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EXECUTIVE SUMMARY 

On November 16, 1999, at the Transportation Technology Center in Pueblo, Colorado, a test was 
conducted of a single rail passenger car colliding with a fixed wall at 35 mph. The car was 
instrumented to measure the deformations of critical structural elements; the vertical, lateral, and 
longitudinal deceleration of the carbody and trucks; and the suspension displacements. The car 
was equipped with instrumented anthropomorphic test devices (test dummies) in three interior 
arrangements: 

1. 	 Forward-facing unrestrained occupants seated in rows, compartmentalized by the 
forward seat in order to limit the motions of the occupants. 

2. Forward-facing restrained occupants with lap and shoulder belts. 

3. Rear-facing unrestrained occupants. 

The purpose of the test was to obtain data to validate and calibrate computer models for 
analyzing crashworthiness of rail passenger vehicles. 

Three-position production seats of commuter passenger cars were used in both the first and third 
arrangements. Modified intercity coach seats were used in the second arrangement. This seat 
design is a proof-of-concept design. 

The car was permanently crushed by approximately 5 feet during the test. The permanent 
deformations of the car structure were limited to a zone approximately 7 feet in length at the 
impacting end of the car. The impacting end of the car rose by approximately 6 inches, as a 
result of the mode of deformation of the car structure. 

During the test, the seat attachments of the commuter car seat failed for the rear-facing seats and 
the forward-facing seats impacted by the unrestrained test dummies. All the mounting failures 
were essentially failures of the attachments of the seats. The floor and wall mounting rails of the 
car remained essentially intact. The modified intercity passenger seats remained attached during 
and after the test. One of the unrestrained occupants did catapult over the seat ahead, eventually 
coming to rest on top of one of the restrained dummies. Upon initial review of the high-speed 
film taken of this test, this motion appears to be due substantially to the deformation of the seat 
back, rather than to the vertical motion of the car. 

Prior to the test, computer models were used to simulate the car’s response during the test and to 
develop the information required to determine the placement and type of instrumentation, as well 
as bounding the range of the interior decelerations likely to be experienced by the instrumented 
test dummies. Comparisons have been made of selected test measurements and model 
predictions. 

Qualitatively, the results of the test and pre-test analyses are in reasonable agreement. 
Quantitatively, the results are in reasonable agreement for many of the key measures of the 
response of the equipment. However, there are aspects of the car response for which the test and 
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pre-test analyses results differ. While the models did capture the fundamental response of the 
equipment during the test, there is a need to further refine the models in order to be able to 
predict the car response with greater fidelity. 
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1. INTRODUCTION 

1.1 BACKGROUND 

The Federal Railroad Administration’s (FRA) Office of Research and Development, with the 
support of the Volpe National Transportation Systems Center (Volpe Center), has been 
conducting research into rail equipment crashworthiness. The approach taken in conducting this 
research has been to review relevant accidents, identify options for design modifications to 
improve occupant survivability, and to apply analytic tools and testing techniques for evaluating 
the effectiveness of these strategies. 

As part of this research, computer models have been developed and applied to determine the 
response of rail equipment in a range of collision scenarios [1, 2, 3]. In-line and oblique train-to-
train collisions, as well as grade crossing collisions and rollover events subsequent to derailment 
have been modeled. The responses of locomotives, cab cars, and coach cars in a range of 
collision scenarios have been simulated. 

To assess the validity of the models, results of these analyses have been compared with accident 
data, and component and subscale test results. While providing useful information and a level of 
assurance in the validity of the models, accident data and component and subscale testing all 
have limitations. There is uncertainty about the initial conditions of any accident  the precise 
speeds and locations of the two colliding objects are never accurately known. In addition, there 
is no information on the trajectories of the objects involved in the collision which lead to their 
resting places; this information must be inferred from the results of the accidents. The support 
and loading conditions in component tests can only approximate the actual conditions these 
components experience during a collision. Competing modes of crush (e.g., bending, bulk 
crushing, and material failure) cannot be consistently scaled for subscale testing [4].  Either one 
mode of crush must be chosen as the dominant mode and the other modes ignored, or the 
simulation must be assumed to accurately scale the competing modes. 

