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PREFACE

- The Federal Railroad Administration (FRA) is sponsoring re-
search to provide improved safety of the rail transportation sys-’
tem at reduced life-cycle costs. The Transportation Systems
Center is supporting the FRA in their efforts by developing
analytical tools and conducting anaiytical, actuarial and experi-
mental studies under the Improved Track Structures Research Pro-
gram to provide a technological base for meeting these objectives.
These studies are aimed at developing important relationships
between track design construction, and maintenance parameters
and the safety and performance of the fleet of railcars operating
over the track system.

To meet these objectives; engineering descriptions of track
and the fleet of U.S. railway rolling stock operating over the
nation's track system have been developed for use in vehicle/
track dynamics simulation modeling. Quantification of the rela-
tionships between track roughness, train operating speeds and
physical characteristics of rolling stock will permit development
of improved performance-based standards for track geometry which
will 1limit vehicle/track dynamic interactions to safe -and tolerable
levels at reduced life-cycle costs.

Because of the scope of this probiem,:it is desirable to
prioritize analytical studies, to the extent possible, by conduc-
ting vehicle-accident correlation studies of railcar derailments
and defining sets of conditions leading to these derailments.
‘This report describes actuarial studies correlating FRA accident
data, physical characteristics of derailed freight vehicles
and related fleet characterization data to identify:

(a) Freight vehicle configurations having a disproportion-
ately high incidence and (estimated) frequency of derail-
ment on a per-mile basis, and

(b) Commonly occurring derailment scenarios implying specific



modes of vehicle/track dynamic interactions leading to
derailment.

Results of this study should aid in prioritizing analytical
studies in rail systems dynamics to develop improved performance
based standards for track which should have large and near-term
benefits to railroad operations.

The author would like to acknowledge and thank: Mr. John
Bannick of the System Development Corporation'for his dedicated’
and careful effort in constructing and interrogating the data base
in this study; Dr. Herbert Weinstock of TSC for his helpful sug-

gestions in organiziné>the report; and Mr. Donald McConnell of
TSC for his educated review and comments.
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SUMMARY

The Improved Track Structures Research Division, Office of
Rail Safety Research of the Federal Railroad Administration is
sponsoring analytical and experimental research activities to
provide a technical data base for the establishment of improved
performance-based safety standards for track construction and
maintenance. These efforts are aimed at providing improved
safety of the rail tranéportation system at reduced life-cycle
costs. Because of the large scope of this effort, it is desirable
to identify correlated sets of vehicle, track and accident factors
which imply underlying vehi¢le/track dynamic interactions asso-
ciated with large numbers of derailments. Identification of such
derailment "scenarios™ should aid in prioritizing research acti-
vities to produce improved'performance-based standards, for tracks,
which have large and near term benefits. in reducing the number
of derailments experienced in railway operations.

The Transportation Systems Center has conducted actuarial
studies of freight vehicle derailments, which comprise the bulk of
derailments experienced in the United States. These studies were

initiated to:

o Identify typical freight vehicle derailment scenarios, ex-
pressed in terms of a set of specific conditions including
causal factors, typical speeds and track conditiomns, and
physical characteristics of derailed freight vehicles; .

o Identify freight vehicle configurations which experience
an unusually large number of derailments and;

o Select and prioritize rail vehicle configurations and
derailment scenarios for analytical studies in rail
systems dynamics. '

A data base was developed to meet these objectives by (a)
assembling accident data from the FRA's Railroad Accident/Incident

Reporting System (RAIRS) data tapes, (b) concatenating accident

S-1



data with physical characteristics of derailed freight vehicles
through use of the AAR's Universal Machine Language Equipment
Register (UMLER) and (c) appending more detailed freight vehicle
descriptors, population data, and freight vehicle mileage estimates
using fleet characterization data developed under related contract
activities.

In constructing the data base, all freight vehicle derailments
attributed to causal factors (i.e., cause codes) which implied
vehicle/track dynamic interaction were considered. The data base
contains principal vehicle and accident attributes on over 16,000
freight vehicle derailments, covering calendar years 1976, 1977 and
the first three quarters of 1978. ’ 4

In order to emphasize derailments associated with excessive
vehicle/track dynamic interaction on track having reasonable
structural and geometric integrity, this study considered, primarily,
derailments occurring at speedé greater than 10 mph on Class 2-6
main line track. For these conditions, a total of 4,230 correlated
vehicle/accident data base records were available for anélysis.

Analysis of this data has resulted in the following principal
conclusions:

o A specification for track geometry variations in cross-
level which is capable of controlling or minimizing the
carbody harmonic roll derailment process has the greatest.
potential for reducing derailments attributed to vehicle/
track dynamic interaction. This is particularly applicable
to Class 2 and 3 track.

o Since several other derailment scenarios imply harmonic
roll as a ﬁrincipal factor, an effective crosslevel
specification will probably have a spill-over effect on
reducing the number of derailments attributed to other
causal factors. ’



o The second most important track geometry parameter with
respect to freight vehicle derailments is variation in
track alinement, especially on Class 2 and 3 track. An
integrated specification for track alinement and crosslevel
variations should be investigated as a possible improvement
to the current requirement which specifies independent
limits on each of these track geometry parameters,

o The number of derailments on Class 2-6 main line track at
speeds above 10 mph which are attributed to (a) variations
in track superelevation, (b) track surface irregularities,
and (c) gage widening is relatively small and does not
~indicate a correlation between freight vehicle derailments
and these speed and track conditions.

o The most frequently derailed freight vehicles include
loaded, 100-ton cars having high centers-of-gravity and
truck center spacings between 35 and 45 feet. Loaded, 1C0
ton covered hopper cars are typical of this group and
have the highest derailment frequency (i.e. number of de-
railments per mile traveled). |

0 ;Loaded freight vehicles have a substantially higher inci-
| .

' dence and frequency of derailment than unloaded cars, withi 

]

some major exceptions.

Additional results include definition of principal dynamics-
related derailment scenarios and a profile of freight vehicle
derailments in terms of numbers of derailments and estimates of
- mileage-weighted derailment frequency for freight vehicles described
by (a) cartype and truck capacity and (b) by similar physical
attributes such as truck center spacing, axle load, truck capacity
and center-of-gravity height. '

Table S-1 contains a summary of related factors involved in .
freight vehicle derailments corresponding to each principal cause
.code group identified. These factors include: functional and
generic physical descriptions of the most frequently derailed
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SUMMARY OF ASSOCIATED FACTORS IN FREIGHT VEHICLE DERAILMENTS

TABLE S-1.
PRINCIPAL CAUSE DESCRIPTION OF MOST FREQUENTLY $§ﬁ2§° STATIST%%;;?;Syﬁgg)DISTRIBUTION NO, OF 1 rank
CODE GRroupP, DERAILING VEHICLE CONFIGURATION CLASS 15 20 25 30 35 40 45 S0 &5 DERATLMENTS -
i | I T S | i | i i
(4) Alinment 100 ton open and o med. lgth,, med. 244 6
covered hoppers c.g. ht.
o med. lgth., high 2,3 '——T—-—-{
c.g.
o long, high c.g.
(7) Craosslevel {same as above) 2,3 }"'2§"""' 539 1
(14) Coupler and - Low platform ve- o very long, med. 34 [ @5 o | 317 3
braft System ] hicular flatcars c.g. ht, ’ ' a '
(15) Side Bearings{ 70 and 108 ton o med. lgth,, high 2.3 233 7
covered hoppers C.g. : ‘_T.—-*
(17) Plain Jour- 70 ton gondolas & o short, med. c.g. ht. 307 4
nals Over- 70 ton covered o medium length, 3,4 i p- 4
heated hoppers low c.g. ' a ¥
(19) Broken Wheels § Low platform flat o long, med. c.g. ht. 255 5
and vehicular flat} o very long, low c.g. 3,4,5 [ 4
cars. o very long, med. c.g. ’ 2§. -
{25) Ixcessive 100 ton covered ‘o med, length, high 2.3.4 233 8
Bulf/Slack hoppers c.p. 1 i o 4
Action ¥ A '
(29) Rfail lead (same as groups 4 and 7) 2,3 &..._2§.-.___{ 367 2

® average speed

A
.

median speed

standard deviation




freight vehicles involved in each derailment-cause group; associ-
ated track class(es); statistics describing derailment speed dis-
tribution; -total number of derailments represented by cause code
group*; and, rank of principal cause code group based on total
number of derailments incurred. These sets of associated de+
railment factors serve to identify typical vehicle/track derail-
ment scenarios which may be used to imply underlying derailment
mechanisms associated with each major group of accidents.

“wit should be noted that minor differences between certain
types of data utilized in this report may be observed in compa-
rison with similar data contained in other reports which use the
same basic data files.. These differences are most probably due
to variations in the methodology used to develop mileage data by
cartype and/or small differences in cartype definitions. Overall
trends however, should be quite similar.

*Data 1s for 2.75 years of RAIRS data.
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1.0 INTRODUCTION

1.1 BACKGROUND AND OBJECTIVES

The ImprovedvTrack Structures Research Program is
aimed at reducing the number of track-related derailments by
.development of improved, performance-based safety standards for
-track construction and maintenance which will improve safety at
reduced life-cycle costs. A major factor in establishing such
standards involves the characterization of vehicle/track dynamic
interaction in order to (a) quantify wheel/rail loads affecting
the life and integrity of track and (b) limit derailments result-
~ing from excessive vehicle/track dynamic interaction.

To accomplish these goals detailed analytical studie; are
necessary to provide a characterization of vehicle/track
dynamic interaction associated with the range of rail systems
operations, track conditions and current rolling stock designs
~in operation over the existing track system network. Statistical
descriptions of generically similar track conditions and engineer-
ing data characterizing the fleet of U.S. railway rolling stock |
have recently been completed by TSC for use in these studies.1 A
wide range of analytical tools and computer simulation models of
the vehicle track system have also been developed over the past
several years. A recent survey of existing analytical tools and
an assessment of the applicability of these tools to meeting the
objectives of the Truck Design Optimization Program (TDOP) is
contained in Reference 2. Analytical simulation models are
typically used to predict railcar stability, carbody dynamic re- -
sponse to steady state or transient excitation due to track ir-
regularities, forces and/or displacements developed at the wheel-
rail interface, and railcar curving performance.

Bounds on safe and acceptable regimes of operating speed and
track roughness may be established by limiting vehicle dynamic
'responses in accordance with safety-related performance criteria
for principal derailment modes. Establishment of these regimes
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must consider the range of track conditions, operating speeds and

the fleet of railway rolling stock configurations currently in

operation over the track system. Analytical simulations must also -
contend with a range of rail system non-linearities associated with
vehicle suspension systems, wheel/rail guidance forces, and equip- .
ment design characteristics. These non-linearities, together

with other potentially influential factors such as carbody flexi-

bility and/or track compliance, tend to increase the cost and

conplexity of analytidal simulation models unless reasonable trade-

offs are established between model accuracy and execution costs.

The scope of rail system dynamics analysis is sufficiently
broad that selective application of resources to problems which
have potentially large and immediate benefits, is desirable.

Over the past year and a half, actuarial studies of freight
vehicle derailments, which comprise the bulk of the derailments
experienced in the United States, have been initiated. Freight
vehicle derailment profile data has been generated by ideﬁtifying
important physical characteristics of derailed freight vehicles
which influence dynamic behavior, with associated accident data
such as speed, track conditions (type and class), and causal fac-
tors which imply derailment modes assaciated with excessive

vehicle/track dynamic interaction.
These studies were aimed at:

{ (a) Identification of freight vehicle configurations having
an unusually high incidence and frequency of derailment;

(b) Identification of typical freight vehicle derailment
"scenarios," expressed in terms of a set of specific con-
ditions, including causal factor, speed range, track con-
ditions and physical characteristics of derailed freight

vehicles; and
(¢) Selecting and prioritizing vehicle configurations and
derailment modes for analytical studies in rail system .

dynamics.
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Results of a combined actuarial and analytical approach
using analytical simulation modelling should lead to improved -
performance-based standards for those track construction and
maintenance factors which have the largest and most immediate
effect in reducing the number and rate of freight vehicle derail-
ments, In addition, identification of railcar designs which
have a disproportionately high derailment incidence and freq-
uency will help to uncover potential vehicle equipment-related
problems affecting rail transportation safety.

1.2 OVERVIEW OF APPROACH

In order to conduct analytical studies relating freight
vehicle dynamic response to various operating speeds and track
conditions, engineering data is required in sufficient scope
and detail to characterize virtually any railcar design with and
without typical ladings, in the freight vehicle fleet. The
parameters include all principal freight car dimensions, masses .
and inertias and truck suspension characteristics. For the
actuarial studies, a profile of the physical characteristics and
compositibn‘of the U.S. freight vehicle fleet is required alohg
with estimates of total annual mileage traveled by empty and loaded
freight vehicles. This data has recently been assembled and
indicates that the fleet of approxiﬁately 1.7 million U.S.
freight vehicles may be described by a total of 198 major and

1 These groups represent

distinctive railcar design groups.
"standard" or "equivalent' vehicle designs describing the fleet

of box, stock, refrigerator, covered hopper, open hopper, gondola,
flat (including TOFC/COFC);*vvehicular‘fiét and tank cars. De-
tailed engineering data has been developed to characterize each
major ffeight vehicle design group and group populations. Re-
presentative ladings carried by each group, and 6perational data
describing approximate mileage traveled, have also been defined.
The mileage data has been used to estimate mileage-weighted de-
railment frequencies for various railcar configu}ations in the

FTrailer on Flat Car (TOFC) and Container on Flat Car (COFC)
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actuarial study of vehicle-accident correlations described herein.
A profile of the composition and physical characteristics of the
freight vehicle fleet is contained in Appendix A.

Figure 1-1 illustrates the number and relative populations of
distinctive freight vehicle design groups by car type. Since
these design groups represent families of vehicles which are sim-
ilar in terms of dimensional features (as well as other design
characteristics) they are also referred to as Dimensional Vehicle
‘Categories, or DVCs. ’

A data base has been developed for performing actuarial
studies of freight car derailments by linking: (a) accident data
contained in the FRA's Railroad Accident/Incident Reporting Sys-
tems (RAIRS); (b) physical attributes of derailed freight vehicles
as contained in the AAR's Universal Machine Language Equipment
Register (UMLER); and (c) more detailed freight vehicle attributes
(i.e., engineering parameter data) developed in Reference 1.

Under the FRA's Railroad Accident-Incident Repofting System,
railroads are required to submit monthly reports on railroad
accidents and incidents resulting from rail transportation opera-
tions. For reportihg purposes, the following categories of re-
portable accidents have been defined: (a) Rail-Highway Grade
Crossings; (b) Rail Equipment; and (c) Death, Injury and Occupa-
tional Illness. This study is concerned with Rail Equipment-
related derailments involving freight vehicles in motion and which
result in track and equipment damages exceeding a threshold value
for reporting purposes. Accident data such as causal factor, train
speed, track class and type, hazardous material transportation
and train consist data, vehicle load condition, vehicle and track
damages and vehicle initials (i.e. owner's markings) and serial
number, have been taken from the RAIRS data files. In using the
accident data, it should be noted that the validity of accident
attributes such as causal factor and vehicle speed are, in many

\

cases, difficult to judge. Although the assigned accident at-
tributes may not always be strictly correct, in total, the accident
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data‘is considered very useful in establishing basic trends for
evaluation and is the only publically available, industry wide
report of derailment incidents.

The ULMER file contains data on car type, dimensions and
design-related factors for each freight vehicle in the fleet of
approximately 1.7 million U.S.-owned vehicles. ‘This data in-
cludes lengths, heights, special features, volumetric and weight
capacities, tare weight, vehicle initials and serial number etc.
The accident data from RAIRS was linked with freight vehicle data
taken from UMLER by using the vehicles' identification markings
(i.e. initials and serial number).

For the purposes of this study, the freight vehicle data con-
tained in UMLER is of limited use because it does not describe
vehicle parameters which are expected to have a significant in-
fluence on vehicle dynamics. For this reason, each derailed
freight vehicle has been associated with a more fully described
design group characterized in relative depth.1 Each of the design
groups was originally defined by sorting and grouping UMLER design
data, hence the linkage between UMLER data from each vehicle/
accident record and the more fully described design group is
easily accomplished by matching vehicle data. Having made this
association, information such as carbody weight, c.g. height,
truck capacity, truck center spacing and carbody flexibility,
group population data and annual mileage estimates may readily
be added to the data base. The mechanics of this process and the
development of the data base used in the following discussion
of vehicle/accident correlation, is described in more detail in
Appendix B. Table 1-1 illustrates information contained in the
data base for each freight vehicle derailment record and the sources
used to compile the data.

Approximately 16,000 vehicle/accident records have been
assembled by linking accident data contained in CY 1976, 1977 and
the first 9 months of CY 1978 RAIRS with an UMLER file which was



TABLE 1-1.

FREIGHT VEHICLES

ACCIDENT DATA AND PHYSICAL ATTRIBUTES OF DERAILED

(RAIS/UMLER/ROLLING STOCK DATA FILE CONCATENATION)

CAUSE CODE

VEHICLE INITIALS & SERIAL NO.
POSITION IN CONSIST
LOADED/UNLOADED

NO. OF HAZARDOUS MAT'L CARS
NO. OF HAZARDOUS MAT'L CARS DERAILED
HAZARDOUS MATERIAL RELEASED ?
SPEED

EQUIPMENT CONSIST

TRACK CLASS

TRACK TYPE (MAIN,YD, ETC.)
EQUIPMENT DANMAGE

RR ACCIDENT NO.

RR RESPONSIBLE FOR TRACK MAINTENANCE

TRAILING TONS

ANNUAL TRAFFIC DENSITY
TRACK DAMAGE

NO. INJURED

NO. KILLED

BCARING TYPE (R vs. P)
DRAFT GEAR '
AAR CAR TYPE CODE

INSIDE LENGTH

QUTSIDE LENGTH

EXTREME HEIGHT

DOOR WIDTH

DOOR TYPE

NOMINAL CAPACITY

LIGHT WEIGHT

VOLUMETRIC CAPACITY (ETS)
DUPLICATE ACCIDENT RECORD (FLAG)

DIMENSIONAL VEHICLE CATEGORY (CODE)_

- DVC WEIGHT DESCRIPTOR

DVC SECOND DESCRIPTOR (FT, GAL, FT )
DVC POPULATION

DVC ANNUAL MILEAGE (EMPTY)
DVC ANNUAL MILEAGE (LOADED)
DVC TRUCK CODE

LENGTH BETWEEN TRUCK CENTERS
LENGTH OF COUPLER PINS

CAR MASS

CG HEIGHT

GROSS WEIGHT ON RAILS

AXLE LOAD

VERTICAL BENDING FREQUENCY
CAR MASS

CG HEIGHT

GROSS WEIGHT ON RAILS

AXLE LOAD

VERTICAL BENDING_ FREQUENCY .~
% ROLLER VS. PLAIN BEARINGS

GENERIC VEHICLE FAMILY
DVC % OF MECHANICAL TYPE
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last updated in December 1977.* Only freight vehicle derailments
attributed to cduse codes which imply excessive dynamic ‘interac-
tion between vehicle and track were considered in the study.
Because a great number of derailments happen at low speed (10 mph
or less) and/or in yards, sidings etc., the data base was parti-
tioned to include only derailments occurring at speedé greater
than 10 mph on Classes 2 through 6 main line track. This was done
to highlight and study derailments associated with excessive
track/train dynamic interaction on track having‘reasonable struc-
tural and geometric integrity. This resulted in a total of 4230
data base records available for analysis of freight vehicle de-
railments.

o It should be noted that minor differences between certain
typés of data utilized in this report (e.g. annual mileage data
and derailment frequency by cartype and truck capacity) may be
observed in comparison with similar data contained in other
reports which use the same basic data files. These differences
are most probably due to: variations in assumptions and/or -
approximations made in developing mileage data by cartype; minor
differences in cartype definitions; -differences in speed, track
class and causal factors considered; and approximations associated
with developing and appendixing the more detailed physical describ-
tions of freight vehicles. Overall trends however, should be “
quite similar.

®*At the time of the analysis, these were the most complete and
current files available. :



2.0 A PROFILE OF FREIGHT VEHICLE DERAILMENTS

2.1 DEFINITION OF DERAILMENT CAUSE CODE GROUPS

The data base outlined in Section 1.0 and described in
.Appendix B has been assembled to study freight vehicle derail-
ments which imply excessive vehicle/track or vehicle/vehicle
dynamic interaction. Accident data and vehicle identification
markings (Reference Table 1-1) were assembled from the FRA's
Railroad Accident/Incident Reporting System (RAIRS) data tapes
for those derailment accidents of interest. To separate these
derailments from those arising from other probable causes such
as human factors, signal or communication malfunction, irregular-
ities in operational procedures, etc., the list of Rail Equipment
Accident/Incident Cause Codes3 was screened to select those
cause codes which implied excessive vehicle/track dynamic inter-
action. Table 2-1 indicates the principal causal factors con-
sidered in the freight vehicle derailment studies. The derail-
ment causes considered fall into four main categories including
(1) track geometry and structural failure-related causes; (2)
carbody and running gear mechanical failures; (3) train-operations
related causes which indicate excessive speed or train-action
forces; and (4) selected miscellaneous cause codes which indicate
or imply the development of large dynamic forces between vehicles
or vehicle and load.

Several of the mechanical failure and track structural fail-
ure cause codes could be the result of poor maintenance rather
than a result of accumulated wear or fatigue of components result-
ing from dynamic effects. However, if this is the case, derail-
ments attributed to these cause codes should be fairly evenly
distributed among the freight vehicle population. Should a strong
correlation exist between a particular mechanical failure and
- freight vehicle configuration; this information may suggest an
underlying relationship between vehicle dynamics and equipment
components.
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TABLE 2-1. PRINCIPAL CAUSE CODE GROUPS

Derailments corresponding to the following Rail
Equipment Accident/Incident Cause Codes have
been included:

TRACK ROADBED AND STRUCTURES

* Roadbed Defects

+ Track Geometry Defects

a., Wide Gage
b. Alinement
c. Profile
d. Superelevation
e. Crosslevel
+  Rail and Joint Bar Defects
a. Rail-Head Defects
b. Rail End and Joint Bar Defects
c. Welds '
Frogs Switches and Appliances
a. Frogs
b. Switches

c. Applicances

MECHANICAL AND ELECTRICAL FAILURE
+ Traller or Container on Flat Car

+ Carbody
>  Coupler and Draft System



CONSIDERED IN RAIL VEHICLE DERAILMENT STUDIES

. Truck-Components
a. Side Bearing Defects
b. Other Truck Failures
+ Axles and Journal Bearings
a. Plain Journal Failure from Overheating
bo"Roller Bearing Failure from Overheating
° Wheels
a. Broken Wheel Component (Flange Rim or
Plate)
b. Other Wheel Related Failures

*  Locomotives

TRAIN OPERATION, HUMAN FACTORS

°: Speed
a. Switch Movement, Excessive Speed
b. Excessive Speed, Clear Block, Outside Yard
Limits
° Miscellaneous
a. Buff or Stock Action Excessive

b. Lateral Drawbar Force on Curve Excelssive

OTHER MISCELLANEQUS
¢ Load Shifted or Fallen, improperly or Over-
loaded Car

+ Interaction of Lateral and Vertical Forces




Many individual but related cause codes selected from the
Rail Equipment Accident/Incident cause codes can be lumped to-
gether to form distinctive '"cause code groups.'" This has been
done where possible, and Table 2-2 summarizes the principal cause
code groups used in this study. In some instances, a group may
consist of a single cause code.

In general, the cause code groups have been structured to
(a) identify those causal factors which are responsible for a
large percentage of dynamics-related derailments and (b) yet re-
tain some distinctiveness between cause gréups in order to assess
or hypothesize the role of vehicle/track dynamic interaction in
these derailments. Each of these (33) cause groups, in conjunc-
tion with accident data such as vehicle speed and track class and
physical attributes of derailed freight vehicles, may be quite
useful in assessing an underlying derailment process which might
be controlled by improved performance-based standards for track.

2.2 DISTRIBUTION OF FREIGHT VEHICLE DERAILMENTS WITH SPEED AND

TRACK TYPE ‘ ~ 4

Considering derailments attributed only to those causal fac-
tors described above, Figure 2-1 illustrates the distribution of
freight vehicle derailments with speed on various classes of main
line track. Figure 2-2 shows similar data for derailments on yard
track, sidings or industry track. This data is illustrated in
terms of the total number of derailments occurring below a given
speed range (with the upper bound inclusive). Approximately
16,000 derailment records, resulting from two and three-quarter
years of accident data, are represented. These figures indicate
that about 50 percent of all derailments occurred on mainline
track while the remaining 50 percent of derailments occured at
very low speeds (10 mph or less) on sidings, industry tracks or in
yards. Of the derailments occurring on main line track, about
3,400 occurred at very low speeds and apother 230 derailments
occurred on Class 1 track at reported speeds greater than 10 mph.
Figure 2-1 indicates that the preponderance of derailments at or
below 10 mph occur on Class 1 track.
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TABLE 2-2. DEFINITION OF CAUSE CODE GROﬁPS

Cause Code Cause Code

Grou Numbers Descriptor
No? (low-high) (Abbreviated)
Yt L4+ 4+t 3 3+ 2 4+ -+ 3+ + 5 1 1 1 -t 3 23+ 2 ¥ £ 5T 3 3
1 101-121 RGADBED, SOFT
2 102-102 ROADBED, FLOODED ETC
3 110-113 WIDE GAGE _
4 114-115 Al IGNMENT
5 116-11¢ PROFILE
€ 117-118 SUPERELEVATION
7 119-120 CROSSLEVEL
8 132-133 . BROKEY WELD
3 160-16¢ SWITCH
10 167-169 FROG
11 171-17¢ TRACK APPLIANCE
12 411-413 TOFC EQUIP.
13 423-426 CAR BNDY
14 430-436 COUPLER/DEAFT SYST
15  440-442 SIDE BEARINGS
16 383-447 OTHER TRACK COMP.
17 451-451 PLAIN JOURNAL (OHTD)
a8 452-452 ROLIER BEARING (OHTD
1% 460-463 BROKEN RHEEL
20 4€4-464 WCRN PLANGE
21 465-455 WORN TREAD
22 L66-467 OTHER WHEEL
23 870-477 LOCONMOTIVE
286 555-555 EXCESSIVE SPEED
25 570-570 EXCESSIVE BUFF/SLACK
26 §72-372 EXCESS 1AT FORCE O¥
27 706,702 OVERLOADED CAR
28 712-713 I¥T. OF L & V PORCES
29 RCTE1 RAIl HEAD FAIIORE
30 NOTE2 . RAIL EXD & J.B. FAIl
31 450,453 OTHER AXLE/JOURFAL
32 704,5,7 LOAD RELATED
33 NOTE3

MISC.

~

NGTE1: 131-143 EXCEP® $32,133,137,140
BOTE2: 144-148 PLIS 130,137 . :
¥OTE3: 109,129,189,179,419,429,439,449,859,465,479
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In order to emphasize derailments associated with excessive
vehicle/track dynamic interaction on track having reasonable
structural and geometric integrity, only those derailments occur-
ring at speeds greater than 10 mph on track Class 2 through 6
- main line track are considered in developing the following derail-
ment profile data unless otherwise specified. Derailments ocur-
ring on industry track, on sidings or in yards and derailments
associated with Class 1 main line track generally occur at very
low speeds and cause relatively little damage per derailment.
These derailments probably result from lateral forces produced by
poor track geometry and/or relatively poor track structural
integrity resulting in inadequate rail restraint capability. The
most common low-speed derailments typitally involve gage widen-
ing and wheel drop or rail roll-over as a result of inadequate
rail restraint, or large track alinement variations.

A small number of records were eliminated because of missing
~data or because they could not be adequately linked to vehicle
data. The following is an accounting of derailment records inclu-
ded in subsequent analyses:

Number of derailments (2.75 years of accident data)® : = 16,060
Number of derailments (yards, sidings industry track): = (7,940)
" Number of main line derailments = 8,120
Number of main line derailments at 10 mph or below = (3,390)
Main line derailments above 10 mph = 4,730
Main line derailments, Class 1 track above 10 mph = (230)
Main line derailments, Classes 2-6 above 10 mph = 4,500
Unacceptable linkages, bad or incomplete records = (270)
Total Data Base Records » 4,230

Figure 2-3,shoﬁs the distribution of derailments in S mph
speed bands on Class 1-6 main line track for speeds greater than
10 mph. It is of interest to note that for speeds corresponding
- to the operating speed ranges for Class 3 and 4 track (25-40 mph

*For selected rail equipment cause codes.
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and 40 to 60 mph respectively), derailments océﬁrfing on Class 3
and 4 track do not tend to be evenly distributed or to cluster at
the upper bound of the allowable track class speed limit. 1In
fact, these derailments tend to cluster at lower speeds. This may
"be - a result of a relatively high percent of car-miles traveled at
the lower end of the allowable speed for these track classes
although an opposite argument might be made that the actual
percent-mileage distribution should be weighted towards the

higher operational speed limit since this would result in greater
efficiency.' Based on available information, either assumption

is purely conjectural. Assuming the percent-mileage distribution
with speed (within a track class operational speed range) is some-
what uniform, Figure 2-3 implies that reducing the track class
speed 1limit would not have a substantial effect in reducing the
number of derailments on Class 3 or 4 track. Moreover, the tfa;k-
class/derailment speed profile implies the existence of speed-
related derailment scenarios where large numbers of derailments
may be attributed to a particular derailment mode. Figure 2-4
illustrates the distribution of derailment speeds for the 4,230
.records in the data base, in terms of percent of total derail-
ments in 5 mph speed bands.

2.3 DISTRIBUTION OF DERAILMENTS BY CAUSE CODE GROUPS AND TRACK

CLASS /

The number and percent distribution of derailments by cause
code groups is illustrated in Figure 2-5. It can be seen that
several of these cause code groups are very small. Group numbers
5, 8, 10, 11, 12, 20, 21 and 23 all contain fewer than twenty
derailments. These cause code groups were not considered further
because of their very small size. Many other groups have some-
what larger populations but are still small for the purpose of
developing derailment scenarios because of the large number of
factors which must be considered. These factors involve a large
number of distinctive vehicle configurations, a number of speed
ranges and five track classes. In order to define a derailment
scenario, a significant number of derailments must correlate -
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Cause Code

MISC.

