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ABSTRACT

A study of the occupant dynamics and predicted fatalities due to secondary impact for passengers
involved in train collisions with impact speeds up to 140 mph is described. The principal focus is on the
effectiveness of alternative strategies for protecting occupants in train collisions, including friendly interior
arrangements and occupant restraints.

Head Injury Criteria (HIC), chest deceleration, and axial neck load were used to evaluate interior
performance; the probability of fatality resulting from secondary impacts was evaluated for each of the
interior configurations and restraint systems modeled based on these criteria.

The results indicate that compartmentalization can be as effective as a lap belt in minimizing
probability of fatality for the 50th percentile male simulated. Compartmentalization is an occupant
protection strategy that requires seats or restraining barriers to be positioned in a manner that provides a
compact, cushioned protection zone surrounding each occupant. When occupants are allowed to travel
large distances before impacting the interior, restrained occupants have a much greater chance of survival.
Fatalities from secondary impacts are not expected in any of the scenarios modeled if the occupant is
restrained with a lap belt and shoulder harness.

1. INTRODUCTION

This paper describes an evaluation of the occupant dynamics and predicted fatalities due to secondary
impact for passengers involved in high-speed train collisions. The principal focus is on the influence of
interior configuration, occupant restraint, and car crash pulse on fatalities resulting from secondary
impacts. The car crash pulse varies with the impact speed, the position of the car within the trainset, and
the structural design of the car.

Two alternative structural designs are compared to evaluate the effectiveness of each in minimizing
secondary impact injuries. The first design studied is referred to as the conventional design. This denotes
cars of uniform longitudinal strength. The second design is referred to as the crash energy management
design. This term indicates cars designed with varying longitudinal strength, with higher strength in the
occupied areas and lower strength in the unoccupied areas (Tyrell, et al., 1995).



2. ANALYSIS METHODOLOGY

The secondary collision occurs when the train rapidly decelerates due to the collision of the two trains,
and the occupant continues to travel, in free flight, until he or she collides with an interior fixture, such as
the seat back ahead. This dynamic motion was modeled with a detailed representation of human body
dynamics, implemented in the computer program MADYMO (MADYMO, 1992).

2.1 Secondary Impact Model

Figure 1 shows a schematic from the model of a seated occupant in a train interior as analyzed in the
simulation studies for passengers seated in rows. The analysis uses the deceleration time history of the
vehicle predicted from the analysis of the dynamics and structural deformation under collisions described
by Tyrell, et al. (1995). This deceleration is applied to the interior, and causes the occupant to move. At
some point during the vehicle deceleration, an unrestrained occupant impacts an interior fixture, such as a
seat back, a partition, or the floor.

| Click to View Video I

FIGURE 1. MADYMO HUMAN BODY MODEL

In the simulation the occupant is modeled as a system of interconnected, elliptically-shaped masses
(ellipsoids) with parameters chosen to approximate the characteristics of a human. For this study, the
parameters corresponding to a 50th percentile U.S. male were used. The 50th percentile male has a height
that is just greater than half the male population of the U.S., a weight that is just greater than half that
population, etc.

The model generates time histories for the displacement, velocity, and acceleration for all of the
ellipsoids, including those corresponding to the head, and the forces and torques at the connections
between the ellipsoids. Based on these motions and forces, injury criteria are calculated. Program
outputs include data files for computer animations that depict the occupant motion during the collision.
These animations allow the user to observe how different interiors, restraint systems, and structural train
designs affect the occupant motion. MADYMO has been shown to produce results that are reasonable
comparable to sled test results (O’Connerand Rao, 1990)

As in slad testing, the model assumes the occupant is pessive during the collision. The increased
duration of atrain callision over an auomobile cdlision allows the trainoccypants mae time toreact to
the collision. Such reactions may influence the outcome of the secondary collisions; howeasdikely
that suchreactons ae spedic to paticular individuak. It would be dffi cult to modelthese eactons and
their potential influences on the outcome of the secondary collision.