Full-scale tests are currently being carried out to develop data to verify the validity of current 
analytic models for the prediction of passenger car and occupant response during collisions. A 
test of a single passenger car, colliding into a fixed barrier at 35 mph, was carried out on 
November 16, 1999, at the Transportation Technology Center (TTC) in Pueblo, Colorado. The 
TTC is operated for the FRA by the Transportation Technology Center, Inc., a subsidiary of the 
Association of American Railroads. A second test of two coupled cars, colliding into a fixed 
barrier at 25 mph, is planned for the spring of 2000. 

As indicated by the title, this report gives an overview of selected results from a single-car test. 
For a complete set of test data from this test, including the interior seat/occupant data, refer to 
References 5 and 6. 
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1.2 TECHNICAL ISSUES 

There are three areas that require full-scale crash test data to further the understanding of train 
collisions and to provide the information to refine the simulation models of rail equipment 
collisions: 

- Car-to-Car Interactions 

- Large Crush Distances 

- Secondary Collision Environment 

During train collisions, one car can override another car or the trainset can buckle laterally. 
Override occurs when the relatively strong underframe of one car rides up and over the 
underframe of an adjacent car, causing extensive crush of the relatively weak superstructure of 
the adjacent car. Lateral buckling occurs when the cars in the train end up in a zig-zag pattern. 
Lateral buckling can lead to encroachment of adjacent track, side-to-side impacts between cars, 
and impacts with wayside structures. Both override and lateral buckling are consequences of the 
gross motions of the cars (e.g., the bouncing and pitching of the car on its suspension), the initial 
geometry of the coupling system and the cars, and the dynamic collapse of the car structures 
during the collision. 

In a train collision, relatively large portions of the cars can crush. Significant parts of the 
carbody structure also can be separated from the car. The modeling of material failure and 
structural crush much greater than 3 feet have not been as extensively validated as other aspects 
of the dynamic collapse of structures. Analyses associated with material failure and large crush 
distances are difficult technical issues [7]. 

To date, modeling and testing of occupant interactions with the interior of cars during train 
collisions have been limited to longitudinal motion. Analysis of occupant dynamics during train 
collisions has been limited to one-dimensional modeling of train-to-train collisions. Only the 
longitudinal motion of the train has been considered in studies of occupant protection to date – 
the influence of the pitch and yaw motions of the car on occupant response have been neglected. 
However, the pitch motions of the car may significantly influence the response of the occupant – 
large vertical accelerations can arise when the car bottoms out on its suspension, as it may do 
during a collision. The influence of the vertical and lateral car accelerations on occupant 
response and the effectiveness of occupant protection in such a better-defined secondary 
collision environment need to be determined. 

1.3 TEST PLANNING 

Prior to the first test, car crush and collision dynamics models were used to simulate the car’s 
response during the test, to develop the information required to determine the placement and type 
of instrumentation for the full-scale testing, and to bound the range of the interior decelerations 
likely to be experienced by the instrumented test dummies. The predictions were based on the 
integration of two kinds of models. A car crush model was adapted from a detailed finite 
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element model of an Amfleet coach car, with modifications, to approximate the Budd Pioneer car 
used in the single-car test. This crush model was used to bound the ranges of the force imparted 
to the wall by the car as it crushes and to estimate the changes in geometry that the car structure 
undergoes as it crushes. A collision dynamics model incorporated the non-linear force/crush 
characteristic developed with the crush model. This simple model was used to bound the ranges 
for the gross motion of the car and to estimate the environment that the instrumented test 
dummies would experience during the test. 