Cause

Group Number of

Descriptor _ No. Derailments
ROADBED, SOFT 1.00 I (64 D2) ==
ROADBED, FLOODED ETC 2.00 I (34 01)*
WIDE GAGE . 3.00 I (84 02) =
ALIGNMENT 4.00 I (244 06) s*sx%»
RROFILE 5.00 I (15 00)
SUPERELEVATION £.00 I (80 02) *=» '
CROSSLEVEL 7.00 I (540 13) ssxx3an 8k
BROKEN WELD 8.00 I (8 00)
SWITCH 8.00 I (29 01)=
FROG 10.00 I (7 00)
TRACK APPLIANCE 11,00 I (3 09)
TOFC EQUIP. 12.00 I (14 _ 90)
CAR BODY 13.00 1 (197 05) %%
COUPLER/DRAFT SYST 14.00 I (321 08) s %% 2%
SIDE BEARINGS . 15.00 1 (235 06) sxx*x»
OTHER TRACK COMP. 16.C0 I (91 __ 02)%=
PLAIN JOURNAL (OHTD) 17.00 I (306 D7) *¥s%k %
ROLLER BEARING (OHTD) 18.00 I (123 03) ===
BROKEN WHEEL 19.00 I ( 255 06) s*zxx2
WORN FLANGE 20.00 I (19 03)
WORN TREAD 21.60 I (1 00)
OTHER WHEEL 22.00 I (22 _02)*=*
LOCOMOTIVE 23.00 I (2 00)
EXCESSIVE SPEED _ 24.00 I (40 - 01)*
EXCESSIVE BUFF/SLACK 25.00 I ( 226 05) xsxsx

- EXCESS LAT FORCE ON 26.00 I (26 01) =

. . OVERLOADED CAR 27.00 I ( 37 01)=

INT. OF L+ & V FORCES 28.00 T (71 02)»=
RAIL HEAD FAILURE 25.00 I ( 366 09) **xtxsxx%
RAIL END & J.B. FAIL 0,00 I (150 D) sexx
OTHER AXLE/JOURNAL 31,00 I ( 34 01)*
LOAD RELATED 22.00 1 (175 04) sxex

33.00 I (351

08) ssxns¥ux

"BACH * = 1%

“Ti.o2”

NOTE:

For Derallments on Class 2 6 Maln Llne Track st Speeds

Greater Than 10 mph. (also percentages are rounded and
may not total exactly 100 percent) ‘

FIGﬁRE 2-5. PERCENT DISTRIBUTION OF DERAILMENTS BY CAUSE CODE
- GROUPS
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with a specific vehicle cdnfiguration, speed range and track
class. For these reasons, the following principal cause code
groups have been emphasized in this study:

Principal Cause Code Groups

Causal Factor Group No. No. Derailments Rank
- Alinement Deviations ($ 244 6
Crosslevel Variations (7) © 540 1
Coupler and Draft System (14) 321 3
Side Bearing Failures/Defects (15) , 235 7
Plain Journals Overheating (17) 306 4
Broken Wheel Components (19) 255 S
Excessive Buff/Slack Action (25) 226 8
Rail Head Failures _ (29) . 366 2

- These eight groups account for about 58 percent of all non-
miscellaneous‘derailments included in the data base. Cause code :
group No. 33 represents miscellaneous "unlisted cause codes"
which although non-specific, are associated with the cause code
categories listed in Table 2-1. Although these derailments are
not specifically useful in developing derailment scenarios they
are considered important, along with the smaller cause code groups,
in establishing freight vehicle derailment incidence and frequency
as described in later sections.

Considering the principal cause code groups listed above, it
can be seen that variations in track crosslevel geometry is the
leading dynamics-related causal factor, representing about 14
percent of all (non-miscellaneous) derailments. Variations in
track alinement is another important track geometry related
accident cause. Referring to Figure 2-5, cause code groups 3
through 7 represent the relative number of derailments attributed
to track geometry related factors. At speeds greater than 10 mph
the number of derailments due to wide gage, profile and superele-
vation (Nos. 3, 5 and 6 respectively) are quite small. If all

2-12



speeds and track types were being considered, a large number of
low speed, wide gage derailments would mask the trends described
above, i.e., with respect to track geometry, crosslevel and aline-
ment variations have the most significant impact on vehicle dynam-
ics.

For the principal cause code groups defined above, Table 2-3,

Part A, indicates the distribution of these accidents by track
class and Part B summarizes track classes associated with each
cause code group and indicates that track class having the high-
est number of derailments. Row and column percentgges are pro-
vided in the upper right-hand corner and the lower left hand
corner of each cell to indicate the percent distribution of de-
railments with respect to track class for each cause code group
and the percentrdistribution of derailments with principal cause
groups for each track class. It can be seen that a significant
number of derailments occur on Class 3 track with very few de-
railments occurring on Class 6 track for all cause code groups.
These trends are probably the result of a relatively high propor-
tion of car miles logged on Class 3 track and the superior quality
of Class 6 track. In addition to these trends, it can also be
seen that most cause code groups can bée associated with one or
several track classes as indicated in Part B of Table 2-3,
Alinement, crosslevel, side bearing, and rail head failures are
associated with track Classes 2 and 3 which implies a relatively
low average speed. Coupler failures, plain journals overheating
and broken wheels are associated with higher track classes and
average speeds. Excessive buff/draft (train-action forces) are
associated with track Classes 2, 3 and 4. This is discussed fur-
ther in the following section. '

2.4 DISTRIBUTION OF DERAILMENTS WITH SPEED BY PRINCIPAL CAUSE

CODE GROUP :

For each principal cause code group defined above, the dis-
tribution of these derailments with speed has been developed
along with selected statistics in order to bound the primary
speed regimes at which these derailments occur. Table 2-4
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TABLE 2-3. PART A. DISTRIBUTION OF FREIGHT VEHICLE DERAILMENTS BY TRACK CLASS AND
PRINCIPAL CAUSE CODE GROUPS
Principal TRACK CLASS
Cause Code . - -
b ..} Groups 2 3 4 S 6 Total
(25) (53) (20) @
Alinement 4 ’ 60 130 49 : 5 0 244
st e o s ————n s n e [P R (8) ..... ol (13) (8) A (4)
(43) 47) (10) |
Crosslevel 7 229 256 , 52 ‘ 2 0 539
(32) 1 (25) (9) 1 @ —
an| (33) s | (10)
Couplers Etc, 14 41 104 : 138 33 ] - 1 317
(6) (10) (23) (24) (20)
9| (39) (19) (1
Side Bearings 15 92 92 45 3 1 233
(13) (9) (7) ) (20)
Plain 3 . (12) (45)° (37) (6)
o a‘; °“;“a s 17 38 138 - 112 17 2 307
verheate (5) (13) (19) (12) (40),
k (6) : enl| (43) 24)]
Broken Wheel 19 15 70 . 109 60 ) 1 255
(2) (7) (18) ‘ (44) 120)
(34) (39) (22) | (5)
§§°'k”“ffe‘ 25 , 75 88 . 49 . 11 0 223
ae (10) (9) (8) _ (8)
(46) (39) (13) | (2)
Rail lead 29. 170 144 ' 47 6 0 167
(24) (14) (8) (4)
Total 720 1022 " 601 137 5 2485
( ) = Row percentage:
Legend = XX = No. of derailments

() = Column percentage
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TABLE 2-3. PART B. ASSOCIATED AND MOST FREQUENT TRACK CLASS

Principal Cause Code L

Cause Code Group No, Associated Most Frequent
Groups ) ‘ Track Class (%) Track Class (¥)

Alinement () 2,3 (78) 3 (53)
Crosslevel (7) 2,3 (90) 3 47)
Couplers Etc. (14) 3,4 77 4 (44)
Side Bearings (15) . 2,3 (78) 2 and 3 (39)
Pléin Journals Overheated 17 3.4 (82) 3 45)
Broken Wheel 19 v 3,4,5  (94) 4 (43)
Exc. Buffer Slack 25 - 2.3,4 (95) 3 - (39)
Rail Head 29 2,3 (85) 2 (46)

*Indicates % of derailments on these track classes for indivdual cause code groups.
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TABLE 2-4, STATISTICAL DESCRIPTION OF THE DISTRIBUTION OF DERAILMENTS WITH SPEED BY
PRINCIPAL CAUSE CODE GROUPS
VSTATISTICS OF SPEED DISTRIBUTION REFERENCE
Cause Code Group FIGURE
‘ . Average : Standard
(No. & Descriptor) Speed Median Mode Deviation (APP. C)
(4) Alinement 28.7 27.3 25 10.2 c-1
(7) Crosslevel 22.9. 21.6 20 8.0 c-2
(14) Coupler/Draft '
System 34.2 34.7 40 12.9 c-3
(15) Side Bearings 23.9 21,7 20 9.6 c-4
(17) Plain Journals
) (overheated) 33.6 32.6 30 11.4 €C-5
{(19) Broken Wheel
Components 40.8 40.3 20 12,7 C-6
(25) Exc. Buff/Slack
- Action 25.6 22.8 15 11.5 c-7
(29) Rail Head_Failureﬂ 25.5 24,9 25 8.4 Cc-8
Note: For derailments on Class 2-6 Main Line Track Speeds Greater than 10 mph.




presents a statistical description of the distribution of derail-
ments with speed for each of the major cause code groups. (These
statistics include only those derailments which occurred at speeds
greater than 10 mph.)

In addition to the statistics, Figures C-1 through C-8 have
been included (in Appendix C) to illustrate the percent distribu-
tions of accidents in 5 mph speed bands for each principal cause
code group. Comparison of each distribution with the aggregate
distribution (Figure 2-4) provides a further indication of whether
these derailments tend to occur in distinct speed rangés. A A
single speed profile roughly equal to the aggregated accident speed .
distribution implies that a particular causal factor does not cor- .
relate with an identifiable speed range.

Derailments attributable to excessive variations in track
crosslevel geometry (group 7) are the largest single cause code
category for the conditions of interest. It can be seen from
Figure 2-6 (Figure C-2 from Appendix C) that 91 percent of all
crosslevel derailments occur at speeds below 30 mph., Of the
principél cause code groups considered, crosslevel derailments
have the lowest derailment speed profile. From Figure 2-7 (Figure
C-4 from Appendix C) it can be seen that side bearing derailments
(group 15) also occur at low speeds and have a derailment speed
distribution very similar to that for track geometry variations
in crosslevel. About 85 percent of these derailments occur below
30 mph. Derailments resulting from excessive buff or slack action
(Figure C-7 in Appendix C) also occur at somewhat lower speeds
(78 percent below 30 mph); o

_ : N
Side bearing failures and derailments associated with track /Vﬂﬁm‘ﬁ;q
geometry variations in crosslevel are both symptomatic of the Joqéﬁﬁj/
harmonic roll derailment process where excessive car roll is in- )qjtﬁ}f*
)Aﬁ

duced by track geometry variations in crosslevel. These variations
cause the carbody to rock off the centerplate and onto the side
bearing,. thus requiring the side bearing to support the entire car
weight for brief intervals. Since side bearings are not designed
to carry the entire car weight, car rocking in this manner would be

2-17



SPEED RANGE

MPH
PERCENT DISTRIBUTION -

10.1 to 15.0 YRR T L T T
15.1 20.0 20kkkkkhhkhrhhRhkhhhhhhrhhhhhhs
20.1 25.0 29kkkkkkAkRARRARRRA AR R KRR R KRR
25.1 30.0 IRLLIITTTTTE Y
30.1 35.0 Q3%
35.1 40.0 Q3*%*
40.1 45.0 01*
45.1 50.0 01L*
50.1 55.0 00
55.1 60.0" 00
60.1 65.0 00
65.1 70.0 00
70.1 75.0 00
75.1 80.0 00
80.1 85.0 00
85.1 90.0 00

Each *# = 1% Based on 543 derailments
Average derailment speed = 22.9 mph.

FIGURE C-2. PERCENT DISTRIBUTION OF DERAILMENTS
VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP 7, CROSSLEVEL

FIGURE 2-6. EXHIBIT FIGURE C-2Z FROM APPENDIX C
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SPEED RANGE

MPH
‘ PERCENT DISTRIBUTION

10.1 to 15.0 Q2kkhkkhRkhhhihkRhhRA k%
15.1 20.0 ISkkkk kAR R R kAR Rk kR kX
20.1 25.0 _ 26**************************
25.1 30.0 yPALELEE LT
30.1 35.0 C 3
35.1 . 40.0 Q5kERx%
40.1 45.0 03%%
45.1 50.0 . v 02%%
150.1 55.0 01*
55.1 60.0 01%
60.1 65.0 00
65.1 70.0 00
70.1 75.0 © 00
75.1 80.0 00
80.1 85.0 00
85.1 90.0 00

Each *# = 1% Based on 236 derailments
‘Average derailment speed = 23.9 mph

FIGURE C-4. PERCENT DISTRIBUTION OF DERAILMENTS
VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP 15, SIDE BEARINGS

FIGURE 2-7. EXHIBIT FIGURE C-4 FROM APPENDIX C
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expected to accelerate side-bearing failures. Because of the
similarities in derailment speed profile and the dynamics as-
sociated with harmonic roll, the two cause categories, side bearing
failures and crosslevel geometry variations, may be interrelated.

. Together they account for about 19 percent of all derailments con-
sidered herein (a total of 775 derailments over 2.75 years).

Referring to Figure C-8 in Appendix C, the derailment speed
profile for derailment resulting from rail-head failures is similar
to that for the aggregate distribution but shifted slightly toward
lower spee&s. These results imply that rail-head failures may
not be induced as much by vehicle speed as by other mechanisms
such as accumulated damége from loads developed as a result of
track geometry variationms. ‘

The speed distribution for derailments resulting from coupler
and draft system failures (Figure C-3 in Appendix-C) is relatively
uniform from 15 to 50 mph. These derailments tend to occur at
relatively high speeds. Large relative motions between adjacent
vehicles, such as those which might be induced by carbody hunting
at higher‘speeds, may be an underlying factor in these derailments.
Derailments attributed to plain journals overheating (Figure C-5 in
Appendix C) occur at speeds which are moderately higher than the
aggregate speed distribution. These derailments would be expected
to occur at relatively high speeds. Derailments resulting from
broken wheels also show a pronounced tendency to occur at higher
speeds (Figure C-6 in Appendix C). The most frequent derailment
speed is 45-50 mph which falls squarely into the speed range as-
sociated with carbody hunting dynamics. Derailments resulting
from broken wheel components probably result from thermal stresses
developed during braking in conjunction with mechanical stresses
developed in curves or'during hunting. The speed profile of de-
railments associated with track geometry deviations in alinement
(Figure C-1 in Appendix C) is very similar to the aggregate derail-
ment speed distribution. |



2.5 INCIDENCE AND FREQUENCY OF DERAILMENT FOR FREIGHT VEHICLES
DESCRIBED BY CAR TYPE AND TRUCK CAPACITY

" The frelght vehicle fleet is composed of nine mechanical car
types including box, stock, refrigerator, covered hopper, open
hoppér, gondola, flat (including TOFC/COFC vehicles), vehicular
flats and tank cars (see Appendix A). Several equipment types in-
clude cars outfitted with special equipment or construction
features pertaining to car operational function while other cars
of the same type are built for more general usage. For the pur-
poses of this study, the "equipped" and ''general service' cars
have been aggregated since overall configurational differences
between the two groups are generally small. Each vehicie is also
equipped with a carset of trucks designed to carry a maximum gross
rail load consisting of the weight of carbody and trucks (i.e.,
the vehicle lightweight) and the maximum permissible load (or
'vehicle weight capacity). There are three principal truck designs
in use. These are the familiar 50, 70 and 100 ton truck designs.
The fleet population includes a small number of open hopper cars
equipped with 125 ton trucks. Ilowever, the small population and
small derailment sample available for these cars precludes a
statistical analysis of this group. In addition, a specialized,
low-profile truck is in use with certain low-level flat cars and
vehicular flat cars. The latter truck'design-is simply referred
to as a low level (LL) truck design in this report. This truck
has a gross rail load limit which is slightly higher than that
of a 50 ton truck. Table A-6 in Appendix A contains -information
on populations of freight vehicles described by nine mechanical
equipment types and the four principal truck capacity groups de-
scribed above (i.e., 50, 70, 100 and low level truck designs).

While describing vehicles in this manner effectively groups
cars of similar function and weight class, large variations in car
configuration may exist in these groups. For example, 70 ton
boxcars* may have truck center spacings ranging from approximately

*1.e., boxcars equipped with 70 ton trucks. This convention is
used throughout the report.
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39 to 64 ft, while for 100 ton open hopper cars, truck center
spacings range from about 25 ft to 59.5 ft with corresponding
volimetric capacities ranging from about 2100 cubic ft to 7000
cubic ft. Since these (as well as other) physical attributes may
influence a vehicle's dynamic response and susceptibility to
various derailment modes, analyzing the derailment pattern. of
freight vehicles described by car type and. truck capacity may
.aggravate trends as a result of the large variations in key physical
descriptors which may exist. Nonetheless, describing freight
vehicles in this manner provides useful and familiar descriptions
of the fleet in terms of a total of 29 distinctive vehicle con-
figurations (27 for 50, 70 and 100 ton truck capacities and 2 for
55 ton truck capacities) as defined in Table A-6 in Appendix A.

The data base has been exercised to define the aggregate
number of derailments for both loaded and unloaded vehicles,
~experienced on Class 2-6 main line track at speeds above 10 mph,
for the freight vehicle fleet described in terms of car type and
truck capacity. For each of these vehicle configurations, Table
2-5 contains (a) an estimate of the total annual mileage traveled
by the population of cars constituting each group, (b) the inci-
dence or total number of derailments experienced by each group and,
(c) an estimated mileage-weighted, annual derailment frequency
(i.e. number of derailments per 108 car miles).

The derailment incidence and frequency data contained in
Table 2-5 (and in subsequent tables) indicates both the absolute
number of derailments experienced (i.e., incidence) and the rela-.
tive derailment tendency based on aggregate, loaded plus unloaded
car miles traveled.* In reviewing these tables, vehicle configura-
tions having both high incidence and frequency of derailment are
of particular interest since this suggests vehicle configurations
prone to derailments. Table 2-5 indicates that 100 ton hopper
cars have both the highest incidence and frequency of derailment.

*And for the cause-code, track type, track class and speed condi-
tions under consideration. '
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TABLE 2-5. MILEAGES, DERAILMENT COUNTS, AND DERAILMENT FREQUENCIES

MECHANICAL TRUCK CAPACITY LOW-
CAR TYPE 50 TON 70 TON 100 ToN 125 TON LEVEL  ToTaL
le 1 36eResf, 23898842, 7315713, 0. 0. 1 7784103,
BOX 1 &N 546 &8 0 o v 1074
: 1 6.8t £.52 1.3¢ 0.00 2.00 I 5.02
2. X '33?790 0- 00 o. °. ! 3327§Q
STOCK ' 0 0 0 0 Q v (-]
1 0.0 0.00 0.09 0.00 0.00 1 0.00
3.1 258185. 1503594, 200143, 0. 0. 1 1961926,
REFRIGERATOR M 22 219 28 0 0 1! 268
t 3.10 5,27 5,09 0.00 0.00 1 .97
e 1 n. 812567, 2661905, 0 0.1 3476472,
COV. HOPPER ! 0 226 909 0 o1t 1135
1 0.00 10.11 12,42 0.00 0.00 I T
5. 1 281456, 1509570, 1211303, 20732, 0. 1 3023111,
OP. HOPPER 1 ey 234 269 0 o 1 556
1 €8¢ 5.6 8.08 0.00 0.00 1 6.66
Tk, STPAT.  TS3065. 1097472, . 0. 0. 1 1977829,
GONDOLA 1 26 194 116 . ] 0o 1 336
! 10,00 2.90 3.84  0.00 ° 0.00 1  6.14
7.1 eb6HEL. 2235951, 247803, 0. 89137, 1 3019742,
' (4 1 &t &l1 30 0 6 1 490
FLAT (+TOFC) 1 3.66 6.68 4.40 0.00 1.63 1 5.90
a, 1 0. 513067, 0. 0. 437943, 1 950110,
H. FLAT . 1 0 21 0 o t1r 1 ‘132
VEH. FLAT 1 0.0n Y] 0.00 0.00 9.26 1 $.05
L %.1 607390, 126474, 901548, o. 0. 1 1725412.
TANK 1 7e 31 157 0 0 1 264
1 4.6 Seb4 5.75 0.00 0.00 1 5.56
MILES 1 5162900. 11091234, 7148388, 20782, 526180. 1 23949984,
CANT 1 676 1893 157 0 1s 1 ©251
Freg 1 476 6.17 R.0? 0.00  7.95 1 Bea%

Note 1. Each Cell:a. Estimated Carmiles x103 (per year)
b. No. of Derailments (2.75 years acc. data)
c. Estimated Derailment frequency per 108 annnal carmiles
2. Derailments on Class 2-6 Main Line Track at Speeds Greater than
10 mph (includes Loaded and Unloaded Vehicles) .
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The derailment frequency (number of derailments per 108 car-miles)
is seen to, be approximately twice the derailment frequency for
all (1oadéd and unloaded) freight vehicles.

Other cartypes héving high derailment incidence include:

50 and 70 ton boxcars

70 ton refrigerator cars

70 ton covered hoppers

70 and 100 ton open hoppers and
70 ton flatcars

To provide another perspective on these derailments, the de-
railment incidence data from Table 2-5 has been normalized by the
corresponding car group populations (from Table A-6 in Appendix A)
to estimate a "population weighted'" derailment frequency (number
of annual derailments per thousand freight vehicles in each group)
as shown in Table 2-6. Using population weighting, low-level
vehicular flat cars display the highest derailment frequency.

The mileage weighted derailment frequencies are considered
more useful for the purposes of this study because they take into
account the relative usage of each vehicle group and are more in-
dicative of relative vehicle safety than population-weighted
statistics. In computing mileage-weighted derailment frequen-
cies, an implicit assumption is made that the mileage logged by
each vehicle configuration at speeds below 10 mph is a small per-
centage of the vehicle's total mileage. It is further assumed
that there is no discrimination against a particular vehicle con-
figuration by considering only main line derailments on Class 2 -
6 track. This is tantamount to assuming that all vehicle con-

“figurations travel

(a) a relatively equal and small percentage of total
mileage at speeds equal to or below 10 mph and,

(b) ‘a relatively equal and large percentage of total
mileage on Class 2 - 6 main line track.
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TABLE 2-6. POPULATION WEIGHTED DERAILMENT FREQUENCY BY -
CARTYPE AND TRUCK CAPACITY

MECHANICAL o _ LOW~
CAR TYPE 50 TON 70 TON 100 TON 125 TON LEVEL Aggregate
X
Box Z 1-97 20_8 2-2 - - 2035
X
. X
STOCK b ¢ = - - - - -
. b ¢
b ¢
RBFRIGBRATOR§ 1.69 2.95 4.0 - - 2.82
b ¢
COV. HOPPER § - 4.26 5.22 - - 5.00
1 ' )
OP HOPPER I  1.46  1.33 - 1.86 = - 1.56
- , v - .
GONDOLA i 1.2 1.86 1.97 - - 1.82
b ¢
FLAT (+TOFC)§ 1.55 4,47 3.33 - 1.33  3.68
z
b 4 .
TANK § 1.18 2.75 1.54 - , - 1.49
b <
TOTAL § 1.70 2.60 2.99 - 6.39 2.55

* Based on 2.75 years of accident data involving derailments
on Class 2-6 mainline track at speeds greater than 10 mph.
Ratios are expressed in terms of number of derailments -
per 1000 vehicles
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From Tables 2-5 and 2-6, it can be seen that the following
vehicle configurations have both high incidence and mileage or
population weighted derailment frequencies.

Mileage Weighted (Ref. Table 2-5) Pqpulation Weighted (Ref. Table 2-6)

0o 70 and 100 ton covered hoppers o 70 and 100 ton covered hoppers
o 100 ton open hoppers o 70 ton flatcars

o 1low-level vehicular flatcars 0o low-level vehicular flatcars

2.6 DISTRIBUTION OF DERAILMENTS BY LOADED AND UNLOADED CARTYPES

The derailment data shown in Table 2-5 has been disaggrégated
for loaded and unloaded freight vehicles as shown in Tables 2-7
and 2-8 respectively. Mileage-weighted derailment frequencies were
based on loaded or unloaded car mileage estimates as appropriate.

Table 2-9 contains ratios of derailment incidence for loaded
and unloaded freight vehicles by mechanical cartypes and truck
capacity. This data indicates that in the aggregate there are
3.3 loaded freight vehicle derailments for each derailment of an
. unloaded car. The ratio of loaded to unloaded car miles is also
shown in Table 2-9 for each cartype to provide an indication of
relative mileage traveled in loaded and unloaded conditions.

"From this data and Tables 2-7 and 2-8 it can be seen that on
a per-mile basis, essentially all cars are more likely to derail
in the loaded condition. In particular, 70 and 100 ton truck cov-
ered and open hopper cars have high derailment incidences, mileage
weighted derailment frequencies and loaded to unloaded derailment
ratios. For unloaded vehicles, low level vehicular flatcars have
the highest mileage weighted derailment frequency although the
data indicates, relatively equal probabilities of derailment for
loaded and unloaded conditions. Figure 2-8 provides a graphical
summary of relative derailment incidence and frequency by cartype,
for loaded and unloaded conditions. '
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TABLE 2-7. MILEAGES, DERAILMENT COUNTS, AND DERAILMENT FREQUENCIES

>

MECHNICAL TRUCK CAPACITY LOW-
CAR TYPE 50 TON 70 TON 100 TON 125 TON LEVEL TITAL
. le 1 2152600, 2210600. 439400, 0. 0. 1 4802600,
BOX 1 322 375 37 0 0 1 734
1 5,46 ° €17 3.06. 0.00 0.00 1 5.56
2.1 15200. " 0. 0. 0. 0. 1 15200,
STOCK . 1 o} 0 . 0 0 0o ! /]
1 0.00 0.90 0.00 0.00 0.00 ? .00
3.1 153200. 884790, 113200. - 0. 0. 1 1161109,
REFRIGERATOR 1 17 131 19 ] 0 167
- ' 3.75 5,38 6.10 0.00 0.00 1 5.23
e 1 0.  402239. 1317704, 0. 0. 1 1719943.
COV. HOPPER 1 0 196 800 : 0 0 1 996
1 0.00 17.72 22.08 0.00 0.00 1 21.06
v Se 1 147350, 790312. 634138, 10880. 0. 1! 1582630.
P. HOPP 1 K 205 234 0 0o 1 484
OP. HOPPER 1 11.11 9,43 13.42 0.00 0.00 1 11.12
6o 1 S180C. 451200. 645300. 6. 0.1 1158800.
GONDOLA 1 16 158 97 0 0 1 271
1 11.23 12.46 5,66 0.00 . 0.00 1 2.50
_ 7..1 266300. 1431391, 103100, 0. 51000. 1  1842791.
+ 1 32 312 23 0 31 373
FIJyP( qxch) 1 s.lé - Te92 8.11 0.00 1.79 1 7.36
A0 1 0. 2%6S31. 0. 0. 218521. 1  475052.
VEH. FLAT 1 0 11 0 0 54 1 65
_ 1 4.00 1.58 0.00 0.00" 8.99 1 4,98
9. 1 284811, €0127. 470006. -  O. 0.1 81894,
TANK 1 57 26 . 89 0 0 1 172
1 7.119 15,72 £.89 0.0 0.00 1 T.64
MILES I 305857&1. 6457690. 13723348, 10880, 279521. 1 13577110
YT I %97 14614 1299 0 57 1 3262

FozQ: 1 5«84 7.1 12.69 0.00 Tes2 ! 874

- Note: Derailments on Class 2-6 Main Line Track at Speeds
Greater Than 10 mph (For Loaded Vehicles)
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TABLE 2-8.” MILEAGES, DERAILMENT COUNTS, AND DERAILMENT FREQUENCIES

>

TRUCK CAPACITY

MECHANICAL S LOW=
CAR TYPE ~ 50 TON 70 TON 100 TON 125 TON LEVEL TITAL
1o | 1255868, 13383%2, 297313 0. 0. 1 2981503,
BOX 138 171 31 0 0 1 340
' 3.87 4048 3.79 010 0.00 1 4e15
2, ° 1897, 0e 0. 9. 0. 1 18079.
STOCK. : 0 0 0 3 0 1 9
. 0.00 0.00 000 0.30 0.00 1 0.00
3o ° 94986, 618394, 86343, 0. 0. T 800826,
REFRIGERATOR 1 5 87 9 0 01 101
1 1.91 S.11 1,76 0.20 0.00 I 4.59
4o 1 0. 410328. 1346201, 0. 0. 1 1754529,
COV. HOPPER 1 0 30 109 0 0o 1 139
: 9,00 2.66 2.95 0.00 0.00 1 2.88
5. ° 1°41C6.  T7162%8, S77165. 9902. 0. 1 1440431,
OP. HOPPER 1 & 2s as o o 1 70
M 1063 ) 1.47 2021 0.00 0000 ‘ 1077
‘ bo 1 35487. 331869. 451672 0e 0. 1 819029,
GONDOLA 1 a 36 19 0 0 1 63
1 8.20 3,94 1.53 0.00. 0.00 1 2,80
200051, 804060, 144703, 0. 28137. 1 1176951,
FLAT (+ - Y 10 99 7 0 11 117
T (+TOFC) ' 1.82 4.48 1.76 0.30 1.29 3.61
3.1 0. 256536, 0. 0. 218522, 1 475058,
VEH. FLAT 1 0 10 0 0 57 1 87
' 9.00 1.42 0.00 0.00 9.49 1 5.13
' 9, 1 318575, 66347, 523542, 0. 0. 1 906468,
TANK 1 17 7 68 0 0 I 92 .
1 1.54 3.%6 4.72 0,00 0.00 I 3,69
MILTS T 209713%. 6593&34. 3425540, 9902. 246659, 1 10372874.
CIUT 1 184 469 274 0 sa 1 989
. FPEr 1 3.1 3.71 2.95 0.00 3.55 1 3,67
Note: Derailments on Class 2-6 Main Line Track at Speeds Greater

Than 10 mph (For Unloaded Vehicles)



RATIO OF DERAILMENT INCIDENCE FOR LOADED AND UNLOADED

TABLE 2-9,.
FREIGHT VEHICLES BY CARTYPE AND TRUCK CAPACITY
MECHANTCAL TRUCK CAPACITY LOW~
CAR TYPE. 50 TON 70 TON 100 Toy 125 TON LEVEL ~ Total
x 3 - - -
BOX § 2.33 2.19 1.19 - - 2.16
2
STOCK 1 - - - - - -
X
nsrnzcsmroag 3.4 1.5 2.1 - - 1.66
- , .
COV. HOPPER § - 6.5 7.33 - - 7.16
z
OP HOPPER g 7.5 7.1 6.68 - - 6.9
b 4
GONDOLA g 2.0 4.4 5.1 - - 4.3
2 ,
FLAT (+Tor_c1§ 3.5 3.15 3.28 - 3.0 3.2
S 4
VEE. FLAT ; - 1.1 - - 0.94 0.97
b 4
TANK } 3.35 3.7 1.3 - - 1.87
-
TOTAL i 2.67 3.0 4.67 - 1.0 3.3
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1.66

0.84

1.45

0.98

1.09

1.4

1.56

1.0

0.91
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Average derailments per 108 carmiles
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2.7 DISTRIBUTION OF DERAILMENTS BY CARTYPE AND PRINCIPAL CAUSE
CODE GROUPS

- In order to determine if correlations exist between the
principal cause code groups and freight vehicle configurations
discussed above, the data base was exercised to compute individ-
ual derailment distributions and mileage weighted derailment fre-
quencies by cartype and truck capacity for each principal cause
code group. Both loaded and unloaded vehicle-derailments are
included. This data is contained in Tables C-1 through C-8 (of
Appendix C) and relative derailment frequencies are summarized in
. Table 2-10. The first column of Table 2-10, contains an aggregated
derailment frequency for each cause group which is based on the
total number of derailments of that kind experienced by the freight
vehicle fleet, and the total fleet mileage logged by all cartypes.
Subsequent columns contain similar computations disaggregating de-
railments and mileage based on groups of vehicles described by truck
capacity; major cartype; and major population vehicle groups de-
scribed by both cartype and truck capacity. In instances where the
sample size (i.e., number of derailments) was small the derailment
frequency may not be very meaningful and is therefore not included
in the summary table. The last rows of Table 2-10 indicate
aggregated derailment frequencies which are based on all thirty-
three cause code groups included in the data base. This data pro-
vides a useful indication of the relative percent of total de-
railments represented by the eight principal cause code groups
for -a particular vehicle configuration.* For example, it can be
seen that 48 percent of all derailments involving low-level
vehicular flat cars result from either coupler and draft system
failures or broken wheel components (groups 14 and 19).

