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1 EXECUTIVE SUMMARY

This report covers the performance -of

the following five tasks: (1) identi-

fication of accident statistics regard-
ing car override duting locomotive rear-
end collisions; (2) analy51s of the con-
cepts that are currently available for
mitigating the car override problem and

identification of improved concepts; (3).

analysis of the impact. of these concepts
on railroad operations, considering im-
plementation and cost; (4) development
of performance guidelines for; the most™
beneficial concepts; and (5) ‘analysis of
locomotive cab structures to::provide a
baseline for development of 1mproved cab
structures. These improved cab .
structures are designed to provide
adequate space for the survival of the
locomotive crew within' each cab 'in. the
event of a rear-end collision resulting
in rear-car override of the locomotive.
Analysis of train accident data for the
years 1960 through 1979 (ICCi-Accident
Bulletins 1960-1965, FRA Ac01dent
Bulletins 1966-1979) revealed that a
total of 2,381 rear-end and head-on -
collision accidents occurred, Of this
total, 1,581 (66 percent) were rear-end
coll;51ons and 800 (34 percent) wére
head-on collisions, resulting in com-
bined damages of over $133,823,000.
Rear-end collisions accounted for
$63,635,000 (48 percent) and head-on
c0111s1ons for $70,188,000 (52 percent)
of the combined damages. A

For the years 1974 through 1978, the
number of injuries that resulted from
combined rear-end and head-on collision
accidents was 428. Fatalities for both
collision types totaled 21. .Rear-end
collisions were responsible for 48 per-
cent of the fatalities and 63 percent of
the injuries. Head-on collisions re-
sulted in 52 percent of the fatalities
and 37 percent of the injuries. an
analysis of the causes of train colli-
sions demonstrated that most accidents
were caused by operations rather than by
track or vehicle condltlons.

A study of the impact of speed upon
accident severity for a large accident
sample indicated that all fatalities oc-
curred in accidents at 35 mph (56 Kkm/hr)
or less. Likewise, 96 percent of all
injuries in this accident sample oc-
curred in the same speed range. In
terms of damage cost, :96 percent of all
damage occurred at speeds of 50 mph (80
km/hr) or less. Therefore,. the most-
prevalent accident speeds are less than
50 mph with most.of the fatalities and
injuries occurring-at less than:-35 mph.

Compilation and analysis. of locomotive
population . statistics revealed that -

-, . -

.general-~purpose/diesel-electric and
- road-freight locomotives comprised the

largest group of in-service locomotives
(81l percent). The largest manufacturer
of all types of locomotives was the

.Electro-Motive Division (EMD) of General

Motors.

Investigation of a sample of 162 acci-
dents that involved rear-end and head-on
collisions revealed that the SD40, SD45,
GP7, and GP9 models had the highest in-
jury-and fatality rates. The SD40 and

- 8D45 locomotives seemed to sustain the

greatest amounts of physical damage of
all the models. .
The investié&tion into past and present
override mitigation concepts that have
been the subject of research and devel--

" opment defined three concept areas: (1)

operational considerations, (2) nonloco-
motive concepts, and (3) locomotive
structural modifications. The following
operational and nonlocomotive concepts

_were 1dent1f1ed for further analysis in

terms of cost- benefit and viability:

® Locomotive anticlimbers

° Safety glass

° Protective padding in interior
o vOccupant restraint

° ~Improved coﬁmuniéafions

°® Shelf Ebuplers

° Truck retention

- Three modification designs were devel-

oped and evaluated for technical feasi-
bility and crashworthiness capability.
O0f the three, the braced collision/roll
posts appeared to provide the greatest
level of crew protection in the event of
rear-car override in a locomotive rear-
end collision. The braced collision/:
roll posts design was also applicable to
proposed new locomotive designs.

The impact analysis of the proposed
override mitigation concepts, in terms
of their effect on railroad operations,
showed that implementation of the struc-
tural modifications would only margin-
ally affect locomotive weight, balance,
visibility, and cab habitability. The
braced .collision/roll posts design,
which provided the greatest crew protec-
tion, was costed in consultation with
railroad personnel and found to be im-~
plementable for approximately $16,000
per locomotive, including downtime. For
the nonlocomotive concepts, such as im-
proved- freight car couplers and truck
retention, there were some minor
implementation problems due to increased



maintenance complexity and interchange
considerations. In terms of the opera-
tional equipment, concepts such as shelf
couplers, occupant restraints, and pro-
tective padding in the interior of the
cab may be implementable without major
impact on railroad operations. Of the
operational procedures concepts, the one
identified as attractive dealt with ef-
fective communications by provision of
an improved radio link between the loco-
motive engineer and railroad operations
personnel. Other override mitigation
concepts, such as longhood-forward
operations and consist make-up practice,
were found to have major implementation
and financial penalties that made them
unattractive for further analysis.

Ranking of the proposed override mitiga-
tion concepts showed that concepts such
as improved interior design, truck re-
tention, and shelf couplers were high on
the 1list. On the other hand, when
ranking was carried out on the basis of
benefit to crew safety and equipment
survivability, the structural modifica-
tions, such as the braced collision/roll
posts and BN collision nose ranked high.

Based on considerations of both crew
safety and cost effectiveness, a modifi-
cation package was selected for imple-
mentation as the optimum set of concepts
for providing the maximum crew safety at
the least cost. The modifications pack-
age consists of a sturdy cab structure
such as the braced collision/roll posts,
shelf couplers, and anticlimbers; and
secondary impact protection such as
improved interior design, safety glass,
and emergency exits together with im-
proved communications. In addition, the
use of truck retention devices appeared
effective.

Performance guidelines for the modifica-
tion package are presented. These
guidelines can be used by railroads to
develop their own override mitigation
designs along the lines of the specific
concepts developed in the study. Per-
formance guidelines incorporate three
aspects - the performance expected, the
design practices to be used, and the
validation tests required. It is noted
that implementation of the override
mitigation package presented is well
within the capabilities of the rail-
roads' own diesel and car repair shops.
Additionally, the various modifications
are broken into major and minor cate-
gories to help railroads in the imple-
mentation of a modification program.
The performance guidelines are shown to
apply to the most-prevalent accident
situations. Methods of modifying the
locomotive structural modification
designs to types of locomotives other
than EMD are also presented.

In view of the feasibility of the con-
cepts package for improving locomotive
cab crashworthiness and mitigating car
override during rear-end collisions, a
more detailed analysis of the various
concepts should be carried out and
specific designs developed. These ‘de-
signs should be implemented on a speci-
fic locomotive and testing performed to
verify their crashworthiness perfor-
mance. It appears that the braced
collision/roll posts design can provide
a high degree of crew protection in the
event of a collision.

The purpose of the railroad crash-
worthiness structural analysis task was
to evaluate the abilities of represen-
tative locomotive cabs to support a sta-
tic load (characterized as the weight of
a freight car atop the locomotive cab).
The specific analysis involved the
determination of the allowable magnitude
of a uniformly distributed vertical load
applied to the cab roof. Five EMD loco-
motive cabs, which are in general use,
were analyzed to determine the uniform
roof loads at first yield and the allow-
able roof loads with reasonable safety
factors. Three of the cabs were also
analyzed for their post-yield behavior
up to the point of collapse. The five
locomotives that represented a cross-
section of the operational fleet were
the GP38-2, GP40-2, F40-PH, SD40-2, and
SDP40.

To perform the structural analyses, de-
tailed structural drawings were re-
quired that indicated the structural
member geometry, dimensions, materials
of construction, type and extent of
welding, cross-section orientation, type
and degree of support, and joint fixity.
Because structural drawings were not
always available, it was necessary to
physically measure the various
locomotive cabs. Once the information
was gathered through field trips,
engineering representations were drawn
for use in the analyses of the
locomotive cab structures. The
locomotive cabs were analyzed by hand
calculations and with the aid of the
STRUDL II computer code.

The analyses utilized elastic, elastic-
plastic, buckling, and plastic collapse
theories.

The results of the structural analyses
were based on modeling idealizations
obtained from the inspection/measure-
ments and on the results of sensitivity
studies performed to assess the applica-
bility of what was considered the best
modeling idealization. The cabs could
be described as "shop constructed." The
actual cab construction varied somewhat
from shop to shop and from time to time.
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The inspections and measurements iclearly
indicated the variabilities with such
types of shop construction. Enough .
variation was found among locomotives of
the same model number to warrant
creating.“a - "typical" locomotive cab of a
particular model number for analys1s
purposes, ‘

All cab models had limiting 1oad?1evels
that were controlled by the yielding of
the roof members. The uniformly distri-
buted load and total loads at first
yield are listed for the five locomo-
tives in Table 1-1l. .

TABLE 1-1. - THE UNIFORMLY DISTRIBUTED
- LOAD FOR VARIOUS DIESEL

LOCOMOTIVES

Inten-

sity at Approx.

First "‘Roof - Tot. Load
Loco. Yield Area at First
Model (psi) (sq in) Yield (1b)
GP38-2 3.3 9,134 5 30,000
GP40-2 1.1 9,243 10, 000'
SD40-2 = 4.2 8,562 : 36, 000
SDP40 2.5 10,230 - 26,000

F40-PH 2.8 9,200 " 26,000

First yield occurred in the longitudinal
roof members of all cabs except the
SDP40, which had a transverse roof mem-
ber yield first. The SDP40 and F40-PH
had hatches in the roof and experlenced
yield at lower load levels than the
GP38-2 and SD40-2, which did not have
openings. The lower load capacity of
the GP40-2, with respect to the other
cabs, was directly attributed to the
l.5-inch-deep roof channels as compared
to the 2.5-inch- deep channels in the
other cabs.

The post-yield behavior of three locomo-
tives (GP38-2, GP40-2, and SD40-2) was
analyzed to determine their collapse

load. Failure sequence and modes due to

uniform vertical loading were' estab-

lished. The total load on the roof was-
equal to the uniform load intensity mul-
tiplied by the horizontal pro;ected roof
areas. .

It should be noted that the load consi-
dered was -in all cases a uniformly dis-
tributed ‘pressure. The same total load
applied at one, or several points, would
cause higher bending moments and greater
likelihood of localized web crippling.
Therefore, a locomotive cab capable of
supporting a uniformly distributed load
approximately equal to that of a car
(approximately 30,000-35,000 1b) would
not be expected to perform as satisfac-
torily under a dead weight not uniformly

distributed because of the concentration
of loading.. Also, the analyses did not

- take into account the higher 1loads

associated with the impact of a caboose
falling upon the roof. The- analyses,
however, did illustrate the general
inability of any of the cabs to support
a car with an adequate margin of safety.

Analyses of the post-yield behavior of
the locomotive cabs indicated that a 1.5
factor of safety against first yield was
satisfactory for the GP38-2 and GP40-2,
but that a 1.8 factor of safety should
be applied to obtain the allowable
working load for the SD40-2. The
greater number of member :joints associa-
ted with the roof hatches of the F40-PH
and SDP40 models introduced an added un-
certainty that substantiated the use of
the 1.8 factor of safety. The allowable
working loads for the cab models using a
1.5 factor of safety for the GP38-2 and
GP40-2 and 1.8 factor of safety against
first yield for the remaining three cabs
are shown in Table 1-2,.

TABLE 1-2.,- THE ALLOWABLE WORKING LOADS
: USING SAFETY FACTOR OF 1.5
AND 1.8 FOR VARIOUS DIESEL

LQCOMOTIVES

Allow- Allow-

able g able

Inten- Roof Total
Loco-  Safety: sity . Area Load
motive Factor (psi) (sq in) (1b)
GP38-2 1.5 2.2 9,134 20,000
GP40-2 1.5 0.7 9,243 6,800
SD40-2 1.8 2.3 8,562 20,000
SDP40 1.8 1.4 10,230 14,000
F40-PH 1.8 1.6 9,200 14,000

The structural analyses performed on
available locomotives verified that the
existing fleet’ had very limited ver-
tical 1load ‘carrying capability.
Strengthening of the cab structures to
withstand a vertical load must also be
viewed with respect to the longitudinal
and lateral 1loads, which will most
likely be imposed upon an impacted cab.
The longitudinal forces were so obvi-
ously large that design o6f a .braced
collision/roll posts frame system to

. withstand substantial horizontal loading

should, consequently, satisfy vertical
support requirements also.

General design’ recommendations, with
reasons for their advisability, are
presented in the report. Optimization
of the strengthening of the cab struc-
tures must await the choice of the loco-
motive to be tested. However, the fol-
lowing concepts should be incorporated
into the design process:



° Emphasis on energy dissipation

° Low carbon steel with high
toughness index

° Multi-tiered ‘structural confi-
guration

@ Integral collision posts and
roll bar structure

[ ] Use of closed structural
sections.

Areas for further structural analysis
were identified. The areas of greatest
uncertainty lie in the cab modeling and
not in the methods of analysis. The
areas of further analysis deal princi-
pally with determining the actual load-
deformation of selected cab structures,
materials optimization, and impact
loading. The general areas for further
analysis are summarized below:

® Dismantling of locomotive cabs
for inspection/measurement of welds
and joints

° Structural analyses with appli-
cation of point loads at one, two,
four, or more points to simulate

the actual support of a caboose

° Field-test determination of
specific flexibility terms by appli-
cation of jack loads to locomotive
cabs

® Additional structural analyses
of other locomotives in common use
such as the GP9 and SD45

@ Materials research such as vari-
ation of the toughness index of
commonly available steels as a func-
tion of normalization temperature

and times

° Impact test determination of
actual horizontal and vertical
loads during rear-end collisions.
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2 DATA BASE REVIEW

2.1 DATA SOURCES AND ANALYSIS.‘
METHODOLOGY

2.1.1 Acquisition of Data

A data file was compiled of railroad

accidents that occurred during the years

1960 through 1979. [1-3] Five primary
data sources were utilized: .

° . ICcC Acc1dent Bulletins KAnnual
Summary: 1960-1965) -

° NTSB Railroad Accident 'keports
(Railroad Accident Reports and Summary
Bulletins) .

° FRA T-Forms - Train Accidents
(1974-1978) '

) FRA Railroad Accident Repoits

- Accident Summary Reports (1966 -
June 30, 1979)

- Accident Reports.

Other organizations were contacted to
determine the extent of information
availability, and these, together with
the primary data sources, are summarized
in Table 2-1.