1.4 	 SUMMARY OF COMPARISON OF TEST DATA AND PRE-TEST 
SIMULATION RESULTS 

Prior to the test, at the October 28, 1999, meeting of the Passenger Rail Equipment Safety 
Standards Committee of the American Public Transportation Association, a presentation was 
made on the pre-test simulation results. Preliminary comparison of these results and the test 
results show reasonable agreement between predicted and measured longitudinal decelerations 
and force/crush characteristics. However, there is a difference between the assumed and 
observed mode of crush of the draft sill – the principal longitudinal structure at the ends of the 
car. Immediate comparisons of calculated and measured vertical and pitch motions of the car are 
difficult because the vertical accelerometer measurements include the motions caused by the 
elastic vibrations and the accelerometer mountings. While the high-speed film recorded during 
the test shows carbody vertical motions consistent with the results of simulations carried out 
prior to the test, direct comparisons of the simulation and accelerometer data have not yet been 
possible. Detailed analysis is ongoing to analyze the accelerometer data for appropriate 
comparison with the pre-test simulation results and to determine if these vibrations significantly 
influence the gross motions of the car. 
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2. OVERVIEW OF TESTING 

 
The collision scenario addressed by the single-car impacting a fixed, rigid wall test performed on 
November 16, 1999, and the two-car test planned for the spring of 2000, is a locomotive-led 
passenger train colliding with a cab-car-led passenger train on tangent track.  igure 1 shows a 
schematic representation of such a collision. 

V1 V2

 
 

 
Figure 1.  hematic of In-Line Collision Scenario 

 
The objectives of these tests are to determine the forces that develop as the structures collapse, 
the failure modes of major structural components, the gross motions of the cars, and to evaluate 
occupant protection options.   the single-car test, high elongation strain gages were used 
to measure the deformations of the principal longitudinal structural members -- the draft sill, the 
side sills, and the cant rails.   potentiometers were used to measure the displacement across 
the secondary suspension (i.e., the air bags).  celerometers were placed throughout the car to 
measure the lateral, vertical, and longitudinal accelerations of the car.  Instrumented and 
uninstrumented dummies were seated in modified Amtrak intercity and production M-Style 
commuter car passenger seats during the test to approximate the response of occupants during a 
collision.  h-speed cameras were placed at each side of the fixed wall, on the top of the wall, 
and in a pit below the wall, and used to film the response of the car.  also were 
used inside the car to film the response of the dummies during the test.  
is planned for the next test. 
 
Budd Pioneer cars were used in the single-car test and are to be used in the two-car test [8].  
These cars include a stainless-steel body shell with a high-strength low-alloy steel underframe.  
These were designed to the Association of American Railroads Passenger Equipment Standards 
and Recommended Practices [9], including the 800,000-pound buff-strength requirement.  e 
underframe design of the car is similar to the underframe design of most single-level passenger 
coach and cab cars used in North America, including the Amtrak Amfleet cars. 
 
2.1 SINGLE-CAR TEST DESCRIPTION 
 
The car was run at 35 mph into a fixed wall, with instrumented and uninstrumented dummies 
seated unrestrained and restrained in forward-facing seats, and unrestrained in rear-facing seats. 
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This collision speed was chosen in order to crush the car extensively – a reduction in car length 
of at least 3 feet – because of increased computational uncertainties in the finite element analysis 
employed for large plastic deformations. Figure 2 shows a schematic of the single-car dynamic 
test, immediately prior to the car striking the wall. 

V 

Figure 2. Schematic of Single-Car Test 

2.2 TWO-CAR TEST DESCRIPTION (FUTURE TEST) 

The approach to be used in dynamic testing of two coupled cars is to run the cars at 
approximately 25 mph into a fixed wall, with instrumented and uninstrumented dummies seated 
unrestrained and restrained in forward-facing seats, and unrestrained in rear-facing seats. The 
collision speed is being chosen such that the lead car will crush by at least 3 feet. A total of four 
interior occupant tests will be conducted simultaneously. The lead car will have all three interior 
configurations used in the single-car test while the trailing car will have forward-facing 
unrestrained dummies. The test will be conducted on level, tangent track. The two-car test is 
illustrated in Figure 3. 

V 

Figure 3. Schematic of Two-Car Test 

2.3 OCCUPANT PROTECTION TESTS 

The three occupant protection configurations being tested are: 

1. 	 Forward-facing unrestrained occupants seated in rows, compartmentalized by the 
forward seat in order to limit the motions of the occupants. 

