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PREFACE

In September 1992, the Congress passed Public Law 102-365, the Railroad Safety Enforcement
and Review Act, which required, in part, that the Secretary of Transportation conduct research
and analysis to consder the costs and benefits of severa types of crashworthiness improvement
features. A mgjor part of the work conducted in response was a study of the crashworthiness of
the cab areain exigting road freight locomoatives. The results of that study were published earlier
in four volumes and an executive summary.

During the course of study, further work was assgned to provide for evauation of the
crashworthiness of the cabsin control cars used in passenger service. This report summarizesthe
results of the cab car sudy. The work was carried out by Arthur D. Little, Inc., under contract to
the Volpe Nationd Transportation Systems Center, from March 15, 1995, to May 30, 1995. The

work was conducted as part of the Center's support to the Office of Research and Development,
Federd Railroad Adminigtretion.
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1. INTRODUCTION

Recently, a project was conducted to assess the crashworthiness of freight locomotives and to :
determine whether improvements could be practically made over that provided by current :
industry specifications[1]-[4]. The study included the development and gpplication of a:
computer modd to predict the amount of vehicle crush and the crash pulse, both of which are :
used to assess occupant survivability. Particular attention was placed on head-on collisons :
between two freight locomotives and the mode was validated by applying it to actud accidents. :

As part of this project, the crashworthiness of commuter train cab cars has aso been investigated. :
By cab cars we mean the control car at one end of atrain of severa passenger carsthat hasa:
locomoative at the other end. This push-pull configuration requires a Single locomotive that :
generdly pulls during outbound trips and pushes during inbound trips so thet the exhaudt of the :
locomotive does not enter the termind building of the primary metropolitan station. The concern:
with this type of train configuration is that the occupants of the relatively exposed cab car, :
including the engineer, are vulnerable to serious injury or fatdity in the event of acollison with:
either aroad vehicle a a grade crossing or with another train. :

The objective of the cab car crashworthiness study reported here was to assess the :
crashworthiness of cab carsfor particular types of collisons and to make apreliminary :
assessment of what effect changesin cab-end component strength might have on occupant :
urvivahlity. :

The literature on crashworthiness for thistype of vehicle was reviewed and information was :
gathered from cab car manufacturers. The collison dynamics mode developed in the previous :
study was modified for the cab car analys's, and two accident scenarios were salected to validate :
the mode and investigate crashworthiness. Load-crush curves were generated for key :
components usng finite dement andys's, and the collison dynamics model was used to estimate :
the closing speed at which subsgtantia crush would occur for both an in-line callison and a:
collision that chalenges the corner post only. :

The results suggest that extengve crush can occur for closing speeds in the range of 30-40 mph :
for what gppears to be the mogt likdly train-to-train collison involving cab carsin the push-pull :
mode. A collison in the upper end of this closing speed rangeis likely to diminate subgtantid :
survivable volume at the impacted end and to induce accelerations for the remainder of the :
vehicle that will provide a sgnificant probability of occupants sustaining aseriousinjury. :
Cdculations dso show that substantia increases in component strength are required to influence :
the outcome of the collisons modeled. :

10



2. REVIEW OF ACCIDENTS

Severd accident reports were reviewed in an effort to determine possible crash modes and [
component damage in collisons involving cab cars. These reports, together with abasic [
condderation of the manner in which many commuter trains operate, suggest that a collision [
between a cab car and alead locomotive is a possible and challenging train-to-train collison. [

Two accidents were selected for detailed consideration; the scenarios used to investigate [
crashworthiness were derived from these. The first collison, between alocomotive and a cab car, [
represents the type of accident possible in the common pushpull configuration discussed above. [
The second collison, between two cab cars, was one in which impact occurred between the corners [
of the vehicles. Thisis of interest because of the issue of corner post protection. These two [
accidents provided the primary impetus for formulating the crash scenarios with which to assess [
crashworthiness as described below. [