*This is determined by summing derailment frequencies for the
eight principal cause code groups and dividing by the derailment
frequency for all derailments. This may be done because the de-
nominator (i.e., annual miles traveled) is always the same for
a particular vehicle configuration. '
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TABLE 2-10. SUMMARY OF RELATIVE DERAILMENT FREQUENCIES BY CAUSE GROUPS AND VEHICLE
CONFIGURATION

VENICLE DESCRIPTOR .
“TRUCK , . N
CAPACTTY CARTYPE TRUCK CAPACETY/CARTYPE (MAJOR POPULATIONS)
. - ;
£
" - 3. wn N ) = ™

a1 ek 8 St ET & g1 51 a6} & . u
L1 L] (5] @ = | & o I A .- =4 [~ . a
v (8] (%] -~ [=3 w .| N a. [+] . o « L 4
o § s ) o o @ » e | o x o £l o] = © =

- [~ (=3 c - (Y] 1] pe~4 - © o0 = =4 = —~ ¥ 0 —
2] o .o = P73 B [ 4 [« w — ol . [~ o < [ 29N ot w
, -l = ) ul kN o = -] Y 2 R [ . > [ ) 2] E - ] ]
sle ) 5] 21 stzazt &1s8l = sl sy%t et Sla&l&]l stel=] ) &1 2
, Cause Code Group | 2 )Z {2 2] 8| &l 218 &8t} =] s|18]1&]&}8 clsteol el e 3 5| B
"(No. & Pescriptor)| | |zl zstat st slztizslzlialzslslelsislelelstelstielst o) gl &
! . N B < < < | « < < <C Ee o <t L4 L 4 o 4 (%] ~ "~ [ 3 ~ ™~ - ~ Lol [ad = - ~
() Adincucnt 371208 .24 72) c23) - .20 .89 .51 .37f.19 {.08}.42] .23].25 |.24 }.45 h.o2} .24] .87] - }.e0].23] - }.s5 | c-1
(7) Crosslevel .82].24 ] .67 Jj.37 66f - 1.85 poa7] .8s] .20).22 | .42 ] .70 .aa}.04 |.80 |08 p.s3}.safa2s) - |- |.26] - .82 ] c-2
{14) Coupler a9f.54 f.52) .27) sof - - ].37].26] .20] .30f1.0 f.a2].21] .es}.41 |.34 J.asf.20)- F- |- |- p.oisfe.ss)- c-3
(15) Side Bearings 36|14 33).50] 2sf - f.an s} 22f Loo)an fl2s).21y ie)iss foas s pas)i2af - -} F- |- |- c-4
(17) Plain Journads  J.47].70] .60 ) .0af 28] - |.00].63] .aafr.a0).22] - |.00f s8] - |- Bsif- |.79]- |3.44)- }.20]- ) | cs
(19) Broken Wheels sof.27baa] ] sef - losof.sef.s1f2a Vao o2} 21 .27].46 §.46 |- J.a1].a3]- - |- }.sor.ss)]- c-6
(25) kixc. BuEf/Stack safo2s sz a0 3] - Jseflesy.s7fas sz fas)o2s) . 2v]a3 |34 fae |70 f L26f Las) - 1o }.se]- - c-7
5 8 B ¢ e -
{29) Rail Head solaz ) for]az)- f3s).eo).sslst 3o fie].s7 ) aafas Lar f - pazpsspar)- fsd)e37p- 0774 €8
Aggregate Devaidments  fo.45]4.76]6.1718.0F5.02] - J4.97)1. 8866 }o.14]5.90] 5.05] 5. 54 4.815.5 Is.3 Jio.fi2.45.608.1 [8.9 |3.8]6.7b.2 5.8} 2-5

PERCENT (2) 58 ) s2)ss Is8 Jon §- Jex]on {57 fss {50l 74 Jea Vo2 |sa Yoo |so lso lso he 30 130 as §as {37

(1) Derailments per ten million carmiles.
(2) “Percent" = percentage of total derailments represented by principal case code groups.

(=) Indicates fewer than 10 derailments in all.



The relative distribution of a particular derailment group
with vehicle configuration is indicated by the corresponding de-
railment ffequencies computed for various vehicle configurations
as outlined in Table 2-10. For example, considering derailments
attributed to variations in track alinement, it can be seen that
the following vehicle configurations have significantly higher
derailment frequencies when compared with that of the entire
fleet:

Alinement Cause Code Group

Vehicle Derailment Relative Frequency

Descriptor Frequency  Compared with Fleet Average
Fleet (all vehicles) 0.37 ' 1.0
100 Ton Cars 0.72 o 1.95
Covered Hoppers , | 0.80 2.40
100 Ton Covered Hopper 1.02 | 2.76
100 Ton Open Hopper 0.87 ' ©2.35

In a similar manner, associations may be made between other

~ principal cause code groups and vehicle configurations by compar-
.ing (and ratioing) derailment frequencies for specific vehicle
configurations with that for the entire fleet, treating each cause
code group separately. These associations are indicated in |
Table 2-11, based on derailment frequency ratios which are sig-
nificantly larger than 1.0. Large derailment frequency ratios
indicate strong associations.

2.8 DEFINITION OF GENERICALLY SIMILAR VEHICLE CONFIGURATIONS

The previous section describes associations made between
freight vehicle configurations described in terms of cartype and
truck capacity and principal cause code groups. As illustrated
above, large variations in physical properties may exist for
vehicles which are described on the basis of cartype only. A
second and perhaps more useful method of assessing such relation-
ships, is by analyzing groups of vehicles on the basis of similar
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TABLE 2-11. ASSOCIATIONS BETWEEN PRINCIPAL CAUSE CODE GROUPS AND VEHICLE CONFIGURATIONS

z:
[1}]
i (1] [« 9 w0 © . .
0 ] H a. H a | A, vi
5 818 2 a. g 212 |2 .§ - g
o © = i) 8‘ . 3 ~ ° . I8 g~ L ~— -~
= . -] [o] )] £ - (1% > > [3 = ) [¢9) [~
o 1 O + o] [*] (1] 7] (o] o] [=} [¢] = o
o o 8 5 e o — 6 | o g ]| & ] [~ ] () [
N ~ — 131 [5) D (1M = = o o o (5] o | = [5)
Cause Code Group D S o _ o - . - [ [ IS ) = . =
| (No. & Descriptor) |t o |2 S22 1212 |2 2 |8 § ° e |3 §
(4) Alinement 1.95}{2.40 2.76{2.35])
(7) Crosslevel 1.67 ||2.64] 3.09]1.5 |
(14) Coupler, etc. 2.04 {2.89 2.4315.27
(15) Side Bearings 1.56 §|3.28 J2.8613.421
(17) Plain Journals 1.511.40 3.17 2.11 |15.34 7.32
(19) Broken Wheels 2,36 .69
(25) Exc. Buff/SIack .06
(29) Rail Head 1.63 |[1.77 1.57 .09 2,09 1.38

* Expressed in terms of ratio of derailment frequency for specific
vehicle configuration to fleet derailment frequency for each
principal cause code groups.




overall physical characteristics. In this approach, generic
vehicle families have been defined in terms of a matrix of ranges
of key phyéical attributes which influence vehicle dynamic res-
ponse to various track and operations-related excitations. Sev-
eral cartypes may be included in the same generic family depending
on similarities of key physical attributes as discussed below.

Generic vehicle familes have been defined based upon the key
vehicle descriptors and a system of Generic Family Codes (GFCs)
has been developed to facilitate reference to each configuration as

discussed below.

(a) Truck Suspension Characteristics and Truck Capacity -
The vehicle/truck suspension system design involves the
maximum permissible gross weight on rails and the cushion-
ing of vertical and lateral forces generated from dynamic
interactions with the track. The first descriptor used
to define generically similar vehicle designs is, there-
fore, truck capacity. The principal truck capacity groups
are indexed as shown below.

Truck . Truck Rail Load Typical

Type Capacity Limit Vehicles
1. 50 tons 177,000 1bs all types
2 70 toms 220,000 ’ all types
3 100 tons 263,000 ~ all types
4 55 toms 179,000 low level
(low level) flat and vehicular
flat cars

The 125 ton group is not included here because of
the small sample of derailment data available and be-
‘cause only a small number of cars are equipped with
this truck.

(b) Truck Center Spacing

Trucks of a given capacity may be used on different
freight vehicles with differing truck center spacings,
c.g. height, load conditions, and other principal physical
characteristics. The first additional descriptor used to
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group distinctive vehicle configurations is truck center
spacing. This characteristic is important because it
acts as a chordal filter on track geometry, effectively
permitting certain modes of excitation to be transmitted,
while filtering or attenuating others.

‘ There is particular interest in vehicles having
truck center spacings corresponding to the 39 ft rail
léngth used in track construction. Depending upon the
mode of excitation, these vehicles may be strongly
excited by the 39 ft wavélengths associated with bolted-
joint rail. Truck center spacing groups have been
established to include a range fairly centered about

the 39 ft spacing. The following table summarizes these
groups and assigns qualitative descriptors to various
truck center spacings.

Range on
First "Truck Center Qualitative Corresponding Truck Capacity

Descriptor Spacing _Descriptqr 50T 70T 100T SS5T(LL)

1 15-25 very short X X

2 -25-35 short X X X

3 35-45 medium X X X

4 45-55 long X X

5 55-70 very long X X . X

The medium length truck spacing is the most populous
for 70 and 100 ton vehicles, Fifty (50) ton vehicles
fall about equally into short and medium length categor-
ies.

(c) Axle Loads

The second additional descriptor considered is the
estimated vehicle axle load. Axle loads have a strong
influence on the vertical dynamic forces generated from
vehicle/track dynamic interaction. In addition, higher
axle loads are likely to aggravate problems associated
with track and running gear structural integrity. Three
load ranges are considered here which are intended to
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distinguish, in a gross sense, the effect of loads.
These groups are indicative of empty and lightly loaded
vehicle configurations, and vehicles carrying moderate
and heavy loads, as described below. '

Second Axle Load ~ Qualitative
Descriptor Range - 1bs Descriptor
i _ 0-22,000 empty
2 22,000-46,000 moderate
3 - 46,000-70,000 ‘ heavy

Relating loads to specific truck capacities results

in the following T - ) :
' ruck Capacity

Axle ,— Qualitative '

Load Descriptor - 50T 70T 100T 55T (LL)

0-22,000 very light# _ X X X X
22,000-33,000 1light : X X X X
33,000-46,000 medium X X . X X
46,000-55,000 . heavy X X
55,000-70,000 very heavy X

*empty vehicles

Most of the loaded car mileage logged by 70 ton
cars falls into the "medium" axle load range, while
mileage logged by 50 ton vehicles is about equally
split between "light" and "medium" axle loads. The
largest mileage component for 100 ton cars falls in
the "very-heavy" axle load range.

(d) Center-of<Gravity Height

The vehicle center of gravity height is the third
principal physical attribute used in defining the gen-
eric vehicle families. This descriptor is primarily a
function of load weight and density, and mechanical car
configuration. Center of gravity height has a strong
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influence on a vehicle's lateral/roll dynamics. The
~_harmonic roll problem is ﬁfobably most sensitive to

a combination of vehicle attributes including: truck

suspension characteristics, truck center spacing, roll

inertia and center of gravity height. The following

ranges on c.g. height are used in defining generically

similar vehicle families.

Third *C.G. Height*® Qualitative - Truck Capacity

Descriptor Range Descriptor S0T ~ 707 T0UT 55T(LL)
1 30-65 low X X X |
2 65-90 - medium X X X
3  90-120 high X X X

*Height of carbody only above top of rail surface.

The center of gravity heights of empty carbodies
cuts across each of the above categories although about
two-thirds of these vehicles have c.g. heights in the
medium c.g. height range. Most of the (loaded plus un-
loaded) mileage logged by vehicles in the 50, 70 and
100 ton truck categories have c.g. heights in the inter-
mediate range. Most of the mileage logged by high center
of gravity vehicles is logged by 100 ton truck cars. The
lowest center of gravity heights are associated with low

- level flatcars in TOFC/COFC service.

2.9 DISTRIBUTION OF DERAILMENTS BY GENERICALLY SIMILAR VEHICLE

CONFIGURATIONS AND ESTIMATED AXLE LOADS

Table 2-12 indicates derailment incidence (COUNT), estimated
mileage traveled (MILES), and mileage-weighted derailment fre-
quency (FREQ) for groups of vehicles having generically similar
configurations. Each generic family description is identified by
a series of four digits and three '"truck types'". Truck types 1,
2 and 3 indicate 50, 70 and 100 ton truck capacity-groups respec-
tively for each generic family. Vehicles equipped with low-level
trucks are fairly uniform in physical characteristics. These are
adequately represented by cartype and truck capacity, hence these
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TABLE 2-12. DERAILMENT COUNTS AND FREQUENCIES BY GENERIC FAMILY AND TRUCK TYPE
FOR DERAILMENTS ON CLASS 2-6 MAIN LINE TRACK AT SPEEDS GREATER THAN

10 MPH ‘
TRUCK TYPE
1 2 3 .
PART GFC 1 CCUNT MILES FREQ 1 COUNT MILES FREQ I COUNT MILES FREQ I
A 10001 21. 1 169703. 1 4.50 1 33, | 222692, 1 5.39 1 0. 1 0. 1 0.001
20001 385. 1 2984519. 1 4.69 1 396, 1 2205005. I 6.53 1 185, 1 679219, 1 9.90 1
30001 270. 1 2008678, 1 4.89 1 97t. | 5853323. 1 6.03 1 973. I 3990985. 1| B8.87 1
40001 0. 1 0. 1 0.00 1 L44. 1 619023, 1 B8.46 1 384, I 2289718. | 6.10 1
50001 0. 1 0.1 0.00 1 339, I 2191194, I 5.63 1 35. 1 137796, 1 S.24 1
o010t 53, 1 487000. 1 3.96 1 Q1T7. 1 2465282. 1 6.15 1 59, 1 856527, 1 2.50 1
B 002901 601, 1 4584564, | 4.77 } 1415. 1 8225825, 1 6.26 1} 818, 1 4472633, | 685
001301 22. 1 91336, 1 8.76 1 Sle 1 400127, 1  4.63 | T700. I 1766558. 1 14.41 |
L0201 l6e 1 126743. 1 4459 1 24, 1 106537. 1 7.97 | 0. 1 0. 1 9.001
to301 5. 1 42960. 1 4.23 1 4o | 13611. 1 10.69 1 0. 1 0.1 0.001
20101 24. 1 179643, 1 4.86 1 21. 1 328061. 1 2.33 1 0. 1 41120. 1| 0.00 1]
20201 354 1 2765800. 1 4.65 1} 367. 1 1875465. & 7.12 1 133, 1 427734, 1 11.31 1
201301 7« | 39076. | 6.51 1 3. 1 1479, [1196.69 | 52. 1 210365, 1 8.99 1
() 30101 29, 1 307357. 1 3.43 } 2564 | 1303450, 1 7T.14 1 40. 1 683207, 1 2.14 1
' C 30201 231, 1 1692021« I 4.96 1 695. 1  4494048. | 5.62 1 524, 1  2414397. 1 7.89 1
w\ 30301 10. 1 9300. | 39.10 1 20. 1 55825, | 13,03 | 409, 1 £96381. 1 16,59 1
© 40101 0. 1 0. 1 0.00 1 Sie 1 142245, 1 13,04 | 15, 1 120260, 1 4,54 1
4 02 01 [+ | 0O I 0.00 1 93. 1 476778, 1 T7.09 1 137. 1 1528581, J 3.26 1
450301 0. 1 0.1 0.00 1 0. 1 O I 0.00 1 232. 1 640877. 1 13.16 1
50101 0. 1 0.1 0.001 84, 1 591982, I 5.16 1 4. 1 16940, I 8.59 1
50201 0, 1 0. ! 0.00 1 236, 1 1269997, 1 6.76 1 24 1 101921. 1 8.56 1
5061301 0. 1 0.1 0.00 1 19. 1 329212, 1 2,10 | 7. 1 13935, 1 13.44 1

L“"""'"“""""’-“"“""‘"—'"“"""‘-—-“"'-"‘-"‘““'"""""“'""""‘"""'.‘ """"""""""" -—————



vehicles are not re-analyzed in this section. The four digit
generic family codes (GFC) describe groups of véhicles in terms
of ranges on: '

Truck center spacing (1st digit)

Axle load (2nd digit)
Carbody c.g. height (3rd digit) and
Carbody vertical stiffness ' (4th digit)*

The ranges on each descriptor have been defined and numbered
in the preceding discussion. In instances where a zero appears
in the four digit code, this indicates the corresponding descrip-
tor has not been used in the family definition. TFor example, the
first four digit code (1000) shown in Table 2-12 indicates a
group of vehicles which have truck center spacingsvof 15 to 25
ft. The vehicle family is not characterized by any other physical
details and all vehicles having very short truck center spacings
are grouped together within the 50, 70 and 100 ton truck groups.
The corresponding mileage data is summed for all vehicles having
the 15-25 ft truck center spacing as are the number of derailments
experienced by vehicles having this configuration. As before,
mileage-weighted derailment frequencies were computed by dividing
derailments by the corresponding mileage for each generic family
within each truck capacity group. As a second example of this
coding system, a 70 ton vehicle described by GFC 2220 would in-
dicate a vehicle having a short truck center spacing (25 to 35 ft),
a moderate (estimated) axle load (22,000 to 46,000 1bs), and a
medium center of gravity height (65 to 90 in).

The data shown in Table 2-12 has been organized to assist in
examining overall trends in derailment tendency for groups of ve-
hicles having generically similar physical attributes. Table 2-13
contains qualitative descriptions of the generic vehicle configura:
tions analyzed in Table 2-12. 1In Part A of Table 2-12 all
freight vehicles are grouped into categories according to truck

*This descriptor was included in the structuring of the data base
but was not used in this study.
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TABLE 2-13. DESCRIPTION OF GENERIC FREIGHT VEHICLE FAMILIES IN
EACH TRUCK CAPACITY GROUP (50, 70 AND 100 TON)

PART A

PART B

PART C

FOUR DIGIT
(GFC) CODE

1000
2000
3000
4000
5000

0010
0020
0030

1010
1020
1030
2010
2020
2030
3010
3020
3030
4010
4020
4030
5010
5020
5030

FAMILY DESCRIPTION
ALL VEHICLES HAVING:

Very Short Truck Center Spacings (15 to 25 feet)

Short Truck Center Spacings - (25 to 35 feet)
Medium Truck Center Spacings (35 to 45 feet)
Long Truck Center Spacings (45 to 55 feet)

Very Long Truck Center Spacings (55 to 70 feet)

Low c.g. Height (30-65 in)*
Medium c¢.g. Height : ' (65-90 in)*

. High c.g. Height _ (90-120 in)*

Very Short Truck Center Spacings and Low c.g. Height .
Very Short Truck Center Spacings and Medium c.g. Height.
Very Short Truck Center Spacings and High <¢.g. Height

- Short Truck Center Spaéings and Low c.g. Height

Short Truck Center Spacings and Medium c.g. Height
Short Truck Center Spacings and High c.g.-Height'

. Medium Truck Center Spacings and Low c.g. Height

Medium Truck Center Spacings and Medium c.g. Height
Medium Truck Center Spacings and High c.g. Height

Long Truck Center Spacings and Low c.g. Height_

Long Truck Center Spacings and Medium c.g. Height

Long Truck Center Spacings and High c.g. Height

Very Long Truck Center Spacings and Low c.g. Height
Very Long Truck Center Spacings and Medium c.g. Height
Very Long Truck Center Spacings and High c.g. Height

dedededekdeddedkkiRthi

* Carbody only, above top of rails; does not include carset

of trucks.

2-41



center spacing. In Part B, vehicles are grouped only on the basis
of c.g. height and in Part C, vehicles are grouped on the basis

of both truck center spacing and c.g. height. The relative sizes
of various groups is indicated by the estimated annual mileage
column (MILES). A zero in this column indicates a null group.

For these generic vehicle configurations, the derailment
frequencies do not indicate large variations due to truck center
spacing (within the same truck capacity group). Trends toward
higher derailment frequencies for heavier weight classes (i.e.,
truck capacity groups) are observed, however. For vehicles de-
scribed only by c.g. height (a total of nine families in Part B),
these trends indicate a strong trend toward higher derailment fre-
quencies for 100 ton high c.g. cars. This trend is not observed
for 70 ton cars,‘however. Considering vehicles described by both
truck center spacing and c.g. height (Part C), 50 ton vehicle
derailments do not indicate much sensitivity to vehicle configura-
tion except for the medium length high c.g. family (3030). For
70 ton cars, there is a general increase in derailment frequency
with higher c.g. heights for very short, short and medium length
cars. The trend for longer 70 ton cars appears to reverse itself
however. For 100 ton cars, there is a trend toward an increasing
number of derailments with higher c.g. height for medium to long
cars. This is opposite to the trend exhibited by 70 ton cars.
These results imply that a fundamental relationship may exist
between derailment probability and basic railcar configuration
described in terms of truck center spacing, c¢.g. height and truck
suspension characteristics.?®

Tables C-9, 10 and 11 in Appendix C disaggregate the derail-
ment data of Table 2-12 into three axle load ranges as defined
by the second digit of the generic family code. For relatively
light axle loads (Table C-9 in Appendix C) the only vehicle

*In general derailment frequencies for "low-mileage'" generic fam-
~ilies are computed based on a relatively small number of derail-
ments. In these situations. there is an element of uncertainty
about trends indicated for these groups.
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configuration exhibiting high incidence and frequency of derail-
ment is the long; light, low ¢c.g. 70 ton vehicle group (No. 4110).
Eor moderate axle loads (Table C-10 in Appendix C) none of the
generic family configurations indicate both-high incidence and
derailment frequency. For heavy axle loads (Table C-11), the fol-
lowing configurations indicate both high incidence and frequency
of derailment:

medium length, heavy, medium c.g., 70 ton cars (3320)
short, heavy, medium c.g., 100 ton cars (2320)
medium length, heavy, medium c.g. 100 ton cars (3320)
medium length, heavy, high c.g. 100 ton cars (3330)

0O O O O o

long, heavy, high c.g., 100 ton cars (4330)

Table 2-14 summarizes relative derailment frequencies for
major generic families of freight vehicles in 50, 70 and 100 ton
truck capcity groups. These twelve families (two 50 ton, six 70
ton and four 100 ton) represent 86, 90 and 77 percent, respective-
ly of all mileage logged by 50, 70 and 100 ton cars. These re- -
sults indicate significantly higher derailment incidence and fre-
;quency with heavier axle loads.

2.10 DISTRIBUTION OF DERAILMENTS BY GENERIC VEHICLE FAMILY AND

PRINCIPAL CAUSE CODE GROUPS

In order to determine if relationships exist between prin-
cipal cause code groupé and groups of freight vehicles having
generically similar physical attributes, the data base was exer-
cised to generate the distribution of derailments for each prin-
cipal cause code group, among the generic freight vehicle families
discussed above. These distributions are contained in Tables C-12
through C-19 of Appendix C and summarized in Table 2-15 for the
major generic vehicle families. The relative distribution of a
particular derailment cause group with vehicle configuration is
indicated by the corresponding derailment frequencies for various
‘vehicle configurations. Table 2-16 indicates vehicle configura;
tions which have significantly higher derailment frequencies when
compared with the fleet average, for each of the principal cause
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TABLE 2-14. SUMMARY OF RELATIVE DERAILMENT FRBQUENCIES VS. ESTIMATED AXLE LOADS FOR
GENERICALLY SIMILAR FREIGHT VEHICLE CONFIGURATIONS

50T

70T

1007 -

AXLE LOAD RANGE . ,l;gm
2020 | 3020 | 2020 { 3010 | 3020 | 4020 {5010 | 5020|3020 {3030 lso20 Js030
, . - ' 16.59 13.16]
All Loads 4.65 | 4.96 | 7.12 | 7.14 [ 5.62 | 7.09 |s.16 [6.76] 7.89 | (409)] 3.26 | (232)] 2-12
Light axle loads 2.83 | 4.43 | 2.16 | 4.51 | 3.72{ 7.23 }3.77 | - 2.69 | 4.21] 2.55 | 8.64] c-9
_ 10.23 | 17.15
Medium axle loads 5.83 | 5.27 | 7.39 | (159 5.92 | 7.03 | (29) | 6.82{ 3.27 - ] 4.82 - ] c-10
11.56 22.59 17.03 | 19.55 13.35
Heavy axle loads - - - - (282) * 1 (85) - - - (407) (3891 3.58 | (226)] c-11

% small ‘sample

( ) indicates number of derailments.
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TABLE 2-15. SUMMARY OF RELATIVE DERAILMENT FREQUENCIES BY CAUSE GROUPS AND GENERICALLY

SIMILAR FREIGHT VEHICLE CONFIGURATIONS

TRUCK CAPACITY AND GENERIC VEHICLE FAMILY (CODES)

o 50T 70T 100T )
—
Cause Code Group ‘E_g . REF,
(No. & Descriptor) 2 2020 3020 | 2020 | 3010 {3020 | 4020 [ 5010 5020 3020 | 3030 | 4020 [ 4030 |yt
N i =
(4) Alinement 37 0.20 | 0.26 |0.35 | - Jo.28 Jo.23] - lo.26 |0.72 | 1.3¢4}0.21 | 1.87 | c-12
' : 48) | (33) (33)
(7) Crosslevel .82 ] 0.47 | 0.49 |o0.62 | - }o.96 |o0.84]0.18 {0.49 |1.24 | 3.85}0.52 | 1.76 | c-13
| : (82) | (95) (31)
(14) Coupler Systenm 49 ] o0.42 | o0.75 Jo.27 Jo.78 o.37 | - Jo.61 '1.1§ 0.30 | - Jo.29 - | c-1a
\ (39
(15) Side Bearings .36 0.13 - 0.45 | - 0.45s | - | - - lo.39 |1.95] - 0.57 | c-15
(48)
(17) Plain Journals .47 0.80 {054 165 Jros oo} - | - -1 - - |- - | c16
(61) (85) (71 v
v . 0.99 |0.68 [0.74
19) Broken Wheel .39 0.24 } 0.37 Jo0.43 |- 0. . . .33 | - - . -
(19) s 40 as | an lee 0 0.57 | c-17
_ - | 1.01
| (25) Exc. Buff/Siack .34 0.25 }o.21 o.21 Jo.3r fo.28 | - - 0.31 }0.50 | (25) |0.39 - | c-18
) - 1.08 [1.05 2.21
(29) Rail Head : .56 0.43 | o0.28 0.48-'0.42 0.42 } - - 0.29 | (72) | (26) |0.24 | (39) | c-19

Note: Sample size and frequency small (i.e., less than 10 derallments)
Data for derailment per ten million car miles.
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TABLE 2-16.

I

ASSOCIATION BETWEEN‘PRINCIPAL CAUSE CODE GROUPS AND GENERICALLY SIMILAR
VEHICLE CONFIGURATIONS

TRUCK CAPACITY AND GENERIC VEHICLE FAMILY CODE

! 750 on 70 Ton ' 100 Ton
Cause Code Group : - .