6 




2. Occupants restrained with lap and shoulder belts. 

3. Rear-facing occupants. 

These occupant protection configurations are illustrated in Figure 4. 

Initial Direction of Car Travel 

Forward-Facing Occupant Occupant with Lap and Rear-Facing Occupant 
Shoulder Belt 

Figure 4. Occupant Protection Configurations Tested During Single-Car and Two-Car Tests 

All three occupant protection configurations were tested during the single-car test. Occupant 
configuration in the car is illustrated in Figure 5. For the two-car test, as mentioned above, it is 
planned that all three configurations will be tested in the lead car, with the same placement as for 
the single-car test; the forward-facing unrestrained occupant protection configuration with the 
commuter car seat will be tested in the trailing car. 

test dummy locations 

Forward Facing, 
unrestrained 

Forward Facing, 
restrained 

Rear Facing, 
unrestrained 

Impacting Car End 

Forward Facing, 
unrestrained 

Figure 5. Placement in the Car of Occupant Protection Configurations for the Single-Car Test 
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3. 	 COMPARISON OF SINGLE-CAR TEST DATA AND PRE-TEST 
ANALYSES 

Prior to the single-car test, the response of the car and occupants were simulated. Car crush, the 
gross motions of the car, and the occupant response were simulated with three different models. 
These models were used to bound the range of potential responses of the car and the dummies 
inside the car. The results were used for the sizing and the placement of instruments, and the 
location of dummies for the occupant protection tests. 

Car crush was analyzed with a previously developed finite element model of an Amfleet car [10], 
implemented using the LS-DYNA 3D computer program [11]. The car tested was a Budd 
Pioneer car [8].  Both cars were designed and built by the Budd Company. While there are 
differences in the shape of the body shell, the overall car construction is similar for the two cars. 
Both cars have stainless steel body shells and both cars include many underframe components 
made from high-strength, low-alloy steel. In particular, the draft sills of the two cars are similar. 
Modifications to the model included adding a coupler and allowing vertical motion of the trucks. 
The model is illustrated in Figure 6. This model was used principally to calculate the force/crush 
characteristic of the car and to estimate the mode of collapse. 

Figure 6. Car Crush Finite Element Model 

A lumped-parameter collision dynamics model of the test car was developed in order to 
determine the gross motions of the car.  The gross motions include the bounce and pitch of the 
carbody.  The model is illustrated in Figure 7. The force/crush characteristic developed with the 
crush model was used as input data for the collision dynamics model. This model was used to 
estimate the secondary collision environment expected for the test dummies. The secondary 
collision environment includes the vertical, lateral, and longitudinal acceleration of the occupant 
volume. 
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35 mph


Figure 7. Collision Dynamics Model 

A lumped-parameter occupant response model was developed and implemented in the 
MADYMO computer program [12] to determine the response of the test dummies during the 
test. The secondary collision environment from the collision dynamics model was used as input 
to this model. The occupant response model was used principally to determine the potential 
influence of the vertical accelerations on compartmentalization for the forward-facing occupants. 
There was a concern that the vertical acceleration could potentially cause the test dummies to 
catapult over the seatback ahead, rather than being contained by the seatback ahead. See Figure 
8. 

Figure 8. Occupant Response Model 

While exercising the models, it became apparent that relatively modest changes in the initial 
conditions could have a significant influence on some aspects of the response of the car and 
occupants. The mode of crush (i.e., the series of geometric changes the car structure undergoes 
as it crashes) of the structure was found to be sensitive to the presence or absence of the coupler. 
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However, the force/crush characteristic (i.e., the force that the car structure develops as it 
crashes) was not sensitive to the presence or absence of the coupler; in other words, the 
force/crush characteristic was found not to be sensitive to the mode of crush. Due to the car 
structure not being designed to collapse in a controlled manner, there are a number of different 
modes of crush that can potentially occur. 

