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PREFACE

The following is extracted from Section 10 of Public Law 95-574, dated November 2,
1978: '

Section 10. (a) The Secretary of Transportation shall conduct a study and evalua-
tion concerning the safety and efficiency of rail transportation. Such study and
evaluation shall include —

(1) A determination of the relationship of the size, weight, and length of railroad
cars (other than those contained in unit trains) to the safety and efficiency of
rail transportation,; and

(2) a determination of the effect of the exclusive ownership and control of
rights-of-way by individual railroads on the safety and efficiency of rail
transportation, considering, among other things, whether or not such rights-
of-way might be better employed under new structures of ownership or other
conditions for joint usage.

(b) Within one year after the date of enactment of this Act, the Secretary of
Transportation shall complete the portion of the study described in subsec-
tion (a)(1) of this section.

(c) Within two years after the date of enactment of this Act, the Secretary of
Transportation shall complete the portion of the study described in subsec-
tion (a)(2) of this section and submit a report to the Congress setting forth
the results of such study, together with recommendations for such legislative
or other action as the Secretary deems appropriate.

As a result of this mandate, a study was conducted. The italics designate the portion of
the mandated study that this report addresses.
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EXECUTIVE SUMMARY
1.1 ABSTRACT

This study presents a review and evaluation of the relationships between the safety and
efficiency of rail transportation and the size of railroad freight cars. The study concludes
that most larger cars can be operated safely over well-maintained track, but that large-
capacity cars tend to exert greater forces on the track structure than do smaller cars. Many
railroads have not made appropriate adjustments in maintenance-of-way expenditures to
compensate for this increased wear, In addition, cars of certain designs have proved unusually
susceptible to derailment because of peculiar dynamic characteristics. These factors have
contributed materially to the overall increase in derailments over the current decade. How-
ever, factors related to car size cannot be said to have been responsible for a significant
number of additional train accident fatalities, especially when countervailing safety consid-
erations are taken into account,

The study did not produce a precise conclusion as to whether the financially troubled
railroad industry has realized a net benefit from the introduction of larger freight cars.
Available information points to the conclusion that profitable railroads have realized net
benefits generated by lower transportation costs, while some poorer railroads may have
been adversely affected as a result of their inability to make necessary investments in
maintenance of way.

Looking to the future, the study predicts a significant challenge for the railroad in-
dustry and the government. Unless major changes are made in government regulatory poli-
cies and the railroads take advantage of resulting opportunities in the marketplace, deferred
maintenance of track will become an even more critical problem in the 1980’s. At the same
time, an increasing portion of the freight car fleet will be made up of larger cars, and hazard-
ous materials traffic is expected to double. The possibility of additional catastrophic acci-
dents could be heightened considerably, unless the network marginal track is improved or
unless severe operating restrictions are imposed.

As to the specific issues of freight car performance, the study found three areas in need
of interim attention.

1. The high center-of-gravity covered hopper cars and some long flat cars have a
higher accident-causal rate than other cars in the fleet. Accordingly, the Fed-
eral Railroad Administration (FRA) will accelerate related ongoing activities
and convene an appropriate forum to further identify the magnitude of the
problem and explore opportunities for improvement to these types of cars.
The FRA will bring together representatives of the Association of American
Railroads, the Railway Progress Institute, and the Railway Labor Executives’
Association to facilitate a comprehensive examination of corrective actions,
such as modifications to car designs, car dynamic behavior controls, train
makeup procedures, train-handling methods, routing decisions, maintenance
practices, and operating routines. Since the derailing tendencies of cars on
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tracks of different quality, as measured by the six FRA track classifications :
cannot be determined from existing data bases, this group will concentrate
on determmmg the nature of countermeasures wh1ch may be requlred to .

effectlvely nnprove safety by evaluatmg the consequences of runmng the,

' questlonable cars over spec1flc combmatlons of real-world track and Oper-;x)”‘
atmg condltlons .

. The need to establish and mamtam a more meamngful data base was clearly,j
‘ ev1dent durmg the study. A data collectlon and analys1s system should bew'
estabhshed to responswely trace meamngful real-tlme trends

There is the need to continue the development and validation of research’
. tools so that quantitative predictions of effects and interactions can be made
" and used to guide the formulatlon of performance requlrements It is neces-_ _
; 'sary to look at a frelght car both in terms of its own response characterlstlcs ‘
and the way it affects tram action asa whole A d1scuss1on of railroad cars
' out of the context of tram makeup and operatlon is at best a difficult task..

R

’Whﬂe extreme care was taken dur1ng this study not to mlsuse the md1v1dual',' |

car data’in arnvmg at conclus1ons as to what actlons if any, are needed for

improvement, it was ev1dent that better research tools are requlred The FRA ’ f .

in conjunction with the industry, has been developmg the requ1s1te tools.

Some are already in operatlon Until these tools are validated, decisions
" should’ be made with caution. Examples of ma]or tools that will permxt__
meaningful study of car action in. varying train consists under d1fferent
operat1onal scenanos include the followmg

. The Faczlzty for Accelerated Servtce Testmg (FAST) to evaluate the
effects of car axle load on track and car, mamtenance and to determine
the econom1cal safe hfe of track and roadbed structural components

® The Rail Dynamtcs Laboratory (RDL) — to determme the  dynamic
. behavior characteristics of various car types and control devices.

® The Stability Assessment Facility for Equipment (SAFE) — 16 assess
the ability of car designs to interact acceptably with track variations.

® . The Locomotive Research and Train Handling Evaluator (LRTHE) — to
evaluate operating procedures and control devices to ensure that car
performance in longer trams is as good as that in shorter trams

The Track Train Dynamlcs Program { TTD ) — to uncover ways that cars
.in the present fleet can be designed to be more forgiving of. track ir-
. regularities. ‘

The study identifies ‘possible optlons to further 1rnprove the performance of heavier
railroad cars. Long-term options would include government actions to improve the eco-
nomic condition of railroads, establishment of incentives to shorten the ‘implementation
period for improvements, and encouragement for the development of performance criteria
for new cars. Other options, which are not as clear-cut or supported by an adequate data
base, are left for further consideration, refinement, and development of a position as to
what government or industry actions are warranted. These options include utilization of
information from operating employees, review of present standards and specifications per-
taining to car size, and review of operational requirements for cars carrying hazardous

materials.
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1.2 INTRODUCTION

The objective of this’ study was to determine the relat1onsh1ps between freight car
size, weight; and length and railroad safety and eff1cxency In recent years, most new freight
cars can be classed as large cars because of their long length (eg., 90-foot-long trailer on flat
cars [TOFC] or contamer on flat cars' [COFC] ), their large load-carrymg capacrty (eg., 100
tons), or their large cubic capacity (e.g., 33,000-gallon tank cars). The trend to larger and
heavier cars has coincided with an increase in train derailments (approxunately 4% per year
over the last 9 years) and with an increase in acc1dents mvolvmg cars carrymg hazardous
materials. The scope of the study mcluded a review of the options avallable for making rail-
road transportation safer ‘and of the problems of ass1gnmg respons1b1ht1es to carfy out these

opt1ons

'The investigation ‘was complicated by the ‘fact that parameters other than simple
descnptlons of car length, weight, and load capac1ty ‘had’ to be considered; for example,
dynam1c stab1l1ty Also, the various aspects of safety had to be evaluated, such as employee
injuries, train derallments grade-crossmg accldents and the potent1al of catastrophes in-
volvmg hazardous materials. The determination of optlons to’ 1mprove safety had to con-
sider the fact that freight cars are freely interchanged - -among more than 40 major North
American rarlroads and numerous smaller ones with different operatmg environments,
facrht1es, track condltlons operatmg procedures and econom1c constramts

The fmdmgs of the 1nvest1gat10n were derlved from the followmg ma]or mformatlon
sources :

® The historically collected statistical data and trends pertaining to safety and
efficiency. The Federal Railroad Administration’s (FRA) Rail Accident and
Incident Statlstlcs, the Association of American Railroads’ (AAR) Universal
‘Machine Language Equipment Regxster (UMLER file), the FRA 1% Waybill
", Sampling, and several Interstate’Commerce Commission (ICC) information
-sources were cross-analyzed by individual car characteristics to establish
trends such as derailments per car-mile traveled and derailments:per ton-mile

- hauled.

.® Prior research and techmcal tests, data, and findings.

Surveys, questionnaires, and interviews of directly involved mahagement of
" .'railroads; the supply mdustry, and responsrble government representatlves

' @ An extensive questxonnalre survey, conducted by the Umted Transportatlon
- “Union (UTU). This survey provided an important contribution to the study.
Over 900 operating railroad’ employees who routinely work with freight cars
for many carriers at locations throughout the country took: part in this survey.
Then' tabulated responses have a remarkably good. correlation with the other
data ‘sources of the study and form a valuable base of first- hand experience .
for evaluatlon * :

. ™A more detailed reporting of .the:responses, as well as other data upon which: this.report is based, can be found in “lssues
and Dimensions of Freight Car Size: A Compendium,” FRA/ORD-79/56. . . -
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It is necessary to emphasize, however, that these sources do not contain the full
. amount of information necessary to vigorously address the determination of the effects
on safety and efficiency of size, weight, and length of rail cars. The FRA accident data base
is the most comprehensive transportation safety data base in existence, but meaningful
references to types of cars have been included only since 1975. Moreover, exposure data,
which relate .the number of train-miles run and the freight tons hauled to the number of
accidents, are incomplete. The annual one-percent waybill sampling maintained by the FRA
is currently the best means to predict fleet utilization (or exposure) figures, but extrapola-
tions based on it are subject to normal statistical error. Also, although ongoing research,
such as the Facility for Accelerated Service Testing (FAST) experiment at-the FRA’s
Transportation Test Center, is aimed at determining the maintenance and operating dif-
ferences caused by various levels of axle loads, specific conclusions are not yet available.
For these reasons, surveys, questlonnan'es and interview results were used to supplement
statistical data. Each source was important, and each was used to cross-check the others.

1.3. HISTORY

. Both the capacity to haul heavier loads and the weight of the loads being hauled in a
frelght car are increasing (Figures 1-1 and 1-2). This growth is attnbutable to the intro-
duction of progressively larger frelght cars. At present more than 30% of the freight cars
can carry 100-ton loads.

70

Tons.

30 35 40 45 " 50 55 . 60 65 70 75 78 80
Year
‘Note: Average for 1978 from Car Service Division, AAR
Source: AAR Yearbook of Railroad Facts, 1979

FIGURE 1-1 AVERAGE FREIGHT CAR CAPACITY TREND
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FIGUhE 1-2 AVERAGE FREIGHT CARLOAD TREND

Originally, cars carried about ten tons of cargo. By the turn of the century, new cars
that could carry 40 or 50 tons of cargo had been developed and were in use. The 70-ton
cars were introduced a few years later. By 1950, cars that could carry 100 tons were in
service. Relatively few problems were encountered in the transition from 50- to 70-ton
* cars. The introduction of 100-ton cars required more attention to design details and oper-
ating procedures, as did the attempt to go to 125-ton cars. The . results of tests and opera-
tional experience led to a voluntary decision some years ago to restrict normal interchange
movements to cars of 100-ton capacity or less. Operating under different conditions and
constraints, international railroads generally have limited static’ axle loads to 20- 25% less
than North American practices.

The increase in freight car size has led to the present fleet which is characterized by
the fact that some of the largest cars now being used by the railroads are more than 90 feet
long, some are more than 16 feet high, and some have more than 5,000 cubic feet capacity.
Figure 1-3 shows how the outside length, extreme height, and cubic capacity of covered
hopper cars have grown. Figure 1-4 contains similar data for tank cars.

There are numerous combinations of the size, weight, and length of cars for each
particular type of car, such as hopper, gondola, box, tank, and flat. This study places
primary emphasis on the load-carrying capacity of the cars and groups them-into three
categories — 100, 70, and 50 tons — since these are the common designations used by the
industry. Different lengths and heights, as well as other characteristics, and their combina-
tions were analyzed in this context. It should be noted that the average load’ carried in a
100-ton car is currently about 83 tons versus 43 tons for a 70-ton capacity car and 31
tons for a 50-ton capacity car. : '



% of Fléet of Covered Hopper Cars .

% of Fleet of Tank Cars
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Height = % with ex;(reme height 214 ft.
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Volume = % with volume 25000 ft3‘ o

S&urce: AAR UMLER Files _
FIGURE 1-3 COVERED HOPPER CAR GROWTH
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FIGURE 1-4 TANK CAR GROWTH
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1.4 IS THERE A SAFETY PROBLEM?
1.4.1 The Safety Record

A comprehensive review of the railroad safety record must examine'different categories
of accidents, including injuries to employees working in yards, train- derailments, accidents
with hazardous materials cars, mjunes to trespassers, and grade-crossmg accidents. Measures
of safety include injuries, fatahtles, and property damage

With respect to injuries to employees workmg in yards aggregate industry statistics
and the UTU railroad worker survey indicate that larger freight cars per se are not more
dangerous to personnel working around them (e.g., yard switchmen). However, the safety
risk is higher with certain’ types of cars (e.g., ﬂat cars) and certain des1gns and locations of
components (e.g., handbrakes) - :

Grade-crossmg acmdent data show no ev1dence that the 51ze welght and length of
railroad cars passing through a crossmg have any direct influence on the probability or
severity of an accident at that crossing for a partlcular train. Nevertheless since accident
frequency is a function of train frequency, pohcres that i increase the number of trains, such
as lowering the maximum allowable load-carrying capacity of a freight car, would lead to a
small, but perceptible, increase in the frequency of grade-crossing accidents.:

Train derailment is the aspect of railroad safety that is most likely to be influenced by
car size, weight, and length parameters. A review of the derailment record shows that a
substantial portion of train accidents occurs at low speeds, but these accidents account for
only a small percentage of total derailment casualties and costs. In 1978, of over 8,000
derailments, less than 25%, regardless of the reported cause, occurred at speeds greater than
10 miles per hour

It is necessary to enhance and interpret raw data on' the’ number of derailments to
obtain meaningful safety comparisons by car. capa01ty or car type: This analysis must rely
on the designated causing car or the first car derailed as reported to the FRA and does not
account for other cars that may have been a ‘“‘contributing” cause Flgure 1.5 presents a
concise safety status of the three major load capacity groupmgs of freight cars. Illustrated
is the comparative derailment hlstory of 50-, 70-,"and 100-ton cars for the period 1975-1978
based on two of the most apprOprlate measures, car-miles and ton- miles. Flgure 1-6 shows
similar comparisons for each of’ the years 197 5 through 1977.

Many approaches -can be used to 1nterpret past results and predlct hkely future con-
sequences. However, ‘these different approaches will produce dlfferent views of the problem,
and definite pitfalls. must bé av01ded ‘when 'relying on -data. groupmgs collected from dis-
similar railroads. For example Figure 1-7 contains statistics which show that the 50-ton cars
have the best safety record when related to either the actual number of accidents, the
" number of loadings, or the car-miles; the 70-ton cars have the best safety record when re-

lated to tons ongmated and ton-miles. Each of these computatlons uses 1dent1cal accident
data. ' ; .

£
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FIGURE 1-5 DERAILMENT FREQUENCIES FOR CARS OF VARIOUS TONNAGE CAPACITIES,
1975--1978
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FIGURE 1-6 RELATIVE ACCIDENT HISTORY ON CAR-MILE AND TON-MILE BASIS
' {Speed Greater Than 10 MPH) :

Car Capacity

Basis 50 ton 70ton 100 ton
Total Number-of Accidents m 2 3
Accidents per Car in Fleet 2 m 3
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: D X Indicates best safety fecord T
' SQurce;' FRA Safety Data/AAR UMLER Files/1% Waybill Sample

FIGURE 1-7 RELATIVE SAFETY RANKINGS (Accident Speed Greater Than 10 MPH)
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During this study, a special effort was devoted to ascertaining the best statistical basis
-for comparison. Over 10 different bases were examined. Finally, car-miles and, ton-miles
were selected as the most valid .indicators for use in comparing cars of different capa-
bilities. “Car-miles” is the best descriptor to assess safety on a. ‘‘per trip”’ basis, and-.‘‘ton-
miles” is more appropriate to a description of the relative safety of moving a given amount
- of tonnage. Using-car-miles, the 100-ton car shows.the poorest safety ranking. Paradoxically,
on a ton-mile basis, the 100-ton cars are indicated as having the best safety statistics. Both
of these statements can be consistent and believable. Responses from the UTU survey of
over 900 working railroad employees support this conclusion. From. a. switchman’s view-
point, the risk per trip could be greater as he observes obvious “bad actor” large cars in the
train. From a total system safety perspective, the overall risk might be lower with large cars
because fewer trips are needed to transport the required tonnage.

Both the UTU survey and the industry management survey identified the loaded
covered hopper car, which has a high center of gravity, as the car type most likely to derail.
The aggregate rail safety statistics clearly show the same result. The industry has long recog-
nized this problem, conducted tests, and initiated changes to correct the problem. However,
implementation of corrective improvements is proceeding at a slow pace. '

Table 1-1 provides additional insights into the derailment tendencies of the four types
of cars with poor records, based on either the aggregate rail industry statistics or the UTU
survey. It confirms recent FRA testing results that empty vehicles such as the long flat cars
* can apply as large lateral loads during side-to-side oscillations (known as “hunting’’) on the
track structure as locomotives with very heavy axle loads.

The most important measure of safety in any field of endeavor is the total loss of life
attributable to the variable under consideration. During the period 1975-1978, the average'
number of fatalities per year that could conceivably be attributed to the size, weight, and
length of cars was less than 5. On an annual basis, the number of fatalities rahged from-1 to
9 for the last 4 years. The average number of fatalities per year amounts to less than 1%
of all fatalities connected with railroad operations. Table 1-2 shows how these estimates of
fatalities were derived.

However, it can also be said that some fatalities are avoided by the use of larger ca-.
pacity cars. As noted in the following discussion of efficiency, the use of larger capacity
cars reduces the exposure of eémployees to hazards associated with switching (fewer cars
to switch) and.reduces the frequency of rail/highway grade-crossing accidents (fewer
trains). Since fatalities from rail/highway grade-crossing accidents average approximately
1,000 each year, it is obvious that any significant increase in the number of trains operated
could produce human consequences as serious as the 5 fatalities per year that may be
related to car size, weight, or length (absent‘increased protection at affected crossings).
Also, larger cars and fewer trains mean less chance of collision between trains and less
hazard to railroad employees and others who may be on the railroad right of way.
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With total fatalities as the yardstick, then, it does not appear that the trend to larger

cars has resulted in a new diminution of operational safety. However, the occurrence of one
or more accidents involving the exposure of a large number of people to explosive or toxic
- harzardous materials ‘could radically alter this assessment. Over the last 3 years, approxi-
mately 160 tank cars have released hazardous materials as a result of train accidents. With a
few notable exceptions, the consequences of most of these accidents have been minor. How-
ever, the destructive accidents that have occurred provide ample support for a standard rule
of cautlon in the transportatlon of these materials:

TABLE 1. -1
DERAILMENT TENDENCIES OF “WORST" CAR TYPES

Aggregate - -

United, Transportation

Industry Statistics Union Survey
. 'Car Car- Ton- T O Associated Car Industry Action/
Type | Miles Miles Overall Loaded | Empty Characteristics Recognition:-
Covered | Highest- | High - ‘High ‘Highest | Medium High center of gravity | Dynamic control problem,
Hopper : . ' . (98 inches) when under study for some years,
| toaded. has led to additional snub-
bing requirements.
| General | High - |} High- ] High* High* | High - Many are more than | Historical curving problems,
Flat : o : 80 feet long. especially when empty.
Auto Medium | Highest . |High High High Long lengths. Curving problems.
Flat .- e e ’ ; ’ High center of gravity | Tendency for dynamic
when loaded. interactions with adjacent
cars.
Tank ’ Medium**| Medium** | Highest* ** | High*** ! Medium**} Jumbo's have center | Early dynamic structural
" : of gravity above 84 problems. Special studies
inches. Hazardous over past 10 years.
material commodities | culminating in petition
carried make derail- .| resulting in HM—144 regula-
. ment particularly tions.
costly.

*TOFC (Trailer on Flat Cars) Only.
**All Tank Cars.

*#+*jumbo Tanks Only.
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TABLE 1-2

TRAIN DERAILMENT FATALITY ANALYSIS BY YEAR

)

4-vr. Average/

1976 1976 1977 1978  Total CYE,
* Total Fatalities from
all Derailments® = | © 2 15° 8 -| 41 | 66 16:5
- Less Passenger Train - . - . . )
. Derailments - 1 C— 6 7 1.7
Less Véndalism » - ~ - 8 8 20
‘E - Lesé Locomotive - ‘ . :
' Caused : R 3 3 1 8 .20
* Less Track Washout, o o
Slide, etc. . - - - 2 -2 0.5-
* |dentified Human . .
Factors ) = - - 16 16. 40. -
Miscellaneous Causes
. Not Related to Size,
Weight, or Length of . : ,
Rail Cars - ) 2 .2 3 7 1.75
. Remaining Fatalities 1 9 -3 | s 18 4.5

*From FRA Accident Bulletin.

Source: FRA Study of Accident Data.

1.4.2" Car Performarice and Track Conditidns

Statistics indicate that railroads, in the aggregate, have greatly increased investments
to improve track and equipment, even though recent FRA analysis shows that much more
needs to he done. During the last decade, the tons of rail and number of cross ties laid have
approximately doubled. The present rate for the industry as a whole, however, is still only
what it was in the middle 1950’s, even though ton-miles have increased by 25%; and certain
railroads continue to incur sizeable amounts of ‘‘deferred’” maintenance.
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While aggregate industry statistics can assist in measuring past performance, they con-
tain a mixture of variables. Case studies can isolate these variables and provide valuable
supplemental data. In this instance, the ‘record shows that spec1f1c railroads are able to
profitably operate larger cars while maintaining, comparatively, a good safety record. These
railroads attribute their success to additional investments in track inspection and mainte-
nance. The data in Table 1-3 quantify the reported maintenance performed from 1955
through 1978 by one railroad that operates a substantial number of larger cars and that has
a derailment rate approx1mately equal to the industry average.

On the. basis of accident statistics that specify the number of derallments per million
train-miles caused by track or equipment, there is a wide dlspa.nty in the abilities of,indi-
vidual ‘railroads to safety transport cars. Table 1-4 shows that the ratio of the derailment .
rates among railroads can vary by more than 10 to 1. Most of the differencesin dermlment
rates among railroads can be attributed to variations in track conditions.

As further discussed below 100-ton cars and certain other cars tend to produce greater
stresses on track structure than do smaller cars. The accumulated rail fatlgue tie cutting,
and other degradation of the track structure generated by larger cars will eventually increase
the overall derailment rate for all rail equipment unless adequate programs of restoration
and upgrading are implemented. The railroads that have successfully ad]usted to "heavier
axle loading and dynamic stability problems have done so by transforming ]omted rail into
continuous welded rail, by investing in heavier rail sections for mainline operations, and by
giving increased emphasis- to roadbed stabilization. These measures promote the reduction
of derailment rates, although cars w1th dynamic stability problems w111 tend to derail more
frequently than other cars,

TABLE 13 -

TRACK MAINTENANCE RECORD OF A SELECTED RAILROAD .

. Tie Replacements Rail Replacement
Time Frame per Year in Tens per Year
1955-59 ' 38,800 3,900
1960-64 45,100 ' ' 3,400
1 965-69 f 68800 . 5,700
1970-74 o 70,520 . | 6,460
1975-78 | 74,150* ' 6,075"

*Based on 4-year average
Source: AAR Railroad Industry Survey
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TABLE 1 4

COMPARlSON oF DERAILMENT RATF.S AMONG .~ . - - A
. VARIOUS U.S. RAILROADS .. , . . . . -

Track & Equipment

] Derailment Rate ’ Ratio
Y ' (per million 7" ’Relativeto
“*-% Railroad ° -+ < - - train-miles) ' ' Railroad _'"A""
ToAl 21 10
B 33 R X : R
c 6.0 o 2.8
L X 16.7 80
£% 237 ' 1.3
z 317 15,1

Source: Accident/lncidgnt Bulletin No. 146, 1977, Federal Railroad
Administration'Office of Safety, August 1978.

1.4.3 Countermeasure Development and Implementation

When the 100-ton cars were introduced into service, the types of dynamic perform-
ance, structural strength, and fatigue life problems experienced were similar to those peri-
odically encountered by the automobile and aircraft industries in introducing new systems.
Some early mistakes were difficult to discover and correct in a short period of time; for
example, the manufacture of cars with 39-foot truck centers that matched the rail lengths
and contributed to “rock-and-roll” instabilities. ‘Where major safety problems visibly sur-
faced, however, government and industry efforts accelerated the installation of corrective
improvements in both new and existing rail vehicles. Examples of such efforts are the retro-
fit ‘of jumbo tank cars mandated under DOT Regulatlon HM-144* and actions taken with
respect to 6-axle locomotives. Normally, d long perlod of time is consumed in introducing
and equipping the railroad car fleet with a product improvement. Flgure 1-8 shows estimates
of the amount of time required to mcorporate typical design fixes and improvements. When
safety is of prime concern, much shorter implementation times have been specified. For
example, the modlflcatlons required under HM-144 are to be completed in 3 years, with
major portions of the program having been completed in the first 2 years.

*See Title 49 of the Code of Federal Regulations, Parts 173 and 179. HM-144 requires :mproved protection of certain
hazardous materials tank cars,
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The industry continues to become more technically knowledgeable and is steadily
developing capacities to detect problems, evaluate potential solutions, and initiate counter-
measures. Figures 1-9, 1-10, and 1-11 are examples of the degree to which countermeasures
applied to cars can be effective in- controlling car dynamics over relatively severe track con-
ditions. Figure 1-12 contains examples to illustrate how the industry is implementing car-
located dynamic control devices to rea.llze the potentlal 1mprovement levels depicted in
Figures 1-9, 1-10, and 1-11. LT

A recent speclal study to understand more fully the covered hopper problem revealed
that the performance of manufacturing des1gns should be looked at more closely. A certain
combination of parameters such as length and center of gravity height may be unique to cars
built during a limited period. Figure 1-13 indicates that covered hopper cars manufactured
in the early 1960’s ‘currently have a much higher rate of derailment than those built in
either preceding or succeeding years.
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FIGURE 1-8 RATE OF INTRODUCTION OF CAR IMPROVEMENTS' ‘
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FIGURE 19 - IMPROVEMENT FROM ADDITION OF HYDRAULIC DAMPING
{1-Inch Surface Variations, % Stagger, 39-Ft. Rail, 13—19 MPH)

Numerous tests and technical analyses have disclosed that there is no simple relation-
ship between the size, weight, and length of a rail car and the wheel-rail interface forces
which are generated. The forces are complex and depend on variables such as train speed;
the way the train is made up (i.e., the location of loaded and empty cars); the way the
engineer handles the train; the dynamic control devices used; and especially, the local track
conditions over which the train operates. The analytical tools predict that under certain con-
ditions, lighter or shorter cars are a greater derailment threat. However, in general, these
same analytical models predict that larger cars have a demonstrated tendency to exert
greater forces against adjacent cars and against the rail and cause its more rapid deterioration.
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FIGURE 1-11 RANGE OF EXPERIMENTAL RESULTS FOR 100-TON OPEN HOPPER CAR
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FIGURE 1-12 EXAMPLES OF INDUSTRY COUNTERMEASURE IMPLEMENTATICN
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FIGURE 1-13 VARIATION IN CURRENT DERAILMENT RISK WITH YEAR OF MANUFACTURE
" FOR COVERED HOPPER CARS '

Since the early 1970, the research and development office of the FRA has uséd a con-
siderable portion of its budgeted funds in conducting analyses, making field tests, evalu-
ating improvements, and demonstrating countermeasures for controlling rail vehicle dy-
namics. The performance of heavy 6-axle locomotives over a variety of track conditions,
the behavior of jumbo. tank cars during impacts, and the mechanism of locomotive-to-
caboose collisions were explored in the context of the size, weight, length, structure, and
configuration of cars. In addition, with major support from the FRA, the railroad industry
has been very active in determining ways to control the dynamics and mitigate the adverse
wheel loads of freight cars. The activities in Track Trairi Dynamics (TTD), the Facility for
Accelerated Service Testing (FAST), the Rail Dynamics Laboratory (RDL), the Truck
Design Optimization Program (TDOP), and other facilities and special studies are producing
valuable data. Validated improvements and upgrades are scheduled and introduced as part
of routine car maintenance. , -
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. 1.4.4 Safety Regulation ,

The FRA has responded to the 1ncreased frequency of derallments m a vanety of ways.
Enforcement of the present Track Safety Standards emphasmed the remediation of prob-
lems on major hazardous materials routes. Violation sanctlons speed reduction orders, and
. emergency orders have been employed to bring about repairs, improvements, or appropnate

reductions in train speeds. \

~ As prev10usly noted, the tank car retrofit order in HM-144 was in response to the more
~ frequent derallments involving certain tank cars carrying compressed gas. The Department
will also propose ‘the application of 1mproved safety systems to additional portions of the

g 'tank car fleet i in the near future

Several options "are discussed below which may lead to further regulatory action
directed at discrete problems that cannot be resolved within a reasonable time through
voluntary action. However, in light of already existing AAR restrictions on cars in the inter-
change fleet, currently there is not sufficient justification for broad government mandates
dlrectly hmltmg the size, welght or length of frelght cars.

Ultimately, the need foriimmediate attention, whether or not spurred by the govern- .
ment is based on how the future threats to the public are assessed. If track deterioration
continues to persist on important track segments in the National Rail Distribution Network,
the answer as to whether a more serious safety problem is developing is obviously, yes.
Continually degrading track has increasingly less tolerance to heavier and larger cars, and it
is extremely.unlikely that improvements made to freight cars'or in operations can be a

dominant offsetting factor under these condltlons
L

1.5 IS THERE AN EFFICIENCYAPROBLEM?

. Some observers questlon whether the trend toward frerght cars of larger capaclty has
produced a net economic benefit to the railroad industry. Citing major increases in mainte-
~ nance-of-way costs and deferred maintenance, they argue that the national system of

- standard gage track was not designed to support current axle loadings. Other analysts pomt
to the significant savings in transportation expenses made possible by increased per-car )
capaclty and the role ‘of those savings in more competitive rates for bulk products. ‘These
advantages are said to have been crucial to the survival, or profitability, of some railroads.

The limited time period of this study and the unavailability of basic cost data pre-
vented the Department from reaching a definitive conclusion as to whether the railroad
industry as a whole has benefited from larger cars. It does appear likely, however, that the
marginal value of larger cars, like their safety record, depends on the vitality of the. oper-
ating railroad — in particular, on how well the railroad maintains its track system. Opera-
tion of larger cars on deteriorating track will hasten the accumulation of deferred mainte-
nance and necessitate speed and other restrictions, thereby eroding the quality of rail
service and driving traffic to other railroads or competing modes of transportation. Healthy,
well-managed railroads are able to make compensating investments in maintenance of way
and evidently realize overall savings from the use of larger cars. \
{
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The efficiency of freight cars of various sizes is best measured by the total cost of
transporting a ton of cargo on a per-mile basis. This parameter is obviously a function of
carload weight capacity because a low capacity means that more cars will be required at
greater expense and a large car capacity increases the likelihood of hlgher track mainte-
nance and repair expenses. The problem is in determining the optlmum carload capacity
that would provide minimum total transportation cost. Some insight and guidance can be
obtained by reviewing the factors associated with car size — both the factors tending to
raise costs and the factors tending to reduce costs. An evaluation of the efficiency of rail-
road usage of cars by size, weight, and length must be derived primarily from past experi-
ence. The transition to heavier carloads clearly has produced some negative factors that,
from a financial perspective, have increased certain costs; but because of the lack of a suit-
able accounting system that reflects the total cost of interchange service, it is difficult to
even roughly isolate the aggregate railroad industry effects caused by the introduction and
use of 100-ton car service. Costs have risen in the following areas:

® Track Maintenarice — The heavier service cars definitely tend to increase main-

 tenance frequencies and costs. In addition to investments to stabilize the road-
bed, heavier rail and head-hardened rail are being procured in higher quantities
to combat rail wear.

® (Car Maintenance — The heavier loads in the cars, the larger lateral forces that
_ they exert in curves, and elevated coupling masses cause wear and increase
maintenance costs for certain components; i.e., wheels, couplers, centerplates,

" brake shoes, etc. '

" ® Increased Derailment Costs — If certain portions of track are degraded faster
and reach marginal states, the larger cars with higher loadings will mean a
higher frequency of derailments. Also, these heavier cars have more momen-
tum and thus tend to incur more damage when involved in accidents. The
costs of derailments, including societal costs, are a major expenditure that
has been steadily increasing. Table 1-5 shows the calculated total for 1977.

® Testing and Upgrade Expenditures — Over the last decade, the rail industry
has incurred considerable costs in determining solutions and fixes to the prob-
lems that occurred upon introduction of the 100-ton cars. Some of the costs,
as in the case of the regulated tank car retrofit, are not borne by the railroads
alone. Shippers, as car owners, many times bear a large part of the costs and,
inevitably, pass them on to the public.

® Miscellaneous Expenses — Increases in inspection, training, and third-party
liability insurance costs are examples of these expenses.

On the other hand, benefits that have accrued from the use of larger cars include the
following:

® Lower Direct Transportation Costs — The direct costs associated with train
movements to transport certain bulk commodities have been significantly
-feduced. This reduction has enabled the railroads to maintain or improve
their share of the market and to better their cash flow positions while keeping
rates competitive.
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. TABLE 1:5

ESTIMATED COSTS OF DERAILMENTS FOR 1977 -

1. Property Loss

(a). Reported Track Damage (Dy)- = $ 44.3 Million
(b) -~ Reported Equipment Damage (Dg) = $148.7 Million

(c} Estimated Total Property Loss
{including 3d-Party Loss, Wreck
_Clearing, Lading Transfer, and
Non-Reportable Accidents) .
= 1.66x Dg + 1.28 x D = $303.6 Million

2. Loss of Life

(a) !\Iuﬁ\ber of Fatalities = 8

" (b) Estimated Loss to Society per
Fatality = $300,000 '

(c) Estimated Total Loss Resulting =~ .
from Fatalities . . ' = § 2.4 Million

3.  Loss Resulting from Injuries

{a) Days of Work Lost Resulting
from Injuries = 3,340

(b) Estimated Loss to Society per
: Workday Lost=$130 "

(c) .Estimated Total Loss Resulting
from Injuries

$ . 0.4 Million

4., TOTAL LOSS $306.4 Million

1

i

Source: Arthur D, Little, Inc., Estimates

® Reduced Fuel Costs — With fewer car trips to transport the required tonnage,
fuel savings are realized.

e R'educed Operating Costs — Fewer cars need to be loaded, switched, in-
spected, and accounted for, reducing operating costs.

® Reduced Car Replacement Costs — A 100-ton car costs less than two 50-ton
cars,

® Ability To Transport Increased Volumes — Since a 100-ton car is not twice
as long as a 50-ton car, an equivalent increase in the capacity of yards and
sidings is realized. This has allowed the railroads to avoid additional invest-
ments in plant and property that would have been necessary to transport
increased volumes.
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.®@ Costs Associated With Less Exposure of Railroad Workers — With fewer cars
needed to transport the same tonnage, there is a reduction in the required
number of high-risk yard tasks (e g rldmg cars, couplmg a.u', getting on or
off cars, etc.). :

® (Costs Associated With Less Exposure of Motorists at Grade Crossings — With
fewer cars required to move the same tonnage, there are fewer car passages
per grade crossing — and less chance for an accident.

® Miscellaneous Cost Savings — Car loadmg and unloading costs tend to decrease
since fewer ‘“‘set ups’ are required. The -consumer shares in some of the
resultant cost savings.

Some of the expected direct railroad impacts of varying car size that might occur can
be quantified by using actual 1978 railroad operating data. Table 1:6 contains estimates of
the effects of hypathetically reducing the maximum carload by 15% (i.e., to 85 tons in-
_stead of 100 tons) during this one year. Freight car and track maintenance considerations
* are not listed because of the lack of agreement on allocations of 'such costs to a single year.
In addition, the estimates do not include allowances for changes in practices of rolling stock
and locomotive power ut111zat10n that probably would ‘occur in the real situation, but that
-.are dlfflcult to predmt :

TABLE 16
ADVERSE INDUSTRY IMPACTS FROM A 15% REDUCTION IN THE,
MAXIMUM PERMISSIBLE LOADING IN 100-TON CARS

item’ , Estimated Adverse Effect
Car Loadings - 1.8 Million Additional Loadings
Car Trips _ 2.9 Million Additional Trips
'i'rains S 46,000 Additional Traihs
Freight Caré 83,300 Additional Cars
Locomotives - ' 465 Additional Locemotfbes
Train-Miles . ' 7.3 Millien Additiona! Train-Miles
Car-Miles © " 1.5 Billion Additional.Car-Miles
Fuel | 113 Million Additional Gallons
Train Accidents ., 540 Additional Accidents
Fatalities Resulting from 32 Additional Fatalities

Train Accidents/
Incidents and Grade-
" Crossing Accidents

“ Source: Arthur D. Little, Inc., Estimates
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On the other hand, responding to a question in the industry management survey, one
railroad calculated that a 15% increase in car capacity would result in a 13% increase, in total
variable costs per net ton-mile for bulk commodities and a corresponding 8% increase for
merchandise commodities. Individual railroads that haul bulk commeodities consistently con-
tend that usage of the 100-ton car has resulted in a net favorable benefit for them, but most
agree that they are now approaching or are just beyond the. “break-even” point in car size.
The consensus in the railroad industry based on past experience. is that the balance of pros
and cons is favorable. Regardless of the 100-ton car’s benefit to the industry, however, it
certainly would cost the industry considerable amounts in the short run to reverse the trend
toward these cars.

Will the 100-ton car continue to be as valuable to the industry in the future? When all
of the costs and savings enumerated above are combined to produce a total cost per ton-mile
figure, it is clear that these costs will decrease as axle loadings become heavier up to a point.
Beyond this point, the cost components will outweigh the savings components and total
cost.will increase-with heavier axle loadings. The difficulty in determining an ‘‘optimal” car
weight or axle load in this fashion is that costs and savings vary from railroad to railroad;
e.g., a railroad with a softer roadbed will have a steeper rise in the maintenance-of-way
expense curve as axle loads are increased than another railroad with a stiffer roadbed. Some
railroads estimate increased maintenance-of-way costs of up to 40% with 100-ton car usage.
However, under controlled conditions, analysis and small-scale laboratory test data show
more exaggerated results; i.e., wear expectations for curves are nearly doubled under a 100-
ton car simulation compared to that of a 70-ton car simulation. Figure 1-14 is an example of
the variations that the total costs per ton-mile might assume for different carrier conditions.

Railroad H

Railroad G

I
l
!

Railroad F.

$ﬁon-MiIe

15 Axle-Load Tons ' 45
Source: American Railway Engineering Association Bulletin 673. .
"FIGURE 1-14 VARIATIONS OF TOTAL COSTS PER TON-MILE
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This inability to define future conditions in cost terms (including those associated with
the quality of track on interchange railroads) causes uncertainties as to how the location of
the low cost point in Figure 1-14 will shift in respect to axle loading. For the aggregate rail-
road industry, any evaluation of future efficiency will ultimately depend on the extent to
which derailments are forecast to increase as a result of usage of 100-ton cars over degrading
track segments. The costs of an increasing frequency of derailments or erosion of service
through operating restrictions can rapidly offset any savings. Furthermore, the importance
given to future injury or damage to the public and the likelihood that vital traffic might be
seriously interrupted determine the outcome of a cost/benefit analysis.

1.6 THE FUTURE

Even though economic considerations and third-party liability implications pressure
the industry to ensure safety consciousness, separate studies show that there is increased
wear of track and increased wheel-rail forces when axle loads are heavier, cars are longer,
and center of gravity dimensions are higher. Therefore, the ability of the industry to imple-
ment countermeasures more rapidly than in the past may be crucial. Projections into the
future must consider existing overall trends such as the following:

® Each successive year, there are larger percentages of heavier, longer, and
higher center of gravity cars in the fleet.

® There is an increasing rate of derailments, especially those attributed to track
problems.

® Because of poor earnings and a low rate of return on investment, certain rail-
roads are finding it increasingly difficult to meet their track maintenance
requirements.

® The number of long, heavier trains is increasing.

® Hazardous materials rail movements are likely to double in the next ten
years.

These trends have been going on for many years, and although most railroads (and the
industry as a whole for the most part) have been able to meet vital freight demands without
serious safety or efficiency problems, certain track segments have become or are becoming
“weak links” in the total network. The continuing interchange of longer, heavier cars into
these links can only increase the deterioration rate. The demand for passage of increased
volumes of hazardous materials over these weak links will increase the probability of tank
car derailments.

Are there actions in process (or any that could be implemented) which will head off
adverse predictions for the future? At a cost of over $200 million to the industry, the
HM-144 mandated retrofit of compressed gas tank cars to minimize the consequences of
accidents involving flammable compressed gases will alleviate a large portion of the total
hazardous materials problem, but not all of it. Train speeds have been reduced in accordance
with track conditions, and train-handling and train makeup revisions have been made, but
the trends of increased derailments from track deterioration persist. This deterioration of
track can eventually overwhelm any improvement that is installed on cars.
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“The advisability of actions and the determination of who should take the lead can only
~ be ascertained through additional in-depth trade-off delineations and cost/benefit analyses.
In some areas, there is a need for additional basic cause-effect data before effective cost/,
benefit analyses. In some areas, there is a need for additional basic cause-effect data before
effective cost/benefit studies can be conducted. Several ongoing FRA/Industry cooperative
research and development projects as FAST and in TDOP are aimed at obtaining such data
_ to support ‘engineering specifications of performance requirements together with proof-
testing procedures. Steps concerned with the general health of the industry or of specific
‘groups of carriers probably require additional government initiatives. (Some are already in
process.) There are certain options that the railroad industry itself has the power to volun-
tarily exercise— once it is convinced of the future advantages.

1.7 OPTIONS

In light of the study findings, is there anything that should be done to improve the
safety and efficiency of rail transport as influenced by the size, weight, and length of
freight cars? If so, by whom, in what time frame, at what cost, and with what benefits?
Answers to these types of questions must consider the following:

© Specific cars of certain design characteristics, as opposed to larger cars as a
group, are found to have derailment frequencies higher than their exposure
warrants,

. @ While derailment costs are relatively high, few fatahtles over the past five
years, if any, can be attributed solely to the size of cars.

© If the rail network is reduced by mergers and consolidations, the traffic
volume per mile of mainline track will increase. A fleet composed of lower .
capacity cars, with the attendant increase in train ‘densities, would. present
increased. operational. traffic control demands that might strain existing sig- v
_naling systems and increase safety risks. ‘

® The greatest threat from larger cars lies in the future when such cars might
accelerate track wear on segments of the network where the track owner is
not in a financial position to perform appropriate maintenance. This could
set in-motion the downward spiral of lower speeds, poorer service, loss of
traffic, and decreased revenues on additional rail properties.

© The diversion of traffic to other routes and modes to avoid “weak-link” track
would be costly, would probably not be as safe, and might not even be
feasible in many cases.

o . Increased shipment of hazardous materials by rail in the future has the poten-
tial for dramatically expanding the consequences of derailments.

- @ A rigorous determination of costs versus benefits of stipulated actions is
hindered by the usual hazards involved in anticipating the magnitudes of
future problems (whlch is the controlling factor in this case) and the degree
to which current countermeasures by the government or industry will be
effective. : '

® A number of government and industry initiatives in various stages of imple-
mentation are aimed at safer hazardous materials transport, the creation of
freight car and track specifications to enhance safety, and the guaranteeing
of the viability of important rail connecting links in the national rail network.
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There is not sufficient information to integrate the above considerations into a defen-
sible government/industry mandate for action. The available evidence indicates that certain
longer range efforts are advisable and that some short-term actions may assist in bridging the
gap until the longer range solutions can become effective. The options listed here are meant
as a starting point for joint government/industry/labor examination of those beneficial
actions that can reasonably be accomplished within:

Realistic time frames;
Funding limitations;

The realm of other ongoing improvement or regulatory actions; and

The scope of feasible actions by the government or, on a voluntary basis, by
the rail industry.

1.7.1 Long-Term Options

Dealing with the problems of heavier cars seems to involve efforts that will, optimisti-
cally, take at least 10 years to institute and become effective. These long-term major options
are the following:

1. Legislation and government/industry actions to ensure the health of essential
hazardous-materials-carrying railroads so that even the crucial marginal ones will have track
that can resist heavier loads. Deregulation and federal assistance are examples of supporting
efforts now under way. The second study mandated by Public Law 95-574 addresses the
roadbed problem and may result in additional answers.