(No. & Dgscriptor)_ 2020 3020 2020 3010 3029 4020 5010 5020 3020 1} 3030 4‘020 4030.
(4) Alinement | | ;1.94 3.62 . 5.05
(7) Crosslevel - 1.51 4,69 . 2.15

(14) Coupler System 2.29

(15) Side Bearings N ‘A5.42

(17) Plain Journals 1.70 3.51 4.21

(19) Broken Wheels 2.53 1.74 1 1.89

1(25) Exc. Buff/Slack’ l 2.97

(29) Rail Head { 1.98 1.88 ©3.95




code groups. The associations outlined in Table 2-16 are expreésed
in terms of the ratio of derailment frequency for a specific vehi-
cle configﬁration to that of the entire fleet, considering each
principal cause code group Separately. Only derailment frequency
ratios significantly larger than 1.0 are indicated, with larger
ratios indicating stronger associations.,

A comparison of Table 2-16 with Table 2-11 provides insight
into specific vehicle configurations which have relatively high
derailment frequencies for accidents attributed to each principal
cause group studied. In some instances these configurations are
best described by cartype and truck capacity while in others the
generic vehicle description provides a stronger association with
a particular cause code group. These associations are summarized
in the following discussion.

For the track alinement cause code group, 100 ton, long, high.
c.g. cars (described by GFC 4030) have the highest derailment
frequency ratio as indicated in Table 2-16. (That is, the derail-
ment frequency considering'all vehicles in the fleet for this
particular cause code group is considerably higher than for all
other vehicle configurations). While many of the cars in this
group are 100 ton covered and open hopper cars as suggested by
Table 2-11, there is a more generic group of 100 ton vehicles (i.e.,
group 4030 in Table 2-16) as described above which is independent
of cartype and has a higher derailment frequency ratio (5.05) than
that for either 100 ton covered hoppers (2.76) or 100 ton open
hoppers (2.35). The 100 ton medium.length high c.g. group (no.
3030) also has a higher derailment frequency ratio (3.62).

Considering the crosslevel derailmentygroup, 100 ton, medium
length, high c.g. cars have the highest derailment frequency ratio
(4.69). This same group of e€ars also has the highest derailment
frequency ratio for the Side Bearings cause group (5.42) and the
Excessive Buff/Slack Action derailment group (2.97).

For Coupler and Draft System Failures,'low platform vehicu-
lar flatcars have the highest derailment frequency ratio (5.27).
These cars are quite uniform in terms of their overall physical
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chacteristics and can be basically described as a very long,
medium c.g. height vehicle configuration. Derailments attributed
to Plain Journals Overheated are most strongly associated with 70
ton gondolas (7.32) and 70 ton covered hoppers (5.34). 1In terms
of generic vehicle configuration these derailments also correlate
with 70 ton short, medium c.g. height cars with 70 ton medium
length, low c.g. height cars.

The Broken Wheel derailment group is primarily associated

" with low platform vehicular flat cars and Rail Head failure ‘de-
railments are primarily associated with 100 ton, long, high c.g.
height cars.

The distribution of derailments with speed and track class
for these cause groups and associated vehicle configurations are

quite similar to the aggregate distributions defined in Tables
2-3 and 2-4.

2.11 SUMMARY OF RELATED FACTORS INVOLVED IN FREIGHT VEHICLE

DERAILMENTS

Table 2-17 contains a'summary of related factors involved in
freight vehicle derailments corresponding to each principal cause
code group identified. These factors include: functional and
generic physical descriptions of the most frequently derailing
freight vehicles involved in each derailment-cause group; associ-
ated track class(es); statistics describing derailment speed dis-
tribution; total number of derallments represented by each cause
code group; and, rank of pr1nc1pal cagse code based on total
number of derallments incurred. These factors 1mply the follow1ng
relationships between track conditions, speed, vehicle configura-
tion, mileage weighted derailment frequency and derailment mode.

2.11.1 Alinement Related Factors

Derailments resulting from excessive variation in track aline-
ment most frequently involve heavy, high c.g. cars having truck
center spacings in the 35 to 45 ft range. These cars include 100

*For 2.7/5 years of accident data.
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TABLE

2-17. SUMMARY OF ASSOCIATED FACTORS IN FREIGHT VEHICLE DE'RAILMENTS

PRINCIPAL CAUSE DESCRIPTION OF MOST FREQUENTLY %ﬁigg STATISTL (éS e(l[:i S.Pl:.nEI;‘)DISTR[ BUTTON NO. OF RANK
CODE GROUP. DERAILING VEHICLE CONFIGURATION CLASS 1s 20 2? 30 35p40 45 S0 55 DERATLMENTS
TSN TN WY WO MY T U MO :
e
(4) Aligament 100 ton open and o med. lgth,, med. 244 6
covered hoppers c.g. hrt, R
o med. lgth., high 2,3 } i\ o |
c.g. :
o long, high c.g.
(7) Crosslevel (sams as above) 2,3 }"'zﬁ"'""* 539 1
(14) Coupler and Low platform ve- o very long méd.v L ] 317 3
braft System | hicular flatcars c.g. ht. - 3,4 ' ) ik
(15) Side Bearings | 70 and 100 ton o med. lgth., high 2.3 233 7
) covered hoppers c.g. ’ }—-E-.——|
(17) Plain Jour- 70 ton gondolas § | o short, med. c.g. ht. 307 q
nals Over- 70 ton covered o medium lcngth, 3,4 i o |
heated hoppers -low c.g. ' a '
(19) Broken Wheels | Low platform flat | o long, med. c.g. ht. ) 255 5
and vchicular flat} o very long, low c.g. 3,4,5 1
cars. 1o very long, med. c.g. . 2§' '
(25) Excessive 100 ton covered o med. lenéth; high 2 3.4 233 8
Buff/Slack hoppers c.p. L 1 P A -
Action ' A '
(29) Rail Head (same as groups 4 and 7) 2,3 367 2

® average speed

A median speed

—

standard deviation




ton covered and open hoppers, some gondolas and tank cars and cer-
tain heavily loaded 100 ton 50 ft (outside length) box cars.

These derailments occur primarily on Track Classes 2 and 3 (78%),

at an average speed of about 28.7 mph. About 70 percent of these

derailments occur at speeds between 15 and 35 mph.

This combination of vehicle configuration, average derailment
speed, associated track class, and derailment cause codes implies
..derailments resulting from large amplitude carbody lateral and
roll oscillations induced by periodic lateral track geometry ir-
regularities. The harmonic roll problem is usually associated
~with variations in track crosslevel geometry (see below). However,
the same effects may be produced by periodic track geometry irreg-
ularities in alinement since the lateral and roll motions of the
vehicles are strongly coupled for vehicles which have high center
of gravity heights.

2,11.2 Croséleyel Rela;ed”Factors

Derailments resulting from excessive variations in track
crosslevel geometry most frequently involve the same vehicle con-
figurations as discussed above. Heavy, high c.g. cars with a truck
center spacing between 35 and 45 ft are strongly associated with
this cause group. These derailments occur primarily on Track
Classes 2 and 3 (90 percent) at an average derailment speed of
about 23 mph. About 78 percent of these derailments occur at
speeds between 10 and 25 mph which corresponds to the carbody
lateral/roll resonance speed range. The mechanics of the resonance
involves the build-up of carbody roll oscillations, due to varia-
tions in track crosslevel geometry, until the carbody begins to
rock off the center plate onto the side bearings. At this point
severe roll oscillations and wheel-1ift may occur as a result of
non-linear kinematic effects associated with changes in carbody
restraint after center plate separation occurs.4”

*Information is also to be found in the following internal document
on file at the Transportation Systems Center. Railcar Harmonic
Roll Response to Periodic Trade Crosslevel Variations, H.
Weinstock, and H. Lee, WP No. 743-C-15-075, Transportation Systems
Center, Cambridge MA, December 1979,
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2.11.3 Coupler and Draft System-Related Factors

Derailments resulting from coupler and draft gear failures
are primarily associated with very long vehicles with c.g. heights
faliing in the intermediate range. Low platform vehicular flat-
~cars are the most common cartype identified with the cause group.
The average derailment speed is about 34 mph but the percent
distribution of these derailments is fairly uniform over the speed
range from 15 to 50 mph. About 77 percent of these derailments
occur on Class 3 and 4 track. These derailments probably result
from a combination of lateral/yaw hunting motions and train action
forces which impose relatively high stresses on the coupler and
draft gear system.

2.11.4 Side Bearing-Related Factors

Derailments resulting from side bearings (missing, broken or
improper clearance) are again most frequently associated with
heavy, medium length, high é.g. cars, principally 70 and 100 ton
covered hoppers. The average speed for these derailments is about
24 mph and 78 pérCent of these derailments occur on Track Classes
2 and 3. These vehicles, track classes and speed factors are very
similar to those for the alinement and crosslevel cause groups
previously discussed. Side bearing related failures and derail-
ments are also symptomatic of the harmonic roll derailment process
discussed above. In this process the carbody rocks off the center-
plate and onto the side bearings, thus requiring the side bearings
to support the entire carbody weight for brief intervals. Since
side bearings are not designed to carry these loads, car-rocking
in this manner would be expected to accelerate side-bearing fail-
ures. Because of similarities in derailment speed profiles, track
classes, associated vehicle configurations and the dynamics as-
sociated with harmonic roll, the side bearing type of derailment
is classed with those attributed to alinement and crosslevel
track geometry variations. Together these three cause groups
account for 41 percent of all derailments considered in this study.
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2.11.5 Plain Journal-Related Factors

Derailments resulting from plain journal bearings overheating
are most frequently associated with 70 ton gondola and 70 ton
covered hoppers. There is also some correlation with 50 ton veh-
icles as a group. These cars are primarily short and medium length
vehicles with low or medium c.g. heights. The average derailment
speed is about 33.6 mph and about 82 percent occur on Track Classes
3 and 4. ‘As expected, plain journal bearing failures due to over-
heating occur at relatively higher speeds and cartypes involved
principally include 50 to 70 ton vehicles which tend to be equipped
with plain rather than roller bearing trucks. These derailment
factors do not suggest any particular derailment mode other than
mechanical equipment failure.

2.11.6 Broken Wheel-Related Causes

Derailments resulting from broken wheels are most frequently
associated with very long, low and medium c.g. height flatcars,
especially low-platform vehicular flatcars. These derailments
occur on higher classes of track (66 percent on Class 4 and 5
track) and have an average derailment speed of about 41 mph. The
most frequent 5 mph speed band is 45 to 50 (see Figure C-6 in
Appendix C) which falls squarely into the speed range associated
with carbody hunting dynamics. Long light flatcars are also known
to have a propensity to hunt in this speed range. The lafge dy-
namic motions and wheel/rail forces induced by hunting produce
mechanical stresses in the wheel plate and tread which, in con-
junction with larger thermal stresses which can be developed during
braking, are probably responsible for these mechanical failures.
Hunting motions and braking actions may represent principal factors
in these derailments. '

. 2.11.7 Excessive Buff/Slack Action-Related Factors

Derailments attributed to excessive buff and slack action are
most frequently associated with heavy, high c.g. vehicles such as
100 ton covered hopper cars. This was a surprising result
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since train action forces were expected to have the greatest
effect on very long, light cars which have long overhang distances
between bolster and end of car. The average derailment speed is
‘about 26 mph with about 66 percent of the derailments occurring

at speeds between 10 and 25 mph. About 70 percent of the derail-
ments occur on Track Classes 2 and 3. These speed, track class,
and vehicle factors are all very similar to those for the harmonic
roll derailment process as discussed above. However, the speed »
range associated with harmonic roll also coincides with-a speed
range in which much braking and tractive effort are applied. It
may be possible that some combination of train handling factors
and harmonic roll of heavy, high c.g. cars may be responsible for
many of these derailments. This hypothesis may be reinforced by
an unusual aspect of the harmonic roll response which arises from
the non-linear kinematic behavior of this process. As train speed
is increased into the roll resonance speed range of heavy, high c.g.
cars, carbody roll angles begin to increase. If this roll motion
is observed by the train crew, action may be taken to reduce train
speed. Because of the unusual nature of the harmonic roll process,
decreasing speed can often lead to an increase in roll amplitude.
The combination of train action forces and harmonic roll of heavy,
high c.g. cars may act together as an underlying, causal factor

in these derailments.

2.11.8 Rail Head Paiiure-Related Factors

Derailments resﬁlting from rail head failures are most fre-
quently associated with medium length, medium and high c.g. cars,
and long, high c.g. cars such as 100 ton covered hoppers. The
average derailment speed is about 26 mph and 82 percent of these
derailments occur between 10 and 30 mph. About 85 percent occur
on Track Classes 2 and 3. These factors imply that rail-head
failures may not be induced so much by speed as by other mechan-
isms such as accumulated damage resulting from lower-speed, vehi-
cle track dynamic interaction. These derallments are logically
‘associated with the relatively héa#y axle loads t?pical'of 100
ton cars. The generic, physical characteristics of freight vehicles
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involved in this derailment group and speed and track class
factors agaln suggest that harmonic roll of high c.g. vehicles

may contribute to these derailments. In this process, under
severe rocking, the vertical springs of the truck suspension may
bottom out on one side of the freight truck while wheel-1ift, or
largely reduced vertical wheel loads, may occur on the opposite
side. This wheel 1ift condition could approximately double the
static vertical wheel load and increase the lateral wheel/rail load
for the wheel which remains in contact with the rail for relative-
ly long periods, approaching 1 sec. in duration. This means that
for vehicles traveling at speeds of about 20 mph, the heavy wheel
load would be sustained for about 30 ft of track which implies

the possibility of accelerating rail flaw growth through an in-
creased exposure of rail flaws to heavy loads. In addition, since
the suspension system is bottomed out under these circumstances,
other deviations in track geometry could cause even higher verti-
cal loads to occur. - ‘

2.12 FREIGHT VEHICLE CONFIGURATIONS HAVING HIGH INCIDENCE AND

FREQUENCY OF DERAILMENT

From the preceeding discussion and the data contained in
Tables 2-5 and 2-12, and in Appendix C, it is apparent that heavy
100 ton freight vehicles, having truck center spacings in the
range of 35-45 ft and carbody c.g. heights greater than 90 inches
(above top of rail), have an unuéually high derailment incidence
and mileage weighted derailment frequency. This class of vehicle
includes a substantial percentége of covered hopper cars and
relatively small percentages of open hopper, gondola and box cars.
A substantial number of tank cars is also included in this cate-
gory; however, these cars do not show up as strongly in the overall
derailment statistics. This suggests that there may be some
physical distinction between tank cars and others having highér
- derailment frequencies. It may be quite significant that the
.roll inertia of 100 ton tank cars (with truck spacings of 35 to
45 £t and comparable c;g, heights over 90 inches) is approximately
50 percent of typical roll inertias for similar 100 ton
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covered hopper cars. It may also be possible that motion of the
fluid cargo aids in damping roll oscillations. No difference in
truck suspensions are known to exist. , ‘

Long and very long freight vehicles having truck center
spacings between 45 to 55 and 55 to 70 ft respectively, also have
a high relative frequency of derailment. These cars include low
platform vehicular flatcars typically 93 ft in length, and with
63 to 66 ft truck center spacings. The following table summarizes
cartypes having both high incidence and frequency of derailment
(Ref. Table 2-5) relative to the fleet average of 6.45 derailments
per 108 miles.

Number of ‘ .
Cartype and Derailments Derailments per
Truck Capacity . (Loaded & Unloaded) 108 Miles
100 Ton Covered Hopper 909 12.4
70 Ton Covered Hopper 226 10.1
"70 Ton Tank. ' 33 9.6
70 Ton Gondola 194 8.9
Low Platform Vehicular Flat 111 9.2
100 Ton Open Hopper 269 8.1
70 Ton Flatcar 411 6.7

The following carfypes have a relatively low derailment fre-
quency compared to the fleet average

Number of
Cartype and Derailments Derailments per

Truck Capacity (Loaded & Unloaded) 10° Miles
100 Ton Tank , . 157 5.8

70 Ton Box 546 5.5
All Refrigerator Cars 268 4,97

50 Ton Box 460 4.8

50 Ton Tank 74 4.4
100 Ton Gondola 116 3.8
100 Ton Box 68 3.4

As previously discussed, the derailment frequencies associ-
ated with loaded vehicles as compared to unloaded ones is sub-
stantially higher for virtually every cartype or generic vehicle
configuration (Ref. Tables 2-7 and 2-14).
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Each of the following cartypes'has a relatively high incidence
and frequency of derailment per loaded carmile compared to the
fleet average of 8.79 derailments per 10% 1o0aded vehicle miles.

Cartypes and Number of Derailments Loaded Derailments
Truck Capacity (Loaded) per 108 Carmiles
100 Ton Covered Hopper 800 22.1
70 Ton Covered Hopper 196 17.7
70 Ton Tank 26 15.7
100 Ton Open Hopper 234 13.4

70 Ton Gondola 158 12.5

“Each of the following caftypes has a relatively low frequency
of derailment per loaded carmile compared to the fleet average.

Cartypes and Number of Derailments Loaded Derailments
Truck Capacity (Loaded) per 108 Carmiles
70 Ton Boxcars 375 6.2
100 Ton Gondola 97 : 5.5
50 Ton Boxcar ' 322 5.4
70 Ton Refrigerator 131 5.4

2.13  CONCLUSIONS

The foregoing discussions regarding freight vehicle derail-
ment scenarios and vehicle configurations having relatively high
derailment incidence and mileage weighted frequencies of derail-
ment suggest the following considerations in establishing improved
performance based safety standards for track.

/ o A specification for track geometry variations in cross-
level which is capable of controlling or minimizing the
harmonic roll process has the greatest potential for
reducing derailments attributable to excessive vehicle/
track dynamic interaction. This is particularly applicable
to Class 2 and 3 track which may have a relatively large
percentage of track constructed of 39 ft staggered joint
rail. Since a number of other derailment scenarios also
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imply the strong involvement of the harmonic roll process,
the potential benefits to be derived from such a specifica-
tién could have a positive effect on reducing the number
of derailments attributed to other causal factors such as
side bearing failures. Rail head failures and derailments
which may involve combined train action and harmonic roll
dynamics might also be reduced.

The next most important track geometry parameter with
respect to the freight vehicle derailments is variation in
track alinement. . From the scenario discussed for these
derailments, it appears that many of these derailments

are also a result of a harmonic roll process excited by
lateral track irregularities. This process whether ex-
cited by track geometry variations in crosslevel or aline-
ment, appears to be a significant influence in many of

the principal dynamics-related cause group scenarios
discussed above. A specification for track geometry
variations in alinement which is capable of controlling

or minimizing harmonic roll oscillations resulting from
lateral track irregularities, especially on Class 2 and 3
track, is desirable. ' '

Development of specifications for controlling variations
in track crosslevel geometry and for alinement deviations
as discussed above should be coordinated and/or integrated
such that an effective level of control is attained.
Control of either track geometry parameter without the
other may not produce the desired effect. In order to
accomplish this, extended parametric studies of freight
car rocking response to crosslevel and/or alinement track
irregularities vs speed should be conducted. Analytical
toals suitable for both detailed and parametric analysis
of freight car lateral/roll response and engineering data
characterizing the freight vehicle fleet (Ref. Appendix
A) have been developed under the AAR/Track-Train Dynamics
Program and FRA sponsored research activities. The AAR
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has long recognized the severity of the harmonic roll
‘problem and has completed a limited but fairly detailed
sfudy for selected cases®, Initial parametric studies
have been conducted at TSC to develop a pilot spec-
ification for track crosslevel geometry.

Interrelationships between freight vehicle physical

[ characteristics, speed, and combinations of track alinement
and/or crosslevel variations should be determined. Prin-
cipal physical characteristics affecting harmenic roll in-
clude: truck suspension and carbody/bolster interface
parameters, truck center spacing, carbody mass, roll
inertia and center of gravity height. This study should

k provide information suitable for developing improved

track geometry standards and may also be useful to car-
builders and equipment manufacturers in designing freight
vehicles and components with improved dynamic response
characteristics. |

o The number of freight vehicle derailments experiénced on
Class 2-6 main line track, at speeds above 10 mph, which
are attributed to (a) variations in track superelevation,
(b) track surface irregularities, and (c) gage widening
is relatively small and does not indicate a correlation
between freight vehicle derailments and their speed and
track conditions.

Gage widening is primarily associated with low speed
derailments on Class 1 main line track or derailments on
yard, siding or industrial track. These statistics imply
‘that improved specifications for track geometry variations
in gage and rail restraint specifications would be best
applied to this track. '

There is some data® which indicates that gage
widening on certain classes of main line track may be

% Hérmonic.Roil'Series, International Government--Industry
Research Program on Track-Train Dynamics, AAR-FRA-RPI-TDA.
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associated with heavy six-axle locomotives in curve nego-
tiation.‘ This class of derailments was beyond the scope
6f"this study and is not discussed herein. A future

study of locomotive derailments would provide useful in-
sight into gage and rail restraint requirements for reducing
locomotive derailments.

. The most frequently deréiling freight‘vehicles include
loaded, 100 ton cars having high center of gravity

heights (i.e., greater than 90 inches) and truck center
spacings of 35 to 45 ft. Loaded 100 ton covered

hopper cars are typical of this configuration but certain-
groups of fully loaded 100 ton box, gondola tank and open
hopper cars also fit this category. These cars have been
associated with derailments attributed to variations in
track alinement and crosslevel geometry, and derailments
related to side-bearing failures, excessive buff and slack
train action and rail-head failures. All of these principal
cause categories may be related to large carbody motions
and wheel-rail forces arising from harmonic roll.

Very long, low and medium center-of-gravity height
cars, typically flatcars and vehicular flatcars also have
relatively high derailment frequencies on a miles-traveled
basis. Typical causal factors include coupler and draft
system failures and broken wheel components. The derail-
ment speed profiles indicate that these derailments gen-
erally occur at higher speeds with the largest percentage
occurring on Class 4 track. These causal factors and de-
railment speed profiies may imply excessive car hunting and
associated lateral/yaw dynamics.

A substantial number of derailments have resulted from
plain journal bearing failures due to overheating. Associa-
ted cartypes include smaller 70 ton truck gondolas and
covered hopper cars and cars equipped with 50 and 70 ton
trucks in general. . These cars are probably older vehicles.
Newer cars are being equipped with roller bearing trucks.
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Loaded freight vehicles have a substantially higher in-
cidence and frequency of derailment than unloaded cars

with the exception of vehicular flat cars, 100 ton box

and tank cars and 70 ton truck refrigerator cars. This
trend is particularly applicable to covered and open hopper
cars and heavier gondolas. These cars are bulk carriers
and are usually loaded to full volumetric (and weight)
capacity..  The mileage weighted derailment frequency for
loaded 100 ton tank cars is lower than the average for all
loaded freight vehicles and is about 50% of the average for
all 100 ton cars (Ref. Table 2-7).

The group of cars having the highest derailment fre-
quency in the unloaded condition is vehicular flatcars
equipped with low level trucks.

The mileage weighted derailment frequencies computed in this
study must be regarded as estimates since the annual mileage
data developed for each distinctive vehicle design group
(refer to the discussion of Appendix A) is an estimate.
While the mileage data is not exact, it is considered to be
a good approximation of relative vehicle utilization. Small
differences in derailment frequency should not be considered
significant; however, larger ratios of derailment frequency
between two vehicle configurations may be considered a

good indicator of relative derailment frequency. An outline
of the approximations used in this study is contained in
Appendix B.

This analysis is limited to the study of derailments which
imply excessive vehicle/track and vehicle/vehicle dynamic
interaction at speeds greater than 10 mph on Class 2-6

main line. Because of inherent limitations and uncertain-
ties associated with using the RAIRS accident data, and the
approximations required to develop physical characteristics
of the fleet of railcars and associated loading and average
mileage data, the derailment incidence and mileage-weighted
‘derailment frequency data contained herein should be
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considered as an indicator of relative derailment fre-
quency between various groups of vehicles rather than an
absolute indicator of derailment frequency. For a more
complete discussion of the nature of these limitations and
uncertainties, refer to the discussions in Appendix B.
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APPENDIX A

A PROFILE OF THE PHYSICAL CHARACTERISTICS AND. COMPOSITION
OF THE U.S., FREIGHT VEHICLE FLEET

Under contract NDOT/TSC-1362, entitled "Engineering Data
for Characterization of Railway Rolling Stock and Representatlve
Ladings and Wheel Profiles,” Pullman Standard RED of Hammond
Indiana has provided a physical characterization of the current
"fleet of U.S. railway rolling stock including locomotives, freight
and passenger vehicles. For each vehicle type, major categories
were defined which are dimensionally similar in terms of overall
configuration and as such, are representative of '"standard" or |
"equivalent" vehicle design groups having large popuiations. The
AAR's Universal Machine Language Equipment Register (UMLER) was
sorted and analyzed to define dimensionally equivalent groups of
freight vehicles and associated populations. A similar approach
was used for locomotive and passenger vehicle characterizations.
However, the relatively small number of these vehicles allowed a
more direct definition of distinctive vehicle design groups. The
remainder of this section contains:

(a) An overview of the methodology used to generate the
freight vehicle data, and

(b) A profile of the physical characteristics and‘cpmposi-
tion of the U.S. freight vehicle fleet as abstracted
from the data developed by Pullman Standard.

A.1° METHODOLOGY OVERVIEW

To model the dynamic response of railcars to vertical and
lateral track geometry and stiffness variation, and to assess
railcar stability, curving performance and other measures of
‘performance, a physical description of each (distinctive) rail-
car configuration and suspension is needed in sufficient detail
to characterize all principal physical attributes which influence
the various extitation/response modes of interest, Table A.1l



TABLE.A‘I. ENGINEERING PARAMETERS FOR FREIGHT VEHICLE
CHARACTERIZATION AND PRINCIPAL DATA SOURCES

PARAMETER DESCRIPTION
Carbody Mass

Carbody Geometric Configurations
Loaded Car Mass

Length of Coupler

Carbody Center of Gravity

Lading Center of Gravity, Density, Stiffness, Mass

Carbody Moments of Inertia (roll, pitch, yaw)
Carbody Stiffness (vertical, lateral, torsional)

Carbody First Bending Mode ‘Frequency (vertical,
lateral, torsional)

Assembled Truck Mass
Truck Geometric Configuration.

Assembled Truck Moment of Inertia (roll, pitch,
yaw) _

Assembled Truck Centerplate to Rail Stiffness
(vertical, lateral, roll, pitch, yaw)

Truck Bolster to Sideframe Stiffness (vertical,
lateral, roll, pitch, yaw)

Truck Sideframe to Wheelset Stiffness (vertical,

Lateral)
Truck Bolster to Sideframe Damping

Centerplate Yaw Friction

Truck Bolster to Sideframe Clearance (vertical,
lateral, longitudinal)

Truck Sideframe to Axle Yaw Clearance

Side Bearing Distance from Centerline and .
Clearance

Bolster Bowl Diameter and Center Pin Height
Centerplate-Bolster Bowl Net Clearance

PRINCIPAL SOURCES
Published Literature
Published Literature
Published LIterature
Published Literature
Computation
Published Literature
Computation

Computation

Computation
Manufacturers Data
Manufacturers Data

Published Literature

Manufacturers Data §
Computation

Manufacturers Data §
Computation .

Manufacturers Data §
Computation

Manufacturers Data §-
Published Literature

Published Literature

Manufacturers Data §
Computation

Manufacturers Data §

Published Literaturé

Published Literature
Manufacturers Data



contains an overview of the information required for vehicle sim-
ulation modeling

‘The fundamental problem associated with developing such data
for the fleet of 1.7 million U.S. -freight vehicles at this level
of detail, involves making reasonable tradeoffs between extremes
of detail and accurate representation. Figure A-1 illustrates
the basic methodology used to develop detailed engineerihg des-
criptions for major and distinctive vehicle design groups. These
groups are representative of "standard" or "equivalent'" vehicle
designs which have significant populations in the freight vehicle
fleet. 1In the aggregate, these vehicle descriptions and associ-
ated group populations, representative lading data, empty and
loaded car mileage data, and engineering data describing freight
vehicle trucks approximates the composition, physical character-
istics and relative utilization of the fleet of U.S. freight
vehicles. This data has been developed with sufficient accuracy
and scope for use in analytical simulation modeling to predict
vehicle/track dynamic interactions for the range of freight
~ vehicles in operation over the nation's track system. The data
has also been useful to approximate more detailed physical char-
acteristics of derailed freight vehicles as described in Appendix
B.