The models were used to bound the range of potential responses of crush, car gross motions, and 
occupant response. There was uncertainty as to the precise mode of crush of the car structure, 
and the mode of crush influences the gross motions of the car. In turn, the gross motions of the 
car consequently influence the response of the dummies. 

The car used in the single-car test was weighed about two weeks prior to the test. At that time 
the car was found to be significantly lighter than the weight used in the simulations that had been 
conducted earlier. The simulations were run again prior to the test, using the lighter car weight. 
The simulation results for the heavier car weight have been presented to the industry, while the 
simulation results for the lighter car were only disseminated to organizations involved in 
implementing the tests. In the following sections, for those simulation results that are influenced 
by car weight, results are described for both the heavier car and the lighter car. 

The initial estimate of the car weight was 105 kips - the weight of the car in ready-to-run 
condition, with a full load of passengers. A substantial amount of equipment was removed prior 
to the test, including the traction motors from the trucks, and the transformer from under the 
carbody.  All the original seats and many interior fixtures also were removed prior to the test. As 
tested, the car weighed approximately 75 kips. 

At a weight of 105 kips, the test speed was planned to be 30 mph, with an initial kinetic energy 
of approximately 3.16 x 106 ft-lbs. With a weight of 75 kips, the planned test speed was revised 
to 35 mph, with an initial kinetic energy of 3.07 x 106 ft-lbs. The change in car weight did 
influence the predicted longitudinal deceleration of the car; however, it did not affect the 
predicted force/crush characteristics. Since the weight of the car was reduced, while the force 
expected to be acting on the car remained the same, the longitudinal deceleration of the car was 
expected to be increased. 

3.1 CAR CRUSH 

The photographs in Figure 9 show the car prior to the test and subsequent to the test. The car 
impacted the wall at 35.1 mph. The car crushed approximately 5 feet during the test, including 
the crush of the coupler. The modes of failure of the draft sill observed after the test were axial 
crushing and fracture, with little or no vertical buckling.  The coupler was pushed straight back 
into the draft sill. 
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Figure 9. Pre-Test and Post-Test Photos of the Single-Car Test 

Prior to the test, the car crush model was used to simulate the response of the car with and 
without a coupler. In addition, the draft sill and body bolster were extracted from the model, and 
four cases were analyzed with the substructure: with coupler, without coupler, without coupler 
or end plate, and without coupler or end plate and no friction between the wall and the draft sill. 
Conclusions from these analyses were that the draft sill would absorb about 75 percent of the 
impact energy and that several different modes of crush of the draft sill are possible. Although 
several different modes of crush were seen in the simulations, the force/crush characteristic 
remained essentially the same. Figure 10 shows the initial and final crushed state from the 
collision dynamics model with the coupler. The deformed shape of the draft sill in the figure 
shows a plastic hinge forming at the connection with the body bolster, as well as crushing of the 
draft sill where it impacts the wall. While the amount and geometry of the draft sill crush near 
the wall and near the body bolster varied for the different cases run, all the simulations indicated 
visible deformation near the body bolster. 

Figure 10. Initial and Final Crush, Collision Dynamics Model with Coupler 
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The mode of failure observed from the test was axial crushing of the draft sill, localized at the 
impacting end of the draft sill. During the test, material failed near the longitudinal welds of the 
fabricated draft sill, and to some extent, the sides and top of the draft sill folded back as 
individual plates. The pre-test simulations indicated that, in addition to crushing of the draft sill 
at the impacting end, a plastic hinge would form at the connection of the draft sill and body 
bolster. The principal cause for the difference in the calculated mode of crush and the observed 
mode is that the crush model does not include some of the structural details that influenced the 
mode of collapse during the test, such as the longitudinal welds. The principal reason that the 
model does not include these details is that the mode of crush observed in the test has not been 
observed in many accidents. Accident results have been observed in which the mode of failure 
of the draft sill is the formation of a plastic hinge near the body bolster [13]. 