TABLE 2-1 DATA SOURCES

1. Interstate Commerce Commissioni(ICC)
' @ Bureau of Railroad Safety and Service

e Bureau of Economics and Statistics
2. Department of Defense (DoD) '

e Military Traffic Management" Command
3. Assoclation of American Railroads (AAR)
o Mechanical Engineering Division
e Cab Safety Committee
Brotherhood of Locomotive Engineers (BLE)
Federal Railroad Administration (FRA) -
e Office of Safety
o Office of Policy and Plans
National Transportation Safety Board (NTSB)
Railroad Research Information Service (RRIS)
Transportation Systems Center :(TSC)
Federal Highway Administration (FHWA)
10. Boeing Vertol Company
11. Central Technology, Inc.
12. Mass Transit

W
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The Interstate Commerce Commission (ICC)
published formal reports regarding train
accident data for the years 1960 through
1965. All of the Accident/Incident
Bulletins, NRs 129~ 134, were 1nc1uded 1n
this data file. o .

Public Law 93-633 empowers the Natlonal
Transportation Safety Board (NTSB) ‘to
investigate all railroad accidents in
which there is a fatality, substantial
property damage, or involves a passen-
ger train. . Additionally, 1nvestigatigns
must also be conducted by .the NTSB in.
which an accident occurs in connection

with the transportation of people or
property that, in the judgement of the
Board, is catastrophic, involves prob-
lems of recurring character, or would
otherwise carry out the policy of the
NTSB. [4] This data file included the.
accidents investigated by the NTSB
between 1966-1979. A list of the acci-
dents 1nvest1gated by the NTSB is given
in Appendix aA. -

..The Federal Railroad Administration

(FRA) has numerous methods of present-
ing accident data.

. ‘Accident  Summary Bulletins: This
document contains the yearly summaty
statistics on’ train accidents compiled
by the FRA, Office of Safety, "Accident
Bulletin,"” NRs 135-147, and a "Preli-
minary 1979 Report" in compilation of
the data base for use in this report.
The "Preliminary 1979 Report" includes .
train accidents through June 30, 1979.

° T-Forms:' Railroad operating com-
panies are required under the Federal
Railroad sSafety Act of 1970, Accident

.Reports Act, and 49 CFR (Code of Federal

Regulations) 225 to submit, on a monthly
basis to the FRA, Office of Rail Safety,
a detailed report of any railroad acci-
dent/incident that resulted in personal
injury or fatality to individuals or
property damage (railroad and nonrail-

. road property) in excess of an estab-

lished minimum financial threshold.
Criteria for reporting accidents as
defined by the FRA [5] are outlined as
follows: .

1. Accident/Incident. An accident/
incident is: .

a. Any impact between railroad

- on-track equipment and an automobile,

bus, truck, motorcycle, bicycle, farm
vehicle, or pedestrian at a rail-
highway grade crossing.

b. Any collision, derailment, fire,
explosion, act of God, or other event
involving operation of railroad on-track
equipment (standing or moving) which
results in more than $2,900 (based on
1979 dollars) in damages to railroad
on-track equipment, signals, track,
track structures, and roadbed. Prior to
1975, however, the damage threshold for
reporting accidents was at $750.

C. Any event arising from the opera-
tion of a railroad which results in:

- Death’of one or more persons;'

- Injury to one. or more persons
other than ‘railroad employees that
requires medical treatment;

-~ Injuries to one or more

i
W



employees that requires medical treat-
ment or result in restriction of work or
motion for one or more days, one Or more
lost workdays, transfer to another job,
termination of employment, or loss of
consciousness; or

- Any occupantional illness of a
railroad employee, as diagnosed by a
physician.

2 Accident Type.

e Derailment: A derailment is when a
train, locomotive, or car leaves the
rails for a cause other than a colli-
sion, explosion, or fire to equipment
superstructure or cargo.

) -7 Head-On Collision: A collision in
which the trains, locomotives, or cars
involved are bound in opposite direc-
tions on the same track. (The time-
table or schedule direction, when appli-
cable, should govern the classification
of collisions if at the time of the
accident/incident either of the trains,
locomotives, or cars is at rest or if
its incidental movement differs from the
timetable or schedule direction. If the
standing equipment has no timetable or
schedule direction, the accident/inci-
dent should be classified as a "rear-
end collision.")

Ce. Rear-End Collision: A collision in
which the trains, locomotives, or cars

involved are bound in the same direction
on the same track.

dis Side Collision: A collision at a
turnout where a train, locomotive, or
other car strikes the side of another
train, locomotive, or car.

d. Raking Collision: A collision
caused by parts or lading of a train,
locomotive, or car on the rails of one
track coming in contact with parts or
lading of a train, locomotive, or car on
the rails of an adjacent track, or with
a structure.

e. Broken Train Collision: A colli-
sion in which a moving train breaks into
parts with a violent impact of two or
more of the uncoupled parts of the same
train, or one or more of the parts col-
lide with another train, locomotive, or
car.

fe Railraod Crossing Collision: A
collision of a train, locomotive, or car
with another train, locomotive or car at
a railroad grade crossing.

3. Monetary Threshold. The dollar
amount stated in the FRA's Rules
Governing Reports of Railroad Accident/
Incidents [Part 225.5(b) of Title 49 of

the Code of Federal Reculations] governs
the reportability of a railroad acci-
dent/incident.

4. Medical Treatment. Treatment
administered by a physician or by a
registered professional person under the
standing orders of a physician. Medical
treatment does not include first aid
treatment, precautionary measures such
as tetanus shots, and subsequent obser-
vation of minor scratches, cuts,
bruises, etc. that do not require medi-
cal care even though these services were
provided by a physician or registered
personnel.

5. Death, Injury, and Occupational

Illness. Any death, injury, or occupa-
tional illness arising from the opera-
tion of a railroad must be reported to
the FRA on Form FRA F 6180-55. Such
accidents/incidents to be reported are:

a. The death of any person from an
injury within 365 days of the accident/
incident;

b. The death of a railroad employee

from occupational illness within 365

days after the occupational illness was
diagnosed by a physician;

Ce Injury to any person other than a
railroad employee that requires medi-
cal treatment;

d. Injury to a railroad employee that
requires medical treatment or results in
restriction of work or motion for one or
more workdays, termination of employ-
ment, transfer to another job, or loss
of consciousness; and

e. Occupational illness of a railroad
employee, as diagnosed by a physician.

6. Definition. For purposes of these
requirements, a "railroad" is any system
of surface transportation over rails
that is used by freight and passenger
trains, including commuter trains.
Railcar systems used exclusively by
rapid transit are not included.

The monetary reportability requirement
has increased as a function of infla-
tionary costs. Figure 2-1 illustrates
the monetary threshold value during the
1960 through 1979 reporting period.
Discussions with appropriate railroad
officials, both Federal and private,
indicated that an increase in the mone-
tary threshold requirement from 1960
through 1979 had no significant impact
upon decreasing the number of reportable
accidents.

In reporting an accident, the railroad
company submits the FRA T-Form (Federal
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Forms FRA F 6180-54 and FRA F 6180-55).
Examples of T-Form reports are dis-
played in Appendix B. This report con-
tains a written description of the
accident, and includes relevant infor-
mation such as accident cause, damage to
railroad and nonrailroad property (ex-
cluding the cost of clearing the wreck
and damage to lading), and resulting
fatalities or injuries. [6] Once re-
ceived by the FRA, the information is
encoded and stored on magneti¢ tape. At
the end of the calendar year,'the magne-
tic tape is processed and the coded data
are indexed, categorized, and.quantified
resulting in tabular summaries of the
year's composite accident history. This
composite accident history is later pub-
lished by the FRA as an "Accident/Inci-
dent Bulletin."

The rail companies are responsible for
reporting accidents -involving their
equipment to the FRA, The FRA is

responsible only for compiling and anal-

yzing these data as well as regulating
the industry. These rail companies .em-
ploy investigators who are. responsible
for determining accident causation. Due
to individual perception, ' perceived
accident causation may be subjective,’

and therefore, could result in misrepre- .

sentation of the accident data base for
the years under investigation.

T-Forms for the years 1975 through 1978
were acquired and analyzed. Results of
this analysis will be discussed further.
in Section 2,.2.

In addition, other secondary data
sources were used in compilation of
accident information for the years 1960 .
through .1979. These secondary data
sources are identified in Table 2-1, ex-
cluding those sources that were previ-
ously identified .as primary sources
(i.e., FRA, NTSB, and ICC).

2.1.2 BAnalytical Methodology

A methodology to illustrate an accurate
accident/incident data base since 1960
was developed. It appeared that there
were two distinct periods in which re-
porting requirements/techniques varied.
The periods of data collection included
the years 1960 through 1974 and 1975 -
through Junel30,ﬂ1979. :

2.2 ANALYSIS .OF DATA BASE

. An analysis of train collisions was con-

ducted to investigate the severity and
relative frequency of rear-end and head-
on locomotive/train collision accidents
between 1960 and 1979. In so doing, an
intensive examination was made of the
following information:



° Rear-end collision accidents as a
function of the number of collision
accidents, 1960-1979

° Cost per accident in dollars as a
function of the number of collision
accidents, 1960-1979

° Comparison between the damage per
collision accident in real dollars and
1959 constant dollars, 1960-1979

° Accident causes for rear-end and
head-on collision accidents, 1974-1978

° Accident causation as a result of
human error and equipment failure for
collision accidents, 1960-1979

e Fatalities and injuries to all in-
dividuals including trainmen, passen-
gers, etc. by accident cause for col-
lision accidents, 1960-1979

°® Fatalities, injuries, and damage
resulting from rear-end and head-on
locomotive collisions, 1975-1978.

2.2.1 Total Train Accidents

Figures 2-2 and 2-3 show a statistical
breakdown of 147,351 train accidents
occurring during 1960 through 1979.
Review of this information showed that
106,840 (73 percent) of these were de-
railments; 27,056 (18 percent) were
collisions; and 13,455 (9 percent) were
other train accidents. Note that "Other
Train Accidents" are defined as those
accidents involving trains in revenue
operations that result in an accident
other than a collision or derailment.
Train-service accidents were not in-
cluded in this analysis because these
accidents either resulted in damage
below the minimum reportable threshold
requirements, were nonrevenue opera-
tions, or resulted in minor damage be-
cause of low-speed operation.

Subdividing collision accidents by type
showed a total of 27,056 collision acci-
dents during the years 1960 through
1979:

[ 16,760 (61.9 percent) were
switching collisions

® 5,572 (20.6 percent) were side
or raking collisions (after 1975, side
or raking collisions were reported sep-
arately, but for consistency of data in
this analysis, they were combined).

° 1,581 (5.8 percent) were rear-end
collisions

° 1,103 (4.1 percent) were colli-
sions not classified elsewhere

@ 800 (2.9 percent) were head-on
collisions
° 731 (2.7 percent) were broken

train collisions

® 383 (1.5 percent) were colli-
sions from trains with cars not in
trains

°® 126 (0.5 percent) were colli-
sions at railroad crossings (see
figure 2-3).

OTHER TRAIN ACCIDENTS

(9.13%)
13,455

COLLISIONS

(18.36%)
27,056

DERAILMENTS
(72.51%)
106,840

FIGURE 2-2. COLLISIONS, DERAILMENTS AND
OTHER TRAIN ACCIDENTS AS
IDENTIFIED IN ICC AND FRA
ACCIDENT BULLETINS 1960 -
6/30/79

NOT CLASSIFIED ELSEWHERE (4.08%)
TRAINS WITH CARS NOT IN
TRAINS (1.42%)

AT RR CROSSING (0.477)

SIDE OR RAKING (20.607%)

%@h‘um_
Yrrrese-

REAR END (5.84%) BROKEN TRAIN (2.70%)

HEAD ON (2.96%)

FIGURE 2-3. COLLISIONS/ACCIDENTS AS IDENTI-
FIED THROUGH ICC AND FRA SUMMARY
ACCIDENT BULLETINS 1960 -
6/30/79

2.2.2 Accident Statistics on a Yearly
Basis

Tables 2-2 through 2-5 show the yearly
and total number of accidents for the
period 1960 through 1979.

In the context of crashworthiness, the
total number of rear-end, head-on,
broken train, and side or raking colli-
sion accidents gradually increased from
1960 to 1974. However, in 1975, there
was a dramatic increase reported in
these types of collision accidents.
This anomaly can be attributed to the
fact that the standards for reporting
the collisions changed. At the time
(1974), accidents involving trains with



TABLE 2-2.

NUMBER OF TRAIN ACCIDENTS BY ALL CAUSES

(1960 - 1966)

1962. 1963

1960 1961 1964; 1965 1966 .
" Total collisions 989 982 999 1,092A 1,229 1,380 1,552
. Rear-end 29 37 39 33 44 - 31 32
Head-on 16 '“;4 15 ': ) “ 17 31 34 - 20
. Broken train 25 24 28 28 28 23 38
Side or raking 104 123 81 98 76 86 113
At RR crossings 8 5. :5 ‘ . 10 5 13 6
Trains with cars .

not‘iq trginﬁ 29 - 34 13 : 19 30 26 25
Switéhing 704 "632' 740 841 956 1,081 1,240

Not classified . ‘
elsewhere 74 63 78 _ 46 59 82 . 78
Derailments 2,918 2,671 2,830 ?,1%0 . 3335? 3,869 4,447
Other train accidents <109 496v j 549 560‘ '6594 718 :794
Total train accidents 4,016 4,149 2,378 4,822 5,3Lf 5,967 . 6,793




o1

TABLE 2-3. NUMBER OF TRAIN ACCIDENTS BY ALL CAUSES
' (1967 - 1973)

1967 1968 1969 1970 1971 1972 1973
Total collisions 1,522 1,727 | 1,810 . 1,756 i,5297 1,348 _ ;1,657
Rear-end 24 36 57 48 34 - 42 59
Head-on 30 31 29 30 - 30 - 26 24
Broken train 38 36 | 41 40 30 - 40 62
Side or raking 107 88 131 o 94 . 39 42 36
At RR ;rossings 12 15 | | 8 B 13 10 5 -
Trains with cars » _
not in. trains 33 ) 9 : 42 23 4 24 31 ' 24
Switching ' 1,204 1,427 1,409 o 1,42§ 1,279 1,090 " 1,383
Not classified
elsewhere 74 85 93 82 83 _ 72 69
‘Derailﬁents 4,960 5,467 ' 5,960 5,602 5,131 5,509 7,307
Other train accidents 812 814 773 , 737 644 675 411

Total train accidents 7,294 8,028 8,543 8,095 7,304 7,532 9,375
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TABLE 2-4.