A.1.1 Definition of Major and. Dlstlnctlve Groups of Freight
Vehicles

Fleet register data contained in UMLER provided basic dimen-
sional and design-related data describing 1.7 million U.S. freight
vehicles. The UMLER data was initially sorted to group vehicles
on the basis of similar mechanical design and function. Separate
groups were thus established for box, stock, refrigerator, covered
hopper, open hopper, gondola, flat (including TOFC), vehicular flat
and tank cars. Since each of these car types has a significant pop-
ulation and individual cars (within a mechanical car type) exhibit
large variations in lengths, capacities and other design-related
factors it was necessary to establish subgroups within each mechan-
ical car type whose members would have relatively small design vari-
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ations. This is an important consideration, necessary to provide
reasonable characterizations of vehicles in each subgroup and

the fleet as a whole. The subgroups were developed by re-sorting
the vehicles in each car type category into a matrix of ranges

on primary and secondary vehicle design characteristics describ-
ing each car type, based on data contained in UMLER. Initial sub-
group definitions were developed based on car-builder's knowledge
of fleet composition and construction practices and on manual
screening of fleet register data. This process was repeated for
each car type until subgroup definitions were completed. Each
design group identified in this manner essentially represents a
"standard" or '"equivalent'" vehicle design having a significant
population. Further sorting yielded dimensional data and popula-
tions for 198 distinctive vehicle configurations describing box,
stock, refrigerator, covered hopper, open hopper, gondola, TOFC
and general flat, vehicular flat and tank cars. Approxihately

96 percent of the 1.7 million U.S. freight vehicles are represented
by the 198 categories. For each cartype, the number and relative
populations of distinctive vehicle design categories is indicated
in Figure 1-1 (of Section 1). '

A single railcar design was selected from each of the dimen-
sionally similar design groups, which was representative of the
entire group population. A more detailed physical description
was then developed for this particular vehicle by assembling de-
tailed structural data from design drawings and by assimilating
data from the literature, the fleet register, equipment manufac-
turers, FRA and AAR/TTD sponsored test programs and/or by compu-
tational methods. Nominal values of all principal dimensions,
masses, inertias and suspension characteristics were developed
for each representative vehicle. Since each design group defini-
tion is based largely on dimensional daté, these groups may alter-
natively be referred to as Dimensional Vehicle Categories (DVCs).
Table A-2 indicates typical DVC definitions for box cars in terms
of ranges of principal dimensions or design-related parameters and
the corresponding nominal data describing a vehicle design repre-
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TABLE A-2. . DVC DEFINITIONS

WEIGHT TARE
CAPACITY WEIGHT

LOW N HIGH LOW N
( 3 {

100, 110, 120. 50.0 32.0
100. 110. 120. 50.0 52.0
100. 100. 110. 47.0 47.0

88. 110. 116. 60.0 62.0
100. 110. 120. 43.0 47.0
100. 110, 120. 54q0 58.3
100, 110.. 120, 54.0 58.3

95, 100, 107. 70.0 73.0
140. 149, 160. 56.0 63.5
140, 149. 160. - 56.0 63.5
140. 149, 160. 56.0 63.5
130. 140. 174. 75.0 78.0
130. 140. 174. 75.0 78.0
140, 150, 150. 64.0 69.0
130, 134. 140. 75.0 81.0 '
180. 188. 200. 66.0 73.0
180. 188. 200. 66.0  73.0
125, 133, 155. 80.0 85.0
125. 133. 155. 80.0 85.0
180. 182. 200, 69.0 76.0
180. 182. 200. 69.0 76.0
165. 173. 181. 81.0 87.0
165. 173. 181. 81.0 87.0
100, 102, 110. 108.0 113.0
140, 142, 150. 110.0 114.0

(N



FOR BOX CARS (WITH CORRESPONDING NOMINAL DATA)

OUTSIDE

nominal DVC descriptor)

o

, INSIDE
LENGTH LENGTH
HIGH LOW N HIGH LOW N HIGH
— ( ¥ f !
56.0 44.0 44,5 = 45.9 40.0 40.5  40.9
56.0 44.0 44,5  45.9 40,0  40.5  40.9
56.0 47.0 48,0  48.9 40.0 40.5  40.9
67.0 44.0 44,5  45.9 40.0 40.5  40.9
49.0 44.0 44.5  44.9 40.0 40.5  40.9
64.0 54.0 54.5  54.9 50.0 50.5  50.9
64.0 54.0 54,5  54.9 50.0 50.5  50.9.
80.0 54.0 54,5 . 58,9 50.0 50.5  50.9
71.0 54.0 54.5  .55,9 50.0 50.5  50.9
71.0 57.0 58,0 58,9 50.0 50.5  50.9
1 71.0 57.0 58,0 . 58.9 50.0 50.5  50.9
82.0 57.0° 58.0  S58.9 50.0 50.5  50.9
82.0 57.0 58.0  58.9 50.0 50.5  50.9
74.0 59.0 60.4  60.9 50,0 50.5  52.9
85.0 59,0 60.4  60.9 50.0 5.5  52.9
82.0 55,0 55.4  56.9 50.0 50.5  50.9
82.0 57,0 58.0  60.9 50,0 50.5  50.9
98.0 67.0 68.1  68.9 60.0 50.5  60.9
98.0 67.0 68.1. 68.9 60.0 60.8 60,9
79.0 67.0 68.1  68.9 60.0 60.8  60.9
79.0 67.0 68.1  68.9 60.0 60.8  60.9
95.0 67.0 68.1  68.9 60.0 60.8  61.9
95.0 67.0 68.1  68.9 60.0 60.8  61.9
120.0 92.0 93,5 93,9 86.0 8&h.5  86.9
120.0 92,0 92,9  93.9 86.0 86.5  86.9



sentative of the entire group. ‘It can be seen from this table
that the variations in principal dimensions and design-related
features between vehicles in each design group are generally
small. Variations from.the representative railcar design are also
generally small. '

A.1.2 Freight»VehiCle Truck Characterizations

Data was compiled to describe the principal physical charac-
teristics of 50, 70, 100, 125 ton capacity trucks and a special
(low-level) truck.design used with certain flat cars. These
descriptions characterize the preponderance of truck designs in
current use in terms of principal masses, inertias and suspension
characteristics in suitable detail for analytic simulation model-
ing. The 50, 70 and 100 ton capacity trucks account for approxi-
mately 24 percent, 43 pefcent and 32 percent respectively, of the
freight vehicle truck population. Truck designs have been corre-
lated with carbody designs, i.e., the Dimensional Vehicle Cate-
gories, by summing the vehicle's lightweight and weight capacity
and comparing this total with the rail load limits for various
truck capacities. This permits a single and valid correlation. »
Vehicle weight classes are typically described in terms of their
corresponding truck capacities since this provides a much better
indication of total (loaded) vehicle weight than by simply using
the nominal carbody weight capacity. The ratio of nominal weight
capacity to vehicle tare weight can vary from about 0.8 (for an
enclosed vehicular flat car) to about 3.7 (for an open hopper car)
for common railcar designs. The large variation in this ratio
indicates that information on both carbody weight capacity and
tare weight is necessary to properly establish a vehicle's weight
class in terms of total rail weight. ‘

A.1.3 Definition of Representative Ladings and Freight Car
Mileage Data

Representative ladings.and loaded freight car mileage data
have been defined for each mechanical car type through analysis



of the FRA's Waybill Sampling Tapes supplemented by ICC Freight
Commodity Statistics and Pullmén's knowledge of car commodity re-
lationships. A detailed description of this methodology is con-
tained in Ref. 1. Because this data has been used extensively in
this study and is central to the results, a fairly detailed over- ‘
view of the methodology used to approximate mileage data and
average load conditions is presented in the following paragraphs.
It should be noted that this data has been developed as part of

a fleet characterization effort to provide engineering data on
vehicles and ladings for studies in rail systems dynamics. The
form and completeness of the data makes it useful to the study at
hand although it has not been developed specially for this purpose.

The waybill data is a one percent sample of all carloads
originating on Class 1 railroads. Principal data taken from the
waybill records includes: commodity data (as defined by Standard
Transportation Commodity Codes), AAR car types, carload weight,
and carload mileage information. The ICC data provided informa-
tion on total annual carloadings by commodity.

For each car type, carload-weight distributions wefe developed
for principal commodities carried by that car type. This distri-
bution was developed through analysis of the 1 percent waybill
data and indicates number of carloads of a specific commodity
shipped in various load-weight ranges. Commodities having similar
densities were generally aggregated and handled together in '"com-
modity density groups.”

A similar carload-mileage distribution was developed for the
corresponding commodity group and used to estimate an average
mileage per carload for that car type/commodity combinationm.
Analysis of the waybill data typically considered 85 to 90 percent
of all commodities carried by each mechanical car type.

Analysis of the resulting car type/commodity data indicated
that certain mechanical car types such as covered hopper, open
top hopper, vehicular flat, stock and tank cars (about 50 percent
of the DVCs) were essentially commodity and load dependent and, as
such, "typical ladings" could be characterized by a single average
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load, volume, and average trip length per cérload. Commodity
density groups tend to correlate with vehicle weight and volu-
metric capacity since many of these cars were designed to carry
bulk commodities having a specific density. - Other mechanical car
types such as box, refrigerator, gondola and flat car tend to be
commodity independent, hence multiple "representative' ladings
are required to describe typical loads carried by these vehicles.
In many instances however, a single commodity density group is
dominant for these vehicles also. The following discussion out-
lines the methodology used in developing representative lading data
for commodity independent cars such as boxcars. Variations in
the methodology as applied to other car types are described in
Reference [1]. '

After developing the carload-weight distributions from the
1 percent waybill data for commodity density groups, the total
number of carloads shipped in each carload-weight (and carload -
mileage) distribution was then "scaled" to equal the total annual
carloads shipped as reported by the annual carload-commodity sta-
tistics published by the ICC Freight Commodity Statistics, Class
I Railroads. The actual mechanics of this approximation involves
taking the carload-weight distribution as obtained from the 1 per-
cent waybill and converting it to a "percentage carload distribu-
tion." This is done by dividing the number of carloads carried
in each weight range by the total carloads carried as found from
the 1 percent waybill.® The "percentage carload distribution" is
then multiplied by the carload total (for that commodity) as
reported by the ICC to obtain a "total" carload-weight distribu-
tion. The resulting total carload-weight distribution is intended
to be more representative of total carloads shipped, than that ob-
tained by simply multiplying the 1 percent waybill distributions
by 100.

An average mileage per carload was computed for each commod-
ity group (from the carload-mileage distribution) by summing the

*For the particular cartype/commodity group combination being
considered.



product of carloads times mileage in each mileage range and divid-
ing by number of carloads.

The next step in the methodology disaggregated the carload
weight distribution into separate distributions corresponding to
major vehicle weight capacity groups. For commodity independent
cartypes, an assumption was made that the number of carloads
caryied by each vehicle weight capacity group was proportional
to the number of vehicles available to carry a load in a particu-
lar load range.

For example, the fleet of boxcars has three distinct weight
capacities typically described by vehicles equipped with 50, 70
and 100 ton trucks.*®

Carloads in excess of 154,000 1bs were assigned entirely to
100 ton cars since these loads typically exceed the weight capa-
cities of 50 and 70 ton cars. Similarly, carloads in the 120,000
to 154,000 1b range were assigned to 70 and 100 ton cars in propor-
tion to their relative populations, and carloads less than 120,000
1bs were assigned to 50, 70 and 100 ton cars in proportion to the
.percent population of 50, 70 and 100 ton cars. Boxcar truck capac-.
ity groups, approximate weight capacity ranges, percent populations
and carload distribution factors are described in the following
table.

Carload Distribution Factors

Percent 120,000 154,000
Truck Approximate - of _ to to
Capacity Vehicle Weight Box-Car 0-120,000 154,000 210,000
Group Capcity Range Population lbs 1bs 1bs
50 tons 0~120,000 1bs 50.9% 50.9% .- -
70 tons: 0~-154,000 1bs 42.3% 42.3% 867 -
100 tons 0-210,000 1bs 6.8% . 6.8% 14% 100%

For the purpose of correlating loads with vehicle design groups,

the vehicle weight capacity is the parameter which has been used

in making the correlation. For boxcars, the three vehicle weight
capacity groups correspond very closely to vehicles equipped with

50, 70 and 100 ton trucks. However, there are some small exceptions.
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For each car-commodity group, an estimate of total annual
mileage traveled by each vehicle weight capacity group was com-
puted baseé on total carloads carried by that group (determined
by summing carloads in the disaggregated carload-weight distribu-
tion), times the average mileage per carload computed for the car
commodity group.

For box caré, five commodity density groups were defined and
typical loads were characterized in terms of average density,
weight per carload, volume per carload and mileage per carload.
Table A-3 contains average boxcar lading data for five principal
commodity density groups in three vehicle weight capacity ranges.
Specific load characterizations are correlated with vehicle de-
.'sign groups (i.e., DVCs) according to weight capacity (for box -
cars). Carloads (and estimated annual mileage) are allocated to

various design groups having similar weight capacities, in propor- . .

tion to design group populations. The empty car mileage shown in
Table A-3 was estimated using ratios of empty to loaded freight
car mileage for various mechanical car types. These ratios were
~taken from data published by the ICC Bureau of Accounts. Similar
data has been developed for other commodity-independent car types
(refrigerator, gondola and flat cars). The remaining car types
are essentially commodity-dependent and typical loads may be
characterized by a single representative load description.

Representative lading descriptioné and estimated mileage
data have been used in this study to approximate the physical
characteristics of derailed freight vehicle carrying loads and
to approximate total annual mileages traveled'by empty and loaded
freight vehicle configurations. This is discussed further in
Appendix B. |

A.2 COMPOSITION AND PHYSICAL CHARACTERISTICS OF THE U.S. FREIGHT -
VEHICLE FLEET

To summarize the discussion of Section A.1l, the U.S. freight
vehicle fleet may be described by a total of 198 major and dis-
tinctive vehicle design groups characterizing the nine mechanical

A-11



TABLE A-3. BOX CAR LADING DATA SUMMARY - AVERAGE CONDITIONS

e ammen | memcerme | s | AVERAEE | AVERAET | N @ AVERRT | ToTo
e | A | e | B |y, mmm | won. Pz | Cammoans | acES emml s
= - - =U0t | camaap | camzean | (1000's) CARLORD | {2000's;
1 Broty - - | - = — 1,325,113z
2 n-19 | 16.6 34.5 2078 686.53 | 780.82 | 538,033
3 24=40 33.1 72.04 | 2176 | 1259.22 | 778.66 | 920,534
0-120 k i Il I
4 44-50 51.6 89.58 | 1736 509.65 | 476.59 | 282,533
s | e-200 | 97.6 | s447 | sss g7.48 | s00.s8 | 42,731
6. |101-155 | 138.9 | 75.62 s4¢ | 163.18 | 650.95 | 105,322
7 | By | - | = - | - —  l1,382,5
8 1-19 | 16.6 | 37.32 | 22¢8 | ses.75 | 7s0.s2 | 237,352
9 | 24-0 | 331 91.86 | 2775 | 1271.84 | 778.66 | 993,13
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11 61-100 | 97.6 64.09 657 82.04 | 5r0.58 41,368
12 |101-155 | 138.9 | 192.67 739 239.08 | 650.95 | 153,13
13 | Bty - - - - - 272,213
14 | 1119 | 16,6 | 43.07 | 2595 $8.43 | 780.82 | 75,553
15 24-40 33.1° | 105.85 | 3201 256.91 |. 778.66 | 200,03
0-210 k : . : , ' -
16 | 460 51.6 | 114.69 | 2223 154.02 | 476.59 73,424
17 61-100 | 97.6 | s9.09 | 1015 18.73 | 500.38 3,375
18 |101-155 | 138.8 | 121.87 | 877 | 52.23 | 650.95 | 33,::3
0-154 %
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cartypes; Each design group contains a significant number of
vehicles whose physical characteristics usually have very small
deviafionsVCng., less than 10 percent) from a nominal vehicle
design selected to represeht the entire group. Expanded physical
descriptions of each representative vehicle have been developed,
and these descriptions have been used to approximate the physical
characteristics of the respective design groups. "Representative
ladings, average load conditions, and estimates of total annual
miles traveled by commodity dependent and commodity independent
cartypes have also been defined. This data is used to (a) pro-
"vide a profile of the physical characteristics of the fleet of
U.S. freight vehicles (b) approximate physical characteristics

of loaded or empty freight vehicles involved in derailments and
(c) approximate freight vehicle derailment rates on a per-miles-
traveled basis for various freight vehicle configurations. The
following discussion outlines the data developed in Reference 1 to
describe the composition and physical characteristics of the fleet
of U.S. freight vehicles. This description is a prerequisite to

- interpreting a profile of freight vehicle derailments. Approxi-

mations of the physical characteristics and derailment incidence
and frequency of derailed freight vehicles are discussed in. sub-
sequent chapters. '

Table A-4 and Figure 1-1 (in Section 1) summarize the number of
major and distinctive freight vehicle design groups (DVCs) and ve-
hicle/lading combinations developed :to characterize various mechan-
ical cartypes. Empty car data is contained in Part A of Table A-4
and indicates population and relative population data for various
car types.. Loaded car data is shown in Part B. Table A-5 illus-
trates typical data assembled to characterize each of the DVCs
using covered hopper cars as an example (only data describing two
of the twenty-five covered hopper DVCs is shown). The descrip-
tions are composed of UMLER-related data and parameters developed
by computational methods. Similar descriptions have been developed
for each of the 198 design groups. Most of the computed parameteré
are load-dependent and are recomputed for each load condition
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TABLE A-4.

PART»AZ- UNLOADED FREIGHT VEHICLES

DIMENSIONAL VEHICLE CATEGORY SUMMARY DATA

* THIS FQPULATION

RZPRESENTS A30UT 9

35

% OF ALL WILER VERICLE RECORDS.

A-14

MECHANICAL | NO. OF | POPULATION RELATIVE ANNUAL MILAGE anNvar
CAR TYPE DVC's | (ALL DVC's) | POPULATION (%) (ALL DVC's) MILAGE (%)
BOX 25 458.,2x10° 27.5 .2577.2x10° 40.1
STOCK 2 4 ,9%107 0.3 8.2x10, Gl
| REFRIG 21 95 .4x103 5.7 451.6x10, 7.2
COVERED 25 226.8x10° 13.6 868.5x10 " 13,5
HOPPER . _ . 6 A
OPEN © 30 355.9x10° 21.4 753.5x10 1.7
HOPPER : , _ 6
GONDOLA 27 183.8x107_ 11.0 _444.0%10 6.9 |
TLAT w/END ' ' 6 ’ y
. BULEHEAD 11 42.3x103 2.5 133.5x10, 2.1
{ FLAT w/o E¥D| 15 89.9x103 5.4 534.,2x10° §.3
 BULKHEAD , 3 —
VEHICULAR 6 33.0x10 2.0 237 .6x10 3.7
FLAT ‘ - _ 6 .
TANK 36 177.4x10° 10.6 421.9%10 6.6
¥
TOTALS 198 1666.6x10°3 100.0% 6430.2x10% 100.55
PART B = LOADED FREIGHT VEHICLES
MECHANICAL NO. OF DVC/ ANNUAL MILAGE ANNUAL |
CAR TYPE | LADING COMBINATIONS (LOADED DVC's) | MILAGE (%)
BOX 150 4808.0x10° 35.5
STOCK A " 15.2 0.1
REFRIG 42 "1161.0 8.6
"COVERED |
HOPPER 25 1719.8 12.7
OPEN ‘
~ HOPPER 30 . 1582.7 11.7
GONDOLS 75 1159.4 8.5
FTLAT w/END ' ‘
BULKEEAD 29 338.0 2.5
FLAT w/o0 END
_ BULKHEAD 39 1509.7 11.1
VEHICULAR ‘
FLAT 6 475.1 3.5
TANK 36 793.4 5.8
TOTALS 434 13562.3x10° 100.0%



COMPUTED ENGINEERING

I ————— .

SORTED UMLER DATA

LADING

e T e
—_—_—

PARAMETERS

TABLE A-S5.

ENGINEERING PARAMETER DESCRIPTIONS OF COVERED-

HOPPER CARS BY DIMENSIONAL VEHICLE CATEGORIES

PARAMETER OR -
DESCRIPTOR

VOLUMETRIC CAPACITY

INSIDE LENGTH

OUTSIDE LENGTH

EXTREME HEIGHT

WEIGHT CAPACITY

LIGHT WEIGHT

DRAFT GEAR

TRUCK CZNTERS

POPULATION

%Z POPULATION

% TRUCK BEARINGS
R-ROLLER; P-PLAIN

LOADED/USLOAT ZD
'LADING CODE
ANNUAL MILAGE

CARBODY MASS
CAR3ODY YAW INERTIA
CARBODY PITCE INIRTIA
_CARBODY ROLL INERTIA
c.g. EETGHT

LENGTH B. COUPLER PINS
LENGTH OF COUPLER
VERTICAL BENDING FREQ.
‘LATERAL BENDING FREQ.
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ni
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/

[ =——C  ——
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29.3 29.3

" 59 24,2
46.5 20.8
21.3 12.3
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identified with each desigh group. This results in an additional
434 loaded vehicle characterizations. One of the five truck
descriptions discussed in Section A.l has also been associated
with each design group. This is an important déscriptor since it
is indicative of loaded vehicle gross rail weight. The vast
majority of freight vehicles are designed such that the sum of

the vehicle's lightweight and nominal weight capacities is approx-

imately equal to the rail load 1limit for 50, 70 and 100 ton trucks.

This relationship is described below:

‘Truck Type i
(Vehlcle Welght Class) Rail Load Limit ,
7 s0 tons 177,000 1bs. -
- 70 tons a - 220,000 1bs.
~ 100 tons - 263,000 1bs.
125 tons : - 315,000 1bs.
55 tons (low 1eve1) 179,000 lbs. (approximate)

Comparisons have been made1 between the fleet character1za~
tion data discussed above and flfé_gigézflc railcar cha£AE£;¥IE£-
tions available in the literature. For each vehicle description,
a corresponding DVC was selected based on comparisons of principal

dimensional and car-capacity descriptors, which closely approxi-

mated each cdr's characteristics. The comparisons indicated that,
in each case, a DVC could be selected which closely approximated
each of these vehicles in terms of carbody weights, dimensions,
volumetric and weight capacities, c.g. height, and mass moments of
inertia. Since the basic DVC definitions were developed by sorting
and analyzing the UMLER file based on primary and secondary physi-
cal descriptions of railcars and, since these definitions cover
approximately 96 percent of the freight vehicle fleet, virtually
all freight cars can be identified with a particular DVC in this

manner. e e e = R

Table A-6 contains fleet populatlon data by car type and prin-

c1pal vehlclelﬁelght classes Cas defined by truck capac1ty1 “while
~Table A-7 contains estimates of total annual mileage traveled,_;gb:w_"
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TABLE A-6. FLEET POPULATION DATA BY MECHANICAL CAR TYPE
AND TRUCK CAPACITY

POPULATION IN THOUSANDS
i ‘\‘\zsgfx CAPACITY
- | _CAR TYPE 50T 70T 100T LL* TOTALS $% FLEET
BOX 233 194 31 - 458 27.6
STOCK ' _ 5 - - - 5 © 0.3
REFRIGERATOR 13 74 7 - 95 . 5.7
COVERED HOPPER - 53 174 - 227 13.6
OPEN HOPPER | 35 176 145t - 355 21.4
GONDOLA 20 105 59 - 184 11.0
FLAT (incl TOFC) 29 92 9 3 133 8.0
VEHICULAR FLATS - -18 - 15 33 1.2
TANK | 63 12 102 - 177 10.6
TOTALS ] | | 398 724 527 18 1667 |
$ FLEET | 24,0 43,5 31.7 1.0

*Indicates special low-level truck used with low platform-height
flat cars.

t

(1) Includes approximately 2000 125 ton cars
(2) Totals may not be exact due to rounding
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TABLE A-7. ESTIMATED TOTAL FLEET MILEAGE BY MECHANICAL
CAR TYPE AND TRUCK CAPACITY

In Mllllons

Car M11eage~oTota1 Empty + Loaded

CARTYPEN\ TRUCK CAPACITY | 50T 70T 1007 | LL* | TOTALS
 BOX - ' '3,448.41| 3,598.9 | 736.7 - 7,784.1
STOCK 33. . ; - 33.3
REFRIGERATOR 258.2{ 1,503.6 200.1 | - 1,961.9
COVERED HOPPER . 812.6 | 2,661.9 | - 3,474.5
OPEN HOPPER 281.4| 1,509.6 | 1,211.3 | - 3,023.11
GONDOLA ) - 87.3| 793.1 | 1,097.5 | - 1,977.8
FLAT (incl TOFC) 446.9 | 2,235.9 247.8 | 89.1| 3,019.7
VEHICULAR FLATS - 513.1 0 437.0 950.1
TANK 607. 124.4 993.5 | - 1,725.4
TOTALS : 5,162.9 [11,091.2 | 7,148.9 | 526.1 |23,949.9%1%

*Indicates spec1a1 low-level truck used with low platform-height

flat cars.

Includes approximately 20.7 million carmiles for 125 ton freight

vehicles.

2Totals may not be exact due to rounding.
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both loaded and unloaded configurations, for the corresponding
vehicle groups.

" From Table A-6, it can be seen that open and covered hopper
cars make up approximately 35 percent of the fleet, and over half
of them are 100 ton cars. Box cars represént another major group
(27.5 percent of the fleet). Percent populations for 50, 70 and
100 ton weight classes are also indicated in Table A-6 and indi-

cate that approximately 99 percent of all freight vehicles fall in

these weight classes.

PRINCIPAL PHYSICAL CHARACTERISTICS OF THE FREIGHT VEHICLE FLEET

Figures A-2 through A-5 are histograms illustrating the dis-
tribution of some principal physical characteristics for the fleet
of freight vehicles. These include vehicle weight capacity, out-
side length and volumetric capacity. Figure A-6 illustrates the '
distribution of coupler lengths within the fleet. The vast major-
ity of cars are equipped with the standard 29 inch long coupler
with smaller numbers of "long" couplers in service with longer've¥
hicles such as flat, vehicular flat and long, cushioned underframe
box cars. Figures A-7, 8 and 9 illustrate vehicle populations |
vs vehicle inside length, length between coupler pins and truck
center spacing, respectively. Referring to Figure A-9, the large -
number of vehicles having a truck center spacing between 39 and 42
feet should be noted in conjunction with the typical 39 foot rail
length used in track coﬁstruction. |

Figures A-10 and A-11 illustrate vehicle populations as a
function of vehicle light (tare) weight and extreme height respec-
tively. The large number of vehicles having an extreme height of
15 to 15.5 feet (Figure A-11) is noteworthy. This implies that a
large percentage of the freight vehicle fleet will have high
center of gravity heights in either the loaded or unloaded config-
uration. This is an important consideration in the harmonic roll
process associated with the dynamic response of high-c;g. vehicles
to track having moderate to large crosslevel track geometry irreg-
ularities. '
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Figures A-12 through A-15 contain population histogram data
on important vehicle configurational parameters which are affected
by loads. These histograms approximate the distributions of empty
carbody c.g. heights and axle loads, carbody roll inertias, and car-
body vertical bending frequency, respectively. These parameters
influence a railcar's vertical and lateral response to variations
in track geometry and structural compliance. Note that the popu-
lation histogram data contained in Figures A-12 through A-15 are
for unloaded freight vehicles only. In order to characterize the
relative distributions of physical attributes which are influenced
by load, mileage histograms have been estimated for (a) unloaded
(b) total (unloaded plus loaded) mileage conditions. These histo-
grams approximate the relative frequency of occurrence of load de-
pendent vehicle descriptors over the range of possible values,
with and without typical loads carried. For example, Figures
A-16A and A-16B approximate the relative frequency of occurrence
of c.g. heights in terms of total annual miles traveled by (a)
unloaded freight vehicles and (b) loaded and unloaded freight
vehicles. Similar approximations are presented for axle load
distributions (Figures A-17A and A-17B), carbody roll inertias
(Figures A-18A and A-18B), and carbody vertical bending frequencies
(Figures A-19A and A-19B).
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APPENDIX B

DEVELOPMENT OF DATA BASE FOR VEHICLE ACCIDENT
CORRELATION STUDIES

Under the FRA's Railroad Accident Incident Reporting System
(RAIRS), railroads are required to submit monthly reports on rail-
road accidents and incidents resulting from rail transportation
operations. For reporting purposes the three following categories
of reportable accidents are defineds:

Group I - Rail-Highway Grade Crossings - All accidents and inci-
dents at grade crossings are to be reported, regardless of

injury or level of equipment damage.

Group II - Rail Equipment - These accidents include derailments,

collisions, fires or other events involving railroad on-track
equipment (standing or moving). Accident/incidents resulting
in track and equipment damages exceeding about $2,300 are
reportable under this category.

Group III - Death, Inju;x,and Occupational Illness - Death and in-
juries resulting from railroad operations are reported under

this category.

For these categories, reports on individual accidents and in-
cidents are filed which contain information describing accident -
conditions such as location, type of accident, environmental con-
ditions, operational data, equipment involved, property damage,
casualties, hazardous material involvement and a set of codified
causal factors. These reports are compiled periodically on mag-
netic tapes and provide an automated data file suitable for sta-
- tistical analysis of accidents associated with railway opera-
tions.
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From a rail systems dynamics point of view, the accident data,
correlated with information describing the physical characteristics
of derailed freight vehicles, provides a more comprehensive data
base for assessing derailment scenarios and to quantify the inci-
dence and mileage weighted derailment frequencies of various rail-
car configurations. The data base described below has been
assembled for this purpose.

This study is concerned with rail equipment related accidents
and specifically with freight vehicle derailments attributed to

causal factors such as truck geometry defects, rail component
failures, vehicle running gear and other component failures, ex-
cessive speed, excessive train action or curving forces, and other
related factors implying excessive vehicle/track dynamic interac-
tion. Tables 2-1 and 2-2 in Section 2 summarize principal cause-

code categories considered herein. Accidents attributable to gradé
crossing incidents, signal and control equipment failures, human
error or related human factors are not germane to the objectives of
this study and accidents of this nature are not included.

Figure B-1 illustrates the reporting from used for reporting
rail equipment type derailments. Information considered useful
to this study is indicated. Accident data from calendar years
1976, 1977 and the first three quarters of 1978 was used to gen-
erate an accident data file containing this informatiom, for all
freight vehicle derailments attributed to causal factors such as
those described above.

The accident data file was then linked with the FRA's Univer-
sal Machine Language Equipment Register (UMLER), using the vehicle
initials and serial number (common to both files), in order to add
basic vehicle design and configurational attributes for each de-
railment record.

The UMLER is a master file containing data on the entire
fleet of freight vehicles and on highway trailers and containers
used in TOFC/COFC service. The principal purpose of the UMLER
file is to provide a basic source of vehicle data for improving
car utilization and to provide a means of listing per diem and
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ﬁileage billing rates for each car. A discussion of the UMLER
file and a.discussion of typical data contained in the file is
presented in Appendix A.

It should be noted that the UMLER file used in correlating
accident data with physical attributes of derailed freight vehi-
cles, is the identical file used to generate the fleet character-
ization (i.e., the DVC populations, and extended physical charac-
terizations) data described in Appendix A. The UMLER file used
was last updated in December 1977 and has been very compatible in
terms of successful linkages with the accident data file discussed
above. Successful linkages were obtained for approximately 95
percent of all rail-equipment related derailments reported for
the two and three quarter accident years considered. A small
number of derailments involving locomotives or passenger vehicles
were omitted since these vehicles could not be linked with the
UMLER file.

The concatenated file of RAIRS/UMLER data was then erroneous,
or contained duplicate accounts of the same accident (arising from -
situations where separate accident reports were required from more
than one railroad in reporting the same accident). A total of -
approximately 16,000 vehicle/accident records were assembled for
the 2.75 years of accident data studied.

