injury minimization program. These analyses were selected
because they cover the spectrum of those elements considered
essential to a basic Safety technique and provide the necessary
analytical depth and visibility for this program. The initial
analytical step (the fault tree) provides a pictorial display
of the scope of the a@nalysis. The preliminary hazard dnalysis
matrix then permits the hazardous conditions to be analyzed for
the necessary corrective actiori. Figure 2-2 displays the
safety analysis procedure used for this program.

The procedure is described in three steps: defining unde-
sired event, requiring system understanding and ccnstructing
fault tree. Construction of the fault tree procedure is de-
scribed using Boolean functions with basic; special and matrix
gates (Figure 2-3).

2.5 RAIL VEHICLE ACCIDENT DATA

2.5.1 Acquisifion of Data

A data file was compiled of major railroad accidents which
have occurred since 1967, where personal injuries have been
ihvolved. Four primary data sources were used:

¢ NTSB Railroad Accident Reportsl

o FRA Railroad Accident Reports

o FRA Accident Bulletins (Annual Summary)
~ o FRA T-Forms

2.5.2 Classification of Accidents

The data was classified intc the following principal types
of rail vehicle accidents in which occupants are injured:
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® Head-on Collision ® Derailment

® Rear-end Collision e Hard Coupling
e Side or Cross Collision e Slack Action
® Grade Crossing Collision e Braking

Collisions and derailments are the more serious type acci-
dent and are likely to cause Seriocus or fatal injuries. These
type accidents are most relevant to the secondary impact situ-
ation. Design requirements for impact protection are estab-
lished based on the impulses generated during these accidents.
A graphic presentation is shown of the cumulative distribution
of accidents as a function of impact velocity. The less severe
types of accidents are also discussed.

2.5.3 Quality of Accident Data

A detailed investigation was made to pinpoint the cause
of injury in rail vehicles so that interior arrangements and
equipment design requirements could be established. FRA T-
forms for the years 1972 and 1973 were used as the basis of
the investigation. Injury data on 1400 persons were reviewed.
The extent of the injury, the type of railcar the injury oc-
curred in, and the type of train accident which precipitated
the injury were documented on the T-forms. A summary of the
number of injuries and types of accident causing the injuries
appears 1in Table 2-1.

T-form data on injury mechanisms was minimal. O©Of the 1400
cases investigated, only 288 reported the device, structure,
or condition which caused the injury. Documentation as to the
injury causing mechanism was not available for any of the oc-
cupants that received fatal or seriocus injury in a collision.
Injury mechanisms for passenger car occupants were the least
documented, amounting to less than 10 percent none of which
occurred in a collision. The highest percentage (64 percent)
of injury producing factors were documented in caboose acci-
dents. For locomotive injuries, only 18 percent of injury
causes were included in the accident reports.

To gain further insight into injury producing circum-—
stances, an investigation was made to determine the areas of
the body most frequently injured. The types of injuries re-
ceived by the particular occupant of a particular type of rail
vehicle was compared with the seated environments of that oc-
cupant. In most cases an injury trend was evident and could
be associated with a particular piece of equipment or structure
peculiar to that occupants station. By this analysis the injury
mechanism could be pinpointed and recommendations made for
crashworthiness improvements.
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2.5.4 Analysis of Accident Data

The FRA Accident Bulletin data was used to determine the
distribution of major accident types for the years considered
in this study. Figure 2-4 shows the percentage distributions
for the varicus accident types and Table 2-2 a breakdown of
the accident types per year. Derailment and grade crossing
accidents predominate, accounting for 80 percent of all acci-
dents, while switching accidents acccocunt for 81 percent of all
collisions.

An analysis was made of the percentage of casualties
associated with secondary impacts for which this study is con-
cerned. This area accounts for 19 percent, 44 percent and 41
percent of all casualties respectively for locomotives, rail-
cars, and cabooses involved in all accident types. When fatal-
ities are considered, secondary impact effects account for
only eight percent, three percent, and twelve percent respec-
tively for locomotives, passenger railcars, and cabooses.

2.5.5 Injury Mechanism Assumptions

0f the many injury and fatality cases investigated in the
FRA "T" forms, generally missing was data on the injury mecha-
nism or situation. In an effort to make assumptions as to the
unknown mechanisms, the abundant T-form data on the types of in-
juries incurred was used in conjunction with the known environ-
ment in the vicinity of the injured occupant. The cumulative
injury data was plotted for the various types of rail vehicles
for each type of accident and an example is shown in Figure 2-5
for passenger injuries. An analysis to determine injury
mechanisms was made for locomotives, cabooses and passenger
railcars.

2.5.6 Fault Tree

The fault tree was used to show the interrelations of the
various causes resulting in occupant death or injury. It was
developed basically to conform to injury categories estab-
lished in the FRA T-Form. Each of these injury categories was
developed in the fault tree to the level appropriate to the
T-Form data. Generalized matrices were developed for the
general injury mechanism caused by falls, persons thrown
against structure, or by locse objects impacting occupants,
M1*, M2*, and M3*. An example of a matrix is shown in Table
2-3 which shows relative freguency and injury severity. An
analysis was made of this data and injury mechanism bar chart
prepared for each type rail vehicle. An example is shown in
Figure 2-6.
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2.6 CRASH IMPACT SIMULATION

2.6.1 Computer Program Mathematical Simulation

The primary purpose of mathematically simulating an injury
mechanism is to readily test injury minimization devices and
procedures. A review of available mathematical models of ve-
hicle cccupants in crash environments was conducted with a
view to selecting a prospective candidate for adaptation to
rail vehicle accidents. The Prometheus program was selected
and modified to adapt it to rail vehicle occupant conditions.

In order to demonstrate the Prometheus model performance
a seated rail vehicle occupant was used to show the dynamics
during a collision. The scenaric is of a seated passenger, in
a passenger railcar, during collision, being thrown into the
back of the adjacent seat. Velocities, accelerations, and pulse
times were determined for the areas of the body which impacted
the seat back. Graphic displays of the occupants time history
showing plots, critical body segment velocities and acceler-
ations are produced by the Prometheus program. These plots
were included in the report.

2.6.2 Alternate Simulation Methods

A simple crash impact simulation method was sought which
would be less expensive to run than the computer programs. A
single degree of freedom model was developed which provides an
excellent initizl design tool from which an order of magnitude
answer can guickly and easily be determined. This model as-
sumes that an occupant collision which could inveolve various
body segments impacting different surfaces can be represented
by a series of individual body segment masses impacting into
nonlinear springs. Each individual body segment collision is
characterized by an effective mass and impact Speed. To
simplify the analysis the assumption can be made that the
deceleration pulse is completed pricr to occupant impact. 1In
some cases this may result in a conservative solution. The
idealization of the impact as a pure mass and spring system
also is conservative since it does not consider energy losses
from friction damping or structural deformation. The pre-
dicted impact forces would be slightly greater than actually
experienced.

The single degree of freedom simulation method was used
with the same accident scenario used for the Prometheus test
case which was of a passenger being hurled forward into the
adjacent seat back. This alternate method idealizes the acci-
dent as two collisions; one involving the mass of the pelvis
and upper leg impacting the seat back center and a second col-
lision involving the head mass and the upper seat back cushion.
Methods of performing the calculations are presented in the
report.
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Good correlation was obtained with both methods in obtain-
ing head and knhee impact forces. The calculated knee impact
force using the one degree of freedom model was 490 pounds
compared to a knee force from the Prometheus Program of 325
pounds.

Based on the good correlation between the Prometheus Pro-
gram results and the alternate simulation results a graphical
solution was developed to permit the engineer to quickly eval-
uate the injury potential of rail vehicle interiors. To use
these graphical solutions, the design engineer must know the
rail vehicle deceleration pulse, the effective body mass, and
the effective stiffness of the object impacted by the occupant.
A series of charts and graphs were developed which in conjunc-
tion with simple egquations can be used to design impact sur-
faces for energy absorption within human tolerance. Sample
calculations are also shown in the report.