NUMBER OF TRAIN ACCIDENTS BY ALL CAUSES

(1974 - 1979)

1974 1975 1976 1977 1978 1979%*
Total collisions 1,551 1,002 1,370 1,363 1,476 722
Rear-end 40 169 242 228 235 122
Head-on 26 69 94 110 117 37
Broken train 45 59 54 37 34 17
Side or raking 56 701 978 987 1,087 545
At RR crossings - 4 2 1 3 1
Trains with cars
not in trains 21 - —- - o e
Switching 1,298 - -— - - -
Not classified
elsewhere 65 - - - —_— —
Derailments 8,513 6,328 7,934 8,073 8,763 3,969
Other train accidents 630 711 944 927 1,038 424
Total train accidents 10,694 8,041 10,248 10,363 11,277 5,115

*Through June 30, 1979



TABLE 2-5.

TOTAL NUMBER OF TRAIN ACCIDENTS BY ALL CAUSES
(1960 - 1979) *

Total Number

Percent of
of Accidents Train Accidents

Percent of
Collision Accidents

Total collisions 27,056 18. 36 100.00
Rear-end 1,581 1.07 5.84
Head-on 800 0.54 2.96
Broken train 731 0.50 2.70
Side or raking 5y 12 3.78 20.60
At RR crossings 126 0.09 0.47
Trains with cars
not in trains 383 0.26 1.42
Switching 16,760 11.37 61.93
Not classified
elsewhere 1,103 0.75 4.08

Derailments 106,840 72.51 ——

Other train accidents 13,455 9,13 ==

Total train accidents 147,351 100.00 -

*Through June 30, 1979



cars not in trains, switching, and
collisions not classified elsewhere were
eliminated as a classification grouping,
which had the effect of increasing the
other collision types. The collision
types which remained after 1974 were the
following:

o Rear-end

) Head-on

° Broken train

° Side or raking
° RR crqssing

2.2.3 BAccident Damage

In reviewing the damage associated with
particular types of train accidents for
the period 1975 through June 30, 1979
(see Tables 2-6 through 2-13), it was
observed that rear-end collisions ac-
counted for 16.8 percent of the total
number of collision accidents and for
28.5 percent of the total collision
damage. Moreover, head-on collisions
accounted for 7.2 percent of the total
number of collision accidents and 20.9
percent of the total collision damage.

However, for the 20-year period (1960
through 1979), rear-end collisions
accounted for 5.9 percent of the total
number of collision accidents and 19
percent of the total damage. Head-on
collisions accounted for 3 percent of
the total number of collision acci-
dents and 21 percent of the total
damage. ’

A review of damage resulting from colli-
sion accidents revealed that the average
cost per collision accident resulting
from a rear-end collision was $40,250; a
head-on collision was $87,740; a .broken
train collision was $20,530; a side or
raking collision was $14,160; a rail-
road grade crossing collision was
$39,620; a collision of trains with cars
not in the trains was §$21,320; a
switching collision was $4,840; and a
collision not classified elsewhere was
$9,740. )

Tables 2-14 through 2-18 display .the re-
lationship between accident type -and
damage. Table 2-19 displays the yearly

composite history of accident damage for:

various accident types.

2.2.4 Accident Damage (Constant
Dollars) '

The total cost per collision accident
was analyzed as a function of 1959 con-
stant dollars. 1959 was chosen as the
base year; therefore, 1960 data could
also be compared to the base figure.

Information concerning cost of living

approximations applicable to railroad

accidents was obtained from the Depart-
ment of Labor, Bureau of Labor Statis-
tics.

Table 2-19 and Figure 2-4 display data
that illustrate that the average cost in
current dollars per collision accident
has been increasing rapidly.

Examination of Tables 2-11 through 2-13
shows that even though the current
dollar values of .collision accidents in-
creased from $6,280 in 1960 to $23,870
in 1979, in terms of constant dollars
(1959 base), the costs decreased from
$6,180 in 1960 to $3,350 in 1978.

This phenomenon is additionally exempli-
fied in Figure 2-4, where the disparity
between current dollars and constant
dollars can easily be seen.. -

2.2.5 Causes of Rear-End and Head-On
Collisions

To determine the relationship between
accident cause and. type of collision
accident, causes of accidents for rear-
end and head-on collision accidents were
examined for ,the years 1974 through .
1978. [7] The resulting fatalities, in-
juries, and damage attributable to each
accident cause were also identified.
Information regarding the relationship
between accident cause and type of
collision accident for the years 1960
through 1973 and 1979 was not available,
because the accident data were not com-
piled in a usable format. However, it
was compiled in a format which displays
the total number of collision accidents
(all subtypes combined) that resulted
from each accident cause (see Table
2-20). The data presented in the 1974
through 1978 data format for rear-end
and head-on collision accidents were be-
lieved to be the most appropriate in the
crashworthiness problem, and were there-

fore reviewed closely.

A review of these data showed that a
total of 2,183 rear-end and head-on
collision accidents occurred during 1974
through 1978 (see Appendix C). of
these, 1,836 (84 percent) were rear-end
collisions and 347 (16 percent) were
head-on collisions. Rear-end and head-
on collision accidents resulted in com-
bined damages exceeding $65,442,000. Of
this total, $40,562,000 (62 percent) is
attributed to rear-end collisions and
$24,880,000 (38 percent) is attributed
to head-on collisions. The total number
of injuries that resulted from all rear-
end collisions was 271 and from head-on
collisions was 157. The total number of
fatalities that resulted from all rear-
end collisions was 10 and from all head-
on collisions was 1l1.
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TABLE 2-6. TYPE OF ACCIDENT VS. COST ($1,000's)
) (1960 - 1966)
1960 1961 1962 1963 1964 1965 1966

Total collisions 6,212 6,002 7,947 7,928 11,608 14,076 12,322

Rear-end 1,000 1,050 1,736 1,203 1,603 1,374 1,703

Head-on 786 981 880 >708 3,600 4,705 2,553

. Broken train 199 157 102 163 335 77 271

Side or rgking 1,256 834 ' 1,173 1,456 1,000 1,904 813

At RR crossings' 83 89 51 374 320 441 579

Trains with cars .

not in trains 268 300 283 706 117 776 844

Switching 2,306 1,918 2,737 3,079 3,703 3,616 " 5,145

Not classified ‘

elsewhere 314 673 985 239 930 543 414
Derailments 45,000 41,623 46,539 59,235 57,570 68,581 82,479
Other train accidents 342 2,802 1,875 3,309 2,838 2,870 4,155
Total train accidents
cost 51,554 50,427 56,361 70,472 72,016 100,713 98,959




TABLE 2-7. TYPE OF ACCIDENT VS. COST ($1,000's)
(1967 - 1973)

Sl

1967 1968 1969 1970 1971 1972 1973
Total Collisions 11,365 10,994 22,120 16,837 15,780 12,929 21,854
Rear-end 613 893 4,433 3,437 1,821 1,641 4,666
Head-on 2,474 1,617 4,780 2,641 4,169 2,425 4,974
Broken train 517 320 2,387 572 441 1,220 2,310
Side or raking 1,202 1,146 3,188 2,348 620 434 638
At RR crossings 96 619 141 223 475 188 -
Trains with cars
not in trains 1,187 38 956 719 822 267 701
Switching 4,273 5,556 5,505 6,063 6,357 5,698 8,072
Not classified
elsewhere 1,003 805 730 834 1,075 1,056 493
Derailments 82,068 99,472 103,782 101,228 90,531 91,283 121,137
Other train accidents 3,216 3,878 3,626 3,558 3,472 3,309 6,369
Total train accidents
cost 96,649 114,344 129,528 121,623 109,783 107,521 149,360
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TABLE 2-8. TYPE OF ACCIDENT VS. COST ($1,000's)
(1974 - 1979%)
1974 1975 1976 1977 1978 1979%
Total Collisions 27,763 17,291 24,750 34,102 33,634 17,236
Rear-end 1,839 5,963 7,524 9,384 6,391 5,362
Head-on 6,182 3,352 3,573 7,441 8,049 4,298
Broken train 766 1,095 1,179 1,111 780 367
Side or raking 1,068 6,449 12,465 15,489 18,396 7,032
At RR crossings — 432 9 677 18 177
Trains with: cars
not in trains 181 - - - - -
Switching 17,079 - - - - -
Not classified
elsewhere 648 - - —_ - _
Derailments 154,548 147,756 184,274 223,123 133,143 134,999
Other train accidents 5,390 12,351 17,968 22,225 21,054 6,239
Total train accidents
cost 187,701 177,398 226,992 279,450 304,955 158,501

*Through June 30, 1979.



TABLE 2-9. TYPE OF ACCIDENT VS. COST TOTALS

Total Cost,

by Type Percent of Percent of
($K) Total Cost Collision Cost
Total collisions 332,750 13.14 100.00
Rear-end 63,636 2.:51 . 19.14
Head-on 70,188 2.77 21.09
Broken train 15,009 0.60 4,51
Side or raking 78,911 3.12 23.71
At RR crossings 4,992 0.20 1.50
Trains with cars
not in trains 8,165 0.32 2.45
Switching 81,107 3.20 24.37
Not classified
elsewhere 10,472 0.42 3.23
Derailments 2,068,371 81.69 -
Other train accidents 130,849 5.17 -
Total train accidents
cost 2,531,970 100.00 -

17



TABLE 2-10. TOTAL NUMBER OF COLLISION ACCIDENTS VS. COST

81

. Average

Number of Pct. of Total Total Cost Pct. of Total Cost
Type of Collision Accidents Collision Accidents (SK) Collision Cost ($K)
Rear-end 1581 5.84 63636 19.14 40.25
Head-on , 800 - 2.96 70188 21.09 . 87.74
Broken train 731 2.70 15009 4,51 20.53
Side or raking 5572 . 20.60 78911 23.71 14.16
At RR crossings 126 0.47 4992 1.50 39.62
Trains with cars not .
in trains ) 383 1.42 8165 2,45 21.32
Switching 16760 61.93 ' 81107 24,37 4.84

Not classified .
elsewhere 1103 4,08 10742 3.23 9.74
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TABLE

2-11.

ACCIDENT COST IN CONSTANT DOLLARS* (1960 - 1966)

($K)

1960 1961 1962 1963 1964 1965 1966

- Tptal no. collisions 989 982 999 1092 1229 1380 1552

Total yearly collision
- cost ($K) 6212 6002 7947 7928 11608 14076 12322
Averagé cost per . : 4
‘accident ($K) 6.28 6.11 7.95 7.26 9.45 10.2 7.94

Percentage decrease in

dollar’ value from 1.6 1.0 1.1 1.2 1.3 1.7 2.9

preceding year )

Yearly collision cost

expressed in 1959 '

constant dollars 6113 5846 7653 7540 10888 12964 10991

($K) _

Average collision cost

expressed in 1959 6.1 _

constant dollars -18 5.95 7.66 6.90 8.86 9.39 7.08

*Information supplied by the Bureau of Labor Statistics.
January 1980, Reference Base is 1959.



04

<

TABLE

2-12. ACCIDENT COST IN CONSTANT DOLLARS* (1967 - 1973)

EEEES

1971

1967 1968 1969 1970 1972 1973
Total no. collisions 1522 1727 1810 1756 1529 1348 1657
Total yearly collision
cost| ($K) 11365 10994 22120 16837 15780 12929 21854
Averjage cost per
accident ($K) 7.47 6.37 12,22 9:.59 10.32 9.59 13.19
Percentage decrease in
dolllar value from 2.9 4.2 5.4 5.9 4.3 3.3 6.2
preceding year
Yearly collision cost
expriessed in 1959
constant dollars 9808 9026 16966 11920 10494 8171 12457
($K) ’ '
Average collision cost
expressed in 1959
constant dollars 6.44 5.23 9.37 6.79 6.86 6.06 7.52

(sK)j

*Information supplied by the Bureau of Labor Statistics.

January 1980.

Reference Base is 1959,
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TABLE 2-13.

1974

1975

1976

ACCIDENT COST IN CONSTANT DOLLARS* (1974 - 1979)

1977.

I

—

p

Total no. collisions 1551

1002

1370

1363

1978

1476

1979#%*

722

Total yearly collision
cost ($K)_ , 27763

17291

24750

34102

33634

17236

Average cost per

accident ($K) _ 17.90

17.26

18.06

25.02

22.79

23.87

Percentage decrease in
dollar value from 11.0
preceding year

7.7

w/A

Yearly collision cost
expressed in 1959
constant dollars : 12771

($K)

7072

8687

- 9753

4944

N/A

Average collision cost

expressed in 1959

constant dollars 8.23
($K) '

7.06

6.34

3.35

*Information supplied by the Bureau of Labor Statistics. Jénuary 1980. Reference Base is 1959.

*%Data available through June 30, 1979.



TABLE 2-14.