- Cars with more than 70-ton capacity or which impose higher dynamic loads will tend
to push the dominant cause of track failure from “wear’ to “fatigue” (i.e., crack growth).
Both occur over a relatively long period of time, but fatigue poses a more serious threat
to safety since the result is a sudden failure. Heavier rail sections, better and more frequent
inspection, or increased maintenance are necessary to avoid a deterioration in safety. Be-
cause of long-standing financial conditions, however, some railroads are not in a position
to meet the near-term demands for increased expenditures generated by the greater usage
of 100-ton car service; to survive, these railroads have had to use 100-ton cars with their
associated larger physical dimensions and increased payload per car. '

The rail transport network depends upon several financially marginal railroads to
deliver vital goods to various geographical locations. It would be in the long-term best
interest of these railroads to be able to invest in better track. Therefore, any actions to
assist the rail carriers in restoring those rail links to a healthy condition for 100-ton car
service (which the more prosperous ones have found appropriate and profitable) would
contribute to the safety and efficiency of rail service. '

2. Development and establishment of incentives for railroads to shorten the imple-
mentation period for improvements. The latest innovation to improve freight car curve
negotiation (i.e., the self-steering iruck) will, after lengthy trials, if proved beneficial,
take an extended period to be installed on a significant portion of the fleet.
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. Analytical tools indicate and testing' confirms that cars' with certain dimensional,
.structural, and- suspension characteristics.are more prone to derail (thah an average car)
when traveling over marginal track. While this fact may be well recognized in the industry,
the derailment risk for these cars is still low from a “probability” viewpoint. The rate at
which improvement or ‘‘upgrades’® are applied to. cars (or track) is dépendent upon many
factors which the industry handles by trading off economic, customer service, and safety
(including liability) considerations. Car (or track) owners make decisions based on their
particular set of circumstances, and seldom are these decisions a result of predetermined
- national fleet policies. (Specially: mandated rules and regulatlons w1th schedules [e g.,
HM-144} are the exceptions.) : : i

The reasons for this situation are numerous and complex. Rail carriers have a large
. investment in the over 1.7 million cars-in the total fleet. Most of these cars are routinely
‘interchanged among many railroads with diverse interests and financial conditions. For the
most part, a freight car can be off the property of the owner (often, the shipper) or not
under the owner’s control a large percentage of the time. Thus, the owner may realize only
a small portion of the benefits of upgrades for which it must pay.  Compensation by
“leasing” railroads, along with the criteria for replacement of wom-out components often
. does not prov1de a sufficient return to the owner to stimulate “upgradmg ”

Any revision in car components, track, op_erating practices,'ian'd’ inspection methods,

- in order to be interchanged to the system of railroads, must be (:Ornpatible with the existing.

_parts of the system; i.e., it takes tremendous efforts to radically change certain car inter-
" faces such as the coupler. Spare parts must be available, details of operation and construc--
tion circulated, procedures agreed upon, and administrative machinery instituted so that
proper handling and repairs can be made at any of several-hundred repair locations. Also,
the availability of materials, workload of manufacturing facilities, seasonal factors, and
individual financial considerations can inhibit retrofits for extended periods of time. ’

The established mechanism for routmely detecting problems, c-omdmatmg studles, and
resolving safety issues among rallroad carriers res1des with designated AAR committees..The
AAR derives its responsxbxhtles from its member railroads because of their need for uni-
formity and compatibility in the passage of mdmdually owned mxlroad cars from one rail-
road to another, via “interchange.” As a part of its duties, the AAR regulally enacts and
enforces interchange rules that impinge on the size, weight, and length of freight cars (e.g.,
limits on maximum weight on rail, center of gravity height, and car lengt.h are self-imposed).
The historical record reflects the degree to which the process has succeeded. 1t should be
pointed out, however, that the AAR has little influence on the track maintenance expendi-
tures of railroad carriers. Accordingly, there is some question as to whether such a mech-
anism will be able to respond satisfactorily to any future crises on carriers where track
deterioration is occurring beyond safe limits. Of critical importance is ‘the creation of a com-
petifive, innovative climate that will give the railroad industry the incentive to identify im-
portant improvements and accelerate upgrades on a more uniform and consistent basis
among the rail carriers and car owners. Significant regulatory reforms should create such a
climate, along with the financial Lapabnhty to qupport the lmplementatlon of such
1mprovements : :
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.- - sIn particular, some way should be found to make it attractive to owners to invest in
improvements to cars that will be interchanged to other railroads. Presently, railroads are
.more prone to invest.in such improvements on unit trains.that remain under their control.
For example, assume that self-steering trucks have the potential of reducing lateral forces
~-on.curves by as much as 60% and that in addition to a lower probability of derailment in
.curves on track of marginal quality, overall curve wear will be reduced by 90%. However,
the -estimated additional cost per car is in excess of $3,000. If the car spends a large per-
_centage of the time on track other than the owner’s, how can the stockholders be con-
vinced: o’ diminish' immediate earnings to equip their large (i.e., perhaps 10 000) car fleet
when other railroads will accrue most of the long-term benefits?

1 3.. Developmen‘t, establishment, and use of performance criteria for the introduction
.- -of :new- cars, which in essence would. dictate the kinds of track and the conditions under
. -'which the new car can run safely .without undue wear or deterioration of components,

.- Based -upon- extensive- work in' Track Train Dynamics (TTD), other dynamic tests,
and output from available analytical tools, arbitrary limits on the size, weight, and length of
ccars should be avoided. The real proof as to the safety and efficiency of a moving freight
car is in its ‘dynamic performance or how it interacts with the track. Certain “bad actor”
.cars can be converted to better-than-average performers by the installation of, for-example,
- a -better .suspension. system, an improved snubbing device, or a new type truck. Certain

. ~innovations now, being tested (e.g., self-steering trucks) promise to make freight cars far

. .more forgiving.,_of ‘track -deficiencies. Such innovative effort-should be encouraged. A per-
formance standard indicating the minimum level of car performance over a range of severe
. track conditions should be established, and all new cars and certain types of existing cars

. _should conform. - :

1.7.2 Interim .Op_tions.:

Whlle longer range solutlons are being implemented, it is debatable which particular
mtenn{ “stop gap” measures (i.e., within the next ten years) are advisable or can be justi-
fied. Regulatory 1n1t1at1ves by DOT such as the recent FRA Notice of Proposed Rulemakmg
on the Track Standards and other ongomg rulemaking activities are aimed at creating per-
" formance requlrements to ‘alleviate safety problems associated with freight cars of many
‘varieties travehng over track of various configurations and attributes. Nonetheless, this study
strongly suggests four maJor interim activities that. should be purused jointly by government,
mdustry, and. labor These activities are directed toward concerns assoc1ated with the

- ( followmg

® ‘“Bad Actor” Cars — Organize a special task force made up of representatwes
) from rallroads, the supply industry, rail labor, and the FRA to investigate the
feasibility and to quantify the advantages of instituting corrective measures
“that will counter the below-average safety record of high center-of-gravity
covered hopper cars and long flat cars.

.® Real-sze Safety and Efficiency Compansons — Encourage and take steps to
set up a real-time data collection and analysis system that will detect abnor-
malities in safety records as they occur.
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® Research Aimed at Establishing Performance Requirements and Evaluating
Conformance — Accelerate ongoing government and industry efforts to lay
the technical groundwork for performance standards.

® Other Concerns or Options — Consider, in terms of relative value and contri- -
bution, the improvements in the areas of concern that are identified below.

Bad Actor Cars

The relatively higher derailment rates of certain types of cars (e.g., long flat cars and
higher center-of-gravity covered hopper cars) were identified in this study. Figure 1-15 is an
example of how derailment statistics can be quantified to depict comparisons of different-
types of cars. Further breakdowns can reveal the disparate derailment record of any particu-
lar design within each larger grouping. A special task force of the concerned parties would
provide a proper forum for determining what corrective actions may be warranted for iden-
tified bad actor cars in the existing fleet.

Real-Time Safety and Efficiency Comparisons

This investigation was handicapped (as were previous studies) by the paucity of infor-
mation in the various data bases currently being maintained. The safety statistics and the
mileage, tonnage, and age figures were received from the FRA, the ICC, and the National
Transportation Safety Board. Facts on the size of the car fleet, retrofit rates, research re-
sulfs, industry practices, etc., were secured from the AAR, the UTU, and separate shippers,
suppliers, railroads, and government/industry study groups. An inordinate amount of time
had to be spent in determining the best sources, extracting the information and matching up
the time periods of coverage with other information. "

Appropriate data should be routinely collected so that comparisons based on current
derailments per car-mile and per ton-mile can be maintained in some detail (e.g., by car type
and size). The behavior of such trends could provide a forewarning of potential problems
and allow timely remedial actions.
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FIGURE 1-15 DERAILMENT FREQUENCIES OF VARIOUS TYPES OF CARS
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Research Aimed at Estabhshmg Performance Reqmrements and Evaluatmg
Conformance - . .

Research m1t1at1ves and activities have spurred much of the mcreasmg technical aware-
ness and knowledge of the railroad mdustry Analytical tools and testing facilities developed
in recent years have much advanced the understanding of car and train dynamics. The basis
for the eventual specifications of performance requirements is being generated in the related
government/industry efforts. When requirements cari be stated in terms of minimum per- -
formance and the performance can be measured, arbitrary limits based solely on past experi-
. ‘ence can be abolished. The Track Train Dynamics Program (TTD), the Rail Dynamics Lab-
oratory (RDL), AAR’s Track Structure Laboratory, the Locomotive Research and Train
- Handling Evaluator (LRTHE), and the proposed Stablhty Assessment Facility for Equip-

" ment (SAFE) are existing efforts toward this end.

Encouragement should be given to govemment/industry research and test “facility
activities to assist in timely accomplishment of both short- and long-range countermeasures
and in the establishment of performance requirements.

~

Other Concerns and Options

There is an opportumty for a vanety of actlons to 1mprove car dynam1c behavior and
to reduce the likelihood of derailments. While it is. premature to prescribe a comprehensne
program at this time, it is possible to outline potentially fruitful options for. investigation.
The followmg list of options contains examples prompted by the findings of this study.
These options must be subjécted to further evaluation as to their effectiveness, benefits,
penalties, and costs. v

Establtsh a mechanism that will continually utilize inputs from operatmg employees,
to determme what mterlm and long-range actions might be most effective.

The information obtained in this study from over 900 railroad operatmg personnel is
a good starting point toward gaining a better understanding of and resolving inconsistencies
in the less-than-complete reporting system and resulting statistics which now exist. Manage-.
ment receives inputs from employees as a routine part of daily business. Most of these
interactions are at the local level. Insights can be gained from requesting and collecting
structured information as perceived by those closest to the operations. This information
can then be aggregated and analyzed to produce industry-wide trends. The Rail Safety
Research Board, composed of various government, industry, and labor members, was an
effort in this direction. '

Review existirtg controls that limit the size of cars, and examine new approaches for
achieving satisfactory performance of cars. Consider:

¢ The poorer record of certain cars shorter than 40 feet or longer than 70 feet

, (Figure 1-16). Several groups of evidence from this investigation suggest that
the long cars and very short cars tend to present a somewhat higher risk.
especially during curving and when coupled to certain other cars with non-
complementary “overhangs
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FIGURE 1-16 DERAILMENT FREQUENCIES FOR VARIOUS CAR LENGTHS

® The effect of heavier axle loads in the unrestricted interchange of céi’s Theo-
retical ‘analyses and actual tests agree that a 32-ton axle load is approachmg '

y  the wheel-rail contact strain l1m1t for new wheels and new rail. The ralh'oads

that have successfully operated 100-ton (or heav1er) cars have justified and

, made considerable investments in track, equipment, operations, and inspec-

tion betterments. Considering the projected interchange envirbnment, the

" railroads, on their own, have imposed a 263,000-pound ‘4 axle car weight-on-

rail limit for normal interchange movements. In lieu of eventual performance

specifications, there is no justification for relaxatlon .of restnctlons on cars

used in interchange service.

® The implications of large-volume hazardous materials ‘cars (i.e., those larger
than 34,500 gallons). In the event of puncture during derailment and sub-
sequent rocketing of the tank, the range of potential casualties to the sur-
.rounding public becomes larger as the capacity increases. Thére is no justifi-
cation for relaxing the present 34,500-gallon restriction that limits the ex- «
pected maximum rocketing range.
Review existing operational requirements and performance standards, and examine .
new approaches for mmzmtzmg the frequency of hazardous materzals release incidents.
Consider: )

—
3

® Reducing the magnitude and frequency of occurrence of excessive dynamic
axle loads — especially on cars with centers of gravity greater than 84 inches
high — by installation of improved suspensions. Priority should be given to
hazardous materials cars and high mileage cars with high centers of gravity.
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Cars with high (90 inches or more) or relatively high (over 84 inches) centers
of gravity are more sensitive to conditions in track which excite ‘‘rock-and-
roll” behavior in cars. Many of the cars which transport hazardous materials
(e.g., tank cars) have higher torsional stiffness which increases tendencies to-
ward wheel lift when track warp irregularities are encountered. Some of the
existing “snubbing” systems on freight cars are meant to dampen car-oscilla-
tions through frictional resistance, but become erratic or are much less effec-
tive when worn. High mileage and hazardous-materials-carrying tank cars pose
the greatest exposure risk and should receive corrective upgrades (i.e., hy-
. draulic snubbing or other control units) on a priority basis over other cars.

Taking -st_eps to-ensure that hazardous-materials-carrying tank' cars are out-
fitted with selected improvements such as self-steering"frucks or better sus-
‘ pension systems at a priority rate — at least compared to other cars. Although
. the derailment of other cars can cause the involvemént of hazardous-materials-
carrying cars,. the relatively higher severity ,of :derailment, consequences for
. hazardous matenals cars may justify special precautlons

Minimizing the likelihood of hazardous materials cars being involved in derml-
ments through careful placement in the consist. Over marginal track, hazardous
materials cars which immediately -follow other cars with higher risks of derail-
ment virtually assume the higher risk of the car ahead. Some restriction might
be warranted on the minimum proximity of a hazardous-materials-carrying
tank car in a train to loaded 100-ton covered hopper cars or to some flat cars
that are  not equipped-with improved snubbing devices. However, revising
train makeup practices can be a costly step. This suggestion is aimed at un-
‘ covermg more practlcal train makeup practices that might lower the proba-
- bility of 1nvolvement of hazardous matenals cars in derailments. -

-Formallzmg guldelmes similar to those already in use by several railroads, to
reduce the severity of derailments involving tank cars carrying hazardous
materials. Lower classes of track generally have less ability to resist increased
. wheel-rail forces. Reducing the maximum authorized speed of trains that
contain a number of such tank cars and that travel over track with a lower
FRA claSsification is an obvious action which tends to reduce both the lateral
track forces on curves and the magnitude of the consequences of derailment.

Identifying ways to minimize the extent to which train action and variations
in train-handling can increase the derailment risk of tank cars carrying hazard-
ous matel"ials.’In lieu of performance specifications, interim restrictions on
" allowable train consists and the methods employed in handling tank cars may
‘be necessary when the movement of hazardous materials cars over track of
classification 3 and below is involved. Some relaxation of any resulting more
stringent restrictions might be in order in individual cases, as, for example,
 where the . controlling locomotive has an effective .feature for maintaining
brake pipe preséure; the cafrier has demonstrated the adequacy of the braking
systems on its trains and its operating instructions; and the carrier has reason-
ably proved that compliance with published safety requirements is regularly
~achieved. Train-handling variations can influence the level of in-train and
latera] track forces to a large degree. Longer trains and undulating terrain are
more of a challenge. The engineer and crew may need special training or in-
doctrmatlon in the safe operation of certain trains carrying hazardous ma-
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terials over undulating terrain. Train control systems (e.g., better operating
brakes or the use of remote control locomotive units) can make longer trains
as safe as many shorter trains. Transport of hazardous materials warrants
better performing trains,

Investigate means for speeding up implementation of car designs that are more tolerant
of track irregularities. Consider: '

© Devising an approach to ensure faster implementation of important improve-
ments on all cars identified as less stable. Accelerated retrofit schedules should
be promoted. Priorities for installation of known and recognized effective
improvements are usually set by the AAR through interchange requirements.
Incentives and other rewards to owners that accelerate upgrades have been
studied in the past. Some of the less complicated schemes might be applied on
an accelerated priority basis to one or two identified improvements.

® Renewing dedication to responsible development of performance guidelines
that can be applied on a case-by-case basis to size limitations on cars and
trains (i.e., avoid arbitrary across-the-board limits). Wherever possible, even
interim steps should be described in terms of the minimum performance
required. This allows maximum flexibility and ingenuity in accomplishment
and will not “lock in’* today’s technology in the future.

1.8 CONCLUSIONS

Problems have occurred as a result of increases in size of freight cars. Overall, the rate
of derailments is in¢ “easing as is the percentage of track-caused derailments, but on an expo-
sure basis, the larger cars are not substantially worse than other cars. It is evident that cer-
tain identifiable fypes of cars that have dimensional extremes in length and height pose a
relatively higher derailment threat (i.e., inability to operate over existing trackage with as
good safety records as other cars) unless dynamic control improvements are made, The rail
industry is becoming technically more competent and more willing to take actions to solve
such specific problems. Fleetwide implementation, either through introduction of better
design in new cars or retrofit of existing ones, however, is still a long process.

From a current perspective, and in an aggregate sense, it is the industry’s strong conten-
tion that the growth to 100-ton load service has resulted in net economic benefits to the
majority of railroads and shippers without the incurrence of safety problems that result in
significant fatalities. This study did not find convincing evidence to the contrary. There are
disturbing indicators, however, that the future picture might not look as good. The need to
interchange cars from one railroad to another to reach important city and rural population
centers is the major reason. While the larger 100-ton cars can successfully be run at reason-
able speeds on rail properties which invest in and maintain track at a level commensurate
with the increased loading on rail, these same cars can cause more rapid deterioration (and
ultimate failure) of lesser trackage.
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. It is true that enforcement of the present FRA Track Standards, which require reduc-
tions in train speed according to specified classifications of track quality, tends to maintain
tolerable levels of wheel-rail forces and, in the event of a derailment, is a favorable factor in
limiting consequences. It is well recognized, though, that since individual types of cars
exhibit a wide variance in dynamic performance, the standards should ideally either differ-
entiate between cars or be based on the “worst case” car. In spite of several extensive
studies, the implications of such an approach in standards are not yet fully understood.
Without car improvements, an additional slowing of rail traffic will. certainly result, and
without standards revisions of this kind, poorer performing cars will continue to represent a
higher derailment risk. While individual car improvements can reduce wheel-rail forces, it
does not appear that the rate of dynamic control improvements in: the car fleet can offset
the rate of track deterioration on some railroad properties. Therefore, as projected annual
tonnage increases, at any given speed range, there is an increased likelihood of derailment.
Concurrently, there is a higher probability of hazardous materials cargo involvement on rail
properties that receive a larger proportion of 100-ton cars operatlng over trackage with a
"decreasing ability to withstand the loading.

" Thus, size, weight, and length of cars are contributing elements to railroad safety, but
not the direct problem. The exclusive use of 70-ton cars would only delay the time to
failure. Continued emphasis on long-term and lasting measures for ensuring adequate track- -
age in the vital links of the national rail network is needed to prevent an “epidemic” situa-
tion in the future. Arbitrary limits (which do not consider improved performance) on maxi-
mum car or train sizes which require.additional mechanical and operating investments may
‘serve to accentuate the problem by further reducing the financial ability of the rallroads to
perform necessary mamtenance and upgrading. Interim actions can help and may be neces-
sary in order to buy time for the longer range solutions to be implemented. However, justi-
fication of the attendant costs is complicated by the inability to isolate causes to the size of
cars alone,

In the longer range, it appears that the trend is toward a more streamlined and eff1c1ent
'U.S. rail network that will annually carry increasing amounts of freight tonnage The result
will bé less trackage and much higher freight densities over the remaining track. Pressures to
use a greater portion of the inherent efficiency of rail transport, resulting from the need to
conserve energy, could further elevate future amounts of fraffic per mile of track. Under
these conditions, the existing larger capacity cars (even without the technological break-
through needed to go beyond 32-ton axle loads) support the required increases in overall
transportation capability. Positive actions to decrease the derailment probability of the 100-
ton capacity cars operating over the future network would enhance the efficiency by which
the future transportation needs of the nation can be met.

>
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2. INVESTIGATIVE PROCEDURES -

2.1 INTRODUCTION

This study relies on three complementary investigative procedures to determine the
influence of the size, weight, and length of railroad cars on safety and efficiency. These
_three procedures are:

® Surveys of railroad management and employees;
® Statistical analyses of historical accident data; and
'® Engineering analyses obtained from previous research and test programs

These procedures are briefly discussed below.

2.2 SURVEYS

' The results of three sin‘veys of railroad industry personnel were used in this study to
gain a qualitative understanding of the effects of car size, weight, and length on railroad
safety and efficiency:

® United Transportation Union (UTU) — Local switchmen around the country
were surveyed for their opinions during August and September 1979. The
results provided insights into the problems of car handling in yards, consist

" makeup, and consist handling. .

® Association of American Railroads (AAR) — Railroad management was sur-
veyed in August and September 1979, with special emphasis on the effects of
changes in freight car capacities as well as on steps taken by the industry to

" ‘accommodate these changes.

. ® Track Train Dynamzcs (TTD) — During the development of the TTD program,
the railroad industry management was surveyed on many issues. Some of the
questions and responses are directly relevant to this project.

p
2.3 STATISTICAL DATA
Much of the statistical characterizations of freight car populations, derailments, car -
mileage, and ton-mileage were taken from three data source files. These files are discussed
below.

2.3.1 Universal Machine Language Equipment Register (UMLER)
This data file, which is updated four times per year, contains information about veach

freight car registered for interchange service. The followmg items from this file were used
for this study
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Car owner’s initials;
Serial number;

AAR car type code;
Outside length;
Nominal weight capaclty,
Volume capacxty ’

2.3.2 Rallroa‘d Accld‘ent/Incident Reporting System (RAIRS)

This data file, maintained by the FRA, contains an entry for each acc1dent or incident
_reported, mcludmg the followmg mformatlon

® (Car ownér’s initials and serial number of the causing car;’
® Accident type (derailment, collision, grade crossing);

® (Cause code;

® Speed. .

When RAIRS is used in conjunction with UMLER, it is possible to identify each accident -~
with a specific car type, siz_e, weight, and length.

.2 3 3 Waybill Sample
(

The FRA maintains a file of a 1% sample of.all ICC rallroad frelght shlpment waybllls
Each entry includes the following 1nformat10n

Car owner’s initials and serial number;
Number of tons shipped;
Distance shipped.

o & 0

When used in conjunction with UMLER, this file allows an eshmate of the number of car-

miles and the number of ton-mlles accumulated by each specific car type, size, weight, and
length,

2.4 RESEARCH AND TESTING -

An exhaustive review was made of the extensive literature devoted to providing an
understanding of the mechanisms that lead to accidents. Appendix A lists references perti-
nent to this study. An analysis of this information provided insights into both the causes of
accidents and their cures.

2.5 DATA ANALYSIS PROCEDURES _
In the analysis of accident frequencies for this study, several important excéptlons

were made, and certain problems were encountered. These exceptlons and the means used
for resolving the problems are discussed below.
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2.5.1 Choice of Accident Records

All accidents that occurred at 10 mph or less were eliminated from the analysis. The
justification for this exception is detailed in Chapters 4 and 5. Briefly, the only significant
impact of the large numbers of low-speed accidents, primarily in yards and on poor-quality.
branchline track, is a direct monetary loss to the railroads; there is virtually no influence on
safety. Inclusion of these low-speed accidents would only confuse the safety picture, making
it difficult to identify the causes of those accidents which endanger railroad employees or
the public and its property.

In addition, a judgment was made, on the basis of a thorough examination of the FRA
accident reporting system, that several large classes of accidents had no direct relation to
car size, weight, and length. Examples of these classes are:

® C(Collisions, which result primarily from human error (“human factors”);

® Grade-crossing accidents, which result largely from the circumvention by
motorists of the protection systems at grade crossings.

Specifically, the following “Cause Codes” were includéd in the analysis, since it was felt
that accidents attributed. to the associated causes could possibly be influenced by the size,
weight, and length of cars.

Cause Code Numbers Associated Cause
101 — 109 Roadbed Defects
110 - 113 - Wide Gage
114 — 115 Track Alignment
116 Track Profile
117 - 118 Superelevation
119 — 120 : Cross-Level
129 ' Miscellaneous Track Geometry
130 — 149 Rail and Joint Bar
160 — 179 Frogs, Switches, and Track Appllances
180 — 189 Other Way Structure
200 — 209 Signal and Communication
400 - 410 Brakes :
411 —-419 Trailer or Container on Flat Car
420 — 429 Body
430 —- 439 Coupler and Draft System
440 — 449 Truck Components
450 — 459 Axles and Bearings
460 — 469 Wheels
470 — 479 Locomotives
480 — 489 ' Doors :
499 General Mechanical and Electrical

500 - 509 Use of Brakes



2.5.2 Car Type Identification . T

Each accident' was agsociate’d ‘with either th"el'car;that ‘caused it, or the first’car.along
the train that was derailed or damaged:.Every accident record is meant-t6 include ‘one or'the

other of these two pieces -of infbrmatiOn: In situations.in which'the causing car is also the
first one along the train to derail, the two car positions are identical..

This approach to associating a car type with each accident is the best one available. It
does suffer from the possibility that the first derailing car may be innocent as, for example,
when some car derails because-of poor track and manages to derail a car in front.of it. -

2.5.3 Waybill Elimiination.:

All waybills were included in the analysis except those which contained bad data,
defined as follows: . . -

Trip length less'than or equal to 10 miles; .’ '
Trip length: greater<than’5,000 miles; -
Weight of fréight less than:5 tons per carload; and - -

Weight of freight such: that the car carrying it would be ‘overloaded by more "
than 20 percent: : o

2.5.4 Data Qua’lity Control. .

Séveral‘ accident. records: were.-_e;;'cluded“ because of Adata problems; includih'g' the
following: - .

Speed of accident not recorded; -

Causing .car or first derailing -car not identified by car owner’s initials  and
serial number; and -

® Cause code not listed.

Several waybill records were eliminated because of data problems, including specifi-
cally, the absence of the matching car owner’s initials and serial number in the UMLER file.

2.5.5 Overall Procedures

The overall procedure for obtajning accident statistics by car type, size, weight, and
length is shown in Figure 2-1. The overall procedure for obtaining ‘“‘exposure’ data such as
car-miles and ton-miles by car type, size, weight, and length is shown in Figure 2-2.

2.5.6 Car-Mile Estimate Modification
The car-mile estimates obtained by matching the waybill data with the UMLER file
were-modified to account for empty car-miles. Since many of the accidents occur wheh the

car is empty, it is appropriate to add empty car-miles to loaded car-miles in determining the
“‘exposure’ or level of use which led to a given number of accidents. The modification was
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FIGURE 2-1 PROCEDURE FOR ANALYZING ACCIDENT STATISTICS'
’ - ACCORDING TO CAR CHARACTERISTICS )
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FIGURE 2-2 PROCEDURE FOR ANALYZING EXPOSURE STATISTICS
ACCORDING TO CAR CHARACTERISTICS
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based on an estimate obtained by the ICC* of the ratio of empty-to-loaded car-miles.
These estimates-are as follows: ’ '

) . Empty Car-Miles/
Car Type Loaded Car-Miles

Box ‘ ~ 0.67
General Flat ' 0.88
Auto Rack o 1.00
TOFC/COFC S 0.47
Gondola - - 085
Covered Hopper , 1.01
Open Hopper o .. ... . 000
Refrigerator 0.70°
Tank . : o 1.10

-2.6 COMPARISON OF ACCIDENT STATISTICS

The procedures used in developing accident statistics strongly. determine whether
statistics developed in one study are comparable to those from another. In the present in-
stance, several.accident records were not included in the analyses because of the reasons
‘cited above. In addition, a problem was noted w'th the car-mile and ton-mile estimates
"based on the 1% waybill sample. After the estirr ition of the 100% level of car-miles, the
number was considerably less than the car-mile estimate provided annually by the AAR
Yearbook of Razlroad Facts. For 1977, for example, the AAR source quotes an estimated
28.7 billion car-mlles The number obtamed from the waybllls on the other hand, is about
16 billion car-miles. :

Thus, the é.ccideht frequencies stated in this report will be lower than those in other
studies because of the elimination of several accidents, and higher because of the underest1-
mation of car-miles and ton-miles.

It is speculated that the reasons for the discrepancy between the waybill-based expo-
sure data and the AAR estimates are the following:

The-1% sarhple is in fact less than 1%.

Several wayb111s were eliminated because -they. could not_be. matched with
UMLER.

_Several Waybllls were eliminated because of data problems.

"® The t;echmque used in estimating the waybill mileage often underestimates the
true trip length,

At present, howevér, this remains spéculation. No attempt was made to correct the accident
frequency statistics in this study to account for these potential sources of error. The implica-
tion is that the absolute values of accident frequencies are not likely to be particularly
accurate; however, comparisons among car types, nominal weight capacity ranges, etc., are
justified.

*ICC Bureau of Accounts, “Ratios of Empty to Loaded Freight Car- Mlles by Type of Car and Performance Factors for
Way, Through and All Trains Combined,”” 1972.
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3. FREIGHT CAR FLEET CHARACTERISTICS

3.1 ABSTRACT

The approximately 1,666,000 freight cars in the U.S. fleet travel a total of almost 29
billion miles in a year. Their average load-carrying capacity is 78 tons, and the average load
is 63 tons. The miles traveled and tons carried in a year can vary substantially from one type
of car to another, “car type” referring to such designations as box car, gondola, or covered
hopper. Generally, specific commodities or groups of commodities can be associated with
‘each of the major car types.

Box cars and covered hoppers account for almost 50 percent of the fleet. However, the
share of box cars has been dropping steadily over the years, while those of covered hoppers,
open hoppers, and tank cars have been gradually increasing. Concomitantly, there has been a
continuous trend to larger and heavier cars. The average load-carrying capacity of cars in the
fleet has increased from a value of 60 tons in 1965 to 78 tons at present.

Currently, most freight cars fall into one of three nominal categories of load capacity:
50 tons, 70 tons, and 100 tons. Approximately 25%, 43%, and 32% of the fleet fall into
these three categories respectively. This division by weight capacity also varies significantly
by car type: 6.8% of all box’cars have a capaclty ‘'of 100 tons, compared with 76.7% of all
~ covered hoppers. .

Car lengths range from a low of about-20 feet to a hlgh of over 90 feet, the high end of
the range being occupied primarily by flat cars.

The internal volume, or cubic capacity, of present-day cars varies from as low as 1000
cubic feet to over 10,000 cubic feet. Some cars, such as ﬂats have no definable cubic
capacity. :

The extreme heights of cars vary from as little as 3 feet for flats to as much as 17-1/2
feet for some box cars. :

3.2 INTRODUCTION

. This chapter investigates the freight car population both historically and, with more
detail, the present population. Characteristics by car type (i.e., box car, flat car, gondola,
etc.) and by car size, weight, and length are emphasized. Tank cars are discussed in terms of
volume capacity with some description of historical technical developments. The data pre-
sented indicate a trend toward' a fleet of larger and heavier freight cars.

Also presented are operational descriptions of the fleet which show the trends toward
increased productivity of railroad freight transportation.

3-1



3.3 CURRENT CAR POPULATIONS
The U.S. ra11 veh1cle ﬂeet can be categonzed into three groups locomotlves freight
cars, and passenger cars. Table 3-1 shows the approximate number in and yearly mjleages
traveled by each of these groups. Freight car usage is dominant over the other two groups,
and freight car revenues are the mainstay of the industry.
TABLE 31

U:S.'RAIL VEHICLE FLEET - 1977*‘

Population .« Revenue i . . . Vehicle:Miles

(thousands) ’ - {billions) - . (bi‘lli'on,ls).
Locomotives 283 . “Not Applicable 1,60
* Freight Cars . 16665 . . $189 ., . 2870
Passenger Cars - 5.5 ’ $ 06 . . 0.07

*Includes Class | Railroads and the National Railroad Passenger Corporation (AMTRAK) '

Source:- Association-of American Railroads

BN
T

There are several d1st1nct10ns in des1g'n w1th1n the fleet of freight cars, primarily based
upon the transportation requirements of various commodities (Table 3-2). The difference
in the car types is primarily the construction of the car bodies. Thus, the freight-cars are
substantially different in terms of size, weight, and length depending on the specific com-
modities to be carried. For instance, flat cars carrying highway trailers are long. Similarly,
covered hopper cars designated to carry light density farm products like grain are as high as
allowable and therefore tend to have a high center of gravity. Appendix B illustrates the
basic design for each of the types of freight cars. used in this study.

The overall design of the frelght car trucks does not depend on the type of frelght car
_ to which they are attached. The main difference among the trucks is their maximum gross
weight capacity. The three major truck types are 50-ton, 70-ton, and 100-ton, respectively,
representing the approximate payload (i.e., nominal weight capacity) which can be carried
in the freight car. The truck gross welght capacity is based on the design of the beanngs
axles, wheels, centerplate, and other components, which varies from one truck type to
another. Table 3-3 shows certain AAR design specifications for components.of 50-, 70-, and
100-ton freight car trucks as well as the maximum gross weight on rail for 50-, 70-, and 100-
‘ton freight cars. One of the specifications on Table 3-3, Axle Des1gnatlon unphes several
d1mens1onal values, which are shown in Flgure 3- 1

The freight car fleet can be broadly described in two ways: by car type and by similar
geometrical configurations. The use of car types (i.e., box cars, flat cars, ete.) is the most
customary approach and, for purposes of commodlty assignment .and shlpment the most
practical, However, work currently under way by the FRA has looked at the car fleet from



TABLE 3-2
_TYPES OF FREIGHT CARS* AND TYPICAL COMMODITIES CARRIED |

. BoxCaf. - "~ " ¢ 7' Field Crops, Wood Products,‘Miscellaneous :. . .

Flat Car Food Products, Wood Products, Highway Trailers,
: Miscellaneous

Vehicular Flat Car Transportation Equipment

Gondola , Coa|,hN'on-MetaIIic Minerals

Covered Hopper -. . . Field.Crops, Wood Products .

Open Hopper ‘ Coal, Non-Metallic Minerals

Refrigerated Car .+ :Food Products, Field Crops

Stock Car " Livestock L

Tank Car .. Chemical Products, Petroleum, Oil

*Refer to Appendix B for ilfustrations of the various freigh’t car types

TABLE33 ' °

AAR DESIGN SPECIFICATIONS FOR FREIGHT CAR TRUCKS

L - _ © 50 Ton © © 70Ton. © "100Ton
Bearing Journal Size . - . .. 51/2x10 L exm 61/2x12
(inches) , B O . ‘ " .

“Axfe: De5|gnat|on1 T o J T - v
Wheel Diameter ' -+’ © 281033 .- '28t033~ " ° 30to 36 -

© finches) - ¢ ¢ . T Tt Lo SIS
Center Plate Diameter =~ - 12 7 14 SRR [ 25
(inches) . : |

" Maximum GrossWelght onRail 177000 220000 263,003
{pourids)2’ o - ' ‘ v '

" "NOTES:’ :
"' 1, See Flgure 3-1 for ah explanation of roller bearing axle designations. o
2. The total weight on rails shown is for 4-wheel trucks, four axles per car. For cars having -
‘6-wheel, 8-wheel, ‘etc., trucks ‘the total weight on rails is proportlonal to the number’ of axles ..
- under the car. ‘- : A : .
3. Cars with a-weighton ra:ls greater than 263, 000 pounds -can- only be operated in limited inter-
change when complying with Railway Lme Clearance special statement and under the specnal
requirement for new cars to be approved by the Executive Vice-Chairman of the Mechanical
DIVlSlon

’ Source' Specnflcatlons for Destgn, Fabncatnon and Constructlon of Frenght Cars, AAR,
October 1977
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FIGURE 3-1 DIMENSIONS OF RAISED WHEEL SEAT ROLLER BEARING AXLES FOR FREIGHT CARS



the second approach; that is, the FRA has described jand compared vehicles by specific
geometric or dy‘r_namiCe characteristics, For example, cars can be described by their overall
lengths or by their nominal weight capacity, independent of the particular car type.

‘Both approaches are used in this report. The use of car types is more valuable for an
intuitive ~understanding of the fleet, but the application of studies and statistics using geo-
metric descriptors may be more applicable to the investigation of the effects of car size,
weight, and length on railroad safety and efficiency. Much of this study used the UMLER
" data file maintained by the AAR. This file' contains entries representing every freight car
- approved for interchange service. (An abbreviated textual version of the-file is known as
the Official Railroad Equipment Register.) The followmg descriptions of the. present car
- fleet are denved from an analysis of the November 1977 version of UMLER and an engin-
eering analysis of certam cntlcal vehlcle parameters. '

The total fleet includes approximately 1.7 m'illibn cars which are divided into nine

~ major car type groups. Table 34 shows the number of cars in each group, along with its per- °
centage of the total ﬂeet

TABLE 34

| PRESENT FREIGHT.CAR POPULATION 1977 .

Population . ‘ " Percent 6f

Car Type. e "~ (thousands) ' Fleet .
. Box . a0 27.6
Flat . o .. 1329 | 80"
Vehicular Flat . 331 20
"Gondola. - | 183.9 11.0
Covered Hopper : 227.0 _ . 13.6
Open Hopper - 3864 213
Refrigerator , ’ 94.6 L 5.7
Stock . - . a® N X
‘Tank < ' 177.0 10.6
TOTAL .~ o668 S

~ Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER
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The remainder of this section prov1des a charactenzatlon of the U.S. railroad freight
car fleet in terms of its size, weight, and length attnbutes Vanous descriptors of size, weight,
and length were investigated, including for size, volumetnc ‘capacity, height of loaded center
of gravity, and extreme height; for weight, nominal weight capacity and empty weight; for
length, overall length, truck center spacmg, and inside length, However, based on the needs
of this report and the extent of available data sources, the deflmtlons of size, welght and
length are as follows: '

v

® Size describes the vehicle’s volumetnc capacity in: cublc feet or gallons (tank
cars only).

® Weight refers to the vehicle’s nommal welght capac1ty in thousands of pounds

"+ (for all equipment types). The nommal welght capaclty is the recommended

. payload capacity based on the strength of the frelght car trucks and the, empty
(or tare) weight of the frelght car,

° Length refers to a vehlcle ’s outs1de (overall) length in feet (for all equlpment
’ types)

Two freight car classes were considered in charactenzmg the fleet: the general service
class and the commodity-related class. Cars in the general service class are assngned to haul a
wide variety of commodities of differing densities and characteristics. These cars are also
used to ship partial loads or drop loads with more than one delivery point. Commodity-
related cars are designed to carry a particular commodlty such as grain, liquids, or automo-
biles. These cars are typically fully loaded to the1r full weight capacity.

Certain figures and tables w1ll glve shghtly dlfferent numbers for various car type popu-
lations since several data sources were employed in this study. The differences are small (less
than 5%) and are primarily due to choices in sorting parameters based on the mtended use
of the data file. The results obtained in this study are not sensitive to these small dlscrep-
ancies in car populations. ; e T '

i

3.3.1 Car Population Distribution by Nommal Welght Capacnty

As Figure 3-2 indicates, dominant frelght car populatlons are at about 110,000, 150 000
and 200,000 pounds (or about 55-, 75-, and 100-ton capac1ty)

The vanatlon in capacity is somewhat determmed by the tare weights (unloaded welght)'
for the fleet. Figure 3-3 shows that the ma]onty of the cars are in the 50,000- to 70 ,000-
pound (25 to 35-ton) tare weight range. ' ;

For s1mp11c1ty of discussion, the‘population is divided ii;to groups by “truck eapacity”

which is inferred from the nominal weight capacity. This divi;sion, based on dominant popu-
lation groupings, along with a corresponding weight descriptor, is shown in Table 3-5. ,.
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R

S MY Typeal »”"ﬂTvpical o O
ot o o T|80TonCar | F70-TonCar - ] Typical

3004 i Tk / v ‘ / {]100-TonCar* ~

100—
o . 1 il n- i . Typical

B S . ' SIERE R ; i . ..ue 125-Ton Car
0 » 1 | — ]

0 75 100 125 : 150 175+ - 200 225 250

B

! : Nomlnal Welght Capaclty (thousand pounds)

. Source: DOT Transportation System Center Estimates Based on 1977 UMLER

" FIGURE 3-2 'DiéTRlBu‘[lou BY NOMINAL WEIG_HT}CAI{A:(SITY_, 'ALL CAR TYPES

C 00— ! ‘ C A Mechaniéa'vlv'T\"(ipes; ) o

F-‘<- 70-Ton Box Car
" 100-Ton Covered Hopper ‘
70 and 100-Ton Open Hopper

" 300 | |
50-Ton Box Car me
60-Ton Open Hopper

S Y — T ]
0_“ ' 25 - 80 75 100 125 : 150

Vehicle Tare Weight (thousand pounds})
sdutce: DOT Transportation Systems Center Estimates Based on 1977 UMLER

FIGURE 3-3 DISTRIBUTION BY TARE WEIGHT, ALL CAR TYPES
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Nominal Weight Capacity

' «70;1 10\ e

' 110-160
160 200
225.230

TABLE 3-5

- - WEIGHT RANGES -

Truck Capacity

(tons)

.50

70

100

TABLE 36

Welght Descnptor

.nght
Medlum
Heavy

Very Heavy

Table 3-6 indicates that approximately 25% of the total fleet is equipped with 50-ton
trucks, 43% with 70-ton trucks, and, 32%. with 100-ton trucks. A small portion of 125-ton
trucks, less than 1% of the fleet, is also in service. There has been an increasing number of
heavy trucks as described in Sectlon 3.3.

The dominant car types in each of the 50-, 70-, and 100-ton truck capac1ty ranges are
shown in Table 3-7. Wlthm each of ‘the threé truck capamty ranges the percentage of all
frelght cars m that capaclty range mcluded by the dommant car types 1s hsted

U.S. RAIL FREIGHT VEHICLE FLEET BY MAJOR VEHICLE TYPES

Mechanical
Type
Box
Flat
Vehicular Flat
Gondola-

c Ct{;lefediljlopper

' Ocen Hopper
Refrigerator
. Stock

- Tank -

TOTAL

Percent of Fleet’

*Less than 0. 05

AND WEIGHT CAPACITIES, 1977

(Population in Thousands)

" 28.29%

O 432%

31.6%

TI.'I.I(.:“k Capaciﬁ
50 Ton 70 Ton . 100 Ton | Total
233.2 1935 . .313 ' 4580
323 91.9 8.7 132.9
18.7 S 144 * 33.1
19.6 1052 . 591 183.9
* .53.0 1740 227.0
34.7 175.7 145.0 355.4
127 ' 745 74 94.6
R - T 49
63.0 1230 1017 7 1770
4791 7305 5273 1666.8

&

Source: DOT Transportatlon Systems Center Estimates Based on 1977 UM LER

Percent of
Fleet

215
8.0
2.0

11.0

13.6

21.3
5.7
0.3

" 10.6



- TABLE 3-7

DOMINANT CAR TYPES BY TRUCK CAPACITY

‘ -Percent of Truck
. . . Capacity Population
Truck Capacity Dominant Car Included by _
{tons) - . Types Dominant Car Types
56 ' Box, Tank n
: 79 Open Hopper, Box, 79
Gondola, Flat’ T
100 Covered Hopper, 80

Open Hopper, Tank

Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER

3.3.2 Car Population Distribution by Length

As shown in Figure 3-4, a substantial portion of vehicles have an outside length between
54 and 60 feet. Speclflc car type designs can often be associated with specific ranges, as
indicated in Figure 3-4. For this study, and ease of discussion, overall length was divided into
the length categories shown in Table 3-8.