2.6.3 Rall Vehicle Deceleration Pulse Simulation

A simple FORTRAN coded program was developed to provide a
consistent basis for estimating the vehicle acceleration/
deceleration pulses occurring in longitudinal impacts. The
program and its inputs and outputs are described.

Analyses were performed: to .determine the acceleration
pulse produced during the collision of various types of train
consists in head-on and rear-end collisions at various veloc-
ities. The accident scenarios selected for analysis are:

1. Head-on collision between two freight trains

2. Rear-end collisicn between two freight trains

3. Rear-end collision between two passenger trains.

Graphs of each collisicon situation and for various impact

velocities were prepared.

2.7 INJURY MINIMIZATION CONSIDERATIONS

With the determination of the basic causal factors which
produce injury, as discussed previously, consideration can now
be taken in identifying the approach to minimizing the injuri-
ous effects of accidents. Several approaches can be consid-
ered for the minimization of occupant injury as follows:

0 Occupant restraint or containment to prevent impact
with hostile surfaces

o Removal of or cushioning hostile surfaces

18



¢ Retention of loose objects to prevent impact with
occupants

Occupant injury can be prevented or minimized by restrain-
ing the occupants to their seated positions. A restraint sys-
tem will prevent the occupant from being accelerated into a
hostile surface. Active or passive restraint systems can be
used. Each type of restraint system is discussed as well as
their advantages, disadvantages and recommended use. Proba-
bilitity of use and costs of active systems are compared to
passive systems. Containment systems utilizing conventioconal
seating and partitions are discussed.

Preparation of surfaces for delethalization through con-
struction, padding and removal of protrusions are described.

Retention of locse objects or objects torn loose due to
inadequate attachments are discussed. 1Includeé is retention
reguirements for luggage, portable equipment and stationary
equipment.

2.8 REVIEW OF RELATED CRASHWORTHINESS TECHNOLOGY

2.8.1 sState-of-The-aArt

Government reguirements have been established for crash-
worthiness of passenger cars, trucks and buses, and for military
alrcraft. As a result, the development of crashworthy features
has been principally for these vehicles. The Department of
Transportation National Highway Traffic Safety Administration
and the United States Army have issued requlations, standards
and guides for crashworthiness provisions. DOT has issued 26
safety standards and 20 crashworthiness standards for highway
vehicles. Highlights of these standards are presented as well
as those of the Military Crash Survival Design Guide and vari-
ous Military Standards.

2.8.2 Concepts Applicable to Rail Vehicles

Of the existing regulaticns and standards pertaining to
crash safety, some can be considered to be applicable in whole
or in part for use in locomotives, passenger railcars or
cabooses. The applicable concepts or data and their scurce
are summarized in the report along with their application to
rail vehicles,

2.9 HUMAN TOLERANCE TO IMPACT

Human tolerance is difficult to establish because of the
obvicus impracticability of subjecting humans to impact at
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serious injury levels. Much testing has been done at low
acceleration levels using human subjects and at the higher

bone fracturihg levels using cadavers. The area where minimal
data is available and where it is needed for design of rail
vehicle crashworthiness is thé minor injury threshold level.
Existing data was reviewed  and where necessary was extrapolated
to obtain crash impact deceleration human tolerance limitations
for impact surface designs. Human tolerance levels for various
parts of the body impacted are discussed and tests reports ref-
erenced along with their authors. Varicus injury criteria and
indices used to evaluate the severity of injury are discussed.
A table of injury terms and parts of the body are given. In-
jury data on the parts of the body given are for head impact,
face impact, knee-thigh-hip complex impact, neck flexion and
extension, whole body impact, limb flailing, back injury,
thorax impact, lower limb bending and face-to-face occupant
impact. ‘ :

2.10 CANDIDATE INJURY MINIMIZATION TECHNIQUES

The injury mechanisms causing the greatest number of in-
juries and those causing the greatest severity of injuries was
previously discussed. Using this data candidate technigues
for minimizing the injuries are presented. The mechanisms and
the severity are peculiar to the type of rail vehicle in which
the injury occurs. Therefore the techniques are presented for
specific types of rail vehicles.

2.10.1 Locomotive Injury Minimization Technigues

Injuries due to impact with the bulkhead, door and window
frame produced the greatest number of injuries and the magni-
tude of the injuries were more severe than all other injuries.
Calculations for impact of the engineman or helper into the
front bulkhead or door glass can produce fatal head injuries
during a collision. Methods of retaining the locomotive occu-
pante to prevent impact with the injury producing surfaces are
presented along with their advantages and disadvantages.

Cther injury mechanisms and their minimizing techniques
are presented in the order of their frequency of occurrence
and severity of injury.

2.10.2 Caboose Injury Minimization Techniques

The injury mechanisms most frequently involved in caboose
trainmen injuries were impact with bulkheads, decors, table/
decks and railing with moderate injuries resulting. At least
half of all injuries occurred from a seated position. These
seated position injuries could be prevented by providing ade-
guated restraint or containment in the seated position. Methods
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of retaining caboose trainmen in their seated positions are
presented.

Other injury mechanisms and their minimizing techniques
are presented in their order of freguency of occurrence and
severity of injury.

2.10.3 Passenger Railcar Injury Minimization Technigues

The most frequently occurring mechanisms in passenger rail-
car occupant injuries are, bulkheads, doors and window frames.
Minor to moderate injuries are produced. The rigidity of these
surfaces produced the injuries. Padding on the surfaces of
design for deflection would reduce the injuries.

Seats were the next most frequent cause of injury. Arm-
rests were the predominate factor in seat caused injuries.
The rigidity of these surfaces produce injuries. Sufficient
padding would reduce the injuries.

Other injury mechanisms and their minimizing techniques
are presented in their order of frequency of occurrence and
severity of injury.

2.11 COST OF THE INJURY MINIMIZING DEVICES

Costs for proposed crashworthiness modificaticons of loco-
motives, cabooses and passenger railcars for new construction
and retrofit are presented.

2,11.1 Locomotive Collision Safety Provisions Cost

A typical intercity freight locomotive, the EMD GP-~40, was
used for design modifications of proposed collision safety
features. Features selected for costing were as follows:

o Improved engineman’'s control console with padded guards
o Engineman and helper ccntainment buffer

o Improved seats with high back, headrest and track
adjustment

o Delethalization of cab interior equipment

Descriptions of these modifications are presented and
modification costs are listed in Table 2-4.

2.11.2 Caboose Collision Safety Egquipment Costs

A typical bay window caboose was used for design modifica-
tions of proposed collision safety features. Features selected
for costing were as follows:
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Caboose trainmen restraint system
Crashworthy seats

Containment for binks

Interior delethalization to include the following:
a. Recessed knobs, handles, gages, valves, etc,

b. Flush partitions covering oil tank, water tank,
water cooler, refrigerator, heater, pipes, etc.

Descriptions of these modifications are presented and modifi-
cation costs are listed in tabular form similar to Table 2-4.

2.11.3

Passenger Railcar Collision Safety Provisions Cost

A typical passenger rallcar having double seats on each
side of a central aisle and lavatory partitions or bulkheads
at each end was used for design modifications of proposed col-
lision safety features. Features selected for costing are as

follows:
o Passenger seat improvements
o Partition and bulkhead padding
o Luggage rack door;

Descriptions of these modifications are presented and modifi-

cation costs are listed in tabular form similar to Table 2-4.:°

/
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3. RAIL SAFETY/EQUIPMENT CRASHWORTHINESS
QCCUPANT PROTECTION DESIGN GUIDE

3.1 BACKGROUND: VEHICLE CRASHWORTHINESS STATE-OF-THE-ART

Crash survivability study, test, and implementation in
highway wvehicles and aircraft have established a crash survival
state-cf-the-art.

Government regquirements have been established for crash-
worthiness of passenger cars,trqus,and buses, and for military
aircraft. As a result, the development of crashworthy features
has been principally for these vehicles. The Department of
Transportdtion (DOT) National Highway Traffic Safety Adminis-
tration and the U.S. Army have issued regulations, standards,
and guides for crashworthiness provisions. Safety and crash-
worthiness standards have been issued by DOT and are being
incorpeorated in the manufacture of highway vehicles, with some
standards directly applicable to rail vehicles.