The pogram does noaccountfor failure of interior componers, i.e. seas andtables are assumedo
remain intact For the pupose ofdeermining the occupanmoton, the sead and ébles ae represengd by
planes wih defined force¢rush charaetistics.



2.2 Interior Arrangements

The interior configuration is the geometric arrangement and physical characteristics (stiffness,
damping) of the seats, tables, and other fixtures in the occupant compartment of a passenger train. The
three interior arrangements modeled -- forward-facing seats in rows, seats facing each other, and seats with
tables -- are shown Figure 2.

a. Seats in Rows

c. Seats and Table

FIGURE 2. INTERIOR CONFIGURATIONS



2.3 Occupant Protection Strategies

2.3.1 Compartmentalization. Compartmentalization is a strategy for providing occupant protection
during a collision. The principal objectives of this strdegy are to limit the occupant’s range of motion and
to assure hat the interior surfaces are suffienty soft to limit injury during occupanimpact If an
occupantis not proteced by a érward seatback,a restraining barier mustbe povidedthatis sufficienty
flexible, yet stong enough @ mantain its integrity. This strategy provides occupant protecion
independenbf any acion teken by he occupant The concepif compatmentlizaion was used byhe
National Highway Traffic Sdety Administraion (NHTSA) to justify the absence of sdety belt
requiremens on brge schoobuses Fedenl Register, 1989)

The regulatons govening compamentlizaion for schoolbuses wh a grossvehicle weight rating
(GVWR) in excesf 10,0001bs ae congained h CFR 571222 -School Bus Satng and @ash Fotecion
(Codeof Federal Regulations49, 1993). This regulation requires that seat backs and partitions have a
forcetisplacementchamaceristic within the bounds shownni Figure 3. When a suicient amountof
cushion ard flexibility is provided in the suface d impact, tte forces eerted on the acccupant remain
within a suwivable level. For this study, the seat backs wee assumed a have he sofest
forcetdisplacementurve alowed in Figure 3.
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FIGURE 3. FORCE/DISPLACEMENT CHARACTERISTIC OF SEAT BACK

2.3.2 Occupant Restraint. Occupantmotions h the seat-in-rows and e sead-fachg interiors
were evaliaied with no restraint sysem, with a lap bet alone, and also with a lap bek and shouber
hamess. The occupanimotons i the interior with seas and &ble wee evabiaied only for the unrestained
occupant

To model the shoutler hamess anddp bet, an exsting aubmobie bet model (MGA Reseach
Corporation,1991)was utilized. The belt model accounts for initial belt slack or pre-tension and for the
potential rupture of belt segments if the force is greater than the strength of the belt. In the model, the
anchoage br the upperend of he shoullerhamess § defined as aiked pont in the interior space.

There may be substantialdifficulties in designing an appropriate upper attachment point for the
shoulder harnessOwing to similar difficultiesNHTSA does not require a shoulder harniesthe center
(inboard) position of automobile seatsgBmble to Amendment tdWV/SS No. 222,1989).

2.4 Vehicle Deceleration Time Histories (Crash Pulses)

Occupant response to a range of crash pulses (primary coltisioglerationtime histories) was
analyzed to determine the influence of car position, primary collision impact speed, and structural
crashworthiness. Crash pulses from two primary collision conditions were used in this stdde




primary collision conditions were a power car-to-power car collision and cab car-to-power car collision.
The consist makeup includes a power car, five coach cars, and a cab car as illustrated in Figure 4.