400 -‘
-
l«— 70-Ton Box Car
70-Ton Refrigerateq Car
. 300 100-Ton Covered Hopper
@ Std 40 ft Box . =
g 2750 ft3 Open [
5 Hoppers, etc.
]
£ g,
£ 200
c
0
K]
_3-_ — Vehicular Flats
& L TOFC/COFC Flats
100 - M ] High Cube Box Cars
B H
. ~\—\
0 +— . ] | _ =
0 156 30 45 . 60 75 90

Qutside Length, Coupler to Coupler {feet)
Source: DOT Transportation Systems Center Estlmates Based on 1977 UMLER

FIGURE 3-4 DISTRIBUTION BY OUTSIDE LENGTH, ALL CAR TYPES
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Population (thousands)

TABLE 3-8

. LENGTH RANGES

Overall Length

(feet) ' Leﬁgt_h Descriptors
2145 Short

45-60 . Medium

60-78 ' Long

78-90 o Very Long

Car Population Distribution by Size

Flgures 3- 5 and 3 6 contam s1m1lar populatlon dlstnbutlon by s1ze i. e volumetnc
capacity in cubié feet (for all cars except flat and tank cars) and in gallons (for tank cars).
In this study, flat cars are characterized only by weight capac1ty and length descriptors,
since volume capacity is meamngless :

Volumetric capacity is divided into ranges as shown in Table 3-9.

400 = . (Typical of Large Groups
. ' of 50 ft Box Cars)
300 -
200 o
. High Cube
Box Cars.
. - Outside Length —
100 4 92 ft 10 in.
0 [} H [ L '1=.=.,.[I =\
0 1000 2000 3000 4000 5000 6000 - 7000 1 0,000

Size in Volumetric Capacity (cubic feet)

Source: DOT Transportation System Center Estimates Based on 1977 UMLER

FIGURE 3-5 DISTRIBUTION BY CAPACITY, INCLUDING BOX, STOCK, REFRIGERATOR,
COVERED HOPPER, OPEN HOPPER, AND GONDOLAS
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Popdlation (thousands) .

40 -

30

20 ~

10 -

_ 50 Ton
70 Ton

50 Ton

[

106 Ton ,'
53-57 ft

) v T 100 Ton
/ o : 65-72 ft

hon

A e

5,000 '1'0,000 15,000 20,000 25,000 . 30,000 35,000 .50,0'00

Size in Volumetric Capacity {gallons)

Source: DOT, Transportation Systems Center Estiméteé Béséd on 1‘977 UMLER

FIGURE 3-6 DISTRIBUTION BY CAPACITY, TANK CARS ONLY '

TABLE 3-9
SIZE RANGES

Volumetric Capacity

(cubic feet)* o Gallons**#
© 800:3000 6000-16000
3000-5000 A 16000-25000
5000-7000 o 25000-34000

7000-10000 ' 25000-34000

*Eor all carsexcept flat and tank cars
**For tank cars only

311

Size Descriptors

Small
Medium
- Large
. " Very Large



3.3.3 Combinations of Parameters Related to Size, Weight, and Length

Tables 3-10 and .3-11 give the number of vehicles falling into each of the basic configu-
" rational groups defined by combinations of physical attributes related to size, weight, and
length. Flat cars and vehicular flat cars are grouped separately, as are freight vehicles having
extreme configurational features. The largest population (320,040) corresponds to a
med1um-s1ze medium-length, high-weight capacity (100-ton) vehicle configuration. This
* group, which represents approximately 20% of the entire fleet is composed of car types
"shown in Table 3-12.

‘Approximately 92,000 vehicles are in service with an overall length in the 87 to 96 foot
" range. These vehicles include long high-cube box cars, TOFC/COFC vehicles, and vehicular
flat cars.

TABLE 3-10

FLEET POPULATIONS BY GROUPS OF SIZE, WEIGHT, AND LENGTH

All Mechanical T_ypes Except Flats and Vehicular Flats
.1. Small Volumetric Capacity (800-3,000 ft3 or 6,000-16,000 gal)

Weight Capacity (thousand pounds)

70110 (LD) 110.1-160 (Med) ___ 160.1-200 (Heavy)
Overal | 2V5(Shor) 87450 . 201,940 38,650
Length  45.1-60 (Med) 16,840 124,790 - 49,870
) 50.1-78(Long) - 0 10130 0

2. Medium Volumetric Capacity {3,000-5,000 ft3 or 16,000-25,000 gal)

Weight Capacity (thousand pounds)

| 70110 (Lo) T 110.1-160 (Med) - 160.1-200 (Heavy)
Overall 2145 (Short) 134,430 4,420 5,000
Length  45.1-60 (Med) 16,270 ' 12,750 320,040
(f) - 60.1-78 (Long) : 0 8480 2,710

3. Large Volumetric Capacity (5,000-7,000 ft3 or 25,000-34,000 gal)

Weight Capacity {thousand pounds)

70-110 (L) 110.1-160 (Med) 160.1-200 (Heavy)
Overall 21-45 (Short) 0 ’ 0 o 0
Length 45.1-60 (Med) 100,520 215,600 26,390
(ft) 60.1-78 (Long) 0 40,650 73,320

Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER
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TABLE 3-11

-FLEET POPULATIONS, SPECIAL CASES -

Flat and Vehicular Flat Cars

Weight Capacity (thousand pounds)

. 70-110 (Lt) © 110.1-160 (Med) ~ 160.1-200 (Heavy)
Overall 21'45 {Short) 0 ) 0 .
Length 45.1-60 (Med) 29,400 o maso B

- 60.1-78 (Long) - 0 £12,700 - 8680

Very Large Freight Vehicles (in terms of length, weight capacity, and/or volumetric capaéity)

Typical Vehicles

Weight Capacity (225-230 Kips) . 1,900 ‘ Open Hopper {125 ton)
. Overall kLe’ngth (87-96 ft) R 92,630 s . Box, Flat and Vehicular Flat
‘ Volumet,ricCapacity’ (10,000 t3) 8,650 ' ‘ High Cube Box

Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER

TABLE 3-12

DISTRIBUTION OF CAR TYPES WITHIN THE
HEAVY, MEDIUM-LONG, MEDIUM-CAPACITY GROUP

Mechanical Approximate - - Percent of
Type Population Mechanical Type
Gondola 12,000 7% of All Gondolas
Covered Hopper 125,000 55%'of All Covered Hopper§
Open Hopper 130,000 37% of All Open Hoppers
Tank © .. 53,000 " 30% of All Tank Cars

TOTAL .. 320,000

Source: DOT Transportation Systéms Center Es‘timates Based on 1977 UMLER

3-13



3.3.4 Other Principal Physical characteristics

For the j purpose of mvestxgatmg dynamm car performance, the car fleet was character-
ized by certain other geometrical and dynatmc properties.

Figure 3-7, which illustrates the dlstnbutlon of coupler, lengths w1thm the fleet, shows
that the vast majority of cars are equlpped with the standard 29-inch coupler. A few longer
couplers are in service on longer. vehicles: such as flat, vehicular, flat, and long cushioned

under-frame box cars. Long couplers, however, prov1de certain dlfflcultles wh11e couphng on
curves, £

Figure 3-8, which illustrates vehicle" population versus truck center spacing, indicates
that a large number of vehicles have a truck center spacing between 39 and. 42 feet. This
group is of particular concern because this truck center spacing is equal or close to the typi-
cal 39-foot rail length used in track constructlon Th1s factor is important in vehicle dynamic
activity (see Chapter 5). : -

' Figure 3-9, which illustrates vehicle populatlons as a function of extreme height, shows
that the largest number’ of vehicles have an extreme height of 15 to 15.5 feet. This implies
that a large percentage ‘of the frelght vehicle ﬂeet will ‘have high center of gravity heights in
either the loaded ot unloaded configuration. Thls consideration is 1mportant in the har-
monic roll process associated with the dynamic response of high center of gravity vehicles to
track having moderate to large cross-level track geometry irregularities (see Chapter 5).

Gstop v e
1200 |-
z
g
-3
=]
£ L
= 900 :
2
E
3
Q
&
600~
300}
11 [ n
0. .20 43 . 60 -

Coupler Length (|nches)

Source DOT Transportatlon Systems Center Estimates Based on 1977 UM LER
FIGURE 37 DISTRIBUTION BY COUPLER LENGTH ALL CAR TYPES
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Figures 3-10 through 3-13 illustrate center of gravity, height, axle load distributions,
carbody roll inertia, carbody vertical bending frequency for unloaded vehicles. These param-
eters influence a railcar’s vertical, lateral, and harmonic roll response to track geometry and
structural irregularities. ‘

3.4 HISTORIC TRENDS IN CAR FLEET POPULATION AND CAPACITY

This section presents the car fleet population and capacity in the perspective of the
past several years. Figure 3-14 shows that the number of cars has dropped rather steadily
over this period, from a high of about 1.83 million in 1966 to a low of 1.65 million in 1978.
Table 3-13, which gives the populatlon by car type from 1973 to 1978, indicates that some
car types are decreasing in number, while' othefs are increasing. Specifically, Table 3-14
shows the 1978 population as a percentage of the 1973 population for each car type. The
year 1973 was chosen: as the base year in thls calculation to prov1de an indication of recent
trends in freight car populations. :

Several factoxs dictate the car populﬁ'atioﬁs,;,'l‘_hé\_ most important of these are:

® Quantity of commodities shipped; and
® Average capacity of the fleet.
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FIGURE 3-10 DISTRIBUTION BY CENTER OF GRAVITY HEIGHT IN UNLOADED
CONDITION, ALL CAR TYPES

3-16



800 =y

A ™} 50-, 70-Ton Box Car
600 = : 70-, 100-Ton Covered Hopper
. B 70-, 100-Ton Open Hopper

.‘é 50-Ton Box , '
4 . Car- . 1 .
g 400 '80-,70-Ton .
E iy Open
£ Hopper |
2 \"1
a. ERE | -

200 -

0 O it} P
0 10 . - 20 30

Axle Load, Unloaded Conditi,on {thousand pounds)
Source: DOT Transportation Systems Center Estirnates Based on 1977 UMLER

FIGURE 3-11 DISTRIBUTION BY AXLE LOAD IN UNLOADED CONDITION,

ALL CAR TYPES
500 =
) ™) 50-Ton Box Car .
70-, 100-Ton Covered Hopper
- 50-, 100-Ton Open Hopper
400 /
g 300 '
3 .
£
c
o .
8
S 200
a
&
100 =4
v | ame |
-0 2o 10 .18

" Moment of Inertia — Roll (Iq-in-secz) x 109

Source: DOT Transportation Systems Center !Estimates

FIGURE 312 DISTRIBUTION BY ROLL MOMENT OF INERTIA, ALL CAR TYPES, UNLOADED

317



400 !-
] Box Car
i . . Refrigerated Car .
300" 70-, 100-Ton Covered Hopper ’ ’
:':: / [ 44} W
% . '
]
£ 200 . u
e B . P Y
2 -
L - . :
=1 L
&
100
1 | — L1 . ,
0 0 60 90 120 150
Carbody Vertical Bending Frequency (Hértz): '~ “» 2+ ' e

Source: DOT Transportation Systems Center Estimates

FIGURE 3-13 DISTRIBUTION BY VERTICAL BENDING FREQUENCY, ALL CAR TYPES

1900

1800

1700
8
[=
]
3
2 1600}
&
Q
k] 1500 ~
@
£
= 1400 |~
S
kS
1300 P~
XL ~ |
) . R LR R L e . j -
1965 1970 1975 1980

. Year

Source: AAR Yearbook of Railroad Facts, 1979
FIGURE 3-14 FREIGHT CAR POPULATION

3-18



Car Type

Box

Flat

Gondola
Covered Hopper
Open Hopper
Refrigerator
Stock

Tank
Others

TOTAL

TABLE 3-13

TOTAL FREIGHT CARS IN SERVICE BY CAR TYPE, 1973 TO 197é

1973 1974 1975 1976 1977 1978
511,396 506,197 495,130 473953 450,779 435,671
132,222 139,186 141,316 141781 142,811 146,402
187,347 186,720 186,773 185776 . 179475 175777
204,926 219,362 228265 230,069 235829 246,087
365333 356626 363,186 ' 365526 359,168 - 354,086
104,721 104,024 100,815 98,017 93,823 87,601
5,307 4,980 4,423 3,637 2,943 Not
o _ ,, Available
165,309 169,237 170876 ~ .168018 169,745 174,170
33568 34,241 ' 32,792 32,250 31,960 32,980
. 1710569  1,720573 , 1,723,605 1,699,027 1666533 1,652,774
Source: AAR Yearbook of Railroad Facts, 1979
TABLE 3-14

1978 FREIGHT CAR POPULATION AS A PERCENTAGE - -
OF THE 1973 POPULATION

Car Type.

Box

Flat
Gondola
Covered Hopper
Open Hopper -
‘Refrigerator
Stock

Tank

ALL

Percent

85
111
94
120
97
84
42
105

97

' Source: AAR Yearbook of Railroad Facts, 1979
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Table 3-15 indicates that originated tonnage has held rather constant at about 1.44 mil-
lion tons per yeéar. Similarly, Figure 3-15 shows that the total fleet capacity, in tons, is
increasing steadily. In combination with the decreasing number of cars, this fact indicates
that the carrying capacity of the average freight car is increasing. Figure 3-15 also gives the
capacity of the car fleet owned by Class I railroads only, which is a subset of the total. This
capacity, which excludes private owners, shows approx1mately the same trends. This trend
of increasing capacity applies to all car types, as shown in Table 3-16. S

Table 3-17 summarizes this increase in ‘averag'e car capacity (Class I railroads. only)
giving the 1978 average freight car capacity as a percentage of the 1966 average freight car
capacity. The base year 1966 was chosen because it provides the oldest reliable data avail-
able at the time of this study. The increase in average car capacity arises directly from the
purchase of 70-ton and 100-ton capacity cars to replace older 50-ton cars bemg retn'ed from
service, -

TABLE 3-15
FREIGHT TONNAGE ORIGINATED |

Total Tonnage Originated
! by Class | Railroad

Year o : "+ ({billion tons)
1965 1.39
1966 " ‘ ' 145
" 1967 : 141
1968 ' 1.43
1969 . . 147
1970 - : 148 -
1971 1.39
1972 ' 1.45
1973 - 153
1974 - 153
1975 ; . 1.40
1976 1.41
1977 1.39
1978 : 1.39
Average . 1.44

Source: AAR Yearbook of Railroad Facts, 1979
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FIGURE 3-16 TOTAL FLEET CAPACITY AND CLASS 1 RAILROAD FLEET CAPACITY BY YEAR

This purchasing trend is shown in a summary of new car orders obtained from Railway
Age magazine. Table 3-18 shows, for 1976 to 1978, that over two-thirds of new car orders
are for 100-ton capacity cars. Of the car types shown, all but box car and flat car orders
have a high percentage of 100-ton cars. Since box cars and flats, which generally carry low:
density freight, will reach volume capacity limits before reaching weight capacity load
limits. Therefore, the acquisition of the large 100-ton freight cars is not always necessary.
Table 3-19 gives a detailed view of new car orders of 1978 only.
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TABLE 3-16

FREIGHT CAR CAPACITY BY CAR TYPE — CLASS | RAILROADS ONLY, TONS

Car Type 1966 1967 - 1968. 1969 1970 1971 1972 1973 1974 1975 . 1976. 1977 1978

Box 55.1 642 653 566 578 584 504 603 617 625 635 648 659
Flat 61.4 631 646 662 675 680 681 686 689 694 697 703 69.9
Covered Hopper 80.6 83.3 84.3 84.5 86.2 87.2 87.9 88.9 89.8 91.1 91.3 91.8 92.6

- OperiHopper ~ *~ 669 684 701 716 729 744 - 760 766 775 791 808 822 834 -
Gondola 655 671 . 687 698 719 726 739 747 757 774 788 798 806
Refrigerator 595 602 620 634 645 661 670 67.3 683 690 684 695 702
Stock 403 403 408 413 414 415 417 418 420 418 417 429 NA
Tank 654 558 674 578 596 604 610 615 627 650 660 67.8 689
Others 558 585 699 608 631° 636 632 641 647 649 646 655 64.1

 FleetAverage 614 634 643 658 671 684 696 705 716 729 738 755 767

" Source: AAR Car Service Division .



TABLE 3-17

1978 AVERAGE CAR CAPACITY AS A PERCENTAGE

OF 1966 AVERAGE CAR CAPACITY
(CLASS t RAILROADS ONLY)

Car Type ; " Percent.

Box - : .o 120

Flat .. T 14

Gondola - ) ‘ ' 123

Covered Hopper : . o, : , 115

Open Hopper . . j 125
Refngerated o S 18

Stock S 107 (estimated)
Tank . 124
Others = - 125

Fleet Average Car Capacity R 125 .
Source: ‘AAR Car Service Division
TABLE 3-18

NEW CAR ORDERS 1976-1978

. 1976 . 1977
Fleet Total New Car Orders =~ 33,495 42,378
100-Ton Car Orders . - . . 23,9562 . 29,276
(Percent of Fleet Total) o {72%) - (69%)
Box \ . :
Total New Car Orders oo 2 7087 0 - 14,320
100-Ton Car Orders "~ 2,400 3,475 -
(Percent of Total) . . " (34%) o (24%)
Flat E '
Total New Car Orders " 4517 2667 - .
100-Ton Car Orders . - i 1,237 . ¥ 850
(Percentof Tatal}. .. - -~ "(27%) (32%)
Gondola - , .
Total New CarOrders ™~ .~ 4,248 Missing
100-Ton Car Orders © .0 4,076 © . Data
{Percent of Total) T (99%)
Hopper ' . ' :
Total New Car Orders 15,089 21,439
100-Ton Car Orders 14,940 20,639
" (PercentofTotal) - - (99%) . {96%)
Tank SR v o
Total New Car Orders 2574 1,688
100-Ton Car QOrders . 2,574* 1,588*
(Percent of Total) (100%) © (100%)

*Assumed: Data inéomplete
Source: Railway Age
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1978
143,825

- 91,193

{63%)

44,941
6,227
(14%)

15,674
1,956
(12%)

10,688
10,488
(98%)

66,497
64,547
(97%)

5,026
5,025"
(100%)



TABLE 3-19 -

. NEW CAR ORDERS, BY TYPE AND CAPACITY, 1978 .

. Typ. R .

Box
" Box
Box
Box . -
Box -
XL Box
Ref o
Side Slider
Newsprint
" Hi Cube .
Ins, Box
Hi Roof
XL Hi Roof
Equipment
Flat
“Flat
Flat :
Pulpwood- - -
Coil Steel ‘
With Auto Racks
Bulkhead
TOFC
COFC
Auto Racks
Tri-Level
Tri-Level
Tri-Level
Enc-bi-Level
Bi-Level
Bi-Level
Gondola .
Open-Top
Coal Porter
" R.D.
Wood Chip .-
Hopper
Covered -
R.D. Coal
Air-Slide Covered
Covered -
R.D, Limestone
R.D. Coal ’

Coal
Tank
Tank

" Source: Railway Age

R.D. Aggregate .

‘ Capacity

(tons) -

70
75
80
90
100
70
70
70
C 70
. 100
100
. 100
100
100’
70

55 .

100
.70
100"
.. 90
© 100
- 50
- 100

Not ‘A\'lqi,lab.Ig

-+ 60
- 60

Not Available

70
. 100
100
100
100
- 80
. 100,
© 7100
100

100

Not.Available

. 100

" 100

. 100
100 - -

100
Not Available

Number

37054
-150
'600
200
4480
200
200
- 210
100
432
981 .
272
0
51

., 13012

500

. 100
450 -
16



3.5 HISTORY OF TANK CARS

Most hazardous materials (HAZMAT), such as flammable ‘compressed gases and indus-
trial chemicals, are shipped by rail in tank cars.-Accidents involving tank cars are therefore
more likely to evoke severe consequences and public concern over the shipment of HAZMAT
has increased in recent years For th1s reason tank cars received spec1al attention in this
- study. ' .

Tank cars have been under effectlve federal regulat1on since July 1, 1927, when the
ICC issued a set of specifications for “Tank Cars Handling Explosives and Other Dangerous
Commodities.” These cars, which on' this date became the ICC105 class car, had been
originally specified in 1918 by the Master Car Builders’ Association (MCBA).

The tank'on‘t_hese cars had an especially heavy construction. and was developed to
transport volatile flammable products whose properties had the increased potential for loss
.of life in the event of rupture. The outstanding feature of these cars, other than their
rugged mechamcal construction, was the requirement that they have at least 2 inches of -
insulation covered by a jacket of 1 /8-1nch-thlck steel.

In the early 1930s, the shlpment-_of liquefied compressed hydrocarbon gases was con-
fined to these specially designed tank cars. The shippers, however; wanted a tank car de-:
signed to the characteristics of their specific products. As a result, a new class of cars was
specified, ICC 105A200 through ICC 105A600 cars, which allowed minimum plate thick-
ness, safety relief valve start-to-dlscharge pressure, test pressure, etc to be varied directly
with tank design pressure. All of these cars, and in particular the_105A300 which was to
transport liquefied petroleum gas (LPG), still required a minimum thickness of 2 inches of
insulation and the 1/8-inch steel jacket.

About 1960 the drive for economy, an attempt to achieve decreased cost per ton-mile
by the use of larger capacity cars, led to still another change in these specifications. This
car specification,:for the 112A400W series car, was an outgrowth of the 105A400 specifica-
tion, except for the removal of the requirement for insulation. Concurrently, changes in
other governin'g-vspecifications allowed the removal of expansion domes and side running
boards and an increase in the allowable weight on the rails. (Series 114A cars are similar to
112A cars except for valving, and these two series of cars are treated as one in this report.)
These changes, actmg together, allowed car capacity in service to reach first 20,000 to
30,000 gallons and then, on a prototype basis, 50,000 to 60,000 gallons. The DOT has since
set limits of 34,500-gallon and 263,000-pound total rail weight. These limits apply to all
cars built after November 30, 1970, and are defined spec1f1cally in the Code of Federal
Regulations, Title 49, Part 179.13. ’
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Tank cars carrying flammable ladings have been involved in numerous accidents over
the years. Particularly since the advent of class 112A/114A cars, the amount of dollar losses
as a result of tank car involvement in accidents has been substantial, The RPI and the AAR
undertook a cooperative program titled ‘“Railroad Tank Car Safety Research and Test
Project.” The RPI/AAR determined that 3853 tank cars were damaged in 2321 accidents in
the United States and Canada during the 6-year period 1965 through 1970. It was also
determined that total losses resulting from mechanical damage of tank cars were more than
$23 million and that total losses from fires from tank car loadings were over $15 million.

";(These values are not necessarxly additive because some: of the frre losses were 1mt1ated by
f’mechamcal damage ) -

The largest accndents reported were at Laurel M1ss1ss1pp1, on January 25, 1969 ($7.8
- million) and. af; Crescent City, Illinois, on June 21, 1970 ($1 mxlhon) Since the RPI/AAR
! report,. there" ‘have been . several accrdents ‘each resulting in losses of mllhons of dollars.

The ‘concern over the transportatlon of hazardous materials (which occurs mainly in
.tank cars) arises from both the past hlstory of accidents and the rapid growth in the quanti-
. ties being transported. Estimates prepared by the Transportatlon Systems Center of the U.S.
‘,Department of’ Transportatmn indicate that the tonnage of hazardous materials transported
* by rail grew from 88.4 million tons in 1972 to approximately 47 mllhon tons in 1977, an
_ increase of 22%. The ton-miles of hazardous materials increased at a somewhat higher: rate,
as lengths of haul increased. In the same period, the revenue ton-miles of-all railroad frelght
. increased by only 6.4%. Forecasts mdlcate that the rapid growth: in hazardous ‘materials
 transportation by rail w1ll continue in the foreseeable future. °

- 3.6 CURRENT TANK CAR FLEET

Tank. cars come in-a range of capabllltles Slgmflcant varlatlons also. exist in- therr
cha.ractlstlcs ' :

'Welded or riveted;

Pressure or nonpressure;

Insulated or uninsulated;

Bottom or top filling; and

With. or without an expansion dome.

2 6 0 0.0 -

A range of DOT and AAR specifications covers ‘the constructlon of tanks for tank cars and
. is summarized in Table 3-20.

Most regulated commoditiss ars carried in DOT-103, DOT-105, DOT-112 and DOT-

. 114 specification tanks, the latter three predominant in the transport of liquefied flammable
gases and flammable liquids.
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TABLE 3-20

TANK SPECIFICATIONS FOR TANK CARS

~ FREIGHT CARS: Tank -
Specifications for Yanks for Tank Cars

" Until 1969 the AAR had an elaborate system of me-
‘chanical designations for tank cars which indicated the

_type of container on each. This has heen superseded by
-a general classification of “T" for all such cars. Details
.on the container can be indicated by reference to the
appropriate-DOT or AAR classification, as shown in the

_follov\ ing table
-~ Class .. Service

Hazardous Commoditias
‘DOT 103 Non-pressure
‘I)‘OT 104 Non-pressure
'DOT 105 éressure
DOT 106 Pressure
‘DOT 107 P;essure ]
'DOT lq9 l‘;i'essurc -
"DOT 110 Pressure
I.)OT 111 Non-pres;ure

DOT 112 Pressure

DOT 113 Pressure

Source: '‘Car and Locomotive Cyclopedia of American Practices,”” 3d Edition,_ Simmons-Broadman, 1974.

Safety
s!ulvo

ng
(psi)

35t045

35
7510450

375 to 600

7510250
37510750
35t075

150 to 375

- 30t0115

Description

Uninsulated riveted or
welded tank of steel,
aluminum alloy or
nickel with - expansion
dome,

Insulated ‘riveted or
welded tank with
dome.

Insulated welded tank
of aluminum alloy or
steel.

. Multiple tanks on car-

body, removable for
loading or unloading.

Multiple seamless tanks
on carbody for high-
pressure service,

Welded steel or -alu-
minum alloy tank for
. general service.
Multiple tanks on ear-

ly, permanently at-
tached.

Dotmeless tank of steel,

- alloy steel or alummum
. alloy.

Welded, umnsulated
stee! tank.

Inner container wnhm
outer shell; annular
space insulated .or
evacuated.

DOT 114 Pressure ' - 255t0300

DO’IT 115 Non-pressure 35

S

ROT l{ﬁ Pressurc 1’ hd -

DOT 117 Pressure | - 255

L

DOT 119 Pressure:. 3.

‘DOT 120 Pressure, Cas

DOT 121 Pressure = . 375
Non-Hazrdous Commodities '

) AAAIi 203 Non-ymsure - 3Stod0
‘AARZM Pressure‘ o .’IOtoIIS

:AAR 205.. Non—pressure 35

A.—\RZOG Pmsure,_ . 3750600

1

AAR 207 Pressure . %

AAR 208 Nqn-prg;;ure None.

: AA'R 211 Non-pressure 358075

Umnsulated weIded‘ e

steel “tank for com-.
pressed gases,

Imer ‘container wlthm

outer”i shell; annular
space msulated or
evacuated. ..

Welded, multl Iaycr

steel “tank” for hlgh-.

pressure service.
Uninsulated welded

steel tank-for dual serv-.
" jce ~ compressed gases '
and flammable liquids.

Insulated . welded steeI!

tank for refrigerated
compressed gases.

lnsulated welded stcel
tank for dual service—
compressed gases and
flammable ‘liquids.

Insulated welded steel
tank .. for - compressed
gases,

CorresponIls to DOT.
103. -

Corresponds to DO'I‘;
113. ’

Corresponds to DOT-
115, !

Corrésponds to DOT
06, o

- Welded tank for gran-‘,

ular ‘commodities and
designed for pneumatic
unloading at 15 psi, or
more.

Wouoden - stave, inetal'
hooped tank, lined or
coated. -

’ Correéponds to DbT
11,

‘5—Safety valve -setting determined by design of pressure vessel.




3.7 OPERATING PRACTICES -

Economic pressures-have made the effective -utilization of, the freight car fleet increas-
ingly more important. One significant descriptor of utilization is the average number of
ton-miles traveled .per freight car per year. Figure 3-16 shows -that the ton-mileage per. car
has increased steadily since 1965; in.fact, the 1978 value is 144% of the 1965 value. The
average mileage per freight car per year, however, has held rather constant, as shown on
Figure 3-17. Thus, the increase in ton-mileage is due more to the increased average carload
weight shipped. Figure 3-18 shows the trend of the average carload from 49 tons in 1965
to 62 tons in 1978. The- average:carloads; however, have remained at a relatively constant
proportion of the average car capacity, at about 83% (Figure 3-18).

The typical freight train has changed in similar fashion toward increased produc-
tivity since 1965. While the yearly total of freight train miles held somewhat constant
(Figure 3-19), the number of cars per train decreased by about 5% (Figure 3-20). How-
ever, the average load per train increased by almost 20% (Figure-3-21).

One specific development deserves special note. To enhance productivity, the industry
is attempting to implement regular dedicated train service with a high percentage of capacity
loading. These trains, usually assigned a specific commodity, are called unit trains. Also,
these generally homogeneous car types avoid the specific problems of a train with mixed
car types (specifically, the placement.of a short car next to.a long one).

3.8 SUMMARY

® The overall number of freight cars is decreasing slowly; it has changed 3%
since 1975. However, certain car types, namely covered hoppers, flat cars, and
tank cars, are increasing in population.

® Fleet average car weights and lengths have progressively increased over the
years. At present, a dominant portion of new large and heavy cars are replac-
ing smaller older cars ifh the fleet. This holds true for all car types.

® Tank cars, specifically,l have reached maximum allowable capacity limitations
set by the DOT because of the increased risk of transporting larger volumes of

hazardous materials. Safety-related tank insulation has improved in recent
years.

Freight car utilization has increased primarily as a result of increased capacity.

Similarly, the average payload carried by a freight train has increased, even
though the number of cars in the train has decreased.

REFERENCE

1. DiMasi, F.P.,, “Fleet Characterization and RAIS/UMLER Data for Assessing Relation-
ships Between Derailment Incidence and Frequency and Physical Characteristics of

Freight Vehicles,” preliminary memorandum, Transportation Systems Center, Report
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3-28



700

8 .
o

- Ton-Miles (thousénds)

2
(=]

of

1665

1970 1975 1980
Year '

_Source: AAR Yearbook of Railroad Facts, 1979

- FIGURE 3-16 ' TON-MILES PER FREIGHT-CAR — CLASS 1 RAILROADS ONLY

20,000

15,000

Car-Miles

10,000

5,000

L]

ok

I e | ~r—T LU T T L AE— | 1

1967 68 69 70 71 72 73 74 75 7 77 78

Year
Source: AAR Yearbook of Railroad Facts, 1979
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~ .. 4. CAR SAFETY RECORDS .

4.1 ABSTRACT

A major concern in any analysis of railroad safety is the number of fatalities that occur
in railroad operations. In this context, it is found that the maximum number of fatalities
that can possibly be attributed to the size, weight, and length of railroad cars has averaged
4.5 per year over the period from 1975 to 1978. This amounts to 0.29 percent of all rail-
road fatalities. This finding does not imply that a clear relationship has been established
between fatalities associated with the size, weight, and length of freight cars and those
associated with all causes, only that factors other than car size, weight, and 1éngth reduce
the possibility to about 4.5 fatalities per year. '

The size, weight, and length of freight cars can potentially influence safety in two
primary areas: mainline derailments and switch yard activities. Mainline derailments are
characterized by statistical accident frequencies —by car type, weight, and length. Yard
problems, which are usually personnel injuries, are primarily evaluated by reports from
railroad employees. ' ' ‘

Accident statistics can be extremely misleading if not carefully evaluated. For this
study, several alternative methods of stating accident frequencies were explored, and it was
concluded that the two appropriate frequency measures for study were accidents per net
ton-mile and accidents per car-mile, both measures of railroad activity. Evaluating safety
data according to these two measures allows for the fact that a larger industrial activity will
naturally tend to have a larger number of accidents in a year than a smaller activity.

If one considers accidents per car-mile, lighter cars are safer than heavier cars; if one .
considers accidents per net ton-mile, heavier cars are safer. No trend in safety is observed
as car lengths increase, although two specific lengths stand out: those that match rail lengths
and those greater than 90 feet. The most significant variations in accident frequency are
found to be due to variations in “car type,” a phrase describing differences in car appear-
ance, design, and function. Covered hopper cars appear to have a particular safety problem.
The TOFC cars and auto-rack cars also appear to have particular safety problems.

Anqther major concem in railroad safety is the release of hazardous materials as-a
result of a train accident. Although the record has not been catastrophic to date, the prog-
nosis is less reassuring,

Investigations of the accident frequencies of tank cars reveal that uninsulated tank cars
are more likely to release their contents in an accident than insulated cars are. Moreover, a
majority of releases have occurred through a puncture in the head (or end) of the tanks. As
a result of these investigations, regulatory actions were taken that include requiring specific
types of tank cars to be equipped with head shields, coupler restraints, and thermal protec-
tion. A schedule has been imposed on the railroad industry for implementing these changes
in tank car design; the railroad changes for 50 percent of the affected tank cars must be com-
pleted by January 1, 1980; all affected tank cars must be completed by January 1, 1982.
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It is possible to obtain information on size, weight, and length of freight cars from
* historical accident data only: for the first car involved. Since little information on the
dimensions of tank cars is available unless a tank car was the first car involved in the
. accident, it has not been possible through use of the historical accident data to convinc-
'ingly relate:the risk of shipping hazardous materials by.rail to the size of tank cars. (Pro;ec-
tions of what this relatlonshlp may be are contamed in Chapter 6. ) : :

. 4 2 ACCIDENT DATA
. 4.2, 1 Fatalltles and Casualtles '

A major concern m any study of rallroad safety is the number of people who are killed
during railroad operations. For this study, it must also be determined whether or not these
fatalities are related to the size, weight, and length of freight cars. To.address this 1ssue, it
is necessary to use the followmg FRA acc1dent categones :

.® Train Accidents — Any collision, derailment, fire, explosxon, ‘act of God or
any other event 1nvolvmg the operation of railroad on-track equipment (stand-
ing or moving) which results in more than $2,900 in damages to railroad on-
track equipment, signals, track, track structures, and roadbed.

.®  Train Incidents — Any event arising from the movement of an equipment con-"
sist, which results in a reportable death, injury, or. illness, but not more than
$2,900 in damages to railroad on-track equlpment track track structures, and

" roadbed.¥ :

® Non-Train Incidents — Any event arising from the operatlon ofa ra.llroad but; .
not from the movement of an equipment consist, whlch results ina reportable :
death, injury, or illlness.

® Reportable Death, Injuries — Any event arising. from the operatlon of a. rall
" road which results in the death of one or more persons; an injury to one or
. ore, persons, other than railroad employees, that requires medical treatment;
“or an injury to one or more employees that requires medical treatment or
results in restriction of work or motion for one or more days, one or more
lost workdays, transfer to another ]Ob termination of employment, or loss of
consciousness.

< A prima facie case can be made that not all train accidents are influenced by car size,

. weight, and length: collisions, for example, are due to human error. Grade-crossing acci-

. dents also are caused mainly by human error and are therefore mdependent or-car dimen-
sions. The major remaining accident category is derailments, which make up approximately
718% of all rail accidents. Similarly, only certain yard -operations resulting in train accidents

-are justifiably connected with car dimensions, whereas few non-train incidents can be so
connected. Also, few reportable deaths and injuries connected with job activities can be
related to car size, weight, and length. (To be precise, it is difficult to determine from
historical data whether a relatlonshlp exists or not, since the reportmg system for incidents
does not require that the type of car be 1dent1fied )

*The reporting threshold has increased from the original threshold of $650 in years prior to 1975 to $1750 in 1975-76, to
$2300 in 1977-78, to tha present dollar threshold of $2900 for 1979-80.
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« s During the period of 1975 through 1978, a total of 33 derailments.occurred, each of

- which had at least one fatality. Of these derailments, 13 may possibly be related to the size,
.. weight; and length of a:freight car. The other 20 derailments:are attributable to the loco-
" - - .motive or:.caboose, to.track damage. caused by vandalism or washouts, or to other miscel-
.»-laneous- causes including human error. The 13 relevant derailments that possibly related to

_the size, weight, and ‘length -of"cars resulted in a total of 18 fatalities. On an annual basis,

the number of deaths ranged from 1 to 9 during the 4-year period, with an average of 4.5
fatalities per year. This average per year amounts to 0.29 percent of the total industry
fatalities. Table 4-1 shows the dates for the fatal derailments as well as the possible relation-
ship to the size, welght and length of freight cars. Therefore; the determination of safer
sizes, welghts and lengths than are now used for cars would, at best, result in about an 0.3% -

", feduction in the rate -of fatalities resulting from derailments. Although no clear-cut relation-
"+ ship has'been’ “established between railroad fatalities and car size, weight, "and length, the

"number of fatalities possibly caused is small compared to the total humber of fatalities. It

is crucial that all of the analyses presented in this report be viewed in the context of this
fact. '

4:; 2 2 Derallments

¢

Derallments form the prmcxpal group of accidents-that mlght be mfluenced by the size,
weight, and-length. of cars..In 1977, there were 8073 derailments-on the U.S. railroads. The

" trend in the number of derallments has been as follows

1968 1969 1970 1971 1972 1973 1974 1975 . 1976 1977

.Number of

Derailments ~ 5487 5960 5602 5131 5509 7389 8513 ',6_3;28 " 7934 8073

- There has béen a definite upward trend in'the number of reported derallments over the
years. Some‘of the increase is due to more conscientious reporting by the railroads and some
due to inflation, ‘'which'has rendered reportable accidénts that once would not have been re-
portable (the criterion for reportablllty being the monetary loss from damage to track and
equlpment) Even after these factors are accounted for, however, there isa res1dual gradual
incredse in the number of dérailments that occur each year.

4 2 3 Derallments and Car Welght _

The welght capacxty of the f1rst car involved in each derailment was determined by

. "xus1ng procedures described in:Chapter 2. The weights were grouped as'being approximately

'+ +50- tons, 70 tons, and 100 tons, with a small fourth category ‘of cars weighing over 100 tons.
- Accident data ‘were aggregated for the years 1974 through 1977, and derailments were

grouped -according to the weight-of the first car; leading to the result shown in Table 4-2.

‘" 'This tablé shows the number of derarlments for each welght range w1th no cons1derat10n
- \of relatlve usage or populatlon * ;



- TABLE 4-1

FATAL DERAILMENTS POSSIBLY RELATED TO THE SIZE, WEIGHT, AND LENGTH
"' OF FREIGHT CARS, 1975 TO 1978

Number of Possible Relationship

Date Fatalities . to Size, Weight, and Length . Component
1975 3/6/7% . 1 . Locomotive
8/5/75 1 ' N o
1976 1/8/76 1 N
3/27/76 1 Switch Point Worn
4/18/76 1 Locomotive
5/21/76 1 v '
6/20/76 P 1 v
6/27/76 2 v
6/30/76 1 Passenger Train
7/25/76 1 * Locomotive
 8/5/76 1 v
10/9/76 1 RV
11/26/76 2 RV
12/16/76 A
12/22/76 1 Locomotive
: Cars Left Foul
1977 2/12/717 1 v
5/3/77 1 Vv
6/22/77 1 Locomotive
6/27/77 1 v - .
7/28/77 1 Locomotive
- 8/15/77: 1 Caboose
8/24/77 1 Object on or Fouling
’ : Track
11/8/77 1 S " Locomotive
1978 1/18/78 . 1 Track Appliance Catised
2/22/78 16 Human Factors Caused
2/26/78 8 . . Track Vandalism
2/6/718 2 \ Track Damage Due to.
' o o . I ; " Washout/Rain/Slide, etc.
3/7/718 ¢ 1 o » ' Object on or Fouling
v ) S * Track
8/18/78 1. , : Locomative
8/28/78 1. Equipment on or Fouling
' ‘ Track '
9/10/78 3 v
10/4/78 2 Vv
12/31/78 6 Passenger

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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TABLE 4-2
_* DERAILMENTS AND CAR WEIGHT, 1974-1977 ~ -

Capacity (Tons) .
50 . 70 - 100 . >100 Total

No. of Accidents 3800 5686 8321 225 17,932

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample-

TABLE 4-3

DERAILMENTS AND CAR LENGTH, 1974-1977

.(v:ar’Length (F No. of Accidents 1‘
Less than 40 1,085

40 t0 49 | " o 3824

50 to 59 _ s 8,462

60 to 69 2,600

70 to 79 ‘ . Can

-80 to 89 o . _ 319 .

. Greater than 90 ' ‘ ) 1;231' . B
TOTAL o S 17032

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample -

4.2.4 Derallments and Car Length

Derailments were class1f1ed according to the length of the first car involved by using
procedures similar to those described above. These derailments are shown in Table 4-3.
‘This table shows the number of derailments for various length ranges, independent of
consideration of relative usage or population.

4.2.5 Derailments and Car Type

A third analysis was performed on derailments according to the type of the first car
involved. The results are shown in Table 4-4. No cons1deratlon of relatlve usage or popula-
tion is shown in the table. '
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e TABLE4-4 . R I

DERAILMENTSANDCARTYPE 197¢1977 B

Car ijg T i . " f”N‘o‘. ofAééquﬂ# 1 .. l %'\-,
Box Car ‘ ) _ ) e 3:78i-'
. AutoFlat. . .. AP S
o Geﬁeral Flat ; oo T e 68A _::-.: S
TOFC o DGO T e s
Gondola 1,280 '
Covered Hopper | b 5,193
OpenHopper: . -~ ... - . .. .3134. -
Refrigerator - 998
TankCar . . ... 1314 ,
TdeL |  Tiem .

SOurce FRA Safety Data/AAR UM LER Flles/1% Wayblll Sample

e

4.3 INTERPRETATION OF ACCIDENT DATA

It is difficult to draw meaningful conclusions from the derailment accident data
presented in the precedmg section without further analysis. For example, one cannot con-
clude that 100-ton cars are less safe than 70-ton cars based solely on the statement that
100-ton cars caused 8,321 derailments, wWhile. 70-ton cars caused 5,585 derailments. The
first and most obvious question is: ‘how many accidents were there per vehicle in each ton-
nage range? The answer is shown in Table 4-5.

TABLE 4-5

CAR WEIGHT: ACCIDENTS PER VEHICLE, 1974-1977

1 ‘Capacity (Tons)
50' 7 ,100

Accidentsper © © © 00091 ' ' ' 00078 ' 00158
Vehicle S T A

Source: FRA Safety Data/AAR UM LER‘ Filéé/1%W’aybiIl Sample -

R RN
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. The conclusion still seems to hold that 100-ton vehicles are less safe than 70-ton cars.
However, what if each 100-ton car travels further than each 70-ton car in a year? In that
-case, a 100-ton car is not really equivalent to a 70-ton car, and therefore, the 100-ton car
would have to be replaced 'by ‘more than one70-ton car.” Accidents must be measured
relatlve to the car-miles in each category to determine whether this is, in fact, the case.

The car-mile data (over 4 years) are shown in Table 4-6. The frequency of accidents per mile
traveled can now be determined, as shown in Table 4-7. The table shows that the 100-ton
cars still appea.r to be worse than the others.

Two further arguments can be made, however. First, in traveling one mile, a 100-ton
car hauls a larger quantity of lading than does a 70-ton car. The importance of this fact can
be seen from the following example.

TABLE 4-6
CAR WEIGHT: TOTAL CAR-MILES, 1974-1977

Capacity (Tons)

50 70 100
Total Car- 1930 ‘ 2410 . 2070
Miles * A _ g
(10 Miltion)

Source: FRA Saf‘ety Data/AAR UMLER Files/1% Waybill Sample -

TABLE47

R CAR WEIGHT ACClDENT FREQUENCY PER MILE TRAVELED BRI

i Capacity (Tons) -

. 80 70 o 100
.Accidents per 2.0 2.3 40
10 Million :
Car-Miles

Source: FRA Safety Data/AAR UMLER FiIe_s/]% Waybﬂl Sample

To transport 7000 tons of freight a distance of 1000 miles, one would need 100 fully
loaded 70-ton cars and would generate 100,000 car miles. With fully loaded 100-ton cars, on
the other hand, one would need only 70 cars and would generate 70,000 car-miles. Thus,
even if the accident frequency per car-mile were higher for the 100-ton car than for the 70-
ton car, the number of accidents in hauling the 7000 tons over. 1000 miles may not be
higher, since the 100-ton car needs fewer car-miles. The appropriate measure of accident
frequency in this case, therefore, is accidents per ton-mile. If this frequency is equal for two
different weight categories, the total number of accidents while hauling a certain number of
tons of freight over a certain distance will also be equal. This is of primary interest because
the demand for railroad services is defined in terms of net ton-miles rather than car-miles.
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Table 4-8 gives accident frequenciés per net ton-mile. The reduction in the apparent
disparity between the 70-ton and 100-ton cars is striking.

Finally, as stated before, all derailments reported to the FRA were not included
equally in the analysis. The premise is that large numbers of very low-speed accidents
occur on branch lines and in yards in-which relatively little.damage is done and the risk
generated is low. It is therefore misleading to include these low-speed accidents in analyses
of railroad safety: their impact is largely in rail economics rather than in rail safety. That
low-speed accidents contribute little to risk can be seen by their generally lower severity,
as reflected in their dollar damage shown in Table 4-9. Thus, slow speed accidents were
~eliminated from the analysis. Table 4-10 shows the results of this elimination. The reversal
in the ranking of the 70- and 100-ton cars resulted from the ehmmatlon of the low-speed
derailments.