Rather than being crash-oriented, existing federal regula-
tions of the Department of Transportation's Federal Railroad
Administration have been primarily based on accident safety.
Amtrak locomotive specifications, however, include some colli-
sion reguirements for glass, seat structures, fire retardants,
and escape prcvisiecns.

3.2 DATA SOURCE

Potential interior design improvements presented in this
guide are based on:

e¢ accident data

® current state-of-the-art design concepts used in other
vehicles (such as automobiles and aircraft)

e development of new concept safety devices through
fullscale mockups using live subjects, and the

e results of mathematical simulations of the dynamic
response of occupants who impact vehicle interiors in
typical accident scenarios.

Data ccllected from a representative accident sample was
analyzed to identify injury types, locations, and when possi-
ble, injury causal factors. The analyzed sample consisted of
accidents which occurred within the 1967-73 time frame and
warranted the issuance of a formal report either by the
National Transportation Safety Board (NTSB)} or the FRA.
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Details on injuries sustained were obtained from FRA
T-forms for the years 1972 and 1973. These data included
injuries resulting from collisions, train motions, equipment
failures and occupant clumsiness. Injuries occurred in loco-
motive, cabooses and passenger railcars.

3.3 GENERAL DESIGN CRITERIA

The overall objectives in injury minimization to rail
vehicle occupants in a collision is to restrain or contain
seated occupants to prevent their being thrown into injurious
objects, to minimize the distance unrestrained occupants are
thrown and to remove injurious or loose objects from their en-
vironment. Cost minimization is an important factor in how
these objectives are implemented. Ancother consideration in
the implementation is whether the crashworthiness provisions
are to be retrofitted into existing rail vehicles or are to be
incorporated into new production vehicles. Keeping cost in
mind, crashworthiness provisions for a new production vehicle
may not be economically feasible to retrofit in an existing
vehicle. Above all, consideration must be given to whether
the device provided to prevent injury in a collision would be
made use of if it required the occupant tc willfully apply the
device.

In general the design criteria for railil vehicle crash-
worthiness can be summed up in the following manner:

1. Restrain seated rail vehicle occupants from keing
thrown forward into an unyielding or hazardous surface.

2. Minimize the distance an unrestrained occupant can
travel from their seated position to a non hazardous
surface or object in front of them.

3. Assure that the object impacted in front of an un-
restrained seated position presents a smooth surface
free of protrusions and is sufficiently deformable or
padded to absorb the impact energy, to reduce the
forces below the injury threshold.

4, Provide sufficient seat back surface and strength to
support the upper torso and head to prevent back and
neck injury (whip-lash) due to rearward accelerations.

5. Eliminate the capability for passenger seats to be
rotated to a face-to-face position or to become un-

locked during a collision. (Seat rotation should be
limited to train personnel using a special tool or
key.)
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6. Eliminate the capability for seated occupants legs to
become wedged under a seat or equipment in front of
them.

7. Eliminate hazardous furnishings such as window shades,
unpadded or honyielding sunvisers, flammable materials
or material which give off toxic fumes.

8. Equipment which can be struck by standing rail vehicle
occupants which is irregular shaped or has a high tem-
perature should be covered with shrouds, shields or
flush panels.

9. Remove small irregular surfaced objects mounted on
bulkheads and stow in flush surface compartments.

10. Eliminate protective railings, grab rails and stanchions
and replace with recessed hand grabs in flush panels.

11. Flush or recess all knobs, handles, latches, lighting
fixtures etc.

12. Secure all portable and fixed egquipment to withstand
collision forces without tearing loose.

13. Provide closed compartments for passenger luggage.
14. pPad or design for deformation all surfaces subject to

impact by rail vehicle occupants.

3.4 RAIL VEHICLE INJURIQUS ENVIRONMENT

Injuries to rail vehicle occupants during collision or de-
railment when the rail vehicle remains relatively uncrushed
are generally caused by acceleration of the occupant into cb-
jects in their immediate vicinity. The degree of injury is
dependent upon the velocity of the vehicle at the time of
collision, the rigidity otr irregular surface of the object
struck and the distance the occupant is thrown to the object
struck. Cecllision velocity, up to a point, affects the accel-
ekration of the occupant within the vehicle but the distance the
occupant travels is the principal determinant of impact veloc-
ity. The injury mechanisms characteristics of deformability
and surface continuity is of particular importance in injury
determination.

3.4.1 Rail vVehicle Coclision Design Pulse

Design of protective devices for occupants of rail vehicles
in a c¢eollision is dependent upon the deceleration pulse experi-
enced by the vehicle in which they are riding. The magnitude
and duration of the pulse varies for different types of rail
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vehicles such as locomotives, passenger cars and cabooses. The
velocity of the car at impact also determines the pulse shape
but to a lessor degree.

Plots of deceleraticn versus time for either of two freight
train locomotives in a head-on collision at speeds of 10, 20,
40 and 80 mph are shown in Figure 3-1. Similar impulse plots
were made for locomotive impacting the rear of a freight train,
and passenger car impulse when impacted by a locomotive. From
these impulses occupant accelerations can be determined. Of
significance in the study was the fact that the impulses at
80 mph varied only slightly from those at 10 mph.

3.4.2 Injury Producing Environment

Accident injury analysis has associated the major causes
of injury, other than those related to structural c¢rushing, to
environmental factors such as lack of occupant restraint and
deficiencies of equipment design and location. To identify
potential design improvements, simulated motions of occupants
under collision acceleration are presented using typical high
usage locomotives, passenger railcars, and cabooses.

An EMD GP-40 locomotive cab is shown to illustrate a
typical interior arrangement and the potential collision haz-
ards to the trainmen. Two or more trainmen occupy the cab:
an engineman/engineer and a helper/fireman. The engineman is
particularly vulnerable to injury in a collision due to the
equipment directly in front of him into which he could be
thrown (Figure 3-2),

The locomotive cab space available for the helper and other
trainman on the left side, 1s usually clear and unocbstructed.
The main hazard for the helper is the potential for him %o be
thrown intc the door or into the glass in the door (Figure 3-3).

Egquipment installed in the cab may present an impact hazard
to occupants when accelerated from a seated or standing position.
Consideration must be given to their placement.

An ICC wide vision cupola type caboose is shown to illus-
trate a typical interior arrangement and the potential colli-
sion hazards to the trainmen. The cupola observation post and
the ceonductor's desk location areas are of particular interest
for injury-producing situations (Figures 3-4 and 3-5).

In a caboose injury can result during collision, slack
action, or hard coupling by being thrown into the bulkhead,
handhold and possibly through the window. Injury is also pos-
sible by impacting the side wall, window, or guard railing or
by falling from the cupola to the car flocr. Additional in-
jury producing hazards are: fuel tank and bunk supporting
structure, water coclers and refrigerators, fire extinguishers,
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Potential Hazards to Engineman Impact
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fusee boxes, protruding door handles, grab rails and stanchions,
seat frames, record storage racks, lamps, phones, gauges,
valves, and foot-rests. .

Hazards to railcar passengers depend upon their seated or
standing environment. Environments differ depending upon the
type of car in which the occupant is riding. Three types of
passenger cars were studied, coach, parlor car, and snack bar
coach with their seating arrangement, inherent containment pro-
visions, and surfaces or egquipment having potential to cause
injury if impacted. Typical impact hazards are shown in
Figure 3-6,

3.5 HUMAN TOLERANCE DATA

Human tolerance to impact is difficult to establish because
'of the obvious impracticability of subjecting humans to impact
at injury levels. Much of the data presented is a result of
tests conducted with cadavers and minimum forces to produce
fractures are documented. Designs for rail wehicle occupant
protection in a collision must be for levels considerably below
the fracture level. Where data was not available in establish-
ing the non-injury or minor injury levels, an arbitrary force
of 10 to 25 percent of the minimum fracture level is given as a
design goal depending upon the wvulnerability of the body parts.
Human tolerance data on the more vulnerable parts of the human
body are discussed. A summary of the data is shown in Table 3-1.

