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ABSTRACT

This paper presents an approach to modeling an oblique collision of a locomotive and an intermodal
container. Previous studies of offset and oblique train collisions have used one and two-dimensional
models to determine the trgjectories of the equipment during the collision (Mayville, et al, 1995,
Tyrell, et a, 1997). This analysis uses a three-dimensional model to determine the trajectories of the
equipment.

In the collision scenario of concern, an intermodal container impacts the outboard corner of the short
hood of a wide-nose locomative above the deck. An impact element has been used in the collision
dynamics model to transfer contact load to the short hood of the locomotive. A detailed non-linear
finite element model has been developed to characterize the force-crush behavior of the short hood.
These results determine the parameters that connect the impact element to three-dimensional lumped-
masses that represent vehicles in the consist. The collision dynamics analysis includes the influence
of the locomotive suspension and the trailing locomotive.

The model has been used to evaluate the influence of short hood design on intrusion into the
operata’s cal the deceleratio of the locomotive during the cdlision, ard whether derailmert of the
loconmotive occus asa corsequence ofthe collison. Results indicate that $ort hood drength canbe
increasedsignificartly above the stength of the curert design without derailing the locomotive in
this collision scerario. Increagd $ort hood drergth increagsthe maximum closng speed that can

be sistained without intrusion into the operatos cab,while the deceleratiorof the operators cab
remains relatively low.



INTRODUCTION

A significant number of severe train collisions in which the impacting vehicles are initially offset or
oblique have occurred over the past few years. A collision is oblique when the longitudinal
centerlines of the colliding cars are not parallel and is offset when the centerlines are parallel, but do
not lie on the same line. These conditions typically result in complex vehicle trajectories. Large lateral
displacements and yaw rotations of the vehicles coupled with equipment damage create the potential
for injuries and fatalities. Such collisions require complex models to simulate the motion and to
evaluate the effectiveness of design modifications intended to improve crashworthiness.

On January 18, 1993, near Gary, Indiana, an offset collison occurred between two multiple-unit
(MU) commuter rail trains on a gantlet track on a bridge (NTSB, 1993). The track conditions resulted
in the corners of the two cars impacting. On May 16, 1994, in Selma, North Carolina, an inter-city
passenger train cdlid ed obliquely with a slifted intermodal trailer, fouling the passemer train's right-
of-way (NTSB, 1995). On February 9, 1996, inSecawus, NJ, a cab car led traitraversng a svitch
onto the main line, obligely collided wth a loconutive led trainonthe main line (NTSB, 1997). The
corner of the cabcarimpactedthe caner of the locomotive in this cdlision. A cabcaris sinilar to a
coachcar, but is equippedwith anoperators cortrol gard. The cab car allowthe trainto be sed in
push-pull senice. Fatalities @curedin all of these accients.

The aimof vehicle ciashworthiness is tominimize the potertial for injuriesard fatalities cawsed by
the loss of occipart volume ard by the deceleratiorimparted to te occyart duing secordary
impacts In an oblique collision involving a loconotive, tre s$ort hood -a dell sructure typically
corstructed using multiple material $eets- is the main load+edsting sructural elenert. Proposd
design modifications for improving crastworthiness should lie within the wlume of the curent
desgns. The corext for this work is asessmert of such proposils, not recommendations for desgn
details toimplemert them

The cdlision dynamics nmodel described in this paper was developed to simulate acci@nts o the type
in Selna. Figire 1 stows a scbkmatic drawing of the intial conditions of the callision. The trailer
struck the loconmtive in the dort hood avay from its sipports. The front, top, am sidesof the short
hood are rade \p of sheet metal plates that are welded bgether ard to the main structure of the
locomotive. The accidenhis degribed ingreater detail irthe Apperdix. The primary purpose for the
model was to ewvaluate the influence d chamges in the locomotive cesign on the autcome o the
cdlision.
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Figure 1. Initial conditions of Selma collision.

BACKGROUND

In a readon cdlision, forces gneratedin contact redice tte forward speed of eachvehicle. The
proces involves momentum exchange aswell as erergy dissipationwhen structural conporerts are
crushed. In an oblique cdlision, momentum trarsfer also instigates hicle notion in the latesl



direction and may initiate movement vertically. The vehicles rotate, yawing about a vertical axis and
rolling around a longitudinal axis. These vehicle motions can result in derailment. Contact interaction
between the vehicles shifts in location as the cars move and deform. Vehicle contact is quite different
from that of head-on collisions in which relatively strong underframe components engage. I1n oblique
collisions, contact can occur above the underframe of the locomotive where the structure is largely
sheet metal which isweaker and much less stiff than the underframe.