TABLE 4-8
CARWEIGHT: ACCIDENT FREQUENCY PER NET TON-MILE . -

Capacity (Tc;ns) .

50 0 . 100
Billion Net Ton-Miles 360 ‘640 - . 870
AccidentPer Billion 106 . 87 ' 96

Net Ton-MiIé:s

Source: FRA Safety Data/AAR.UMLER Files/1% Waybill Data

TABLE 4-9
DOLLAR DAMAGES AND SPEED OF ACCIDENT

" Accident Speed (mph)
10 or Less ‘More Than 10

" Average Dollar Loss ' $11,000 - ‘ - $52,000
Per Accident S ' '

Source: FRA Accident Bulletin
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TABLE 4-10

- CAR WEIGHT: ACCIDENT FREQUENCY (SPEED >10 MPH)

Capacity (Tons)
50 - . . 70 .- 100
Accidents Per Billion 43 34 © 26
Net Ton-Miles . .
{Speed >>10 mph)

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Data

The conclusion that .emerges from this analysis is that the assessment one makes of
the relative safety of different car types, or of cars of different weight or length, will vary
markedly according to how one measures “safety.”” A number of measures have been used
in evaluating accident data: number of accidents, accidents per car, accidents per car load-
ing, accidents per ton originated, accidents per car-mile, and accidents per ton-mile, Fur-
thermore, neither the number of accidents per year nor the number of accidents per year
per car are appropriate measures of safety since distance traveled is not taken into account.
If the objective of an analysis of accident data is to compare two alternatives for hauling
the same freight a given distance, then the appropriate safety measure is net ton-miles. If,
on the other hand, the objective is to identify what cars have the best safety performance
so that, for example, hazardous materials cars may be placed near them, then the appropri-
ate measure is car-miles.

The approach adopted in developing the data presented in the next section reflects two
conclusions from the preceding analysis: low-speed accidents (less than 10 mph) have eco-
nomic rather than safety impact and are therefore eliminated in subsequent analyses, and
accident statistics are presented in terms of frequency per car-mile and per net ton-mile
since these safety measures include distance of haul as a factor. The importance of adopting
this approach cannot be exaggerated. Innumerable past studies of rail safety set forth mis-
leading conclusions because they ignored the need for “normalized” data — accidents meas-
ured relative to some indicator of railroad activity such as car-miles or ton-miles.

4.4 ACCIDENT* FREQUENCIES
4.4.1 Introduction

The procedures described in the preceding section were applied to the FRA derailment
data to obtain accident frequencies for cars of different tonnages and lengths and for the
various car types. The results of this analysis are presented in the following paragraphs.

*From this point on, “accidents’” and “‘derailments” are used synonymously.
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Some of the raw data from which these accident frequencies were derived are shown
in Tables 4-11 through 4-15. Table 4-11 shows the 4-year total of derailments occurring at
speeds greater than 10 mph, classified according to the type of car that was the cause of
the derailment (or was the first to derail along the train) and according to its tonnage
capacity. Table 4-12 shows the net ton-miles for the same groupings of cars based on three
years’ (1975-77) waybill data. As mentioned in Chapter 2, the grand total will be low com-
pared to the annual statistics published by the AAR since it was decided that corrections
to the ton-mile data would not be attempted. Table 4-13 shows the loaded car-miles and
Table 4-14 the total (empty and loaded) car-miles. Finally, Table 4-15 shows the weight of
the average carload, obtained by dividing the net ton-miles by the loaded car-miles.

'4.4.2 Accident Frequencies and Car Weight

Accident frequencies for derailments occurring at speeds greater than 10 mph are
shown in Table 4-16. The aggregate data are also shown in pictorial form in Figui‘e 4.1 and, .
on a yearly-basis, in Figure 4-2. The striking conclusion that emerges from these data is that
the trend as car weight increases is toward increased safety if accidents are stated relative to
net ton-miles. Therefore, the merits and demerits of the heavy cars differ according to the
safety performance measures used in the evaluation. :

TABLE 4-11
ACCIDENTS, 1974-1977

; Cabacity (Tons)

. _ R , L ‘More"l'h—aﬁ_

Car Type - 70 100 100
Box - . 693 ©o727 R & o
Auto Flat‘ ‘ 190-‘ | 27 0 ' 4
General Flat 0 .13 0 0
TOFC o 281 243 - 2’
Gondola 38 246 171 8
Covered Hopper L 27 o 203 1216 5
Open Hopper ‘ 77 (' 362 ‘ 447 0
Refrigerator 129 236 42 0
Tank 106 - 78 216 8
ALL 1541 2225 2220 | 47

N

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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TABLE 4-12

—— - . . BILLION NET TON-MILES -
{FOUR-YEAR ESTIMATE)

Capacity (Toﬁs)

More Than -

Ca -

CarType ~ © . 50 70 100 100
Box . . . 1524 . 236 456 . . .0
Auto'Flat 27.7 73 00" Y02
General Flat 0 , 36 \ 00 ... .0
TOFC 812 89.0 16.9 18
Gondola - . . 59 465 840 . . 61
“CoveredHopper - 37 ' -483 -° = 3348 - 37
" OpenHopper . 228 . 1213 18 .0,
Refrigerator 426 ' 99.3 ' 19.2 -0
Tank 209 12.6 126.9 55
ALL 357.2 663.4 869.9 17.3
Source: FRA Safety Data/AAﬁ UMLER Files/1% Waybill Sample |
 TABLE 413 _ _
" LOADED cAh-MlLEs, TEN MILLIONS
..+ "(FOUR-YEAR ESTIMATE)
Capacity (Tons) - L
‘ More Than
Car Type 50 70 100 100
Box - 4985 . 810 87 - 0-
Auto Flat 122 36 0 0.07
General Flat 0 5 S0 o
TOFC 322 295 28 - 027
Gondola 12 88 114 0.54
Covered Hopper - - 8 74 374 0.35
Open Hopper " 39 172 263 0
Refrigerator - 114 . 228 36 4 0
Tank 52 21 ‘151 - 048
ALL 1164 1529 1053 17

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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TABLE 4-14

LOADED AND EMPTY CAR-MILES, TEN MILLIONS
(FOUR-YEAR ESTIMATE)

Capacity (Tons)

. : More Than

Car Type 50 .70 100 100
Box - ' " 827 1019 R 0
Auto Flat 244 71 0 0.15
General Flat 0 9 ' 0 ' 0
TOFC 473 433 @ o4
Gondola 22 . 163 | 211 - 1.0
Covered Hopper . . -148 - . 752 - - 0.7
.Open Hopper 74 326 499 0
Refrigerator | 194 387 61 0
Tank 109 45 316 1.0
ALL . 1962 2601 2025 . 325
Source: FRA Safety Data/AAR UMLER Files/1% Waybill San;ple .

| TABLE 4-15
AVERAGE LOAD (TONS)
Capacity (Totm) ,
o R More Than

Car Type .. 50 70 © 100 _ - 100
Box 308 86 524 .
Auto Flat 227 203 = * : 28.6
General Flat ot 750 . .
ToPRC . 22 302 604 . 667
Gondola 84 528 745 . 113.0
Covered Hopper . 49.3 653 - . 895 '105.7
Open Ho;;per. ' 58.5 70.5 - . 91.9 *
Refrigerator 374 43,6 53.3 ‘ *
Tank 40.2 600 = 840 1146
Average 36.7 434 82.6 . 101.8

*Small Sample

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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... TABLE4-16.
'ACCIDENT FREQUENCIES AND CAR WEIGHT (SPEED >10 MPH)

o

o Capacity 7 Aecide’nts P;r - . Accidents Per
(Tons) . 10 Million Car-Miles ~ Billion Net Ton-Miles
50 0.8 .. a3
0 08 ‘34,
100 1.1 o 26
ALL 09 3.2

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Data

Car-Mile Basis 0= 7 TonMile Basis

1.0

el - . 44
~ L
%
3] % |
c v
[=] "
= / 8
e %7 / , £
-y £5 2
g - /A o=
& % 5
- 80 70 100 : B0 70 100
Car Capacity (tons) - - ) Car Capacity (tons)

Source: . FRA Safety Data/AAR UMLER Files/1% Waybill- Sample.

FIGURE 41 DERAILMENT FREQUENCIES FOR CARS OF
' " VARIOUS TONNAGE CAPACITIES 19751978
(SPEED GREATER THAN 10 MPH)
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50-Ton

70-Ton @ 100-Ton

1.5—1
Car-Mile Basis Ton-Mile Basis '
- 6 oo
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s -
[ c
S 10~ R
$ B
2 2 47
[ . a
a8 | 5
2 '- o
c -
g g
= 05— £
B 5.0
a g 24
0 - " 0

1976 . 1076 1977 :
Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample

FIGURE4-2 RELATIVE ACCIDENT HISTORY ON CAR-MILE AND TON-MILE BASIS _
{SPEED GREATER THAN 10 MPH)- © **0 b .. o” W0 e

N :4'1;'4.3“Acéidérit‘: ’Fly';eqﬁé;{c\ies. érndh Car Length .

For derailments occurring at speeds greater than 10 mph, the accident frequency de-
pends on car length as shown in Table 4-17. These data are also shown in pictorial form in
Figure 4-3. It is evident that no specific trend in accident frequency exists — regardless of
how it is measured — as car length increases. '

TABLE4-17 =
ACCIDENT FREQUENCIES AND CAR LENGTH.{SPEED >10 MPH) .

4 C Lol AccidentsPer . i © . Accidents Per: '
Car Lengths (Ft) 10 Miltion Car-Miles: .~ . . * Billion Net Ton-Miles
Less than 40 o 1‘-.5? . S R SRRy - 2
4010 49 w30
0w 1o . .. .30
60 to 69 \ 09 - B P .Y
70t0 79 S 5 - C O 48
80 to 89 , . .08 \ . 35 .

: Greater~t,han 90 o .- N .05 o 39
ALL S Y S T

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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Dérailmerits per 10 Million Car-Miles

CarMilo Basis - T " Yon-Mile Basis
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. e
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e 8 L E o O ¥ . . 8
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B2 328 2 8 ¢ 2 ¢ 38 g f
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9 8 8 - 82 §'¢e8 8 = 8 2
_Car Length (Feet) T . ... - . . Carlength (Feet} - '

Source: F RA Safety Data/AAR UMLE R Fnles/ 1 % Waybill Sample

FIGURE 4-3 DERAI LMENT FREQUENCIES FOR CARS OF VARIOUS LENGTHS BY CAR-MILES
AND TON-MILES, 1975-1978 :

4.4.4 Accident Frequencies and Car Typ_'e' .

For derailments occurring at speeds greater than 10 mph‘ accident frequencies vary
significantly .from one type of car to another as shown in Table 4- 18 These data are also

. shown in plctonal form in. Figure 4 4.

The vehicles that appear less safe than the others are:

Co@iered hoppers, independent of the measure of accident frequenéy;
Gondola, based on accidents per car-mile;
General flat cars, based on accidents per car-mile; and

Auto flats, based on accidents per net ton-mile.
However, despite their relatively high accidérit frequency, the overall contribution of general

flats and auto- flats to risk is small since they form a small portion of the fleet. Table 4-19
shows derailments of these cars occurring at sgeeds over 10 mph.
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Derailments
per 10 Million Car-Miles

TABLE 4-18

Do

ACCIDENT FREQUENCIES AND CAR TYPE (SPEED >10 MPH)

Accidents Per * Accidents Per )
Car Type 10 Million Car-Miles . .Billion Net Ton-Miles
Box . ' 0.8 34
Auto Flat, ’ : 0.7 . 6.3
General Flat o 4 . 36
ToFRC 06 | 3.2
“.Gondola v . R A R 3.2
Covered Hopper 1.7 ' 40
Open Hopper - 1.0 - S ' - 23
Refrigerator ~ 06 _ 25
 Tank Gar o 09 .. a5

ALL 0.9 S 3.2

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample

Car-Mile Basis - . ’ Ton-Mile Basis

Fleet Average
Fleet Average

Derailments
per Billion Net Ton-Miles

Covéred Hopper
General Flat
Gondola

Open Hopper
Tank

Box

Auto Flat
TOFC
Refrigerator
Auto Flat
Covered Hopper:
General Flat
Box

Gondola

TOFC

Tank
Refrigerator
Open Hopper

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample

FIGURE 44 DERAILMENT FREQUENCIES FOR CARS OF VARIOUS TYPES BY CAR-MILES
AND TON-MILES
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TABLE 4-19

 GENERAL FLAT/AUTO FLAT ACCIDENT HISTORY

(SPEED >10 MPH)
Number | Percent of Total
Total Accidents - 6033 100,00
General Flat Accidents . 13 ’ » . 0.22
Auto Flat Accidents L2 .3.66

" Source: FRA Safety Data/AAR UMLER Files/1% Waybill Samp]é

Thus, the single promment type of car with an apparent safety problem is the covered
hopper. '

4.4.5 Accident Frequency: Car Type and Car Weight

Accident frequencies for each type of car and for various tonnage capacities are shown
in Tables 4-20 and 4-21. Based on the car-mile frequencies, the 70-ton open hopper and the
50- and 70-ton covered hoppers are the “worst actors ”

TABLE 4-20
ACCIDENTS PER 10 MILLION CAR-MILES
Capacity (Tons)

Car Type " 50 .70 100 ALL
Box 08 07 05 0.8
Auto Flat =~ 08 . 04 " 0.7
General Flat ot B _ 1.4 IR S 14
" TOFC : 06 . 06 14 0.6

. Gondola T 15 ' 0.8 1.1

Covered Hopper 18 20 16 1.7

. Open Hopper : 1.1 - 21 ‘ 0.9 1.0
Refrigeraror 0.7 0.6 0.7 0;6 '
Tank 10 7 01 0.9
AL . os .09 1.1 09

*Smali Sample

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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» TABLE 4-21
DERAILMENTS PER BILLION NET TON-MILES

Capaclty (Tons)

CarType . 50 10 w0 Al
“Box - : 4.6 X 16, . . 34
Auto Flat 60 3.7 e g3

" General Flat o S 36 o * . 36

~ TOFC | . . 35 27 | 3.3 32
Gondola = 64 =~ - 53 T 20 o 32
“Covered H‘opper‘ » 7.2 ' L 61 N 36 . - L ‘ ‘4\,0
Open Hopper © . 34 ' *3.0 , 1.9 . 23
Refrigerator = ' ' 3.0 ‘ 24 S22 25
Tank " 5.1 62 26 32

AL - . 43 . .34 . - 26, .32
*SmallSample ) ' ‘ R

Souree FRA Safety Data/AAR UMLER Flles/1% Waybull Sample ‘

446 Accident Frequency: Car Type and Weight and Accident Cause

In reporting information pertaining to an accident, railroads include an assessment of
the cause of the accident which is recorded in the form of a cause code. Approximately 180
individual cause codes cover the general categories of track causes, equipment causes, human
factors causes, and miscellaneous causes. In the determination of which causes may be con-
nected with car size, weight, and length, four subgroups of cause codes were selected for
analyses: .

Wide Gage (Cause Codes 110-113);

Irregular Cross-Level of Track (Cause Codes 119-120);
Bearing and Axle Failures (Cause Codes 450-459);
Wheel Failures (Cause Codes 460-469).

The first two groups are track causes related to degradation of the track structure; therefore,
accidents resulting from these causes may be related to the larger loads carried by freight
cars. The last two groups are equipment causes that also may be correlated with the size,
weight, and length of cars. These cause codes have been historically lmportant in the
accident reports and are responsible for the more severe accidents..
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Tables 4-22 through 4-25 show derailments frequency per ten billion net ton-miles for
the four cause groups. Each table provides, the derailment frequency as a function of car
type and weight. The- fo]lowmg observations are based on these four tabulations:

e’ General flat cars have a very hlgh susceptibility to wide gage derallments in
' comparison with the fleet.

@ The 50-ton gondolas and open hoppers, as well as 70-ton tank cars, also show
a relatively high rate of wide gage derailment.

® Across all car types, the rate of cross-level ‘derailments does not depend
strongly on the tonnage capacity.
- @ 'Among car types, the rate of cross-level derailments varies s1gn1f1cantly, the
.worst actors being covered hoppers and auto flats.

® When both car type and tonnage capacity are considered, the worst actors for
cross-level derailments are covered hoppers of all tonnage capac1t1es (50-ton
‘cars being the worst), 50- and 70-ton auto flats, and 70-ton tank cars.

® The 100-ton cars have a relatively low rate of axle- or bearing-caused derail-
ments. ‘

;o ’The 50- and 70-ton gondolas have an extremely high rate of axle/bearmg de-
‘railments in relation to the fleet average. The 50- and 70-ton hoppers also
have a relatively high rate. :

. ® Wheel failure derallments occur. at a much hlgher rate on 50-ton cars than on
100-ton cars.

® The worst actors for wheel ‘failure derailments are 50-ton auto flats, 100-ton
TOFCs, and 50-ton’ refngerator cars.
TABLE 4-22

" WIDE GAGE"
DERAILMENTS PER TEN BILLION NET TON-MILES
o , ' ~ Capacity (Tons) : B . .
Car Type | s . . 7 . 100 AL

[}

CBox’ 13- 08 07 08
T AuoFlt . e a0 e T g
General Flat * 5.6 * 5.6
TOFC ' 0.4 07 o .05
Gondola S 1.7 B SR IS R 1.1

Covered I-iopper Ut .. 04 . . .10 . 09 .
Open Hopper 1.6 1.3 08 . <11
Refrigerator 0.9 0.4 05 0.6

‘. TankCar - - - - 184 - 16 - 06 " 08
ALLT U T 2 e 0 08 T o9

. *Small Sample -
Fleet Average =0.9°
Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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TABLE 4-23

CROSS-LEVEL
DERAILMENTS PER TEN BILLION NET TON-MILES .
Capacity (Tons)

CarType - 50 " 70 100 ALL
Box 5.4 . 5.7 1.8 5.1
Auto Flat 6.1 9.6 L 6.8
General Flat * * * } . *
TOFC © 20 14 3.0 1.9
Gondola A WY 1.9 1.9 18
Covered Hopper - 13.3 941 8.6 8.7
Open Hopper 3.4 . 35 3.1 34
Refrigerator o34 " 45 47 4.2
Tank - 4.8 80 2.7 33

ALL" - 44 46 5.0 4.7
*Small Sample. ' h

Fleet Average 4.7 .
Source: FRA Safety Data/AAR UMLER Flles/1% Waybill Sample B

TABLE 4-24
: " BEARING AND AXLE FAILURE
DERAILMENTS PER TEN BILLION NET TON-MILES
Capacltv {Tons)

Car Type 50 70 S 100 T ALL

Box | 07 01 02. .. 04.
~ Auto Flat oo . ' * *
General Flat ot o ' v *
TOFC - ) 01 08 . 03
Gondola 34 34 0.5 . 15
Covered Hopper - * " 0.6 0.1 0.2
Open Hopper - 1.0 08 * 6.5
Refrigerator 09 - 03 * o 0.4
Tank * ‘ * o1 0.1

ALL : . 06 06 - 0.2 04
*Small Sample '
Fleet Average = 0.4

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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TABLE 4-25
WHEEL FAILURE
DERAILMENTS PER TEN BILLION NET TON-MILES " -

, . Capacity (Tons)

Car Type . 50 70 © 100 ALL
Box “ 39 4.3 29 4.0
Auto Flat 16.3 14 . 14.2
General Flat o * * *

- TOFC . 59 33 7.7 5.0

Gondola 5.1 .39 . 18 . 26
Covered Hopper .27 © 33 20 2.2

" Open Hopper 1.3 - 43 1.3 2.3

Refrigerator - 6.1 29 3.6 39

Tank 1.9 24 . 1.7 18
ALL 54 38 1.9 33
*Small Sample

Fleet Average = 3.3

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample :

4.4.7 Derailments and Car Type for Loaded/Unloaded Cars

Derailment . frequencies for the various types of cars were determined for both the
loaded and unloaded state. Table 4-26 shows the ratio of the loaded derailment frequency
to the unloaded derailment frequency for each car type. The loaded/unloaded ratios for
covered and open hoppers are distinctly higher than those for other car types, meaning that
derailments involving these car types most often occur when the cars are loaded. This can be
related to the height of the center of grav1ty of these car types when loaded, which glves rise

to the rock-and-roll problem.

TABLE 4-26

DERAILMENT FREQUENCY BY CAR TYPE, LOADED AND
-UNLOADED (MAINLINE, TRACK CLASSES 2-6, SPEED ) 10 MPH)

Car Type
Box
Auto Flat -
General Flat
Gondola
Covered Hopper

. ‘Open Hopper

Refrigerator
Stock
Tank

Source: Transportatibn Systems Center
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Ratio of"

Derailment Frequency
- Loaded/Unloaded

1.31
1.08
2.10
2.90
7.24

6.37

1.05
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4.5 HAZARDOUS MATERIALS
4.5.1 The Magnitude of the Problem: .

The transportation of hazardous materials constitutes one of the greatest risks to which
‘society is.exposed by. the railroads. The. risk lies not so much in the.number of casualties
that are caused, on the average, in a'year by the accidental release of hazardous matenal as
in the possibility that catastrophic accidents can happen. : o

The conseguences of those hazardous materials accidents that occurred over the years
1971 through ;1978 were analyzed and projections were developed as shown in Tables
4-27 and 4-28. These tables show the future probability of catastrophic accidents if past
trends are maintained. It should be noted, however, that the DOT has in the last two years
instituted important changes in the regulation of hazardous materials transport by rail, and
these changes can be expected to significantly alter the projections in the tables. These
changes are discussed later in this chapter.

TABLE 4-27
PROJECTIONS OF MAXIMUM INJURIES IN RAIL MOVEMENT OF HAZARDOUS MATERIALS

: R oy Lo . ST A ' .1 Invérse_P;'obablllit‘y;::« |
Maximum Numberof = .. - Probability That This -~~~ .- .. or Return Period ..:
Injuries.in an, ~ ; +. . Numberwili be Equaled . .. ., . (Numberof Years for
AccldentmaYear o or Exceeded (Percent) . Number tobeExoeeded). .
i’ . 50 . 293 . 34
‘-* 100 e i'9.8.f - “ B o o BT v
S, e T e
250 1156 | B ¥ A
JO .83 .07
500 - N 75 o R 134
s T e T T e
2000 o 30 o gy
5000 : | 1.7 . 57.8 .

' Squice Hassler, F.L., “Analysns of 1976 Rail Hazardous ' N
“Material Flows,” Transportation Systems Center,’ e ‘
Report No, $S-20-V1-40, April 1978, ER
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TABLE 4-28
PROJECTIONS OF MAXIMUM FATALITIES IN RAIL MOVEMENT OF HAZARDOUS MATERIALS .

Maximum Number-of - - Probability That This . . Inverse Probability

. -Fatalities in an .. *  Number will be Equaled - or Return Period
Accident in a Year, . or Exceeded (Peljcent) L . (Years)
0 . - ¥ A L 348
S0 © 185 S sa
50 - o e 7 0
| wo T e 183
500 - _ 19 I 515 . -

SOUrce Hassler, F. L “Analysis of 1976 Rail Hazardous
Material Flows,” Transportation Systems Center,’
Report No. SS-20-V1-40, April 1978.

Tt is most difficult to acquire data on the s1ze, weight, and length of cars mvolved in
rail accidents while carrying hazardous matenals The FRA accident data provxde no infor-
mation on car dimensions, although it may be possible to determine car dimensions for the
first -car involved (and only the first car) by accessing the AAR UMLER file with the car
identification' number reported to FRA. However, it is not possible to determine what the
first car was carrying. The Materials Transportation Bureau (MTB) data on hazardous ma-
terials releases has a minimum amount of information on car type and capacity. Perhaps,
the most comprehensive analyses to data of cars involved in hazardous materials accidents
and releases were done under the joint RPI/AAR Railroad Tank Car Safety Research and
Test Project (approximately 85% of hazardous materials cars involved in rail accidents are
tank cars). During this study, which analyzed tank car accidents from 1958 through 1970,
detailed records of the tank car parameters, safety devices, and failure description were
collected and analyzed.

- Precise statements on the effects of the size, weight, and length of hazardous materials
cars on rail safety cannot be made because of the scarcity of information for this special class
of accidents. However, analyses can be done and have led to identifying, implementing, and
evaluating improved safety measures for hazardous materials cars and transportation pro-
cedures that reduce the risk and minimize the possibility of catastrophic accidents.

4.5.2 Accident Scenarios and Safety Measures

The particular effects of a release of 'é. hazardous material depend on the properties of
the material released, the quantity released, and the accident scenario. Historically, the
major sources of concern have been: .

® Boiling liquid expanding vapor explosion (BLEVE), which occurs when a tank
containing a liquefied flammable gas is exposed to fire and ruptures violently;

® Tank rocketing, in which a portlon of the tank is propelled like a rocket by its
internal pressure, and
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® Toxic or asphyxiatiug“ clouds of gas that travel with the winds, possibly in the
vicinity of populated areas.

These possible occurrences in hazardous materials accidents, which may happen several’
days after a train accident and without warning, are considered catastrophic scenarios that
present a high degree of risk to people, property, and the enviroriment. The possible causes
of these scenarios are listed in Table 4-29. The probable safety measures to reduce the possi-
bility of such catastrophxc scenanos from happening are listed in Table 4-30. These results
are based on the RPI/AAR Tank Car Safety Research ‘and Test PrOJect The principal con-
clusions from thls pro;ect are:

® Mechanical punctures of the tank car head are the pnmary cause of release of
large quantities of material; ' , :

® Non-insulated tank cars are cons1derably less safe than insulated tank cars,
either because they are uninsulated and thus more susceptible to fire hazards,
or because they are generally much larger.

Finally, the actlons taken by the DOT in effectmg changes 1n tank car des1gn to improve
safety performance are provided in Table 4-31. - -

_ TABLE 4-29
‘ FAILURE MODES IN TANK CAR ACCIDENTS
(MECHANICAL DAMAGE) -

e Shell Puncture
o Head Puncture _ |
L J Attachrhent Damage
o Tob Fitting Damage
® Bottom Fitting Damage .-
° Leak at Riveted Seam
"0' ' ‘éxposure to Fire

Source: Railway Progress Instituie/Association of
Amencan Railroads

TABLE 4-30 A
METHODS OF INCREASING SAFETY OF TANK CARS
° " Operational Changes
- 0.. k Head Shields
® - Modified Couplers
. Thermal Insulation
.o, Tank Material Changes .
o Safety Relief Valve Mbuifiqatjons

Source: Adams, D.E. etal, “Rail Hazardous Material Tank =
' Car Design Study, CALSPAN Report No. 2L5226-D-L,

Preliminary Report Prepared for Department of Trans-
portation, Federal Railroad Administration, April 1975,
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* TABLE 4-31

CHANGES IN TANK CAR DESIGN

.. Cars built after 30 November. 1970 — not to exceed 34,500 gallons
' capacity {or 263,000 tons gross weight) :
'] Cars built after 1 January 1971 — equipped with mterlocknng automatlc :
‘ * couplers . '
® Cars built after 30 August 1974 — 112A and 114A tanks equnpped wuth
head shlelds o . G
e Cars built after 31 December 1977

o 112A and’ 114A — coupler restraints .

‘0 112S and 114S — coupler restraints and tank head shlelds

N

L 1124, 12T, 114, 114T — coupler restralnts head shlelds and
safety relief valves

Schedule: 20% done by 1 January 1979
20% done by 1 January 1980

80% done by 1 January 1981

100% done by 1 January 1982

Source Code of Federal Regulatlons Title 49 Part 175

4.5.3 Characteristics of Hazardous Materials Accidents

Approximately 5% of the total amount of ton-miles shipped by the railroads, are
hazardous materials. Looking at this in another way, approximately 4% of the total rail
car-miles are hazardous materials.* The railroad accident record shows that approximately
1% of the total number of rail accidents result in the release of a hazardous material. Also,
1% of the total reported dollar damages are due to hazardous materials rail accidents.

The materials that are classified as hazardous. and that are transported by rail may be
grouped under the following categories:

® Explosives
® Non-flammable gas
® Flammable gas

*From Waybill Sample.
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Flammable liquid
Flammable solid
Oxidizer

Organic perioxide
Toxic
Radioactive
Corrosive

When these materials are accidentally released, they can :adversely affect people,
property, and the environment. Figures 4-5 and 4-6 and Table 4-32 show the number of
people killed, the number of people injured, and the percent of releases with dollar damages
in the specified ranges for each of the hazardous ma;enals commodlty groups, respectively
(based on seven years’ data). Flammable gases are tesponsxble for the greatest number of
fatalities in hazardous materials accidents, while cprrosives mjure more people than any
other hazardous materials shipped by rail. The table on dollar damages shows that 88.5% of
the releases of hazardous materials in rail transportation result in dollar damages of $1,000
or less. These results indicate that there are a large number of accidents with small releases
of hazardous materials. Further investigation has shown that the high number of injuries
from releases of corrosive materials are minor burns recelved ‘while loadmg and unloadmg
tank cars. S :

25+ ‘ '
D a
- L
(&)
20~ B
- ©
- E
£ -
) =
g 15- i
= wﬁ‘
e 3 _
i O T T
10~ o = ° .
) g ;] @
' (] - ) =}
£ O r] x .
£ e} [ e [
‘- - 8 . o E . @ . >
548 . & B & . 2 2 ©
2 : o @ Q S 2
@ [~ £ —_ N - . o 73
8 o ) K] w 5 c L o o
s Z L —e—— . % ... % 8 &
I s B s S o6 © & 38

So-urceg Arthur D, Little, Inc. Estimates

' FIGURE 45" FATALITIES BY COMMODITY GROUP BASED ON RELEASES, 19711977
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. Source: Arthur D.‘»Little lhc. Estimates
FIGURE 4-6 INJURIES BY COMMODITY GROUP BASED ON RELEASES 1971 1977

4. 5 4 Hazardous Matenals Accident Frequencles

Accident frequencxes based on net ton~mlles and car mlles for hazardous materials
shipped by rail were determined for each hazardous materials commodity group and are pre-
sented according to the resulting dollar damages in Tables 4-33 and '4-34. These data show

; that by imposing a dollar threshold even as low as $100 (that is, eliminating releases with
damages of $100 or less), the accident frequencles ‘decrease by approximately 75%. If a
threshold of $5,000 is used, then the accident frequency, based on historical reports of
‘releases by rail, is reduced by approximately 95%. These data again point to the fact that
the majority of reported hazardous materials releases in rail accidents are minor spills.
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TABLE'4-32

PERCENT OF. RELEASES IN HAZARDOUS MATERIALS COMMODITIES GROUPS.BY,
DOLLAR DAMAGE RANGE . -

AAAAA

No. of

] Releases 0
Expiosives - 42. 29.
Non-FIam.:Gas< 378 .. 80
Flam. Gas 562 . 45;
Flam. Liguid. , 1043, 31
Flam. Solid 86 33
Oxidizer - 328 10
‘Organic Reroxide, - 1 100.-

190 - 21

Radioactive - . 6 '
Corrosive 1743 - 41

TOTAL a3

0-1

36.

.43

.42
54

80

.63
50

51

Source: Arthur D. Little, Inc., EstimaAteqs., ]

_ Damages (Thousand Dollars)

‘ © 1,000
110 1030 50-100 100500 - 500-500,000 2,000

5 10. 14 - &
5 2
4 4 2 2
9 6 1 1
11 2 D
8. 3.
10, s 1 R
33 17
6 2 A0 O
'TABLE 4-33

"7 Greater

' . Than

2,000
L2 2. 2
N AND . AD

ACCIDENT:FREQUENCIES PER BILLION TON-MILES
FOR HAZARDOUS MATERIALS COMMODITIES

Explosives
Non-Flammable Gas
Flammable Gas
Flammable Liquid
Flammable'Solid
Oxidizer

Orgénic Pero>-(ide
- Toxic

Radioactive

Corrosive

All Hazardous Material

Source: MTB Data 1971-77; Arthur D. Little, Inc., Estimates

4.28

Damage »Threshqld
$0 >$100 >$5000
26,0 13.0° 4.30.
150 2.2 0.27
13.0 2.7 1.30
70 7 a7 1.60
1.0 29 0.95
210 88 o1
170 180 -
180 7.3 1.30
66.0 280 9.40 -
310 5.6 1.10
200 4.7 1.20



- TABLE 4:34 .

- ACCIDENT FREQUENCIES PER MILLION CAR-MILES.
-FOR HAZARDQUS MATERIALS COMMODITIES . . . .

Qama‘gs Threshold
$0 >$100 >$5000
Explosives T 130 063 0.210
* Non-Flammable Gas - 1.00 0.15 0.019
 Flammable Gas - 0.94 0.20 - 0.094 .
Flammable Liquid ' 120 0.32 0.110
Flammable Solid - 0.69 0.17 ~ 0.058
. Oxidizer - 160 0.66 0.069
Organic Peroxide - 140 140 -
Toxic 110 043 0.079
Radioactive . . , 300 130 0.420
Corrosive . 2.50 ‘ 045 0.090
All Hazardous Material - . 1.40 : 033 0.086

Source: MTB Data 1971-77; Arthur D. Little, Inc., Estimates

4.5.5 Release Probability

The number of hazardous materials cars derailing and the number releasing in rail acci-
dents are shown in Table 4-35. If one defines the probability of a hazardous materials car
releasing to be the ratio of the number of hazardous materials cars releasing to the number
derailing (that is, the probability that a hazardous materials car will release if it has de-
railed), the historical accident data show that there is a 16% chance that a hazardous mate-
rials car will release some or all of its contents if it were derailed in a train accident.

456 Tahk Car Accidents and Tank Car Capacity

The Matenals Transportatlon Board (MTB) requires that all releases of hazardous
matenals no matter how small, be reported for all modes of ‘transportation. The reporting
form includes such mformatlon as name of container, capaclty of container, and quantity
spilled. With these data, it is possible to examine release accidents of tank car size, thus
ehmmatmg the minor (small quantity) spills. Tank cars often are identified in this data
‘base by their DOT specification number. A brief description of the charactenstlcs of the
various types of tank cars was provided in Table 3-20.
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TABLE 4-35

RELEASE PROBABILITY

1975 1976 1977 Total

Number of Hazardous Materials Cars o

Derailing (Nyyp) 976 947 1072 2895 ,
Number 6f Hazardous Materials Cars

Releasing (Nyg) - 135 166 - 173 ° 474
Release Probability , o

(NHR;% NHD) ’ 0.14 0.20 0.16 0.16

" Source: “FBArAccident Bulletins; Arthur D. Little, I‘An\c., Estimates “

Releases reported to the MTB involving tank car size containers for the period 1971 -
1977 were analyzed to determine the number of fatalities and i injuries for the various types
of tank cars and a range of tank car capacity. It should be pointed out that fatalities and
injuries reported to the MTB are the direct result of the release of the hazardous material
and not due to the train accident. » :

Figure 4-7 shows the number of fatalities associated with a hazardous materials release
for each of the tank car types. The numbers 103, 104, etc., refer to the DOT specification.
If the specification was not known, the container type was reported as “tank car.” Figures
4-8 and 4-9 show the number of fatalities for each of the two tank car types (“112” and
“tank car”) as a function of the gallon capacity of the car. Again, these data are for fatalities
directly related to the release of a hazardous material. Although no clear-cut relationship
can be seen relating fatalities to large capacity tank cars, there is some indication that the
112 tank cars, which ship liquefied compressed gases, are a major contributor to tank car
safety problems. This is consistent with the results of the RPI/AAR tank car study. Actions
taken by DOT which address the safety problems for thls class of tank car were discussed
earlier.

' Figure 4-10 shows the number of injuries for each tank car type. Figures 4-11 through
4-15 show the injuries for each tank car type according to the tank car capacity. Again,
although no clear-cut relationship can be seen, there is some indication that the larger size
112 tank cars present a greater risk. :
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Type Of Tank Car

Source: Arthur D. Little, Inc., Estimates

FIGURE 4-7 FATALITIES BY TYPE OF TANK CAR, 1971-1977

Fatalities .

'

1-10 10-20 20-30 3040 40-50

Capacity (Thousand Gallons)

Source: Arthur D. Little, Inc., Estimates

FIGURE 4-8 FATALITIES BY TANK CAR CAPACITY, TYPE “112,” 1971-1977
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Fatalities

1-10 10-20 20-30 30-40 40-50

Capacity (Thousand Gallons)

Source: Arthur D. Little, Inc., Estimates

FIGURE 4-9 FATALITIES BY TANK CAR CAPACITY, TYPE “TANK CAR,” 1971-1977
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FIGURE 4-10 INJURIES BY TYPE OF TANK CAR, 1971-1977
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FIGURE 4-11 INJURIES BY TANK CAR CAPACITY, TYPE “103,” 1971-1977
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5. PROBLEWM PERSPECTIVE AND DERAILMENT ANALYSIS

5.1 ABSTRACT

An understanding of the reasons underlying the accident statistics presented in Chap-
ter 4 is gained by using two complementary approaches. The first is a pair of surveys, one of
railroad employees and the other of railroad management, seeking their opinions on the
causes of accidents and the importance of the size, weight, and length of railroad cars. The
second is an analysis of the physical processes that lead to derallments The same result was
arrived at when these two approaches were used.

Fundamentally, it was found that there is not necessarily a correlation between acci-
dent frequency and the size, weight, and length of cars. However, cars with a high center of
gravity and long cars can be more susceptible to poor dynamic behavior if thorough design
practices are not adhered to.

Cars with high axle loads exert larger loads on track structures and can ‘cause more
rapid deterioration of track. If adequate track maintenance is not carried out, then the
heavier cars can develop a greater tendency to derailment than the lighter cars. It is impor-
tant to note that the required maintenance is Well within the capacity of many railroads
which routinely operate 100-ton cars.

5.2 INTRODUCTION

The quantitative accident data shown in Chapter 4 exhibit no particular pattern. Occa-
sional combinations of size, weight, and length are worse than others; and heavy cars appear
to be better than lighter cars if viewed on the basis of accidents per ton-mile averaged over
the entire fleet of cars. This is not necessarily true, on the other hand, for any one type of
car. Understanding and interpreting these quantitative data require understanding how the
data are gathered, taking into account trends in equipment development, and examining the
physical processes that cause derailments. These influences are examined in this chapter.

The accident data presented in Chapter 4 pertain either to the car that causes a derail-
ment or to the first derailing car in the train, the latter applying to accidents caused by track
failure or by human error. The identification of the car that caused an accident is not always
an easy task, and insofar as errors occur, they will be reflected in the statistical data. Since
the magnitude of the error that might be involved is impossible to estimate, the quantitative
data must be approached with caution, qualifying the data based on experience and analyt-
ical understanding.

A second factor that influences the data is the fact that the lighter (50- to 70-ton) cars

are, on the average, older than the heavier 100-ton cars. This fact has two possible implica-
tions. First, the older cars may experience a greater rate of component failure, merely by
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virtue of the fact that those components have been in service longer, not because of any
connection with car weight. Second, the newer cars. ‘may. have more sophlstlcated designs. of
components and subassemblies whlch have a longer service hfe Thus, variations in accident
frequencies can occur as a result of hidden factors whlch have little to do w1th the size,
' welght and length of rallroad cars

, Fmally, the statistical data provrde ms1ght only into the approxlmate cause of an acc1-
“dent and rot into underlymg causes. As an example a derailment may be classified as bemg
caused by “Cause Code 119 — cross-level of track irregular (at Jomts),” Which 1s a frack
defect. In fact, however, the vehicle involved may equally be at fault. Its’ desrgn may be such
__that it develops a partlcularly v1olent oscillation as. it traverses track w1th cross-level irreg-
ulantles Other vehlcles may not expenence thls problem s ey
Slmllarly, it s necessary to know (when acc1dents are caused by track defects) why
" track detenoratmn occurs, Weakness and fatlgue caused by passage of frelght cars and lack:
of appropriate maintenance are the most important factors. Also pOSSlble, however, is the
fact that the loads exerted by vehicles are larger than those of past experience which leads
to a'faster rate of’ track detenoratlon than normally expected thus makmg mamtenance
‘costs yet higher. If this isso, it becomes necessary to know the relatlonship between wheel-

"ra11 loads and the sxze weight and length of cars -y

The remaining portions of this chapter address one of the deficiencies in thée statistical
data that can be rectified by analysis: . a thorough evaluation is made of the underlying
causes of railroad acc1dents and of how these causes are related to the s1ze welght and
lengthofcars e e L v R

5.3 PERCEPTIONS R
531 Introductlon SRR R B TR T

Concern over the size, welght and length of railroad cars and their influerice on safety ‘
and economics has been a reality for the rdilroads since ‘their- earliést beginnings. A vast
amount of literature. is devoted to a-study of this 'pr.oblem..l_.For,«;example, Appendix A
includes a bibliography of pertinent ‘information :regarding, these~concerns

Today S. concem is. that as some ,portlons of the natlon’s track detenorate, as trains
and cars become larger, longer, and heavier, and as the quantlty of hazardous materials
transported by the railroads rapidly increases, the potentlal for ever more frequent and
catastrophic accxdents is rapidly increasing. The rallroad mdustry claims that it has made
significant 1mprovements concomltantly with the introduction of larger cars, and that these
improvements have acted to neutralize any potentially deleterious effects of the larger cars
on safety. Their examples of these improvements are the use of heav1er ralls the laying of
continuous welded rail, the development of'improved tram-handhng techmques, and’the use
of larger wheels, roller bearings, new brake valves, and lmproved suspensxons

Two surveys were conducted to obtam further 1ns1ghts into the posrtions of railroad
employees and railroad management. A brief summary of these surveys follows.



, 532AR,ecent Survey by the United "'I‘r'ansportationfUnion"

" Railroad personnel ‘accident reports do not usually relate fatalities or injuries to the
characteristics or types of railroad cars that may have been involved. They simply state the
manner in which the person was hurt; e =-# “while aligning the couplers.” Because of this
lack of qua.ntltatlve data from which to assess railroad personnel safety in terms of the
effects of size, ~weight, and length of frerght cars, the UTU 1mt1ated a survey of rallroad
) (employees through a questronnalre

. The questionnaire was desng‘ned to gam, from expenenced rallroad employees, their
practlcal understanding of the safety of these cars, particularly the safety of long, high-
capacity cars. They were asked to express their concerns both in response to specrflc ques-
tions such as which type of car they felt might have a greater tendency to derail, as well as
thelr mtuxtlve feelmgs about how i mJunes occur and how they can be reduced.

The employees dxd not express strong concerns regardmg the effects of car size, welght
‘.and length on safety However, they did feel that larger, 100-ton cars were more prone to
" @erailment. They were also concerned with the clearance of longer cars dunng yard service .
arid on curves. Specifically, the survey, with approximately 900 respondents, md1cated the -
followmg

1 F

Derallments

® Jumbo tanks, covered hoppers, TOFCs, and auto-racks were chosen as having
the highest derailment frequencies. These cars were chosen more than tw1ce as
often as the other car types.

1

® All flat car types were noted as having a higher derailment rate when empty.

® In addition to the above car types, open hoppers and covered hopper cars on
.unit trains were chosen. as more likely to have poor dynamic behavior than
.other car types, particularly on poorly maintained, jointed track.