Figure 11 shows the force/crush characteristic, derived from the accelerometer measurements 
and calculated with the car crush model. Although overall agreement is reasonable, there are a 
number of differences between the force derived from the test data and the pre-test analysis. The 
peak force estimated prior to the test was about 1.8 million pounds, while the peak force derived 
from the test data was just over 1 million pounds. The average force derived from the test data is 
600 kips, while the average force from the simulation is 700 kips. The total crush calculated 
prior to the test was about 3.8 feet, and the total crush measured during the test was about 5 feet. 
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Figure 11. Car Force/Crush Characteristic, Reduced from Test Data and from Simulation 
Results 

F
o

rc
e 

(k
ip

s)



13 




It has been shown that the variation in the peak force derived from test measurements can be as 
much as140 percent for ostensibly identical structures crushed under similar test conditions; it 
also has been shown that the variations in average force computed from test data can be 
approximately 20 percent [14]. The variation in the peak force predicted prior to the test and 
derived from the single-car test data is 75 percent, and the variation in the average force is 17 
percent. These variations are close to the variations that would be expected if the test were to be 
repeated with another ostensibly identical car; i.e., the analysis predictions are within the likely 
range of repeatability of the test. The specimens tested in Reference 14 and the structure of the 
car tested in the single-car test did not include any cutouts, dimples, or any other perturbations 
intended to limit the peak force. It is expected that there would be substantially less variation in 
the peak forces derived from test data and determined from analysis for structures with 
perturbations than for structures without perturbations. 

3.2 CAR GROSS MOTIONS 

The photograph in Figure 12 shows the car at its greatest vertical displacement during the test. 
The impacting end of the car was raised to a maximum of approximately 6 inches during the test. 
This elevation was achieved fairly late during the impact. 

Figure 12. Car at Maximum Vertical Displacement During Test 

The collision dynamics model was used prior to the test to simulate the bounce and pitch motions 
of the car. One of the conclusions drawn from the car crush analyses was that a range of vertical 
motions of the car was possible, depending upon the mode of collapse of the draft sill. At one 
extreme, the structure of the car simply crushes and the maximum vertical displacement of the 
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car is several inches. At the other extreme, the crushing of the car acts like a linkage, causing the 
impacting end to rise by 2 ½ feet. The collision dynamics model was used to estimate the 
vertical accelerations of the car for this range of vertical displacement, as well as the longitudinal 
deceleration of the car. The pitching and vertical displacements of the car observed during the 
test are within the range calculated prior to the test. However, immediate comparisons of the 
measured and calculated vertical accelerations of the car have been difficult, because, as 
mentioned previously, in addition to the rigid body motion of the car, the accelerometers also 
measured the elastic vibrations of the carbody and the accelerometer mountings. Thus, the 
measured vertical accelerations included this vibratory component. This component effectively 
masks the accelerations associated with the rigid body mode. Efforts are in progress to isolate 
the rigid-body motion of the carbody. 

Figure 13 shows the time history of the longitudinal deceleration of the occupant volume (crash 
pulse), as measured during the test and as simulated prior to the test. Two lines are shown for 
the pre-test simulations: one for a car with a total weight of 105 kips and the other for a car with 
a total weight of 75 kips. The measured and calculated crash pulses are in reasonable agreement. 
The peak deceleration measured is somewhat lower than estimated; however, this number is 
extremely sensitive to filtering, and by itself has no direct influence on the occupant response. 
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Figure 13. Occupant Volume Deceleration Time History, Measured and Pre-Test Simulation 
Results 
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The average deceleration, which is more closely related to occupant response, is approximately 8 
Gs for the measured data, about 7 Gs for the 105 kip car simulation, and 9 Gs for the 75 kip car 
simulation. The duration of the measured crash pulse is somewhat longer than those from the 
simulations. This is due in part to the average force being somewhat lower than estimated and to 
the car’s rebound velocity off the wall being higher than predicted before the test. 

3.3 OCCUPANT RESPONSE 

Figure 14 shows photographs of the three interior configurations tested during the single-car test: 

1. 	 Forward-facing unrestrained occupants seated in rows, compartmentalized by the 
forward seat in order to limit the motions of the occupants. 