In al three of the cited collisions, the equipment essentially deflected past one another. While there
was significant damage to the ends of the cars and locomotives in these accidents, the vehicles did not
engage each other. This tendency toward deflection is a consequence of the long, slender geometry of
rail cars and locomotives. Lengths of passenger cars and locomotives are typically 8.5 and 6 times
their respective widths.

Figure 2 shows an impact force acting on a rigid body with a length 6 times its width. For such a
body to deflect (turn away) from the impact force, the lateral component of the impact force needs to
be only 17% or more of the longitudinal force. If the lateral component of the force is less than this
value, the body will engage (turn into) the impact force. As a reference situation, gross motion in
automotive collisions, in which the impacting bodies have length to width ratios of approximately 2,
is much less sengitive to lateral force than in rail equipment collisions. In an automotive collision, the
lateral force has arelatively short lever arm to develop a moment that turns the vehicle.

Figure 2. Schematic drawing of minimum lateral force component required to deflect
a long slender body, drawn approximately to scale.

A simple rigid body model based on conservation of momentum can be used to illustrate the
consequences of the vehicle geometry. Figure 3 shows two impacting bodies representing the
locomotive and intermodal container at the instants just before and just after impact. Assuming that
the motions are principally due to the impact force acting between the vehicles, each of these bodies
rotates about its respective center of percussion. Aslong as the lateral component of the impact force
is at least 17% of the longitudinal component, after impact both bodies rotate and trand ate away from
away from each other.
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Figure 3. Planar view of oblique collision dynamics.



The closing speed of the Selma accident was estimated to be 177 km/h (110 mph.) Approximately 2.3
m (7.5 feet) of damage along the side of the short hood and operabr’s cab vere obgrved onthe lead
locontive after the accidet There was abou 0.23 m(9 incheg of darrege alorg the front of the
short hood. The loconotive arl cortainer weigh approxmately 1.16510° N (260 kps) ard
2.67*10° N (60 kips), repectively. The approimate dinensions of the loconotive are3 m (10 feet)
in width and 19.8 m (65 ft) in length. The container is roughly 2.4 m (8 feet) wide and 13.7 m (45 ft)
long.

Nedectirg the influence of the lomgitudinal force onthe forward \elocities of the bodies the
estimatedduration of the impact is ® milliseconds. Fa the locomotive ard container to deflect past
eachother, the relative lateraldisplacenert at the impactirg erds of the bodiesmust be 0.23 m(9 in).
For anawerag directionof 45 degeesrelative to the cenerline of the loconuotive, the impactforce
requred to nove the erd of the loconotive away from the erd of cortainer by 0.23 m(9 in) in 50
milliseconds is 204*10° N (458 kps)

The duration of the impact was actally longer, at least irpart due tothe intermodal container slowing
down during the accieént. The trailing equipment behind the leadlocomotive of the passemer train
probably influenced that locomotive’s speed ard potertially its trajectay during the cdlision. The
effective mass of the impactedlocomotive is less than its taal mass. The sispersion betweenthe
trucks ard loconotive car bodyacs © isolate the tucks amd tracion motors that conprise
approximately one-third of the locomotive’s weight. Potertially significart lateial forces act o the
locomotive through te flanges an the wheels. Derailment, which occurred during the Sdma
acciden, is depenert upon the vertical wheel/rail force, aswell as the lateral érce. The wertical
wheel/rail forcesare, inturn, depedert on the roll notions of the \ehicles To account for these
facors a nore detiled modelisrequred.

A three dmensiona lumpedimass nodeing approachwas adoped to incorporae the deckive
featuesof the wehicle dynamics anl cdlision deformation. Since the weight of the stucture ciushed
during the cdlision is small compared with the weight of the locomotive, and most of the equipment
remeined esentially intact during the impact, deérmation ard erergy loss canbe well repreened
with discrete non-linear,ineladic springs. The mass of one-half the dhort hood of the loconmtive in
the accidenis less than 1% of the nass of the ertire loconotive. The trucks of the leadloconotive
had essetially no structural damage, ard neither did the trailing locomotive or its trucks. The
intermodal cortainer was degroyed duing the couse of the accideh However, it is impossible to
tell at what point the danage occured — duing the impact wth the loconotive or afer. Rea®nable
assumptions arethat the cortainer aced asa rigid bodyduring the impactard that it broke apartwhile
it tumbled to a st after the acciént. The internodal container was filled with cat litter. It is
rationalized that the cat litterbehaved like sal under impact caditions. The nodel is implemented
in the ADAMS mecharical systens smulation software paclage (ADAMS, 1998).