Coach Cars

FIGURE 4. BASIC TRAINSET CONFIGURATION

The crash pute ofthe caris influenced byhe cats postion within the trainset Figure 5 showsthe
crash pulses for each of the cars in the initially moving consist in a head-to-head collision wittmgh140
impactspeedfor both the crashenegy managementlesgn train and he convernibnal desgn train. For
the crash energy managemeleisgn train, the peak decetaion for each succeewi car occursater and
later (in ime). For the convernibnal desgn train, the peak decelations occuiin rapid successin.
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FIGURE 5. DECELERATION OF EACH CAR IN THE CONSIST, HEAD-TO-HEAD
COLLISION AT 140 MPH

Figure 6 showshe influence of speed omég crashpulse. The principal characgristics of the crash
pulse hat are nfluenced by speed ares peak (maxinum) vale and s duraton. For the crashenergy
maregemert design, the peak deceleratio of the crashpulse ircreases as ¢hpimary cdlision speedis
increasedup to speeds of about 70 mplAt primary collision speedsabove70 mph, the peakvalue no
longer increasedyut the duration of the crash pulse increasdss influence of primary collision speéed
dueto the natrre of the forcekrush chaaceristic of the car After some amoundf crushing of the car the
force equired to cause dirther crushing no bnger increases;this consént forcekrush chaaceristic
effecively limits the maxmum decedration the carcan achléve. The converibnal desgn reachests
maximum deceleratiorfor a primary collision closing speed of about 35 mphFor primary collision



speeds above 35 mph, the only influence on deceleration of the first coach in the conventional design train
is to increase the duration of the crash pulse.
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FIGURE 6. INFLUENCE OF SPEED ON FIRST COACH CRASH PULSE, 140 MPH HEAD-
TO-HEAD COLLISION

Six crash pulses were used in evaluating all of the interiors. These crash pulses are shown in Figure 7.
The crash pulses were selected to represent the range of characteristics described by Tyrell, et al. (1995),
including the peak deceleration and the time required to develop the peak deceleration.
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FIGURE 7. CRASH PULSES USED IN SECONDARY COLLISION ANALYSES



The crash pulse input for MADYMO was idealized from the crash pulse predicted by the lumped-mass
train model to eliminate high-frequency oscillations resulting from the computation method used in that
model. Figure 8 shows an example of the lumped mass train model results and the input crash pulse used
in the occupant simulation.
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FIGURE 8. CRASH PULSE, FIRST COACH, 140 MPH HEAD-TO-HEAD COLLISION, CRASH
ENERGY MANAGEMENT DESIGN, MADYMO INPUT AND TRAIN MODEL RESULTS

2.5 Injury Criteria

The head injury criteria (HIC), chest deceleration, and neck injury criteria were used to evaluate the
mode and severity of predicted injuries. The Abbreviated Injury Scale (AlS), published by the American
Association for Automotive Medicine (Pike, 1990), was used to provide a basis for comparison of HIC
and chest deceleration. Table 1 lists the AIS Code and the corresponding values of HIC and Chest
deceleration.

TABLE 1. AIS CODE, HIC, AND CHEST DECELERATION

AIS HIC Head Injury Chest Chest Injury
Code Deceleration
1 | 135-519 |Headache or dizziness 17-37 G |Single rib fracture
2 [ 520-899 [Unconscious less than 1 38-54 G5 |2 to 3 rib fractures; sternum fracture
hour; linear fracture
3 900- |Unconscious 1 to 6 hours; 55-68 Gs |4 or more rib fractures; 2 to 3 rib fractures
1254 | depressed fracture with hemothorax or pneumo-thorax
4 1255- [Unconscious 6 to 24 hours; | 69-79 G’s |greater than 4 rib fractures with hemo-
1574 |open fracture thorax or pneumo- thorax; flail chest
5 1575- |[Unconscious more than 24 | 80-90 Gs |Aorta laceration (partial transection)
1859 |hours; large hematoma
6 >1860 |Non-survivable >90 G5  |Non-survivable




The AIS is coded 0 through 6. AIS 0 indicates no injury, AIS 1 indicates minor injury, and so on. AlS
6 indicates the most severe injury which cannot be treated currently and is determined to be virtually non-
survivable. For instance, a HIC of 620 corresponds with AIS code 2, where unconsciousness or linear
skull fracture is possible due to head impact.