On August 11, 1981, there was a head-on collision between the Boston & Maine Corporation's [
Extra 1731 East and the Massachusetts Bay Transportation Authority's Train No. 570, on former [J
Boston & Maine Corporation tracks located in Beverly, Massachusetts, causing severd serious [
injuries[5]. This accident, depicted in figure 1, occurred at a closing speed of about 31 mph. The [
result was the severe deformation and fracture of the cab car underframe followed by override of the [
cab car onto the locomotive. [

On January 18, 1993, near Gary, Indiana, the Northern Indiana Commuter Transportation District's [
Eastbound Train 7 and Westbound Train 12 collided on intersecting tracks that shared a bridge [6]. [J
One of the trains was at rest and the other had a speed estimated to be 32 mph. The result was direct [
impact between the corners of the two lead cab cars that resulted in destruction of the corner posts, [
crush of approximately 25 ft on each vehicle sde (figure 2), and seven passenger fatdities. [

Aceldent: PB82-916301

Date: aM1i/msi
w
12 mph L 18 mph
L

¥m: 270 tons

Vehicle Type Freight | ComolCer | CosehCar | CoschCar | CoachCar |  coil
Manufacturer GP-g Firaan Lo - e F40 PH
Weight (Ibf) 247,000 85,000 82,000 82,000 82,000 259,000
Year Built 1879 1879 1979 1979

Injuries {crew) 2

Fatalities {crew) 2 1

Figure 1. Description of a Cab Car Accident in a Push-Pull Configuration
0
30



Figure 2. Photographs of a Callision in Which the Corner Post Was Impacted (January
18, 1993, callison between Northern Indiana Commuter Trangportation
Digtrict Eastbound Train 7 and Westbound Train 12, near Gary, Indiana)
0
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3. CAB CAR DESIGN CONSIDERATIONS

There are anumber of design characteristics that have an effect on a cab car's crashworthiness. :
A schemdic illugtration of the end structure of a cab car is shown in figure 3. Nearly dl of the :
dructure will participate in a head-on or rear-end collison, but the dements for which some :
agpect of the design is related to crashworthiness include the underframe, anticlimbing structure, :
collison posts, corner posts, and the truck-to-body connection. :

Cab cars satisfy the federd requirements defined in 49 CFR, Part 229.141 [7], which states that :
al multiple unit (MU) locomoatives in trains exceeding 600,000 |b include: :

abody structure that resists a minimum static end load of 800,000 Ibf &t the rear draft stops [
without developing any permanent deformation in any member of the body structure [

O
an anticlimbing arrangement at each end that can resst avertica load of 100,000 Ibf without [
exceeding the yield point when coupled MU locomotives are under full compression [

O
acoupler carrier and its connections that resst a vertica downward thrust from the coupler O
shank of 100,000 Ibf for any horizontal position of the coupler, without exceeding the yield [
point [

O

two collison posts, each with an ultimate shear strength value of at least 300,000 Ibf at a [l

point even with the top of the underframe member and, if reinforcement is used to achieve O

this strength, possessing this strength vaue up to 18 inches above the underframe, tapering O
to [

nil required at a point gpproximately 30 inches above the underframe connection. [

atruck connection with an ultimate shear strength of at least 250,000 Ibf. O
U

Though not cited in 49 CFR, Part 229.141, it iscommon for cab car specificationsto include a:
corner post ultimate strength requirement of 150,000 Ibf at the underframe leve. :

As part of this program, we received drawing sets on two types of cab cars; one set from:
Bombardier and one set from Morrison Knudsen. The details from these drawings are :
proprietary, but some genera comments can be made. For example, the structurd members that :
would participate in a collison are usualy made of stedl with yield strength in excess of 50 ks; :
however, duminum is sometimes used for some of the members. Connections between these :
sructural members are usualy welded. In generd, we did not evaluate the strength or ductility :

of these various connections but instead assumed that they were sufficient to enable severa feet :
of crush deformation to occur in the primary structural members. The implications of connection :
fracture will be discussed in alater section. :