ACCIDENT TYPES VS. DAMAGE

(1975)
Property
Property Property Damage
Damage Damage Percent of
(All types) Percent of Collision
Types ($K) Total Damage
Collisions
Rear-end 5,963 3.36 34.47
Head-on 3,352 - 1.89 19.39
Broken train 1,095 0.62 6.33
Side or raking 6,449 3.64 37.30
At RR crossing 432 0.24 2.51
Trains with cars
not in trains -- -- -
Switching -- -- --
Not classified
elsewhere -- -- --
Total collisions 17,291 9.75 100.00%
Total derailments 147,756 83.29
Total other train
accidents 12,351 6.29
Total train accidents $177,398 100.00%
TABLE 2-15. ACCIDENT TYPES VS. DAMAGE
(1976)
Property
Property Property Damage
Damage Damage Percent of
(All types) Percent of Collision
Types ($K Total Damage
Collisions
Rear-end 7,524 331 30.40
Head-on 3,573 1.57 14.44
Broken train 1,179 0. 52 4.76
Side or raking 12,465 5.49 50.36
At RR crossing 9 0.008 0.04
Trains with cars
not in trains -- -- --
Switching -- .- _—
Not classified
elsewhere -- -- --
Total collisions 24,750 10.. 89 100.00%
Total detailments 184,274 81.18
Total other train
accidents 17,968 1+93
Total train accidents $226,992 100.00%

22



TABLE 2-16. ACCIDENT TYPES VS. DAMAGE 2.2.6 Accidents Resulting from Opera-
(1977) tions- Versus Track or Vehicle

- Property

Property Property Damage Conditions
Damage Damage Percent of . . )
Types (“}siﬁ“) Pe}r'gg‘a“li of C°11):;:gig“ The causes of accidents/incidents that
resulted in at least 5 percent of the
Collisions ] total number of rear-end or head-on
Rear-end 9.386 - 3.6 27.52 collision accidents were reviewed to
Head-on ‘ 7.441 2.66 21.82 determine the severity (i.e., measured
miketan QUL D8 33 by the number of resulting Tatalities
At RR crossmg 677 0.24 1,98 and/or injuries) of each accident cause.
Trains with cars . :
not in trains -- -- -- The methodology used in this analysis
ﬁ?,’i“i*{iﬁimed o o o was similar to the "severity index" (SI)
elsewhere -- -- -- formula examined in Section 2.6, "Loco-
Total collisions 3% .102 12.20 100,007 motive Accident Histories." The only
Total derailments 233,123 83.42 difference between the two formulas was

the substitution of the total number of
T°§‘Ziig::§: train 22 225 4.38 . accidents (NOA) that resulted from each

' ’ cause for the locomotive population (P)
as the denominator.

Total train accidents $279,450 100.00%

_ ’ A review of rear-end collision accidents-

~ 217 CCIDEN - " revealed the severity index shown in

TABLE 2-17. ACCIDENT TYPES VS. DAMAG -
= (1958) VS. DAMA : Table 2-21. . . )
Property . -
PBOPerty PBOPerZY P Dg':gge p A review of head-on collision accidents
amage amag er o : » . .
(All tgpes) Percent of Collision revealed the severity index shown in
Types ($K¥ Total Damage Table 2-22.
Collisions - It appeared that vandalism and unauth-
Rear-end 6,391 3.40 19.00 orized people in the proximity of rail
pead-on  in 8-%8 022 Zg-gg facilities caused the most severe rear-
Side or raking 18,396 9.79 54.69 end collisions. Conversely, it appeared
At RR crgs:ing 18 0.01 0.06 that excessive speed caused the most
rains wit cars . .
not in trains . - . severe head-on collisions.

Switching -- -- --

Notlclagsifled ' 2.2.7 Comparison of the Leading Causes
elsewhere o - of All Collision Accidents versus

Total collisions 33,634 17.91 100.007% Rear-End and Head-On Collision

Total derailments 133,143 70.88 Accidents Exclusively

Total other train . ,
accidents 21,054 11.21 An analysis was performed regarding

- - - major causes of accidents versus types
Total train accidents $187,831 100.00% of collision to examine the similarities
and differences between the major causes
518 of all collisions compared to head-on
TABLE 2-18. AC%{g?gz)“PES VS. DAMAGE and rear-end collisions exclusively.
Property Table 2-23 displays the leading causes
Property  Property  Damage of collision accidents for the years
Damage Damage Percent of 9
(All types) Percent of Collision 1975 through 1979.
Types ($K§, Total Damage - ]
Collisions In ::-1dd1t10n, the 51gn1f.1c'ant causes‘ of
accidents, for all collision types, ‘ex-
1:!ieag-end Zggg ggfll giéi ) pressed as operations and track or vehi-
Broken train ‘367 6 23 2'13 cle conditions for 1975 through 1979
Side or raking 7,032 4. 44 40.80 data were examined. The results of this
At RR crossing 177 0.11 1.02 analysis are shown in Table 2-24.
Trains with cars
not in trains -- -- -- L. . . .
gwitc?ing fled -- -- -- 2.2.8 Fatalities and Injuries Resulting
ot classifie ¥ g
elsevhore . - . from Train Accidents

Total collisions 17,236 10.87 100.00% A total of 3,147 fatalities resulted

Total derailments 134,999 85.17 from train accidents during 1960 through

Total other train 1979 (see Table 2-25). O0Of these, 35}4'
accidents 6,239 | 3.9 (11.3 percent) resulted from collision

: . accidents; 728 (23.1 percent) resulted

Total train accidents $158,501 "100.00% ’ from derailment accidents; 2,065 (66

percent) resulted from other train acci-
dents. In general, the number of fatal-

*Through June 30, 1979
23
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TABLE 2-19. TYPE OF ACCIDENT VS. DAMAGE ($1,000's) (1960 - 1979%)
Type of Accident
Collisions Derailments Other Total
Trains
Rear- | Head- | Broken | Side or At RR W/Cars Not

Year End On Train Raking Crossing In Trains Switching NCE Total

1960 1,000 786 199 1,256 83 268 2,306 314 6,212 45,000 342 ol 554
1961 1,050 981 157 834 89 300 1,918 673 6,002 41,623 2,802 50,427
1962 1,736 880 102 1,173 51 283 2,737 985 7,947 46,539 1,875 56,361
1963 1,203 708 163 1,456 374 706 3,079 239 7,928 595235 3,309 70,472
1964 1,603 3,600 335 1,000 320 117 3,703 930 11,608 57,570 2,838 72,016
1965 1,374 | 4,705 717 1,904 441 776 3,616 543 14,076 68,581 2,870 100,713
1966 1,703 | 2,553 271 813 579 844 5,145 414 12,322 82,479 4,158 98,959
1967 613 | 2,474 571 1,202 96 1,187 4,273 1,003 11,365 82,068 35216 96,649
1968 893 1,617 320 1,146 619 38 5,556 805 10,994 99,472 3,878 114,344
1969 | 4,433 | 4,780 | 2,387 3,188 141 956 5,505 730 | 22,120 103,782 3,626 129,528
1970 | B,437 2,641 72 2,348 223 719 6,063 834 16,837 101,228 3,558 121,528
1971 13821 4,169 441 620 475 822 6,357 1,075 15,780 90,531 3,472 109,783
1972 1,641 25425 15220 434 188 267 5,698 1,056 12,929 91,283 3309 1075521
1973 | 4,666 | 4,974 VA ) 638 —— 701 8,072 493 21,854 121,137 6369 149,360
1974 1,839 ] 6,182 766 1,068 - —= — S 27,763 154,548 5390 187,701
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TABLE 2-19. TYPE OF ACCIDENT VS. DAMAGE (81,000's) (1960 - 1979%) (Continued)

Type of Accident

Collisions Derailments Other Total
T Trains
Rear- He:ed- Broken | Side or At RR W/Care Not
Year End [ Train Raking Crossing In Trains Switching NCE Total
1975 15,963 3,352 1,095 6,449 432 —- - - 17,291 147,756 12,351 177,398
1976 7,524 3,573 1,179 12,465 9 -— — - 24,750 184,274 17,968 226,992
1977 9,384 7,441 1,111 15,489 677 - - - 34,102 223,123 22,225 279,450
1978 6,391 8,049 780 18,396 18 - — — 33,634 133,143 21,054 304,955
1979 5,362 4,298 367 7,032 177 - - — 17,236 134,999 6,239 158,501
Total
Damage 63,636 70,188 15,009 78,911 4,992 8,165 81,107 10,472 | . 332,750 2,068,371 130,849 2,531,970
Pct. of
Total
Damage 2.51 2.77 0.60 3.12 0.20 0.32 3.20 0.42 13.14 81.69 i 5.17 100
Pct. of
Collision .
Damage 19.14 21.09 4,51 23.71 1.50 2.45 24 .37 3.23 100
*Through June 30, 1979
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ities by accident type for any given
year remained rather constant. Any
significant yearly increase in the num-
ber of fatalities was basically the re-
sult of one or two catastrophic passen-
ger accidents/incidents during the year.

A total of 20,716 injuries resulted from
train accidents during 1960 through 1979
(see Table 2-26), Of these, 7,161 (34.6
percent) resulted from collisions; 9,612
(46.4 percent) resulted from derail-
ments; 3,943 (19 percent) resulted from
other train accidents. Again, the num-
ber of train injuries by type of acci-
dent for any given year remained rather
constant.

In this survey of rear-end and head-on
locomotive collision accidents for 1974
through 1978, it appeared that a total
of 21 fatalities occurred; 10 (48 per-
cent) resulted from a rear-end colli-
sion and 11 (52 percent) resulted from a
head-on collision. Moreover, review of
the accident data showed that a total of
428 injuries occurred: 271 (63 percent)
resulted from rear-end collisions and
157 (37 percent) resulted from head-on
collisions.

2.2.9 Impact of Speed on Accidents

An analysis was made of some 761 train-
to-train collision accidents for the
years 1975 through 1978 [8] to determine
at what speed the greatest number of
fatalities, injuries, and damage oc-

26

1975 1980

ACCIDENT COST (1959 CONSTANT DOLLARS)

curred. Data indicated that all fatal-
ities in the sample resulted from acci-
dents that occurred at 35 mph or less;
moreover, at 35 mph or less, 96 percent
of all injuries occurred. The total
damage incurred as a function of loco-
motive speed, prior to accident, indi-
cated that 96 percent of all damage oc-
curred at speeds of 50 mph or less. The
distribution of accidents with respect
to speed is shown in Table 2-27.

2.3 UTILIZATION OF AVAILABLE DATA

Examination of train accidents for the
years 1960 through 1979 concentrated on
the review of numerous sources of infor-
mation. Unfortunately, not all of the
reviewed information presented data in a
format that was usable in this analysis.
Consequently, not all desired informa-
tion was obtained. To further illus-
trate the situation, the following sub-
sections display some of the problems
associated with the information as ob-
tained.

2.4 STANDARIZED DATA BASE

A meaningful and concise data base for-
mat was developed; however, it was
limited in its comprehensiveness for the
following reasons.

For the years 1960 through 1973, the FRA
"Accident Bulletins" provided only the
total number of collisions that resulted
from each accident cause, and did not
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TABLE 2-20, TOTAL NUMBER OF COLLISIONS BY CAUSE (ICC & FRA ACCIDENT BULLETINS)

1969

1960{1961 1962‘1963 196411965}11966(1967 11968 197011971}19721197311974]1975]19761197711978}1979%] TOTAL
Hand brakes, brake rigging and »
appurtenances 13 17 17 13 19 13 19 18 26 28 22 23 13 15 29 285
Bridges, trestles, culverts and
- tunnels 0 0 [ 90 0 0 0 0 0 0 0 0 0 0 0 0
Frogs and switches’ 2| 2| 4 3] 8| 3| v | 1| 3| & 7| 1| 8] & 51
;Interlocking and block signal
systems 0 2 0 2 2 0 0 1 1 2 2 2 (o] 14
Other causes 811 (298 1109
Locomotives other than steam 1 0 1
Couplers 61 45 106
Employee physical condition 2 1 3 3 1 10
Flagging, fixed, hand and radio
signals 42 | 51 | 53 | 68 30 § 244
Other rules and instructions 380 [490 {528 (607 | 292 | 2297
Speed 106 |145 | 79 | 99 39 | 468
Brakes (mechanical) 181 26 | 28{35]| 14 121
. Trailer or container on flatcar 1 2 3 3 1 » 10
: Body 3 4 4 6 3 20
Coupler and draft system 53 | 40 3121 10 157
Truck components 2 2 3: -0 9

*1979 Data through June 30.
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TABLE 2-20. TOTAL NUMBER OF COLLISIONS BY CAUSE (ICC & FRA ACCIDENT BULLETINS) (Continued)
19601196111962 1196311964 |1965]1966 1967|1968 1969 1970197111972 1973|197411975]11976|197711978 |1979*| TOTAL
Rails and joints 0 0 0 0] 0 0 1 2 2 0 0 0 1 6
Rail joints and fastenings 0 1
Special work 1
Roadway structures 0 0
Ties and tie plates 0 0 0 0 0 0 0 0 0 0 1 0 0 2 3
Rail 0 0
Other way and structure items 7 4 4 7 12 26 32 51 58 63 64 53 52 48 481
Signal systems 1 1
Improper loading 0 0 1 1 2 0 0 1 1 1 1 1 0 0 2 19
Negligence of nonemployees 8 14 16 7 2 15 19 13 18 15 15 23 26 26 17 260
Malicious acts or other misbehavior
of nonemployees 5 4 5 7 6 8 5 9 6 17 14 10 9 16 15 136
Obstructions, extraordinary forces
of nature 1 0 2 3 2 4 1 2 0 0 4 4 3 2 3 31
Rail-highway grade crossing 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Unascertained causes ) 6
Combination of two or more causes 3 5 0 0 3 2 0 0 0 | 3 0 0 4 2 23
Other ascertainud causes 29 34 36 32 35 44 33 31 54 47 60 53 51 60 | 56 655
Locomotives other than steam in-
cluding propulsicn equipment of
rail motor cars 0 1 0 2 0 1 1 2 1 0 3 0 1

*1979 Data through June 30.
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'TABLE 2-20. TOTAL NUMBER OF COLLISIONS BY CAUSE (ICC & FRA ACCIDENT BULLETINS) (Concluded)

1960]196111962{1963)196411965|1966]11967 119681969 |1970|1971{1972|1973]19741{1975]1976]1977]11978]1979% TOTAL
- :

Use of brakes (human) 141 |194 {192 |184 91 802
Axles and journal bearings 1 0 0 2 2 5
Wheels 1 3 9 6 1 20
Locomotives 0 4 0 3 5 12
General mechanical and electrical .
failure 6 2 2 2 2 14
Miscellaneous causes 92 | 85 }124 |122 73 | 496
Track geometry defects 19 9 | 17 5 50
Miscellaneous (human) 30 | 48 | 41 81 55 | 255
Doors 0 1 3 2 6
Roadbed defects 3] 1 3 4| 11
Rail and joint bar defects 16 8 7 5 36
Frogs, switches and track appliances 59 t 45 56 27 187
Signal and ;ommunications failures 6 7191 2 | 106
Switches 73 {107 |133 (178 58 | 549
Other way and structure items : 0 1 2 0 0 3

*1979 Data through June 30.