Figure 9, (Prasad and Mertz, 1985) illustrates the relationship between injury criteria and the
probability of fatality (percentage of life-threatening injury). If the HIC is determined to be 1000, this
would be categorized as an AlS code 3, and approximates an 18 percent risk of life-threatening injury.
This means that for a group comprised of 50th percentile U.S. males subjected to the collision, 18 percent
would not be expected to survive. This should not be interpreted to mean that the remaining 82 percent are
unharmed,; it is likely that the remaining 82 percent will have injuries, but their injuries are not expected to
be life threatening. AIS codes are superimposed on the HIC graph; a similar plot can be developed for
chest deceleration.

2.5.1 Head Injury Criteria (HIC). The Head Injury Criteria (SAE J885, 1986) is defined as:

(t-t)0 L (ad il
HIC = (t, -, a(t)dt (1)
gz_tl{ E

where
a = resulant acceératon of he headn g's
t, = strt of time interval in seconds
t, = end of ime interval in seconds
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FIGURE 9. PROBABILITY OF FATALITY VS. HEAD INJURY CRITERIA

Using tis equaton, the maxmum HIC b cakulated from te accetraion time history of the
occupant head,i.e, t, and } are choserotmaximize tie HIC catulation. Timeintervals greaer than 36
milliseconds are not employed. The HIC calculation includes the influence of the duration of the
acceeraton.



2.5.2 Chest Injury Criteria. The chest deceleration injury criteria is based on the maximum
resultant deceleration of the chest. Spikes in the chest deceleration time-history are discounted if they are
less than 3 milliseconds in duration. For automobile crashworthiness testing, NHTSA specifies the
maximum chesteceeration as 60 @, which coresponds @ a HIC of appoximagly 1,000 for level of
expeced njury.

2.5.3 Neck Injury Criteria. The axal neck bad citeria (SAE J885,1986)are usedto assessnjury
whenloadsareimparedto the op of he head,n line with the sphal cord. A negaive load represesta
compressivdorce,and a positive load represents a tensile fotnethis studythis condition occurs when
the unrestained occupanin the fachg-seatinterior impacs the rearward-fagig seat This seaing
configuraton causeshe occupanto dive head fistinto the seatincurring large neckloads,evenin cases
with a genle crash puse.

Thisinjury condtion may ao occurin valying degees,to occupars restrainedwith lap belts alonein
the seas in rows interior. While the occupari$ body & patially restrained, the head buids up angur
acceeraion and gikes he seatback wih the top of his head. The sevety of the neckinjury depends
principaly on te length of the occuparis torso and be distance sepating the sead.

In collisions with no head impact (usually occurring when the occupant is restraned with alap belt and
shouberhamness) the Eensile neck bad can be used tissess neckiury.

Figures10aand 10billustrate the neck injury criteria for axial compressive and tensile neck loads,
respecively, proposed bunotimplemened by NHTSA (Pike, 1990) For the pupose of his paper the
criteria is used ® compae the poenia for neck njury betveen occupastinvolved in convenional and
constrained crash energy management train collisidmsboth figures,the plots showthe boundary
betveen blerance egions; i.e. neck bads br a gwven dumtion occuring bebw the bounday are
suwivable, while neck bads abovehe bounday are virtualy nonsuwivable.