Additional data on more detailed vehicle physical characteris-
tics was then added to each record contained in the RAIRS/UMLER
file by appending selected freight vehicle characterization data
previously described in Appendix A. The freight vehicle configu-
rational and design data contained in UMLER is useful, but this
data does not describe physical attributes of freight vehicles
which are likely to influence the dynamic response of vehicles to
various track related excitations over the range of railcar opera-
tional speeds Parameters such as estimated axle loads, carbody mass
moments of inertia and c.g. heights, truck center spacings, carbody
flexibilities and truck suspension characteristics are physical
attributes of known importance in assessing vehicle dynamic res-

-

ponse to various modes of excitation. For example, parameters such
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as truck spacing; carbody mass, truck vertical éuspension charac-
teristics, carbody vertical bending mode and pitch inertia would
dominate aﬂd'distinguish a vehicle's vertical dynamics; carbody
c.g. height and roll inertia, side bearing clearance, and truck
roll suspension characteristics would dominate roll response;

- while lateral résponse and hunting stability are primarily con-
trolled by truck suspension and carbody mass and inertia charac-
teristics in addition to more complicated and detailed considera-
tions involving wheel/rail interaction mechanics.

The linking mechanism used to append the more descriptive
vehicle characterization data involved identifying each derailed
freight vehicle with a particular DVC by using the physical attri-
butes available from the UMLER file.

As outlined in Appendix A, the DVCs were developed by sort-
ing the UMLER file into major and distinctive vehicle categories
based on these physical attributes. Variations between vehicles
constituting each design group are generally small, héﬁée,Mif>ah“ B
derailed freight vehicle can be identified with a particular de-
sign group, the physical descriptors which characterize the group
-should provide a good estimate of the physical characteristics of
the derailed vehicle. Since important design, population and
utilization data has been developed for each major and distinctive
vehicle group, it is useful to '"re-associate' the vehicle described
in each RAIRS/UMLER record with its appropriate DVC group and to
append this useful data to the data base.- This has been done for
all vehicle/accident records by matching primary and secondary
UMLER attributes used to develop the DVCs,

Table B-1 contains a sample listing of UMLER attributes
from concatenated vehicle/accident records which were associated
" with DVC no. 11, a 4750 £t°,
first row of data indicates the nominal DVC physical description

100 ton covered hopper car.. The

including weight capacity, tare weight, volumetric capacity, in-
side length and outside length. This data implies that there is
very little variation between the representative vehicle charac-
terization used to describe the group (as indicated By the nominal
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TABLE B-1.

WEIGHT
CAPACITY

200x10°

200.
200.
200.
200.
200.
200.
200.
198,
197.
197.
197.
200,
200.
200,
200.
200.
199.
200.
200.
199,
200.
200.
200.
200.
200.
200.
200,
200,
200.
200.
200.
195,
200.
200.
200.
200.
200.
200.
202.
198.
198.
200,
195,
198,
200.
200.
200.
200.
200.
200.
200.
200.
198.

TARE
WEIGHT

61.6 x10°

54,
61.
61.
61.
61.
62.
61.
64.
65.
65.
65,
61.
60.
61.
62.
62.
64.
63,
64,
64 .
62.
63.
61.
61.

o o o e =
OO OO OO0COOOODOOCOOOOODODOOOLOODOO OO OODOOOOOOOODODOLDOLOLOLOOOLDOOO

CONCATENATED ACCIDENT RECORDS ASSOCIATED WITH
COVERED HOPPER CAR NO,

0

VOLUME

CAPACITY

4750ft

4750,
4750.
4750,
4750.
4750.
4750.
4750.
4700.
4700.
4700.
4700.
4740,
4740,
4740,
4740.
4700.
4740.
4700.
4700.
4700.
4700.
4740.
4750.
4750.
4750.
4750,
4750.
4750.
4750,
4750.
4700,
4785.
4750.
4750.
4750,
4750.
4750.
4750.
4750,
4740.
4740.
4750.
4740.
4740.
4740.
4750.
4750.
4750.
4750.
4750.
4750.
4750,
4740.

COO0OOOO0ODODOOOCOOOOOOOCOOOOOOOOOODOOODOOOCOODLDOOOOCODOCODODDODOOOLOO

(i.e. DVC NO)

OUTSTDE INSIDE
LENGTH LEGNTH
59f¢t 55 ft
58.8 54.1
60.8 55.3
60.0 55.3
60.0 55.3
60.0 55.3
60.0 55.3
60.0 55.3
57.8 53.5
57.8 53.5
57.8 53.5
57.8 53.5
59.3 54.5
59.3 54.5
59.3 54.5
59,3 54.5
57.1 53.5
59.3 54.5
59.3 54.5
59.3 54.5
59.3 54.5
59.3 54.5
59.3 54.5
60.0 55.3
60.0 55.3
60.0 . 55.3
60.0 55,3
60.0 55.3
60.0 55.3
60.0 55.3
60.0 55.3
59.3 54,5
59.1 54.5
60.0 55.3
60.0 55.3
60.0 55.3
60.0 55.3
60.0 55.3
60.0 55.3
60.0 55.3
58.3 54.5
59.3 54.5
60.0 55.3
59.3 54.5
59.3 54.5
59.3 54.5
60.0 55.3
60.0 55.3
60.0 55.3
60.0 55.3
60.0 55.3
59.9 55.3
60.0 55.3

3 5

Nominal
DVC
= Descriptor

Typical

TIMLER
Descriptors for
Derailed Vehicles
Associated

With

This

Design

Group

Total of.
Records
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DVC descriptors in the 1st row) and individual vehicles consti-
tuting the group (as indicated in subsequent rows listing actual
physical characteristics of derailed freight vehicles as taken
from the UMLER file).

The mechanics of "associating' each UMLER record with an

apprOprlate DVC involved one or more steps as described below. \

The UMLER data from each veh1c1e/acc1dent record is first
compared with each DVC definition (a matrix of ranges on primary
and secondary physical attributes) for the cartype being considered.
If all primary and secondary parameters fit one and only one DVC
definition, the vehicle is identified with this DVC (group).
Approximately 75% of all lihkages are made using the criterion.
If the vehicle fits more than one DVC group (which is an unlikely
event) a "best-fit" algorithm is used to assign the vehicle to
the most appropriate group. The best-fit algorighm computes a
normalized rms deviation between the set of UMLER attributes .
(from a particular vehicle/accident record) and the corresponding
set of nominal attributes describing candidate DVCs for the car
type being considered. The following equation illustrates the
process where RMS(l) equals the normalized rms dev1at10n,

2
RMS (1) = \/Z (i, 3&(;}?(”]

where j no. of primary and secondary physical attributes compared
1 = no. of DVC definitions which a record satisfies
XN = nominal value of DVC attribute

XU = UMLER value for attribute corresponding to XN
If RMS(i) exceeds 0.10 or if any [(XN(i,j) - XU(3))/XN(i,j)]
exceeds 0.40, the record is flagged and separated from the main
data base as a poor fit. If these criteria are not exceeded, the

record is assigned to a DVC group based on minimum rms deviation
from nominal values describing the DVC.

The second step involves situations where all primary attri-
butes fit one and only one DVC but a single secondary attribute
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is not satisfied. These records were assigned to the appropriate
DVC and hand checked to insure that a reasonable association had
been'made.' If a large variation was noted, the record was flagged
and separated from the main data base. .

- Table B-2 provides information pertaining to the linking of
derailed boxcar records using the algorithm discussed above. An
RMS value of 0.0 indicates that the set of physical attributes
describing a derailed freight vehicle satisfies the definition of
a single DVC and is assigned to that DVC. Values between 0.01 and
- 0.09 indicate that the derailment record may be associated with
ﬁore than one DVC definition or that one of the matching parameters
lies slightly outside of its corresponding range of values for a
best fit DVC. This occurs fairly frequently because of the narrow
definition of most DVCs. About 6 percent. of the records had an ERMS
equal to or greather than 0.10. Although these cars were identified
with a DVC, there was enough variation from the normal DVC defin-
ition to regard these cars as improperly represented by the DVC,
hence these records were flagged and omitted from the main data
base. A value of 9.99 indicates that DVC associations were not
made because of missing UMLER data needed for the linking process.
Table B-2 indicates that good associations were made with boxcar
DVCs for 93 percent of all derailed boxcar records. This is typi-
cal of assignments for other cartypes also.

The third step involved manual linking of certain car types
based on UMLER attributes and AAR Car Type Code. This technique
is particularly necessary in making associations for vehicular
flat cars. These cars are long and fairly uniform in length and
are basically composed of bi-level or tri-level racks atop a
low-deck or high-deck flat car. Typical rack weights vary from
approximately 15,000 to 45,000 1bs depending upon features such
as number of tiers or enclosure partitions. Typical flat car
weights (without racks) are approximately 60,000 to 70,000 1bs.

In developing the DVCs, UMLER sorting indicated that light weights
contained in UMLER for vehicular flat cars, typically include the
rack weight. In many cases however, the listed weight capacity is
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TABLE B-2. SUMMARY OF BOXCAR DVC ASSIGNMENTS

Number of Records Cumulative Percent

RMS
0.00 1184 64
0.01 36 - 66
0,02 49 ' 68
0.03 . 63 - 72
0.04 78 76
0.05 138 83
0.06 x 78 88
0.07 36 | 89
0.08 26 91
0.09 26 93

0.10 to 0.24(1) 113 99
9.99(2) 27 100

Total 1854 |

(l)These records represent marginal "fits" and have been
excluded from the data base.

(Z)These records represent ''non-linked" records, usually
as a result of missing UMLER data.
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not de-rated by the rack weight. This causes difficulty in making
comparisons, of vehicle weight capacities. The following example
provides a useful illustration:

AAR Car type Code = V681
from Weight Capacity = 118,000 1bs
UMLER: nght Weight = 86,000 1bs
: Platform Height = 2 ft 6 in.

[ Gross Vehicle Weight (WT Cap + Tare
Wt) = 204,000 1bs

Rail Load Limit (for low profile

L trucks) = 179,000 1bs

[ Approximate Weight Bi-Level of Rack:
L - 30,000 1bs

The AAR Car Type Code indicates this vehicle is a bi-level,
low deck flat car. This is corroborated by the 2 £t 8 in. plat-
form height. These low deck cars are equipped with specialized

low profile trucks which have a rail load 1imit of approximately.
179,000 1bs as indicated above. Based upon the listed UMLER values
for light weight and weight capacity, this vehicle would exceed the
rail load 1limit for a car equipped with these trucks by an amount
which is approximately equal to the rack weight in this example.
Considering the vehicle Weight capacity to be 88,000 1lbs, i.e.,
subtracting the estimated rack weight from the vehicle weight
capacity, this vehicle can readily be identified with its appro-
priate design group, i.e., DVC.

In addition to the methods described above, each set of UMLER
values was checked to ensure that it had been assigned to a DVC
having an appropriate weight-clasé. This was done by summing the
vehicle weight capacity and light weight and comparing this total
‘with the rail load limits for 50, 70 and 100 ton truck vehicles
as shown below.\ '

Vehicle Weight Rail Load
Class Limit
50 tons 177,000 1bs
70 tomns 220,000 1bs
100 toms . 263,000 1bs
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125 tons*® 315,000 1bs
55 tons*#* 179,000 1bs
'Finaliy, a visual screening of all UMLER attributes for each
vehicle/accident record was made against the corresponding nomin-
al atriibutes for the assigned DVC to eliminate any incompatible
assignments. "

In expanding the physical descriptions of derailed freight
vehicles to include engineering descriptors which influence vehi-
cle dynamic response characteristics, it is necessary to make some
assdmptions about derailments of loaded freight vehicles for cer-
tain cartypes. This is because the accident data only indicates
wbether the vehicle involved in the derailment was loaded or un-
loaded. Information describing the commodity and load weight car-
ried is not available. Of the derailments analyzed in this report,
approximately 23 percent involved unloaded cars. Another 40 per-
cent involved loaded cars, such as covered and open hopper cars,
vehicular flats and tank cars. To a great extent, these cars are
commodity dependent and characteristic loads have been defined.
Most of the-femaining derailments involve loaded box, refrigerator,
gondola and flat cars. These cars generally carry a wide range of |
commodities and in different load ranges. For example, up to six
representative load characterizations have been developed to des-
cribe the range of loads carried by box cars, in the fleet char-
acterization effort described in Appendix A. Two to three repre-
sentative loads were typically identified for the other "commodity
independent" car types (refrigerator, gondola and flat car).

A review of these representative loads for the commodity de-
pendent car types discussed above indicate that, in many instances
one of the typical load groups is dominant in terms of total
number of carloads carried and car miles traveled. In other in-
stances, differences between representative loads are small. These
considerations led to the following assumption regarding loaded

verf'small population
*
low profile truck used with low deck flatcars.
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freight car characteristics for the car types discussed above.
Table B-3 contains typical information describing the number of
ladihg grouvs associated with certain commodity independent car-
types and the corresponding annual mileage and carbody parameters
associated with each vehicle/lading combination.

Freight vehicles involved in derailments are first associated
with an appropriate DVC as discussed above. For the commodity in-
dependent cartypes, in instances where one DVC load condition,
(i.e., commodity density group) is predominant, that vehicle/lading
combination is assumed for all of that vehicle's loaded car mile-
age. Part A of Table B-3 illustrates this process for a typical
loaded box car configuration. Loaded carbody parameters corres-
ponding to lading group (b) and a total loaded car mileage of 244
million miles, are assumed for all loaded boxcars identified with
boxcar group no. 2A. Part B of Table B-3 illustrates a condition
where two representative loads have been identified to character-
ize loads carried by a particular flat car design (DVC No. 1lA).
Each load is similar to the extent that variations in loaded car-
body properties are small. Loaded carbody parameters correspond-
ing to lading group (a) are assumed for loaded freight car derail-
ments associated with flat car group no. 1A and the associated
loaded car mileage used is 23.1 x 108 miles. The latter approxi-
mations should generally result in very good load estimates.

The assumptions outlined above are considered reasonable for
- the purposes of this study although an assumed "most frequent"”
load configuration must be used to characterize loads for commod-
ity-indpendent car types. The load approximations used are not
considered gross and are made in a relatively small percentage of
the data base records (about 20 percent). This approximation also
seems reasonable in the sense that the most frequently carried
load configuration is assumed for these cases.

A complete description of the resulting file of accident data
~and associated physical attributes of derailed freight vehicles
is. contained in Table 1-1 in Section 1. This.data is an abstract
of the most salient information contained in RAIRS, UMLER and the
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Part A:

TABLE B-3.

SELECTION OF TYPICAL LOAD FOR -

COMMODITY INDEPENDENT CARS

B-13

Box Car Example; DVC No. 2A
Lading Total Annual Loaded Carbody Properties Vert.
Group Mileage Mass Roll Inertia C.G. Height Fred-
No. (XlO6 mi) (# secz/in) (XlO5 in 1b secz) (in) (Hz)
a, 59 188 | 4 73.8 17
b. 108 285 .8 74.9 14
c. 27 330 10.2 70.2 13
d. -5 239 9 60.1 15
e. 12 294 .6 58.2 14
£. _33 373 12.6 86.6 12
244
Representative lading group = no. b.
Total loaded car miles = 244 x 10°
Part B: Flat Car Example; DVC No. 1A |
 Lading Total Annual Loaded Carbody Properties Vert.
Group Mileage Mass Roll Inertia C.G. Height Freq.
No. (x10% mi) (¥ sec?/in) (X10° in 1b sec?) (in) (Hz)
a. 12.5 338 12.2 96.8 20
b. 0.6 353 13.5 100.5 20
23.1
Representative lading group = no. 147
Total loaded car miles = 23.1 x 10°



fleet characterization data for the purpose of conducting an ac-
tuarial study of the relationship between causal factors (implying
derailment mode), equipment designs and operating conditions. The
data file, is composed of 16,000 records covering 2.75 years of
accident reports and considers each derailment attributed to the
selected cause code groups listed in Tables 2-1 and 2-2 of Section
2.

Referring to Table 1-1 in Section 1, it c¢an be seen that each
data base record contains a set of actual vehicle attributes (from
UMLER) and a corresponding set of attributes which is assigned when
each vehigle is identified with a DVC. Parameters such as outside
length, inside length, weight canacity,'folumetric capacity and
lightweight are common descriptors. Since a relatively small
number (198) of DVCs are used to characterize about 1.7 million
U.S. freight vehicles, the range of possible values which a
particular DVC descriptor may take is more discretized (in the
sense that the number of possible values is limited) when a
vehicle is represented by the DVC descriptors rather than those
of the actual vehicle design.

To develop a qualitative sense of how representative the DVC
descriptors are of the actual freight vehicle fleet, the vehicle/
- accident records have been used to: generate cumulative distribu-

- tion diagrams indicating the distribution of a particular vehicle
" attribute when represented by the actual vehicle parameter and
its corresponding assigned (DVC) values.

Figure B-2 and B-3 iﬁdicate the cumulative number of derail-
ments as a function of outside length (Figure B-2) and vehicle
weight capacity (Figure B-3) using both the actual vehicle data
taken from UMLER and the assigned values resulting from associat-
ing each derailed freight vehicle with a DVC. It can be seen that
the overall distributions are very similar. These results imply
that physical characteristics of derailed freight vehicles may be
reasonably approximated by the fleet characterization data des-
cribed in Appendix A.
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Cumulative Number of Derailed Freight Vehicles

~70

Cumulative Percentage

FIGURE B-2.
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As a second qualitative check, the vehicle/accident records
were sorted into groups according to combinations of parameters
déscfibing'various‘vehicle configurations. In this process a
matrix of relatively large ranges on vehicle outside length,
nominal weight capacity and volumetric capacity were defined such
that the entire fleet would be represented by a small number
of vehicles described by these three descriptors. Three ranges
were selected for each descriptor resulting in a total of twenty-
seven combinations. :

Vehicle/accident records were first sorted into this matrix
of physical configurations using actual UMLER attributes for
length,’weight and volumetric capacity and then resorted using
the corresponding values resulting from identifying each vehicle
with a DVC. Tables B-4 and B-5 illustrate the number of (derail-
ment) records falling into each vehicle configuration using
actual (UMLER) and DVC values respectively. In each of these
tables, flatcars are broken out separately since volumetric ca-
pacity does not apply to these cars. From a comparison of these
tables it can be seen that the resulting derailment distributions
are very similar. This is an important finding because these
results imply that derailment profile data (extracted from analysis
of the data appended to each record as a result of identifying
each vehicle with a DVC), is very similar to the results one
would obtain if the actual vehicle data were_analyzed.

Although results are not expected to be exact, the observed dif-
ferences are considered small enough to suggest that the DVC
assignments are reasonable representations of derailed freight
vehicle configurations. Although freight vehicle fleet derail-
ment profiles can be generated based on either the UMLER or DVC
descriptions, the physical data available from UMLER is not very
detailed for the purposes of this study. On the other hand, the
DVC data is very detailed, including useful population data and
mileage estimates for each major and distinctive vehicle design
representing about 96 percent of the freight vehicle fleet, and
can readily be associated with individual freight vehicle designs

which have been involved in derailments. For these reasons, the

B-17



TABLE B-4.

DISTRIBUTION OF FREIGHT VEHICLE DERAILMENTS

AMONG VEHICLES DESCRIBED BY LENGTH, WEIGHT

UMLER DATA

PART A, FLAT & VEHICULAR FLAT CARS

AND VOLUMETRIC CAPACITY ATTRIBUTES USING

WEIGHT CAPACITY (KIPS)

| 70-120 @) 120.1

-165 (MED) 165.1-210 (HEAVY)

OVERALL 21-47 (SHORT)

11
LENGTH 47.1-62 (MED) 34
(FT) 62.1-80 (LONG) 0

0 0
98 4
64 27

PART B, ALL MECHANICAL TYPES EXCEPT FLATS § VEHICULAR FLATS

1. SMALL VOLUMETRIC CAPACITY (600-1300 FT> OR 5000-16500 GAL)
WEIGHT CAPACITY (KIPS)
‘ _ 70-120 (LT) 120.1-165 (MED) 165.1-210 (HEAVY)
OVERALL  21-47 (SHORT) 130 401 112
LENGTH 47.1-62 (MED) 3 170 67
(FT) 62.1-80 (LONG) 0 27 3
2. MEDIUM VOLUMETRIC CAPACITY (3100-4900 FT> OR 16500-25500 GAL)

WEIGHT CAPACITY - (XIPS)

L . '} 70-120 (LT) 120.1-165 (MED) 165.1-210 (HEAVY)
"OVERALL =~ 21-47 (SHORT) 262 22 24
LENGTH 47.1-62 (MED) 19 71 1132
(FT) 62.1-80 (LONG) 0 17 7
3. ' LARGE VOLUMETRIC CAPACITY (4900-7100 FT> OR 25500-34500 GAL)

70-120 (LT) 120.1

WEIGHT CAPACITY (KIPS)

-165 (MED) 165.1-210 (HEAVY)

" OVERALL 21-47 (SHORT)

0
LENGTH 47.1-62 (MED) . 206
{FT) 62.1-80 (LONG) 0

PART C, VERY LARGE FREIGHT VEHICLES

1 0
628 66
99 118

- (IN TERMS OF LENGTH, WEIGHT CAPACITY AND/OR VOLUMETRIC CAPACITY)

WEIGHT CAP. (225-230 KIPS)
OVERALL LENGTH (27-96 FT)
VOLUMETRIC CAPACITY (10,000 FTS)

TYPICAL VEHICLES

OPEN HOPPER (125 TON)
BOX, FLAT & VEHICULAR FLAT

HIGH CUBE BOX



TABLE B-S; DISTRIBUTION OF FREIGHT VEHICLE DERAILMENTS
' . AMONG VEHICLES DESCRIBED BY LENGTH, WEIGHT
; AND VOLUMETRIC CAPACITY ATTRIBUTES USING
DVC DATA
PART A, FLAT & VEHICULAR FLAT CARS

WEIGHT CAPACITY (KIPS)

: ] 70-120 (LT) 120.1-165 (MED) 165.1-210 (HEAVY)
OVERALL 21-47 (SHORT) 14 0 0
LENGTH 47.1-62 (MED) 31 © 100 0
(FT) 62.1-80 (LONG) 0 63 30
PART B, ALL MECHANICAL TYPES EXCEPT FLATS & VEHICULAR FLATS

1. SMALL VOLUMETRIC CAPACITY (600-3100 FT® OR 5000-16500 GAL)

WEIGHT CAPACITY (KIPS)

| 70-120 (LT) 120.1-165 (MED)

165.1-210 (HEAVY)

OVERALL

21-47 (SHORT) 113 431 105
LENGTH 47.1-62 (MED) 4 170 63
(FT) 62.1-80 (LONG) 0 22 0

2. _MEDIUM VOLUMETRIC éAPACITY (3100-4900 FT

3

OR 16500-25500 GAL)

WEIGHT CAPACITY (KIPS)

_ 70-120 (LT) 120.1-165 (MED) 165.1-210 (HEAVY)
OVERALL 21-47 (SHORT) 248 15 - 22
LENGTH 47.1-62° (MED) 17 48 1148
(FT) 62.1-80 (LONG) . 0 22 6

3. LARGE VOLUMETRIC CAPACITY (4900-7100 FT3 OR 25500-34500 GAL)
WEIGHT CAPACITY (KIPS)

~

70-120 (LT) 120.1-I65 (MED) 165.1-210 (HEAVY)
OVERALL 21-47 (SHORT) 0 0 0
LENGTH 47.1-62 (MED) 218 650 67
(FT) 62.1-80 (LONG) , 0 88 133
PART C, VERY LARGE FREIGHT VEHICLES

(IN TERMS OF LENGTH, WEIGHT CAPACITY AND/OR VOLUMETRIC CAPACITY)

TYPICAL VEHICLES

OPEN HOPPER (125 TON)
BOX, FLAT & VEHICULAR FLAT

HIGH CUBE BOX

WEIGHT CAP. (225-230 KIPS) 0
OVERALL LENGTH (87-96 FT) 423
VOLUMETRIC CAPACITY (10,000 FTS) 39
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DVC.&escriptions have been used primarilf in this study unless
otherwise specified.

As a result of linking each derailed freight vehicle with a
distinctive vehicle group (DVC), an estimate of the total annual
miles traveled by vehicles having a particular physical charac-
teristic or combinations of physical characteristics is available
(including both loaded or unloaded conditions). This permits
the calculation of estimated derailment frequencies for various
combinations of accident and/or vehicle physical attributes. For
example, consider the question of the relative derailment tendency
of .different vehicles, each having a different center of gravity
height. Also consider the range of c.g. heights in the fleet to
be represented by the following groups. ‘

GROUP C.§¢. HEIGHT
1 ' © 25 - 50 in.
2 50 - 70 in.
3 70 - 90 in.
4 90 - 110 in,

A derailment incidence vs c.g. height could be determined by count-
ing, for each group, the number of derailed freight vehicles which
have a c.g. height lying within that group. The corresponding
mileage weighted derailment frequency can be estimated by summing
the total mileage traveled by vehicles having c.g. heights in each
of the four ranges. Derailment frequencies can then be calculated
on a per mile basis by dividing total number of derailments by
total miles traveled. This process is outlined in Figure B-4.
Figure B-5 shows the results of this exercise and indicates -that
while the highest incidence of derailment occurs for vehicles having
c.g. heights in the 70 to 90 inch range, the highest frequency of
derailment is associated with the high c.g. (90 - 110 inch) cars.

The above example is typical of the derailment frequency
.computations made in Section 2.0. Principal assumptions and
approximations used in the vehicle/accident correlation studies
are outlined below.
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. SELECT COMBINATIONS OF VEHICLE ACCIDENT
AND PHYSICAL ATTRIBUTES OF INTEREST

OPERATE ON UMLER/RAIS DATA BASE TO PROVIDE:

DERAILMENT COUNTS ON UMLER/RAIS t‘ MILEAGE COUNT ON ALL DVC

RECORDS HAVING THIS COMBINATION GROUPS HAVING THE COMBINATION

OF ACCIDENT AND PHYSICAL OF PHYSICAL ATTRIBUTES OF
ATTRIBUTES

INTEREST

'DERATLMENT COUNT
MILEAGE COUNT

DERAILMENT FREQUENCY =

FIGURE B-4. BASIS FOR DERAILMENT FREQUENCY CALCULATIONS
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DERATLMENT INCIDENCE
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4000
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2000 ¢

1000

a) AL( DERAILMENTS EXCEPT CROSSLEVEL

-W 5.0

FREQUENCY

INCIDENCE ~13.0

24-50 50.1-70 70.1-90 90.1-110

CENTER OF GRAVITY HEIGHT (IN)

FIGURE B-5.

DERAILMENT INCIDENCE AND FREQUENCY VS CENTER OF GRAVITY HEIGHTS

DERAILMENT FREQUENCY (DERAILMENTS PER 107 MILES)

DERAILMENT INCIDENCE

500

400

300

200

100

b) CROSSLEVEL DERAILMENTS ONLY

INCIDENCE

FREQUENCY

24-50 50.1-70 70.1-90 960.1-110

CENTER OF GRAVITY HEIGHT (1IN)

3.1 10.9 13.0 18.0

$ OF ALL CAUSES

0.4

DERAILMENT FREQUENCY (DERAILMENTS PER 107 MILES)



APPROXIMATIONS

‘The information contained in the data base should not be
taken as exact because of (a) assumptions implicit in using the
limited accident data contained in RAIRS and (b) approximations

in developing engineering parameter descriptions of distinctive

vehicle design groups and associated mileage estimates. Never-

theless, many of the assumptions and/or approximations used are

considered reasonable for the purposes of this study. Princi-

pal approximations and/or simplifying assumptions used in
this study include: ’

0

In using the RAIRS data, a "first imnvolved" or ''causing"
vehicle is identitfied. Information on other derailed
freight vehicles is not included, hence the analysis is
limited to vehicles identified in the accident records.

Even though the validity of accident attributes such as
accident cause and vehicle speed are, in many cases,
difficult to judge. the validity of assigned accident
attributes is assumed correct.

It is assumed that unknown physical characteristics

of derailed freight vehicles are quite similar to those
of the design groups with which the derailed vehicle has
been identified. This is a reasonable assumption because

the design group definitions are usually very narrow and

represent large populations of railcars which have rel-
atively small variations from a nominal representative
value. The assumption is based on the fact that an ele-
ment of approximation is inherent in matching a derailed
freight vehicle configuration to one of the 198 "distinc-
tive vehicle design groups" in order to expand the .physical
descriptions of derailed freight vehicles. In most in-
stances, only small differences exist in matching parameters.

Several approximations were necessary in developing mile-
age data used for computing mileage-weighted derailment
frequencies of various vehicle configurations. This is
discussed in more detail in later sections.
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For certain car-types which carry a wide variety of commod-
ities and load weights, an approximate or '"averaged'" 1load
condition has been established in the absence of more de-
tailed information. This assumption is necessary because
the accident data only indicates if a vehicle is loaded
and does not indicate commodity or load weight carried.

In many cases, load conditions can be assumed with confi-
dence because of known car-commodity relationships.

In developing derailment scenarios it is implicitly assumed
that all vehicles in the fleet experience relatively equal
exposure to track of varying quality (i.e., track classes)
and have relatively equal mileage speed distributions such
that the probability of derailment for any group of vehicles
in the fleet is not overly influenced by a disproportionate
amount of exposure to such factors when compared to the
overall utilization profile of other groups of vehicles.
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SPEED RANGE '
MPH PERCENT DISTRIBUTION

10.1 to 15.0 WEEEEEEE T T

15.1 20.0 18% kA hkkk ko kA hhkR
20.1 25.0 PAEEEEELTEE T LT R ET
25.1 - 30.0 IVAEEE TR L T LT
30.1 35.0 IREEEETE T EX T 2

35.1 40.0 10*********%

40.1 45.0 RELRELE:

45.1 50.0 03***

50.1 55.0 00

55.1 60.0 00

60.1 65.0 00

65.1 70.0 00

70.1 75.0 .00

75.1 80.0 00

80.1 85.0 00

85.1 90.0 00

Average derailment speed = 28.7 mph.
Each *# = 1% Based on 246 derailments

FIGURE C-1. PERCENT DISTRIBUTION OF DERAILMENTS
VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP 4, ALINEMENT
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10.
15.
20.
25.
30.
35.
40.
45,
50.
55,
60.
65.
70.
75.
80.
85.