TABLE 2-21. REAR-END COLLISIONS -
SEVERITY INDEX

TABLE 2-23. MAJOR CAUSES OF
COLLISION ACCIDENTS

Severity
Cause Fatalities Injuries Index Number Percent
Operations . 1975 (951 Total)
Vandalism/ thorized 0 43 398
’:e:M;m RAREROES SO Other rules and instructions 380 11
Improper use of Speed 105 40
switches 0 2 10 Coupler and draft system 53 6
Track ox Vehicla Use of brakes (human) 141 15
S dttlone Miscellaneous causes 92 10
LonelLiont Switches 73 8
Raﬁlfor joint bar 18 58 . :
efects 0
Wide g:gelir irregular s 72 3R 130 Toeal)
track a nt 0
Frogs/witcg‘;‘? 0 3 18 (S)thes rules and instructions 490 37
pee 145 bt
Use of brakes (human) 194 15
Miscellaneous causes 85 7
Switches 107 8
1977 (1307 Total)
TABLE 2-22. HEAD-ON COLLISIONS - Other rule { 2
s and inst
SEVERITY INDEX Speed strucrions 5%3 42
Severity U§e of brakes (human) 192 15
Cause Fatalities Injuries Index }Sh§§et];13ne°us causes 124 9
witches 133 1
Operations - 0
Excessive speed 0 11 500 1978 (1600 Total)
Improper instructions
“’givgn o trainl crew 0 14 483 Other rules and instructions 607 38
Improper use of Speed 99 6
switches ) 0 11 289 Use of brakes (human) 184 12
Fa;ﬁ::i zgrcg:péz_::szk M%scellaneous causes 122 8
equipment rules f o L Signal and communtonion o ’
Track or Vehicle failures 91 6
Conditions Switches 178 LI

A number of reported unsafe conditions resulted in
at least 5 percent of the total number of head-on
collisions.

indicate the specific collision types
that made up the total. (See Tables
2-28 and 2-29.) As a result, accident
causes could not be correlated to speci-
fic collision types (i.e., head-on and
rear-end) for 1960 through 1973. Cause-
collision correlations for the year 1979
were not available at the time as the
accident/incident reports had not yet
been coded for the year. See Table 2-20
for accident causes that resulted in
collision accidents for 1960 through
1973 and 1979.

Accident data for 1974 through 1978 were
standardized. See Appendix C for causes
of rear-end and head-on collision acci-
dents for 1974 through 1978.

2.5 CAUSE RELATIONSHIES

To determine the relationship between

specific types of collisions and parti-
cular causes of accidents, an examina-
tion of 1977 accidents/incidents was

conducted. This investigation involved
a review of some 226 rear-end and head-
on collisions of which 130 (57.5 per-

cent) were rear-end collisions.

1979 (722 Total)

Other rules and instructions 292 40
Speed ) 39 S
Use of brakes 91 13
Miscellaneous causes 73 10
Miscellaneous (human) 55 8

Switches . 58 8

TABLE 2-24. ACCIDENTS DUE TO
OPERATIONS AND TRACK
OR. VEHICLE CONDITIONS

Number Percent

Operations

Failure to comply with rules

and instructions of road 2,297 39
Failure to control speed of

car and/or excessive speed 468 8
Improper use of or failure

to secure brakes 802 14
Improper use of switches 549 9
Miscellaneous human causes 496 8

Track or Vehicle Conditions

A number of ''unsafe condition' accidents re-
sulted in at least 5 percent of the total
collision accidents




TABLE 2-25.

FATALITIES RESULTING
FROM TRAIN ACCIDENTS

Other Train

Year Collision Derailment Accidents
1960 6 66 84
1961 6 41 111
1962 15 75 111
1963 8 37 107
1964 24 34 133
1965 19 41 131
1966 11 52 151
1967 17 36 117
1968 3 27 112
1969 35 50 118
1970 29 53 128
1971 24 44 103
1972 60 21 90
1973 35 41 73
1974 13 40 86
1975 : 16 2 65
1976 19 15 124
1977 4 8 96
1978 3 41 82
1979%* 7 4 43
Total 1960-1979 354 728 2,065
Percent of Total - 11 23 66
Total Fatalities = 3,147 :

Total Percent = 100

*Through June 30, 1979
NOTE:

In 1975, the classification "RR Grade Cross-

ing was created out of "Other Train Accidents.”
For the purpose of consistency, however, the two

categories have been re-combined into "Other Train

Accidents after 1975."

TABLE 2-26. INJURIES RESULTING
FROM TRAIN ACCIDENTS
Other Train
Year Collision Derailment Accidents
1960 252 485 110
1961 239 694 129
1962 368 899 127
1963 861 575 144
1964 344 522 162
1965 302 446 116
1966 233 489 178
1967 239 365 150
1968 580 540 173
1969 352 594 227
1970 223 262 142
1971 194 . 381 119
1972 - - 376 302 99
1973 220 402 136
1974 ) . 247 520 144
1975 | 723 234 266
1976 256 626 400
1977 o232 399 - 354
1978 803 625 316
1979% 117 252 451
Total 1960-1979 7,161 9,612 ©3,943
Percent of Total 35 46 19

Total Injuries = 20,716

Total Percent = 100

*Through June 30, 1979
NOTE:

In 1975, the classification "RR Grade Cross-

ing was created out of "Other Train Accidents.”
For the purpose of consistency, however, the two

categories have been re-combined into "Other Train

Accidents after 1975."

An examination of those causes that con-
tributed at least 5 percent of the total
number of head-on collision accidents,
showed that nine causes accounted for 68
percent of all head-on collisions.
These accident causes were categorized
as operations or track or vehicle condi-
tions.

Head-on collisions due to operations
were comprised of the following causes:
hand signals, 5 percent; failure to pro-
perly secure engine, 5 percent; exces-
sive speed while attempting to couple

locomotive with car, 5 percent; failure
to stop in time, 6 percent; excessive
speed outside yard, 6 percent; failure

to comply with operating instructions, 9
percent; failure to comply with motor
car on track at night, 1l percent; and
other human error, 6 percent. The only
accident cause attributed to track or
vehicle conditions with over 5 percent
of the total head-on collision acci-
dents, was improperly lined switches.

‘This comprised 13 percent of the total

head-on collision accidents in 1977.

An examination of. those causes which
accounted for at least 5 percent of the
total number of rear-end collision acci-
dents showed that nine causes comprised
59 percent of all rear-end collisions.
The rear-end collision accidents that
resulted from operations accounted for
53 percent of all rear-end collisions,
and track or vehicle conditions, .6 per-
cent. ‘

Those rear-end collisions that resulted
from operations included such accident
causes as excessive speed during
coupling, 9 percent; failure to stop in
clear, 8 percent; failure to comply with
motor car on track at night, 5 percent;
improper flagging, 7 percent; failure to
comply with fixed signal, 7 percent;
failure to comply with operating in-
structions, 5 percent; excessive speed
during road service, 6 percent; and ab-
sence of man in cab, 5 percent. Impro-
perly lined switches was the only acci-
dent cause attributed to track or vehi-
cle conditions, accounting for 6 percent
of the total rear-end collisions in
1977.

2.6 LOCOMOTIVE ACCIDENT HISTORIES

A review and analysis of information
concerning population of locomotive
models and accident histories of speci-
fied locomotive models were conducted to
identify locomotive models and service

.types with the highest accident fre-

quencies and severities. However, the
data has not been normalized for ton-
miles, speeds, etc.



TABLE 2-27.

BREAKDOWN OF SPEED VERSUS NUMBER OF INJURIES/FATALITIES

FOR TRAIN-TO-TRAIN COLLISION ACCIDENTS (HEAD-ON AND REAR-END)

Collisions

Fatalities

Injuries

Percent of Total

Percent of Total

Percent of Total

Speed | Number Head-On and Rear-End | Number Head-On and Rear-End | Number Head-On and Rear End
0-5 380 50 4 27 120 32
6-10 122 16 0 0 71 19
11-15 89 12 S a3 91 25
16-20 55 7 2 13 33 9
21-25 33 4 0 0 21 6
26-30 30 4 4 27 9 2
31-35 1.7 2 0 0 11 3
36-50 35 5 0 0 14 4
Total 761 100 15 100 3760 100
2.6.1 Population of Locomotive Models tion. Of these, 15, 715 (98 percent)

The population of in-service locomotives
as of January 1979 was compiled. Lt
consisted of all models of rolling stock
locomotives that were classified as
road-freight, passenger, general-pur-
pose, or switching locomotives. Gene-
ral-purpose locomotives were further
subdivided as general-purpose/diesel-
electric and general-purpose/electric.
The total locomotive population was
approximately 28,000 locomotives. Of
these 7,112 (25 percent) were road-
freight; 303 (1 percent) were passenger;
15,715 (56 percent) were general-pur-
pose/diesel-electric; 266 (1 percent)
were general-purpose/electric; 3,137 (11
percent) were switcher exclusively; and

1,467 (3 percent) were other locomotive
service types, 1including multiple
purpose. :

Tables 2-30 through 2-33 were prepared
to display the locomotive models that
were used in determining the total num-
ber of road-freight, passenger, general-
purpose, switcher, and other locomotive
service types that comprised the compo-
site locomotive population.

Table 2-30 shows that of the total road-
freight locomotives manufactured, ap-
proximately 5,752 (80 percent) were EMD;
1,210 (17 percent) were GE; and 150 (3
percent) were MLW. Also, road-freight
locomotives comprised 24 percent of the
total locomotive population.

Table 2-31 shows that of the total pas-
senger locomotives manufactured, approx-
imately 272 (90 percent) were EMD and 31
(10 percent) were GE. The most common
passenger locomotive model was the
SDP40, with 119 locomotives (39 percent)
of the total passenger locomotive popu-
lation.

Table 2-32 shows that general-purpose
locomotives acounted for 15,981 (57 per-
cent) of the total locomotive popula-
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were general-purpose/diesel-electric and
266 (2 percent) were general-purpose/
electric. The EMD-manufactured general-
purpose/diesel-electric locomotives ac-
counted for 80 percent of the total
general-purpose locomotive population.
The most common general-purpose/diesel-
electric locomotive was the GP38, which
comprised 2,999 (19 percent) of the
total general-purpose locomotive popu-
lation. The most common general-pur-
pose/electric locomotive was the GGI1,
with 139 locomotives.

Table 2-33 shows that the SW1200 and
SW1500 switching locomotives accounted
for 1,322 locomotives (42 percent) of
the total switching locomotive popula-
tion. The accident histories of
switching locomotives were not included
in this analysis because switching acci-
dents wusually result in only minor
damage because of low-speed yard opera-
tion.

The 1,467 other locomotives not classi-
fied elsewhere included such locomotive
types as Boosters and Metroliners.
2.6.2 Accident Histories of Locomotive
Models

An analysis of locomoitive accidents for
the years 1975 through 1978 was conduc-
ted and showed that a total of 1,264
rear-end and head-on collision acci-
dents occurred. Of these, 653 (52 per-
cent) of the total rear-end and head-on
collisions were examined. Through a
process of identifying a locomotive num-
ber with a locomotive type through pub-
lished railroad rosters, model types in
162 of the accidents were identified.
Thus, 162 (13 percent) of the rear-end
and head-on collision accidents that oc-
curred during 1975 through 1978 were
correlated with locomotive type.

Table 2-34 details the results of the
investigation. As can be seen, six
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TABLE 2-28. CAUSAL FACTORS OF 1960

COLLISION ACCIDENTS

- . Number of Percent

TABLE 2-29. CAUSAL FACTORS OF 1961 TO
1979 COLLISION ACCIDENTS

Number of Percent

Cause Accidents of Total Cause Accidents of Total
Negligence of Employees ’ Negligence of Employees
Air brakes 14 1.42 Air brakes ) 169 0.88
Switches 88 8.92 Hand brakes Sess 17.92
Hand brakes 152 15.40 Switches ) 2608 13.63
Other forms of negligence 523 52.99 Other forms of negligence 7747 40.49
Train orders 4 0.41 Train.orders .155 0.81
Cab signals 2 0.20 'gigo;;gilirain control 173 883
Automatic train control 0 0.00 s . .
s : Fixed signals . 420 2.20
Fixed signals 33 3.34 ; 4
> Hand signals 848 4.43
Hand signals 61 6.18 Train flagging 88 0.46
Train flagging 2 0.20
§ Defects or Failures of
Defects or Failures of Equipment
Equipment
Trucks 7 0.04 .
Trucks 0 0.00 Wheels and axles 1 0.005
Wheels and axles 0 0.00 Steam locomotives 0 0.00
Steam locomotives 0 " 0.00 Logomotives other t‘t}an steam
Air brakes and appurtenances 3 0.30 including ErOPU]-Slon equip-
Hand brakes, brake rigging ment of rail motor cars 11 0.06
and appurtenances 13 1.32 Air brakes and appurtenances 73 0.38
' Hand brakes, brake rigging
Cot;g%(:i:a d::gg gear and 30~ 3.04 and appurtenances 272 1.42
P 0 0.00 Couplers, draft gear and
Car structure . ' related parts 418 2.18
Other parts of equipment 1 0.10
, Improper Maintenance of
Improper Maintenance of Way and Structures
Way and Structures
Rail joints and fastenings B § 0.005
Rail joints and fastenings 0 0.00 Ties and.tie plates 3 0.02
Special work . 1 0.10 Other way and structure
Roadway structures 0 0.00 items . 474 2.48
Ties and tie plates 0 0.00 Bridges, trestles, culverts
Rail 0 0.00 and rails and joints 6 0.03
Other way 'and structure . Frogs and‘sm.tches 51 0.27
items 7 0.71 Interlocking and block .
Signal systems 1 0.10 signal systems 14 0.07
Miscellaneous Causes Miscellaneous Causes
Couplers 106 0.55
Improper loading 0 0.00 Stegm locomotives 0 0.00
Negligence of nonemployees 8 0.81 Locomotives other than
Malicious acts of other steam 1 0.005
misbehavior of nonemployees 5 0.51 Improper loading 11 0.06
Obstructions, extraordinary Negligence of nonemployees 252 1.32
forces of nature 1 0.10 Malicious acts or other
Rail-highway grade crossings 0 0.00 misbehavior of nonemployees 131 0.68
Unascertained causes 6 0.61 Obstructions, extraordinary
Combination of two or more forces of nature . 30 0.16
causes 3 - 0.30 galtl;hlgl}way %retlde crossings 0 0.00
i ) ombination of two or more
Other ascertained causes 29 2.94 causes 20 0.10
—_ Other ascertained causes 1735 9.065
Total 987 100.00
Total 19,097 +100.00

locomotive models, each acounting for

more than 5 percent of the total rear-
end and head-on collision accidents in
this sample, totaled approximately 49

percent of all the rear-end and head-on
collision accidents., These models re-
presented more than 70 percent of the

total locomotive population as shown in
Table 2-35. This table compares the

variation between a model's percentage
of the total population versus is per-
centage of occurrence in the accident

sample.