A model of an oblique cdlision could be developed that sinmultaneously calcdates tle cush of the
structure ard the goss motions of the equpmert. However, such a model would requre
represemation of many details that have large wncettainties. No matter what nodeling approachis
used, ®me asumption is needed to déhe the directionof the inpact brce. For exanple, cortact
models enployed in non-linear g/namic finite elenert codes sich as DYNA3D, ABAQUS, anl
PAMCRASH are essentially friction modelsfor the trarsverse conporert of the conact force. The
surfacesof the rail eqipmernt sructure are tpically ablated ad gouged duing an impact, ad
appliarcesare oftentorn off; a friction model of such pheromera isat bes heuristic. The coeficiert
of friction, and perhapsother paraneters, would need b be closen such that the nodel predcted the
outcome d the accignt or same test cadition. This agproach has beenapplied with successin



analysis of automobile crashworthiness. Because the gross motions of automobiles are less sensitive
to the lateral component of the impact force than the gross motions of rail equipment, they are less
dependent on the modeling of the transverse component of the contact force and the choice of the
coefficient of friction. In addition, automobiles cannot derail and are generally not coupled to other
vehicles. Therefore less accurate determination of the gross displacements is tolerable in a model of
an automobile collision than in arail equipment collision.

APPROACH

The challenge in modeling such situations is to properly characterize structural and dynamic features
of the colliding vehicles. The principal issue addressed in developing the simulation model of this
collision scenario is the relationship between the lateral and longitudinal components of the impact
force. For the short hood structure, the magnitude of the impact force is not sensitive to the direction
of crushing (Tyrell, et al, 1999), i.e., the same amount of force develops whether the short hood is
being crushed longitudinally, laterally, or diagonally. The relationship between the longitudinal and
lateral components of the impact force was developed heuristically based on observation of the
damage to egquipment involved in the Selma accident.

The three-dimensional collision dynamics model is shown in Fig. 4. It has rigid body masses that
represent the container, two locomotive bodies and two trucks for each locomotive. Only two-
dimensional motion in a horizontal plane is allowed for the trailer. This constraint accounts for
interaction with the floor of the flat car. There is no other connection between the trailer and flat car,
an assumption that avoids coupling the mass of the flat car directly to the collision forces. Each of
the masses for the locomotive bodies is allowed three trandational and three rotational degrees of
freedom.

Perspective View

Top View

Figure 4. Schematic representation of the three dimensional locomotive model.



Contact between vehicles is modeled using spherical impact elements. These elements generate
elastic restoring forces based on Hertz contact when the colliding surfaces try to penetrate one
another. As the collision develops, the contact point can move along the sphere, adjusting the angle
of the contact plane to account for changes in the direction of the net impact force. Representation of
this behavior is necessary to model the transfer of momentum from purely longitudinal to the lateral
components that push the vehicles apart and allow them to pass one another.

Collision between spherical mass particles is illustrated in the schematic diagram of Fig. 5. Just
before impact, the two objects travel in opposite directions as indicated in Fig. 5a. The plane normal
to contact is not perpendicular to the velocities. The contact angle depends on geometric details of the
approaching vehicles: the distance between tracks, the shape of the facing surfaces and the angle that
the intruding trailer has rotated outward before the collision.

M:, V1 M., V1

L

’
), »

=)
#
-

M:,V- M:,V-

a) before impact b) after impact

Figure 5. lllustration of contact plane and initial and final angles of
velocity/momentum vectors.

In the locomative model, the impact elements are connected by springs to the body that represents the
bulk of the locomotive mass. These springs have non-linear force-displacement characteristics
developed from a separate analysis of the short hood. This analysis uses a detailed non-linear
dynamic finite element model of the short hood loaded by impact with a rigid body intended to
represent the intermodal container (Tyrell, et al, 1999). The influence of impact direction, initia
location of the impacting body on the short hood, and impact speed on the response of the short hood
structure were examined.  For loads applied well outboard of the collision posts, the results were not
sengitive to the direction of load application and only mildly related to the speed of impact. Based on
these results, the magnitude of the force in the spring is characterized by dependence on displacement
fromthe initial position in the horizontal plane of the locomotive.