50
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Collision Posts

Draft Pocket

Underirame

O
Figure 3. [llustration of Key Cab Car Structural Componentsfor Crashworthiness

Ooooooooooooo odg

60



4. FRONT-END INTERACTIONS

It isimportant to understand the manner in which two rall vehiclesinteract in acollision, to [

ensure that the computer model properly smulates this behavior. In the case of acollison [
between alocomoative and a cab car whose longitudind centerlines are collinear, it appearsthat [
the crush load in the cab car will be transferred to the overdl structure primarily through the O
underframe. Thisinteraction isillustrated schemeticdly in figure 4. Because the underframe in [

cab carsis generdly lower than that for locomoatives, it islikely that, subssquent to coupler [
impact and deformation, the cab car underframe will be trapped between the protruding draft [
gear support structure and the underframe or anticlimber of the locomotive, asillustrated in [
figure 4. The draft gear support structure in locomotives has an ultimate strength of [

210 3 x 106 Ibf [1], and the locomotive underframe strength exceeds this range considerably. On [J
the other hand, the cab car underframe, whose yield-based design strength is 0.8 x 106 1bf, hasan [
ultimate strength of less than 2 x 106 Ibf, as described below. The consequence of the trapping [
phenomenon and the locomotive/cab car structura strength difference is that the cab car [
underframe will be the primary component crushed. Such aloading Situation appears to have [
occurred in the accident described earlier (figure 1). :

Indeed, it is very unlikely that the cab car would be overridden in the locomotive/cab car :
collison situation because of the trgpping phenomenon just described and the greater weight of :
the locomoative. Override is possible when two cab or passenger cars collide because of the :
sgmilar weights and underframe heights. This case was not considered in the current study. :

The second interaction we conddered is one in which the corner post is directly loaded. In this :
case, the calliding locomotive and cab car have their longitudina centerlines pardld but offset :
lateraly. Such a condition can arise if one of the trains enters the mainline track from aturnout. :

In this case, the locomotive draft gear support structure, whose width is on the order of 20 inches, :
can be completely to the side of the cab car underframe. As aresult, there islittle opportunity for :
trgpping and the locomotive underframe is likely to challenge the corner post directly, just & or :
above the cab car underframe. A similar situation occurred between two cab cars in the accident :
described in section 2. :

74



Locomotive Cab Car

<

I R o [ |

Figure4. An Illustration of L ocomotive and Cab Car Structuresfor Purposes of
Envisoning Their Interaction in a Callision [J
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5. BASELINE CRASH SCENARIOS

The two crash scenarios utilized in this investigation to assess the crashworthiness of cab carsare [
based on the first accident discussed in section 2 and the front end interactions discussed in the [
previous section. They are depicted in figure 5. Both have the same train configurations. The [
difference between the two isthe laterd offset. The speeds of the individua trains shown was [
used for initid caculations, but calculations were aso conducted for other vaues of dosng O
speed. Theratio of the velocities, V1/V, , was kept congtant for al calculations, rather than [

kDeepi ng the speed of one consst the same. [

OoOod

Centered Collision Scenario

Figure5. Description of the Two Crash Scenarios Used to I nvestigate Cab Car
Crashworthiness
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The underframe load- crush curve used in the collison dynamics andlysis was generated from [
severd consderations. The federa requirement 49 CFR, Part 229.141, dtates that the buff, or [
compressive, load a which any part of the underframe first reachesits yield strength shdl be at [
least 800,000 Ibf. Thus, the load-crush curve we generate should just satisfy this criterion. Our O
cdculations on the vehicle structure modeled showed that the load at which first yield occurred [
was greater than 800,000 Ibf. Therefore, dl load vaues in the calculated |oad- crush curve were [
scaed by the ratio of 800,000 Ibf to the load actually caculated to causefirgt yield. O