® The characteristics of adjacent cars in a train have the most important influ-
ence on the probability of derailment of a car. Given this effect, the heaviest
and longest cars of each type were selected as having the highest derailment
frequency. The frequency of derailment appears to be proportional to the
-weight and length of the-car.

e ’The longer ‘the train, the more likely it is to have cars derail, Especlally long
trams W1th over 100 cars were smgled out as havmg higher derailment rates

r

Personal Injury:

0 The size, welght and length of cars were not felt to have a strong influence on
the hkehhood of personal injury by the majority of respondents. However,
about 40% felt that the longer, heavier cars were more likely to cause personal

+ injury than the shorter, hghter cars. P o



- @ The five car types most likely to be involved in personal i 1n]ury are:

Flat-autorack
Flat-TOFC
Flat-““other™ -
.Tank-jumbo.
Tank-“other” ,

In. questions pertaining to-areas of hazards or risks associated with the size, weight, or
length of rail .cars, employees responded that track maintenance (26%) and consist makeup
- and handhng (21%)-were more. 1mportant

\A sample :questlonnalre and-the results of specific questions-are included in Appendix C.
5.3.3 A Recent Surve& of Railroad Management

In a survey conducted by the AAR of the management personnel of some representa-
tive U.S. railroads (Appendix D), one of the questlons posed was:

® If the average capacity of freight cars was increased by 15 percent with no
changé in car lengths, what would: be the likely impact assocrated with the
- safety and economics of operating your company? RN

.Repres.entatives requnses follow:

® “It is not acceptable to arbitrarily increase (the) capacity of cars beyond the
- present desigh maximums which would accelerate equipment and track fail-
ures. Present technology and materials dictate that the four-axle freight car
with 263,000 lbs gross rail welght to be'the optlmum vehicle capacity from
economic and operatlng v1ewpomts

“It is acceptable to increase average car capac1ty by replacmg 70-ton cars with

100-ton cars, which has been general practice for a number of years. This

practice results in a per car capacity increase of approximately 17% and con-
" tributes to'an average increase of car capacxty for a fleet of cars.”

o “It is our opm10n that the present 100-ton car loaded to 263 000 1bs on four
axles represents the maximum practicable hml_t ”

® “We cannot realistically. look at existing average capacity, since increasing it

would require retrucking of freight cars, beefing up body bolsters and center

* sills, ete., all of which would be prohlbrtlve in regard to'costs. Therefore, we

must look at increased capacity in regard to new equipment. We are now at

the reasonable maximum for four-axle cars at 263,000 lbs (6-1/2 x 12 inch

journals); further increase creates the use of 7 x 12 inch journals with wheel
and rail loading pushing limits of present design.

“It would be our opinion for normal operations that further increases of
capacity over present 100-ton nominal cars would have a negative economic
effect. Safety-wise, increased wheel loading increases likelihood of wheel or



rail failure since we are very close to or have entered an area of physical
permanent deformation of wheel/rail contact areas leading to accelerated
wear patterns or structural failure.” :

® “The cost/benefit ratio for heavier wheel loads is route specific, and there is

no “optimum?” level for even an individual carrier or route segment. It is evi-

dent that 125-ton four-axle cars have reached the limit of destructive effect

on rail without current compensated costs for track deterioration and the

potential of derailment. It is assumed that the hypothetical 15% increase in

" average capacity of all freight cars would require a corresponding increase in

the rail weight of all existing 95-ton hoppers to 110 net tons or greater. The

operation of such equipment would increase costs and increase accident

potential as previously illustrated. Average car weights of bulk commodities
should be retained at the approximate 90- to 95-ton car limit.”

5.4 CAUSES OF DERAILMENT
In recent years, the following picture of the causes of derailment has been developed:

1. The actual event. of derailment may be due to a failure of a vehicle or track
. component, or it may be due to the dynamic behavior of the track or the
train. Human error in train operation may exacerbate dynamic behavior.

2. Component failures are largely due to high loads on the various components
of the vehicle-track system, but may also occur from lack of maintenance,
leading to failure caused by bearing starvation or overheated wheels.

3. High loads on the system are caused by a combination of poor track geometry
and the existence of certain modes of dynamic behavior of the vehicle-track
system. These modes can also cause derailments without component failure.
Furthermore, high loads may occur from the use of heavy cars.

4. Poor track geometry results from track wear and fatigue, caused by a com-
bination of initially high loads (i.e., with new track), the environment, and
inadequate track maintenance.

5. Initially, high loads on track are caused by the use of heavy cars (particularly
those with high axle loads) and by the existence of certain modes of dynamic
and static behavior of the vehicle-track system which can occur on new track.
Examples of these modes are truck hunting instabilities and the development
of high steady forces during curve negotiation.

6. Train dynamic.behavior can be a cause of derailment and is affected by how
the train is made up, how it is controlled by the operator, and by the charac-
teristics of the individual cars:



This description suggests that controlling derallments necess1tates an understandmg of
the followmg phenomena:

® Vehicle-track interaction, both when the system lS m good condition and
* when it has deteriorated;

The behavior of trains, partlcularly their longitudinal dynamics;
Component fallures and

Track: degradatlon

In the context of this report it is partlcularly 1mportant to determine how the size,
‘weight, and length of railroad cars influence these phenomena.

' The following sections of this chapter develop an understanding of these phenomena
and of the role played in them by the size, weight, and length of railroad cars. Because of
the extremely complex nature of the problem, a variety of techniques and sources of infor-
mation has been used, and the answers obtained are sometimes ambiguous. This ambiguity
is a forewarning that no simple solutions exist in the endeavor to improve railroad safety.

5.5 VEHICLE-TRACK INTERACTION _
5.5.1 Dynamic Modes of Behavior of the Vehicle-Track System

- The primary concern in investigating vehicle-track interaction is to understand how
large dynamic forces or oscillations of vehicles arise. The effects of these forces or of large
static forces on the system are exammed in Sections 5.7 (Component Failures) and 5.8
(Track Degradatlon)

_ Extensive mvestlgations have been conducted und‘e-rvthe aegis of both the FRA and the
AAR. These investigations have resulted in the identification of the following phenomena as
being of primary concern in understanding vehicle-track interaction:

® Hunting — a form of "oscillation that is also termed an “instability.” It can
" arise on perfect track and feeds on itself once it is started. It is one of the
most complex dynamic phenorena observed in the railroad environment, and
a complete understanding of it does not exist. It is known, however, that
" many aspects of the design of the trucks and the carbody are important,
including specifically the design of the suspension system. Hunting occurs in
.certain speed ranges, demarcated by ‘critical speeds.”” It is often the objective
of the vehicle -designer to achieve critical speeds which lie outside the speed )
range in which the vehicle is expected to operate.

® Rock and Roll — a form of externally excited oscillation in which the vehlcle
oscillates about an axis parallel to the train. This oscillation has historically
been associated with cars with a high center of gravity whose truck spacing
lies in a fairly narrow range of lengths, and on track with staggered-joint
bolted rail construction that has been poorly maintained, giving rise to severely
“dipped’’ joints.
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Pitch and Bounce — externally excited vertical oscillations of the body of the
vehicle, caused by poorly maintained track. Usually of greater concern for

"""+ human comfort (as in locomotives) and lading damage (in frelght cars) pltch

- -and bounce may-occasionally-contribute to derailments.

Yaw and Sway — externally excited transverse oscillations of the body of the
vehicle, caused by poorly maintained track. Yaw and sway can contribute to
derailment by generating large lateral forces between wheels and rails.

Steady-State Curving — where large steady-state lateral forces are generated :
between the rails and the wheels of a vehicle, even when track conditions are
excellent. Contributing factors are trucks of large wheelbase on sharp curves
and poor maintenance of parts such as side-bearings and centerplates sO that
trucks cannot freely swivel, relative to the carbody, in a curve.

Spiral Negotiation — where the twisted track may cause loss of vertlcal con-
tact between a wheel and rail, while large lateral wheel-rail forces are being

. generated. This is typically associated with either improper track construction

" and maintenance, so that the track is improperly superelevated or with tor-

tlonally stiff and long carbodies, which are unable to. accommodate the twist -

" in the track.

Dynamic Curving — in which high lateral forces are generated between wheel
and rail in a curve. Dynamic curving is still a relatively poorly understood
phenomenon. High forces have been observed typically with vehicles having
high axle loads. Other vehicle factors, not yet clearly 1dent1f1ed also play an
important role, however.

' Response to Joints and Spe'cial Trackwork — in which high forces of short

duration are caused as a wheel passes over Jomts, switches, crossovers, grade '

" crossings, etc. This phenomehon occurs on all vehicles, but its detalls are stlll'

poorly understood.

Gammg a complete understandmg of these dynam1c response modes requlres knowmg
"“the following for ea¢ch mode: '

The type of track required;
The 1mportant aspects of vehicle respornse;

A detailed. descnptlon of the required track geometry input and of opera-
tional variables such as speed; and :

A llstmg of veh1c1e des1gn parameters that are important.

A quahtatlve summary of the above is presented in Table 5-1. It is also necessary to develop
a quahtatlve understanding of the detalled mechamsm by which vehlcle-track interaction
eventually causes a derailment.
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Performance
Safety {ssue

1. Hunting

2. Rock and Roll

3. Pitch and
Bounce

4. Yaw and Sway

5. Ste‘ady State
Curving

6. Spiral
. Negotiation

7. Dynamic.
Curving

8. Response to -
Jaints and
Special
Trackwork

TABLE 5-1

DYNAMIC RESPONSE MODES
“Required. important . important Truck
Excitation Response & Operational
“lnputs . Variables Variables
Lateral L, L/V,Axie ) Speed, Lateral
Transients Truck and gody Displécement_, '
' Motions "~ Amplitude Rail ~ -
o _ Friction .
Vertical Vertical Force Freq., Ampl. and

. Displacement

Vertical
Displacement

Lateral

- Displacement

Curve

Spiral

Curves with
Perturbation

Curve or Tangent
with Joints,
Switches, Frogs,
etc.

Source: Arthur D. Littie, Inc.

" Roll Angle of

Truck and Body.

Vertical Force
Roll Angle of
Truck and Body

L/V, Yaw and
Sway Movement
of Truck and
Body
LV -

L/V; Truck and
Body Motion

L, L/V; Truck -

and Body
Mbti'qr_\

L, V; Truck

and Body

- Motion
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- Super Elevation

Phase Relationship
of Inputs to Each
Wheel ‘

Freq., Ampl. and
Phase Relationship
of Inputs to Each
Wheel ' '

Freq., Ampl. and
Phase Relationship
of Inputs to Each

) W_hegl

Curv.atur_é',,Spe.ed.

Rate o'f-(‘;harige of

Curvature a_ndl Super -
" Elev., Speed :

Curvature, Supér

_Elev., Speed,.

Perturbation Ampl.

_and Location -

Cﬁr_vatdfe, Sp’eed .

* Super Elev., Joint
- Perturbation Ampl.

and Location

‘ Important Vehicle
- Dasign Variables

_ Whieel Profile,

Weight

Trﬁck Cénter

" Distance, Center
_ of Gravity Height,

Roll, Moment of
Inertia

Truck Center
Distance, Center of
Gravity Height,
Pitch, Moment of

- Inertia

Truck Center

" Distance, Yaw .
quent of Inertia

A.x"le" ljisfance
Length, Width,

- Truck Center -

Distance.
Axle Distance,

“Truck Center

Distance -

- AxleDistance, . .
.. Length, Truck

Center Distance

. Moment of lnertia
~ Weight

VWheAfe'l Profile, -

Axle Distance,
Truck Center
Distance, Weight

_of Axle



5.5.2 Derailment Mechanisms

For a derailment t6 occur, ‘at least one wheel in a ttam must end up elther on the tles
between the rails or ottside its rail. This can happen in the following ways:

e .. The gage is w1de due to poor mamtenance and the. wheel drops in.

Y The ‘wheel exerts a large lateral force on the rail and ‘causes it to push out,
thereby widening the gage. The wheel may drop in between the rails, or if the
“rail rolls over, 1t may nde on the web of the rail and eventually fall outside.

® Because of a severe osc1llat10n such as rock-and-roll the wheel may lift off the
rail. If at the same tune that wheel is movmg laterally, it can fall outside the

rail. ' R _ i .
. @ If there is a large lateral force and a low vertical force between a wheel and a
. rail, if the rail is adequately fastened to the ties so that it does not move, and
_if the friction between the wheel flange and rail is adequately high, the wheel
may climb onto the rail and derail. The phenomenon is similar to what hap-

.- pens when an automobile tire strikes a curb while running parallel to it.

Al .of: these mechanisms of "derailment require a combination of either high lateral
forces (designated L) between wheel and rail or low vertical forces (designated V) or both.
In many instances, a ‘“‘safety criterion” may be developed which combines both L and V and
specifies: that the ratio-L/V  should remain below a certain value. This criterion ensures that
very high lateral forces and very low vertical forces do not ‘occur simultaneously — a dan-
gerous-situation. . -

_.Crite‘ria have been developed to prevent, for example, rail rollover or wheel climb. In
addition, based on extensive testing, the Japanese National Railways have developed an
empirical criterion which recognizes that permissible L/V values increase as the length of
time for which they occur decreases. This is a recognition of the fact that it takes a fzmte
length of time for a rall to roll over or for a wheel to climb the rail.

Smular cntena are presently being developed to limit the value of the lateral force
resulting from a single axle or from several adjacent axles. These criteria are intended to pre-
vent lateral rail displacement or shifting of the track structure.

. Although the specific details of these criteria are not of concern to. this report, the fact
that they highlight the forces between wheels and rails is. Thus, regardless of the particular
vehicle-track interaction. mode that is being discussed, the primary area of focus can be on
wheel forces. The following pages present investigations of the dynamic modes discussed in
Section 5.5.1 in the light of this observation. In addition, the question of the effect of car
size, weight, and length on safety is addressed as explicitly as is possible at present.



- 5.5.3 Hunting

Hunting has been the sub]ect of study for almost a century Although understandmg
of the phenomenon has certamly mcreased a cure has not been obtalned prlmanly due to
three factors . _ .

‘ o It is somet1mes dlfflcult to prevent huntmg both when the car 1s loaded and .
when it is empty. : :

® Ag wear takes place, or- suspens1on components age the huntmg behavmr of L
- the vehicle changes..- *+ R ; e o

® There is an apparent confliet between requirements in vehicle design for pre-
venting hunting and those for enhancing the ability to negotiate curves,
although new truck designs may overcome this problem.

Three different hunting modes have been identified:

® Axle hunting; ‘
® Truck hunting; and
® Carbody hunting. .

For each mode, a critical speed exists below which hunting-will hot occur, and above which
it will occur. There may be a yet higher speed beyond which hunting will again vanish.

This extremely complex phenomenon can be discussed bneﬁy only via illustrative
examples, and this approach is adopted here. Although bnef the ‘following examples do
demonstrate that there is no specific correlation between the sme nominal weight (loaded),
and length of railroad vehicles and the occurrence of huntmg Rather, hunting is a phenom-
enon that can afflict cars of all sizes, weights, and lengths, and its ehmmatlon isa matter of
careful attention to design, coupled with adequate prototype testmg

Wide Gage Investigation

A project was sponsored by the AAR, with the assistancé of the Union Pacific Rail-
road, to define the mechanisms involved in the generatlon of wide gage on high-speed tan-
gent track. A wide gage is developed as a result of a fatigue failure of the track to maintain
the original gage and is typically evidenced by tie cutting or crushing at the field side of the
tie plate, permanent deformation of spikes from lateral shear, and cutting of the spike
‘holes in the tie. In the area chosen for tests, near Minidoka, Idaho, the Union Pacific ob-
served that at the beginning of one winter, the track was approximately 1/2-inch wide, but
within a 4-month period, had widened to as much as 1-1 14 mches The track was regaged,
and two hold-down spikes per tie plate were added to the original two rail spikes per tie
plate. Freight train speeds up to 79 mph were then recorded over this track. The primary
cause of the high lateral loads and permanent gage mdemng was found to be the vehicle
“hunting” phenomenon. A second factor in gage widening was determmed to be the frozen
ballast condltlons encountered durmg the wmter
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The effect of the vertical wheel load on the gage is shown in Figure 5-1, where the
passing frexght cars were sorted by gross weight on the rail mto three categories: 40, 40 to _

"'80, and 80 gross tons.In this type of plot, the lower probability events are of greater interest,

and as can be seen, the data tend to fall into a different statistical distribution below approx-
imately the 10 percent level. The higher amplitude, lower probability dynamic gage (lateral
load) events are due to occasional lateral impacts from huntmg trucks. In Figure 5-1, there is
little evidence of high lateral loads caused by truck hunting under loaded freight cars (those
with more than 80 gross tons on rail), while conversely, there is evidence that about 10 per-
cent of the passing axles under light -cars (those with less than 40 gross tons) were hunting.

99.9
99,8

99.5—

Percent Level _Exceeded
5o o
=1
|

<40 Gross Tons .

20 — -
. '40-80 Gross Tons
. 10— : '
) >80 Gross Tons
1~
0;5_—- N
. 0.1 ‘. LA L A L L :
e ‘0.1 S 02 03

Dynamnc Gage (mch)

o Soutee Battelle Columbus Laboratones h

4

FIGURE 5-1 EFFECTS OF CAR GROSS WEIGHT (AXLE LOAD), ALL SPEEDS,
RAIL TEMPERATURE <80°F
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Derailment Investigation

Two similar derailments occurred .on-the Southern Pacific line in Southern California
west of Yuma, Arizona, within an 11-day penod of 1975. These derailments occurred in
desert areas where blowing sand tends to infiltrate the ballast, collect between the rail base
and tie plate, and sandblast the rail running surface. Several similar derailments on both the
Santa Fe and Union Pacific Railroads under similar circumstances were also noted. Vehicle
tests were undertaken by the Southern Pacific, and simultaneous track measurements were
sponsored by the AAR TTD Program, to investigate the causes of these derailments: Battelle
Columbus Laboratories provided technical support in the data acquisition and: analysis.

An analysis of the track measurements showed that a substantially higher level of truck-
hunting activity was occurring at the Southern California site than at the comparable
tangent-track site on the Union Pacific in Idaho. Both sites consisted of good continuous
welded rail track, but the type of surroundings were different. The Idaho desert consists
predominantly of lava rock and wind-blown fines, while the California desert consists of
wind-blown sand. Analysis of track dynamic gage measurements showed a larger percentage
of passing wheels in hard flange contact, and critical hunting speeds roughly 10 mph lower.
Severe truck hunting was observed at speeds as low as 35 mph. The primary cause for this
was felt to be the sand-blasted condition of the rail, with higher creep forces and adhesion
limit, possibly combined with variations in rail cant caused by blown sand between the rail
and the tie plate.

* Also, certain types of cars were found to be more prone to truck hunting than other
types. For example, the 50-foot boxcars (Class B5Y), empty or lightly loaded, accounted
for 27 percent of those cars identified as huntmg (dynamic gage exceedmg 0.2 mch), but
constituted roughly 5 percent of the higher speed train population in the investigation. Out
of a total of 331 identified hunting cars, only 24 were listed on the tonnage report as
loaded. On the other hand, empty mechanical refrigerator cars, about 6 percent of the total
population (11,365 cars), accounted for 5 percent of the identified hunting cars.. While flat
cars did not account for an unusual percentage of hunting cars, more than half of the highest
dynamlc gage peaks (greater than 0. 35 inch) were produced by flat cars.

The more common types of freight cars are listed in Table 5-2 for the higher speed
trains in the test period. A “hunting index” was developed in this table by dividing the per-
cent of identified hunting cars by the percent in the population less than 50 tons gross
weight on rail. From this, the most troublesome cars when running empty are the 50-foot
boxcar (B5Y), the refrigerator car (RB5), the open hopper car (HO), the bulkhead flat
car (FB6), and the tri-level auto rack flat car (¥3), in descending order of index. No direct
dependence of the hunting index on the size, weight, and length of cars was observed.

5.5.4 Rock-and-Roll Oscillations

Severe problems of rock-and-roll oscillations were expenenced in the m1d-1960’s with
covered hopper cars. The pecuhant1es of these cars are: :

® They have a high center of gravity when loaded; and

® Their truck spacing tends to be such that staggered-joint bolted-rail track
tends to strongly excite the roll resonance.
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TABLE 5-2

TYPES OF FREIGHT CARS IDENTIFIED AS HUNTING ON TANGENT CAR TRACK

Car Type

Auto parts car
Auto parts car
Box car, 40 ft
Box car, 50 ft
Box car, 50 ft
Covered hopper car
Covered hopper car

Damage-free box car,
<60 ft

Damage-free box car,
<70 ft

Flat car, bilevel
Flat car, trileve!
Flat car, <60 ft
Flat car, container’
Flat car, bulkhead
Gondola -
qupel; car
Refrigerator car

‘ Fiefrigerator, bunkerleés
Refrigerator, bunkeriess
Refrigerator car
Refrigerator, mecha‘nica'l

Tank car

Class*

Ab
A6
B4
BS
B5Y
CH3
CH4

D5

D6

F2

. F3

F5
FC/FC2
FB6

GB

HO
RS

RB4
RB5

R6
RM/RML
T

Note: Nota g:omplete listing of cars

Paopulation (%)**

<50T

0.1
0
2.2
58
3.5
1.0
0.9
09

0.1

23
38
08
0.8
3.0
0.8
2.1

1.1

0.8
0.1

6.3
25

>50T

08

23"

0.4
24
1.3
0.1
1.7
6.1

6.5

15
13
0.2
9.6
0.1
0
0.2
2.8
0.2
05
2.1
0.4
2.8

*Designation per Conductor’s Tonnage Reports (Manifest)

**For westbound (downgrade) trains in higher speed bands only
1331 cars identified out of 361 hunting, 11,365 cars recorded

¢ (% of hunting cars)/(% of population <50T GWT)

Source: Béttelle Columbus Laboratories
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Percent of
Hunting Carst

0.3
0
03
85
275
1.5
24
15

1.2
7.3
6.9

0.9
3.3

39
8.2

6.0

48
45

Hunting
Indexe

0.1
1.5
7.9
1.5
2.7
1.7

3.2
1.8
1.1
41

49
2.0

75

08
1.8
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FIGURE 5-2 EFFECTS OF THACK CENTER DISTANCE ON THE MAXIMUM PEAK-TO-PEAK _
ROLL ANGLE

. In addition, these cars — often used for hauling grain — tend to operate on track of
relatlvely poor quahty, so that first, strong variations in the cross-level of the track might be
expected and, second, operatmg speeds are low because of track conditions. This peculiar
set of cucumstances — high center of gravity, unfortunate truck spacing, poor quality track
and slow speeds - caused a strong rock-and-roll resonance, leadmg to several derailments.

The strong influence of truck center distance on the rock-and-roll oscillation may be
.seen in the computer-derived curves shown in Figure 5-2, With 39-foot rail lengths, the large
roll angles that occur with a truck center distance of 36 feet to 43.feet begin to drop off as
the truck center distance. approaches 50 feet. For 33-foot rail, the maximum value of the
roll angle drops rapidly as the truck center dlstance takes values greater than-about 40 feet.

It is apparent that the rock-and-roll problem is caused by particular combinations of

size (as determined by the height of the center of gravity), weight, and length. In particular,

the problem occurs with cars that have a high center of gravity and a truck spacing that is

" close to the 39-foot spacing of joints in jointed track. The means for avoiding the problem
" are discussed in Chapter 7.
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5.5.5 Pitch and Bounce Oscillations

Pitch and bounce oscillations are excited by varlatlons in the surface of the track, just
as rock-and-roll oscillations are excited by variations in the cross-level. They are of concern"
partly 'because they result in large oscillations, which can result in dlscomfort to occupants
or damage to lading; partly because they may generate high dynamic vertical loads that
damage the track; and partly because they may generate low vertical loads which, if they
occur in conjunction with high lateral 16ads — because of hunting or curve negotiation, for
example — can cause derailments. '

No evidence exists of derailments having been caused by pitch and bounce oscillations.
This may be a consequence of the fact that they were among the first vibration modes
studied in the history of vehicle technology.and that the techniques for controlling them are
therefore fairly well understood. Occasional examples of poor design do occur, however.

Limiting the size, weight, and length of cars will not help eliminate bounce and pitch
problems. It is more appropriate to specify minimum performance requlrements Procedures
for developing such requirements are discussed in Chapter 8. :

5.5.6 Yaw and Sway 0scillations ;

Both yaw and sway 1nvolve lateral motions of the carbody. In a yaw oscillation, the
carbody pivots about a vertical axis halfway between the trucks. In a sway oscillation, it
moved laterally, always remammg parallel to the track.

Yaw and. sway. osclllatlons have not so far been mdncated as causes of railroad acci-

dents. However, they occur in carbody hunting — admittedly in a complex way — and may

" participate in. the generation of high forces in dynamic curving. ‘Furthermore, they can

create. severe occupant discomfort, since people are far less able to w1thstand lateral oscilla:,
tions than ‘they can vértical oscillations.

Yaw and sway resonances depend in a complex way on the size, weight, and length of
‘railroad cars, as with rock and roll and pitch and bounce. Furthermore, the design of the
‘suspensions is a crucial determinant of the extent to which yaw and sway oscillations will
occur. There is no-evidence at present that there are particular combinations of size, weight,
and length of cars’ for whlch severe problems of yaw and sway oscxllatlons necessanly ex1st

5 5.7 Steady-State Curvmg Problems
When a vehlcle negotlates a curve, it is 'inevitable that lateral forces ‘&ill develop between
‘its wheels-and the rails, even when the track is perfect. Generally, however, these forces will

- not' fluctuate (hence, the term “‘steady-state”) and will be low on perfect track There are
designs, however, for which high steady-state lateral cutving forces can occur. ;
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There are three condxtxons that tend to worsen the steady-state curving behavmr of a
vehicle:

4 The spacing between the axles of its trucks is large;

® The axles in a truck are rigidly constrained to remain parallel to one another,
* instead of being allowed to align themselves with the curve; and

® The design of the truck is such that when it enters a curve, it cannot easily
rotate (yaw) with. respect to the carbody in order to allgn itself w1th'the
curve. This is primarily a case of poor design, but it may also be caused by
poor maintenance, resulting in excessive fnctlon in the centerplate and at the
size bearmgs o :

None of these conditions that lead to poor steady-state curving behavior is associated with
any pértieulax combination of size, weight, and length of freight cars, with this exception:
very large axle spacings occur in three-axle trucks, which are used in special-duty, extra-
heavy cars. The population of these cars is exceedingly small, however, and there is no
evidence that they have contributed to a lack of safety.

5.5.8 Spiral Negotiation

A spiral is that portion of track that connects a tangent (straight) section to a curved
section. When a vehicle enters a spiral from a tangent, it experiences both a lateral excitation
(since it is being made to depart from its previous straight path) and a crosslevel excitation.
The former can cause high lateral wheel-rail forces to be generated, while the latter may
cause low vertical forces. Between them, these two phenomena could lead to high L/V ratios
and thus to derailment. In point of fact, the latter problem — how vertical wheel forces due
to torsionally stiff carbodies — is the only documented problem in spiral negotiation. For
low vertical wheel forces to occur, a car must be both long and torsionally stiff. The tor-
" sional stiffness of the car usually decreases as its length increases. Thus, the spiral negotia-
tion problem arises only in special circumstances, wherein the ratio of torsional stiffness to
length is low. There is no indication that the existence of thls problem is correlated with
large size, weight, or length.

5.5.9 Dynamic Curving Problems
When the alignment of the rails in a curve varies from its nominal value, large dynamic
lateral forces can be generated between the wheels of a vehlcle negotlatmg that curve and

the rails.

The phenomenon of dynamic curving is poorly understood at present, and there is no
evidence that it has been the cause of problems in the past. Factors that contribute are:

& Large axle' weights (un‘éprung masses);

© Yaw and sway oscillations of the carbody that are attuned to alignment varia-
-tions in the track;
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'Y Truck desigrrs that do not easily allow the truck to yaw relative to the car-
body — either because of excessive friction or because the yaw moment of
.- .- -inertia of the truck is high;and.- - . "~ - . - _ . - T

© The existence of steady-state curving problems (see Section 5.5.7), which
make it more likely that a wheel will be forced to maintain flange contact
with its rail and thus experience the alignment variations of that rail.

There is some evidence from recent tests conducted at_.Pueblo by the Federal Railroad
Administration that dynamic curving problems are partially correlated with high axle loads.
On the other hand, there is no specific instance in which a derailment has been attributed to
dynamic curving problems in a freight car. The more appropriate concern is whether poor
dynamic curving behavior leads to rapid track degradation. The answer is, it can. It is
desirable to seek means of improving the dynamic behavior of railroad cars. The cures may
lie equally in restricting axle loads to their present limits in uhrestricteq interchange and in
the correct design of trucks and their suspension systems.

5.5.10 Response to Joints and Special Trackwork

High vertical forces can occur near a joint as an axle traverses it as shown in the hypo-
thetical example in Figure 5-3. The magnitude of the peak vertical forces is determined’
primarily by the weight of the axle and the dynamic behavior of the track structure. Since
heavy cars tend to have larger wheels and, therefore, heavier axles, higher dynamic vertical
loads can be expected with them. When these -high dynamic loads are added to the high
static wheel loads, the situation is further exacerbated '

, The generatlon of hlgh lateral forces at joints isa more complex phenomenon. In the
first instance, a wheel must “see” a joint to react to it; in othér words, the wheel flange
must be pressed against the rail as the wheel rolls over the joint, for otherwise, no lateral
.discontinuity will be experienced. Wheel ﬂanglng occurs principally in two situations: when
the vehicle is in a curve, or when the veh1cle is hunting. Hunting occurs pnmanly on tangent
track; 1ts causes are dlscussed in Section 5.5.1.

In curve negotiation, whether or not a wheel will be flanging near a joint depends on
the design of the suspension system. Long irregularities in the ahgnment ‘of the rail cause
yaw and sway- oscillations of the truck and carbody, so that the truck may oscillate from
flanging on one rail to flanging on the other. If a joint occurs when the truck is pushing the
axles against a rail, high wheelrail forces may be caused. The response of the truck and car-
body is determined by the design of the suspension.

Wheel flanging in curves may also be caused by rigid truck designs, which are desirable
to eliminating hunting. If the two axles in a truck are rigidly constrained to remain parallel
to each other, the coned wheel tread is insufficient for guiding the axle through any but the
shallowest of curves, and guidance occurs by wheel flanging,

Finally, wheel flanging can be caused by large buff-and-draft forces while the train is

accelerating or braking in a curve. This phenomenon is discussed in Section 5.6. Its influence
on wheel response to joints is this: if a long car is placed next to a short car in a train and
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Vertical Force

_ Distance from Joint

Source: Arthur D. Little, Inc.

FIGURE 5-3 HYPOTHETICAL VERTICAL FORCE VALUES Y

large buff-and-draft forces are generated, wheel flanging is almost certain to occur. High
dynamic lateral forces are then sure to be generated at joints in the curve. In addition, long
cars will experience flanging more easily than short cars under steady buff forces ina curve,
and may, therefore, generate high lateral forces at joints more often '

In summary, high axle.loads, coupled with heavy axles and either the wheel flanging
phenomenon or hunting, lead to high vertical and lateral forces at joints and other discon-
'tmultles in the track. These forces are the starting point of much track degradatlon and are
the cause of many track and equ1pment component fallures

5.6 TRAIN ACTION
5.6.1 Introduction

The behavior of individual cars was discussed in Section 5.5. Equally important to
safety is the behavior of trains. The following paragraphs contain an investigation of the
relationship between train behavior and railroad safety, with particular emphasis on how
train behavior is influenced by the size, weight, and length of railroad cars.
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The characteristics. of long trains that may lead to accidents are the following:

® When the brakes are applied (at high levels of deceleration, as in emergency
braking or full service braking), high compressive or “buff” forces can develop
in the train. These buff forces cause an accordion-like buckling motion of the
train. In this buckling motion, cars may yaw (rotate about a vertical axis) or
be pushed sideways, resulting in large lateral forces between wheels and rails.
With light (empty) cars, high L/V ratios may develop, eventually leading to
derailment. This phenomenon occurs both on tangent and curved track. The
high buff forces are primarily the result of the different deceleratlon rates of
loaded and empty cars.

~ @ If the locomotive is operating at high tractive effort while negotiating a curve
— for example, when climbing a gradient at low speeds — high tensile or
_“draft” forces develop in the train. These forces tend to straighten the train or
“stringline it,” thus creating a tendency for cars to be deralled by being pulled
to the inside of the curve,

. ® If a long train is traversing undulating terrain, some portions of it may be
descending a gradient while other portions are ascending it. The descending
portions are pulled forward by gravity, while the ascending portions are pulled
backward. In this manner, several longitudinal oscillations of the train may
develop, which can only partially be controlled by the train operator through
the use of throttle and brakes. The longitudinal oscillations generate high buff

""" and draft forces, which can result in derailment by wheel climb or in broken
couplers. When a coupler breaks, the train also breaks into two parts, and the
air brake line is severed. This results in automatic application of the emer-
gency brakes, leading to the possibility of either a deraﬂment or a collision
between the two portions.of the train. :

Historically, train action problems began to be apparent in the 1960s, as increasingly
longer trains: were mtroduced into service. In recogmtlon of these problems ‘the Track Train
Dyna.tmcs Program, jointly sponsored by the Federal Government and by mdustry, under-
took extensive investigations of train action in the early 1970s. Many of these investiga-
tions were based on a computerized model of train action calléd the Train Operations Simu-
lator (TOS).. The TOS was developed specifically for the purpose of studying train action.

’ The followmg results were obtamed both from the Track Tram Dynam1cs mvestlga-
" tions and from additional investigations made spec1f1cally for the present report. The new
investigations were based on the use of TOS to specifically study the effects of the size,
weight, and length of railroad cars on the possibility of derailment being caused by train
action. :

5.6.2 Placement of Loaded and Empty Cars

When a tram contams both loaded and empty cars, it is preferable to place the loaded
cars at the front end of the train. Loaded" cars usually experience the same braking force as
empty cars and, because of their larger welght decelerate at'a lower rate than empty cars. If
they were placed toward the end of the train, they would push against the hght empty cars
at the front end of the train, creating high buff forces and L/V ratios.
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Figure 5-4 graphically shows the effects described above. The upper two curves 'show
the maximum draft forces as two 100-car trains ascend a grade. One of the trains has an
empty car next to the locomotive, and progressively heavier cars from that point on. In the
other train, this car placement order is reversed. The lower two curves are for the same
trains on a descending grade, and show buff forces.
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Cars:  80.5 Tons on Average, Uniformly )
Distributed Between.130 Tons and 31 Tons

" Grade: 1% Tangent
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Although the largest coupler forces are the same for both trains, they occur on an
empty car for the train that is hght in front and on a heavy car for the tram that is light in
the rear. The former will have much hlgher L/V ratlos than the latter, and 1s thus exposed to
a greater nsk of derallment

Y

Similar results may be seen in Table '5-3, whlch compares two 60-car cons1sts durmg
emergency braking on a 4-degree curve. Consist A has 30 empty cars weighing 23 tons each,
followed by 30 loaded cars weighing 123 tons each. Consist B has the loaded and empty
cars in reverse order. All cars are 40-foot box cars.

TABLE 5-3

EFFECT OF PLACEMENT OF LOADED AND EMPTY CAR GROUPS
ON TRAIN ACTION

ConsistA ) ‘Consist B
Max. Buff Force 2040000 | 17, 000 Ib
Max. L/V Ratio 072 - © " o03s

Consist A: 2 locomotives +30 cars (23 tons, 40 ft :e’ach)
.+ 30 cars (123 tons, 40 ft each) + 1 caboose.

Consist B: -2 locomotives + 30 cars (123 tons, 40 ft each)
+ 30 cars (23 tons, 40 ft each) + 1 caboose.

Conditions:  Emergency braking from 40 mph in a 4-degree curve.
5.6.3 Car Length
Car length by itself does not significantly influence the p‘ossibility- of its derailment in a'
train. Table 5-4 compares the buff forces and L/V ratios of two train consists that are iden-
tical in every respect except that one contains 40-foot cars and the other, 80-foot cars.

Although the buff forces for the train with long cars are about 20 percent higher and the
L/V ratios, 50 percent higher, the absolute values are still well below any safety threshold.

TABLE 5-4

EFFECT OF CAR LENGTH ON TRAIN ACTION

Consist A Consist B .

Max. Buff Force 180,000 ib © 218,000 b
Max. L/V Ratio 0.19 : 0.32

Consist A: 2 locomotives + 60 cars (40 ft, 123 tons each) + 1 caboose.
Consist B: 2 locomotives + 60 cars (80 ft, 123 tons each) + 1 caboose.

Conditions: Emergency braking from 40 mph in a 4 degree curve.
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However, variations in the lengths of cars within a train are more significant: placing
a short car next to a long car worsens the coupler angle problem described above. Table 5-5
shows what happens when one car in a train made entirely of 40-foot cars is replaced by an
80-foot car: - although the maximum, value of the buff force decreases:by about 13 percent,
the maximum L/V ratio increases by almost 40 percent.. - - . '

TABLE 5-5

EFFECT OF REPLACING ONE CAR IN CONSIST WITH LONGER CAR _ .

Consist A Consist B
Max. Buff Force =~ *° = 199,000lb % " 173,0001b
Max. L/V Ratio = 068, - 099

Consist A: 2 locomotives + 30 cars (23 tons, 40 ft each)
+ 30 cars (125 tons, 40 ft each) +'1 caboose
Consist B: 2 locomotlves + 30 cars (23 tons, 40 ft each)
+ 1 car (123 tons, 80 ‘ft) A
+ 29 cars {123 tons, 40 ft each) + 1 caboose

Conditions: Emergency braki.ng' from 40 mph in a 4 degree curve,
5.6.4 Train Length

The length of the train, as defined by the number of cars in it, has little effect on
derailment tendency during braking if other problems of consist- makeup,-such as those
described above, do not exist. Table 5-6 compares a short train with a long train, one with
. no helper locomotives as well as with a long. one with helpers. The data are for full service
braking and show that the L/V ratlos vary only margmally from one consist to the next.

Tram length is 1mportant however if one conmders tram control on undulatmg terram
Traﬂmg tonnage, which depends on both the number of cars in the tram and then' load, is
important in draft situations, such as grade-chmbmg, where hlgh tensﬂe forces may be set up

along the train. These tensile problems can be controlled to. some extent by the use of -
' remotecontrolled slave” locomotive units in the middle of the train. In ascending grade
territory, for example, if one uses two head-end units and two mid-terrain slave units, the

. maximum draft forces. w1ll be approxxmately half of what would be obtained with four
" head-end units. "

565 Car Weight -

Not many cars are equipped with self-adjusting brakes, which adjust the braking ratio
_according to the weight of the car. As a consequence, most: cars experience the same total
retarding force regardless of whether they are empty or loaded. The rate of deceleration
. will then be mversely proportxonal to the weight of the car. For example, an empty 23-ton
car w111 decelerate at over five times the rate of a loaded 123-ton car. Thus, if empty:cars

are followed by heavy cars in a train, large compresswe forces can develop in the train, as
.shown in Sectxon 5.6.2. .
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o EFFECTS ON TRAIN ACTION OF SHORT TRAIN'AND' LONG TRAlN :
WITH AND WITHOUT HELPER LOCOMOTIVE - -

‘Consist A~ Consist B Consist C
Max. Buff Force ~ < * 199,000 1b 204,000l “°  '181,0001b
Max. L/V Ratio 0.69 0.71 0.66

Consist A: 2 locomotives + 30 cars (23 ton, 40 ft)
+ 30 cars (123 ton, 40 ft) + 1 caboose.

Consist B: 4 locomotives + 30 cars (23 ton, 40 ft) -
- + 30 cars (123 ton, 40 ft)
. *+30cars (23 ton, 40 ft)
' "v+ 30 cars. (123 ton, 40 ft)
+1 caboose.

ConsistC: 2 Iocomotwes + 30 cars ( 23 ton, 40 ft)
-+ 30 cars (123 ton, 40 ft)
+ 2 slave Iocomotlves
- +'30 cars (23 ton, 40 ft)
+ 30 cars (123 ft, 40 ft)
+ 1 caboose

Condition: FuII service braklng from 40 mph ona 4-degree curve.

B ., -
Ll

5 7 COMPONENT FAILURES

Tables- 5-7 and 5-8 show the rate of derailments caused by two ‘specific types of com-

‘ponent failure, as a function of the type of car and the nommal weight capacity of the car. -

As can be seen from these two tables, component failure frequencies do not necessarily cor-

* relate with the. we1ght of ‘cars or with the type of car. Th1s is because many vehicle com-

ponents are sized so that’ the levels of stress within them do not vary as car weight or length

~ increase. For example heavier cars have heavier trucks, larger bearmgs, and larger wheels.

. "The occurrence’ of a' component faxlure is corinected more with the quality of inspection
'and mamtena.nce performed on the car than w1th its sxze welght and length

Track "‘component' ’failures, on the other hand, are haste’ned by large wheel-rail loads.
‘If the vehicle-track interaction modes described in Section 5.5 or the train action modes
described in Section 5.6 are intensely excited, they contribute to track component failure.
Poor quality track suffers the majority of component failures, since it ex;'iel‘iences'large
loads and stresses and is infrequently inspected and maintained.

“In addition, two important equipment components are subject to failures that are the
result of neither vehicle:track intéraction nor train action. Plain journal bearing failures are
subject: to_seizure from an absence of lubricant in’ the ]ournal box. Such a failure can be

u-'catastrophlc in' those instances in which the axle can no longer rotate freely. Wheels are sub-
ject to thermal fatigue failures, whlch are apparently caused by a few cycles of excessive
heating caused by stuck brakes, misapplied brake shoes, or drag brakmg for extended
periods on descending grades.
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TABLE 5-7

WHEEL FAILURE

' DERAILMENTS PER TEN BILLION |
" NET TON-MILES

Capdcity (Tons)

Car Type 50 70 100 All

Box 39 43 19 40
Auto Flat : 16.3 1.4 | * 4.2
General Flat o o . o , ®
TOFC 59 33 27 .. 50
Gondola 5.1 39 18 26
Covered Hopper 2.7 33 . .‘ 2.0 - 2.2
Open Hopper 13 43 . 13 2.3
Refrigefator 6.1 “ 29 - l' . 3.6 3.9
Tank 19 24 7 18

ALL '~ B84 . 38 .19 © - 33,
*Small Sample . : N : ‘_ o ‘

Fleet Average = 3.3

To gain a more complete understanding of the nature and ihcidence’of componenf fail-
ures, we analyzed the data obtained in the FRA’s: RAIRS to determme whlch track and
equipment components contribute most to derailments. The results are shown in Table 59,
It. appears, at first glance, that track component failures are of major importance. This is
indeed true if one is concerned simply with the total number of accidents. From a risk point
of view, however, one might wish to examine severe accidents and determine what role
.component failures play in them. To do this, a simple.definition of:severity was used:; the .
speed at which the accident occurs; the higher the.speed,-the more- severe the accident.
The relationship - between accident speed and damage to equipment and track is shown in

Figure 5-5. A ¥ - ; .

The specific speed ranges chosen were 0 to 10 mph; 11 to 30 mph; and gréater than
30 mph. The most important component failures in each of these speed ranges are shown
in Tables 5-11 and 5-12. What is apparent is that for more severe accidents, equipment com-
ponent failures predominate as cause, as opposed to track component failures for less severe
accidents. The reason is not difficult to find. If track conditions are poor, track component
failures are likely to occur. However, train speeds will also be low, in recogmtlon of the poor
quality of the track, and accidents will generally not be very severe.
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. TABLES8
.-~ BEARING AND AXLE FEATURE

.......

,,,,,, NETTONMILES
e FFP?F!W!W)
c.:fvpe | 50 : 70 ioo | — Al
Box e7 . or . 02 . 04
AutoFlat x e L
.4,‘;(:3_'eng'(ql Flat ~ . - * = i . _ . _ o
ToFC 01 06 03
_Gondola- EYRE PO 05 . 15
.- Covered Hopper * 008 . o5
. Open Hopper | . 10 | ....08 , . - 05
. Refrigerator .09 .. - 03 . 04
CTak el R R Y X
ALL - S T T T 02 04

-, *Small Sample . .

. .Fleet Average ,=:’0..4 - D
’ - + TABLE6-9

19771978 FRA ACCIDENT DATA FOR ALL SPEEDS

* All Accidents. '

_ Track or Equupment Component Failures® ~ 9343
~ Track Degradation. L ) 5109
_All Other Causes . 12101
TOTAL . . : - 26553 -
_,‘ComponehttFai'lulrés L
1. Rails and'Joint Bars - 2768 . (29.6%)
2. Frogs, Switches and Track Appliances ' , 2180 . (23.3%)
3. Wheels - o 801 ( 9.6%)
4. Couplers and Draft System . - o 654 - ( 7.0%)
5. Axle Bearings L . 572 { 6.1%)
Plain ) e T 4290 : .
. Rolter . - -~ . . 143 )
6. Brakes o _— 542 ( 5.8%)
7. Side Bearings . S © .. 534 ( 5.7%)
8. Center Plate and Pin e 304 ( 3.3%)
8. All Others AU - 888 ( 9.5%)
© TOTAL - - - o 9343

~ "Excludes locomotive components
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Damage to Equipment and Tiaék per Accident ($000)- :

0 T T O T T
10 20 . 30 . 40 50 60
. ' Speed (mph) b
Source Arthur D. Little, Inc. Analy5|s of FRA Data

FIGURE 55 RELATIONSHIP BETWEEN ACCIDENT SPEED AND EQUIPMENT AND TRACK DAMAGE

The data presented in Tables 5-11 and 5-12 indicate that th,foﬂ‘owing track and
equipment components are of primary interest as far as component failures are concerned:

Wheels

Plain journal and roller bearmgs
‘Couplers and draft gear '

Side bearings

Rails and joint bars

Ties (whose failure leads to wide gage and other track geometry defects).