Each *

e i e R e T S S T S S S COy VOt Sy S S U PR )

 SPEED RANGE

MPH

to 15.
20.
25.
30.
35.

- 40.
45.
50.
55.
60.
65.
70.
75.
80.
85.
90.

1% Based

PERCENT DISTRIBUTION

20 ki kkhkhhhhhhhhnR
20%kkkkhhhih ki r xR i ki hkeoh
29*****************************

13*************

03***
. 03***
01*

01%
100

00

00

00

00

00

00

00

O O O O O O O O O O o o o o o o

on 543 derailments

Average derailment speed = 22.9 mph.

FIGURE C-Z; PERCENT DISTRIBUTION OF DERAILMENTS

VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP 7, CROSSLEVEL
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SPEED RANGE

MPH
PERCENT DISTRIBUTION

10.1 to 15.0 Q7 *%kkkkk
15.1 20.0 IREEET T T LR T
.20.1 25.0 IREEIITEEE T T
25.1 30.0 135k kkkhRkerhhk
30.1 35.0 - WPEEEEET T T RS
35.1 40.0 SPEE TR TR TR 2
40.1 45.0 13kkkkkkkkhkRkR
45,1 50.0 ]]kkkkkRR kXK
50.1 55.0 03k
55.1 60.0 03%%%
60.1 65.0 00
65.1 70.0 01%*
70.1 75.0 00
75.1 80.0 00
80.1 85.0 00
85.1 90.0 00

Each * = 1% Based on 321 derailments
- Average derailment speed = 34.2 mph

FIGURE C-3. PERCENT DISTRIBUTION OF DERAILMENTS
‘'VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP 14, COUPLER AND DRAFT
SYSTEM FAILURE



SPEED RANGE

MPH
PERCENT DISTRIBUTION

10.1 to 15.0 QPkkkhRkk Rk ARk Rh kR Rk k%
15.1 20.0 DEhkRRRARRKRRRRAR AR KRR RRK AR
20.1 25.0 ASAE AR R EE SRR R LS EE LS
25.1 30.0 WELEEEEETTEL Y

30.1 35.0 Q3 *** ;

35.1 40.0 \FEEEEE

40.1 45.0 03*%%

45.1 50.0 02%%

50.1 55.0 01%*

55.1 60.0 01%

60.1 65.0 00
- 65.1 70.0 00

70.1 75.0 00

75.1 80.0 00

80.1 85.0 00

85.1 90.0 00

Each *# = 1% Based on 236 derailments

Average derailment speed = 23.9 mph

FIGURE C-4. PERCENT DISTRIBUTION OF DERAILMENTS
VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP 15, SIDE BEARINGS
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10.
15.
20.
25.
30.
35.
40.
45,
50.
55,
60.
65.
70.
75.
80.
85.

L i i i o e e o S T T e B I

SPEED RANGE
MPH

to 15.
- 20.
25.
30.
35.
40.
45,
50.
55.
60.
65.
70.
75.
80.
85,
90.

PERCENT DISTRIBUTION
06%%kkk%

INEEEEEIEEET:

R EET T T
(Q*kAkkhRRRAKRRA KR KRR
4%k ke hkkhhhhhik
16****************
EEEEET TR
O8*%kkhkksk

04****

02**
01*
00
00
0 00
0 00
0 00

O O O O O O O O O o o o o,

Each * = 1% Based on 309 derailments

‘Average derailment speed = 33.6 mph

FIGURE C-5.

PERCENT DISTRIBUTION OF DERAILMENTS
VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP ‘17, PLAIN JOURNALS,
OVERHEATED .
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SPEED RANGE

MPH
PERCENT DISTRIBUTION
10.1  to 15.0 04%%%%
15.1 20.0 07 k*k&kdkkks
20.1 25.0 WELELEL T
25.1 30.0 G E L L
30.1 35,0 SELEETIE T EL.
35.1 40.0 IR LT T T T
40.1 45.0 QQ#%%kkkkhkk
45.1 50.0 ICELE LRI LR TR T T T
50.1 55.0 06*xkk*k
55.1 60.0 WFELEEEE TS
60.1 65.0 02%%*
65.1 70.0 03%%%
70.1 75.0 00
. 75.1 - 80.0 00
80.1 85.0 00
85.1 90.0 00

Each * = 1% Based on 256 derailments
Average derailment speed = 40.8 mph

FIGURE C-6. PERCENT DISTRIBUTION OF DERAILMENTS
VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP 19, BROKEN WHEELS
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20.
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30.
35,
40.
45,
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55,
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70.
75.
80.
85,

T = T e T T S B S T S R S Py SIS S R S

SPEED RANGE
MPH

to 15.
20.
25.
30.
35.
40.
45,
50.
55.
60.
65.
70.
75.
80.
85.

90.

O 00 OO0 0 OO0 000 O 00 O O

PERCENT DISTRIBUTION
24 RRKERI BRI KRR RIRRARIS SRR

19************.*******
23***********************
12*******.*****
03***_ ” -
08********
02%#
03***
03*’**
02%%
00
00
00
00
00
00

Each *# = 1% Based on 226 derailments

FIGURE C-7.

 Average derailment speed = 25.6 mph

PERCENT DISTRIBUTION OF DERAILMENTS
VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP 25, EXCESSIVE BUFF/SLACK
ACTION



SPEED RANGE

MPH
PERCENT DISTRIBUTION

10.1 to 15.0 13k kkkkikhikihk
15.1 20.0 PAREEEE AR TR L L T
20.1 25.0 28****************************
25.1 30.0 - MEEEEE ST T TR
30.1 35.0 O8kkFkkkkx%
35.1 40.0 '05%****
40.1 45.0 03%**
45.1 50.0 01%
50.1 55.0 01%
55.1 60.0 00
60.1 65.0 00
65.1 - 70.0 00
70.1 75.0 - 00
75.1 80.0 00
80.1 85.0 00
85.1 50.0 00

Each * = 1% Based on 368 derailments

Average derailment speed = 25.5 mph

FIGURE C-8. PERCENT DISTRIBUTION OF DERAILMENTS
VS FIVE MPH SPEED BANDS FOR CAUSE
CODE GROUP 29, RAIL-HEAD FAILURES
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TABLE C-1. DERAILMENT DATA VS CARTYPE AND TRUCK
CAPACITY FOR ALINEMENT CAUSE CODE GROUP

Cause Code Group-- 4. (Alinement)
TRUCK CAPACITY

MECH~CAR B Low
TYPE 50 Ton 70 Ton 100 Ton 125 Tom [Level TOTAL
T 3448448, 3598942, 7346713, 0. 0. 1 - 7784103,
Box I 22 23 3 0 0o I 50
I 0,23 0,25 0.15 - 0.00 0.00 I 0.23
S | 33279, 0. - 0. 0, 0. I 33279,
Stock i 0 0 0o 0 o1 . 0
’ I 0.00 0.00 0.00 0,00 0.00 I 0.00
X 25810%. 1503594, 200143, 0, 0. I 1941926,
Refrigerator 1 0 10 ) ‘ 0 .0 I 11
I 0,00 0,24 0.18 0,00 0,00 T 0.20
I 0., 812587, 26461905, 0. 0. I 3474472,
Cov. Hopper | 0 10 75 : 0 0 I a3
. 0,00 0.49 ‘002 0.00 0,00 I - 0,89
I 201454, 1509570, 1211303 20782, 0, I 3023111,
Open Hopper I 3 10 29 0 0o 1 42
1 04+39 0.24 . 0.87 0.00 0.00 I 0.51
I 87287. 793089, 1097472, 0. . 0. 1 1977829,
Condola I 0 2 10 0 o 1 20
I 0.00 0,09 0,60 0,00 0,00 I 0,37
Flat I 444051, 2235951, 247803, 0. 89137, 1 3019742,
L I 1 14 | 0 0o 1 ié
(incl. TOFC) 0.00 0,23 0,15 0,00 0,00 § 0,19
Veh X 0, 513047, 0, 0. 437043, I 950110,
F1 iCUIar I 0 1 0 0 11 2
a I 0,00 0.07 0.00 0,00 o.08 1 0.08
1 407390, 124474, 993548, 0, “0. T 1725412,
Tank 1 3 a ‘ 15 0 0 1 20
I 0.18 0.50 0,59 0,00 0,00 I 0.42
MILES I S142900, 11091234, 7148000, 20742, 5241680, I 23949904,
COUNT 29 74 142 0 1 I 244
FREO 3 0,20 0.24 0,72 0,00 0.07 I 0,37
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TABLE C-2. DERAILMENT DATA VS CARTYPE AND TRUCK
-CAPACITY FOR CROSSLEVEL CAUSE CODE GROUP

MECH-CAR

TYPE

Box

Stock

Refrigerator

Cov. Hopper
Open Hopper

Gondola

Flat
(incl. TOFC)

Vehiculaf
Flat

Tank

MILES
COUNT
FREQ

Cause Code Group-- 7. (Crosslevel)

TRUCK CAPACITY

1.37

o Low
50 Ton 70 Tom 100 Ton 125 Ton j1eyel TOTAL

3448448, 3598942, 734713, 0, 0, I 7784103,

42 93 4 0 0 I 141

0.44 0.94 0.30 0.00 0.00 I 0.64

33279, 0, o. 0. 0., I 33279,

0 0 0 0 o I 0

0.00 0,00 0.00 0.00 0.00 I 0.00

258189, 1503594, 200143, 0. 0. I 1961924,

2 37 7 0 o I a4

0.28 0.89 1.27 0.00 0.00 I 0.85

O, B12567. 266190%5. 0. 0, T 3474472,

0 a2 105 0 o I 207

0.00 0.98 2.53 0.00 0.00 I 2,17

281454, 1509570, 1211303, 20762, 0. I 3023111,

9 21 . at 0 o 1 .7

1.14 0.51 1.23 0.00 0.00 I 0.05
87287, 7930469, 1097472, 0. 0. I 1977829,

0 -9 "7 0 0 I 14

0.00 0,41 0.23 0.00 0.00 I 0.29

448651, 2235951, 247003, 0. 87137, I 3019742,

i 14 1 0 O 1 1Y

0.08 0.2 0,148 0,00 0.00 [ 0.02

0. 513087, 0. 0. 437043, I 950110,

0 2 0 0 9 I 11

0.00 0.14 0.00 0,00 0.75 I 0.42

607390, 124474, 993540, 0. 0. I 1725412,

8 3 02 0 0o I 33

0.40 0.80 0.01 0.00 0,00 I 0.70
5362900, 11091234, 7146000, 20762, 526100, T 23949904,

42 203 249 0 9 I 541

0,44 0.47 0.00 0,62 GvU2



" TABLE C-3. DERAILMENT DATA VS CARTYPE AND TRUCK
CAPACITY FOR COUPLER/DRAFT SYSTEM

Cause Code Groupj- 14. (Coupler/Draft System)
TRUCK CAPACITY

MECH-CAR" . Low
TYPE . 50 Ton 70 Ton 100 Ton 125 Ton peyel TOTAL
I 3448448, 3398942, 736713, 0. 0., I 7784103,
Box £ 42 YR 5 0 0 I 108
I 0.45 0.41 0.25 0,00 0.00 I 0.50
I 33279, 0. 0, 0, 0, I 33279,
Stock 1 .0 0 0 0 0 1 0
X 0,00 0,00 0,00 0000 0.00 I 0.00
I 2508189, 1503594, 200143, 0. 0. I 1941924,
Refrigerator | 1 i4 5 0 o 1 20
1 0,14 0.34 0,91 0.00 0.00 1 0.37
S x 0, 012547, 2461905, 0, 0, I 3474472,
A Cov. Hopper 0 10 15 0 o 1 25
' 1 0,00 0.45 0,20 0.00 0.00 I 0.24
= emmmee e ——————— . ————— o e e s e
r : 1 201454, 1509570, 1211303, 20702, - 0, I 3023311,
Open Hopper 1 5 7 5 0 0 1 17
I 0.65 0,17 0.15 0.00 0.00 I 0.20
I 872687, 793069, 1097472, 0, 0. I 1977629,
Gondola I 3 9 9 (4} 0 1 24
I 1,25 0.41 0,30 0.00 0.00 1 0,39
Flat I 444851, 2235951, 247003, 0, 89137, I 3019742,
(incl. TOFC) I 4 73 s o 1 1 a3
i 003-’ 1-‘9 0073 0.00 ) 0‘4‘ I 1000
Vehicular I 0. 513047, 0, 0, 437043, I 950110,
Flat I o & 0 0 311 ar
0.00 0,43 0,00 6,00 2.50 1 1,42
I 607390, 124474, 993540, 0, 0. I 1725412,
Tank I 1 o 9 0 L0 1 10
I 0.064 0.00 0,33 0.00 0.00 I 0.21
. MILES )} S142900. 11091234, 7148000, 207682, 5241680, 1 23949984,
COUNY 1 76 160 53 0 32 g 324
FREQ I 0,54 0.52 0.27 0,00 2,24 1 0,49
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TABLE C-4.

CAPACITY FOR SIDE BEARINGS

Cause Code Group-- 15. (Side Bearings)
TRUCK CAPACITY

MECH-CAR
TYPE

Box

Stock

Refrigerator
Cov. Hoﬁper

Open Hopper -

Gondola

Flat

(incl. TOFC)

Vehicular

Flat

Tank

MILES
COUNT

DERATLMENT DATA VS CARTYPE AND TRUCK

Low
50 Ton 70 Ton 100 Ton 125 Ton tpeayel TOTAL

3448448, 3590942, 734713, 0. 0. 7784103,
15 4S5 3 0 0 53
0,14 0,35 0.15 0.00 0,00 0.25
33279, 0. 0. 0, 0. 33279,
0 0 .0 0 0" 0

0.00 0.00 0,00 0,00 0.00 0.00
258189, 1503594, 200143, 0. 0. 1961924,
1 20 1 0 0 22

0.14 0.46 0.18 0,00 0.00 0.41
0., 812547, 2081905, 0, 0. 3474472,

0 23 90 0 0 113

0.00 1,03 1,23 0.00 0.00 1.18
281456, 1509570, 1211303, 20762, 0, 3023111,
2 10 & 0. 0 : 18

0,246 0.24 0.18 0.00 0,00 0.22
087287, 793049, 1097472, 0, 0, 1977029,
0 2 3 0 0 5

0.00 0,09 0.10 0.00 0,00 0.09
444051, 2235951, 247003, 0, U187, 3019742,
0 9 0 0 0 : "

0.00 0,15 0.00 0.00 0,00 0.1
0. 513067, 0. 0, 437043, 950110,

.0 2 o 0 4 é
0,00 0.14 0.00 0,00 0.33 0.23
807390, 124474, 993540, 0. 0, 1725413,
2 1 7 0 0 10

0.12 0.29 0.24 0.00 0.00 0.21
5142900, 11091234, 7140000, 20702, 524100, 23949904,
20 102 110 0 4 o n34
0.14 0.33 0,54 0.00 0,20 0,34
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TABLE C-5.

DERAILMENT DATA VS CARTYPE AND TRUCK

CAPACITY FOR PLAIN JOURNALS OVERHEATED

Cause Code Group-- 17. (Plain Journals Overheated)
TRUCK CAPACITY

MECH-CAR
TYPE

Box

Stock
Refrigerator
Cov. Hoppé;
Opén Hopper

* Gondola

Flat
(incl. TOFC)

Vehicular
Flat

Tank

HILES
COUNT

FREQ

Low
- 50 Ton 70 Tom 100 Ton 125 Ton [Level TOTAL
I 3448448, 3598942, 734713, 0, 0, 1 7784103,
I a8 3 0 0 0 I 40
X 0,58 0.05 0.00 0,00 0.00 I 0,20
I 33279. 0. 0. 0, 0. X 33279 ¢
X 0 0 0 0 0o I 0
I .00 0,00 0,00 0,00 0,00 (¥ 0,00
I 2568189, 1503594. 200143, 0. 0, X 1941924,
I 3 2 0 0 0 I 9
1 0.42 0.0% 0.00 0,00 0,00 I 0,09
I 0, 812%47. 24641905, - Q. 0. I 3474472,
i 0 56 4 0 o I 60
1 0,00 2.5; 0.09 0,00 0.00 I 0,63
I 201456, 1509570, 1211303, 20782, 0., I 3023111,
I 4 a3 ) o 0 I 38
1 0,52 0,79 0,03 0,00 0.00 I 0.44
I 87287, 793049, 1097472, 0. 0. I 1977829,
I 5 79 1 4] 0 I (131
I 2.0 3.44 0,03 0:00 . 0,00 I 1.49
{ 446051, 2235951, 247803, 0. 689137, 1 3019742,
I 4 12 . 0 0 0 I 16
I 0,49 0.20 0,00 ©.00 0.00 I 0,22
I 0. 513047, 0, [+ 437043, I 950110,
) § 0 0 0 0 0 I 0
I 0.00 0.00 0,00 0,00 0,00 I 0,00
) § 607390; 124474, 9935460, [ 0., I 17225412,
1 20 17 2 0 0 I 47
I 1.48 4,97 0,07 0,00 0,00 I 0.99
I 2142900, 11094234, 7140044, 207042, 5246180, I 23949904,
4 101 200 [t} 0 0 I 309
I Q.73 0.4 0.04 0.00 0,00 g} 0.47
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Cause Code Group-- 19,

MECH-CAR
TYPE

Box

Stoék—
Refrigerator
Cov. Hopper

Open Hopper

Gondola

Flat .
(incl. TOFC)

Vehicular
Flat

Tank

HILES

COUNT
FREQ

TABLE C-6. DERAILMENT VS CARTYPE AND TRUCK
CAPACITY FOR BROKEN WHEEL COMPONENTS

(Broken'Wheel Components)

TRUCK CAPACITY

. Low
50 Ton 70 Ton 100 Ton - 125 Ton Level TOTAL
) { 34484408, 3590942, 734713, 0. 0. I 7784103,
)¢ 24 44 & 0 0 I 76
.S 0.27 0.46 0,30 4,00 0.00 I 0.34
______________________ —qm—
I 33279, 0. (1 0. 0, I 33279,
1 0 0. 0 ] o I 0
X 0.00 0,00 0.00 0,00 0.00 I 0.00
I 2u6189, 1303594, 200143, 0, 0. I 1961924,
I 7 19 1 0 0 1 27
)| 0.99 0.44 0.18 0.00 0,00 I 0.50
I 0. 812567, 264190%. 0, 0, I 3474472,
I. 0 ? 30 0 o I 37
I 0,00 0.;1 0.41 0.00 0,00 I 0.39
I 201454, 1509570. 1211303, 20702, 0., 1 3023111,
t 1 iq 7 0 0 I 24
I~ 0.13 0.43 0.21 0.00 0,00 I 0.31
I a72az. 7930469, . 1097472, ' 0 0, I . 1977829,
1 2 4 5 0 o 1 13
¢ ", 683 0.28 0.17 0,00 0,00 I 0.24
1 444051, 2235951. 24720001, O 09132, 1 3019742,
 § 2 34 3 0 0o I 414
x 0.14 0,39 0.44 0,00 0.00 X 0.49
¢ O, 513047, 0. 0. 437043, 1 ?G0110,
I 0 2 0 0 L2 I 24
b ¢ 0,00 0.14 0.00 0,00 1i.83 I 0,92
| 607390, 124474, 993446, 0, 0. I 17225412,
I 0 ' 1 9 0 0 1 10
I 0.00 0.29 0.33 0.00 0,00 I 0.21
1 Q162700. 131071234, 7148008, 207282, 5261&0; I 23949784,
I - 30 135 C 61 0 22 1 254
1 04,27 0,44 0.00 1.52 1 0.39

0.31
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TABLE C-7.

DERAILMENT VS CARTYPE AND TRUCK CAPACITY

FOR EXCESSIVE BUFF/SLAQK ACTION

Cause Code Group-- 25. (Excessive Buff/Slack Action)
o TRUCK CAPACITY

MECH-CAR
TYPE

Box

Stock
Refrigerator
Cov.iHoppéf
Open Hopper

Gondola

Flat
(incl. TOFC)

Vehicular
Flat

Tank

HILES
COUNT
FREQ

%

Low
50 Ton 70 Ton 100 Ton 125 Ton Leyel TOTAL
I 3448448, 3590942, 734713, 0. 0. I 7784103,
1 20 a3 13 0 o 1 4
1 0.21 0.33 0.64 0,00 0.00 I 0,31
1 33279, 0. 0. 0. 0. 1 331279,
i 0 0 0 0 o1 o
I 0.00 0,00 0.00 0,00 0,00 I 0.00
I 258169, 1503594, 200143, 0. 0. I 1961924,
1 0 14 2 0 0o 1 16
1 0.00 0.34 0.34 0,00 0.00 1 0,30
I 0., H12567., 2641905, 0. 0. I 3474472,
I 0 11 51 0 o I 42
I 0.00 0.49 0,70 0.00 0,00 I 0.65
I 281456, 1509570, 1211303, 20782/ 0, I 3023111,
I 5 11 15 0 o I 31
I 0,65 0.24 0,45 0,00 0,00 I 0,37
I 87287, 793049, 1097472 0. 0. I 1977829,
1 0 4 2 0 G 1 e
I 0.00 0.28 0.07 0,00 0.00 1 0,15
I 446051, 2235951, 247803, 0, 89137, I 3019742,
1 4 22 1 0 0 1 27
I 0,33 0.44 0,15 0,00 0.00 1 0.33
0, 513047, 0, 0, 437043, 1 950110,
I 0 1 0 0 R A
1 0.00 0.07 0,00 0.00 0.25 1 0.1%
I 407390, 124474, 993548, 0. 0, I 1725412,
I T 0 é 0 0o 1 12
I 0,36 0,00 0,22 0.00 0,00 1 0,25
I 5142900, 11091234, 7148008. 20782, 526180.71 23949964
X as 98 90 .0 31 224
I 0.25 0.32  0.44 0.00 0.21 I 0,34
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DERAILMENT VS CARTYPE AND TRUCK
CAPACITY FOR RAIL HEAD FAILURES

TABLE C-8.

Cause Code Grbup—~ 29. (Rail Head Failures):
- TRUCK CAPACITY

MECH-CAR ) Low
TYPE 50 Ton 70 Ton 100 Ton 125 Ton pevel TOTAL

I 34408448, 3598942, 734713, 0. ' 0. I 7784103,
Box 1 42 a5 2 0 o 1 ay
R 0.44 0,45 0,10 0.00 0.00 .1 0.42

1 33279, T 0 0, 0. 0. 1 33279,
Stock I 0 0 0 0 0 1 0
I 0.00 0.00 0.00 0,00 0.00 Y 0.00

X 258189, 1503594, 200143, 0. 0. I 1961924,
Refrigerator I 1 17 1 0 0 I 19
1 ) 00!4 °o41 0.18 0000' 0.00 I 0-35

1 0. B12547. 26461905, 0. 0, I ' 3474472,
Cov. Hopper | 0 9 Hé 0 0 I 95
' I 0.00 0.40 1.17 0.00 0.00 I 0.99

- 2081456, 18509570 1211303, 20762, 0. I 3023111,
Open Hopper I 1 2 49 0 o 1 - 73
1 0.13 0.5% 1.47 0,00 0.00 I 0.66

I 67287, 793049, 1097472, 0, 0. I 1977829,
Gondola I 4 3] 146 o (O § 20
1 1.47 0.37 0.53 0.00 0.00 I 0.51

Flat I 446851, 2235951, 247804, 0. 82137, I 3019742,
(incl. TOFC) I 4 23 3 0 1 32
I 0.49 0.37 0.44 0.00 0.00 I 0.39

Vehicular I 0, 513047, 0, 0. 437043, I 950110,
Flat I 0 0 0 0 5 1 5
1 0.00 0.00 0.00 0.00 0.42 1 0.19

: I 407390, 124474, 993540, 0. 0. 1 1725412,
Tank 1 5 1 21 0 o 1 27
1 0,30 0.29 0.77 0.00 0.00 I 0.57

MILES 1 5142900, 11091234, ?7148800. 20782, 524180, I 23749904,

COUNT . ¢ 59 124 174 0 - ¢ 340

FREQ g 0.42 0.41 0.91 0,00 0,35 I

0.56
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TABLE C-9.

DERATLMENT COUNTS AND FREQUENCIES BY GENERIC FAMILY

AND TRUCK TYPE--FOR AXLE LOADS REPRESENTATIVE OF
EMPTY FREIGHT CARS (0 to 22,000 1bs)

0. 1

TRUCK TYPE :
. 2 3
FREQ 1 €OUNT MILES FREQ 1 COUNT HILES FREQ 1
- : ——— ——
2.07 1 9, 1 1052768, & 3.81 | . 0. ¥ - TTTTO.T1T0.00°T
2,79 1 560 1 0069663, § £.90 i 3o § 340738, I 3.31 1
3,94 1 2568, 1 2369801, ¥ 3.96 1 136. £ B866TIS. T 285 Y -
0.00 1 66, 1 255632, 1| 9.39 1 T0. § 952108, 1 2.671 %
Lo0.00 1 55. 1 5304082, & 3.77 @ _._ b N 18077511V
2.44 1 95,7177 1720057, 1 4,12 § 20. 1 382824. 1 1.90 1
3,36 1 247. 1 2602963, 1 3.45 1 193. 1 ° 2561096, 1 "2.74 T
1.22 1 2.. 1 7036. 1 10,34 1~ 28, 1 234578, 1 4.34 1
0,00 1 4. 1 8°%44e 1 14691 0., 1 6, 1T o0.001T
2.22 1 3., 1 12298, 1 B.87 1 0. 1 0. 1 0.001
.lnb" l 2- l 7036e ! 1003‘0 l o.i - _—--~°. r—0¢°07—
2.66 1 8. 1 2633270 [ 1,10 1 0, 1§ 6620, I 0.00 i
2.83 1 48, 1 006336, | 2.16 1 29, 1 TTT29T749.7Y T3.54T
" 0.00 § 0. 17 0. 1 0.00 1} 2. 1777 38349.,°1772.00 T
2,27 1§ 9. 1 726250. 1 4,50 1} 13. 1 303958 § 1.%6 1
4,43 1 ten. i 166355¢, 1 3,72 1 103, |7 Mapanrs . YyTTRLeaTYT
0,09 1 o. 1 de I D.u0 1 PO YR I
D.00 I 0. 1 11640%4, } 12.03 1 B PO | 55313, 1 T1.97°1
0.00 1 28, 1 140778, 1 7.23 1} 61, 1 871535, 1 2.55 1
0.00 1 0. 1 0. 1 0.001 6. 1. 252L0.° 17 0.64° T
0.00 § 55, 1 530602, 1 3,77 1 4o 1§ 16940, I 08.59 1§
0.00 1 0. i 0. 1 0.001 PR | T 1TTe 00T
0.00 1 0. 1} 6. 1 0.001 0. Y 0.003}

Track Type 1 Track Class 2-6 SPEEDS GT 10 MPH
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TABLE C-10. DERAILMENT COUNTS AND FREQUENCIES BY GENERIC FAMILY
AND TRUCK TYPE--FOR MEDIUM WEIGHT AXLE LOADS

(22,000 to 46,000 1bs) .

. TRUCK TYPE
GFC 1 count MILES - Fhto & COUNT - MILES FREQ I COoUNT 3 MILES FReo B

1200l 16, 1 819715, 1 7,10 1 © o4, 1 137494, 1 2,43 1 -
Y EER! 291, 1 17%09a6, ! 6.02 1 4. 8 225501: I &,711 1 23: { 95:92: ; g'gg {.
: 2601 168, 1 1224800. T 5,49 1 oto, I 3333200, 1 6,721 14, 1 1585631, 1 30271
—f2ual 0. 1 0. R 1. 1 EHITE SR AT S1. 1 32997, 1. 4.97. X
— 1 1o . 1. 0, a1y, T 15890y9, 1 6,24 1 7 84, 1 §0.47
R N 33- 1 174100, U o.00 1 B SRR | 109491, 1 10,8} lbr”"“”‘”'lvz g““‘“':ngg: i ’g';;'i
02201 439, 1 32030393, 1 5,04 1 790, 1 43520164, 1 6.34 I 15, § 548525, T 497 X"
) ? 3 i 3 }JM_,_~__ _3;. ;__"” 61404, ;412.01 :__7 44, : 391666, 1 4,09 1 20, § 96293, J 1:55 1
o ! L be 7 wwe00 T 1. §777 13600, I 2,67 I B 'y -
_-_{pg g.g.: 13. i gtg:;. } ;.1) ; 21,1 97239: I 7.081 g: : g:_i..g'gg_{
. 6152, .ot 2. 1 6973..4 11406 1 o “oboo 1
212101 14, A2400, T 31,09 1 9, 1 41900, 3 1.Mm 1 g: i g. § g'gg_;
221201 270, 1 168477, 1 5,83 I ¥, T 382120, & 7,19 } 0. 1 0. T 0h00 T
- 22301 1 Mate, 1 B.y0 1 I 1479, 1196.69 1 20, 1 96291. 1. 7,58 1_
216 1. L 136300, T 499 T 199, 1 565100, I 10,2} I 0 1 0. 1 0,001
.__ug_g 3 g i l?". : noegggo. } 33.¥1 ; 442. ; 2713700, 1 5,92 1 34, 1 1850631, .1 3'21 ) &
. 0a TR & 15, S44p0, I f0.03 I 0. 1 0s 1 0.00
_2 g ;'u : o, : 0. T o0.001 1), 1 271391, ) 17,26 1 1: 1 40147: | ::gg i
42 1.0 1 0. A ve T 0.0n 1 65, 1 3loogo, § 1.0} 1 a4, 1 332210, ! 4,82 I
531 L I n. 1 ue T o001 ve I 0, | N,00 1 0. I 0. I 0'00 b §
RS S A < Tt A G 3 1§
.2 2. ", . Ue . 199097, § 6.82 1 17. 1 60104,
EXERE o 1 or T Gavo T 19, 1 329242, & 2.0 I 0, | iy

Note: Track Type 1 Track Class 2-6 Speeds GT 10 MPH
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TABLE C-11.