l
Figure 6 shows the underframe load-crush curve used in the collison dynamics modd. The form [
of theinitid part of the curve, to approximately 1 ft crush, isthe same as that caculated for the [
actua structure, but the magnitude has been adjusted as described in the previous paragraph. The [
peak |oad response is predicted by finite dement andysis. Figure 7 shows a deformed [
underframe mesh resulting from peak |oad application through the draft stop (about 2.5 ft of [
crush). The remainder of the curve is an interpolation between the load at 1 ft of crush and zero
load at 6 ft of crush, which is our rough gpproximation of the crush of the underframe in the [
Beverly, Massachusetts, accident. Although the effects of fracture were not directly accounted [
for in the generation of the underframe crush curve, comparison of predicted average strainsin [

various structurd membersto uniaxia tensile test data suggests thet some of the structura [
members will fracture a a crush of about 2 ft. (I

Cab Car

Underframe Crush
E-ﬂ L I T | L]

1 L] 1 T 1 Li I L

Load (10° lb,)

ORI TN W R T M AN TN N RN N TN R S TN [

=1

Crush (ft)

Figure 6. The I dealized L oad-Crush Curvefor Longitudinal Loading Applied at the
Draft Stop of the Underframe
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ODISFLACENENT MACEIFICATION FACTGR 1.9@
TINE COMFLETED I8 THIE STEP .08 TOTAL ACCUMTULATED TIHE
L ABRGEE YERSIOMI 3. 4-1 DATE: A3-AFR-95 TINE: 13252153

ETEP 2 IHCEEMEWNT 20

Tl
L1l

BISRLACED MESH

Figure 7. An Example of Predicted Cab Car Underframe Deformation for a L oad

Applied to the Draft Stop (about 2.5 ft of crush)

The curve we derived for underframe crush reaches an ultimate load of nearly 1.7 x 10° I, :
which is over twice the buff load thet causes yidding. The deformation associated with this :
loading includes both an indenting deformation of the underframe at the draft stop and :
substantid down-bending of the entire vehicle end structure. This type of underframe :
deformation is consstent with the deformation observed in the accident on which the in-lire :
crash scenario is based. The underframe of the cab car in the accident was evidently crushed, :
bent downward, and then torn away from its superstructure, permitting rdatively uninhibited :

override of the colliding locomative. :
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The load-crush curve used in the collison dynamics analysis for the corner post caseis shownin [
figure 8, and an example of the deformed mesh for this type of loading is shown in figure 9. [
Plastic deformation occurs at around 100,000 Ibf for the case modeled, and the load rises until it O
reaches the 150,000 |bf strength requirement. Thisidedized curve was generated by truncating [
the caculated curve at aload of 150,000 Ibf and then continuing the curve at thisload level for [
substantid crush. Such acurve satisfies the 150,000 Ibf ultimate load requirement cited in some O
cab car specifications. Again, the fracture of the corner post or its connections was not accounted [
for in the generation of this curve. However, our finite dement andysis results suggest that [
fracture of the post could begin at about 1 ft of crush. Asanote, the ultimate strength of the [
corner post modeled for aload applied at the roof line was in excess of 80,000 Ibf. [

O
The load-crush curve used in the collison dynamics andlysis for the two collision posts, when [
loaded at 18 inches above the top of the underframe, is shown in figure 10; a deformed mesh for [
thistype of loading is shown in figure 11. Again the curve for the idedized component is forced [
to reach a plateau, in this case a the required 600,000 Ibf for the two posts, even though [
calculaions on the actud structure show that the required ultimate strength is exceeded. This U

particular curve is shown for reference only, since it was not used in the collison dynamics [
anayses presented below. [J

O
Cab Car
Corner Post Crush
0.20 T T T T T T T T L T T 1 ¥
0.15 x
.r‘_"‘-"\ - -
= : ]
o
S i 4
= 0.10 | .
o I i
o L
o
| - i
0.05 K -
0.00 i ] ] 1 ] ] | L 1 i ] 1 1 L |
0 1 2 3 4 5] 6 7
Crush (ft)
O