2. Forward-facing restrained occupants with lap and shoulder belts. 

3. Rear-facing unrestrained occupants. 

Rear-Facing Unrestrained 

Forward-Facing Restrained 

Forward-Facing Unrestrained 

Figure 14. Photographs of Interior Occupant Protection Configurations Tested During Single-
Car Test 
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M-Style, three-position commuter car passenger seats were used in both the test of the forward-
facing unrestrained occupants seated in rows and in the test of the rear-facing unrestrained 
occupants. These seats are used by a number of commuter rail authorities. They are production 
seats, which were not designed to the FRA’s recently published Passenger Equipment Safety 
Standards [15]. 

The test dummies restrained with lap and shoulder belts were placed in modified Amtrak 
traditional intercity coach seats. This seat design is a proof-of-concept or engineering model 
design, intended to demonstrate that a production model design incorporating lap and shoulder 
belts could be developed.  The seat pan was modified from the original: the attachment to the 
seat back was strengthened, lap belt anchors were added, and energy absorbing elements 
replaced the recline mechanisms. The seatback is a completely different design from the 
original, and is significantly stronger to support the combined loads from the belted occupants, 
through the lap and shoulder belts, and unrestrained rear-occupants impacting the seatback. The 
seat pedestals were fastened to steel plates in the floor of the car. This seat-to-car attachment is 
similar to the attachment used in some recently refurbished Southeastern Pennsylvania 
Transportation Authority commuter cars. 

In order to maximize the load imparted to the seat, three 95th− percentile male test dummies were 
placed in the rear-facing M-Style seat. In order to provide a basis for comparison with previous 
sled testing [16,17], three unrestrained 50th− percentile male test dummies were placed in the 
forward-facing M-Style seat. In order to evaluate the influence of occupant size on potential 
injury, a 95th− percentile male dummy and a 5th− percentile female dummy were placed in the 
forward-facing seat with lap and shoulder belts. In order to maximize the load imparted to the 
seat with lap and shoulder belts, two 95th− percentile male dummies, unrestrained, were placed in 
the seat behind the seat with the restrained test dummies. 

Because of the results available from previous analyses and sled testing efforts [16,17,18], only a 
small number of simulations of the occupant response to the expected secondary collision 
environment were carried out prior to the test. Instrumentation requirements for the occupant 
protection tests were based on the requirements developed for prior sled testing.  The principal 
issue addressed with the pre-test occupant response simulations was the potential for the 
unrestrained, forward-facing test dummies to catapult over the seats ahead. It was concluded that 
the likelihood of the unrestrained test dummies catapulting over the seat ahead depended upon 
the vertical pitch and bounce motions of the car, location of the dummies in the car (i.e., the 
front, middle, or rear), and the extent of deformation of the seatback. Since the car was expected 
to potentially pitch up significantly, the vertical accelerations vary along the length of the car. 
The vertical acceleration was expected to be greatest upward near the front of the car and 
greatest downward near the rear. The center of pitch rotation was expected to be at the center of 
percussion of the car, near the rear body bolster. If the vertical motions of the car were to be 
small and the deformation of the seatback limited, then it was expected that the dummies would 
not be catapulted over the seat ahead. If, however, there were significant vertical motion during 
the test and the seatback ahead deformed significantly, then it was expected that the unrestrained 
forward-facing occupants would indeed be catapulted over the seats ahead. 
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Figure 15 shows the velocity of an unrestrained occupant as a function of distance traveled inside 
the car, as reduced from the test data and as calculated with the collision dynamics model. The 
force imparted to the occupant when he strikes the interior is related to the relative speed at 
which the occupant strikes the interior. The plot of the test data shows that if the pedestals for 
the M-Style seat had not failed, the heads of the forward-facing unrestrained dummies would 
have traveled approximately 2 feet before striking the back of the seat ahead, at a speed of 
approximately 20 mph. The heads of the forward-facing unrestrained dummies seated in the 
Amtrak traditional coach seat traveled approximately 2.5 feet before striking the back of the seat 
with lap and shoulder belts, at a speed of approximately 22 mph. The plot from the simulation of 
the 105 kip car nearly overlays the test data. The car as tested actually weighed about 75 kips, 
and the force to crush it was somewhat less than estimated prior to the test with the crush model. 
The values estimated for the 75-kip car are approximately 15 percent higher than the measured 
values, which is reasonable agreement. 