Figure 6 shows a typical result in which the response of the entire short hood is represented by
plotting the applied contact force as a function of crush, the displacement of the rigid impact object.
The details of the force-crush characteristic during the impact do not have an influence on the
trajectories of the impacting bodies (Den Hartog, 1948). The principal influence on the tragjectory of
the bodies is the transfer of momentum from one body to another.  Accordingly, the force-crush
characteristic from the finite element analysis is smoothed to produce the force/displacement
characteristic for the spring. An average, shown as the dotted line in the graph, is used to smooth the
results to produce the force-displacement characteristic of the spring.
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Figure 6. Typical force-crush characteristic for offset oblique collision.

The arrangement of contact elements was tuned to ensure the proper relationship between the lateral
and longitudinal components of the impact force. The intermodal container was modeled as a single
impact element, while three impact elements on each side were used to represent the short hood of the
locomotive. Multiple spheres enable the model to account for designs more complex than typical
short hood designs. A fourth impact element was used to represent the sub-base of the locomotive.
Figure 7 illustrates the impact elements used to represent the locomotive short hood.
Sub-base
Short Hood Impact Element
Impact Elements

Figure 7. Impact elements along the locomotive short hood.

Effective mass, contact angle, stiffness and damping of the impact elements were chosen to produce
the appropriate trgjectories of the bodies. Initiating contact at roughly 7 degrees to represent a
situation in which the container impacts at the corner of the locomotive, the vehicles remain in contact
for 2.3 m (7.5 feet) along the locomative for a closing speed of 177 kmv/h (110 mph). Vaues of
2.1%10" N/m (1.44*10° Ib/ft) and 4.1*10° N-s/m (2.81*10* Ib-g/ft) were assigned to the impact



stiffness and damping of the 1364 kg (3,000 Ib), 0.615 m (2 ft) diameter contact spheres. To retain
structural and dynamic symmetry, identical spheres were placed at each corner of the locomotive.

Figure 8 illustrates the features used for interaction of the lead locomotive with the colliding vehicle
and trailing locomotive. The trailing cars in the consist do not have a strong influence on the damage
incurred by the impacting locomotive. However, trailing locomotives must be considered to model
the dynamics of the train (Mayville, et a 1995), since the strength of the main structure of the
locomotive is significantly greater than the corresponding strength of the trailing cars.
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Figure 8. Locomotive and truck rigid bodies.

The secondary suspension between the trucks and locomotives is a combination of spring and damper
elements that are linear for small displacements and represent compression and extension stops for
large displacements. These elements transmit forces between the locomotive bodies and trucks in the
lateral, longitudinal and vertical directions. The primary suspension guides the trucks along a track
consisting of left and right rails laterally separated by 1.5 m (5 ft) and a defined path geometry, which
istangent in this case. Each truck has elements to transmit vertical and lateral forces to the rails, one
for each rail. The maximum ratio of latera to vertical force (L/V) that can develop in the model is
0.5. Thisisintended to be atruckside L/V that is capable of producing rail rollover (Blader, 1989). If
sufficient lateral force develops and the lateral to vertical force ratio reaches 0.5, the truck will begin
to displace lateraly relative to the rails. After two inches of displacement relative to the rails,
derailment is considered to have occurred due to rail rollover.

Table 1. lists the centriodal mass and principle mass moments of rotational inertia that were
prescribed to represent the bodies of the locomotives and trailer. These values were adapted from a
similar ADAMS locomotive model (Mayville, et al 1995) and the dimensions of the trailer specified
in the scenario accident report (NTSB, 1995).

Table 1. Vehicle Inertia Parameters

Inertia Property | Locomotive (Mayville, et al 1995) Trailer (NTSB, 1995)
Mass 84,821 kg (5,814 slugs) 2.57(10)* kg (1.76 10° slugs)
Centriodal roll 7.1(10)° kg-m* (5.6 10 slug-ft?) 2.84(10)° kg-m* (2.25 10* slug-ft*)

Centriodal pitch | 1.5(10)° kg-m* (1.2 10° Sug-ft*) 2.33(10)* kg-m* (1.85 10° slug-ft*)
Centriodal yaw | 1.5(10)° kg-m* (1.2 10° Sug-ft*) 2.28(10)* kg-m* (1.81 10° slug-ft*)

RESULTS

The first target for the model was a comparison of predicted behavior with the accident scenario.
Realistic representation of the crush of the front hood structure was the focus of this effort. Figure 9
shows the force-crush behavior used to describe the design of the locomotive in the Selma collision.
Initially, the crush longitudinally and laterally is dominated by the sheet metal of the short hood. In



the longitudinal direction, after 0.615 m (2 ft) of crush a second impact element (see Fig. 7) is
engaged that represents a frame structure needed to support the sheet metal in this locomotive design.
For deformation greater than 1.23 m (4 ft), longitudinal load impacts the sub-base and increases the
crush force to 2.2¥10° N (500 kips). The effect of the collision posts is similarly represented for crush
larger than 0.615 m (2 ft) across the front of the hood.
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Figure 9. Force-crush characteristic of locomotive in Selma accident.