1,000

800 \

\ Potential for Significant Neck Injury Due to
\ Axial Compression Loading

600 \

400 AN

- Significant|Neck Injury Due to
Axial Compression Force
Unlikely

200

Axial Compressive Neck Load (Pounds)

0 10 20 30 40 50
Time (Milliseconds)

FIGURE 10a. INJURY CRITERIA FOR COMPRESSIVE NECK LOADS



~ 1,000
.‘g Potential for Significant Neck Injury Due to
g r Axial Tension Loading
o
a 800
S .
@ —\
S 600 \
X~
D Significant Neck Injury \
< 400 Bue-torAxial-Tension
2 I Force Unlikely \
& |
L 200
[ |
<
0 10 20 30 40 50

Time (Milliseconds)

FIGURE 10b. INJURY CRITERIA FOR TENSILE NECK LOADS

3. RESULTS

3.1 Seats in Rows Interior

3.1.1 Compartmentalization. Figure 11 shows the computer-simulated occupant motions for the
unrestrained occupant in the interior with forward-facing seats in rows. Figure 12 shows the kinematic
response of the unrestrained occupant in the seats in rows interior during a 140 mph head-to-head collision
for the conventionally designed train (left) and the constrained crash energy management train (right). The
initial portion of the constrained crash energy management pulse is sufficiently gentle such that friction
forcesbetwveenthe occupargt’ feetand he floor are large enoughd keep he feetfrom siding forward,
causing the occupant to begin to stand up during the collif@initial portion of the conventionplilse

is sufficienty abruptsuch hatthe occuparet’ feetslide on he floor.

FIGURE 11.

= thnal

OCCUPANT MOTION, UNRESTRAINED, SEATS IN ROWS INTERIOR



FIGURE 12. HUMAN BODY KINEMATIC RESPONSE TO INITIALLY ABRUPT AND
INITIALLY GENTLE CRASH PULSE, SEATS IN ROWS INTERIOR

Figure 13 pbts the decetraion ime histories for he unresiained occupard head andhe first coach
car during a 140 mph head-to-head collisiofhe occupant'speak decelerationis substantiallygreater
than he cars, and occus during the secondarimpact when he occupants abuptly deceérated.

Figure 14 shows pits of the unestained occupard and he first coach cds inertia velocity time
historiesfor a 140 mph head-to-headollision. The more abrupt deceleration of the first coach car of the
conventonal desgn results in the occupangoing into free fight, mantaining a speed oappioximaely
140 mph until the occupant impacts the forward seageneralthis resultsin a moreseveredeceleration
of the accuwpant’'s head The intially gentle deceleratio of the first cach car of the constrained crash
enegy managementlesgn alows the occupanto begn to deceérate from 140 mph bedfre impactwith
the seat In genedl, thisresultsin a less sever secondar impact
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In Figure 15 the relative velocity is plotted against the relative displacement for an occupant in a seats
in rows interior in each car in a 140 mph head-to-head collision. The constrained crash energy
management design results in substantially lower secondary impact velocities as compared to the
conventional design, especially for cars behind the second coach car.
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Table 2 lists the corresponding injury criteria for an unrestrained occupant in the seats in rows interior
in each of the passenger cars involved in a 140 mph head-to-head collision.

TABLE 2. INJURY CRITERIA FOR SECONDARY COLLISIONS OF UNRESTRAINED
OCCUPANTS, SEATS IN ROWS INTERIOR

HIC Chest G's Neck Load

(Ibs)
Unbeted Unbelted Unbelted

1% Coach 167 24 -386
2" Coach 77 19 -454
Conventional 3" Coach 109 25 -436
Design 4™ Coach 59 16 -475
5™ Coach 135 28 -368
Cab Car 223 36 -529
Constrained 1% Coach 221 38 -536
Crash 2" Coach 313 33 -367
Energy 3" Coach 17 10 -301
Management 4™ Coach 17 7 -244
Design 5™ Coach 17 7 -244
Cab Car 11 7 -229

3.1.2 Occupant Restraint.

Figure 16 shows how the occupant motion is influenced by the two restraint systems. The lap belt
alone cannot prevent the head of a 50th percentile male from striking the forward seat with a 42-inch seat
pitch. For taller occupants, or for the same occupant in an interior with the seats positioned closer
together, an occupant restrained with only a lap belt could potentially suffer greater injuries than an
unrestrained occupant, owing to the nature of the head impact. The combined lap belt and shoulder
harness are effective in preventing the occupant from striking the forward seat.

t=0

t=t,
final
FIGURE 16. OCCUPANT MOTION, RESTRAINED WITH SEAT BELT ALONE, AND WITH
SEAT BELT AND SHOULDER HARNESS, SEATS IN ROWS INTERIOR



Figure 17 shows the deceleration time history of the occupant restrained with a lap belt, in addition to
the unrestrained occupant and car deceleration time histories. The figure shows a substantial decrease in
the head deceleration of the restrained occupant over the unrestrained occupant for the same collision
conditions.