3,6 PROTECTIVE DESIGN CONSIDERATIQONS

In designing rail vehicle interiors for occupant safety
and collision protection the assumption must ke made that the
structure surrounding occupiable areas remains reasonably in-
tact, without significantly reducing occupant living space.
If occupants are injured during a collision because the pro-
tective shell around them is crushed, efforts to improve sur-
vivability through methods such as occupant containment and
delethalization are of little use.

In the design of rail vehicle interiors for crashworthiness
the following injury-prevention measures must be considered in
conjunction with the wvarious types of vehicle responses to
optimize occupant safety environments:

e Provide active or passive restraint or containment
systems for occupants

e Provide crashworthy seating

@ Delethalize occupant environment
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Figure 3—6. Injuries from Forwara Acceleration
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TABLE 3-1.

HUMAN LOADING TOLERANCES

Design Load

Design Load

Limit Limit
Minimum Goal ~ lbs Goal - lbs/in. 2
Fracture Rail vehicle Rail Vehicle
Condition Force - 1b Occupants Occupants
Flat Surface 2200 550 90
to Head
6 in.2
1 in.?2 500 50 50
Object to Head
5/8 in. Diameter 700 70 46
Rod to Head
1 in. Diameter to 180 20 25
Face Bone
{Zygoma)
5.2 in.2 to 360 90 20
Face Bone
(Zygoma)
Nose Impact <100 10 10
Chin Lips - 40 20
Knee-Thigh-Hip 1700 450 75
Complex
Concentrated Load 225 25 -
on Leg (Tikia)
Concentrated Load 225 55 -
on Arm
vVertical Load on 600 150 -
Dorsal or Lumbar i
Intervertebral
Discs
Chest, Rib 300 280 10 to 40

(Thorax) Impact
6 in. Diameter
Area
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o Adequately secure interior objects and equipment
© Employ flame-retardant and antitoxant materials

3.6.1 Occupant Restraint

To minimize railcar occupant injury it is essential to
protect the occupant in his seated area and to prevent contact
with hostile surfaces within this area. Many types of re-
straint systems can be considered, both active and passive.
Selection of a system will depend upon the proximity of hazard-
ous equipment in relation to the occupant, the effect of the
system on the occupant's ability to perform his duties, the
cost of the protective system, and the probability of the sys-—
tem being used by the occupant if it requlres a willful effort
for use.

Passive systems reguUiring no e€ffort for, use on the part of
the occupant should be a first preference in system selection
provided that in the case of a trainman it does not interfere
with the train operation and it is economically reasonable.
Active restraining devices, though the least costly, should be
limited to use by trainmeéh and should not be considered for
passenger use.

3.6.1.1 Active Restraint Systems

Active restraints are those which must be willfully
applied., Thé forms of basic active restraints are: 1lap belt
orily, single diagonal shoulder strap, and shoulder Harness.

The lap belt only is typical of those used for passengers in
commercial alrcraft. The diagonal shouldér strap and lap belt
system is widely 1sed in highway vehicles and the double
shoulder strap system is used for pilots of mllltary aircraft.
Each type has application for rail vehicle use.

When properly installed, the lap belt only restraint sys-
tem restraihs the body for £Srward accelerations at the body's
strongest structural elements, and reasohably ¢lose to the
total body center of gravity. To be effective a lap belt only
system must be properly installed or transverse fracture of
the vertebral body can occur. The anchor points must not be
located too high or too far back. Adequate clearance ahead
of the occupant must be available when selecting the lap belt
ohly system. If such clearance is not available thHen a single
or double shouldér strap system should be selected for use in
conjunction with the lap belt. Rotational envelopes are pre-
sented for the various type restraint systems so that require-
ments for clearance with egquipment and structure can be deter-
mined. A lap belt shoulder strap system is shown in Figure
3-7 for a caboose trainman.
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Figure 3—8. Engineman’s Restraint Buffer, Forward Impact
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3.6.1.2 Passive RestraintFSystems

Passive restraint systems are those whose appllCathn do
not require action on the part cf the individual belng pro-
tected. Two types of passrve restralnt systems are as follows

e Fixed passive restraint system which is a fixed part
'~ of the seatlng station

e Deployable passive restraint system which is deployed
" from a compartment at the instant of colllslon

3.6.1.2,1 Fixed Passive Restraint Systems - Fixed passive

restraint systems should be considered prlmarlly for locomo-

tive and cabcose occupants for forward acceleratlons The

system can consist of-a padded structure’ permanently fixed in

close proximity to the front of a seated occupant This re-

straint or "buffer" shoéuld be conflgured to cover the abdomen

and chest area of the occupant The buffer should support the
occupant at or above his’ center of gravrty and prevent injury

due to contact with hazardous rtems (Flgure 3-8). Protection

from impact with controls or structure in a lateral direction

from the occupant’ can be provrded by curvrng ‘or extending the

padded surface to serve as & shield. An example of a typlcal :
design for engrneman control console pad and chest buffer in- K3
stallation in an exrstrng locomotrve desrgn is_ shown in Figure

3-9. The buffer design prov1des restraint for forward accel-

eration and is extended to ‘prevent’ 1mpact with the control

console handles.

Desrgn of a new locomotlve cab conflguratlon permits more
latitude in rearrangement of the engineman's ¢controls and in-
struments. A suggested design concept with 1mproved crash-
worthlness features is shown in Flgure 3- lO

3.6. 1 2.2 Deployable Passive Restraint Systems - A deployable
restraint system can be considered if the rail vehicle has struc-
ture or furnlshlngs that it can be mounted to 1n close proxrmrty
to the front of'a seated occupant. The air bag system is an ex-
ample of a deployable passrve restralnt.' Thisg system consists of
an 1nflatable bag An- acceleratron—sensrtlve switch is needed to
cause gas from a storage cylrnder to be released into the bag when
a predetermrned acceleration is exceeded . The space between the
structure and the Occupant becomes filled w1th the bag and pre-
vents the occupant from strlkrng the structure or from being
thrown from the seat. .

Installatlon of an air bag system requrres a suitable
structure 18 to''24 inches in front of the 'occupant for & mount-
ing surface. A control panel, desk or bulkhead would be suit-
able for 1nstalllng the system. A conductor's desk is an
example of a sultable mounting surface (Figure 3-11).

36



CONSQOLE
PAD

ENGINEERS
EYE
LEVEL

5

r‘t__re

Figure 3—9. Existing Engineran’s Station with Buffer and Padding
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Figure 3—11. Automatic Inflating Air Bag Restraint

3.6.2 Passive Containment and Protection Systems

A containment system is used to limit the distance occu-
pants are thrown from their seat or from a standing position.
It provides a surface which will attenuate the impact forces
and limit the lcads on the occupant to tolerable levels.

Passive containment systems are particularly applicable for
rail vehicle passengers and to a limited degree for locomotive
and caboose trainmen.