2,6.2.1 Severity of Locomotive Acci-
dents. The locomotive models that ac-
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counted for fatalities in this accident
sample were the GP7 (20 percent), GP9
(40 perxcent), and SD45 (20 percent).
One other fatality resulted from an
accident involving a GP locomotive not
classified elsewhere. It must be noted
that out of a total of 162 identified
rear-end and head-on collision acci-
dents, only five fatalities occurred.

The locomotive models that accounted for
the majority of the total injuries in
this accident sample were the GP7 (6
percent), GP9 (10 percent), GPl5 (12
percent), GP38 (16 percent), SD40 (8
percent), SD45 (24 percent), and U30-C
(10 percent). An additional 6 percent



TABLE 2-30. ROAD-FREIGHT LOCOMOTIVE

POPULATION
Percent of Percent of
Total Road-Freight
Manufacturer Model Number Population Locomot ives
EMD sD38 46 0 1
SD39 35° 0 0
SD40 3866 14 54
SD45 1805 6 25
Subtotal 5752 20 80
GE U23-C 47
U30-C 585
U33l-c - - 253
U36-C 73

Uu30-7 220
U34~-CH 32

-~ | OO =NO
|Ow-—-l‘m>—-

~

Subtotal 1210

MLW M630
(Canada) 55 0 1
M636
(Canada) 95

| o
wln

o

Subtotal 150

Total 7112 25 100

TABLE 2-31. PASSENGER LOCOMOTIVE
POPULATION
(Comprises 1 percent
of total population)

Percent of

Passenger

Locomotive
Manufacturer Model Number Population

EMD F40-PH 106 35
SDP40 119 39
FP45 47 16
GE P30-CH 25 8
U30-CG 6 2
TOTAL 303 100

of the collisions resulted from a GP
locomotive not classified elsewhere.

Damage was an important factor in de-
termining the severity of an accident.
The damage costs associated with acci-
dents involving particular locomotive
models were investigated. Results in-
dicated that only the GP9, SD40, and
SD45 model locomotives had damage costs
exceeding 5 percent of the total damage
cost for all locomotive models. The GP9
had 8 percent, SD40 had 17 percent, and
the SD45 had 51 percent of the total
damage cost.

2.6.2.2 Accident Severity of Candidate
Locomotives. In this study, several
candidate locomotive models were re-
quired to be evaluated for cab crash-
worthiness. This required examining
susceptibility to damage in rear-end and
head-on collision accidents as well as
other associated damage, fatalities, and
injuries. The candidate models examined

TABLE 2-32. GENERAL-PURPOSE LOCOMOTIVE
POPULATION (DIESEL-ELECTRIC/
ELECTRIC) Percent

General-Purpose

Manufacturer Model Number Population Locomotive

EMD GP7 1997 7 12
(Dies.-Elec.) GP9 2802 10 18
GP15 63 0 0
GP18 5 0 0
GP38 2999 11 19
GP39 112 0 3
GP40 1637 6 10
GP-other 3229 1 20
Subtotal 12,844 45 80
© GE U18-B © 96 0 1
(Dies.-Elec.) US23-B 401 1 3
B23-7 172 1 1
U30-B 268 1 2
U33-B 230 1 1
U-other 1676 6 10
Subtotal 2843 10 18
MLW M420 28 0 0
(Dies.-Elec.) P — —
Subtotal 28 0 0
EMD GM6 1 0 0
(Elec.) GM10 1 0 0
Subtotal i ) 2 —O ._0
GE GGl 139 0 1
(Elec.) EP5 6 0 0
E25-B 7 0 0
E33 12 0 0
Eb4b 66 0 0
ES0-C 2 0 1
E60-CP 7 0 0
E60-CH 19 0 0
E60-C 6 0 0
Subtotal 264 ) 2
Total 15,981 57 100.00
TABLE 2-33. EMD SWITCHING LOCOMOTIVE

POPULATION
(11% of Total Population)

Model Number
SW1 262
SW7 457
SwW8 75
SW9 220
SW10 48
SW12 384
SW15 88
SW900 157
SW1000 45
SW1001 79
SW1200 673
SW1500 649

Total Switching Population 3,137

were the GPl18, GP38, GP40, SD40, SDP40,
E60, and SD45 locomotives.

Table 2-36 shows accident data for the
candidate locomotive models. Examina-
tion revealed that these models ac-

counted for 38 percent of the total lo-
comotive population and 37 percent of
the accident sample. The three most
significant locomotives in the sample,



TABLE 2-34. ACCIDENT HISTORIES OF LOCOMOTIVE MODELS

gg

Percent of Percent of Percent of Total Damage Av. Damage
No. of Total. Total Total to RR Prop. to RR Prop. Percent of

Accidents Accidents Fatalities | Fatalities Injuries Injuries ($1,000's) ($1,000's) Total Total

Model in Sample in Sample in Sample in Sample in Sample |  in Sample in Sample in Sample | Population Population
ELECTRO-MOTIVE DIVISION (EMD)
Gr7 19 12 1 20 3 6 i 169 9 1,997 7
GP9 36 - 22 2 40 5 10 . 467 13 : 2,802 10
GP15 2 1 0 0 6 12 12 6 63 1 0
GP18 3 2 0 0 0 0 32 ’ 11 5 0:
GP38 14 9 [}} 0 8 16 164 12 2,999 11
GP39 ) 2 1 0 0. 0 0 § 36 18 112 0
GP4( B 5 3 0 0 1 2 26 5 1,637 6
GP—Other 15 9 1 20 3 6 77 5 3,229 12
SD38 . 4 2 0 0 0 0 5 1 46 0
SD39 | 0 0 0 0 0 0 0 0 - 35 0
SD4Q 15 9 0 . 0 4 8 1,021 68 3,866 14
SD45 19 12 1 20 12 24 2,984 157 j 1,805 6
F40-PH 0 0 0 0 0 0 0 . 0 106 0
SDP40 2 1 0 Q 1 2 46 23 ' 119 0
FP45 0 0 0 0 0 0 0 0. 47 0
P30-CH . 0 0 0 0 0 0 0 0 ) 25 0
Subtotal 136 83 5 100 43 86 5,039 37% - 18,893 : 66
GENERAL ELECTRIC COMPANY (GE)

UI8-B 2 1 0 0 0 0 20 10 96 0
U23-B 2 1 0 0 0 0 60 30 401 1
U30-B 2 1- 0 0 2 4 23 11.5 268 1
U33-B 0 0 0 0 0 0 .0 - 0 230 1
U~Other 7 4 0 -0 0 0 624 89 1,676 6
B23-7 1 1 0 0 0 0 4 4 172 1
U23-C 0 [¢] 0 0 0 0 0 0 47 0
U30-C 9 6 0 0 -0 0 116 13 585 2
U33-C 1 1 0. 0 0 0 0 0 253 1
U36-C 0 0 0 0 0 0 0 0 73 0
U30-7 1 1 0 0 -0 0 0 0 220 1
U34-CH 0 0 0 0 0 0 0 0 132 - 0
U30-CG 0 0 0 0 0 0 0 0 6 0
E60 1 0 0 0 .0, 0 4 & 26 0
Subtotal 26 16 0 0 2 4 851 32,731% 4,085 14
MLW
M4&020 0 0 0 0 0 0 0 0 28 0
M630 0 0 0 0 -0 0 0 - 0 55 0 -
M636 0 0 0 0 0 0 0 - 0 95 0
Subtotal 0 0 0 0 0 0 0 0 178 0
Total 162 99 5 100 45 90 $5,890 $36.358% 23,156 80

*Subtotal Average Damage to Railroad Property is Calculated by Dividing the Subtotal

of the Number of Accidents in the Sample into the Subtotal for the Total Damage to
Railroad Property. The Total Average Damage to Railroad Property is derived in the,
same manner.




TABLE 2-35. ACCIDENT HISTORIES OF
LOCOMOTIVE MODELS
(Comprising Major Part
of Population)

Percent of
Total Accidents

Models Population In Sample
SD40 14 9
SD45 12 6
GP9 22 10
GP7 12 7
GP38 9 11
GP40 3 6
TOTAL ;E 49

when considering frequency of train-to-
train collision accidents, were the SD45
(12 percent), SD40 (9 percent), and GP38
(9 percent). Of the candidate locomo-
tive models, only the SD45 was involved
in accidents that incurred fatalities.
Additional fatalities were associated
with other models (see Table 2-34).

A total of 26 injuries was associated
with the candidate models under consi-
deration. The three locomotive models
that displayed the greatest injury fre-
quency were the SD45, GP38, and SD40.
Of these, the number of injuries was
distributed by locomotive model as
follows: the SD45 , 12 (13 percent);
Gp38, 8 (6 percent); and SD40, 4 (4 per-
cent). Twenty-four injuries were asso-
ciated with models other than the candi-
date locomotives (see Table 2-34).

The aggregate damage and the average
accident damage associated with parti-
cular locomotive models are identified
in Table 2-36. Because the aggregate
damage associated with certain models
was relatively high, based on its over-
all population size, a more accurate in-

TABLE 2-36. ACCIDENT

dicator of the relative damage associ-
ated with particular models was the
average damage per accident. Examina-
tion of the average damage cost per
accident showed that the candidate model
locomotives had average damage costs
that ranged from $4,000 to $68,000 per
accident, as shown in Table 2-37.

2.6.2.3 Most-Prevalent Accident Locomo-
tive Models. Subsequent to examining
the accident histories of the candidate
locomotives, other locomotive models
were identified as having a relatively
high proportion of the total number of
injuries, fatalities, and damage in the
accident sample. Specifically, these
models included the GP7 and GP9.

A mathematical formula to determine the
overall severity index of the specific
locomotive models under consideration

was formulated. This formula demon-

strated the relative frequency of model
severity by considering the number of

fatalities and injuries associated with
specific locomotive model accidents.

Specifically, the severity index (SI)

was defined to be:

(10 x F) + 1
P

SI =

X 1,000

Where:

F = the total number of fatalities
that resulted from accidents
that involved particular loco-
motive models.

I = the total number of injuries
that resulted from accidents
that involved particular loco-
motive models.

P = total population of locomotive
model.

HISTORIES OF CANDIDATE LOCOMOTIVES

Percent of Total
Percent of Total Percent of Percent of Damage Percent of
Total Accidents | Accidents Fatalities | Fatalities | Injuries Injuries in Sample Total Damage

Model | Population | Population | in Sample| in Sample in Sample in Sample in Sample|In Sample ($1000) in Sample
GP38 2999 11 14 9 8 6 165 2
GP40 1637 6 S 3 1 1 26 0
F40-
PH 106 0 0 0 0 0 0 0
SD40 3868 14 1S 9 0 0 4 4 1021 17
SD45 1769 6 19 12 4 57 32 13 2984 51
SDP40O 119 0 2 1 0 0 1 1 46 1
E60 26 0 1 1 0 0 0 0 4 4
GP18 305 1 3 2 0 0 0 32 )}
Total 10,829* 38 59 37 4 57 26 25 4217 77

*Total population of all locomotives is approximately 28,000.
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1000 = per 1000 accidents that in-
volved a specific model. A
constant of 1000 accidents was
chosen because the average num-
ber of collision accidents per
year was approximately 1000.

The average damage per accident associ-
ated with the candidate locomotives com-
pared to the GP7 and GP9 models are
shown in Table 2-38.

Table 2-39 shows accident severity by
locomotive type. Results showed that
the SD40 and SD45 (i.e., EMD over-the-
road freight) 1locomotives had the
greatest number of fatalities and
injuries per 1,000 accidents. Further-
more, if the severity ranking of speci-
fic locomotive model types were corre-
lated with average accident damage, it
was found that the SD40 and SD45 had ‘a
combined average damage of $117,794 per
accident. This value far exceeded the
combined average accident damage for the
various other models.

TABLE 2-37. AVERAGE DAMAGE COST FOR
ACCIDENTS INVOLVING.
CANDIDATE LOCOMOTIVES
Average Damage
Model
SD40 . 68,000
SDP40 " 23,000 -
SD45 157,000
GP18 11,000
GP38 12,000
GP40 5,000
F60 4,000
F40-PH No observed damage
TABLE 2-38. AVERAGE DAMAGE TO CANDIDATE
VERSUS SELECTED LOCOMOTIVES
Candidate Percent
Locomotive Average of Total
Model Damage ($) Damage
GP7 8,000 3
GP9 13,000 4
SD40 ‘ 68,000 23
SDP40 23,000 - 8
SD45 _ 157,000 52
GP18 11,000 4
GP38 12,000 4
GP40 - 5,000 . : 1
E60 . 4,000 1
F40-PH no 0
observed

damage
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2.6.3 . Summary

In summary, it was found that:

(1) The GP38 and GP40 model locomotives
displayed a higher percentage of occur-
rence in the accident sample than they
do in the total locomotive population.

(2) The GPY9 model locomotive accounted
for two of the five fata11t1es in this
sample.

(3) The SD45 model locomotive accounted
for 24 percent of all the 1njur1es in
this sample.

- (4) The SD45 model locomotive accounted

for approximately 51 percent of the
total damage cost incurred from acci-
dents in this sample.

(5) Data from this accident sample
seemed to indicate that ‘all the
fatalities and 96 percent of all
injuries resulted from accidents
occurring at 35 mph or less.

(6) The total damage incurred as a
function of locomotive speed, prior to
accident, showed that 96 percent of all
damage occurred at 50 mph or less.

(7) The SD40 and SD45 model locomotives
(i.e., EMD over-the-road freight units)
may be regarded as the locomotives asso-
ciated with the .greatest number of
fatalities, injuriesi and damage costs.

-2, 7 ANALYSIS OF ACCIDENT DATA (NTSB) -

A sample of 45 NTSB railroad collision
accident reports [9] for the period 1970
through 1979 were reviewed to determine
if there were any similarities between
the types of collision accidents and
demographic variables. Of these 45
collision accidents, 16 (35 percent)
were rear-end collisions and 10 (21 per- -
cent) were head-on collisions.