Figure 18 shows the velocity time history of the occupant restrained with a lap belt, in addition to the
unrestrained occupant and car velocity time histories. The initially gentle slope of the occupant time
history (equal to the acceleration) for the crash energy management design indicates that the occupant
begins to decelerate slowly before he experiences rapid deceleration during the secondary impact. This
allows the occupant time to travel and strike the interior with a relatively low impact velocity. This is
particularly beneficial for occupants in cars behind the second coach, because of the delayed onset of the
trailing car's peakdeceératon. Consequethy, thereis more tme for the occupanto travel with a low
decekraton and cordctthe forward seatvith a low impactvelocity, thus mnimizing injury.
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3.1.3 Summary of Seats in Rows Results. Table 3 presents the injury criteria and the associated
probability of fatal injury for unrestrained, belted, and belted-and-harnessed occupants in the seats in rows
interior. The table shows that the most severe crash pulse for this interior is for the cab car when it is
leading during the collision, even at a lower impact speed. The table also shows that the nominal occupant
is expected to survive the deceleration in all the collision scenarios evaluated if he is restrained with lap
and shoulder belts.

TABLE 3. INJURY CRITERIA AND FATALITY RATES FOR SECONDARY COLLISIONS,
SEATS IN ROWS

HIC ChestG's Neck Load
(Ibs)
No Lap Harness No Lap | Harness No Lap Harness
Belt Belt Belt Belt Belt Belt
1% Coach 167 46 21 24 12 9 -386 | -290 70
140 nph (0%) | (0%) | (0%) (2%) | (0%) | (0%) | (0%) | (0%) | (0%)
headto head
Conwen- CabCar 196 18 13 36 11 10 -529 141 69
tiond 140 nph (0%) | (0%) | (0%) (4%) | (0%) | (0%) | (0%) | (0%) | (0%)
Design headto head
CabCar 1009 | 252 90 53 19 17 -384 | -570 171
70 nph (18%) | (0%) (0%) (16%) | (0%) | (0%) (0%) | (0%) (0%)
tail to head
1% Coach 221 | 75 15 38 20 10 536 | -536 70
140 nph (0%) | (0%) | (0%) (4%) | (0%) | (0%) | (0%) | (0%) | (0%)
Congrained | headto head
Crash CabCar 13 0 0 7 2 2 -229 17 -16
Enegy 140 nph (0%) | (0%) | (0%) (0%) | (0%) | (0%) | (0%) | (0%) | (0%)
Manage- | headto head
ment CabCar 449 170 22 49 27 13 -335 686 85
Design 70 nph (2%) | (0%) | (0%) | (13%) | (2%) | (0%) | (0%) | (0%) | (0%)
tail to head

3.2 Seats Facing

Figure 19 depicts the simulated motion for an occupant that is unrestrained, belted, and belted and
harnessed in the seats facing interior. For this analysis, only the forward-facing seat is occupied. It is
assumed that the addition of a rearward-facing occupant in the opposing seat would increase the level of
injury.

The unrestrained occupant travels a substantial distance before impacting the facing seat. This distance
allows the occupant to build up speed relative to the interior, resulting in a severe impact. Due to the
position of the body at impact, the inertial mass of the body follows the head into the seat, creating
considerably large forces on the head and neck that are nearly unsurvivable.