Rail vehicle passengers for the most part are seated while
the vehicle is in motion. Therefore the principal considera-
tion for crashworthiness design should be concentrated on the
seating area. Maximum advantage should be taken of the fur-
nishings around the passenger for restraint or containment
during accelerations resulting from collision and derailment.
Specific areas for containment design considerations are as

follows:
0 Passenger and trainmen seats

0o Partitions and bulkheads in front of seats
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& Dining cér areés

® Snack bar‘areés

e Lavatories

& Bunks and berths

e Enefqy abscorption design

3.6.2.1 Passenger Trainmen Seats

Since the seat is the closest item to the railcar occupant,
it is of prime importance in crashworthiness design. Passenger
seats and trainman seats without other restraint provisions
serve as the principal containment for occupants. Provisions
for impact due to acceleration must not only be added to the
occupants’ seats but also to the. backs of the seats they face.
The following crashworthy features should be considered for
seat design:

e High seat back

e Impact design for rear of seat back

® Anti-leg-entrapment skirt ‘ I .
& Shoulder wings

e Padded arm rests e
® Anti swivel lock
e Impact loads

Seat backs should be sufficiently high to restrain the head
during rearward acceleration to prevent whip-lash. Considera-
tion should be given in the design of seat backs to protect
the occupant to the rear for knee and head impacts. Provisions
should be made to prevent the leg of the odcupant to the rear
from becoming wedged undexr the seat in front of them during
forward accelerations. Shoulder wings should be added for
lateral restraint of occupants. Arm rests must be sufficiently
resiliant sc as not to cause injury when impacted. Rotatable
or swing back double otcupancy seats must riot bécome unlocked
due to collision dccelerations. Seat structure and floor
attachments must withstand collision accelerations without
tearing locose or without excessive deformation under impact
leoads. Details for these requirements are discussed.
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3.6.2.2 Partitions and Bulkheads

Partitions or bulkheads behind which passengers or train-
men are seated or which are subject to impact from standing
occupants should be designed to absorb the impact energy with-
out injuring the occupant. Use of glass, mirrors, pamphlet or
magazine racks or other rail vehicle egquipment on the partition
or bulkhead should be avoided. Seats behind bulkheads used for
containment should be located as close to the bulkhead as prac-
tical to minimize the distance the occupant can be thrown,
thereby reducing the acceleration. Details for bulkhead de-
signs are discussed.

3.6.2.3 Dining Car Occupant Containment

Designs for containment of occupants seated in the dining
area should utilize the furnishings to a maximum extent
practical. Requirements are presented for the design of the
dining car tables and seats. Reguirements for padding, impact
surface area and structural strength are discussed.

3.6.2.4 Snack Bar Area Containment

Areas of passenger cars normally occupied by standing
passengers such as snack bars, c¢lub car bars, etc. should be
provided with containment provisions to limit the distance
occupants can be thrown during a collision. Panels, parti-
tions or compartments can be used for containment. Counters,
bars, shelves, etc. should be designed to present as much flat
surface area as possible to distribute impact forces over a
maximum area of the body. Design of these panels and surfaces
for energy absorption to prevent injury when impacted is
discussed.

3.6.2.5 Lavatory Area Containment

Provisions should be made to contain seated or standing
occupants in lavatories of vassenger cars, cabooses and loco-
motives. Bulkheads, partitions, or dcors should be provided
as a barrier to limit the occupants travel as a result of
collision. Orientation, placement and construction of the
partitions and containment provisions are discussed.

3.6.2.6 Bunk and Berth Area Containment

Provisions should be made to contain an occupant lying on
a bunk or berth during a collision acceleration. Bunk orien-
tation construction, material selection and design for occu-
pant collision impact without injury are discussed.

3.6.2.7 Containment Surface Energy Absorption Design

Design for cccupant protection from injury due to

!
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acceleration intc a surface during a collision is dependent
upon the following factors:

e The velocity of the rail vehicle at the time of
collision

® The type of rail vehicle in which the occupant is
riding

e The distance the occupant travels to the surface
impacted

¢ The part or parts of the body which contact the
surface

e The area of the body that contacts the surface
e The areca of the surface contacted

e The energy absorption or deformation characteristics
of the surface

These factors must be considered in the design of a bulk-
head, seat back, buffer or other padded surface to reduce the
impact forces on the occupant to within human tolerance limits,

Energy-absorbing characteristics of surfaces impacted de-
pend upon the stiffness and penetration distance. Using simple
calculations and graphs, it is possible to determine the pad-
ding stiffness and thickness necessary to insure that specified
body pressure or human tolerances are not exceeded during im-
pact. Impact tolerances to various parts of the body are
discussed in the section on Human Tolerance and a summary of
the body pressure limits are presented in Table 3-1.

In order to determine the required padding or spring rate
properties, the impacting body's kinetic energy and the body
contact area must be known. The velocity of the body at im-
pact and the masses of the body segments for a 156-pound
occupant are given in Figure 3-12; from these the ‘
kinetic energy can be calculated. The body contact area is
estimated by the designer. From the kinetic energy and the
padding contact area, the kinetic energy density, iU, defined
as the kinetic energy, per body padding contact area (inch-
pounds per square inch), is determined. Assuming a padding
thickness, and with the previously calculated kinetic energy
density, 1, a minimum padding stiffness value can be obtained
{(Figure 5-13). With the known body pressure tolerance (Table
3-1) and the kinetic energy density, u (Figure 3-14), the maxi-
mum allowable cushion stiffness is obtained, the designer can
then select a suitable padding material within the range of
these stiffness values.
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EQUIVALENT WEIGHT
DISTRIBUTION FOR
156-LB OCCUPANT

200LB

46.4 LB

51.1 LB
257 LB

12.8 LB

MASS DISTRIBUTION

FOR 156-L.B OCCUPANT

0.05176 LB SECZ/IN.
0.12008 LB SECZ/IN.
0.13200 LB SEC?/IN.
0.06640 LB SEC%/IN.

0.03212 LB SECZ/IN.

BODY

SEGMENT

HEAD
CHEST

PELVIS

UPPER LEG

LOWER LEG
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Sample calculations are presented for the design of a
padded surface using these charts along with simple equations,.
Typical occupant impact scenarios for locomotives, cabooses
and passenger railcars in collisions weré analyzed to determine

impact forces on the occupants

absorbing preperties of eguipment,

using these procedures. Energy

furnishings and structures

found in existing rail wvehicles were used in determining the

impact forces and resulting injuries.

termined to be probable;
and listed in a matrix (Tables

3.6.3

Where injuries are de-

corrective actions and recommended

3-2, 3-3, and 3-4).

Rail Vehicle Interior Delethalization

Rail car delethalization is applicable to locomotives,

cabooses, and passenger cars.

The degree of delethalization

necessary depends on the degree of restraint or containment

provided for the occupant. An
seat or confined to an area by
will not strike lethal objects
However, occupants (passengers

occupant fully restrained to a
buffers and padded surfaces
ocutside of the confined area.
or trainmen} are sSometimes out
1, if acceler-

of their seats while the train is in motion, and,
ated while away from their seats, may strike hazardous objects.
Occupants may alsc be injured due to being struck by loose ob-
jects or objects torn loose during a ¢ollision. In addition,
occupants may be burned or overcome by toxic fumes from burn-
ing materials within the rail vehicle.

3.6.3.1 Delethalized Surfaces

Surfaces or objects can be rendered safe for impact by the
following techniques:

e Shrouding ® Padding
¢ Paneling ® Remoting
e Shielding # Fragmenting
® Recessing e Eliminating

¢ Compartmenting

Detailed design guidelines are presented for each of these
techniques.

3.6.3.2 Eqgquipment Securement

Whether or not they are permanently bolted to the railcar
structure, equipment such as control consoles, water coolers,
refrigerators, water tanks, and heaters, or portable equipment
such as fire exXtinguishers, first-aid kits, and luggage should
be provided with adeguate securement to withstand collision
impacts. Methods of securement and structural strength
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requirements are discussed. Design requirements for luggage
racks to assure containment of luggage during collisions is
also presented.

. 3..6.3.3 -Material Selection

Materials selected for occupied railcar interiors should
be flame retardant and antitoxant. All nonmetallic materials
and paint properties should be checked before use by reviewing
the Transportation Systems Center Material Data Bank Catalog,
DOT~TSC~826-3,

3.6.3.4 Glazing

The design of glazing for rail vehicle occupant safety
must not only consider the softness or resilience of the glass
to reduce occupant injury when impacted but the rigidity of
the glass to prevent occupant ejection throught the glass and
foreign object penetration into the rail vehicle. A compro-
mise must be reached between these opposing reguirements. In
addition to these reqguirements consideration must be given to
design for air pressure at top speeds, shock due to passing
other trains, shocks due to entering and exiting tunnels and
all other pertinent stress and strains. Detall requirements
are discussed in the Design Guide.
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4, RAIL SAFETY/EQUIPMENT CRASHWORTHINESS
PROPOSED ENGINEERING STANDARDS

4.1 TINTRODUCTION

Proposed engineering standards were prepared for areas
where substantial improvements could be provided in occupant
protection in intercity passenger carrying vehicles. The
classes of vehicles included are locomotives, cabooses, and
passenger railcars.