Figure 10 shows the influence of closing speed on the crush of the short hood and on the tendency to
derail. As speed increases, crush of the short hood increases. Derailment occurs only if there is a
lateral impulse adequate to move the front end of the locomotive a sufficient amount laterally. Lateral
motion of the front end induces suspension forces between the car body and the truck necessary to
laterally move the truck enough to result in derailment. The lateral component of impulse at 44 km/h
(27.5 mph), where the locomative does not derail, is roughly half the corresponding value at 88 km/h
(55 mph), where it does derail. The time duration is similar for both cases. The average lateral force,
however, nearly doubles since the crush distance is much larger at the higher speed. At 44 km/h
(27.5 mph), only the short hood is crushed, while both the short hood and the sub-base are involved at
88 km/h (55 mph).
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Figure 10. Short hood crush vs. closing speed, locomotive in Selma accident.

Predicted longitudinal ard lateral deceleratiortime Hstories for the operators cab are lsown in
Figure 11. The peaklongitudinal decelerationis relatively low, less than 2 G’s, while the lateral
deceleratiorpeals at nearly 7 G's. Thee pusescoud be sed asinput to a smulation of occipart
response during the cdlision. From a stuctural perspective, the cccypants ae sibstartially wealer
ard lighter than the loconotive. Herte, tte occyart dynamics can be calclated ®paratelyfrom
componert crush ard train cdlision dynamics.
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Figure 11. Predicted deceleration time history of operator's cab during Selma
collision.
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Although noanalysis of the operator’s response during the impact was carried out as part of this
study, the comparison of these crash pulses to other study results suggst that the operator would be
able to suvive the deceleratio during the cdlision of the locomotive with the intermodal trailer
(Tyrell, et al, 1995). The acceleratiohasociated vith the operators cab are relatiely low during
this impact. For refrerce, acceleratiorof an auomobile duing a 48 knw/h (30 nph) barrier teg
typically exceeds30 Gs(Federal Rgister, 1997). The loconotive inthe Selma accidem also derailed
ard rolled orto its side; tre deceleratiorduring the loconotive’s impact with the ground may have
beengreater tlan the deceleratiorduring the impact wth the internodal trailer. The likelihood of
survival is alo depeidert uponthe interior arragement of the cab.

A secord target for the nodel was © ewaluate the efeciveress of modificaions o the $ort hood
desgn. Charges in the forcedisplacenert characteriic of the comectionbetweenthe crush elerent
ard the loconmtive body were wsed b repreert the gructural modificaions. Many differert desgns
may result in the same force-displacenert characteritic for the siort hood, which in turn prodice tre
sane cdlision dynamics. With this apgroach a forcedispacenent characteristic carbe described a
priori and a dructure sibseqently deweloped which prodicesthe force-displacenert characteritic.
Analyses of the force-crush betavior of various dort hood defgns have beencarried ou (Tyrell, et
al, 1999). The principal modificaions corsidered vere charges i the nwterial properies ard
thickness of the short hood sheetmetal. Since the focus was on the crasworthiness performance of
the dhort hood, e conainer was raised sifficiertly that it would not impactthe sub-base. Only one
impact sphere on eachsde ofthe loconotive (characterized \ith a force/crish characteriic smilar
to the e shown in Figure 6) was activatedto model this type of structure.

The maximum safe crush of the short hood & edimated © be 1.5 m(5 fee). While less than the
distarnce from the erd of the short hood b the operatr’s cab, crsh greaer tan this value would
resllt in intrusion into the conpartmert. For ths type ofaralysis, it is corventional to account for the
volume of the clushed material. In oblique cdlisions, however, it is likely that most of the crushed
meterial will move laterally; either inside tre $hort hood or otside ofthe loconotive.