Figure 8. The ldealized L oad-Crush Curvefor Longitudinal Loading Applied Near the
Base of a Corner Post
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Figure9. An Example of Predicted Corner Post Defor mation

Cab Car

Collision Post (2) Crush
1.0 T

,-="" Calculated Curve I

Idealized Curve =

Load (10° 1b,)
o
51

ﬂ‘ﬂl M | 'l 1 3 1 1 |
0 1 2 3 4 5

Crush (ft)

Figure 10. Theldealized L oad-Crush Curvefor Longitudinal L oading of
Two Collison Posts
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Figure 11. An Example of Predicted Collison Post Defor mation

Our idedlizations exhibit a pesk load that is maintained with subgtartia crush deformation for [
both the corner and collison posts. Clearly apoint will be reached a which ether shear or [J
tendle fallure will occur in the members or their connections and the load is likely to drop U
precipitoudy at this point; some comments are provided about the crush a which this effect [
might initiate. It is not possible to identify this deformation for a generic cab car that meets [
current federa requirements or the purchase specifications againg which the cars are designed [J
and built. As areault, the callison dynamics analyses that utilize these curves will necessaxily be [
an gpproximation. Nevertheless, we fed that analyses based on these curves provide some [
information on the crush response with respect to closing speed. :

The coupler load-deformation curve was idedized as a triangular curve with a pesk load of :
0.45 x 106 Ibf and a maximum deformation of 0.33 ft. The curve was derived to provide :
approximately the same energy absorption characteristics as a cab car draft gear whose :
characteristics were provided by a manufacturer of cab car draft gear. :
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7. COLLISION DYNAMICSANALYSES
U

7.1 MODEL DESCRIPTION

Rdatively minor modifications were made to the collison dynamics modd previoudy used to :
smulate freight locomotive collisons[1 ]. Briefly, the lumped mass modd idedizes the cab car :
as three masses: the body and the two trucks. Each truck-to-body connection consists of a:
vertical spring and damper, in pardld, and alongitudind spring. The trucks are constrained to :
motion aong aline, representing the track, and motion of the body is restricted to the verticd :
plane. Motion was aso redtricted to the vertica plane for the offset collison because we believe :
that the rdatively small crush loads, < 150,000 Ibf, will induce little yaw mation. Dimensond, :
mass, and inertial properties for these three masses were selected to correspond to either a:
locomotive or a cab car, each of whose overal weight corresponds to that given for the accident :
scenario. :

The crush response of the lead cab car and al other vehicles modeled is embodied in impact :
elements that are located at the ends of each vehicle. These impact dements are one-dimensiond :
and possess the load crush response derived from the finite eement analysis described in the :
previous section. An exception to thisis the draft gear support structure and underframe load- :
crush response for the locomotive, which was taken as that for the basdline freight locomotive :
from the previous study [1]; the locomotive collision post response was not needed here. The :
lead cab car includes two impact elements for the analyses carried out in these studies :

(figure 12): (1) the coupler and draft gear; and (2) the underframe or the corner post. (Recall :
that impact with the cab car collision posts was not considered in the present study.) Trailing :
vehidesinclude only a single impact dement, which has the load- crush response corresponding :
to the coupler and underframe. Unlike the model for the freight locomative collisons, no ramp :
Isincluded to dlow override to initiate, consstent with the discussion of section 4. :

Cdculaions were dways carried out using the vehicle configuration shown in figure 12 - :

asngle locomotive colliding with atrain of four cab cars and atrailing locomoative. Initid :
andyses usad individud veocities of V; = 19 mph for the passenger train, and V-, = -12 mph for :
the individua locomotive. The rétio of these two veocities, V1/V; = -1.6, was maintained for :

al subsequent caculations with the results reported in terms of closing speed. The model was:
run for asmulated time ranging from 0.25 to 0.50 seconds after initiad impact, depending on the :
amount of time required to complete the crush deformation in the lead cab car. Output included :
the amount of cab car underframe or corner post crush and the acceleration pulse of the cab car. :
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Figure 12. An Illustration of the Vehicle Components Included in the Collision
Dynamics Model