DERATILMENT COUNTS AND FREQUENCIES BY GENERIC FAMILY
AND TRUCK TYPE--FOR HEAVY AXLE LOADS (46,000 to
70,000 1bs)

Track Type 1 Track Class 2-6 Speeds GT 10 MPH

!nucnzrvpe s
4 ‘ A
CCUNT MILES FREQ § LOUNT MILES FREQ 1 COUNT MILES FREQ I
0. 1 0. 1 0,00 § 0. 1 0. ¥ 0,001 0. § 1 0.001
o. 1 0.1 0.00 286. 1 909833, 1 Li.h) | 134, § 2%2190. 120012 Y T
0. 1 0. 1 0.001 97« | 150322, 1°23.46 1 823, 1 1960579, 1 15.20 1
0. 1 "0, 1 0.00 i 3. § G. I 0.00 1 263, 1 964653, 1 9.911°
s 00V 0. 1 0.00 1 _ 1. U 70900, § S.64 1 | i6o 3, 58135, 1 B8.76 1
0. 1 0+ 1 0,001 1. | 34934, § 101451 32, 1 4349564 1 T 2.0 T
0. § 0, 1 0.00 1 378, 1 1054698, & 12.%56 1 5500 1§ 8362912, 1 14.67 1
o 0c 1 0.1 0.001 5. .. 1625, 1127.59 1 652. 1§ 1$35609. YV ie 5L Y
- 0. 1 ” 0. i 0.00 1 0. | 0, 3,00 [ e 0o § - 00 1 0.00 §
0. 1 0. I 0.00 1 0. 1 G- I 0.00 1 0. 1 0. 170,00
0. l 0. l 0900 l 0. ‘ . __Ua l 0000 l oa ‘ . 0{ l v°o09-l
0. 1 0. I 0,00 i 4, 1 22834, 1 6,371 0, 1 34500, 1" 0.00
0. 1 0. 1 0,001 282 | BUT00L. § £1.%56 1 104, 1 829985, 1 29.09 1
0. 1 0. ! o0.001 0. |} 6. & 0,001 30, 1 77305. 1 1408 U7
0. 1 0. I 0.00 I 7. 1 12100, § 21.04 ¥ 27, 1} 3762564 1 2,61 1
6. I ‘0. § 0,00 1 p5. 1 136797, | 22.59 1 407, 1 0686891 1 17.0% 17
0. 1 0. 1 0.001 5. 1 1425, 1127.59 1 309, § ¥23432, £ 19.55 1
0. 1 0. 1 0.00 | 0. } U, § 0,00 | Se B 24200,7Y 18T
OI l 0. i 0.00" 00 i Uo i U;UU l 320 B 324016. ' 3.5“ (
0. 1 0. 1 0.00 1 0. 1 0.1 0.001 226. 1§ 6156l1. f 13.35 Y7
Qe l 0. l 0.00 l 0. l 0. l 0.00 l‘: 0. l i 0-00 l
0. 1 0. 1 0.00 1§ 1i. § 70900, 1 S.b64 1 7. 1 39200. 1 b.49 177
0. 1 0. 1 0.00 1§ 0. 1 0. T 0.00 1 To 1 16935, § 13.%4 §

-
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TABLE C-12. DERATLMENTS DATA BY GENERIC VEHICLE CONFIGURATION
AND ALINEMENT CAUSE CODE GROUP

TRACK "YPPR
1 2 3 . ,
sec ¥ cosr ‘ MI'YEBS PRED X comr MILES PREQ I coun~ BILES FREQ I
12911 1.1 ... %69722,._1._0,21 Y 0, I 222692, 1 0,90 ¥ 0. Y 0. I 0.001.
29991 15, I 2043519, X 0,18 ¥ 21, ¥ 2205905, ¥ 0,315 § 0, I 679219, Y 0,54 1
133197 13, T 2008678, T 0,24 [ 81, I SAF3I3, T 0.25 ¥ A6, ¥ 3790985, Y 0.76 1
LER IR LY § 0, 1 e D L 0,00 T L T 19073, X 0,18 ... 42,1 ..228°710..X_ 0.64 I
£3939 Y 0, I- 0, I 0,90 [ 9, I 219919%, I 0.15 Y 3. I 137796, Y 0.79 ¥
591931 .t WR7000, ¥ 1,07 [ A, T 24fF%202, T N,12 ¥ 6. ¥ 50527, 1 - 0.25 ¢
210t 27..Y . 45B456n,_1._0,21 1 .. €4, T  822°R2S, T 0.28 I 65. I 4472633, I 0.53
79301 } 1, 1 911, 1 D00 X 2, 1 400127, 1 0.98 T 7t. I 1766558, I 1.46.)
119101 0, I 5, I 0,007 0. ¢ aocny, § 0,00 Y 0. I 0. 1 0,00T1
t 2201 0. X 126703, ¥ 0,00y __ . .0, T 109437, v 0,00F ... 0.1 .. 0. X 0.00.L
1YY 07 ', I 42050, t 0,6° Y N, T 13611, T 0,00 Y 0, I 0. I 0.00{
29101 0, T 179683, T 0,00 Y 2,1 28063, T 0,33 1 0. 1 41120, ¥ 0.00 Y
2120y 15, I L 276%870._1...9%.20 I 1M, T 1975465, I 0,35 1 €. 1 427734, 1 0.51 Y
21197 o, ¥ 39076, 1 0,00 Y 0. T 14718, 1T 0,00 Y 8, 1 210365, I . 0.€69 |
I3 10y 1.1 WIIET, T 0,12 1 S, ¥ 1303450, T 0,94 ¥ ' 5. 1 £00207. T 0,27 &
313200 12, X _ _AS9202%, ¥ 2,26 1. .__ .. W, T ARU0NA, T 0,78 X 48, ¥ .. 2814297, 1..0.72 L
79 Y 0T 0, 1 9190, I 0,00 Y 2, 1 f8q925, § 1,30 ¥ 7, X A96381, T 1,34 ¥
") ‘0T 0., Y -0, 1 0,007 N, Y m2oes, 1 0,00 7 1. I 120260, £ 030 Y
LB O D (U | O O H..1 0,00 I o1 Wie1n., 1 0.23 4 6. I 152858y, 1 0,21 I
¥Y 10 ¢ n, I . 1 0,00 1 0. X 2. T 0,003 33, 1 640877, T 1,87 I
&5 0y 0. Y 0, T 0,00 ¥ 0. ¥ €€1982, ¥ 0.00 I 0. I 16940, Y 0.00 Y
f3201 3. ¥ 9. T 0,00 ¥ %% 1 1260907, T 0,26 T 2,1 101921..1_0.21
€3 178y 0. 1 0. T 0.00 T 0. 7 3292492, 1 0.00 I ' j. 1 38935, 1 3.92 1
sTop

Note: Cause Code Group = 4, (Alinement)
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Note:

FIGURE'C~13. DERAILMENT DATA BY GENERIC VEHICLE CONFIGURATION
AND CROSSLEVEL CAUSE CODE GROUP

1

T cCooNT MIIES FREQ X counTt

I 3. T 169733, T 0.E4 I 3.
I 6. 1 2584519, 1 O.44 1 3¢,
1 23, I 2008678, ¥ 0.82 I 131,
1 0. I . 0.1 0,00 1 12.
I a, I . 0.7 0.071 21.
T 0. I 487000. ¥ 0.00 Y 15,
I €2. I 4504564, ¥ 90.49 X 129,
1 0. I 91336. 1 0.00 I 8.
I 0. I 0. I 0.00 1 1.
I 3,1 126743, I 0.86 1 1.
I. 0. I 42960. T 3,00 I 1.
|3 0. 1 ‘179643, ¥ 0,00 I LB
I 36. I 27€5800. T 0.87 1 J2.
1 0. 1 19076, § 0.00 X i,
I 0. 1 3073%7, 1 %.00 I a,
I 23, I 1€92021, 1 06.4° ¥ 11,
I 0. 1 9300. I 0.00 1 3.
|4 0. 1 0. ¥ 0.00 7Y 1.
| 0. 1 6. I 0.00 1 1t
1 0. ¥ 0. I 0,001 0.
I 0. [ 0. I 0.%0 2 2.
T 0., I 0. T 0,00 ¢ 17,
l o. ’ 0. ! 000’) I ‘O

Cause Code Group = 7 (Cross Level)

TRUCK TYPE

222¢ 92,
2205905,
5853323,

619023,
2191101,
20€5282,
8225825,

400127,

59544,
109¢37,
13691,

azaor g,

18754€5.
1479,
1303850,
§ucuous,
££825,

142245,

n7€776.

0.

L LEITY.EN
1260447,

nne212,

FREQ

0,00
1.82
1.62
0,84
1.0€
0.04
1.08
2.78
0.00
0.00
0.00
0.00
2.13
1.5€
0.05
1‘2“
1.8¢%
0.00
0.52
1.7¢€
0.00
.43
0.00

I

3
COUNT MILES
0., X 0. 1
w, I €7az2qa, I
176, I  23590%85, I
€3, ¥ 228578, 1
u, t 13779€. I
1. 1 858527, I
133, 1 4y72€33. %
135. 1 1766558, I
0, I 0. I
. I 0.1
0. I 0. I
0. I #9920, 1
25. % 427734, X
o, 290165, I
1, 1 £60207, I
82, ¥ 2018397, I
€5, ¥ BS€281, I
0., § 120269, 1
22, I 1528581, I
M. 1 &40877, 1
0. ¢ €940, T
4. ¥ 10%¢21, ¢
0. & 109318, 1
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TABLE C-14. DERAILMENT DATA BY GENERIC VEHICLE CONFIGURATION
' AND COUPLER/DRAFT SYSTEM CAUSE CODE GROUP

1
GPC I - coulr MILES PRZQ I cCOnNT
10301 1, I 169702, 1 0,29 1.
239201 35. ¥ 29A4519. I 0.41 % 14,
332301 B0. I 200R67A. T 9,72 I 4,
400001 0. I 0. I 0,00 X 1€,
€000 1 0. X 0. I 0,001 5%,
09101 6. I 487000. ¥ 9.45 1 47,
632001 8. T 4584564, I 0.54 I 197.
00201 2. 1 91336, I 0.80 I €.
132121 0. I : 0.1 0,00 71 1.
19201 1. I 126743, ¥ 9.29 [ 0.
19301 0. I 42¢60. I 0.00 I o,
23101 E { 179643, 1 0.40 I 0.
202971 32, I 2765R00. I 0.4 I 14,
20301 1. I 39076, T 0.€3 I 0.
301071 4, I 307357, I 0.47 % 20,
30297 35. T 1692021, I 0.7% I TR
30201 1. I o0, I 3.91 I 0.
40101 6. I 0., I 0,00 1 8,
0 20% 0. 1 0. I 0,007 6,
403071 0. 1 0. I G.00 [ 0,
S010T1I 6. 1 0. I 0.00 Y 10,
S020T1 0. % 0. I 0,00 % 3o,
503071 0. ¥ 0. ¥ 0.00 I 6.

Note:

D DD U W D D WD P s s e D

TRUCK
2

P Bt Bt (et o Gt ot b gt el e g g Db g g Pt g e g Ot =] b

"YPE

MILES

222692,
2295003,

21°11¢91,
24€52R2,
822¢p25,
400127,
9ccuy,
10927,
13611,

328061, .

IBTEREN,
1179,
1203479,
Buoyoug,
E5p25,

12245, .

Wrev18,
J.
s£c¢i1082,
12€9991.
329212,

Cause Code Grdub = 14 (Coupler § Draft System)

St el Pt Pt et G Gt Pt bt Pt g ] Pue (g Pt Pt gt g (g e e S

FREQ T

1

0.16

L L L L L L

COUNT

2,
€.
25,
18.
4.
S,
3€.,
12,
0.
0,
0.
0.
2.
u,
0.
20,
<.
1.
12,

§ bl Pt bl et g Gmt e 0ot bt g g P e Pt Ot o) g i P B) B 0

3

MILES

0.
£79219,
inag9as,
2289714,
J377¢€.
858527,
H472€33.,
1766558,

€80207,
2414157,
896281,
120280,
1228501,
€u0877.
16940,
101921,
18935,

)
ot B ot pud et S g bt et G Pt tmd bt bng On mf O P ) Gug ) B

PREC

6.00
0032

0,22

0.29
1.0%
0.21
0.29
0.2¢
0.00
0.00
0.00
0.00
0.1?
0.€9
0.00
0.30
0.20
n.61
0.29
0011
4,29
0.71
0.00

(]
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TABLE C-15. DERAILMENT DATA BY GENERIC VEHICLE CONFIGURATION

AND SIDE BEARINGS CAUSE CODE GROUP

TRICK TYDPR

1 2 3

rc Y Torer MILRS PRRD T “ORNT MILES PPREQ Y CO"N’ 4ILeS FPRQ 1

R I I I 1. X 168792, 1T 9,29 7 1, I WAL, T 0,16 T N, ¥ 0.1 0,001
S I B I { S s PR | a0ausio, 1 0,12 2 26, 1 22005, T 0,43 X 1€. Y €7621¢, I 0.86 1
133917271 LU § 200AFTA, § A R I ka, 7 £a733123, ¥ 0,317 1. - T § 3%9768S., 1 0.€8 Y
LI 0 I M g 23, 1 0., v 0,00 Y 7. £120723, ¥ 0,47 T 18, I 22p97M€6. T 0.29 ¥
£11 9 % % 1 0, Y_0,00 % o, T 21€1199, [ 0,15 § 1, 1 137756, I 0,26 I
300V 00 . 1 ur7000. ¥ 0,07 Y L § 24ES2ART, 1 0,93 1§ 1. X A54527. I 0.04 I
33729 ¢ 15. ¥ 858458, [ 0, 9° Y A%, 1 PR25RI5, ¥ 0,29 ¥ us, 1 §872€33. ¥ 0.39.)
e I T T S S P SRR S ERUPEE SRR UL | h., I n00¥V27, I 0.6 1 6t, X 1766558, ¥ 1.26 1
13091 % F) § D T 900 1 0. 1 S9€404, T 0.00 T 0. 1 0, I b.001Y
1 ') > 5 r ,". ?' ‘26'”‘?. I 5’)9?30 ! 1. t ‘0“‘-).179 K 0033 r o. x o. l 0-00 !
100071 Do T U950, T 0,30 1 0, Y 15718, T 0,00 ¥ 0, 1 0.1 Q.001L
Yyt ox ) PO | 179€%3, T 2,20 X . I 1?8063, ¥ 0,117 1 0, ¥ k9320, 1 0,00 Y
23Yagx 10. 1 27€5€00, T, N2 T 23. 1 19754¢6S. § 0.85 71 13, % §27734, T 1.1 1
203 2 el T 30EL 000 2, 1 W73, ¥ 42,97 I 3. 1 2910365, 1 0.521
L I I I S .1 207157, § 000 [ 3, I 13038450, ¥ 0,08 ¥ 1. I 680207, T 0,05 I
30?9 7¥ AT 16220°Y, ¥ 0.7 ¥ 6, I B~gouq, I 0,45 Y 26, 1 2090397, T 0,59 ¥
130 0 9, T ___ 8300, 7_0,90 1 9, 1 £5R5, [ 0,90 T W8, T  69€381,.1 1.95.1
DR B | 3, 1 A 0,006 §¥ 1, 1224, 1 0,27 ¥ 0, ¥ 1202¢0, 1 0.00 1
LI I I A O | 0. T 9500 I . T A76778. T 0.3%1 1 a, 1 15245849, ¥ 0.19 1
R ax . 0 I, iio 0. I 0000 X 6. ¥ % ¥ 0.00 I 10, 1 643877, 1 0.57 1
€321t 97 D, I ' 6. 1T 0,00} 2, T €¢19A82. ¥ 0,92 T 0, I 16940, 3 0,00 ¥
) ngx % 1 t 0. T 3.09 1 ) € T . 1267997, ¥ O0.%4 I 1. I 163923, 1 0.36 1
51219 ¢ 3, 1 N, L 12,0071 ceeme XL 2222020 .1 0422 X 0s Koo 38223, 10,00 1

Note: Cause Code Group = 15 (Side Bearings)
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TABLE C-16. DERAILMENT DATA BY GENERIC VEHICLE CONFIGURATION
' AND PLAIN JOURNALS OVERHEATED CAUSE CODE GROUP

- . TRUCK TYPE
: } 2 3

GFC 1 COUNY , MILES FREQ § COUNTY MILES FREQ I = CCUAT MELES * FREQ I
2000 0 44 0. 16970340 0.86 3. ___. 2.1 .. 222692. B 0633 1o 0a ... . 0s.1 0,001 .
20001 68, 1 2984519. § 0.83 § - B6e 1 2205005, § 1,421 4o 1 6719219, 1 0.21 1}
3000 1% —_—-29. 1 2008678, § 0.52 1 9, | 5853323, 1 0.62 1 3. 1 3990585. 1 0.03 1%
40001 0. 1 0, § 0,001 2. 1 €19023, | 0.12 1 1. 1 2265118, 1 0.02 1
s0001 e Do 1 0.1 ‘0,001 1. 1 2191191, 1 o0.t8 1§ 0.1 1377196, § 0.00 §
00io01 9. . ‘487000, § 0,671 T | 2465282, 1 1409 | 0. | 858527, | 0,00 1
0020 0. 88. 45045644 0 _0.70 0 . bl4e §. . B225825..0__0.50 8 . __ 4e 1 __ $412633._1_0.011 _
o030l 44 1 91336, 1 1.59 8 ¢ - 5. 1 400127. 1 0.45 1 4. 1 17¢¢558. 1 0.08 §
10101 0, 1 : a. 1 0.00 ] 0. | 99544, | 0.00 1 0. 1 : 6. | 0.00 %
10201 2. ¥ 126743, 1| 0.57 [ 1. 1! 109537. & 0.33 1 0. 1 . 0. 1 o0.001
10301 2. 1 42940. 1 1.8691 1. 1 13681e 1 2.87 1 0. ! 0. 1 o0.001
20t01 5. [ 179643, & L1.01 1 1.1 328061, 1 0.11 1 Q. 1 41120. 1 0.00 1
2020 L., 6l .. 2765€0045.1...0,080 1 __ ... . _#85«.1 . 1829 uS5..1_.1e05 1._._. el 0o 42173448 . 0052
20301 2. | 39076 1 L.86°1 0.1 14719, 1 0.00 1 2.1 © 210385, 1 0.35 |
o101 a1 307157 1 0.47 1 . 1 13C3450. 1 1.94 | 0. 1 680207, 1 0.00 1
30201 25. I 169202t 1 0.54 I 25. 1  4454040. 1 0.19 1 2. 1 2414367, 1 0.03 §
30301} 0. 1 ©. 9300, 1 Q.00 L 4. 1 550825, | 2.6) 1. 1.1 896381, 1 0.04
401301 0 1 " . .0e 1 0,001 0. 1 142245, 1 0,00 } 0. 1 1202¢0. 1 0.00 1
A 0D201 . .. 06 L ams s Qe b L0400 1. - 201 . _4767184.1..0.15 1. Qe Lo 15205014.1 0.00.1
4 0301 s I tao B 1 0,00 | 0. | 0, 1 r.on i e CAORT, b G0
50101 N o0 0,008 U | Satvnde b ULLE ve fosaue 1 wLL9v
$ 0201 0. I v 1 6,00 ) 2. 1 1269997. 1 0.06 1 0. 1 101621. | 0.00 ]
50301 0v I Qe b 0,008 0. 1 329212. 1 0.00 § 0. 1 185635, 1 Q.00

Note: Cause Code Group_='17 (Plaiﬂ Journals Overheated)
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TABLE C-17. DERAILMENT DATA BY GENERIC VEHICLE CONFIGURATION
- AND BROKEN WHEEL COMPONENTS CAUSE CODE GROUP

TRICK TYPE

1 2 3 :
rc ¥ ~nyep t34 P‘i ?npg '-'wmr MILRS FREQ Y coNT WILES FREQ. L
210 x” 0, 1 sorm T 0,00 % 2 1 222682, T 0,33 Y 0, I 0. I 0,00
237101 29, T 294519, 1 5,264 F W, T 2205305, I 0,40 I 7. 1 67€219, I 0.371 X
13107 19, T  200R67A, T N, Y R, T <8512373, ¥ 0,34 ¥ 30, T 3990935, I 0.27 I
8207 0, ¥ 0, I 0,00 ¥ 15, v A19073, ¥ 0.80 I 20, ¥ 2289718, T 0,32 [
€330 0. ¥ : 0,,__3_ _'bg',o ¥ 19. t 2‘9“??9 I olf‘ T un E %31796. I .‘a.oﬁ I
39V 01 3,717 gar000, T 8,22 ¥ 43, T Q46%2MZ. T 0,312 1 3. 1 ASAS27, T 0.13 Y
7907 e, g W58aSku, T 0,28 T 111, T B22°R25, T 0.4 ¥ 3. F 8472633, T 0.30 ¥
31929 g Ceee B SF QA T < QBT o 2. 1 400927, I 0,18 I 21, ¥ 9766558. I 0.3 1
101071 0. Y S0 LL0L00 ¥ . 1 2454, ¥ 0,27 T 0, 3 0, T 0,00 Y
1y 20 T T YT 26702 T g v .1 100527, 1T 0,23 I 0., I 0. I 0,001
13307 '1.' I LY LTI SR 0 TS R | PR | 1759, 1T 0,007 0, } 0. 1..0.001
T3 1 0 T 12,0 1 1706y 7 t*-o‘no X 2. 1 3280€%, T 0,22 ¥ 6. I 41120, ¥ 0,00 %
2901 T TR Y 27€5RTD I CUOLnR Y 23, I WRYFAGS, T 0.4 T 4, XY 42734, I 0,34 ¥
2239 TR RIS ¢ 3937621 000 I D, I 1879, ¥ 0,90 ¥ 3. 1 210365, I . 0.52 I
131 91 . Y WISTLF CEA2 T Fo T 1303859, T 0,17 % 1, ¥ 660207, T 0,05 I
1321007 T T :-wqeaon o 270, 1 49, T 4403048, I 0,40 Y 22. X 2014397, 1. 0,33 %
1Y*'0 ¥ :_0 4 ! 9‘00‘ E 0 A0 l - 0. T ‘55“230 0.00 ¥ 70 I ‘.‘9538‘;-1 0-281
R IG 3 0.5 1 SEety ek o @' a0 1 2, 1 w2%uS, 1 0,51 T 2, 1 120260, ¥ 0,60
171071 V0, Satyerv DA T rM00 § 1, 7 HI6TIR, T 0,97 T Py T IE2050Y, Y 0,30
1 3301 R R RN T O oé:oo’x 0. I Yo I 0,00 ¥ 10, I 640877, I 0,57 1
50y 55,2 S0, T VGO0 T 1M, 1 5019082, T 0,60 I 0, 1 16°40, I 0,00 I
S0°01 T, Y Phvavand g T0LE00 T 26, I  92€99°7, 1 0,78 I 3, ¥ 01929, 1T 1,07 1}
S I T S 8,0 G PO 'O’QQ I _ 2 X 0229232, .0 0,22 1 S PO | 18235, 1  1.92 ¢
----------- sTesTEeT i v 2 3
; o 1

Note: Cause Code Group 19 (Broken Wheel Components)
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TABLE C-18. DERATLMENT DATA BY GENERIC VEHICLE CONFIGURATION
AND .EXCESSIVE BUFF/SLACK ACTION CAUSE CODE GROUP

TRMTRFY PR .
S _ 2 A
S3PC.T - fOTYT - A nrvzg PRRD ¥ goanny MTLER PREGQ T
1721 01 { J._1 169103.-1 0.2 1 u.  § 22262, I 0.£%8 Y
393191 20, T 0R§S19, T 0,72 ¥ ‘ 13, Y. 7705905, T 0,21 %
1937071 16, Y 2000678, 7 0,27 1 47, F 5973103, 1 0,20 |
12V AY 0, ¥ 0 LMY L 13, F1°0023, T . 0.76 1
RN 7391 - 0, 1T 0,00 L SO 2%, 1 216161, [ 0,35 T .
05107 201 4RI900, T N.27 ¥ .- 2, T WET2RT, T Q.28 T
I T I T S ST PO 4 70, 7 8225425, T 0.21 1
YN R R 2, 1 000127, t 0.0 Y
1t31v01 01! 0. Y fofyy, I 0,00 I
131392y 1¢t[}h 4, T, R LIS S POk B
33701 [ g 8 2, I 1611, T 0,30 ¥
253807 R K2 &) 2, 1 320061, -T 0,22 1
I NI IS U VL o8 B i 11.. 1T 187F4¢€5, I 271
2717070 0,0°Y + i 7, ¥ 1479, ¥ o 00 1
LI T T T S RS [ 1M, .7 *02cq, 1 0,2% T
31391 10,0773 Y 4 35, 1 4nayogn, ¥ 0,28 Y
Ty Ty Y 2.1 8 r 1 1, 1 €EAI5, T 0,65 T
TV 0t BTS00 SNEARREN | Uil . 1 b, y AR 'LONEE SR DY I
O I R TS | et E o 30k Y F 0,0 L 6, 1 vy, 3 0.3 1
LI JEL I I R TE.0 - j T RO, b ¢ 0, v 0.001
39531 0,v1 I £  { 561°842. I 0,55 1
RN 0.1} A T 1269997, I 0,31 7
GRS 0.0 Y 1 § 1 320292, v 0.99 Y.
...... [ gy iyt X vy T - - - - - . - -
STOP el d
ey
o ‘;5':“1».
IO |
1472
Vst
N ‘.~ ‘

sy
Ty

Note: Cause Code Group = 25 (Exceésive Buff/Slack Action)

3 .
counr NYLES FPPRQ I
0. 0. I 0.001...
S, I- €7921¢, I 0.27 1
60. I 399098¢, 1 .5€ 1
. M X L22A9NMB. X 0,30
1. 1 13776€. I 0.26 Y
2, 1 P5A527, I 0.0A [
54, 4472633, 1 044 X
4, ¥ 1766558, 1 0.70 7
0. I 0. ¥ 0.001
0, I.. 0 I 0,001
0, I 0. I 0.0071
0, Y 41120, 1 0.00 1}
S. 1 §27734. ¥ O0.43 T ...
0, 1 210365. 1T 0.00 Y
2, 1 680207, ¥ 0,11 1
33, 0. 2414397, 7.._90.59. 1
25, ¥ f3639Y, Y 1,04 T
P \ N A
165, ¢ 152 d“ﬂ‘. I 0.3 .
9, 640A77, T 0.51 L
0. I . 16940, T 0.00 1
1,.7 10182, 7 _ 0,36 1
0. I 14935, 1 0.00 Y.
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TABLE C-19. DERAILMENT DATA BY GENERIC VEHICLE CONFIGURATION -

AND RAIL HEAD FAILURE CAUSE CODE GROUP

kuen 1ype

2
GFC §  COUNY MILES FREQ I.  COUNY MILES FREQ 1 MILES FREQ §
Looo I 34 1 369703, § 0.64-1 3. 1 222692, § 0.49 1 - (| 6. I 0.00 1}
-2.0 001 . 3Ba §.. 2908450948 _ 0,46 0. . .. 26e.0..22050050 .0L..0.46 V... .. 246 L__. 675219._1 _1e28_1
30001 8. § 2008678, § 0.33 § 69, 1 5853323, | 0,43 I - 1€2. § 3990585, 1 0.93 1
40001 cee 0e 8 0. ! 0,008 [T 619023, § 0.65 1 49 0 2289718, 1 0.78 §
50001 0o I - 0. ! 0.00 i 15. 8 2096398, §  0.25 I 3o § 137956, 1 0.79 I
0010 Y. . .. Tal 487000, § 0.52 § 25. 1 24652820 1 0,37 1 5. 1 856527, 1 0.21 1
60201 48, 1 . 4584584, 1 0,38 | 97, I 8225825, § 0.43 | STe I 4472633, 1 0.79 I
_0.0.13.0.1 bo. 1 3365 0 8459 Bl 4e D 400027, 50036 V. Vb, ) §766558, | 1.56_1.
101 0f{ 0. 1 " 0. 1 0,00 i 0. 1 99544, § 0,00 | 0. 6. 1 70,0071
L0208 .. 2. 8. 8267430 1 0,57 § 2, i 109537, §. 0,66 1 PO 0. 1 0.00 §
10301 be 8 62950, § 0.85 3 1. 1 3608, 1 2.67 1 0. ! 0. 1 0,00 §
.20101 - 5ed 879643, 1 _Ro01 § 2, 1 3200685 § 0,22 1§ .0 41120, 1 0,00 I
20201 33. 1 2765200, § 0.43°1 25. 1 18754650 1 0,48 1 B4e § 4277340 1 1419 |
203013 . Q.. 3907608 0600 8 Vel __ 19575, 1.24.99 | 1041} 230363, 1 .73 1
30801 2. 8 307357, 5 0.24 § TT15. 8 13034500 8 0.42! 1 4. § 680207. 1 0.2171
30201 - 33 0 E692028. U 0.2808 520 1 4494040, | 0.427) 12, 8 4414397, { j.08 )
30301 30 3 9300, § 11,73 1 2 1 55025, 1- 1,30 I 260 1 "8%56381. 1 §.05.1
As0101 ceen DBa 1§ 0. 1 0.00 3 3 1 1422454 § 0,77 1 0s 1 120260, [ 0,00 §
¢co201 0. ¢ 9 § 0,00 1 8. 1 476778, 1 0.61 | 16, 1 1528561, 1 0.24 1
& 03 0 0. 0. 1 0.00 3} 0. ! 6. § 0,00 1 319, 1 640877, § 2.2% |
S0L00. . 0s. 4. Qo 1._.0.00 0 . Sa.0.. 5909020 L 0238 Do oo b B 165405 3. 2419 |
5020 % 0o 8 0. § 0,00 | 10 1 1269999, 8 0,291 1o 1 bodaile 0,35
S0301L . 0.0 8s 8 0,001 0. i 329212 1 0,00 § ic 8 88935, §  1.92 §
Note: Cause Code Group = 29 (Rail Head Failures)
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