Figure 12 shows the influence of short hood crish strength on the closng speed regired b cawse 1.5
m (5 fee) of crush of the sort hood. The graphconparestwo desgns typical of currert loconotives
repregrted by points at4.63*10° N (104 kips) ard 8*10° N (180kips) meancrush force,to modified
desgns, the ponts at 1.13*10° N (254 kps) ard 1.8*10° N (405 kips), repecively. The resits
suggst that current locomotive shat hoodscanbe eyeced b protectthe operadr's wlume in this
type of cdllision up to closing speeds in the range of 38 to 55 mph. With hypothetical design
modificaions o the sort hood, he smulation indicaesthat protecion of the operatr up to aclosng
speed of153 kn/h (95 nph) is feasble.

The locomotive is not predcted to derail for ary of the cases siwn in Figure 12. While the latesl
impulse for these bur cases is less d@n the impulse that will cause drailmert, the case wh the
highest meancrush force comidered predictdateral diplacenert of the truck within 1 mm (0.04in)
of the value requiredfor derailmert.
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Figure 12. Influence of short hood mean crush force on safe closing speed.

SUMMARY

A three dimensional model of an oblique train collision with an intermoda container has been
developed which simulates motion of the equipment involved in an oblique collision. The model is
suitable for evaluating the influence of changes to the short hood design on the amount of crush
incurred and on the deceleratiorf the operatos volume. This model has beenused ina pararatric
study to conpare perbrmance of curert short hood deigns with hypothetical desgns that have
larger crish grergth. Increagd $ort hood drength provides better cralsworthiness in this collision
scerario.

Analytic modek of impactng bodies that undergo crushing requre detiled underdanding of the
mecharics that give riseto the laterl forces tlat ae intiated after longitudinal impact d the wehicles.
This lateralforceis depemlert uponthe charge in geometry that accorpanes collap® ofthe gructure
aswell asthe reture of the conact betveenthe impactng bodies To fully underdard this proces,
experiments are reeded to rrasire eparatelythe influenceson lateralforce of the structural collape
ard the reture of the coriact Currert plaming includesresarchefforts to test short hood structures
for verification of force-crush behavior ard of how the laterl forces avelop in oblique cdlisions.
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APPENDIX: INTERCITY PASSENGER TRAIN COLLISION WITH INTERMODAL
TRAILER, SELMA, NORTH CAROLINA, MAY 16, 1994 (NTSB,1995)

An overhanging intermodaltrailer on the northbound CSXT 176 feight train was obgructing the right
of way of the sauthbound Amtrak passenge train 87. The northbound freight train was traveling
approxmately 56 km/h (35 nph) ard the southbound pasenger train was travelling abou 120 kn/h
(75mph). The forward tailer on the 51% car was overhanging the sauthbound track and engaged the
lead loconmtive of the pasenger train. At the orset of cortact, tre trailer vas abowe the deckard
offset autside d the cdlision posts d the passemger train leadlocomotive. The assistahengineerwas
killed during the acciént ard the emjineer suvived the acci@nt with injuries. Figure A-1
schematically depicts the canditions that intiated the dolique impact.
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Figure A-1. Schematic of Selma oblique collision initial conditions.

Damage to the short hood began at the right front corner and extended along the right side to the
control compartment. The lead locomotive in the passenger train derailed and rolled over, coming to
rest its left side. All but one of the trailing cars, as well as the second locomotive, left the track, but
remained upright. Only the last two cars in the freight train derailed and were damaged. The trailer,
which was full of cat litter, burst open, spilling its contents along the track. The flat car carrying the
intruding trailer came to rest about 12 m (40 ft) off the track in an upright position with the deck and
end bent. Figure A-2 schematically depicts the conditionsimmediately after the accident.
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Figure A-2. Schematic of Selma oblique collision final conditions.

Figure A-3 illustrates the damage to the locomotive from the impact with the container. The container
initially impacted the sheet metal of the short hood approximately .23 m (9 in) from the side of the
locomotive. The damage extends back approximately 2.3 m (7.5 ft). For approximately the first 1.5
m (5 ft), the principal damage is to the short hood. For the remaining 0.8 m (2.5 ft) the principal
damage includes the sub-base and the sheet metal on the sde ofthe operatr’'s cab. The sub-bag is
the structure, which providesthe floor for the operatoss cab ad, bereaththe floor, ace br batteries
ard other arcillary equipmert. The locomotive in the acciént was a Geeral Motors/ElectriMotive
Divison F40PH
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Figure A-3. Schematic drawing of locomotive damage from impact with intermodal
trailer.
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