72 RESULTS
7.2.1 Centered Collison Crash Scenario

The predicted cab car underframe crush vs. closing speed for avelocity ratio, V1/Vo =-1.6, is [
shown in figure 13. A crush of 1 ft isreached a aclosng speed of about 25 mph and the crush [
becomes very large - greater than 6 ft - at closing speeds above about 35 mph. This [

asymptotic behavior is aresult of the assumed underframe load- crush curve, which decreases [
monotonically after the peak strength is achieved (figure 6). The closing speed a which [
substantial crush occurs would be incressed if the cab car structure was somehow designed and [
built to maintain the pesk load for substantia crush. :

The predicted response for underframe crush in figure 13 isin reasonable agreement with the :
outcome of the accident on which the smulation was based. In the accident, which isreported to :
have occurred a a closing speed of about 31 mph, there was dso substantia underframe crush, :
including fracture between the underframe and superstructure. :
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Figure 13. Predicted Cab Car Underframe Crush vs. Closing Speed for Cab
Car/L ocomotive Crash Scenario

The pesk acceleration for a centered collison a 31 mph islower than what is theoreticaly [
possible for the cab car modeled. The calculated crash pulse, shown in figure 14, indicates a [l
maximum acceleration of gpproximately 10 g's, comparable to the peak accelerations we [
caculated for freight locomotive collisons a these closing speeds. While the accderations [J
caculaed in the freight locomoative case were found to be relatively mild in terms of causing [
secondary impact injuries to someone lying prone on the floor of the freight locomotive cab, they [
exceed the 6 g value that has been discussed as an acceptable value for passenger rail [
vehicles[9]. Although theissue of secondary impact is of academic interest for occupants [J
located near the forward end of the cab car in this Smulated collision, the issue isimportant for [
occupants in other parts of the vehicle predicted not to crush. [

O

Of noteisthe peek acceeration derived from a congderation of the maximum possible crash [
load, which is reached a the front end during this collison. Itis: [
O

amax= 1.7 x 10° Ibf/85x 10°lb = 20 ¢'s. [J
l
The difference between this vaue and that computed in the collison dynamics mode isdueto :
the substantial load that acts at the rear of the cab car at the same time that the pesk collison:
force acts at the front end. However, such a difference may not prevail for other collison:
conditions and component |oad- crush responses. :
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Figure 14. The Cab Car Crash Pulse Corresponding to the Centered Cab
Car/Locomotive Collision at a 31 mph Closing Speed

7.2.2 Offset Collison Crash Scenario

The closing speed a which substantia crush of the corner post occursin the offset collison crash O
scenario is much lower than that corresponding to underframe crush. Figure 15 shows that [
substantial corner post crush occurs when the closing speed is above 15 mph. [

l
Although we were unable to locate an accident corresponding to corner post impact between a [
locomotive and a cab car, the corner post collision accident between two cab cars described in [
section 3 offers an opportunity for comparison to the offset collison predictions. The [
consequence of that gpproximately 32 mph closing speed collision was destruction of the corner [
posts followed by about 25 ft of crush dong the sides of each cab car. Although the predicted [
resultsin figure 15 do not extend to 25 ft of crush, substantia crush would certainly be predicted [
a AV = 32 mph. Thus, the predictions of ADAMS model are consistent with the accident [
observations. [

0
A crash pulsefor the offset collison a 10 mph closing speed is shown in figure 16. The pesk [
accderation in this caseis 5 g's, which corresponds to impact between couplers. The second, [
extended pesk in acceration of about 1.5 g's closely matches the vaue estimated from the [
smulated plateau strength of the corner post: [