The standards were prepared in the format of the standards
published in the Code of TFederal Regulations, Title 49, - Trans-
portation Parts 200. The part numbers selected are represent-
ative conly and were selected as being the next available num-
bers at the time of préparation of the original documents. The
parts proposed for inclusion in Chapter 11 of Title 49 are
highlighted in the following section and the areas discussed
are listed below for reference.

PART 253

Rail Vehicle Occupant Collision Containment
Standards

PART 254 - Rail Vehicle Occupant Impact Protection
Standards

PART 255 - Railcar Seating System Standards
PART 256 - Trainmen Seat Belts Standards
PART 257 - Rail Vehicle Window Standards

PART 258 - Flammability of Interior Materials

4.2 RAIL VEHICLE OCCUPANT COLLISION CONTAINMENT STANDARDS

PART 253

253.1 Purpocse and Scope

This part prescribes requirements for provisions to contain
rail vehicle occcupants within their seated area during col-
lisions for the purpose of reducing occupant accelerations

and preventing impact with hostile surfaces.

253.2 BApplication
This part applies to all locomotives, cabooses and passen-

ger railcars manufactured or refurbished after January 1,
1978 which are used in interstate service.
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253.3 Definitions

Definitions for the various items discussed in the contain-
ment standards part are described.

253.4 Locomotive Occupant Containment Reguirements

253.4.1 Design Reguirements

Locomotive trainmen stations shall be provided with a con-
tainment system to limit forward displacement of the occu-
pant during forward collisicn accelerations. The system
shall prevent the occupant from leaving the seat and shall
prevent the occupant's torso or head from contacting hostile
equipment structure or furnishings forward of the seat. A
passive system is recommended and orientation, location,

and installation requirements are established. Spring rate
reguirements for various impact velocities and forces are
discussed.

253.4.2 Performance Requirements Locomotive Occupant
Containment

The locomotive occupant containment device shall be tested
by applying a 1740 pound force to the device over an area
of 72 sguare inches. Procedures for force application and
the resulting deflection reguirements are discussed.

253.5 Caboose Occupant Containment Requirements

253.5.1 Design Requirements - Seat Containment

Caboose trainmen stations shall be provided with a contain-
ment system to limit forward displacement of the occupant.
The system shall prevent the occupant from leaving his

seat and shall prevent the occupant's torso or head from
contacting egquipment, structure or furnishings forward of
the seat. Methods for restraining the occupant are estab-
lished and installation reguirements discussed. Design
loads for the system and installation points are included.

253.5.1.1 Performance Requirements - Seat Containment

The restraint system test specimen shall be installed on
the test fixture at the same geometrical points as instal-
lation on a caboose seat. Methods of load application and
load magnitudes are established. System strength and
elongation requirements are discussed.

353.5.2 Design Requirements - Bunk Containment

Caboose bunk containment shall be provided in the form of
a barrier at each end of the bunk and restraining devices
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on the sides to prevent ejection of the occupant during a
collision or slack acticn. Bunk orientation and methods
of containing occupants in the bunk are established. Im-
pact load and enerqgy absorption provision reguirements are
discussed.

353.5.2.1 Performance Requirements - Bunk Containment

A force of 1110 pounds shall be applied over a 5 x 5 inch
area to the containment panel at each end of the bunk. A
500 pound load shall be applied to the center of the side
containment members. Spring rate and deflection limitations
are discussed.

253.6 Passenger Railcar Occupant Containment Requirements

253.6.1 Desiganequirements - Seated Occupant Containment

Maximum utilization shall be made of the furnishings in the
vicinity of the seated occupant for c¢ollision containment.
Bulkheads, partitions, seats, windows, wainscoting and the
underside of luggage racks shall be designed to provide
crashworthy containment during collisions. Locations of
containment surfaces and their physical properties are dis-
cussed. Impact load reguirements, spring rates and deflec-
tion limitations are established.

253.6.1.1 Performance Requirements - Seated Occupant's
Containment

Bulkheads, partitions and wainscot in the vicinity of pas-
senger seats shall be tested to determine adequate strength
and energy absorbing gqualities. Impact forces and methods
of application are described. Spring rate and deflection
requirements are established.

253.6.2 Design Reguirements - Standing Occupants
Containment

Areas of passengers cars normally occupied by standing
passengers such as snack bars, club car bars, etc., shall
be compartmented with partitions at each end of the area
to limit the distance occupants can be thrown during a
collision. Design requirements for the partitions, bulk-
heads and doors are discussed. Spring rate, impact load-
ing, and deflection limitations are established.

253.6.2.1 Performance Requirements - Standing Occupant
Contalnment

All partitions perpendicular to the centerline of the car
and not part of the railcar primary structure, shall be
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tested for integrity and energy absorbing gqualities. Methed
of load application and impact forces are established.
Primary structure bulkheads and entrance door test reguire-
ments are also established. Spring rate and deflection
limitations for each type of structure is discussed.

253.6.3 Design Reguirements - Dining Lar Occupant
Containment

Orientation and installation of dining car tables for maxi-
mum containment is discussed. Methods of containing chairs
or seats are described. Design loads, padding, require-
ments and deflection limitations are established.

253.6.3.1 Performance Reguirements - Dining Car
Contalnment

The dining car table loading and method ¢f lcad application
is discussed. Loading requirements for seat containment
barriers are established. Deflection limitations for
tables, seats and barriers are discussed.

253.6.4 Design Requirements - Lavatory Occupant
Contalnment

Lavatory occupants shall be provided with containment while
seated. Bulkheads, partitions, or doors shall be provided
to serve as occupant containment barriers to limit the
occupants travel as a result of collision. Orientation of
toilets and locations for barriers are discussed. Design
requirements for barriers including spring rate, impact
force requirements and deflection limitations are specified.

253.6.4.1 Performance Requirements - Lavatory Occupant
Contalinment

Lavatory barrier test loads and method of application are
discussed. Deflection and integrity reqguirements are
established.

4.3 RAIL VEHICLE OCCUPANT IMPACT PROTECTION STANDARDS

PART 254

254.1 Purpose and Scope

This standard establishes the requirements for treatment
of the hazardous interior surfaces of railcar equipment,
structure, and furnishings in occupied areas to minimize
occupant injuries due to impact.

55



254,2 Application

This part applies to all locomotives, cabooses, and passen- -
ger railcars manufactured or refurbished after January 1,

1878 which are used in interstate service.

254.3 Equipment Concealment Reguirements -

254,3.1 Désign Requirements - Non-Portable Equipment
Containment

Non-portable rail vehicle equipment which have corners or
surfaces contoured to a radius of less than six inches or
have protrusions, or surface temperature in excess of 120
degrees, shall be concealed behind flush panels. These
panels shall be flat and void of external corners. Design
requirements for openings in panels to allow for air cir-
culation and limitéd access yet maintain impact surface
area are described. Impact force requirements, deflection
limitations, and spring rate requirements are discussed.
Installation and removal requirements are specified.

254.3.1.1 Performance Reguirements - Equipment Concealment :

Panels, partitions, bulkheads, grills, etc., shall bhe
tested to determine their structural integrity and to de-
termine their resiliancy for energy attenuation., Testing
procedures are described including impact force and veloc-
ity. Deflection and spring rate measurement limitations
are established.

254.4 Eguipment Stowage Reguirements

254.4.1 Design Requirements - Portable Egquipment Stowage

Rail wehicle equipments which are portable or reguire emer-
gency access, have a width in excess of six inches, have
corners or surfaces contoured to a radius of less than six
inches, have protrusions, or have a surface temperature in
excess of 120 degrees, shall be stowed in a compartment or
locker. Design requirements for the locker structure, door
and hardware are described. Impact force levels and spring
rate for the construction are established.