The failures of all bf these components — with the exception of plain journal bearings
and sometimes wheels — are the direct consequence of wear and fatlgue ‘caused by vehicle-
track interaction and train action, coupled with inadequate maintenance and inspection. It
is worth reiterating the fact that component failure frequencies show no particular trends as
the size, weight, or length of cars is increased.
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TABLE 5-10

1977-19;8 FRA ACCIDENT DATA FOR SPEEDS OF 0 TO 10 MPH

. Al Accidents

Track or Equipment Component Failures®
Track Degradation '
All Other Causes

TOTAL

CQmponeﬁt Failures*

1. Frogs, Switches and Track Appliances

2, Rails and Joint Bars

3. Wheels

"4, Coupler and Draft System

5. Brakes

6. Side Bearings

7. ‘Axle Bearings
Journal
Roller

8. All Others

TOTAL

*Excludes Locomotive components

82

2

TABLE 5-11-

6189 -

3814

9452 -
19455 .

2067

2032
472

329
1295 -
1269 .
104 -

1621
6189

(33.4%)

- {32.8%)

( 7.6%)
( 5.3%)
( 4.8%)
( 4.4%)
( 1.7%)

(10.0%)

1977-1978 FRA ACCIDENT DATA FOR SPEEDS OF 11 TO 30 MPH

" Al Accidents

Track or Equipment Component Failures®
Track Degradation
* All Other Causes

TOTAL -

Component Failures*

1. Rails and Joint Bars
2. Axle Bearings
Plain
Roller
. Side Bearings
Wheels S
. Coupler and Draft System
. Brakes
. All Others

TOTAL

N oA W

*Excludes locomotive components

‘_ 5-27

174
57

1931
1079
1726

4736

553
231

222
173
163
151
438

1931

(28.6%)

(12.0%) -

©(11.5%)

{ 9,0%)
( 8.4%)

(7.8%)

(22.7%) Z



TABLE 5-12 .

19771978 FRA ACCIDENT DATA FOR SPEEDS GREATER THAN 30 MPH

All Accidents
Track or Equipment Component Failures*® 12567
Track Degradation 200
All Other Causes ' : © 905
TOTAL e 2362
Component Failures* y
. 1. Axle Bearings L 3 237 (18.9%)
Plain B < I '
Roller _ - 64 : ‘
"'2. Wheels = - C ) . ’ 199 "(15.8%)
~ 3. Rails and Joint Bars ’ oo T 184 0 (13.1%)
"4, Couplers and Draft Systems  * 162 - (12.9%)
6. Other ~ ' - : 495 - (39.0%)
TOTAL 1267

*Excludes locomotive components

5.8 TRACK DEGRADATION
5.8.1 Introduction

Railroad track is a mechanical structure which, like other mechanical structures, has a
load-bearing capability that cannot be exceeded without causing rapid deterioration. Also, if
deterioration commences and maintenance is inadequate, the rate of deterioration becomes
progressively faster. .

Track deterioration under heavy wheel loads appears in many forms — loss of surface
and line; conversion of subgrade and ballast sections into plastic masses that pump mud and
water; wide gage, plate cut, split, and spike-killed ties; rapid abrasive wear; battered rail
ends; and the formation of corrugated and shelly rails, the last with the potential for detail
fractures. This situation has not been helped by the extent of deferred maintenance on
many miles of line.3

5.8.2 Track Deflection

Track deflection is a necessary precursor of track deterioration. Heavy wheel loads
increase track deflection as well as the relative movement between track components that
accelerates wear. The frequency of loading and unloading cycles combines with deflection
to hasten degradation. With a stiff track support, not only is deflection reduced, but the
load of cycles of individual wheels can be merged to lessen their frequency. For example,
the two axles of a car truck may cause an effective single cycle because their deflection
curves have merged. '
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As with all structures, a first requisite of heavier loads is a stronger foundation. How-
ever, more can be accomplished by increasing the stiffness of support than by laying heavier
rail. An increase in rail weight has a relatwely 1ns1gmﬁcant effect on reducing deflections in
contrast to reductions secured by increasing the-modulus of track elasticity.

5.8.3 Rail Fatigue and Plastic Flow

The effect of heavy wheel loads is most often visible in its effect on rails. Battered rail
ends, bolt-hole breaks and broken joint bars, head checking, spalling, shelling, corrugating,
horizontal and vertical split heads, piped rails, and detail fractures are related in part to the
incidence of heavy wheel loads through impact and contract stress effects. .

The problem of rail breakage most often arises on branch lines laid with light rails.
Figure 5-6 shows the effects of rail weight on bending stresses in the rail. At a speed of
50 mph and a track support modulus of 2,500 pounds per inch, all rails in common use are
within an allowable bending stress of 32,000 psi, but when the modulus is reduced to 1,000
and speed to 30 mph (a frequent branch line condition), the stresses developed in 75-pound

rail greatly exceed the allowable stresses. The 90- and 100-pound rails are not far below this -
level.

a0 |-

..... U = 2500; 50 mph
a5 |- U = 1000; 30 mph
L__ Maximum Allowable Stress

Bending Stress (thousand pounds)

S

‘. RZ ! 1 T : 7 T
| 30 40 5 60 |70 8 90
1 ! ~Moment of Inertia i

H ]
! ! : | ] X
75 9 100 115 132 140

Rail Weight (pounds per yard) .

Source: Dr. William W. Hay, “T;aék Structures for Heavy Whee! Loads,”
12th Annqal ‘Railroad Engineerihg Conference, 1975

FIGURE 5-6 BENDING STREss VERSUS MOMENT OF INERTIA (AND WEIGHT OF RAIL)

5-29



Figure 5-7 shows the increase in broken rails on two branch lines laid with 90- and 100-
pound rails following the introduction of 100-ton cars. Broken joint bars prove to be cor-
respondingly ‘numerous. The conclusions are inescapable. Where heavy wheel loads are in
< use, rail'should 'be 115 pounds or heavier to withstand bending stresses, and the modulus of
" track support should be in the: 2 000 pounds per mch range or hxgher

Heavier rail is not a solutlon to problems of contact stresses created dlrectly beneath
the point of wheel load application. The problem here is one of shearing and of rail steel
“ ‘quality. The literature, theory, and experience give ample evidence that heavy wheel loads
lead to contact-stress-related defects — head checking, spalling, shelling — a hazardous
“‘group that can develop into detail fractures. Horizontal fissures and railhead mashing also
occur. Corrugated rail is related to ‘coritact stresses;as are battered rail ends. Wheel loads-of

30,000 pounds or more on 36-inch wheels are overstressmg the rail i in shear based on an
" allowable value of 50, 000 psi. .

- Studies of the plastic deformation of rails, sponsored by the FRA, are under way at the

" Ilinoi§ Institute of Technology They stress the effect of large wheel loads in causing signifi- _

" cant plastic flow;- ~which may be strongly correlated with' fatlgue fallures of ralls A report on
‘the status of these studies is' contamed in Appendlx E. -

T

1.50

1,25

1.00

0.76

0.50

" Annual Number of Defects per Track-Mile .

0.25

1966 1967 1968 1969 1970 1971

Years.

) ‘Source: Dr. William W. Hav, “Track Structures for Heavy Wheel Loads,", oo
12th Annual Railroad Engmeerlng Conference, 1975

FIGURE 5-7 ANNUAL NUMBER OF BOLT-HOLE BREAKS PER TRACK MILE VERSUS YEARS
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,.:584 RallWear T TR

- As a wheel rolls a.long a rarl small amounts of shppage occur between the wheel and
.-the rail.. This slippage is particularly pronounced-in curves, and when the- brakes are bemg
applied. The slippage - results in .wear of both the wheel and the rail. Wear of the rail is
usually: of greater concern because of the greater dlfflculty of maintaining rails compared
¢« with- mamtammg wheels . : ,

e 'Rail wear ‘lead,s tos;a reduction.in the load-bearing capacity of the-rail because of the
.. reduction in its cross-sectional area. When-wear has accumulated to this point, the rail must
be removed and-either discarded or placed in a line with lighter axle loads. If this is not
- .done; fatlgue failures-of the rail will occur, and a safety problem is generated :
Rall head wear on the gage s1de of the rall can occur in such a way that it becomes
easier for wheels to derail by climbing up the rail. On the pos1t1ve side, however, it has been
_--clai_med,5,,that a small rate of wear, on the running surface of the rail is desirable because it
prevents fatigue failures caused by high contact stresses. In this view, the rail material in
_the layer just-under the surface is very highly stressed, and. this is where fatique cracks are
initiated. If this layer is worn away, a new, relatively unstressed layer is continually brought
into contact with the wheel, and the fatigue cracks do not have the opportunity to grow to
the point where they present a danger. However, the rate of wear required to prevent fatigue
failures may be so hlgh that it is uneconomical. In th1s instance, one has a problem either
way: plast deformatlon,, cracks and rail failures; or rapid wear and economic loss.

There is mcreasmg ev1dence that the high axle loads being used nowadays do, occa-
sionally, create the double-edged ‘problem described above, However, most of the evidence
comes from mining railroads operating unit train consists. 5 The data are inconclusive as far
as operations with mixed axle loads are concerned. The s1tuatlon warrants continued and
extensive investigation; rapid rail wear with 100-ton and 125-ton cars can create enough of
an economic problem that safety levels fall as a consequence.

5.8.5 Economic Considerations 4’

Which car size is the most economical has been questloned for many years. The answers
avallable are mformatrve but amblguous

6

A recent paper suggests that as axle loads increase:

° Frelght car acqu1s1tlon and maintenance costs per net ton-mile decrease, as
does the’ transportatlon cost whlle :

o Mamtenance-of-way expense per net ton-mlle 1ncreases, as may the cost of
accidents and delays.

The variations in these costs result in the bathtub shaped cost curve shown in Figure 5-8.

This curve suggests that there is ‘an optlmum axle load and that variations from it can result
in significant diseconomies.
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Source: American Railway Engineering Association Bulletin 673

FIGURE 5-8 VARIATIONS OF TOTAL CGSTS PER TON-MILE

An accompanying study providés the following quantitative cost est;imates.'7
Comparative Costs
(Cents per Net Ton-Mile)
Freight Car Car
Maintenance Transportation Repair Capital

70-ton .107 374 014 0317
Hopper Cars ’
100-Ton ' .135 348 .010 .029
Hopper Cars

8000 Gross-Ton Unit Trains;
780 Mile, One-Way Loaded Trip

45

Total

532

522

The very small difference in total cost per net ton-mile between the 70-ton and 100-ton cars
(which have axle loads of 25 tons and 32 tons approximately) suggests that the bottom of
the curve in Figure 5-8 lies in the neighborhood of a 32-ton axle load, the current limit

imposed by the AAR for unrestricted interchange.
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The same study makes the additional pertinent point that the detailed shape of the
bathtub curve, as well as the location of its minimum, deperds strongly on the particular
operating circumstances: the nature of the subgrade, the extent of curves and grades,
operating speeds, and the type of commodity being handled. The complexity of these rela-
tionships makes the actual total cost unpredictable. It is not surprising to find, therefore,
that some railroads have experienced severe problems with heavy axle loads,” while others
have not.8 Another way of stating this conclusion is this: the optimum axle load varies
from one railroad to another. The variation from railroad to railroad makes it impossible
to choose a single optimum axle load or car weight. It may be true that 70-ton cars are
optimal for railroads with poor track maintenance, but are uneconomical for financially
healthy railroads with good track. For the latter, the 100-ton car may be optimal; but it
may be both uneconomical and unsafe on poorly maintained track.

5.9 SUMMARY

There are three principal reasons why a particular design of car may be considered to
be a safety problem:

® - Its own dynamic behavior, whether as a single car or as part of a train, is such
that it is prone to derailment.

® It accelerates track degradation because of the large wheel-rail forces it causes,
thus exposing all cars to unsafe situations.

@ It exposes railroad employees to hazardous situations.

Evidence of the first of these can be found in accident statistics, but evidence of the
latter two cannot. For the latter two, information has been obtained in this chapter by
synthesizing the results of experimental research and analysis on the one hand, and experi-
ence on the other.

The picture resulting from examining safety from the two distinct points of view
described above is as follows:

1. Many individual-car dynamic response modes exist which can result in safety prob-
lems for that car as well as for other cars through track degradation. These modes can occur
and be severe for virtually any combination of size, weight, and length of car. Preventing
their occurrence is more a matter of careful attention to design and through safety assess-
ment of the prototype, than of specific restrictions on size, weight, and length.

The exceptions to this general conclusion are:

@ Cars with a high center of gravity are more prone to the development of rock-
and-roll oscillations than are other cars.

@ Heavy cars will generally have heavier axle loads and generate larger vertical
forces at joints, switching, frogs, and other trackwork.

Historically, the most pronounced problems have been the hunting of empty cars and
the rock-and-roll oscillations of cars with a high center of gravity.
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2. Large wheel-rail forces and L/V ratios or large coupler forces may be generated by:.
the behavior of trains in the following situations:

- ® A long car is placed next to -a short, car in. a. tram, -and emergency brakmg
occurs. .

° Empty cars are placed toward the front end of the tram and loaded cars at the
" rear.

e [V R

® Long trains are operated with slave units. ' _ '_ R R

3V.' ’Component fallures are accelerated by the occurrence of large carbody -Or truck’
oscrllatlons, which' cause wear and fatlgue and of’ large wheel-rail forces, whlch create hlgh
stresses. The failures that cause severe accidents often occur on:

Plain journal bearings
Roller bearings
Wheels

Rails and joint bars

Couplers

4. Track degradation is accelerated by the use of heavy or long cars, or of car designs
in which severe vehicle-track interaction modes exist.

5. The optimum car weight or axle load, taking into account both safety and eco-
nomics, varies from one railroad to another. Railroads with poor track Wlll find that lighter
(70 ton) cars the optlmum whereas rallroads with good track will find that the 100-ton cars
are better. .

6. - Heavy or long cars pose some hazard to railroad employees working in yards.
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6. SPECIAL SAFETY CONSIDERATIONS
6.1 ABSTRACT

Specific areas of railroad safety that deserve special attention are hazardous materials
transport, grade-crossing accidents, and personnel safety.

Accidents involving hazardous materials tank cars can lead to catastrophic results.
Typical scenarios include boiling liquid expanding vapor explosion (BLEVE) and tub
rocketing. The risk to the working and residential population at accident sites is shown to
be related to the potential tub-rocketing distance and, therefore, the tank car size.

Grade-crossing accidents are the single most important railroad safety problem.. The
frequency of these accidents is related to the frequencies of the trains at the grade crossings
and the lack of protection at grade crossings rather than to rail car characteristics.

_ Personnel safety, especially in yards, is investigated in this chapter. The occunehces of
accidents and injuries are related to functions that do not depend on car size.

6.2 TANK CAR ACCIDENTS
6.2.1 Introduction

This section addresses the relationship between the risk of accidents involving hazardous -
materials tank cars and the tank car size. The size of the car does not affect the frequency
of accidents, but rather determines the size of the population which is potentially at risk
from a given accident. Since the risk is dependent on the range over which the lading car
can spread and the tank car can potentially rocket, it is therefore dependent on the size

"of the tank car. This section first presents the scenario of a tank car accident and then
“examines the relationship between tank car size, the rocketing range, and population at
risk. In brief, the potential risk will generally increase with tank car size.

6.2.2 Tank Car Accident Scenarios -

The following sequence of events typifies an accident that involves a tank car with com-
pressed liquefied gas lading and that results in large dollar losses. During a derailment or
other abnormal occurrence, a tank car is punctured, and the lading is subsequently ignited.
The fire causes some damage in the surrounding area and heats one or more tank cars that

"have remained intact during the initial accident. The tank cars that are heated by the fire
react as follows, g . :

~ As the lading increases in temperature, it expands and tends to fill the ullage space with
liquid. After the ullage space is filled, the liquid continues to expand and forces open the
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safety relief valve with which' each tank must be equipped; On' further heating, the satura-
tion' pressure' of the ladmg reaches the start-to-dlscharge pressure of the relief valve, and the
liquid level recedes as lading is released. While the lading is being heated, the tank shell is
also increasing in temperature. Because of the low heat transfer coefficient from the tank
shell to gaseous portions of the lading, the portions of the shell in contact with gaseous
lading increase in temperature at a faster rate than portions of the shell in contact with
liquid lading.

~ If, at any time during the heating; the stresses.in the shell generated by internal pressure
and, to a small degree by thermal stress, exceed the safe stress for rupture at the elevated
temperature, the tank will fail. Tank failures have often taken the form of large, rapidly
propagating cracks with large, nearly instantaneous release of burning lading. As the pressure
is released, large amounts of lading are converted to the gaséous state. The result has been
that portions of tanks weighing tons have rocketed hundreds of feet, with resulting physical
destruction and fire spread Even without rocketmg, the area of damage increases greatly -
when a tank ruptures.

An idea of what happened in a BLEVE is shown in the photograph in Figure 6-1, which
was taken in Crescent City, Illinois, on June 21,:1970. The material in_volved was propane.

Source: “Hazardous Materials Transportation Accidents,” NFPA Publications
Number SPP-49, photograph by Anderson, Watseka, 11linois

FIGURE 6-1 FREIGHT TRAIN DERAILMENT AND FIRE {Crescent City, Illinois)
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A somewhat more general picture of events following a release of hazardous materials
is shown in Figure 6-2. A comprehensive description of hazardous materials accidents,
including a listing of important factors controlling the chain of events, is shown in Figure
6-3. ' -

| Hazardous Materials Tank Car |

— Accident
" spill on Water : "Venting or R Spill on Land
with Spreading Flash Vapor
* L . .
p—m-  Initial Boiling —_— . ¢
i : s ' Spread
B . v - - ~ and
Evaporation - - Boll
\
e 4 .
. . Ignition
and Poo!
<t Evaporation  eaire—e——t Fire
f‘_"
- el
g
b
Y
Dispersal
in Aqueous
Solution
Dispersion
Detonation ‘ Ignition
In the In Feedback Loop — May Vapor > Vapor Fire Flash
Open Confinement Affect Severity of Fire " Back to Spill Site
: Original Accident * ° with Subsequent
Pool Fire,

Source: _Arthur D. Lit‘{le, Inc. -

FIGURE 62 SCHEMATIC OF EVENTS FOLLOWING HAZARDOUS MATERIALS TANK CAR
ACCIDENT

6-3



V-9

Event Chain

Factors

- Determining
- Probability
. of Event -
"Given the

Previous
Event Occurs

Train
Accident

Hazardous Materials
“Car Accident

. Hazardous Materials

Spill

® Toxic Cloud
® Vapor Fire

® Pool Fire

® Detonation

e BLEVE

° Fatélities
® .Injuries
® Toxic Effects

- @ Propgrty Damage

® Traffic Density
-® Track -
® Rolling Stock

- ® Human Factors

® Train Length

. @ Speed .

® Hazardous
Materials-

Cars Per Train - |

- ®.Location of Haz-
ardous Materials

). .- Cars'in Train

® No. of Hazardous
Materials
" "Cars Involved
® Train Speed
@ Car Type

® Hazardous Ma-

- terials Properties .|

-@ Ignition Sources.

.® Weather
Canditions .

® Car Thermal
-Shielding

® Demography

® Property Density

®_ Time of Day .

® Response to Spill
{e.g., evacuation)

- Source: Arthur D, Little, Inc. *

FIGURE 63 'STRUCTURE OF A HAZARDOUS MATERIALS RAILROAD INCIDENT




These figures indicate that tank car size does not influence the nature of events fol-
lowing an accident. Howéver, the mag'mtude of economic lossés and injuries will depend on
~ the size of the populatron at nsk Th1s ‘in turn, is "dependent on the range over which-the
lading can spread and the tank car can rocket The next section w111 examine the relation-

ship between risk through rocketmg and car; size for'a pa.rtrcular case study.

6.2.3 Tank Car Length and Rlsk o

An analysis of tank car tub rocketmg was conducted through a case study to acquire a
quantxtatlve understanding of how risk to the pubhc in a hazardous materials accident
depends’on the size of the tank car mvolved The phenomenon ‘of tank car tub rocketing
occurs with enough frequency to Justlfy consideration of the tank car size. Large pieces of
the tank car fly consrderable d1stance, exposmg la.rge numbers of the surrounding popula-
tion to risk.

The. partlcular case. study chosen for the analysis was the followmg A DOT 1124340 '

tank car carrying vinyl chloride derails and develops a rocketing tub. It is assumed that the
tub is as'long as the car, which poses the worst hazard since the distance that the tub rockets
is proportlonal to the length of the tub. Because of this, the area and the population ex-
posed to risk increase as the tank car length mcreases Moreover since tank diameters are
at their limit, the volumetnc capacities of tanks are proportlonal to their lengths. Thus, the
size of the population at nsk increases as the volumetrlc capaclty of the tank car increases.

Smce the City of Houston transshlps large ‘quantities of hazardous materials and has also
been the' scene of two major hazardous materials accidents in recent years, three hypo-
thetical a_ccldent sites were chosen-within Houston. These three locations are a railroad yard,
and two rights-of-way, at a low- and a high-density population site. These locations are

shown in: Figures 6-4 through 6-6. A detailed estimate was made of the daytime (working).

and night-time (resrdentlal) populatrons within 1000-foot increments of each of the accident
sites. These estimates were prepared with the assistance of personnel from the Houston
Chamber of Commerce and the Texas Department of Highways and Public Transportation.
Tables 6-1 through 6-3 show the cumulative residéntial and working population for a given
radius from the accident site. Also provided are qualitative descriptions of the buildings and
facilities lying within these radii of the hypothetical accident sites.

The magnitude of risk is more readily observed through graphical display of the popu-
lation within the radii shown in Figures 6-7 through 6-9. For each of the three sites, the
population included appears to increase substantially at radii of 4000 or 5000 feet.

The risk is converted from a function of potential rocketing distance to a function of
tank car size through ‘the relationship between tank capacity and rocketing range. This
relationship is shown in Figure 6-10 as.the maximum tub rocketing distance as a function of
tank size in gallons. This upper-bound estrmate is based on an analytlcal model developed by
Battelle Columbus Laboratories.

The data in 4Figures 6-7 through 6-9 are then combined to obtain estimates of the

exposed population — the population at risk — for each of the three sites as a function of
tank capacity. The results are shown in Figures 6-11 through 6-13.
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FIGURE 65 HYPOTHETICAL ACCIDENT SITE — LOWER POPULATION DENSITY
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ESTIMATES OF RESIDENTIAL AND WOR

Englewood Yard (Center Point) - .

Surrounding Aréa

With Radius Of * -~ Population
1006 | .0
2000f -~ . 240
3000ft . 2,400
agoof - 3720
5000ft ' . 8100
6000ft - - 13560

5

Source: Arthur D, Little, Inc., Estimates_

'Residential .
"~ Population

TABLE 6-1 S
KING POPULATION EXPOSED TO RISK.— YARD SITE

 Working - | -
Area Description
100 Co > Railroad yard,

500 . Railroad yard, residential,
' Jindustry (warehouses)

900. B Railroad yard, residential,
: industry (warehouses)

1,600 a Railroad yard, residential,
, . ' industry (warehouses)

'2.,500' . ‘ Residential, apartments,
- industry {(warehouses)

- 3,5(-)0' "2~ " Residential, apartments,
' " industry (warehouses),
oil tanks
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TABLE 6-2
ESTIMATES OF RESIDENTIAL AND WORKING POPULATION EXPOSED TO RISK — LOWER

DENSITY SITE
HB&T RY and Rt 90A (OST)
Surrounding Area Residential Working
. .With Radius Of _ Population Population . Area Description
1,000 ft 180 . 300 Few residential streets, few ;
warehouses
2,000 ft ) 2,280 1,200 Residential, industry,
, . veteran’s hospital (~*50%) -
3,000 ft - 3,840 3,200 Residential, industry,
veteran’s hospital
4,000 ft 5,340 4,200 Residential, industry
5,000 ft ' 7,880 18,000 Residential, industry,
recreational area, Texas
Medical Center (~40%)
6,000 ft ) 12,765 21,850 Residential, industry, zoo,
Texas Medical Center
{(=10%)
Source: Arthur D. Little, Inc., Eétimates
~ TABLEG63
ESTIMATES OF RESIDENTIAL AND WORKING POPULATION EXPOSED TO RISK — HIGHER
- DENSITY SITE '
HB&T RY and Elgin St. -
’ Surrounding ‘Area Residential ~ Working -
With Radius Of . Population - Population Area Description
1,000 ft . 1,260 N Residential o
2,000 ft 5,250 o - Residential, apartments
3,000 ft 10,960 50 Residential, apartments,
industry (warehouses)
4,000 ft 18,440 1,770 ' Residential, industry
(warehouses), Texas State
University
5,000 ft 21,310 4,570 Residential, apartments,
industry (war_ehouses and
truck dealers), University
of Houston (partial)
6,000 ft 29,830 23,570 Residential, University of

Houston (majority),
Southwest tip of down-
town

Source: Arthur D. Little, Inc., Estimates
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The nature of the risk has two components: the number of persons actually injured and
the population evacuated because of the risk of the rocketing tub. As the maximum rocket-
ing range increases, the area exposed. increases with .the square of the rocketing range. If
population densities are fairly uniform, as appears to be the.case in this study, then the
population exposed would also increase quadratically. Since the relationship between tank
capacity and rocketing range slightly differs, the population exposed increases at somewhat
less than the square of tank size. However, increase in maximum tank loadmg would bring
. more than proportlonal increase in population at risk.

6.3 GRADE-CROSSING ACCIDENTS

In recognition of the fact that accidents at highway grade crossings are the single most
important safety problem connected with railroad transportation, the FRA has been pur-
suing intensive research programs that seek an understanding of the causal factors for these

accidents. These programs have demonstrated the follow1ng2

® Two other factors found to be of some 1mportance are first, the ability to see
the train —how well it can be seen at night —and second, the ability of the
motorist to see along the track and determme whether a train is approaching.

® Factors determining the frequency w1th whlch accldents might be expected at
a given grade crossing are: . .

® . the number of trains per day;
® the number of automobiles per day;
@ the type of warning device or protection system.

- ® There is no evidence that the size, weight, and length of railroad cars passing
through a grade crossing have any influence on the probability or severity of an
accident at that grade crossing, for a particular train.

® Since accident frequency is a function of train frequency, policies that 'con-
strain the size, weight, and length of cars in such a way as to increase the fre-
quency of trains will lead to a small, but perceptible, increase in the frequency
of grade-crossing accidents. Specifically, an approximate relationship between
the number of fatahtles in a year and the number of trains in a year at a grade
crossing is

Fatalities = Constant X Number of 'Automobﬂeé x (Tl'ains)o'15

Thus, if the number of trains were to go up by 10% at any crossing, the number
of fatalities would go up by 1.5%. Nationwide, thls would amount to approxi-
mately ten addltlonal fatalities each year.
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6.4 PERSONNEL INJURIES

- During @ study to determine what impact' changes in car size, weight, and length might
--have : on' the. numbér and -severity. -of personnel- injuries;-i’-the""rnnn»/mnchiné-isystem -was --
defined, identifying typical railroad employees and their daily activities: Different ¢ar types
were used,; with special attention to the various points of interaction such as safety appli-
ances, couplers; and brake systems. It was found that over 90% of accidents and injuries
occur during the conduct of the following functions: =
Getting on or off cars;

Coupling or uncoupling cars;

Applying or releasing handbrakes;

Operating manual switches;

Connectmg or d1sconnect1ng aJr hoses and

Mampulatmg air valves

In most cases, these functions are mdependent of the car size, weight, or length. The
pnmary exceptlon is_that long cars (over 90 feet) are more dlfﬁcult to couple on curved
track than are short cars. Also, longer’ cars allow less ‘clearance between the ends of the car .
and cars on adjacent track because of the associated overhang from truck center to the end
of the car. However, the study did not show that a moderate i increase in the size, weight, or
length of freight cars will significantly affect personnel safety. Rather, it is postulated that
utilization of higher capacity freight cars will result in a reduced number of cars per train
and/or number of trains. This will have a positive impact on employee safety, for a reduc-
tion in frequency of exposure implies a lower degree of risk. The type-of analysis conducted
for derailments was not possible since car number is not collected by the FRA for personnel
mjury accidents. .

6.5 SUMMARY

While incidence of personnel injuries is slightly related to car length, there is no over-
whelming ev1dence of frequency of these accidents depending on the car size, except to the
extent that car size affects train frequency This is partially due to a lack of data since FRA
personnel injury records : are not identified by car number.

The tank car size in an accident involving hazardous materials affects the potential
rocketing distance and, therefore, the magnitude of the population at risk. The potential
damage increases with tank car size for a given accident. Therefore, restricting the maximum
rocketing range appears justified.

Grade-crossing accidents are influenced by the type of warning at a particular crossing
as well as by the action taken by the motorist approaching the crossing. The number of
accidents is related to the number of trains in operation. The characteristics of the freight
cars in each train do not appear to be important.

The incidence and severity of personnel injuries are related more to the function being

performed than to the car size. The vast majgrity of accidents and injuries occur during con-
duct of train formations, which are not related to car size.
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7. MEASURES FOR SAFER RAIL TRANSPORTATION

71 ABSTRACT .

There are well-identified solutions to many of the dynamic behavior problems dis-
cussed in Chapter 5. These solutions range from large-scale improvements to the permanent
right of way through better design and development procedures, to the retrofitting of
specific mechanical improvements to freight cars that possess specific behavior problems.
Most of these solutions can be identified by the application of well-understood engineering
analytical techniques, although their development may require extenswe testing to improve
reliability and reduce cost.

7.2 INTRODUCTION -

This chapter describes various actions for mitigating or eliminating the causes that
lead to the accidents discussed in Chapter 5.

Table 7-1 lists the 20 major causes of derailments. A total of 5,868 accidents are
included, which represent 80 percent of the total reported derailments. The rest of the
derailments are distributed over other less important causal categories. An analysis of these
major causes, shown in Table 7-2, gives a qualitative understanding of the important factors
for each cause type as well as the relationship to car size, weight, or length. The counter-
measures for each of the major causes of derailments are summarized in Table 7-3. The
_appropriate corrective actions for each major group of causes are discussed in the remainder
of this chapter.

7.3 DERAILMENTS CAUSED BY VEHICLE-TRACK INTERACTIONS: WHEE}‘ LIFT

~ Vehicle-track interactions that result in excessive weight transfer to one side of the
truck can cause the wheel to lift free of the rail. The guiding influence of the wheel flange is
then no longer present, and the wheel-axle set is subject to derailment. Wheel lift is usually
caused by severe “rock-and-roll” motions of a car. The factors that contribute to this
phenomenon are: ’

Periodic discontinuities in the cross-level of the track (e.g., at rail joints);
A high center of gravity of the car;

Large torsional stiffness of the car;

A truck center distance that is close to the rail joint spacing;

A poorly damped suspension system in the car;

Movement of the car over a track with periodic cross-level discontinuities at a
speed so that the rate of passing the discontinuities coincides with the natural
rolling frequency of the car.
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TABLE 7-1 "

MAJOR CAUSES OF DERAJLMENTS

No. of . -
Category Cause Accidents, ,
1 Wide gage (110-113)" 859,
2 Rail defects (131, 136-138, 141, 142) . 732,
3 lrreéulqg éro(ss;levelsv(-1 19-120). o 673
4 Effects o<f longitudinal train and wheel-rail
interaction forces (670,572, 713) . 6572
5 Worn or broken switch p;iiﬁt; (165) : ‘ 433
6 Improper use of switches (560-563) P 320‘
7 . Rail joint defects (130, 145-149) - PR J31‘8A
8 Roadbed settlement (101 ,‘ 102, 109) ‘ 221
9 Switch defects (161-163, 166,174, 176) . . . - 200
10 Track al‘igr}mgrlnt irreguiar or buckled
’ (114,115) ' ‘ , 199
1  Worn rails (113, 143) T e
12 Plain jpurnal failu}g from ove‘rheaii'rig ’(45‘1), Cn . 178
13 - Problems with loads (704;70?) : | ' . ‘ 170
14 Worn wheel flanges (464) S 186
15 ‘ Broken wheels (460-463) _ S 7148
16 * Improper s;ide-bearing clearances (440) : m 144
17. o | Broken or defective couplers (430, 432, 4346')*‘ B : ‘ '135
18 . “Broken or missing truck components (441444, o _
447) : 115
19 _ Passed couplers {574) . o o | '11?08
- 20 Improper truck performance (445-4486) . - 96
SUBTOTAL ' : 5,868

*Numbers in parentheses denote FRA accident categories.

Source: |IT Research Institute
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TABLE 7-2

ANALYSIS OF DERAI‘LMENT CATEGORIES

Fowl:jl;ev.dIA L ;

gL

Nature of Rate of Applicable Dependent on Car Natureof - Factors Controlling - Dependenton Forcs Dependent on -
Category Cause Failure Failure Specification Size/Weight Forces . Force Level® Size/Weight - Train Makeup
1 .Wide gage Rait Displacement ~ Slow ~FRA Track ~ . No * W-R interaction . S/sP/MI Yes No.
. : Standards L R p
2. Rail defects - Fracture Slow/Fast  FRA Track " No W-R Interaction - S/SP/TH Yes i No
: : ’ Standards . o : :
3 Irregular cross-levels Rait Displacement-© Slow FRA Track No W-R Interaction s/se/m - Yes No
Standards. o o ’
4. Effects of !ongitudi; Wheel Climb' Fast - No Longitudinal TH/D/P Yes " Yes
’ nal train and wheel- Train . . '
rail interaction forces . : ‘ . : ‘
.8 Worn or broken Wear/Displacement  Slow . - FRA Track _ - "No ’ * W-R Interaction S/SP/Ti A Yes No
switch points - - ; ) Standards ’ e
6 Improper use of - - o= - - - - ‘No
. switches _ S ) . , B
7 "'Rail joint defects Fracture Slow/Fast ' FRA Track - No. W-R Interaction - S/SPITI - Yes No
. 2 . " Standards * o ’ .
8 Roadbed settlement - Rai! Displacement  Slow " FRA Track No W-R Interaction N S/SP/TI Yes No
: - : ' Standards ‘ :
9 Switch defects P ) - I - - - - No
10 Track alignment Rail Displacement Slow FRA Track - .No ‘ W-R:Interaction - — No
; irregular or buckled ' - Standards : R o )
11 . Worn rails Wear Slow - No . W-R Interaction S/SP/TI Yes No
12 Plain journal failure . ' - - - - - - - -
from overheating
13 Problems with loads - - - - . - - ) - -
14 Worn wheel flanges . Wear Slow "FRA Equipment No W-R interaction S[SP/T | . . Yes No
Standards o - . o .
15 Broken-wheels Fracture Slow/Fast * FRA Equipment Yes - S/SP/T1/B Yes No
Standards : .
16 Improper side- Wheel-Climb _ _ Slow/Fast "AAR interchange * No - - - No
bearing clearances - Rules ' ‘ e L ,
17 Broken or defective Fracture Stow/Fast - FRA Equipment Yes - Longitudinal TH/O/P Yes Yes
couplers Standards ’ Train.- - .
18 Broken or missing Fracture Slow/Fast FRA Equipment Yes Longitudinal ~ TH/D/P Yes No
truck components Standards ' Train .
19 Passed couplers - Fast - - =~ , - - No
20 Improper truck - Slow/Fast’ - - W/R Interaction -~ = No
performance

*Legend:

W/R Interaction — Wheel-Rail Interaction
S — Speed
T — Track Irregularities

Source: 1T Research Institute

TH — Train Handling

D — Draft Gear -
B — Braking

P—Car Placemént

WD — Wheel Diameter
SP — Suspension System Dynamics



. TABLE7-3
COUNTERMEASURE ANALYSIS

[ .

" Better Train

e ST ;
£2 ¢ $
g g g .i (7] [} a
. “-= uf .g - _Q - ES 3
. o¥ o 3 s -§ e .
Derailment . 68 8% g 2 § $§2 g8
Category Cause 2 2F o320 Eo
1 Wide gage X X X X
2 Rail defects X X X X
3 Irregular Cross-levels X X X X
4 Effects on longitudinal .
train and wheél-rail ,
interaction forces : o7 XX
5 Worn or broken switch : o '
points : X X X X
6 Improper use of switchesf" ) _ '
7 Rail joint defects - ' X X X ;X
8 Roadbed settlements X X X' x
"9 Switch defects . X X
10 . Track alignment irregular . TR
or buckled . . X X X .X
1 Worn rails h X X X X
12 Plain journal failure from Coe L
" overheating" - :
13 Problems with loads* ‘
14 Worn wheel flanges , X
16 - Broken wheels ‘ '
16 Improper side-bearing
clearances . _ _ , , ‘ '
17 Broken or defective couplers . X X
18 Broken or missing truck o
components S X X X
19 Passed couplers _ X
20 Improper truck performance . . X

Source: 11T Research Institute ‘

*Requires specific countermeasures not shown here.
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One or more of these factors present-at thesame time may be sufficient to cause excessive
roll motions that will result in wheel Lift, ’

 The following corrective actions are applicable:. - -

. Repalr track to mmlmlze excessive rail d15placement at rail joints.

. Install welded rail, A , ‘

Increase dampmg actlon parallel with the pnmary suspensmn system.
;,Reduce the helght of’ the vehlcle s center of grav1ty B T s
Modify the truck center distance. e

e .00 00

Modlfy the train speed.

- The track can be repmred to minimize excessive rail dlsplacement at rail _]omts Welded
rail is often installed.to eliminate this problem; however, it is important that the subgrade
also be upgraded to remove any softness resulting from prolonged excesswe d1splacement at
the joint. : :

Proper damping of the primary suspension system is essential for the minimization of
rock-and-roll phenomena. This is illustrated by the data presented in Appendix E. Most
‘modern truck configurations will provide sufficient damping. A number of auxiliary devices’
. are also available to provide additional control that w111 prevent excess1ve dlsplacements
under most conditions. ‘

Truck center distances can be modified so that they will not coincide with rail length.
However, the height of the center of gravity 'of the loaded car is a difficult parameter to
modify since car designs are established on the:basis of the allowable clearance diagram and
the specific weight of the commodities that they move. As a result, certain cars, such as
covered hopper cars which carry relatively low:density products, tend to have a.high center
of grav1ty :

The high degree of torsional stiffness that exists in certain types of cars like tank cars
or covered hopper cars is another parameter that is difficult to modify. Therefore, one must
~ rely on other types of corrective actions to control excessive carbody roll. The speed of
train movement through a region with penodlc cross-level disturbances can be increased or
decreased so that the “critical roll frequency does not coincide’ with the rate of passage of
the rail joints. The critical speed will vary with the truck center distance, so that where there
are mixed cars in the consist, it is difficult to define an optimum speed. )

Figuros 7-1, 7-2, and 7-3 are examples of the degree to which countermeasures applied
to cars can be effective 'in controlling car dynamics over relatively severe track conditions.
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Carr Roll Angle (Degrees)
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A. Tangent track — Column friction only, + 4500-lb; -
B. Tangent track — Column friction with hydraulic damping.
C. Sameas A, except 9° 4" S.EI. curved track.
D. Sameas B, except 9° 4 S.El. curved track.
[l -
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30.5-ft. truck  40.8-ft. truck  46.25-ft. truck
center center center

Source: A Member Railroad of the AAR (see Abpendix F)
FIGURE 7-2 ROCKING RESONANCE - CAR BODY ROLL
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FIGURE 7-3 DISTANCE TRAVELED UNDER ZERO WHEEL LOAD CONDITION .
AT RESONANT SPEED FOR VARIOUS TRACK CONDIT]QNS o

7.4 DERAILMENTS CAUSED BY VEHICLE-TRACK INTERACTION: WHEEL CLIMB

Wheel climb over the ra.ll is caused by large wheel-rall lateral-vertlca.l force ratios of
sufflclent duratlon to cause the wheel to move up over the rall Factors contnbutmg to thls
phenomenon are

o Wheel rail lateral forces associated with the’ traversal of curved track

Resistance to truck swiveling motion when traversmg curved track

The ' development of transient lateral curving forces during the traversal of .
curved track (e.g., forces excited by rail gage variation or reduction in lateral
stiffness; transient forces are often developed at rail joints);

Large steady-state buff forces in the train; -
Transient buff forces in the train (due to 'traiu action);_

Curve traversal substantially undpr or over balance speed; -

The state of wheel and rail wear. -
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. The following corrective actions are applicable:

® Lower the truck swivel resistan'ée.'
--@ - Use stronger rail anchorson'cutves,”~ =~ - 7 77 "7z eTo ot s s e

" Use better placement of the cars in the train consist.

°

) Use better train control techmques ‘
® Operate the train near balance speed on curves
°

Use hlgher capacrty draft gear to mm1m1ze transrent longitudinal forces. :

The probabrhty of wheel climb can be mm1m1zed by ehmmatmg the situations which

lead to large lateral-vertical ratios. Trucks should be installed so that they will swivel freely

" without  offering excessive resistance to this motion. The excitation of transient lateral

forces can be minimized by ensuring that the rail is. properly anchored so that uniform
curvature is mamtamed through rail joint areas. . :

“The effect of large steady-state buff forces can be minimized by placing the lower
weight cars at positions in the train consist where minimum buff forces are anticipated.
Transient buff forces.can be mm1m1zed by exercising proper -train control. The utilization
of higher capacity draft gear and other end-of-car cushioning devices offer additional possi-
bilities for the attenuation of tranment longltudmal forces, but these devices must be uti-
lized ‘with an’ ‘overall evaluation ‘of their effect on train.control. The movement of the train
through curved track at or near balance speed will prevent the development of excessive
lateral forces : : '

7.5 TRACK DAMAGE CAUSED BY VEHICLE-TRACK INTERACTIONS

Vehlcle-track interactions which lead to ‘large wheel-rail forces can indirectly lead to
‘derailments- by acceleratmg the rate of track degradatwn The prmc1pal vertical and lateral
- loading phenomena are discussed below.-

7.5.1 Vertical Load -

The exc1tat10n of excessive oscillations of the primary suspensmn sysbem can lead to

‘the development of severe vertlcal loadmgs at the wheel-rail interface. The two principal
‘ phenomena which develop large transient forces are rock-and roll motions of the car, where
the weight is alternately transferred from one side of the track to the other and pitch and
bounce motions of the car, where the load path remains close to the center of each truck.
The roll motions are usually most severe at speeds around 20 mph, whereas the pitch and
bounce motions are génerally excited at speeds over 45 mph. The transient forces associated
with bounce and p1tch motlons can become quite large if the main suspension springs are
driven solid. - NIRRT ' Cs

o

The following corrective actions are applicable:

® Prov1de adequate dampmg for main’ suspensmn spnngs
® Use longer travel main suspensmn springs.

® Improve the track profile.



Both types of motions can be minimized by the use of adequate damping which acts
in parallel with the main suspension springs. This is also illustrated by the material presented
in Appendix E: The use of longer travel suspension springs also reduces the tendency for the
development of severe motions. Vehicle excitation can be minimized by maintaining track
with a minimum of profile variations and, especially, the elimination of periodic variations.

7.5.2 Lateral Load

Lateral wheel-rail loads have been found to be at their most damaging levels dunng
high-speed movements of empty or lightly loaded cars under truck hunting conditions.
Truck hunting, a self-excited type of vibration, causes severe lateral impacts between the
wheel flange and rail, resulting in large forces that cause wear and other damage to both
wheel and rail. The development of large wheel-rail lateral loads during curve traversal
can also damage the track.

The following corrective actions are applicable:

Increase truck resistance to parallelogramming,
Increase damping of the truck swivel motions.

Maintain close control over wheel profiles.

Limit. maximum speed.

Truck hunting motions can be minimized by the use of acceptable truck construction.
Several methods have proved to be effective in delaying the onset of truck hunting motions,
including maintaining carefully controlled profiles of the wheel tread, increasing the resis-
tance of the truck to out-of-square distortion, and increasing damping with respect to truck
swivel motions. The use of constant-contact side bearings is one method of obtaining
additional swivel damping.

7.5.3 Rate of Track Damage

Most track-related defects develop slowly over a long period of time before a failure
condition is reached. This fact suggests that one ought to be able to detect and correct these
conditions in time to prevent derailments. The FRA accident statistics suggest that this is
the case because when accidents caused by track factors are summarized for major rail-
roads, large differences are found. For example, the average derailment rate for three major
railroads with the poorest record is over ten times that for three of the major railroads with
the best record. The railroads having the best record also have a reputation for maintaining
high-quality track. Thus it would appear that a much higher degree of safety in rail trans-
portation can be obtained if stricter standards are used for track maintenance. The data
suggest that large size/weight cars can be accommodated without any decrease in safety.