0

amax = 0.15 x 10° Ibf/85x 10° Ib= 1.76 g's. O
D
D
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Thus, the accelerations for this collison scenario are relatively mild, suggesting thet there may be [
room for increasing strength without greetly increasing the risk of secondary impact injuriesfor [
thistype of callison. [
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Figure 15. Predicted Cab Car Corner Post Crush vs. Closing Speed for Cab
Car/L ocomotive Crash Scenario
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Figure 16. The Cab Car Crash Pulse Corresponding to the Corner Post Collision at a
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7.3 THE EFFECT OF INCREASED COMPONENT STRENGTHS
O
Two sts of collison dynamics cdculations were carried out to assess the effects of increasing [
component strength on degree of crush. These were: [
O
1. Anincrease in the underframe strength of 50%, applied over the entire range of crush. [
This corresponds to a peak underframe strength of 2.6 x 106 1bf. [
O
2. Anincrease in the corner post strength by a factor of four, to 600,000 Ibf, thus matching O
the combined, currently required strength of two collison posts. [
O
The results of the collison dynamics calculations utilizing these higher strength load-crush [
curves are shown in figures 17 and 18 for the two crash results; data for the basdline component [
drengths are dso shown in these figures. The datain figure 17, for the centered collison, [
suggest that the closing speed a which very large vehicle crush will occur isin the range of 40- [
45 mph, about 10 mph greater than that for the basdine component strengths. Similar increases [
in the closing speed needed to induce substantia crush are obtained for the offset collison O
scenario, for which the rangeis increased from 10-15 mph to 20-25 mph. [
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Figure 17. Predicted Cab Car Underframe Crush vs. Closing Speed for the Baseline
and Stronger Underframe Cases
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8. DISCUSSION

Thisinvestigation has provided information with which the crashworthiness of cab cars can be
assesed. Generdly, the results indicate that for commuter train configurations of the pushpull [
type in which acab car and locomotive are involved in a head-on collison, it would be unlikey [
that the cab car could sustain an accident at aclosing speed in excess of 35 mph without [
experiencing subgtantia crush to both the control cab and the passenger compartment. The result [
of such crush would likely cause savere injury or fatdity of the vehicle occupants. Thisis based [J
on calculations for a crash scenario in which the cab car collides with a 124-ton locomotive, as [
well as on observations from an actua accident. The closing speed for this scenario a which O
only loss of control cab survivable space would occur is about 30 mph, which correspondsto [
about 3 ft of crush. [J

O
Subgtantia cab car crush is predicted to occur at even lower closing speeds when the collison [
forces are ressted by components other than the underframe, such as the collision posts or a [l
corner post. However, it is difficult to envison a colligon interaction in which alocomotive [
would interact primarily with the collision posts and not the underframe. [

O
It is aso possible to comment on the outcome of a cab-car-to-cab-car collison using the results [
of this study. In such a callison, we may, to afirst gpproximation, assume that both trains would [
share the collison energy equdly. This assumption done would suggest that higher cdlosing [
gpead collisons could be sustained than for the case of impact with the locomotive, for which the [
cab car must absorb nearly dl of the collison energy; the locomotive absorbs very little energy. [
In fact, Snce the energy that must be absorbed in acollison - the collison energy - isgiven [

by: O
U

Coallison energy = 0.5[my(my + mp)](V1- V2) 2 O
O

where my,mp, V1, and Vs are the masses and velocities of train 1 and train 2, respectively, we [
might expect an increase in collison closing speed by afactor of 1.4 (002). O

O

However, adifferent front end interaction is possible, and perhaps likdly, in the [
cab-car-to-cab-car collison. Namdly, it is now possible for the underframe of one cab car to [
override the underframe of the other car, resulting in impact with one vehicle's collison pogts. [
Since collison posts that just satisfy the federa requirements appear to possess lower energy [
absorption cagpability than the underframe, this interaction will tend to diminish the benfit of a [
shared collison energy. [