An- analysis of this sample was conducted
to determine at what time during the day’
most train accidents occurred. Results
of this analysis indicated that 24 per-
cent of all train -accidents occurred
between the hours of 4:01 p.m. and 8:00
p.m. Other time ‘periods with a rela-
tively high accident frequency included
8:01 p.m. to 12:00 midnight (20 per-
cent); 12:01 a.m. to 4:00 a.m. (18 per-~
cent); and 4:01 a.m. to 8:00 a.m. (18
percent). The increased accident rate
from 4:01 p.m. to 8:00 p.m. may be due
to the fact that it was the peak loading
time of the day, and there were more
trains on mainline at this time than any
other time of the day.

e



TABLE 2-39.

ACCIDENT SEVERITY BY LOCOMOTIVE TYPE

Total
Population Severity

Model (28,000) Fatalities* Injuries* Index
SD40 EMD: Over-the-road
SD45 freight (Candidate) 5600 4 16 10
SDP40 EMD: Over-the-road passenger
F40-PH (Candidate) 226 0 1 4.42
GP38 EMD: Medium general-purpose/
GP40 diesel-electric (Candidate) 4600 0 9 1.96
E60 GE: Passenger/electric

(Candidate) 32 0 0 0
GP18 EMD: Light general-purpose/

diesel-electric (Candidate) 5 0 0 0
GP7 EMD: Light general-purpose/
GP9 diesel-electric 4799 3 8 7.92
*Based on a sample of 162 accidents, 1975-1978

The predominant climatic conditions
during the accidents were examined in
147 NTSB Railroad Accident Reports
(brief format). Results indicated that
61 percent of all accidents occurred
during clear and. dry conditions and 29
percent of all accidents occurred during
cloudy conditions. The remaining 19
percent occurred during conditions such
as rain, snow, or fog.

A further analysis was performed on
these 147 accidents to determine the
spatial location in which the majority
of the accidents occurred. This analy-
sis was based on a state comparison and
may be biased due to differences in
transportation patterns between the
states. More precisely, the state that
had the greatest volume of traffic
should also have had a relatively high
frequency of accidents. Results indi-
cated five states had a total of 42 per-
cent of all the accidents in the sample.
These states included New York, 12 per-
cent; Illinois, 10 percent; California,
9 percent; Pennsylvania, 6 percent; and
Texas, 5 percent. The exceptionally
high frequency of accidents in these
states may be due to many factors. It
must be noted, however, that these
states have extremely large surface
areas, have many clusters of metropoli-
tan populations, and contain some of the
principal agricultural farmland in this
country. Because agricultural commo-
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dities transported over long distances
are least costly if moved by rail, it
would follow that there would be a
greater concentration of rail routes in
these areas, hence a higher accident
rate.

In terms of override frequency and se-
verity factors, a sample of 36 NTSB
accident reports for the period 1975
through 1979 was reviewed. It was found
that 53 percent of the train collisions

resulted in override with accompanying
injury or fatality. This confirmed con-
clusions reached in Boeing Vertol's

study* that frequency and severity of
the override problem (in terms of
injury/fatality) can be most signifi-
cantly reduced by improving locomotive
crashworthiness.

*Boeing Vertol's study, "A Structural
Survey of Classes of Vehicles for Crash-
worthiness" (FRA-OR&D 79-13), estab-
lished that locomotives ranked first in
benefits to be received in reducing fa-
talities by improving locomotive crash-
worthiness. The study covered the
eight-year period from 1966 to 1973 and
concentrated its analysis on 166 serious
accidents. This review of accidents in
a period from 1975 through 1979,
covering 5,455 accidents (378 fatali-
ties), reached a similar conclusion.



2.8 ANALYTICAL RESEARCH AND DESTRUC- ° A safer interior can be produced by

TIVE TEST EXPERIENCE REGARDING incorporating a one- to two-inch layer
CRASEWORTHINESS of padding in the cab interior.
A review of relevant literature con- Dynamic Sciences, in their 1977 two-
cerning crashworthiness was conducted. volume publication series entitled
The review concentrated on identifying "Train-to-Train Rear-End Impact Tests"
pertinent sources of information on the [13], concluded that increased vehicle
analytical research and destructive strength, improved occupant safety, and
testing that have been iness and over- fire protection should be incorporated
ride phenomenon. The review revealed into the design of a crashworthy cab.
that both public and private agencies . .
have been involved in this activity in- Boeing Vertol performed both research
cluding: (1) Transportation Systems and scale testing in the development of
Center (TSC), (2) Calspan Corporation, their crashworthy cab design. One of
(3) Dynamic Sciences, (4) Boeing Vertol, 4 the numerous Boeing Vertol publications
(5) Illinois Institue of Technology Re- 7 concerning this topic is entitled "Lo-
search Institute (IITRI), and (6) Stan- /’ comotive Cab Design: Recommended
ford Research Institute (SRI). 7 Design," Volume IV [14]. 1In this study,
Boeing Vertol recommended improved
TSC [10, 11] recommended that, to couplers, deflectors, incorporting roll-
improve the crashworthiness of over protection, emergency exits, and
locomotives, these causes be eliminated interior design features.
or controlled by a cost-effectiveness
approach which included: Another Boeing Vertol study regarding
this topic is entitled, "Rail Safety/
° Institute inspection procedures to Equipment Crashworthiness, Volume I: A
assure that the coupler alignment of the Systems Analysis of Injury Minimization
rail vehicles are within the AAR limits in Rail System."[15] In this study,
Boeing Vertol examined the primary and
° Use tempered glass for windshields secondary causes of. injuries and fatali-
to reduce lacerations from shattered ties along with the locomotive cab
glass in accidents hazards and failure mechanisms during
collisions. The primary cause of in-
o Equip locomotives with top shelf juries and fatalities, as reported by
couplers or equip the shorthood end of Boeing Vertol, was cab crushing due to
locomotives with anticlimbers capable of impact and override that resulted in a
withstanding a vertical strength of loss of survivable volume. The secon-
200,000 1b : dary cause of injuries and fatalities
was due to the occupants being thrown
° Require all the longhood structures around the cab into fixed objects with
to be anchored to the sills with ade- protuberances or no padding. The re-
quate shear strength port recommended that improvements in
interior design and cab structure would
® Provide adequate emergency escape minimize override hazards.
routes
IITRI developed a computer-simulated
) Use high-capacity draft gears for model to assess the impact that the
locomotives collision of two consists of transit
cars will have upon each other, con-
. Improve the coupling mechanisms to sidering the effects of initial impact,
ensure positive coupling primary collision, and secondary colli- .
sions. This model was documented in
. @ Provide soft interiors in the -cab Edward Hahn's publication entitled
and eliminate all sharp interior objects "Increased Rail Transit Vehicle Crash-

worthiness in Head-On Collisions"™ under

° Increase the vertical strength of Contract Number DOT-TSC-1052.

the cab to be able to support the weight

of a heavy rail vehicle. J. B. Raidt in "A Preliminary Study of
Vertical Motion During Impact" [16] de-

Calspan Corporation, in a 1975 study veloped a computer-simulated model to

[12], concluded that the following predict vertical motion during impact.

considerations should be incorporated
into the development of a crashworthy
cab:

. More control of force deflection v
characteristics
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3 OVERRIDE MITIGATION CONCEPTS REVIEW

The review of existing data on the over-
ride problem covered four major. areas:
(1) operational considerations, (2) non-—
locomotive concepts, (3) locomotive
structural modifications, and (4) new
construction. The following subsections
evaluate each proposed override mitiga-
tion concept for its applicability to
the override problem. All of the pro-
posed approaches are technically feasi-
ble, but some approaches are more
attractive due to their effect or ease
of implementation.

OPERATIONAL CONSIDERATIONS AND
NONLOCOMOTIVE CONCEPTS

3.1

Various private railroad management per-
sonnel were interviewed to determine
operating procedures that may be imple-
mented to mitigate the problem of over-
ride during locomotive collisions.
These approaches fall into two major
categories; i.e., (1) operational or
maintenance policies and procedures, and
(2) nonlocomotive equipment practices
(e.g., car truck retention). The fol-
lowing list outlines the candidate con-
cepts under consideration. Each major
category is discussed separately and
then is listed by technical benefit
and/or ease of implementation.

. Operational Equipment Considera-
tions

- Locomotive coupler design
- Safety glass

- Protective padding

- Occupant restraint

- Anticlimb devices

- Emergency exits

] Operational Procedures Considera-

tions
- Locomotive coupler maintenance
- Longhood-forward operations

- Consist
procedures

practices and

- Communications
- Train dynamics
® Nonlocomotive Concepts

- Impacted car modifications

3.1.1 'Operational Equipment Considera-
tions

The operational considerations listed
above are discussed below with both the
benefits and restrictions covered for
each approach. They are not only aimed
at preventing an override but, addition-
allive occupants from the secondary
effects of ahese nonlocomotive consi-
derations are discussed in the following

- paragraphs.

3.1.1.1 Locomotive Coupler Design.
When considering the override problem,
locomotive coupler design is an area of
concern. The use of coupler designs,
such as E or F shelf couplers, would
tend to prevent climbing at the coupler
during a collision. Also, increasing
the strength of the coupler/draft gear
steel to near that of the locomotive
underframe would tend to decrease
climbing during impact by containing the

collision energy in the couplers and
undersill areas.
3.1.1.2 Use of Safety Glass. Extensive

use of safety glass throughout the loco-
motive cab area would reduce the effects
of a secondary source of injuries/fatal-
ities due to flying glass. This modifi-
cation should be considered in conjunc-
tion with emergency exits.

3.1.1.3 Protective Padding. Protective
padding would provide increased protec-
tion for the locomotive occupants from
impacting sharp protuberances within the
cab. One study [17] has determined that
doubling the padding thickness from one
inch to two inches decreased the shock-
load on the body by a factor of 100,
which would greatly enhance the occu-

pant's survivability in secondary
impacts.
3.1.1.4 Occupant Restraint Systems.

Occupant restraint systems, such as seat
belts and shoulder harnesses, would pro-
tect the occupants from secondary im-
pacts due to uncontrolled movement with-
in the locomotive cab during a colli-
sion., However, locomotive restraint
systems would probably suffer from lack
of use due to requirements for engineers
to move about during normal operations.

"In addition, during emergency situations

the engineer must be free to move to a

protected area of the cab (survivable
volume) .
3.1.1.5 Anticlimbers. Anticlimbers are

used on locomotives by various railroads
to prevent override in low-speed colli-
sions. Since anticlimbers are not stan-
dard equipment provided by the locomo-

- Freight car modifications

- Coupler design and maintenance
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tive manufacturers, they are designed
and ordered by the individual railroads
as "custom" equipment. These devices
have been partially successful in the



low-speed environment, but they seem to
be of little value at higher speeds |
(above 5 mph). Due to the fact that not
all railroads use them, their effective-
ness has not been accepted industrywide.
Their usefulness should be investigated,
particularly for switching operations.

3.1.1.6 Emergency Exits. Emergency
exits from the 1locomotive cab area
should be considered. 'During a colli-
sion involving a locomotive, the cab
usually deforms, jamming the exit doors.
Along with the installation of safety
glass in the cab area, consideration
should be given to mounting the safety
glass as an emergency exit similar to
rail passenger car installation prac-
tices.

3.1.2, Operational Procedures Considera-
tions

3.1.2.1 Coupler Maintenance. Coupler
maintenance is an area of concern since
the locomotive and freight car couplers
are maintained by different people at
different intervals. While locomotive
coupler height and alignment are
frequently inspected by the railroads
(every 30 days), the freight car
standards allow 1longer inspection
periods (up to 4 years) compared to the
locomotive standards. This contributes
to the override problem due to possible
coupler misalignment at impact. A
common maintenance standard for use on
all rail vehicles, in addition to the
use of E or F shelf couplers on
locomotives, would tend to mitigate the
frequency of override by  improving
coupler impact engagement characteris-
tics.

3.1.2.2 Longhood-Forward Operation.
Longhood-forward operation provides the
operators with protection from override
from the front by using the locomotive
engines and generators as a cushion
between the overriding car and the loco-
motive cab. This approach would provide
more protection for the occupants from
front override during a collision, but
it does not protect the locomotive cab
‘occupants from rear override during a
collision, which is known to occur.

Another drawback to this approach is the
fact that forward visibility is restric-
ted by the longhood. At least one rail-
road does operate their locomotives
longhood forward when feasible, but it

is not an accepted industrywide practice

by either railroad management or opera-
ting unions. Adopting this solution
would require adding duplicate reverse
controls in the cabs of the majority of
operating locomotives, sincé they are
presently designed to operate shorthood
forward only.
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3.1.2.3 Consist Practices and Proce-
dures. Consist practices and procedures
involve those areas which may reduce
either the frequency of collisions, the
override occurrence, or the exposure of
the operating crew to a collision inci-
dent. The following points should be
considered concerning the override
problem.

° Consist make-up practices should be

. reviewed to prevent light railcars from

being positioned immediately behind the
locomotive, in that they have a tendéncy
to be "squeezed out" of the consist
under emergency braking and/or a colli-
sion accident, causing possible override
from the rear. )

° Ensuring that communication is
maintained between the consist and the
controlling Central Train Control (CTC)
is an imperative requirement for re-
ducing the exposure of consists to
collisions. For example, a number of
collisions investigated by the NTSB were
caused when a local service consist
without CTC communications was struck by
a through revenue consist that did not
know that the local consist was on the
mainline track. A thorough review of
consist operating communications re-
quirements should be undertaken to en-
sure that the operating crews know of
the position of other consists using the
same track.

3.1.2.4 Communications. Communications
deficiencies were alluded to 'in a pre-
vious paragraph, but the lack of effec-
tive communications is one of the major
causes of collision accidents. The lack
of knowledge by the consist conductor or
the locomotive engineer of the existence
and progress of other consists using the
same track on which they are operating,
except by ‘schedule, increases the expo-
sure of these personnel to train-to-
train collisions and the resulting
devastating effects. Improved communi-
cations to ensure that train-to-CTC,
train-to-train, and locomotive-to-
caboose contact is maintained would
reduce the exposure of consist operating
personnel and passengers to collisions
and their resulting effects.