The motion of the occupant restrained with only a lap belt is restricted, but the lap belt alone cannot
preventthe occuparis head fom stiking the forward seat The seatpan & not desgnedto deform very
much from his type of bad appicaion, and canmparta sgnificantforce b the occuparis head.

The lap bet and shouder hamness § effeciive atprevening conact with the forward seat With this
restaint sysem,the occupanexperencesiie same mabn as n the seat in rows nterior.




c. Seat Belt and Shoulder Harness
FIGURE 19. MOTIONS FOR OCCUPANTS IN FACING SEATS INTERIOR

Table 4 lists the probability of fatal injury for occupants that are unrestrained, belted, and belted and
harnessed in the seats facing interior. This interior performed the worst among the interiors evaluated.
There is near-certain fatality for the unrestrained occupant in the seats facing interior for each crash pulse
considered in this evaluation. The most severe crash pulse for this interior is also for the cab car in a tail-
to-head collision. For this crash pulse, there is a substantial probability of fatality even for occupants with
lap belts alone. The table also shows that the nominal occupant is expected to survive for each crash pulse
evaluated if he is restrained with a lap belt and shoulder belt.



TABLE 4. INJURY CRITERIA AND FATALITY RATES FOR SECONDARY COLLISIONS,

FACING SEATS

HIC ChestG's Neck Load
(Ibs)
No Lap Harness No Lap | Harness No Lap | Harness
Belt Belt Belt | Belt Belt Belt
1% Coach 490 25 21 25 11 9 -1392 | 176 70
140 mph (3%) | (0%) (0%) (1%) | (0%) (0%) (100%) | (0%) (0%)
head to
head
Conwen- Cab Car 1019 18 13 33 10 10 -2564 | 136 69
tiond 140 mph (18%) | (0%) (0%) (3%) | (0%) (0%) (100%) | (0%) (0%)
Design head to
head
Cab Car 3263 | 1668 90 44 26 17 -1183 | -644 171
70 mph (100%) | (75%) (0%) (8%) | (2%) (0%) (100%) | (0%) (0%)
tail to head
1% Coach 4044 502 17 64 22 10 -5233 | -345 70
140 mph (100%) | (3%) (0%) (35% | (0%) (0%) (100%) | (0%) (0%)
Congrained | head to )
head
Crash Cab Car 151 0 0 27 2 2 -2033 17 -16
Enegy 140 mph 0%) | (0%) (0%) (2%) | (0%) (0%) (100%) | (0%) (0%)
Manage- head to
head
ment Cab Car 1616 | 1247 26 31 20 12 -1343 | 371 93
Design 70 mph (68%) | (38%) (0%) (3%) | (0%) (0%) (100%) | (0%) (0%)
tail to head

3.3 Seats and Table

Figure 20 shows the occupant motion for the unrestrained forward-facing occupant. Restraints were
not evaluated for this interior. As the figure shows, the table itself acts as a restraint, with a relatively
short distance between the occupant and the table. This short distance does not allow the occupant to build
up much speed before impacting the table, resulting in a more benign impact. One concern, however, is
how the forces are distributed as they are imparted to the occupant.
internal abdominal injuries if the forces are too concentrated, i.e. the table edge acts as a knife edge.

FIGURE 20.

There is the potential of severe

MOTIONS FOR OCCUPANTS IN SEATS AND TABLE INTERIOR




Table 5 lists the probability of fatality for the forward-facing occupant in the interior with seats and
table. The probability of fatality is less than 10 percent for all the crash pulses considered except the crash
pulse for the conventionally designed train with the cab car leading, where the likelihood of fatality is near
certain, due to neck injury.