O
The andyses conducted in this study include an aspect that is not actualy part of the federd [
requirements related to crashworthiness: the assumption of component ductility. The load-crush [
curves calculated and idedlized, as discussed in section 5, dlow for severd feet of crush and U
there is some engineering basis for this. However, 49 CFR, Part 229.141, specifies only that [
components shal achieve certain strength values. Under such circumstancesiit istechnicaly [
possible that a structure satiSfying these requirements would be capable of absorbing very little :
energy, thus having a dramatic effect on the consequences of acollison. :

250



Findly, while no specific occupant survivability calculations were conducted in this cab car :
crashworthiness study, as they were in the freight locomotive study, it appears that the crash:

pulse magnitudes are high but not extreme for the cab car collisonsin which subgtantia crush:

does not occur (less than about 30 mph for the configuration mode ed). Occupant survivability :
calculations have been conducted for passengers seated in cab cars for a crash pulse whose pesk :
was gpproximately 7 g's[10]. The andysesin that study gave a Head Injury Criterion (HIC) of :
620 and a Resultant Chest Accdleration (CR) of 53 for seated and unrestrained passengers. These :
vaues correspond to probabilities of experiencing certain savere injuries (see [2]) of about 30% :
for the HIC vaue and 55% for the CR vaue. :

Freight train collision crash pulses whose pesk was approximately 10 g's resulted in predicted :
smadl probabilities of sustaining a seriousinjury for occupants lying prone on the cab floor; such:
adtuation could prevail for the engineer of the cab car who may exit the control compartment :
and lie on the floor prior to a collison. The 10 g acceleration in the freight locomotive case
produced a HIC of 390 and a CR of 44. Thus, it appears that occupants are at greater risk of :
sugtaining serious injuries due to loss of survivable volume rather than secondary impact for the :
callison conditions modeed in this study. However, the severity of secondary impact will :
increase as the strength of the underframe or other componentsisincreased. :

We note that there is atrend in European passenger rail vehicle design to specify crashworthiness :

in terms of energy absorption and to limit peak car body strengths so that secondary impact :
intengtieswill be limited [9]. :
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9. CONCLUSIONS
O

Severa conclusons can be drawn from this investigation on cab car crashworthiness: [

The peak strength of crashworthiness-related components in current cab carsis greater than [
that required by 49 CFR, Part 221.141. O

The collison dynamics model appears to provide agood smulaion of callisonsinvolving [
cab cars. [J

Substantia crush gppears likdly at closng speeds above gpproximately 35 mph for the [
Stuation in which a cab car, just satifying the federd requirements, isin a push-pull [
configuration and collides with alocomative. [

Crushislimited for closing speeds less than gpproximately 30 mph when the cab car [
underframeis the primary component transmitting the collison force. [

The closing speed a which subgtantia crush occursisin the range of 15-20 mphwhen ad
single corner post just satisfying a 150,000 Ibf ultimate strength requirement must carry the [
bulk of the collison force. [

The crash pulsein a 30 mph closing speed collison in which the cab car underframe carries [
the collision force gppears severe enough to result in passenger injuries. However, the [
predicted extent of these injuries was not investigated. [

Increasing underframe strength by 50% has the effect of increasing the predicted closing [
peed at which substantia crush occurs to gpproximately 40 mph. Thiswill increase the [

propengty for secondary impact injuriesto passengers. U

Increasing the single corner post strength by four times, to 600,000 Ibf, which is the federa [
requirement for two collison posts, increases the predicted closing speed for substantial [
crush to about 25-30 mph. [

The drength-only specifications of the federal standards provide no assurance of substantia [
energy absorption in collisons. [J

The closing speed a which substantia crush occurs in cab-car-to-cab-car collisions depends [
on whether override occurs. In cases for which the underframes carry the bulk of the [
collison force, we expect the closing speed for substantia crush to be above that for a [
cab-car-to-locomoative collison. [
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