Large heavy cars wear out the track faster than lighter cars, The problem becomes one
of maintenance expense and the additional costs to maintain the tracks when using the
higher capacity cars. Thus, heavier cars are not unsafe in themselves if they lead to an in-
creased rate of track degradation provided that track conditions are monitored and main-
tained to provide for safe operations.
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7.6 DERAILMENTS CAUSED BY VEHICLE COMPONENT FAILURE ,
7.6.1 Wheel Failure

The most serious safety hazard associated with wheel failure is a sudden fracture on a
moving train, which usually results in a serious derailment. The principal reason for this type
of failure is the overheating of the wheel because of the improper application of the tread

brake. The residual stress field is altered in an overheated wheel, making it more susceptible
to the development of cracks in the rim or plate. :

The following corrective actions are applicable:

® Development of procedures that would minimize the likelihood of leaving
handbrakes applied;

@ Development of hardware that would limit the total thermal loads going into
a wheel during any single brake application;

® Development of reliable procedures for inspecting wheels to determine if they
have been overheated to the point where they are more susceptible to failure;

® Utilization of off-tréad brake systems.
7.6.2 Coupler Failures

Coupler failures are primarily due to excessive longitudinal train forces. Longitudinal
train forces are influenced by the length of the train, the mix and placement of light and
heavy cars in the ¢onsist, undulations in the terrain over which operations take place, the
manner in which the train is operated, and the properties of draft gear and other end-of-car
cushioning devices. As a general rule, as the weight of the cars increases, there is a tendency
for the development of larger longitudinal train forces, although proper train handling can
do much to minimize the development of severe transients. The skill of the locomotive engi-
neer is of prime importance in the minimization of longitudinal train forces.

The following corrective actions are applicable:

© Development of guidelines for placement of the cars in the train by weight
and type:

@ Use of more effective draft gear or end-of-car cushioning devices to mitigate
transient force buildup in the train;

® Improvement of the skill of locomotive engineers in train handling to allow
the operation of the train with smaller transient forces;

® Development of stronger coupler components, including the use of steels that
are less susceptible to fracture;

® Development of braking systems which allow greater flexibility in the way
braking forces are applied to the train.
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7.6.3 Side-Bearing Failure
Two types of side-bearing fallures that can lead to derallment are recogmzed First, a
side bearing can’ become detachéd from the" bolstef; which will permit excessive carbody
roll. Second, the side-bearing clearance distarice might not be maintaihed, and the entlre
‘ weight of the car could be applled to. two d1agonally opp051te side bearings. If, at the same.
"time, the ‘car is undergoing an oscﬂlatory motion of ‘the suspension system, it is possible °
" that one'side of the truck will be relieved of vertical load while still under the action of
lateral loads a situation which can lead to wheel climb'and derailment. v

- Improper side'bearing‘clearance is more critical with ‘some cars ‘than others. Some car
“structures are flexible- enough to accommodate dlfferences m cross-level ‘over ‘the length of

" a car.'Other cars, such. as tank cars and coveréd hopper cars are stlff torslonally and cannot
accommodate significant differences. g :

N

The following correction actions are applicable: '

® Maintenance of cross-level standards for the'track; =~~~ - - '
Development of side bearings with a greater range of control;

Development of way-side mspectlon systems ‘that can ‘detect cars w1th missing
- side bearings. : -

76.4 Plain Bearing Journal Failures

Since all hew or rebuilt cars must be equlpped w1th roller bearmgs, the derailment rate

caused by plam bearing Joumal failures should" decrease in the future. The major correctlve =

_actlon taken in recent years to reduce the probab111ty ‘'of derailment from this ¢ cause is the

installation of hot box detectors along the railroad right-of-way. Smce the’ beanngs generally
become overheated before they fail, detection of a hot box allows the defectlve ca.r to be
set out from the consist before the bearing fails.’ Y N

7. GR'ADE CROSSINGS

The FRA extensively reviewed the grade-crossmg safety: problem and found that the

effect of car size, weight and length on grade-crossmg safety is minimal. Accordlngly, efforts

' to- improve grade-crossing safety ‘include both ther consideration” of more effectwe loco-

motive warning devices, such as strobe lights, and the use of more effectlve hlghway and
pedestrian alarms, rather than freight car design changes. =

7.8 SUMMARY AND CONCLUSIONS A

Effective correction actions were developed for most of the problems encountered in
the operation of 100- ton capacity freight cars. Many of these actions mvolve modlflcations
to’ ex1stmg equipmeént and’ design changes on new equipment 'Others relate t6’ changes in
’ operating procedures and to more stringent de51gn, inspection, and maintenance standards
for track. These corrective actlons when fully 1mplemented w1ll lead to safer rail trans-

l portation. Applied research and test programs must be contmued to gain better understand-
ing of certain phenomena associated with the use of heavy cars and especially, to optimlze
train-handling procedures in trains of mixed light and heavy cars. '
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8. INDUSTRY.ACTIONS TO IMPROVE SAFETY AND PERFORMANCE

8.1 ABSTRACT

The introduction of longer and larger capacity freight cars led to some initial equip-
ment maintenance and operating problems. Railroads and equipment manufacturers have
taken many actions to overcome these problems. In most instances, these actions have been
timely and expeditious, but there are examples — the covered hopper rock-and-roll prob-
lem is one — in which the industry’s response has been dilatory. Often, however, the pace of
chahge or of improvements is dictated by the size of the fleet and the logistical and financial
problems that are implied. There are a number of current and proposed research and test
programs, sponsored by government and by industry, that are directed at both economic
and safety needs. Examples of these programs include the Track Train Dynamics program,
the Facility for Accelerated Service Testing, the Rail Dynamics Laboratory, the Track
Design Optimization Program, the Locomotive Research and Train Handhng Evaluator,
and the Stablhty Assessment Facility for Equipment.

8.2 DIFFERENCES AMONG RAILROADS

When evaluating the actions taken by various railroads to improve safety and per-
formance, one must recognize the significant differences among the railroads based on their
operating experiences and economic conditions. For example, some railroads have had more
favorable operating experience with heavier cars than other railroads. Other railroads are
aware of modifications that should be made to handle heavier cars more effectively, but do
not have the funds to nnplement the changes i

The Bessemer and Lake Erie Railroad (B&LE), one of the earliest railroads to move
. bulk commodities in large-capacity cars, has had favorable experience with the heavier
cars. Beginning in 1931, they acquired a fleet of 6000, 90-ton capacity hopper cars.! These -
cars were operated with a rated load of 90 tons until 1962 when the loads were increased
to 100 tons per car. A relatively.low rate of rail wear has been experienced with these cars.
Some sections of rail have accumulated 650 million gross tons of traffic with vertical head
wear of less than 1/8 inch. This experience is generally better than other railroads with
similar traffic patterns. ’

The reasons for the low rate of wear and other generally good track experience on
the B&LE cannot be completely identified. Some of the practices that are followed on the
B&LE include operation with a 35-mph speed limit for bulk commodity trains and a policy
of using heavy welded rail sections. The railroad has also followed a rigorous program of
track inspection and maintenance, with prompt correction of any track defects.
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8.3 SURVEY OF RAILROAD ACTIONS

The AAR contacted a number of railroads to determine practices that they had devel-
oped to accommodate the operation of the heavier 100-ton cars. The reported actions in-
cluded modifications to both equipment and track changes in operatmg procedures; and the
upgrading of inspection- procedures; * - - il ;

The equlpment modifications that. were mentioned emphasized the use of higher
quality components such as high alloy grade C bolster castings and grade E couplers. Better
alloys are also’ bemg used for spring constructlon, as well as class C wheels for improved
wheel wear. Center plates have been increased in diameter to 16 inches, and some heat
" treated center plates:are being used. Many of:the heavier cars are now being equipped with
better suspension system elements, constant-contact side bearings, and high-performance
draft gear. Brake systems are being improved with the use of the ABDW valve, which pro-
vides faster application and release fimes, and:some cars are being eéquipped with empty/ -
loaded brakes which provide for more effective braking of the heavier S:ars,

Many changes were reported that deal with improved track structures. The use of
larger tie plates and additional splkmg and more rail anchors were reported for achieving
greater rail stability. Also, there is a general tendency to go to heavier rail sections, such as
the use of 115-pound rail in yards, 132-pound-rail on- ‘mainline tracks, and premium heat,
treated rail on curves. Welded rail is becoming an industry standard, and many railroads are
replacing jointed rail with welded rail even before the jointed rail has reached the normal
, replacement . cycle Thermrte weldmg of Jomted rall is also bemg utrhzed to ellmmate rail
Jomts N L s , 4 . , : .

o Greater attentlon to the track subgrade was reported wrth the use- of more: and hlgher
quahty ballast as well as special procedures such. as the installation of fabric to protect the

“ballast where poor s011 conditions exist. ‘The_ use of heavier cars is also. requiring strength-
ening of some bndges The super-elevatlon -of curves is being modified in some;cases so that
the high center of grav1ty cars can be accommodated

Case stud1es show that speclflc rallroads have been able to profltably operate larger
cars while mamtammg a good comparative, safety record. Those railroads attribute their
success to having made additional investments in track inspection and maintenance. The
data in Table 8-1 quantify the maintenance performed from 1955 through 1978 by one

" rallroad that operates a substantlal number of larger cars.

Train-handling procedures are being revised. Train makeup is being standardized to
utilize recommendations from the Track Train Dynamics program, generally involving
placeinént of heavy cars toward the front of the tram .The trammg of locomotive engi-
neers is also being improved with the use of simulators on many rallroads Limits are being
placed on the speed variations which are allowed on -curve “track to limit ‘the unbalance
speed of high center of gravity cars. Larger .capacity car retarders are also being used in
classification yards so that the yard operations with heavier cars can be more closely con-
trolled. Radio-controlled braking equipment is being utilized under some circumstances
to permit shorter stopping distances, faster initial charging times;’ and a reduction rn longl-
tudinal train forces because of the more uniform brake response. . . '



TABLE 8-1

TRACK MAINTENANCE RECORD OF A SELECTED RAILROAD '

Tm Replaeements " Rail Replacement

’ 'Ti;nez'Fraioe o ' per Year " inTons per Year
-;1955 59 - "~ 38,800 3900
196064‘ . 45100 3400

> 196569 .. - 68800 . 5,700 -

197074 70520 - © 8,460

1197578 - - - - 74150 : ' 6,076
Souroe AAR Railroad Iridustry Stirvey .

The ‘railroads reported that more attention is' being given to inspection techniques
so that problems can be detected before they result in accidents. Many railroads have
developed programs for the frequent measurement of track geometry parameters to detect
changes in track conditions. Rail flaw cletection equipment is also being utilized more fre-
"quently; ‘Maintenance procedures are ' being gedred to these track inspection procedures

Thé use of wayside inspection systems is ‘also growing. These devices are being used for

detecting:broken wheel ﬂanges, draggmg equipment and hot box detectors

Although design changes are: the first step in rectifying perceived problems, imple-
mentation of equipment’ changes may ‘take several years. Figure 8-1 shows estimates of the
'a.mount of tlme required to mcorporate typical demgn fixes and unprovements

A recent AAR survey of railroad management provrded a list of significant steps taken
by the industry to compensate for increases.in size, weight, or length of rail cars. These
steps are: : :

: 0." Increased track mspectlon, both visual and w1th periodic operation of track
- geometry car and rail test vehicle, o

. Anchor spikmg to reduce gage w1demng, .
-, Increase in rail anchonng to mmimize track buckling;
Laymg of welded rail; '

Increase i m ballast section,

Installation of fabric beneath track stmcture at problem locations,
Laying of all-welded turmouts; '
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‘ FIGURE 8-1 SCHEDULES FOR INTﬁODUQTION OF CAR IMPROVEM_ENTS

Use of 132-pound rail as the standard sectlon in heavy tonnage temtones,
Adoption of granite ballast as a standard;

Changed requirements for elevatmg outside rml on a curve to account for
higher vertical center of gravity on longer cars;

Establishment of a maximum dlmenslon for long cars movmg in regular train
service;

Adoption of 36-inch wheels;

Installation of broken wheel and flange detectors, automatic dragging equlp-
ment detectors and hot box detectors,

Use of larger diameter center plates (16 inch) on new equlpment
Placement of blocks of heavy cars at the head end of trains;
Incorporation of ABDW eqmpment and auxlhary brake pipe ventmg valves;
Use of empty load brake systems; '
Use of welded brake pipes and fittings;
Use of roller bearings;

Use of improved snubbing devices; °
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Two examples of the industry’s actions in improving vehiéle dynarnics are shown
in Figure 8-2, which’ ‘demonstrate the extent to whlch lmproved suspensmn syst;ems
have been deployed on- tank cars over the last ten-years.-- - - -~ - - -
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(b) Implementatlon Record: Improved Snubbing or Tank Cars
(based on a survey ‘of approxnmately 75% of the tank car fleet)

Source AAR Survey of Tank Car Owners

FIGURE 8-2 EXAMPLES OF INDUSTRY COUNTERMEASURE IMPLEMENTATION



.The above hst was denved from responses to a spemﬁc questlon posed m this survey:

“L1st any sxgmflcant steps that the raﬂroad mdustry or.your ‘company have taken with
regard to .equipment, track, operation, inspection, and maintenance to:compensate for in-
creases in the size, weight, or length of railcars. (Where possible, indicate ten-year trends.)”
What follows isa sample of the verbatim responses

o “Consttuctlon specifications, 1nspectlons and mamtenance of frelght cars and

© “track have evolved through the years from practlces that accommodated 40-

‘ton cars to our present accommodation of 100-ton cars. Changes in journal

size,  wheel size, journal design, air brakes, structural components,’ heavier

rail, continuous welded rail, automated. frack maintenance and a myriad of

other steps which are well-known have been taken to accommodate the
present 100-ton cars and the present long length cars.”

® “Adoption of '86-inch wheels 18-inch tie plates, addltlonal splkmg, heavier
rail, increased track inspection as well as maintenance cycles, broken wheel
and flange detectors, automatic dragging equlpment detectors, hot box
detectors, passing train inspections, etc.” ; . -

‘®  “From the standpoint of safety, it has not been necessary -to make éxtensive

changes in train operation or track standards to 'accommodate increases in

‘ s1ze, weight or length of rail cars. Train stopping distances required changes in.

s1gnal spacing and/or maximum speed limits. There have:been some changes in

_train handling and makeup. .Bridges on ‘'soine lines had to. be strengthened. .
Additional rail anchors were installed to prevent rail running.” -

® ‘“We have taken many steps from an engineering standpoint to compensate
'for‘ the increased size and weight of rail cars. Next year we will complete the
final phase of replacing all retarders with E-160 retarders that can effec-
tively handle 100-ton equipment. We have rebuilt, with heavier,track com-
ponents all yard trackage negotlated by unit coal trams The mmlmum
standard rail section has been increased to AREA Sectlon 115.25 for yard
and' terminals and nothing is purchased with a smaller sectlon ‘modulus.
132# rail has been standardized upon for all main line operations.” Welded
rail has been installed on main line rail locations which ‘would have lasted a
minimum of 10 years longer had it not been for the advent of the heavier
cars. Additional tamping equipment has been added to-the work' equlpment a
fleet to take care of profile and alignment problems associated with heavxer
loads. A ballast cribber has also been used to take care of spot muddy con-"
ditions. Shoulder ballast cleanmg has also been 1nst1tuted in some main line
areas.”

® “In general prov1s1on is made for blocks, of heav11y loaded ca:s to be - placed
at the head end of trains to avoid the possibility of harsh slack action as a
result of loads running in from the rear in slow-downs:and at certain critical
grade locations. The reduction of such drawbar forces correspondingly re-
_duces. the potential for equxpment failures (knuckle—coupler separatlons) and
derailments.” :
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L= ® .“Track geometry vehicles are operated at periodic¢ intervals on our road to
monitor cross-level deviations and emphasis has been placed on the monitor-

- wmeem oo ~~ing -Of -gage widening. in. curves. thereby reducmg the potentlal for derallment__
.of high C.G: cars.” : LS - g

®.. “Our road has continued on a Programmed year-to-year bas1s to replace
" rail with continuously welded rail and thereby tend toward a reduction in
“rock off” type derarlments of hlgh C.G. cars.” :

" @ “We have’ taken s1gnlﬁcant steps to compensate for mcreases 1n 51ze weight,
and length of rail cars, as demonstrated by the followmg

'»a.~ Increased track inspection, both visual and w1th penod1cal operation of
track geometry car and-trail test vehicle. .

*'b: “Anchor spiking to reduce gage w1den1ng

c. Increase in rail anchonng to m1n1m1ze track bucklmg
d. Laymg welded rail.

e. _Increase in-ballast sectlon

'® “Braking of trains are being 1mproved by mcorporatmg 'ABDW equipment -
.and auxiliary brake pipe venting valves to greatly reduce time requrred to
. achieve full brake application. oo : :

“Empty-load brake systems are used on light-weight cars £0 provide safe
level -of -braking effort: hi-phosphorous brake shoes are standard in lieu of -
-former standard iron shoes to minimize hazard from sparkmg dunng braking
of train. :

- “All .welded brake pipes and fittings are being used to' eliminate leakage
. -formerly experienced at compressmn and threaded f1tt1ngs resultmg in better
..train handling. &

“Roller beanngs are used thereby reducmg hot boxes and other types of
fallures expenenced w1th plam Jouma.l beanngs

' 4“Improved control of suspensron system is used on cars through means of-
. 1mproved snubbing devices and supplementary snubbmg on -cars that are
sens1t1ve to harmomc dynamxc actions.” . :

8.4 SAFETY-RELATED RESEARCH .
8.4.1 Federal Railroad Administration
The FRA has organized and directed an extensive program in railroad safety research.

Some of the more important phases of this program pertment to the frelght car size, weight,
and length issue are bnefly descnbed below

. Hazardous Materials Tank Cars -
" The nsks -associated ‘with the’ shlpment of hazardous materials by rail should diminish

in the next few years as the retrofit of Type 114 and 112 tank cars becomes completed.
The Hazardous Material Tank Car Program resulted in recommendations for modifications



to these cars, which were incorporated into HM-144. These recommendations reduce the
likelihood of the release of hazardous materials from tank cars involved in railroad acci-
dents. The modifications include the provision of head shields at both ends of the car, which
minimizes the change of coupler penetration into the head; the provision of thermal insu-
lation, which mlmmlzes the chance of the explosmn of a car engulfed in a pool or torch
fire; the addition of a “coupler restraint system (shelf couplers), which reduces the proba-
bility of uncouphng in a derallment and ‘the provision of an adequate venting system. '

Track Stand‘ar_ds__ ‘

The FRA orgamzed a large program to determme ways of 1mprovmg rallroad track
performa.nce and the regulations regarding track standards. The program includes a series
of projects currently under way in a number of key track safety areas. These projects are
generating engineering and technical data and have been used to identify areas where exist-
ing regulations are deficient and where new safety standards or other regulatory modifi-
cations are desirable. The program includes vehicle and track interaction effects, rail inspec-
tion and remedial act1ons the use of contmuous welded rail, and methods for the identi-
~ fication of defectlve cross ties.

A notice of a proposal to amend the FRA regulatlons conta.mmg the track safety
standards was recently issued. The amendment to these standards, would update, consoli-
date, and clanfy existing rules and would eliminate certain rules no longer cons1dered
necessary for safety

Facll_lty for Accel'erated Service Testing

The FRA sponsored a joint government/industry program over the last several years
at the Transportation Test Center to investigate the long-term effects of railroad opera-
tions on track and equipment. This work is being conducted on a spec1al track facility
which is made up of a number of different types of track construction. A mixed train of
100-ton capacity cars operates over the track to generate a high rate of usage, Data from
the test are applicable both to the track structure and to the cars. Test results have shown
how various types of track structure respond to heavily loaded cars. Also, much informa-
tion has been gathered about the rates of wear that are experxenced both on rail and on
equipment. Future work on this facility will look into the effects of 70- ton capacity cars
so that the rates of wear and other aspects of track degradatlon can be related to wheel-
rail interaction loads.

Locomotive Research and Train-Handling Evaluator

The FRA is sponsoring a program for the construction of a locomotive and train-
handling evaluator that will be used for research purposes. Its primary purpose is to examine
human factors and their relationship to train handling. Other uses of the evaluator will be
to develop optimum ways of train control for different combinations of cars in the consist.
The influence of heavy cars and their placement in the train will also be investigated. The
results will be used to provide recommendations for the most desirable type of train make-
up from a safety standpoint, based upon-the minimization of transient longitudinal train
forces. It will also be possible to evaluate various train operating aids, such as draft-buff
indicators, and to examme ways in which these aids can be used most effectively for better
train control.
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Stability Assessment Facility for Equipmenti

- The -objective -of SAFE is to provide a -standardized- track facility for- evaluating-the - - -~ ~--- -

dynamic response characteristics of rail vehicles at the Transportation Test Center in Pueblo,
Colorado. The track is instrumented with strain gages to measure vertical, lateral, and
longltudmal ‘forces; linear differential transducers to measure vertical, lateral, and longi-
tudinal displacements; and monument-based optical transducers to measure and record
track modulus. This instrumentation is strategically located along the track that will con-
tain known geometric variations to induce vehicle dynamic modes. It also contains varia-
tions in curvature which include various curves, spirals, and tangents. Portions of the track
will include new and used profiles and will be welded and jointed rails. It is expected that
the vehlcles w1ll be tested in two conflguratlons new and simulated worn condltlon

Wayside Inspection

The utilization of advanced wayside inspection' equipment offers the possibility of
identifying and removing defective cars before they lead to accidents. Some wayside in-
spection systems, like hot box detectors, have been utilized. for many years. Other equip-
ment, such as that to detect improper dynamic operation of the suspension system, are in
the early stages of development. The FRA organized a joint government/industry group to
oversee the installation and operation of -a wide variety of wayside inspection: systems at
the TTC. These devices are located on a special track section where cars containing known
defects can be used to examine the responsiveness of the detection equipment. In addition,
it is possible to inspect the cars in the FAST consist by running this train over the wayside
detection site. The devices presently installed can be used to detect wheel cracks, out-of-
gage wheels, loose wheels, dragging equipment, etc.

Rail Dynamics Laboratory

The RDL at the TTC makes possible laboratory evaluation of the dynamic charac-
teristics of full-sized railroad freight vehicles. The major items of equipment in the labora-
tory are a roller unit which perrmts wheel-rail interactions to be studied over a wide range
of simulated operating speeds, and a large-scale shaker, which can be used to excite and
identify all principal natural frequenmes of the carbody structure. The laboratory is avail-
" able so that manufacturers can examine the full-scale dynannc behavior of their equxpment
‘as an effectlve supplement to road tests.

8.4.2 Track Train Dynamics Joint Government/Railroad/Industry Program

The introduction of longer heavier cars into general interchange service caused in-
creased force levels in couplers and. track structures as well as greater demands on air brake
system performance and train handling for safe operation. The industry recognized the
resulting need for better train makeup and handling, improved car components, strength-
. ened track structures, and engineering economic studies of the effect of car size. A number
of cooperative government/rallroad/mdustry research tasks were started in 1972 under the
Track Train Dynamics (TTD) program to address these and other issues. The following
summarizes some of the recent program developments pertinent to the heavy and/or ‘long
car issue, o
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Better Train Makeup and Handling L

Some of the operational guidelines and aids that were developed on an interim basis

in Phase I of TTD dealt with car weight or length. These guldehnes were developed through

the cooperative efforts of dozens of railroads and a continuing committee of ‘“TTD Imple-
: mentatlon Offlcers ” An update on the “Guidelines” and operation alds foHOWS

Revised 'I'I‘D Guidelines

The. General- Committee of the AAR Operating-Transportation Division recently ap-
proved the first major revision of the “Guidelines” based on the most recent analysis capa-
bility developed and applied dunng,Phase IT and the increased experience.and understanding
of track-train dynamics. Information is presented on train stopping distance as a function of
car weight, effect of blocking of heavy and light cars in the consist, how to accommodate
long car/short car combinations, and other makeup and handling guidelines. The section on
track structure was expanded and emphasizes the dependence of rel1able tram operatlons
on the condltlon of the track and supportlng structure

Tram Operation Aids

During Phase I, several operatlon aids such as the Train Mass Dlagram or Tram Tonnage
Profile were developed to provide the operating crew with an effective graph1c d1splay of
the distribution. of car weight (and exceptional lengths) in their particular train. More
ambitious tasks were undertaken in Phase III of TTD to provide the operatmg crew with
real-time information on the current tractive effort, trainline continuity, locomotive condi-
tion, and indicators of the status of the air brake' system. Performance’ spec1ficat10ns were
developed for an on-board microprocessor and reliable power supply to support the proto-
type system. A cab makeup and air brake system sunulator for prehmmary testing is near
completion at the AAR. :

As stated in the revised guidelines: “The introduction of . . . longer and heavier
freight trains demands a great amount of judgment be exercised by the engmeer »
Train operation aids such as those under development in TTD should. bolster the engmeer ’s
“Judgment” and insure safer operatlon of consists w1th heavy and long cars,

Improved ‘Car Components

The heavier, longer, and often higher center of gravity cars put additional burdens on
car component reliability. Many tasks in Phase II were directed at improvements.

Brake Shoe Tests

A series of stop distance and drag braking tests were completed by the AAR on a
specially instrumented car. Four types of composition shoes and two types of cast iron
shoes were included in the test. It is expected that these tests will provide'guidelines for
component specifications that will contribute to the prevention of excessively uneven
braking in a train made up of loaded and empty ‘cars of various s1zes havmg different types
of brake shoes.
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Auxiliary Snubbing Tests

Completed at TTC in 1977 these tests of genenc types of snubbmg systems provided
. '1mproved data for use in the computer program and design basis for control of carbody
‘ harmonic roll and bounce. Suspension groups with greater spring capacity (D-7 springs)
“and improved damping were recently made available by the supply industry. Studies by the
TTD truck and suspension groups indicate a desirable balance is possible between snubbing
~ and spring travel to improve both roll and bounce behavior of high-capacity freight cars.

Ll Appendlx F contains a report provided by a member rmlroad of the AAR whlch shows
oL speclfic test and analysrs results from such a study '

5 Coupler'and Draft Géar Tests "imd Speciﬁcatiohs

Under the Coupler Safety PrOJect more tha.n 30 000 mlles of test runs were con-
* ducted and service failure and wear rates studied. Characterization tests of draft gear were
recently completed, and recommendations for AAR specrfrcatlon improvements were made.

The changes to AAR specification M-201 include dynamic tear test energy values that will
prevent the brittle type of fracture often observed in couplers. The use of quench and tem-
pered steels (bamlte-martensrte) should reduce dramatrcally the incidence of broken coup-

B lers w1th heavy cars

o Frelght Car Structural Rehabrhty Studles

‘ De51gn methods and spec1ficat10ns agalnst fatlg'ue were developed dunng Phase II on
B ‘several tests ' -

{ Freight El]ui'pment‘Erwironmmtﬂ Smpﬁng Test

- The flrst Frelght Equlpment Environmental Samplmg Test runs were completed. On
future tests, unattended data recorders will collect “histogram’ information on vertical and
,longrtudmal carbody acceleratlons expenenced by several freight car types in general road
" service. These data will complement and extend .the representations of load environment
now used in the Interim Guidelines for Fatigue Analysis of Freight Cars, developed as part
of the TTD effort for inclusion in ' AAR Mechanical Division standards.

,F“;ati'guesAnalysis.Tests I ‘ ( S
The Fatigué Analysis Tests of six 100-ton freight cars on FAST were completed in
1978, and a final report is now under review. The relative benefits of several structural
“fixes” to prevent the cracking of fabricated center sill ends were assessed. This issue is
particularly timely because of the short supply of cast center sill ends. '
~ Truck Fatigue Specification
A new specrfrcatlon for the AAR acceptence fatlgue testmg of truck bolsters was

) developed on the basis of an analysrs of many thousands of miles of road data and hours
of laboratory testing under the auspices of the Truck Safety Project.
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Improved Wheel Specification

Because of the wear resistance requirements and economic constraints, higher-hard-
ness carbon steels are used in wheels. Therefore, the only practical method of ensuring
wheel integrity under heavy axle loads is to limit stresses and control metallurgical quality.
This approach was implemented by the AAR through developments in TTD, particularly
through the development and requn'ed apphcatmn of qua.hfled stress analysis techniques on
wheel designs. , A

Strengthemng of Track Structures

Followmg the Phase II work which was aimed at avoidance of condltxons related to
derailments, recent cooperative AAR research has focused on 1mproved basic understandmg
of track response to heavy wheel loads.

‘Lateral Track Strength Tests

The Track Strength Charactenzatmn Group, consisting of track engmeers from many
railroads, and the DOT directed a number of recent full-scale laboratory and field tests
. of lateral track strength under vertical and longitudinal loads. ‘‘Rail spreader” tests were

recently completed using a specially designed vehicle that appears to correlate lateral track
response variations with poor tie conditions. Since lateral resistance of rail depends strongly
on longitudinal rail force, the development and appllcatlon of techn1ques to measure thls
force were emphas1zed :

Perturbed Track Test

In addition to the instrumented locomotive tests conducted over specially perturbed
tracks at Pueblo TTC, special lateral track compliance tests were conducted under TTD.
During high-speed operation of heavy 6-axle locomotives over severe track g'eome_try per-
turbation in a curve, maximum lateral loads of over: 50,000 pounds were observed for a
single axle with maximum dynamic gage widening of 1-% inches and track shift of 3 inches.
In the track compliance tests with “hard” and “soft” sections, the forces were greater in.
the hard sections, but dynamic deﬂectlons were sumlar Studies such as these are planned
using heavy freight cars.

Wear Research

Laboratory testing at the IIT and the Colorado School of Mmes is complete and
final reports are being prepared. These studies indicate a dramatic mcrease in wear rate
associated with a change in wear mechanism at a critical level of contact stress and creep-
age or slip. Increases in hardness of one of the components — for example, rail — can have
an adverse effect on wheel wear according to some of the laboratory studies. Tractive
wheels, such as those of a locomotive, produce more wear per wheel than car wheels. How-
ever, as car size/weight increases, wear of nearly free rolling wheels approaches that of loco-
motive wheels on tangent track. For a 70-ton car, for example, the ratio of locomotive
wheel to car wheel caused wear is §, but it is 3 for a 100-ton car.
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Wheel-Rail Load Test

Comprehenswe tests were completed this summer at TTC to -define the wheel-rail
_mterface force envuonment under a variety of conditions on 100-ton capacity cars.’

Rail Risk Analys:s

A failure model was develobed to support a strategy for reducing rail defects and
failure through improved inspection, control of load, and improved maintenance. These
studies, combined with some railroad rail defect statistics, indicate a defect occurrence rate
that increases rapidly with usage measured in gross tons of traffic. A strong dependence on
axle load is expected although load spectra data are not yet mcorporated in the analysis.

- Rail Fatlgue

Recent AAR reports indicate a transition from wear to fatigue in dominant mode of
rail failure as wheel load increases beyond that for the 70-ton car. As shown in the most
recent analysis, increasing the rail section size appears to be an effective technique for
extendlng rail service life and offsettmg the increase in rail fracture expected with heavier
wheel loads :

Advanced Frelght Car Deslgn

‘ The Phase HI program 1n1t1ated research in preparatlon for advanced freight car demgns
to carry heavy loads with less damage to track and equipment, :

AAR Optimum Car Size Study

N An AAR engineering economics project of long standing produced preliminary results

reported at recent AREA meetings. These papers by Way2 and Sammon® provide a good
overview of past railroad industry economic studies of the effect of car size such as the
study by Ahlf. 41 their preliminary analysis, a 780-mile, one-way loaded movement of two
8000-trailing-gross-ton unit trains is simulated. One train consisted of 100-ton hopper cars
and the other of 70-ton cars. The cost comparison included four major categories: roadway
maintenance, transportati_on,' car capital, and car repair. On a car-mile basis, the larger car
is more costly. However, on a net ton-mile basis, which is really the proper basis for com-
parison of car size, the 70- and 100-ton car costs are nearly identical. An advantage is ex-
pected for the larger car size on the empty return haul. The authors emphasize the limited
data on which this example is based and state that there is no unique “optimum’ car size
independent of type of service, route, etc. They also acknowledge that the road mainte-
nance model may not adequately account for rail failure as a result of fatigue.

Performance Speciﬁcatibn Deirelppment for Dynamically Stable Car
" A draft performance specification for a high performance/high cube covered hopper

~'car 100 tons or greater was prepared as an initial task in Phase III. Competltlve designs will
'be 1nv1ted from the industry, and prototype testing is planned in 1982.
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' 86 TRENDS 'IN':RAILROAD EQUIPMENT DES;IGN?

.8.5 ASSOCIATION OF AMERICAN RAILROADS STANDARDS

Current federal regulatlons spemfy requ1rements on. rallroad equlpment fac111t1es a.nd

. operation that, are designed to enhance the safety of.rail transportation. In addition,-the
. AAR maintains an ' extensive' number of specifications and standards which, apply to :all
- equipment used in-interchange service. The AAR standards are designed both to ensure the

compatibility of equlpment operatmg on different railroads and that the equipment can be
handled safely. The AAR standards are under continual review by standmg committees
which have the responsibility to take prompt .action to modify .the rules, should some
specific situation develop that leads to an industry problem. Currently, the AAR standards
govern many of .the specific conditions which pertain to the car size, weight, and length
issues, such as the maximum allowable axle load for interchange service, conditions under

. which supplementary snubbing dev1ces are, requn'ed and maximum car height and width
~ dimensions. . :

ot

Trends in the des1gn of railroad equlpment that are pertment to the 1ssues of rall

-‘safety aré dlscussed below '

8 6.1 Improvements in Conventlonal 3-P1ece Frelght Car Trucks

- The _development of 41mprovements and new des1gn' for th’e‘ conventionaI freight car

‘truck has’been one ‘of the most active fields in railroad:product development. For example,
* recently requirements for the use of supplemental snubbing devices were extended. Freight -

car trucks must be equipped with- snubbing devices to damp out the oscillations ‘of the
primary suspension system. The present AAR rules call for the use of supplemental sriubbing
devices on cars where the center of gravity exceeds 84 inches above the top of the rail and
where the truck center distance is within the range from 28 to 48 feet. -Until recently, the
range had been 28 to 45 feet for truck center dlstances :

Another trend in the constructlon of. conventlonal frelght car trucks is utlhzatlon of

‘longer spring travel, Most new cars now. are equipped with 3-11/16 inch travel springs.- With-
-in the last 2 years, the use of the D-7 spring, which gives 4-% inch travel, was introduced.
. Wheel-rail interaction. forces are significantly reduced by the use.of longer travel suspen-
. sion springs. Also, . until .about 2 years ago, the use of D-3 suspension springs (2-%2 inch
‘ travel) was common on tank cars, but practlcally all new tank cars are.now equipped with

3-11/16 inch travel springs.

The concern .over, truck huntmg phenomena has led to. the development of dev1ces

, which. prevent this unstable type of motion. One way of reducing. the hunting tendency is

to provide some damping restraint to truck. swivel motions. The use of the center plate
extension pad, C-PEP, prov1des this type of restraint. Another technique is the use of con-
stant-contact side bearings.

_ Another approach to minimizing huntmg tendencles is the development of devices to

" increase the truck’s resistance to out-of-square deformatlons There are. many such devices,

of whxch oneis a spht taper friction wedge.
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The reliability of truck components against fatigue failure has also been improved.
Guidelines for a proposed bolster fatigue test specification was recently submitted to the
: AAR. Presently, -side frame truck castings are‘subject to a fatigue test. specification, but

" "there is no such specification for bolsters. Laboratory ‘tests indicate that the fatigue per-

"formance of truck bolsters has becomme much more reliable in recent years as a result of
“changes in bolster design,: particularly for-the large 100-ton capaclty car, and of better
quallty control over the steel used in the castings,

‘8 6 2 Development of “Type II” Trucks

' ‘Qver the last several years, much: act1v1ty has been directed toward the development
- of new types (designated Type II) of freight car trucks. The goal has been the development
- of trucks with features which will reduce wheel wear and wheel-rail interaction as well as
increase safety and reliability. These trucks would be more expensive than conventional
3.piece freight car trucks, but the reduction in wheel wear and other beneficial effects
would be expected to more than compensate for the added cost."” ‘

. Different design philosophies are evident in these advanced truck designs. Truck
_huntmg phenomena, for example, are minimized if the truck is rigidized to reduce its.ten-
dency for out-of-square deformations, and this feature is evident in most Type II trucks.
Suspension systems vary with different manufacturers. One design, the ACF fabricated -
truck, reduces the unsprung mass by placing the primary suspension springs closer to the
axle. -Another-design, the National Swing Motion Truck, has a conventional vertical sus-
. pension system, but offers increased lateral motions through the use of a pendulum support
for the suspension springs. The principal design objective of other trucksis the reduction

-, of wheel wear and wheel-rail forces on curves through the use of self-steering mechanisms.

Several Type I trucks are in the deveIOpmenta.l stage

. 8.6. 3 Frelght Car Des1g:n

The tendenoy in railroad freight car construction has been toward the larger capacity
car. The 100:ton capacity cars are utilized for almost all bulk commodity movements.
.’ Another tendency has been to design special-purpose cars for different commodities. For
example, in covered hopper car design, one size car is designed primarily for the shipment
" of cement, a high-density product; another large capacity car design is used for the shipment
. of grain; a ‘'medium-density product; and a still larger car design is used for the shipment of
" low-density products like plastic pellets. On some cars, it has been possible to use innova-
tive designs to reduce the center of gravity. For example, on some high side gondola cars
which are used for the shipment of coal in unit trains, where they can be unloaded by a
rotary dump, it has beén possible to use recessed floor designs which more effectively
uses the lower patt of the clearance diagram. This permits the overall center of gravity of
- the car to be lower in compa.nson w1th more convent1onal hopper car desxgns

8 6.4 Couplers
- The reliability ofrcouplers will be improvéd in the future by the revised AAR require-

- ‘ments for coupler construction. These requirements spemfy material changes whlch will
reduce the probability of fracture and fatigue.
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8.7 SUMMARY AND CONCLUSIONS

The railroad  industry has been forced by competition and other economic factors
to place increased reliance on the use of large-capacity cars. The industry has recognized
the problems associated with the use of these cars and has instituted corrective actions
where necessary. Research and development efforts are continuing to identify further
solutions which will mitigate the effects of large and heavy cars. The railroad supply in-
dustry has introduced numerous products which are designed to minimize the problems
associated with heavy car movement. It is unlikely that.in the near future, pressures will
develop for the use of higher axle loads. Research work will have to establish more precisely
the full range of economic factors associated with the use of large-capamty cars before
further increases in. car welght capac1ty will be accepted. .
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R 9. STRATEGIC opnous
91 ABSTRACT

" In the context of this report “strategic- optxons” are short- and long-term policies that
enhance railroad safety. They differ from the measures described’ in Chapter 7 in that the
measures are generally specific changes in car design, track mamtenance, or train operation,
whereas strategies are meant to facilitate the identification and implementation of such
measures, or to eliminate the need for them.

| An analysis of strategic options must take place within a framework of goals, con-
straints, and time frames. This chapter identifies those factors that must be taken into
account. ' :

9.2 INTRODUCTION .

It is crucial, when evaluating strategies, that a systems analysis be made to ensure that
reduced risk- in one area is not gained at the expense of increased risk elsewhere. Several
important other issues must also be addressed:

- The cost of improved safety and whether it is justified;

The financial condition of the rajlroad industry, and its abilityto effect
nnprovements,

The possible difference between future problems and past problems,

The informational obstacles to a quantitative analysis of costs and beneflts,
The requirements of interchange;

The need for compatibility with other regulatory actions; and

~

The time span over which strategies can be implemented.

This chapter discusses these issues, the types of strategies, and areas for improvement.
9.3 STRATEGIC ISSUES

9.3.1 The Cost of Improved Safety

It is necessary to consider the costs of improved safety as well as its benefits to the
railroad industry and to society. In a modern industrial society, the public is exposed to
risks created by industrial activity. Also, a reduction in the level of risk may have a con-
comitant increase in the cost of providing services, or possibly even an effect on employ-
ment and production. As yet, there is no general agreement on what are acceptable levels
of safety or what costs society is willing to impose on itself in order to gain those levels.
Nevertheless, this issue must be addressed in developing strategic options for improving
railroad safety.



Equally important to consider is the definition of ‘‘safety.’’ This term can include any
of the following:

Casualties to railroad 'émpldyéés;‘;
Casualtres to the general pubhc, 4
Damage to railroad property, ’
Damage to shipper property;
Damage to third-party property; and

Damage to the environment.

Significantly different perspectives on-the desirability- of various: strategic options can
result, depending on how many of the above “impacts’’ are subsumed under the definition
-of “safety.” For example, the data .in Chapter 4 shows that while derailment costs are rela-
. tively high, few fatalities, if any, over the past five years'can be attributed solely to the size
- of cars. Therefore, stratéegic options concerned with altering car size are likely to have httle
1nﬂuence on safety, if safety is con81dered to be synonymous w1th fatahtles

)

' ‘9 3.2 The Fmanclal Condmon of the Raxlroad Industry

" While there are srgnlflcant exceptlons, in general U S. rallroads are in a fmancm.lly
depressed condition. Their ability to generate the capital or operating funds that may be
required by various strategic options is, at present, quite limited. It is desirable that any
new programs for improved safety not have a further debilitating effect on the industry,
either. throughincreased. costs or through decreased competitiveness with other modes of
transportation. The consequence of these outcomes will be to cause a further deterioration
in_the levels of safety that will arise from severe financial pressures to further defer mamte-
nance and reduce. mspectlon 3 g :

9.3.3 Future Problems

Strategxc optlons must be concerned w1th likely problems in- the future Thls study has
determined that the greatest-threat from larger-cars lies in the future, when such cars might
accelerate track wear -on segments of the network where the track -owner is not in a financial

. position to perform.appropriate maintenance. This could set in motion the downward spiral

-of lower speeds, poorer service, loss of traffic, and decreased revenues on an ever-increasing
- number of railroads. Furthermore, increased shipment of hazardous materials by rail in the
future has the potential for dramatically expanding the consequences of derailments.:

9.3.4 Obstacles to Quantitative Analysis °

- A rigorous determination of costs versus beneéfits of stipulated actions is hindered by
the usual hazards of anticipating the magnitude of future problems (which is the control-
ling assessment in this case) and the degree to which current countermeasures on the part of
- the government or the industry will be effective. For example, consider a strategic option in
which hazardous materials transport is banned on certain ‘“weak link” railroads. To estimate
the benefits of this option, one would have to consider what other mode of transportation
could and would be used, and what the safety record of that mode is likely to be in compar-

ison with that of the competing railroads. To estimate the costs, on the other hand, one
would have to take into account:
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- Changes in cost to shippers; -
Possible dislocation of industry;

" general level of safety;and

® Financial effect on other rallroads that mterchange traffic w1th the dlrectly
concerned railroads.

9.3.5 Requirements of Interchange

Despite the existence of separate corporate entities, the U.S. railroad industry is highly
-integrated. It is virtually impossible to develop policies that affect only a portion of it. For
..example, freight cars are freely interchanged over.the entire system. Thus, a strategy de-

signed to keep large cars off the track system. of railroads with a poor safety record would so

. affect the operations of interchanging railroads that they might want to altogether eliminate
- ‘the use-of such cars, despite their being profitable..As another example, a car with improved
safety features may cost its owner an extra amount.. When that car passes out of the owner’s’
system, the owner no longer gains the safety benefit from it, nor do present time-and-mileage
charges from interchanging railroads adequately compensate the owner for their use of the
car. The incentive to implement expenswe but potentially cost-effective, cha.nges 1s thus
reduced : . .

A9 3 6 Compatlblllty w1th Other Regulatory Actnons .

A number of govemment and mdustry m1t1at1ves in various stages of implementation
“ are auned ‘at safer hazardous materials transport, the creation of freight car and track speci-
. fications to enhance safety, and the. guaranteeing of the-viability of important rail connect-
ing links in the natiorial rail network. It is essential that any options arising out of the pre-
-gent study be considered in the context of these ongoing programs.