254.4.1.1 DPerformance Requirements - Portable Equipment
Stowage

Cabinets, lockers and stowage compartments for locomotives,
cakooses and passenger railcars shall be tested for struc-
tural integrity and resiliance during simulated occupant
impact. Test procedures are discussed and energy absorb-
tion requirements established.
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254.4.2 Design Requirement - Luggage Stowage

Rail passenger car overhead luggage racks shall be pro-
vided with retention doors for the luggage. Dimensional
and configuration requirements are discussed. Strength
and deformation reguirements of the luggage stowage area
are established. Energy attenuating property requirements
of the side rail and of the underside of the luggage rack
for occupant impact are also included.

254.4.2.1 Performance Reguirements - Luggage Stowage

Luggage rack decors, partitions and floor shall be tested
for structural integrity. Test procedures and loading are
established. The crown surface under the luggage rack and
rail shall be tested for -deformation when impacted by the
head of a simulated occupant. Impact test procedures and
velocities are discussed. Determination of spring rate
and deformation are specified.

254.5 Eguipment and Furnishings Recessing Reguirements

254.5.1 Design Reguirements - Recessing

Rail vehicle equipment, furnishings, controls and lighting
requiring continual exposure or access for operation shall
be delethalized by recessing within large, flat, struc-
turally supportive surfaces. All interior grab rails and
stanchions located below head level shall be recessed
within a flush wall, panel, or appliance. Dimensional
limitations and configuration reguirements are established.

254.6 Eguipment Covering Reguirements

254.6.1 Design Regquirements -~ Covering

Equipment not requiring continual access which have pro-
trusicns or corners having less than six-inch radius and
are impractical to conceal or recess, such as a windshield
wiper motor, shall be covered with a shroud or box, the
corners of which shall not have less than a six-inch
radius. Equipments requiring continual access which have
protrusions or corners having less than six-inch radius
and are ilmpractical to conceal or recess, such as control
handles, shall be shielded by a guard. The guard shall
present an impact surface above and below or to the sides
of the article being shielded. Requirements for materials,
clearance and configuration designs are discussed. Impact
force requirements and deformation limitations are
established.

254.6.2 Performance Reguirements - Eguipment Covering

External covers extending above a surface and covers with
slots for access shall be tested for integrity and energy
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absorption characteristics. Impact forces and methods of
force application are discussed. Deformation limitations
are established.

4.4 PRAIL VEHICLE SEATING SYSTEM STANDARDS

PART 255

255.1 Purpose and Scope

This part prescribes crashworthy seating requirements for
locomotive, caboose, and passenger railcars.

255.2 Applicatien

This part applies to all seats used on locomotives,
cabooses, and passénger railcars manufactured or refur-
bished after January 1, 1978 which are used in interstate
service.

255.4 Rail vVehicle Seating Requirements

Crashworthy rail vehicle seats shall be designed to pro-
vide the maximum occupant collision protection for the
general population under forward, sideward, and rearward
accelerations.

255.4.1 Design Requirements - Rail Vehicle Seats

a. Seat Backs - Seat backs shall extend a minimum of 34
inches above the seat reference point to provide upper
torso and head support during rearward accelerations.
Configuration requirements for headrests, Seat back
contouring, detail construction and rear surface treat-
ment for occupant impact are discussed. Design re-
gquirements for energy absorption padding are specified.

b. Rear Seat Skirt - When seats are used in tandem;, the
rear surtface below the seat cushion of the leading
seat shall be partially enclosed with a skirt to avoid
leg entrapment. Dimensional limitations and configur-
ation are discussed.

¢. Lateral Restraints - All seats in locomotive, caboose,
and passenger rail vehicles, except dining car seats
and those seats equipped with a shoulder harnéess, shall
have shoulder restraint wings located beside the
shoulder. Dimensicnal requirements and energy absorp-
tion padding requirements are established.

d. Armrests - All seats in locomotive, caboose, and pas-
senger rail vehicles, except dining car seats and those
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seats equipped with a full restraint system shall have
an armrest cor a padded surface in the position of the
armrest. Dimensicnal requirements and energy absorp-
tion requirements are established.

e. Seat Locking and Adjustment - Single or double occu-
pancy walkover or reversible seats shall be provided
with a positive locking device to prevent seat back
displacement or seat disorientation during collision.
Positive locking of adjustable seats is discussed.
Requirements for locking device strength under impact
lcads on the seat are established.

f. Face-to-Face Seating - Although face-to-face seating
has been a practice with both walk-over and rotatable
passenger seats, the practice shall be eliminated. Use
of such arrangements nullify the crashworthy contain-
ment features of one direction seat facing. Provisions
shall be made to prevent reversal of seats without use
of a special tool or key by railroad personnel only.

g. Passenger Swivel Seats - The rotational axis of in-
dividual swivel passenger seats shall be at least
twelve inches ahead of the seat reference point to
permit automatic rotation of the seat to a favorable
containment position during collisions. Detail design
reguirements are established.

h. Seat Loading Design Reguirements - Design loading re-
gquirements are established for locomotive, passenger
car and cabocose seats, seat backs, armrests, and
shoulder wings. Loading requirements are established
for trainmen seats which must react loads from re-
straint system installations.

255.4.2 Performance Requirements Rail Vehicle Seats

Rail vehicle seats shall be tested for structural strength
and for the energy absorbing properties for the various
areas of the seat. Test procedures are established for
seats used in specific rail vehicles and for various areas
of the seats. Loading, deflection and spring rate limita-
tions for each of these areas are to be tested for and are
specified in detail.

4.5 TRAINMEN SEAT BELT STANDARDS

PART 256

256.1 Purpose and Scope

This part prescribes requirements for seat belt assemblies
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when used, to restrain rail vehicle occupants during train
accelerations and collisions.

256.2 Application

This part applies to all locomotiwves and cabooses manufac-
tured or retrofitted after January 1, 1978 which are used
in interstate service.

256.3 Definitions
Definitions of the following items are described:

Seat Belt Assembly (Type 1 and Type 2)
Pelvic Restraint

Upper Torso Restraint

Hardware

Buckle

Emergency Locking Retractor

256.4 Design Reguirements

Requirements are established for design and installation
of each of the following restraint system components:

a. Pelvic Restraint - Installation geometry and retention
requirements are given for forward acceleration and
rollover.

b. Upper Torso Restraint - Installation geometry, forward
and lateral retention requirements, comfort and ease
of operation requirements and unencumbered performance
of duties while installed are discussed.

c. Emergency-Locking Retractor - Requirements for locking
or not locking under variocus accelerations and retrac-
tive forces are discussed,

d. Buckle - Confiquration and operation requirements are
established.

e. Webbing - wWidth, thickness, breaking strength and
elongation requirements are established.

f. Hardware - Materials, surface finishes, and strengths
are established.

g. Assembly - Adjustment requirements, marking and end
treatment are discussed.
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256.5 Performance Requirements - Restraint Systems

Requirements for the seat belt assembly including webbing
and all hardware components and permanent deformation or
adjuster slippage under loading is established. Loads and
load application procedures are described for each type
restraint system. Elongation limitaticns and measuring
procedures are established.

4.6 RAIL VEHICLE WINDOW STANDARDS

PART 257

257.1 Purpose and Scope

This part prescribes regquirements for window glazing
materials, window retention, impact forces and emergency
exit provisions for rail vehicle windows.

The purpose of this standard is to minimizé the probability
of foreign obiects from entering the rail vehicle from the
outside, to reduce injuries resulting from occupant impact
to glazing surfaces, to minimize the possibility of occu-
pants being thrown through the vehicle windows in colli-
sions, and to provide glazing removal provisicns for
emergency egress.

257.2 Application

This part applies to all locomotives, cabooses, and passen-—
ger railcars manufactured or refurbished after January 1,
1978 which are used in interstate service.

257.3 Window Glazing - Side Windows

Requirements for side glazing materials are established

~with reference to the American National Standard. Con-
struction and strength is discussed. Design values are
given for wind pressure, shock and impact by objects from
the outside of specified size, density, weight and hard-
ness and at a given velocity. Spring rates are established
for the protection of occupants who impact the glass from
inside to minimize injury vet prevent ejection through the
glass.