3.1.2.5 Train Dynamics. With the ad-
vent of longer, heavier consists, train
dynamics has become an area of concern
to the railroads. Improved cab sig-
naling, intra-train dynamics (car-to-’
car forces), mass distribution of the
cars within a consist (light car/heavy
car position), and brake performance
(stopping distances and wave propaga-
tion within long trains) are all areas
that cause operational problems.
Consideration of the mass distribution




within the consist of cars with the same
destination block, would result in
consists with more predictable braking
performance, better intra-train
dynamics, and shorter stopping dis-
tances. Improved -cab signaling would
improve the operator's knowledge of the
safe progress of his consist. A trade-
off of the increased crew costs against
the decreased accident costs would have
to be conducted to establish whether
this is a viable option.

3.1.3 Nonlocomotive Concepts

Nonlocomotive possibilities cover those
permanent changes to operating equip-
ment other than locomotives that would
tend to reduce the effects of an over-
ride during a locomotive collision.

P P PR Impacted Car Modifications.
Impacted car modifications are those
changes that may reduce the incidence of
override when impacted by a locomotive.
They involve the couplers and trucks of
the impacted car. The following discus-
sion addresses the truck changes. The
couplers will be covered as a separate
item. Maintaining the rotational moment
of inertia of the impacted car by re-
taining the trucks appears to be a pro-
mising nonlocomotive concept to mitigate
override occurrence by decreasing the
likelihood of car rotation and subse-
quent climbing. Therefore, truck reten-
tion should be considered. This could
be implemented with positive-lock center
pins like passenger cars, or simply by
adding a safety chain around the truck
bolster and fastening it to the car body
bolster.

3:1:352 Freight Car Modifications.
Occasionally, the first car behind the
locomotive overrides the cab during
collisions. Therefore, truck retention
for freight cars should be considered as
a method of reducing override occurence.

Yo llim Tt Caboose and Freight Car
Couglers. Couplers on cabooses and

freight cars are another area of con-
cern in the override problem. As stated
before, the couplers on these classes of
railcars are maintained by different
personnel than locomotive couplers.
This may result in coupler height misa-
lignments. Coupler misalignment contri-
butes to the override problem by genera-
ting a vertical force at impact that
causes the higher coupled car to begin
rising and overriding the other car.
Installing E or F shelf couplers on
these classes of cars and also maintain-
ing them to the same installation stan-
dards would tend to mitigate the over-
ride tendencies at impact by ensuring
that the majority of impact energy is
absorbed below the floor level.
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‘A summary of the operational

3.1.3.4 Strengthening Materials and
Mountings. In addition to improving the
type and maintenance of caboose and
freight car couplers, strengthening
their material and mounting should be
considered. That is, the coupler and
its mounting should be able to absorb an
impact load equal to the strength of the
freight car coupler sill without braking
off, in order to contain the maximum
impact energy at the coupler level.

and
nonlocomotive concepts is given in Table
3-1.

TABLE 3-1. SUMMARY OF OPERATIONAL AND'

NONLOCOMOTIVE CCNCEPTS

Concept Area

Operational Equipment

Locomotive coupler
design

Safety glass

Protective padding

Occupant restraint

Anticlimb devices

Emergency exits

Operational Procedures

Locomotive coupler
maintenance

Longhood forward

Consist practices and
procedures

Communications

Train dynamics

Nonlocomotive

Impacted car
modifications
Freight car
modifications
Coupler design
Coupler maintenance

3.2 LOCOMOTIVE STRUCTURAL MODIFICATIONS

Research and testing conducted to evalu-
ate the locomotive override problem by
various organizations such as Calspan,
Dynamic Sciences, Boeing Vertol, and
Stanford Research Institute has led to
similar conclusions and recommendations.
The three major conclusions are:

2 Ensure that the locomotive cab
maintains a survivable volume during the
override or rollover



° Eliminate/reduce sources of second-
ary impact within the locomotive cab

° Establish the force-deflection
characteristics of the locomotive. fron-
tal area; i.e., collision posts, coup-
lers, shorthood, and undersill areas.

The present analysis concentrates. on
four major areas of the locomotive cab:
(1) structural changes to the cab, (2)
underframe modifications, (3) shorthood
modifications, and (4) other «cab -
interior safety modifications.

To make these modification concepts more
specific, candidate locomotive modifica-
tion designs  have been developed in the
following section based ‘on the EMD
GP40-2 locomotive. i -

3.2.1 Structural Changes to the Cab
Area

Two areas must be addressed to ensure a
survivable cab volume during a locomo-
tive:collision., These are (1) override
protection and (2) rollover protection.
Override protection must ensure that the
locomotive cab is not crushed by the
overriding vehicle, either in a longi-
tudinal or a vertical direction. Con-
currently, rollover protection must pre-
vent cab crushing from the lateral and
vertical directions. The obvious impli-
cation of these requirements is that
some method must exist to deflect or ab-
sorb the longitudinal crush load of the
overriding vehicle (the objective of
existing collision posts), and that some
method must exist to prevént vertical
and lateral crush loads (such as a roll
cage) .

NTSB accident reports covering fatal
locomotive collisions established that
the present collision posts fail in
shear under override load at speeds as
low as five miles per hour. Also, the
overriding vehicles usually crushed the
cab under lateral and vertical loads.
This collision phenomenon (cab crushing)
usually reduced the cab volume below
survivable limits for the occupants,
which was a primary cause of the fatali-
ties reported.

Improving the strength and integrity of
the locomotive collision posts should be
a major objective of any improvement
program to reduce cab crushing resulting
from override. Careful attention should
be paid to the structural attachment of
the c¢ollision posts.
welded to the 1locomotive deck plate.
upper surface, and they éxhibit a ten-
dency to fail at these welds under
moment loading (longitudinal force at
the top of the collision-post-override).
Properly attaching the collision posts

They are presently
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~the draft'. gear

to the underframe would alleviate this
type of failure and should, therefore,
be investigated. Also, redundant
attachment of the collision posts should
be investigated, such as welding them to
the sandbox which could be welded to the
locomotive deck plate. The collision
post should be able to develop the ulti-
mate load of the material to which it is
supported.

. A roll cagé approach (similar to the

sports car concept) should be utilized
as a back-up support to the collision
posts under 1longitudinal loading, as

‘well as providing a roll cage for the

occupied cab area. The roll cage must
provide sufficient strength to support
an overriding vehicle's vertical 1load

and any lateral or vertical load caused
by rollover. This.roll cage should be a
structure independent of the locomotive
cab enclosure, and it should be tied to

"the underframe when feasible.

3.2.2 Underframe Modifications

Since the underframe areas - (couplers/
draft gear, center and side sills, and
cushioning unit) receive the initial
impact energy during a locomotive colli-
sion, attention to their structural de-
signs, material strengths, and. failure
modes should be considered in any modi-
fication design. That is, any methods
such as stronger coupler materials that
can absorb nmiore impact energy prior to
failure would be beneficial in mitiga-
ting the override problem. Possible
modifications should include increasing
the center.and side sill cross-sectional
areas, better attachment between the
center and side sills, and increasing
strength from the
couplers to the bolster. This structure
should be designed with failure loads
close to the limits of the material to
which it is attached.

3.2.3 Shorthood Modifications

The shorthood area is an attractive area
for crash attenuation. Judicious selec-
tion of the types of equipment housed in
this area could greatly enhance the
crashworthiness of locomotives. Placing
items such as the sandboxes, battery
boxes, and other fixed storage contain-
ers in this area, plus increasing their
wall strength, would provide a crash
attenuation feature. with a functional
utility. Attaching these enclosures to
the locomotive deck plate and collision
posts would provide both crash attenua-
tion plus structural rigidity to the
collision posts.

3.2.4 Occupant Safety Modifications

Other considerations during a locomotive



improvement program should address occu-
pant safety by preventing secondary im-
pact sources as causes of injuries or
fatalities. Better restraint of equip-
ment (water coolers, fire extinguishers,
etc.), repositioning of auxiliary con-
trols (lamps, lights, etc.) out of the
operator's frontal area, removing sharp
corners, and padding of any probable
impact areas would improve the locomo-
tive cab safety environment. Also,
either active or passive restraint sys-
tems should be investigated as possibi-
lities for protecting locomotive occu-
pants from collision effects.

3.3 CANDIDATE LOCOMOTIVE MODIFICATION

DESIGNS

Using the modification considerations
discussed above, four candidate loco-
motive modification designs were in-
vestigated that addressed the four major
areas of concern in a locomotive colli-
sion: (1) structural changes to the cab
(ensuring a survivable cab volume), (2)
underframe modifications (absorption of

the impact energy), (3) shorthood
modifications (deflection of the
overriding vehicle), and (4) occupant

safety (minimizing secondary impacts).

As discussed in subsection 2.6.2, EMD
locomotives were the models analyzed for
concept recommendations. As a result of
that locomotive grouping analysis, a
GP40 was selected as the candidate loco-
motive upon which to model the modifica-
tions. The GP40 was chosen largely be-
cause of the number in service and the
similarity of cab design throughout the
EMD series of locomotives,

3.3.1

Design No. 1: Braced Collision/

Roll Posts

The major features of this design are as
follows:

® Improved collision post mounting

) Incorporation of cab roll cage

® Shorthood crash attenuation design
® Coupler strength improvements

] Undersill strength improvements

° Occupant safety improvements.

Important basic parameters for this de-
sign were derived from an analysis of

1975 through 1979 FRA and NTSB accident
statistics. These are:

. Thus,

Research and testing on the override
problem produced the following design
parameters:

® The measured impact force at 30 mph
is 500,000 1b ft

. The collision posts are subjected
to 40 to 50 percent of the maximum im-
pact force during override.

this proposed locomotive modifica-
tion design incorporates the major fea-

tures of previous research, development,
testing, and evaluation.

The following paragraphs outline the

major features of this proposed modifi-
cation design, which is capable of with-
standing crash loads for speeds up to 30

mph. The design 1is based on the
following forces:

° Coupler impact force:

1,200,000 1b ft

° Collision post impact force:

500,000 1b ft.

3.3.1.1 Implementation. Major features
of the proposed braced collision/roll
posts design are shown in the following
six figures. This concept was specifi-
cally designed to be implemented by a
railroad locomotive repair facility.

Figure 3-1 Depicts the GP40 locomotive

cab as built by EMD.
Figure 3-2 Shows the disassembly of
the GP40 locomotive cab
sections required to pre-
pare it for modification.
Figure 3-3 Depicts the parts required
to implement the design and
their installation posi-
tions.
3-4 Shows the internal struc-
ture after assembly.

Figure

Figure 3-5 Is a view of the completely
assembled cab after the
modification is completed.
Figure 3-6 Shows the front, side, and
vertical views of the modi-

fication,

The locomotive configuration is not
dramatically changed from the original
design in the areas of internal cab con-
figuration and external clearance pro-
file. This approach should not prohibit
unrestricted interchange.

Py All fatalities occurred in colli-
sions below 30 mph
) 96 percent of the injuries oc-

curred below 35 mph.
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3.3.1.2 Priority of Implementations
The proposed modification design, as
outlined above, has the feature of being
implemented on various levels. That is,




REMOVED

URE TO BE



GP40 MODIFICATION STRUCTURE TO BE ADDED

FIGURE 3-3.

GP40 MODIFIED STRUCTURE ASSEMBLED
(internal view)

FIGURE 3-4.

%



FIGURE 3-5. GP40 MODIFIED ASSEMBLY COMPLETED

FIGURE 3-6. GP40 FRONT, SIDE, AND VERTICAL VIEWS OF MODIFICATION
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the design can be divided into those
features which address (1) ensuring a
survivable cab volume, (2) impact energy
absorption, and (3) occupant safety
modifications to the cab.

Prioritizing the features of this design
in terms of benefit to the override
mitigation problem results in the fol-
lowing list:

(1) Braced collision posts and roll
bar (baseline)

(2) Improving the sandbox strength and
attaching it to the improved collision

posts (Impact Energy Attenuation -
Option 1)

(3) Increasing the strength and
attachment of the battery boxes (Crash

Attenuation - Option 2)

(4) Strengthening the side sills and
connecting them to a stronger end sill-
plus adding stronger coupler mounting
welds (Energy Absorption - Option 3)

(5) Cab Safety Additions (Option 4)

° Stronger equipment tie downs;

e.g., water fountain and fire
extinguisher

° Cover exposed valves

° Padded impact bar for occu-
pants

° All sharp corners removed.

See Appendix D for a static load analy-
sis of the braced collision/roll posts
design.
i [

Design No. 2: Roll Cage

The roll cage shown in Figure 3-7 is a
possible approach to ensure a survivable
cab volume in an override due to a cal-
lision or a locomotive rollover in a de-
railment or collision. The structure is
constructed of 4" x 4" x 3/8" wall steel
tubes that are bolted together. This
structure is tied to the underframe
through the four center columns. It was
designed to be manufactured in indivi-
dual pieces and to be assembled inside
the locomotive cab.

The column load carrying capacity of the
structure is 800,000 1lb, but it does not
have this level of load capacity in a
longitudinal or lateral direction. Be-
cause the roll cage design primarily
provides cab structural strengthening
(survivable volume), its application to
the override problem should be consi-
dered. This design has some deficien-
cies as a modification possibility that
must be pointed out:
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© Low longitudinal and lateral stiff-
ness
@ Underframe connections interfere

with the locomotive's airbrake system

° Roof crossbraces interfere with the
locomotive's air-conditioning system

® Reduces interior volume
) Restricts 'the interior 1lateral
visibility.

Because this design is primarily a roll
cage and not an override deflector, its
applicability to the train-to-train col-
lision problem is not as great as the
braced collision/roll posts design,
except in a rollover.

3.3.3 Design No. 3: Burlington
Northern Collision Nose

Burlington Northern (BN) railroad or-
dered its 1980 purchased locomotives
with an improved collision post design.
This safety improvement, as shown in
Figure 3-8, is installed by the manu-
facturer when the locomotives are built.
From the description of the design, it
represents a possible safety improvement
for other locomotives to address the
override problem. An analysis of the
structure reveals that its stiffness was
only in the 1longitudinal direction,
which helps mitigate the override pro-
blem, but it does not provide rollover

protection at all. Therefore, it does
not address the total "survivable
volume" issue.

The BN collision nose was designed to
address only collision speeds below 15
mph, which covers 76 percent of the
reported injuries and 60 percent of the
fatalities. This is in comparison to
the braced collision/roll posts design
which covers the speed range where 96
percent of the injuries and 100 percent
of the fatalities were reported.
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