Also shown on the plot in Figure 15, for comparison, is the relative velocity of an unrestrained 
occupant associated with the 8 G triangular pulse used in previous sled testing of passenger seats 
[16]. For a relative displacement of 2 feet, the relative velocity of the dummy would be 
approximately 19 mph and, for 2 ½ feet, the velocity would be approximately 21 mph. In the 
range of 2 to 2 ½ feet, the test values and values associated with the 8 G triangular pulse are 
within 15 percent of each other. The collision environment during the full-scale test resulted in 
secondary impact velocities about 10 percent greater than during previous sled testing. 
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Figure 15. Unrestrained Forward-Facing Occupant Velocity as a Function of Occupant Travel 
Relative to Car Interior 
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During the test, the seat pedestals failed for both the rear-facing and forward-facing M-Style 
seats with unrestrained test dummies. The floor pedestal for the rear-facing seat tore away from 
its load cell mountings. The wall mounts to that seat failed in a similar manner, apparently 
subsequent to the failure of the floor mount. The floor pedestal for the forward-facing seat was 
substantially crushed, and the wall mounts failed in a manner that allowed substantial forward 
pitching of the seat. The dummies went over this seat, as it formed a ramp during the test. The 
seat originally holding the forward-facing dummies experienced significant deformation, even 
though the load acting on it was only due to its own mass. All the seat failures were essentially 
failures of the seat pedestals, rather than the seat-to-floor mounting.  The floor and wall 
mounting rails of the car remained essentially intact. 

Because the production M-Style seat pedestals failed, they were ineffective in protecting the 
dummies from conditions that could lead to injuries and fatalities for occupants. These seats 
may have been effective in limiting the forces and decelerations to humanly survivable levels if 
the seat pedestal had not failed and the seats had remained attached to the car. Since these seats 
were mounted on load cells, the load environment that caused the mountings to fail was 
measured. The maximum load that the mountings should be able to support is greater than the 
load that caused the mountings to fail during the test. 

The modified intercity passenger seats remained attached during and after the test. One of the 
unrestrained occupants did catapult over the seat ahead, eventually coming to rest on top of one 
of the restrained dummies. Upon initial review of the high-speed film taken of this test, this 
motion appears to be substantially owing to the deformation of the seat back, rather than owing 
to the vertical motion of the car. More detailed analysis of the test data is required in order to 
verify this preliminary assessment. 
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4. CONCLUSIONS 

Qualitatively, the results of the test and pre-test analyses are in reasonable agreement. 
Quantitatively, the results are in reasonable agreement for many of the key measures of the 
response of the equipment. However, there are aspects of the car response for which the test and 
pre-test analyses results differ. While the models did capture the fundamental response of the 
equipment during the test, there is a need to further refine the models in order to be able to 
predict the car response with greater fidelity. 

The test data and the analysis results are in reasonable agreement for the force/crush 
characteristic, longitudinal deceleration of the carbody, and the relative velocity of unrestrained 
occupants. There are differences between the mode of crush observed from the testing and that 
calculated with the car crush model.  The vertical displacement of the carbody observed during 
the test is within the range estimated prior to the test. Efforts are currently underway to refine 
the analysis models using the test data, including more detailed geometry of the draft sill, in 
order to capture the mode of failure observed during the test. 

The final details of the two-car test are currently being planned. In order to evaluate the 
effectiveness of compartmentalization as an occupant protection strategy for both forward- and 
rear-facing occupants, the M-Style seat pedestals will be modified to support a greater load 
without failure. A collision dynamics model has been developed to determine the interactions 
between the coupled cars during the test. Instrumentation of the couplers between the cars is 
currently being developed from analyses with this model. 
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