TABLE 5. INJURY CRITERIA AND FATALITY RATE FOR SECONDARY COLLISIONS,

SEATS AND TABLE
HIC ChestG's Neck
Load(lbs)

1% Coach, 140 nph 311 42 602

headto head (0%) (7%) (0%)
Conwentiond Céb Car, 140 nph 186 33 456
Design headto head (0%) (3%) (0%)
Céab Car, 70 nph 702 51 787

tail to head (7%) (14%) (100%
1% Coach, 140 nph 110 24 288
Congrained headto head (0%) (1%) (0%)
CrashEnergy | Cab Car, 140 nph 16 16 163
Management headto head (0%) (0%) (0%)
Design Cab Car, 70 nph 415 40 601
tail to head (2%) (5%) (0%)

4. CONCLUSIONS

4.1 Compartmentalization

The results illustrate that the judicious placement of the impact surface can be effective in reducing
injuries. By placing the seats reasonably close together, the occupant will have less distance in which to
build up speed relative to the occupant compartment. In the seats in rows configuration, the occupant has
less than 3 feet to travel before impacting the forward seat back, while in the facing seats configuration,
the occupant travels about 5 feet before impacting the seat face of the forward seat. The expected rate of
fatality was found to be substantially higher in the facing seats configuration. In most cases, the
occupant'srelativevelocity increases until he or she is stopped by the forward Beatefore the impact
velocity relative to the interior will be reduced as the travel distance is reduced.

In the sead and &ble confguraton, the table acs t arest the occupars motion before relative
velocities high enough to cause fatality can be attaifedvidedthatthe tableedgesaresufficiently blunt
(so as notto impatt seveely concentated forces on lie occuparis abdomen)the table canbe an effective
compartmentalization streegy.

4.2 Occupant Restraint

Current U.S. pracice requires no occupant restraint sysem for train passenger In some
configuratonsmodekd (i.e. seas in rows), compannentlizaion can be as effége as occupamnestaint
for the 50th percentile male. A restrant system is nost dfective in train interiors that do not employ
suitable comparmentlizaion stategies, such ashe fachg sea interior. In interiors wherethere are
large distances between seats, restraned occupants have a much greater chance of suvival. Fadlities
from seconday impacs ae notexpeced n any of he scendos modedd if the occupants restrained with
a lap bet and shouderhamess.

The anaysis suggest that it may be mag hazadous br an occupanof larger stature © be estrained
with alap belt alone than to be unrestrained in same interiors. For instance, in the seats in rows irterior,
potenialy large axial neckloads may be encowered when lhe occuparis upper brso rotates aound he




lap bet, and he occuparis head sikes he forward seat This advese situation may also occur for an
average gie occupanif the sead are posioned wth a seapitch less han he 42 nches moded.

4.3 Crash Pulse

Car postion hasa significantinfluence onhe vehcle's crash pude. While the peak deceratons are
slighty higherand he duations bnger fo the clash enagy managemerdesgn thanfor the conventonal
despn (see Fgure 5) the iming of he peaks has a noriitical affect on the secondar impact an
occupantexperences. For occupardg seatd n rows, in cass behind the secondcoachcar, the delayed
timing of the crash enagy managementlesgn crash puse peaks ges he occupantuficient time o
travel in free fight and undego the secondar impact before the car expefencesa rapid deceération.
When anoccupant is in contact withthe interior, the accupant will experience a deceleratio nearly equal
to that of the train.

As seenin the results for the 140 mph head-to-head collision for unrestrained occupants seated in rows
(seeTable 2), the valuesfor injury criteria ae relatively low for all cass for both the converibnal and he
crash enegy managementlesgn. However the injury seveity for occuparg in the crash enagy
managementlesgn cas deceases shply after the second coach catnjuriesexperencedby occupars
in cars behnd the second coachearckssfied on he AIS injury scak as @de 0,or no injury, based upon
HIC and chestleceératon.

In the conventionaldesign, occupantsin cars away from the initial train-to-train collision do not
experience a less severe secondary impact than occupants in cars near the c@d=ipants ireachcar
exceptthe fourh coach expeence hjuries chssfied as AISCode 1,0r minorinjuries. The resuts from
the crash energy managemeesgn indicat tatthe AIS Code can be reducealzero.
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