257.4 Window Glazing - Forward Windows

Requirements are established for window glazing matertials
used in forward-facing windows in occupied areas of loco-
motives and cabooses serving as windshields and which are
not normally protected by other elements in a consist. The
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requirements are principally for the prevention of object
penetration from outside., Protection for occupant impact
is not considered because of other restraint and contain-
ment provisions specified for trainmen.

257.5 Window Glazing - Emergency Egress

The minimum number of emergency egress windows are speci-
fied for various types of rail vehicles. Window configur-
ation, size and operational reguirements are established.

257.6 Window Glazing - Interior Windows

Glass when used in passenger railcar interior doors, lava-
tories and partitions shall be designed primarily for the
prevention of injury to occupants during impact. Reguire-
ments for spring rate and retention of granules after
impact are specifiéd.

257.7 Performance Reguirements - Window Glazing

Procedures for testing the various types of glazing instal-
lations are discussed. Test fixture design, impactor
configuration, weight,density and impact velocities for
each type glazing is specified. Minimum performance re-
quirements are established for each of the test results,

4.7 FLAMMABILITY OF INTERIOR MATERIALS

PART 258

258.1 Purpose and Scope

This standard specified burn resistance requirements for
materials used in the occupant compartments of rail
vehicles.

The purpose of this standard is to minimize injuries and
fatalities of rail vehicle occupants caused by vehicle
fires, especially those originating in the interior of the
vehicle,

258.2 Application

This part applies to all locomotives, cabooses, and passen-
ger railcars manufactured or refurbished after January 1,
1978 which are used in interstate service.

258.3 Non-Flammability Requirements

All non-metallic materials selected for use in interior of
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occupiable compartments of rail wvehicles shall have flame
retardant and non-toxic properties. Limitations on burn-
ing or propagation of flame front across a surface are
specified.

258.3.1 Performance Requirements - Non-Flammability

Procedures for testing various types of materials for
flammability are discussed. Radiant panel testing, appli-
cation of a flame source, utilization of wire mesh and
aluminum foil and application of high temperature sources
are specified. Performance limitations for flame propaga-
tion, flamming dripping and self extinguishing times are
established.

258.4 Non-Toxic Requirements

All non-metallic materials selected for use in interiors
of occupiable compartments of rail vehicles shall not give
off toxic vapors when burned or subjected to high tempera-
tures. Methods of material selection are referenced.

258.5 Smoke Emission Reguirements

Smoke emission Dg ratings and time limitations for wvarious
type materials are discussed. Methods of testing and per-
formance requirements are established with reference to the
National Bureau of Standards procedures.
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5. CONCLUSIONS

The conclusions reached in this study are based on data
obtainéd from acdcident investigation reports and T-Forms,
visual surveys of rail vehicle interiors, analytical determi- .
nation of occupant impact forces and logical assumptions.
Accident data, in the majority of incidents, reported the
initiating factors of the accident, the typé of vehicle the
occupant was injured in and the nature of the injuries. The
area of minimal information was on the injury mechanism or ob-
ject contacted by the occupant. Conclusions as to the items
requiring improvement to reduce injuries were based to a great
extent on the visual surveys to determine the likely object to
cause injury in a collision. This was particularly true for
passenger rail vehicle occupants where collision injury mecha-
nism data was practically non-existent. The severity of in-
juries, based on the assumptions from the visual survey, was
determined by the use of mathematical analysis to obtain force
levels.

Severity of injuries was found to be less pronounced for
passenger railcar occupants than locomotive and caboose occu-
pants. This is assuming that the passenger car does not tele-
scope or become penetrated by an object. Calculations show
that acceleration pulses experienced in passenger cars, regard-
less of the velocity at collision, should not cause occupants
to impact interior furnishings at a velocity sufficient to
cause fatal injuries. Injuries experienced in passenger cars
fell into the minor to moderate level range. Modifications to
passenger cars for collision safety will be for the purpose of
eliminating cor reducing injuries rather than so much to prevent
fatalities. The principal modifications to passenger railcars
are as follows:

X

e Prevent double seats from swiveling by providing a
positive lock to improve occupant containment

® Prevent leg entrapment under seats by adding a back
skirt to reduce hlgh frequency of leg injury in
collisions

¢ Provide padded armrests, headrests and shoulder wings
to improve containment

® Provide padding on rigid bulkheads, doors and nonyield-
ing partitions

e Compartment lounge and lavatory areas to minimize
distance occupant can be thrown
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e Delethalize food preparation areas
e Secure dining car seats or provide compartmentation.

e Provide windows which prevent occupant ejection through
yet are sufficiently resilient to prevent occupant
injury when impacted

Collision safety provisions in locomotives is of prime
importance. Locomotive occupants in a ¢ollision have a higher
probability of fatal or serious injury than those in any other
rail vehicle. Lethal control surfaces in front of the engine-
man and rugged unyielding bulkhead and door in front of the
helper are the principal causes of injury.

To protect the locomotive occupants from injury, they must
be prevented from being thrown into these injury producing sur-.
faces. A padded buffer or lap belt/shoulder harness can be
used to restrain the occupants and are about equal in cost.

The buffer is passive and would be more effective than a lap
belt/shoulder harness system which requires a willful act on
the part of the occupant toc put it on. Seats should be im~
proved by providing high seat backs, headrests and padded arm-~
rests. Other areas of improvement to protect standing loco-
motive occupants are as follow:

® Recessed water cooler

e Equipment normally hung on rear bulkhead placed on
cabinets

® Padding added to rear bulkhead and back of control
console.

Accelerations experienced by caboose occupants are three
times as great as those in loccmotives and passengexr railcars.
Due to the light weight of the caboose, high accelerations are
also experienced in non-collision cperations such as hard
coupling and slack action. Restraint of caboose occupants is
a necessity in preventing injury. Padded buffers or webbing
restraint systems can be used. Due to the frequent accelera-
tions and decelerations experienced by caboose occupants, the
webbing restraint system can be considered and a high freguency
of use can be expected. Many of the new cabooses being pro-
duced are equipped with lap belts and shoulder harnessed for
the trainmen.

Cabooses are equipped with many irregular shaped items of
equipment which can produce serious injury if impacted. These
items of eguipment should be covered by flat surfaced partitions
which are padded or sufficiently resiliant to absorb impact
enerqgy, reducing forces to a toclerable level.
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Cost effectiveness of incorporation of some or all of the
features recommended in this study in new build or retrofit
rail vehicles is the subject of much debate. The number of
occupants killed or seriocusly injured in rail vehicle acci-
dents where structural crushing does not occur is relatively
low. The cost of incorporating the crashworthy features on a
retrofit basis is many times higher than on a new build basis.
It is therefore recommended that crashworthy features be
considered only in new build rail vehicles and for items which
are replaced when rail vehicles are refurbished.
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APPENDIX
NEW TECHNOLOGY

Volume I

No innovation, discovery, or invention was made in the perfor-
mance of this study. However, some improvements are noted.

For example, in Section 5, pages 56ff, a comprehensive analysis
of rail vehicle-accident data is provided for the years 1967-
1973, wherein is provided an identification and categorization
of* injury types, lccations, and causal factors, which identifi-
cation and categorization of these data have not been done
before. Alsc in Section 9, pages 173ff, candidate injury-
minimization techniques are presented for the first time for
specific types of rail vehicles.

No innovation, discovery, or invention was made in the perfor-
mance of this study. However, some improvements are noted.

For example, in Section 5, pages 33ff, protective-design
conslderations are presented for the first time for locomotives,
passenger cars, and cabooses relating to the rail-vehicle in-
teriors and crashworthiness.

Volume III

Although no innovation, discovery, or invention was made in the
performance of the work, the engineering standards prepared on
pages 5ff are innovative, and indicate for the first time areas
where substantial improvements could be provided in occupant
protection in lntercity passenger-carrying vehicles.

67/68



wd