As an example, there is an ongoing study, also mandated by Public Law 95-574, to
. determine’ “the effect of the exclusive ownership and control of rights-of-way by individual
‘railroads on the safety and efficiency of rail transportation, considering, among other things,
whether or not such rights-of-way might be better employed under new structures of owner-
-ship or other conditions of joint usage.” Other examples of ongoing actions include railroad
. deregulation, regulations. aimed ‘at. improving the safety of hazardous materials transpor-
tation, programs to improve. track safety standards, and research aimed at developmg safer
rail vehicles and operating procedures. : \

9.3.7 Differences Between Long-Term and Short-Term Options -

Short-term options are those that make their effects felt within a period ranging from
several months to 3 or 4-years. Long-term options have a time horizon ranging from 5 to
- 15 years and longer. The slow change that these time frames imply are a result of the ma-
. turity, size, structure, and financial condltlon of the raﬂroad mdustry, as well as of the
--technology it nnphes A , :
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An example of technological limitations on the rate of progress in improving safety .is
the use of improved draft gear to reduce the frequency of accidents caused by train action.
The effectiveness of the improved design will be small until a large number of cars are fitted
with it. However, car fleet is replaced at a rate of about 3% a year. If all new cars had the
new design and if it were retrofitted on older cars at the rate of 3% a year, it would stlll take .
10 years to have 50% of the fleet operating with the new coupler.

Truly short-term options would involve regulatory actions to deal with emergency
situations. These actions might include the temporary banning of hazardous materials, cars '
on poor track, the imposition of slow orders, or the mandating of frequent track inspections.
The exercising of these options is current DOT practice, and an analysis of them is likely
to yield little added insight. '

Examples of long-term options include the following:

® Development and establishment of incentives for railroads to shorten the
implementation period for improvements. The latest mnovatlon to improve . .
freight car curve negotiation (i.e., the self-steering truck) will, after lengthy
trials, if proved beneficial, take an,extended period to be installed on a signi- ‘
ficant portion of the fleet. ' '

® Development, establishment, and use of performance criteria for the intro-
duction of new cars, which in essence would dictate the kinds of track and the
conditions under which the new car can run -safely without undue wear or
deterioration of components.

& Legislation and government/industry actions to ensure the health of rallroads
carrying hazardous materials so that even the crucial marginal ones will have
track that can resist heavier loads. Deregulatlon and federal assistance are
examples of support efforts now under way. The second study mandated by
Public Law 95-574 addresses the roadbed problem and may uncover additional
options.

9.4 TYPES OF STRATEGY
Strategies may usefully be classified under the following headings:

Federal safety regulations;
Economic incentives for improvement;
Research and development;

Industry initiatives;

e & & e @

Financial recovery through deregulation.

These groupings differ both in the types of actions contemplated within them and in
the group that will have to bear the burden of implementing the strategies.
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: . Issues that .might in'a.'strategic sense, be addressed by ‘a federal safety .regulation are:

- @ - Track safety standards,

e ‘Mandatory hm:ts on car —sl;e, welght and length
~. @ Restrictions on the operatlon and: routmg of trains carrymg hazardous materials;

®. Standards for employee trammg

The use of- economlc mcentwes for improvements to freight, ears is an approach that
directly addresses the financial mablhty of many camers to make. these unprovements,
- even -though they may fully. understand their benefits. . This. approach is. the. .diametric
opposite of the approach based on levymg penaltxes ‘when. regulations. are wolated Never-
theless, the two approaches can ‘complement each other, with penalties being used to
" reduce flagrant violations, and incentives being used to reward thoughtful efforts to improve
safety. A specific example of an economic- incentive -would be that. of granting a higher
investment tax credlt for safety unprovements on frelght cars.

R.esearch and development strategies, are: deslgned to. prov1de insights .into safety
problems and " into -ways. of - solvmg them; for example; improved. knowledge is required

regarding -the relatxonshlp between the quahty of track and its rate of deterioration under '

heavy axle loads. Slmxlarly, mformatlon is required to better understand the mechanisms
of car derailment and therr ‘control through car deslgn

Industry initiatives to improve safety are an alternative to federal regulation. They are
a preferred alternative if industry acts responsibly, since they are more likely to be optimally
designed for specific problems. The railroad industry - has, in fact, had a long history of
-getting safety standards for itself, as evidenced by the activities-of the Bureau of Explosives
and by the extensive AAR standards and interchange requxrements New areas in which the
industry could cooperate to gain mprovements are:

o Safety performance evaluation of new equipment;
® Studies of track deterioration under heavy axle loads; and
. ® Useof premxum tlme-and-mxleage rates for cars with safety 1mprovements

Rate end exit deregulation is considered by many industry observers to be the ultimate .
solution to railroad safety problems In this view, a poor safety record can usually be traced
to inadequate rates of return on mvestment Poor financial returns force management to cut
~corners to survive, and safety-onented expenditures are often the first to .be reduced. It is
therefore concelvable that if the mdustry were granted rate freedom as well as the freedom
to abandon unprofitable lines, the railroads would have a leaner, more efficient, and more
- profitable ‘system, which would also have an improved safety record. That this thesis is right
can be seen by an analysis of the safety and financial records of the various Class 1 railroads.
Such an analysis shows that in general, profltable railroads have the best safety record,
while unproﬁtable ones have the worst ,



9.5 AREAS FOR IMPROVEMENT
- The . objectwe of any strategy is to gain. unprovements in safety by reahzmg unprove-
. ments in-some.aspect of .equipment and track design, maintenance or inspection, or railroad
: operations.- This sectlon prov1des an exammatlon of those areas in whlch worthwhﬂe oppor-
tunities exist. : ' : ‘ -

9.5.1 Equipment

- Several ‘areas pertam to equlpment des1gn, use, and evaluatlon where 1mprovements can
be effected : . : -

_ Among the most unportant is the safety evaluatlon of frexght cars before they are put
into use. Present industry practice does not call for a thorough evaluation of the dynamic
performance or derailment tendencies of a new design of freight car. The adoption of an

- industry-wide program-: of ‘pre-purchase- testing would prevent problems such-as those that
occurred with  covered hopper cars. The DOT. is ‘currently investigating the feasibility of
using a test facility to facilitate this type of safety evaluation. This program could easily be
adopted and managed by the industry; altematlvely, it could be viewed as a procedure
mandated by federal regulation. :

" Another aspect of frelght cars that can be 1mproved is theu: des1gn Research and de-
- velopment opportunities -exist fof improved suspension design, the optimization of the
"design of load-bearing (and failure-prone) members, the development® of’ truck corifigura-
- tions which result in improved curve negotlatlon, the design of self-centermg couplers,-and
the design of load-sensing' braking systems. Opportunities also exist for the development of
failure-monitoring or derailment-sensing diagnostic systems for installation on freight cars.
These systems would work either to prevent derailments by warning of ‘the lmpendmg
- failure of some component: or to reduce the seventy of derailment by providing a signal that
a car has derailed. (Often, a derailed car may be dragged several miles before: thetrain
operator becomes aware that it has derailed. In this s1tuatlon, more cars may -derail; also, .
‘ extens1vetrackdamage may occur) W SO B
Improved equlpment malntenance prov1des another route to: greater safety Methods
whlch improve d1agnos1s or which reduce both -the cost of mamtenance and the time re-
- quired for it will be helpful. Spemflc components with ‘expensive, time-consuming main-
. tenance are couplers, wheels, beanngs, and center plates. In addition to:improved methods,

it may be necessary to devise accelerated maintenance schedules for.freight cars that tend to -~

wear out their components faster than other frelght cars because of deficiencies in their
des1gn »

The costs and benefrts of large cars need to be studled in an ongoing program This
report has concluded ‘that. depending on .track conditions, terrain, work: rules, ‘wages, etc.,
there is probably an optimum size and weight of freight car for each commodity. However,
enough information does not currently exist to decide what that optimum.is. It would seem
to be crucially important to the railroad industry to be able to define the optimum and thus
avoid the possibility of a costly mistake in the future; for example, the use of yet higher
wheel loads than are now permitted in interchange.

P
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Should improved safety features become available on freight cars, it is likely that they
will have attendant costs. Unless an AAR standard is developed requiring these improve-
- ments, their use will have to be:decided on-individually by each railroad. If-a railroad decides

* to invest in some improvement, it will.need some ‘assurance.that. it, not:someone else, will

. benefit. from that investment.. That assurance exists only so long-as:the improved fleet of
cars remains on the owner’s trackage. As soon as the cars are interchanged onto another
railroad’s track, the returmn occurs only through time-and mileage charges. These charges
will need to be reviewed to ensure that the rate of return to the owner is adequate. -

= ‘.An area of industry cooperation that has yielded benefits in the past; but which is in
need of greater emphasis is in the early identification of “bad actor” cars and the develop-
ment of a plan to deal with them. Informatlon systems are now in place whlch make thisa
xrelatlvely easy process e L e A R L S NUPI

Fmally, as demonstrated by thls study, there is: much to be gamed by cooperatlon
‘between management and labor:in their efforts to-identify ‘and solve safety -problems. The
* extent to which the. UTU. survey corroborated the' results of- statlstlcal analys1s of accldent
g dataxsextremely encouragmg R :

<+ This report is directly concerned only with car size, weight, and length’as mandated by
“the Congress. However, one of its major conclusions is that the issues of car. size, weight, and
. length and their. relatlonshlp to safety and efficiency cannot be évaluated without referring
_-to track quality. More.specifically, it is entirely conceivable that large cars are both safe and
economical if operated on well-maintained track. On the, other hand, it. is hkely that. they
are both unsafe and uneconomical if operated on poor-quahty track

: It is clear, therefore that, 1mproved track safety standards must be developed whlch
;.speclfically address the issue of-the required -quality: of track-for cars. of different’ sizes,
weights, or lengths. Furtherimore, present safety standards require a bare minimum of track
quality; it may be desirable to define more practical and effective standards :

~As a complement to the development of improved safety standards, improved struc-
" tural designs of track.need to be developed, evaluated, and used. The primary objectives of
these designs would be to obtain track. that was more stable, léss subject to deterioration
-resulting from traffic, easier to install, and easier to maintain: While the initial cost of such
trackage might be higher than that of current popular deslgns, ‘it is certmnly possrble that
- the life-cycle system costs might be lower. e A , .

It is also likely that the development of cheaper and more effective maintenance and
. inspection: procedures. would reduce the financial burden -caused by track maintenance and
repair and, thus, provrde an’ mcentlve to not defer maintenance.’ Examples of: worthwhlle
developmentsare - R TR : . :

- Improved rehablhty of track mamtenance equlpment
. Wider use of automated maintenance equrpment
Development of improved field weldmg procedures ‘and

Development of less expensive track geometry and rail flaw inspection
equipment.
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As stated -earlier in this chapter, improved financial condition of the railroads would
enhance safety. The abandonment of unprofitable lines would make more money available
for the proper maintenance of important lines, thereby yielding the double benefit of bemg
rid of unsafe trackage and gaining improved safety on the remaining trackage.

_ Finally, an alternative being addressed by an ongoing study, also mandated by the
" Congress, is different patterns of ownership of track, including such alternatives as joint
ownership of track, large-scale mergers, or roadbed nationalization. These approaches would
drastically alter the impact of trackage on safety.

9.5.3 Rail Operatlons

- Changes in the operating procedures of railroads are discussed here only insofar as they
" may help to counteract problems created by the operation of large and heavy cars. '

Speed reduction is an obvious safety measure. It will result in a reduction in the level
of wheel-rail loads as long as certain critical resonant speed ranges are avoided. This, in turn,
will result in a reduction in the rate of deterioration of track and also in a reduced probability
of derailment caused by poor dynamic behavior. Furthermore, the eeverity of those accidents
that do occur will decrease as the speed of trains is reduced, as was shown in Chapter 5 of
this report. Therefore, this measure is of particular relevance in dealing with transportation
‘of hazardous materials on poor quality track. However, reduced speeds have a profound
‘effect on schedules, crew costs, and equipment utilization and, therefore on the financial
health of the railroad industry. This measure must, therefore, be exercised w1th the utmost
caution to ensure that its costs do not outweigh its benefits.

One of the indirect safety-related effects of long or heavy cars is their adverse influence
. on train behavior when they are coupled with short or light cars, or when heavy cars are
placed in the rear portions of ‘trains. Techniques are available for making up trains so that
the unsafe juxtaposition of cars is avoided and so that heavy cars are predominantly in the
forward portion of trains. The TTD program has identified several important guidelines for
train makeup. While any change in train makeup practice is bound to. influence railroad
productivity, it appears worthwhile that a deta1led trade-off analys1s be made of the guide-
lines. .

Derailments may be caused by train action resulting from- the improper use of brakes.
and throttle, which can exacerbate problems arising from the makeup of the consist. Oppor-
tunities exist for improving the behavior of braking systems, both by reducing the time lag
for brake application and by the increased use of empty/loaded sensing devices on freight
cars. These devices significantly reduce slack action caused by differing rates of deceleration
of different cars in a train. Opportunities also exist for providing improved training to the
operators of long trains, where the proper use of brakes and throttle is extremely important,
especially on undulating terrain. One way of providing this improved training is the develop-
ment and use of .sophisticated simulators. An important program in this area has just been
initiated by the FRA.

Although no pressing problems pertaining to yard operations were identified as being
caused by car size, weight, or length in this study, indications do exist that long cars may
create problems on sharp curves by swinging out. It is in the industry’s interest to review
the layout of each yard to determine whether such a problem exists.
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"I‘nnthe specific area' of operations concerned with the transportation of hazardous
materials, several approaches are available'in addition to those described above: First is the
more widespread application of the measures mandated by HM-:144: the use of shelf

‘couplers, the installation -of head-shields, and-the application-of-thermal shields.-To" date, - - - ~ -~ = -

these requirernehts exist only for certain classes of tank car: the 112 and 114 series. Extend-
ing their"application to other types such as the 105 merits investigation.

Second, rerouting of traffic to avoid poor track or areas of high-population.density
provides a useful approach to reducing the risk of catastrophic accidents. The FRA has
undertaken a research program to identify areas in the country where a s1gn1f1cant reduc-
tion in risk can be obtained by rerouting.

Third, more stringent requirements on track quality may be contemplated if the trans-
portation of hazardous materials by rail is to be allowed. The FRA study cited above is also
developing estimates of risk for each of the six FRA track classifications. This will allow a .
quantitative estlmate to be made of the nsk reductlon to be gained by track quahty
1mprovement ' ‘

Fourth, the placement of hazardous materials cars in trains should: be analyzed to
determine whether some locations are safer than others. A recent study1 shows, in fact that
the first and fourth quarters of trains are “safer” than the second and third quarters in the
‘sense that cars in them have a lower probability of being derailed or damaged. However, that
‘study did not investigate the effect that new train makeup procedures (aimed at placing:
hazardous materials cars in the first or fourth quarters) would have on switching operatlons
and, therefore, on the risk in yard operations. :

This last point is worth emphasizing: any measures aimed at reducing the risk caused

~ by the transportation of hazardous materials must be thoroughly analyzed to determine the
system-wide change in risk. In fact, it is necessary to agree upon a definition of “risk”
before embarking on a program to reduce risk. For example, .there is no agreement on
whether one accident that results in the death of a hundred people poses the same risk to
society as a hundred accidents, each of which results in one‘fatality. Depending on one’s
judgment on -this issue,. significantly different risk-reduction alternatives would appear
attractive. The FRA study is aimed at developing systems analyses of rail transportation to
estimate system-wide risk, however risk is defined. The precise definition of risk that should

. be used in future mvestlgatlons remains a matter of policy.

_REFERENCE .
1. Nayak, P.R., “An-Analysis of the Probability of Deraiiment Within a Train Consist,”

prepared by Arthur D. Little, Inc., for Transportatlon Systems Center, 17 December
1979 ' .
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10. ECONOMIC CONSIDERATIONS' |

10.1 ABSTRACT

"The use of larger and heavier cars has been pursued by the railroad industry in the
~ anticipation of financial benefits, largely in the area of reduced capital costs and train and
yard labor. However, it is difficult to determine the car size which is ‘most economical. It
appears that the key factor determining this optimum size is the expected cost of main-
tenance-of-way, which is expected to vary significantly both as axle loads vary and from
one railroad to another. It is likely that the optimum car size increases as the quality of
track improves, which requires improved maintenance and, therefore, improved financial
condition of the carriers.

A limited analysis of the economic consequences of reducing the maximum payload of
100-ton cars to 85 tons shows that such an action will inflict substantial financial hardship
on the industry and may, in the short run, actually lead to a worsening of rail safety because
of the increased car handling that will be required in yards and the larger number of trains
that will need to be operated.

10.2 INTRODUCTION

This chapter provides an overview of the economic considerations for the railroads in
the choice of car size. The specific elements of costs and their relative dependence on car
size are outlined. Estimates of the magnitude of the cost issues are then analyzed through -
the scenario of reducing the recommended maximum net load per car by 15%, from 100
tons to 85 tons. Industrywide data on 100-ton car shipments are presented, followed by an
estimation of the cost of reducing maximum loads to 85 tons. Finally, the costs are extra-
polated from an individual route to industrywide impacts.

10.3 COST COMPONENTS

The litérature on the economics of car size is largely oriented to the operating cost .
issues. In addition, the capital costs of cars and locomotives (to the extent that number
of trains is affected) and the effect of differential accident rates must be considered. Finally,
the changes in train size (either in gross tonnage or number of cars) and the shipper’s lot
size implied by single car loading affect the reliability and competitiveness of railroad trans-
portation. The specific cost components of concern and their relationship to car size are
discussed below. -

Operating Costs:
® Equipment Maintenance Costs — These costs tend to increase as car size in-

creases on a car-mile basis, but these costs decrease on a net ton-mile basis
(Figure 10-1).
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SOurce G.H. Way, ’Economics of Freight Car Size,”” AREA Bulletin
673, Vol. 80. . - .

FIGURE 10-1 FREIGHT CAR MAINTENANCE

Transportation Expense — This category includes fuel, transportation labor
cost, etc. Costs are generally dependent on gross trailing tonnage, and there-
fore to the extent that car loading increases the ratio of net to gross tons,

" costs decrease in dollars per.ton-mile as car size increases (Figure 10-2).

Maintenance-of-Way Expense — Increased car size, or more specifically, in-
creased axle loads, tend to cause more wear and tear on the track. Thus,

"maintenance-of-way costs, expressed in dollars per ton-mile, increase as axle

loads_increase (Figure 10-3). The effect of axle load on track wear rates can
be seen in Table 10-1, which compares the experience of two railroads, the
major difference between them being the average axle load. On the other
hand, other comparisons indicate that maintenance-of-way expenses need not
necessarily increase very rapidly. The Bessemer and Lake Erie, operating with
a mix of high and medium axle loads (100-ton and 70-ton cars), has achieved
adequate rail life.

Capital Costs:

Freight Car Acquisition Costs — Smaller loads per car will increase overall fleet
requirements unless there are compensating increases in car utilization. Ignor-
ing utilization effects, given relative costs of different car sizes, car acquisition
costs will decrease, with increases in car loading..
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o Locomotwe Acqulsltton Costs — These costs w111 depend on the manner in
* which train size and number of trains are adjusted. Generally, the locomotive
requlrements, and hence acquisition costs, will decrease as car loadmgs
increase. '

TABLE 10-1

COMPARATIVE RAIL LIFE FOR DIFFERENT CAR SIZES

AVERAGE RAIL LIFE
_ (million gross tons)

125-Ton Lite

Rail ' © . Reduction
Location BM&LP* UPRR ) Facter
Curves 13 400 . " 31 times
Tangent © 36, * 650  19times

*Estimated

UPRR (Unlon Pacific’ Rallroad) - 60 Tons/Average Car
B !

BM&LP (Black Mesa,and Lake Pewell) Z125T ons/Average"Ca‘r '

Source: J.R. Sunnygard, “’Effect of Heavy Cars on Rail,”
AREA Bulletin 663, Vol. 78.

~ Accident Costs:

® Heavier cars may lead to a higher frequency of accidents or poor quality track,
especially if the cars are of certain. mechanical types. Accident rates yﬁill also
be affected by the change in the number of trains.to accommodate different -
car loadmgs These effects are exammed in Sectlon 10 6 based on the accident
rate analys1s in Chapter 4, ’

Shipper Costs and Railroad Competitiveness:

® Shippers are affected directly by the transportation lot sizes implied by higher
.car loadings and indirectly by train. frequencies:that -could change:with car -
loadings. Increased car loadings-lead to higher inventory: carrying'.costs for
shippers. However, these effects will only be perceived for shipments which
.are now in the one carload range; multlcarload shlppers would not notlce-
any effect. : ret
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® The impact on competxtlveness of railroads is a function of the effect of lot
" size on’ shlppers and the rehablhty of tram schedules, whlch is related to train

T size (Fzgure 10-4) T
\
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FIGURE 104 TRAIN DELAY PROBABILITY DISTRIBUTION

- The combination of all operating costs and car capital costs results in'a bathtub shaped
curve (Figure 10-5).. Operation- with: axle loads near the bottom of the curve is the most
economical.: However; the precise shape -of this curve cannot be analytically derived from
current mformatlon, and it is therefore not possible to precisely estimate the cost penalties
incurred by not operating at the optimum axle load: Moreover, the optunum axle load will
be dependent on the following factors:
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Track conditions; o
Labor costs, which vary regipnally;
Terrain; o
Mechanical car type;

Commodity. B

Section 10.5 analyzes a number of these issues for a limited <cenario.

$/Ton-Mile

15 i ‘ 45
‘ Axle-Load Tons ‘ '

Source: G. H.Way, “Economics of Freight Car Size,” AREA Bulletin
673, Vol. 80.

FIGURE 10-5 TOTAL COST

10.4 CURRENT INDUSTRY UTILIZATION OF 100-TON CARS

The current state-of-the-art on car size economics does not allow an analytical for-
mulation of the impacts of generalized changes in car loadings. Therefore, the specific
case of reducing the maximum car loading from 100 tons to 85 tons is evaluated in Section
10.5. The industrywide data on 100-ton cars are presented in this section.

., ‘There are currently 527,200 100-ton cars in the railroad fleet. Table 10-2 presents data -
on industrywide utilization of 100-ton cars based on the FRA 1% Waybill Sample. (To

obtain the volume of activity industrywide, the FRA Waybill data were multiplied by a cor-

rection factor of 1.8 to obtain the total rail volume activity of AAR data.)
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TABLE 10-2

~ _INDUSTRY UTILIZATION OF 100-TON CARS _

Annual Car Loadings . . 11.6 Million
Annual Car-Miles R 9.2 Billion
" Net Ton-Miles ‘ . 395 Billion

“Source: FRA 1% Waybill Sample/AAR Yearbook of Railroad .
Facts, 1979

Given, that 58.8% of car movements were loaded cars,1 the number of loaded car-
miles for 100-ton cars is:

1 0.588x fg x 5.1 X 109 5.4 Billion Loaded Car-Miles Per Mile.

Given the number of loaded car-mlles and number of car loadmgs the average length of haul.
of loaded cars is:

5.4x 109 11 6x 106 467 Miles Per Loaded Car Movement

The impact on capital costs will be estimated by the annual replacement of the car and
locomotive fleet as a percentage of the required fleet size. Table 10-3 presents equipment
replacement data.

TABLE 10-3 .
EQUIPMENT REPLACEMENT DATA
Equipment _ Equipment % of Fleet
In-Service Replacement Replaced .

All Freight Car ~ 1,662,774 - 67,074 4.06
Locomotives . 27,772 - 1,166 .  4.20

Source: AAR Yearbook of Railroad Facts, 1979

10.5 SCENARIO ANALYSIS

Changes in several parameters of operations such as car-miles, ton-miles, and train-miles
must be calculated to estimate the cost implications of changing from a recommended
100-ton to an 85-ton maximum net loading. Therefore, the following hypothes1zed scenario
was analyzed to derive proportional changes in act1v1ty
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Smgle or1g1n-dest1natlon,

500-mile tnp (roughly equal to average for 100-ton cars),
3000 trains per year (current frequency);

40 loaded cars per train;

25 empty cars per train (yielding roughly the industry average ratio of loaded
.cars to total cars); . . o

65 total cars (roughly mdustry average cars per traln),
100-ton net loadmg in 40 cars; .
30-ton tare weight per car; L

4000 net tons per train = 12 million net tons per year;

- 5950 gross tons per #rain = 30 tons x 65 cars + 100 tons x 40 cars.

Wlth ‘the reduction m maximum load in the future, the new tram charactenstlcs can
be derived with several .assumptions. First, it is assumed that the railroads maintained the
same gross trailing tonnage per train. Further car utilization remains constant, so that the
proportion of loaded cars to total cars is constant. Therefore, the new train contalns 45
loaded cars and 27 empty cars, satisfying the requirement on gross trallmg tonnage

Gross Trailing Tons = 45 cars x 85 tons + 72 cars x 30 tons = 5,985 gross tons‘,' roughly
equal to. 5,950 existing gross tons per train. Based on these assumptions, the changes in
activity and equipment requlrements can be denved as shown in Table 104. .

10.6 RAILROAD INDUSTRY IMPACTS

The impacts of the reduction in maximum net car loading from 100 tons to 85 tons are
extrapolated from the above scenario to the nation’s railroads, based on the industrywide
data presented in Section 10.4. These impacts are only direct railroad industry effects
The analysis does not measure indirect impacts on the shippers’ resultmg from changes in
train frequency and car load size, such as an mcrease demand for ra11 transportatlon

10 6 1 Capltal Costs o .
. o w AR
* The annual replacement cost of frelght cars is based on 527 200 cars ex1st1ng, a15.8%
increase in fleet requirements, and 4% fleet replacement per year. 'At an estimated $40,000
per car, the annual replacement cost is $1_33 mﬂlron The actual ﬂeet grows by 83,300 cars.

‘The estimate of i mcrease 1n the size of the locomotlve fleet is based on the current ratxo
of locomotives to tram-mlles in the mdustry In 1978, there were 27,800 locomotwes in the
fleet and 438 million tram-mlles, or 6.4 x 10 locomotives per train-mile. The increase in
train-miles is based on 9.2 x 109 car-miles per year for 100-ton cars, a 15.8% increase in car-
miles, 30 tons emgty per car, and 6,000 gross tons per train. The increase in train-miles is
equal to 7.3 x 107, resulting in an increase of 465 locomotives. Assuming 4% fleet replace-
ment per year and $0.7 million acquisition cost per locomotive, the increase in annual loco-
motive replacement cost is $13 million.

@
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TABLE 104

SCENARIO ANALYSIS OF REDUCED CAR LOADING

Present ‘ Future Alncrg:ase
3000 trams/year 3137 trains/year '4._6, |
40 foads/train 45 loads _ " 125
25 empties/train - - ’27'er.r'|pti_es‘ = ( 8 |
500 miles‘ ' ~ 500 miles - -
100 tons/load ' 85 tbns/load (17.6)
4000 net tons/train ) 3, 825 net tons/tram (4.6
> 12 X 106 tons ongmated N 12 x 106 tons ongmated | -
i 5 950 gross tons/tram , ‘ "5,950 gross tons/traln ' -
| 60 X 108 net ton mlles/year g 60 x‘ 10‘8 net ton-miles - - | -
90 b 108 gross@ton-mlles/year, . "93x 108 grose ton-miles o 3.7 .
. 1 QS;Oéb:ear‘it'(_ips 7 .é25,864'caf¢trips " 15.8 .
97.5 x 10 car-miles. - 1129 x 108 car-miles 158

Source: Arthur D. Little, Inc., Estimates' .

: '1'0:6.2" Operetir;g Costs

The mcrease in fuel consumptlon is based on an average of 386 gross ton-mlles per
gallon.* The increase in ton-miles is given by the 15.8% increase times 9.2 x 107 car- miles
- times 30 tons empty per car, -equal to 43.6 x 109 gross ton-miles. At 386 ton-miles per
gallon the increase in fuel consumptlon is 113 million gallons, Based on an estlmated 1978
~ cost of $ 60 per gallon the cost mcrease for fuel is $68 mllhon '

‘M'ainline and yard oper'ating costs (not includmg fuel) were determined from average
costs.per train-mile. Table 10-5 shows the operating costs for the industry Based on 433
" million train-miles, 1 “the average cost is $7 69 per tram-mlle For an mcrease in train-miles of -

7 3 mllhon, the mcrease in costs is $56 rmlhon '

*Based on an average of 220 net ton-miles pe} gallon and a ratio of net ton-miles to gross ton-miles of 0.57.1
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TABLE 105

YARD AND MAINLINE OPERATING COSTS

1976

ICC Account Category - Freight Service Cost
' : ($ thousands)

378 Yard Conductors aod ‘Bravk‘enien © 710,946 -
379 Yard Switch and Signal Tenders 28,047
380 Yard Enginemen . . B 316,7?4. : |
392 . Train Enginemen - E " 571,884
400. | Serv.icing Train Locomotives ' ‘ 162,319 E
01 Tainmen SR 1009V0(')8 o

N - - '2798918 .‘

1978 Cost = 1.19 x $2 798, 918 000
© =$3331 Million c

Source: ICC Transport Statistics/AAR Index of Wage Rates -

 Maintenance costs depend on the relationship -of axle load to wear and tear, for which
" analytical cost relationships are not readily available. The empirical costs per‘car-mile, pub-
lished by the AAR, were used to estimate an order of magnitude of the costs (Table 10-6).
The roadway maintenance costs for the 85-ton load: were estimated at the average of the 70-
ton and 100-ton cars. Based on these data, the followmg cost charges are denved

o
RoadWay .Main'tenanceﬁ , ) e A
100-Ton Loadings: - 9.2x10° car-miles x § .1350 = $1242 Million
| 70-Ton Loadings 10.7 x 109 car-mlles x$ .1050 = $1124 Million
| Cost Decrease $118 Million

Car Maintenance: S - PR
‘Increased Car-Miles =1.5x 109 '
Cost Increase =1.6x109x $.01 = $15vMillion '
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TABLE 10-6
{Cents Per Car-Mile)

. Roadway Maintenance Freight Car Repair

70-Ton Car 7.50 - . . 100
100-Ton Car - 1350 . : . 1.00

Source: J. P. Sammon, “Preliminary Study of Rail Car
.Size,” AREA Bulletin 673, Vgl. 80.

10.6.3 Safety Costs .

" "Accident frequency is dependent primarily on the number of car-miles and, to a lesser
extent, on car size. Chapter 4 showed that accident frequency is correlated with car-size
only for accidents at higher speeds. In.the maximum car loading, the increase in car-miles is
a more important effect than the lower accident frequency for the subset of accidents which
depend on car size. The impact on safety costs is therefore calculated by estimating the in-
creased number of accidents, given the-increase of 1.5 x 109 car-miles. Costs are estimated -
based on an average of $26,969 per ac“cident.2

Accidenf frequency is estimated at 3.6 x 1077 accidents per car-mile, based on 10,362 .
accidents™ and 28,749 million car-miles? for 1977. For the estimated increase in car-miles
because of reductibnf in maximum car loading, the increased number of accidents is 540
~accidents per year, with an'estimated cost'of $14.5 million.

'10.6.4 Fatalities . =
o Railroad fatalities are segmented into three types: train accidents, grade crossings, and
yard. These fatalities are related to train-miles, trains, and yards respectively as follows:

AR 'Trai.n accident fatalities are proportional to train-miles
, Grade-crossing fatalities are proportional to '(trains)(,)'15

Yard fatalities are proportional to car loadings

The parameters of these relationships were derived from the following 1977 annual
‘data: : .

Fatalities per Yearl

Train Accidents - 516

Grade Crossings 851

" Yards ‘ 163
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Railroad Activity per Year2

TrainMiles .. 427,686,000 . o
Trains® - © - ¢ 587000 B T
Car Loadings - - . - - .~ 28,173,000  *°

The relationshipS’aré: o
1.21x 10'6 tram accldent fatahtles per train-mile

116 x (Tram)0 15 grade-crossmg accidents -
7.03x 106 ,yard,fat,a.htles per car loading

L

Based on these fatahty rates, the. increase in number of fatalities annually resultmg
from reduced maximum car loadmg is given by: .

Train Accident Fatalities ~ 1.21x108%73x106 -~ "~ = 19
Grade-Crossing Fatalities _ = 10%*
Yard Fatalities 703x106x1.8x106 ' - =13

TOTAL . 32

10.6.5 Summary of Industry Impacts

Table 10-7 shows the estimated adverse industry-impacts in'this hypothetical scenario.
There is basically an increase in operations, rolling stock requirements, fuel consumption,
and accidents. Table 10-8 summarizes the cost nnphcatlons Again, the accuracy of these
estimates is limited by the lack of consensus in the hterature on mamtena.nce costs and by
the assumptions on equlpment utlhzatlon

*Derived by 23.2 x 1()6 car loadings. 167.2 cars per train x .588 loaded cars per total cars). , .

**Increase in Numbers of Trains equals 1.8 x 106 Car Loadmgs + (67 2 cars per tram X, 588 loaded cars per total cars) =

4 0.152T . aT .46 10°
46 x 107, AF —_
x Proportzonal change in number of fatalities given by 3 5 and == T = 587,000 ,50 that_F ‘ 0116

and &F = 0116 x 851 = 10
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-ADVERSE INDUSTRY IMPACTS FROM A 15% B_EDUCTibN‘:' o

TABLE 10-7 Co e

"IN THE'MAXIMUM PERMISSIBLE LOADING IN 100-TON CARS

Item

Car Loadings
Car Trips
Trains
Freight Cars
Locomotives
Train-Miles
Car-Miles

~ . Fuel

Train Accidents

Fatalities Résul@_ing from.

Train Accidents/
Incidents and Grade
Crossing Accidents

Estimated Adverse Effect

18 Million Additional Loadings -
29 Million.Additi.onal Trips .
46,000 Additional Trains
83,300 Additional Cars
- 465 Additional Locomotives '
7.3 Million Additional Train-Miles
1.5 Billion Additional Car-Miles
113 Million Additional Gallons "
‘540 Additional Accidents
. 32 Additional Fatalities .

Source: Arthur D. Little, Inc., éstiméfe§ -

TABLE 10-8

ESTIMATED INDUSTRY COST IMPACTS

.FROM 15% REDUCTION 1N MAXIMUM CAR LOADING

Capital Costs
' Freight Cars

Locomotives

Operating Costs
Fuel

Mainline & Yard
{Not Including Fuel)

Maintenance

‘Safety Ccfst; (Not Including Dollar Loss

. .of Fatalities) -

Source: Arthur D. Little, Inc.,

© ltem,

w3

. Annﬁéi Cbsi inérease V(D:ecrease)t

. ($ millli:pns)\‘_

1

100

68

56
103

‘145 °
Estimates
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10.7 SUMMARY

This chapter outlined the economic considerations with regard to car size and developed
estimates of the impact to the rallroad 1ndustry of a hypothetical reduction in maximum
loading from 100 tons to 85 tons.. “The -costs' dlrectly related to car size are maintenance
(equlpment and roadway) and car acquisition costs. Car size indirectly affects transportation
expense and locomotive acqulsmon costs, depending on the’ unpacts on tram s1ze and car
utilization. Finally, accident rates'appear to:be dependent on car s1ze :

The precise économic: impacts of car size on the railroad are difficult' to measure be-
cause of the lack of analytical studies relating car size to railroad costs and also because of
the uncertainty in the indirect effect of car size on car utilization and train size. However, .
the analysis of the hypothetical scenario indicated that car-miles, train-miles, cars; and loco-
motives in service; fuel consumption; and the number of accidents would rise. The magni-\
tude in dollar costs can only be approximated because of uncertainties in operating practices
and maintenanceé costs, :but there-would -apparently be a cost increase to the-industry.
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APPENDIX B
MECHANICAL FREIGHT CAR TYPES

This appendix prov1des mformatlon on the various types of freight cars discussed in
this report. The differences in car body construction are generally related to the particular
commodities which the cars are designed to haul. Within each car type, however, there is a
range of dimensions of size, weight, and length, generally categorized by the approximate
load carrying capacity (nominal weight capacity) of the car. The categories are labeled 50-,
 70-, and 100-ton capacity. Typical dimensions of length width, and helght are defined and
shown for each type.



OPEN HOPPER CAR .-

e g

Ve

Length: Measured between pulling faces of couplers {(in normal position)

Width:  Measured at eaves, tops of sides or platform

Height: Measured at eaves, tops of sides or platform

Typical Dimensions for a 50-, 70-, 100-Ton Capacity Vehicle

Dimension 50 Ton 70 Ton 100 Ton
Length 35 ft. 8 in. 35 ft. 2 in. 47 ft. 6 in.
Width 10 ft. 7 in. " 10ft.8in. - 10 ft. 8 in.
Height 11 ft. 1in. ' 11 ft. 9in. 12 ft. 3in.

Center of Gra\;ity Range for Open Top:Hopper Cars (for car body only, from top of rail):
Empty: 58.2in. - 80.9 in, ' ' '
Loaded: 64.5in.-106.3 in.
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" REFRIGERATOR CAR®

. .

l‘ L

. Length: Measured between pqlling faces of _cdup!ers (in normal position)

Width:  Measured at eaves, tops of sides or platform

Height: Measured at eaves, tops of sides or platform .

i

Dimensjon 50 'Ton , 70 Ton
Length . 44ft.9in. ,  58ft0in.
Width 10t 6in. . .. 10 ft. 8 in.

Height - 14 ft. 10 in. 15 ft. 2 in,

anter of Gl:.avit'y‘R‘ange' for Refrigerafor Cars (for car bédyb only,
Empty: 68.4in.-71.7 in.
Loaded: 69.7in.-97.4in.

. B-3

Typical Dimensions for a 50-, 70-, 100-Ton Capacit\; Vehicle

100 Ton
58 ft. 11 in.

10 ft. 8in.
15 ft. 4 in.

from top of rail):



TRAILER ON FLAT CAR

Length: Measured between pulling faces of couplers (m normal posmon)
Width: Measured at eaves, tops of S|des or platform

Height: Measured at eaves, tops of sides or platform - | oo Lo

Typical Dimensions for a 50-, 70-, 100-Ton Capacity Vehicle

Dimension 50 Ton 70 Ton 100 Ton
Length 65 ft. 4 in. 73 ft. 4 in. 96 ft. 6 in.
Width 10 ft. 6 in. ‘ 10 ft. 5 in. 10 ft. O in.
Height 3 ft. 6in. 4 ft. 1in. 3ft.6in.

Center of Gravity Range for TOFC Cars (for car body only, from top of rail):
Empty: 245in.-34.4 in.
Loaded: 78.5in.- 106.3 in.
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~--COVERED HOPPER CAR.

= = L = T T= s S T 5

—1

. ,

Length: Measured between pulling faces of couplers (in normal position)
Width:  Measured at eaves, tops of sides or platform

Height: Measured at eaves, tops of sides or plat'form

Typical Dimensions for a 50-, 70-, 100-Ton Capacity Vehicle

Dimension .50 Ton 70 Ton 100 Ton
Length - - 42ft 1in. 49 ft. 7 in. 53 ft. 10in.’
Width - . 10 8in. 10 ft. 3 in. 10 ft. 8 in.
Height - .~ 14 ft.6in. 14 . 11 in. 15 ft. 1in.

Center of Gravi.ﬁ Range for Covered Hopper Cars (for car body only, from top of rail):
Empty: 69.8in. 77.7in. '
* Loaded:™ 66.0 in. - 107.8 in.
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GONDOLA CAR

Length: Measured between pulling faces of couplers (in normal position)

Width: Measured at eaves, tops of sides or platform

~

Height: Measu red at eaves, tops of sides or platform

Typical Dimensions for a 50-, 70-, 100-Ton Capacity Vehicle

Dimension 5'0'Ton 70 len ) * 100 Ton

Length 45 ft.5in. 57 ft. 7 in. 57 ft. 3in.

‘ Width 10 ft. 3 in. 10 ft. 4 in. ' 10ft.8in.
Height 8 ft. 2in: 7 ft. 6 in. . 8ft.3in,

Center of Gravity Rarige for Gondola Cars (for car body only, from top of rail):
Empty: 39.4in.-77.7 in. : ' o ,
Loaded: 38.1in.-98.0in. . .' .o



AUTO-RACK CAR
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Length: - Measured between pulling faces of couplers {in normal position)
Width:  Measured at eaves, tops of sides or platform

Height: Measured at eaves, tops of sides or 'platfofm
Typical Dimensions for a 50-, 70-Ton Capacity Vehicle*

. Dimension ' 50 Ton ~ 70 Ton

Length .93 ft. 8 in. 93 ft. 8in. o
Width ’ 10 ft. 2 in. 9 ft. 11in. -
Height B f TR, 15 ft. 6 in.

Center of Gravity Range for Auto Rack Flat Cars (for car body only, from top of rail):
Empty: 56.5in. - 92.0 in.
Loaded: 65.1in.-99.5in.

*The 100-ton capacity is not applicable to this car type.
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BULKHEAD FLAT CAR

ATSF o616] # i

et ||/ ——p

il
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Length: Measured between pulling faces of codplers {in normal pdsition)
Width:  Measured ét eaves, tops of sides or platform -
!

Height: Measured at eaves, topsbof sides or platform

Typical Dimensions for a 50-, 70-, 100-Ton Cépacity Vehicle

Dimension 50 Ton 70 Ton 100 Ton
Length . 57 ft. 7in. . 56 ft. 9in. " 68 ft 10in.
Width . 9ft10in. C10ft.4in. L9 ft.3in/
Height . 7 f. Oin. 9 ft, 11in. . 15ft.6in.

'

Center of Gravity Range for Bulkhead Flat Cars (for car bb,dy only, from top of rail):
Empty: 39.2in.-46.8 in. o "
l.oaded: 47.2in. - 100.5 in.
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GENERAL FLAT CAR

=t T T | —o—L __‘FH
: >B )™ 5 ]

Length: Measured between pulling faces of couplérs (in normal positidn)

Width: . . Measured at eaves, tops of sides or platform

Height: Measured at eaves, tops of sides or platform
¢ .
_ 3 Typical Dimensions for a 50-; 70-, 100-Ton Capacity Vehicle -
Dimension - " 50 Ton 70 Ton 100 Ton
Lengih 53 ft. 3 in. 56 ft. 9in. 59 ft. 3 in.
Width 10 .3 in. 10 ft. 4 in. 10 ft. 6 in.
Height 5 ft. 0in. 5 ft. 2in. 5 ft. 7 in.

Center of Gravity Range for General Flat Cars (for car body only, from top of rail):

Empty: 34.2in.-41.0in.
- Loaded: 43.3in.-106.3in.



BOXCAR

&
I
&
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. .

Length: Measured between pulling faces of couplers (in normal positicin)
Width:  Measured at eaves, tops of sides or platform

Height: Measured at eaves, tops of sides or platform

Typical Dimensions for a 50-, 70-, 100-Ton Capacity Vehicle

Dimension 50 Ton .70 Ton" 100 Ton
Length 54 ft. 6 in. b7 ft. 11 in. 68 ft. 0 in.
Width 10 ft. 7 in. 10-ft. 6 in. 10 ft: 6 in.
Height 15 ft. Oin. 15 ft. 2 in. . 15.ft. 4 in.

Center of Gravity Range for Box Cars (for car.body orily, from top.of rail):
Empty: 62.0in.-76.1in.
Loaded: 54.4in.-103.7 in.
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' TANK CAR
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Length: Measured between pulling faces of coublers (in. normal position)

Width:  Measured at éavés, tops of sides or platform

Height: Measured at eaves, tops of sides or plétform ’ ' N

Typlcal Dlmenswns for a Nomlnal 11,000-, 21 000- 33 000-
P . Gallon Capacity Vehlcle

Dimension 11,000 Gal. ° 21,000 Gal. - 33,000 Gal.
Length 41t 6in. 56 ft. 8 in. 66 ft. 5 in.
-Width 10 ft. Oin. 10 ft. 1in. 10 ft. 6 in.
Height 14 ft. 8 in. 15 ft. O in. 15 ft. 1in.

Center of Gravity Range for Tank Cars {for car body only, from top of rail):
Empty: 78.6in.-95.1in.
Loaded: 80.7in.-99.1in.
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- APPENDIX C
SURVEY OF RAILROAD EMPLOYEES

This appendix summarizes the results of a survey of the general and local chairmen of
the United Transportation Union to determine the concerns of railroad employees regarding
the effects of size, weight, and length of railroad cars on safety. A sample questionnaire with
the tabulated responses is 1ncluded followed by a discussion and summary of the result for
each question. .

The sample questionnaire shows the number of responses to each part of each question
as well as the associated percentage. Each question does not have the same total number of
responses since some respondents did not answer all questlons, and some questions allowed
multiple responses.
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Instructions:

SAMPLE.QUESTIONNA!_RE SR

i ";n\ N N 3

additional comments on any question, write them on a separate:sheet of:

paper

and include them in the return envelope.\Please indicate the number

of the question to which your comments apply

I. Please check ihe car fypes below uhlch you feel have a fendency fo

~ya

73 O.9D a. Box- plain'> "

derail more frequenily than other cars. (Please check no more fhan 5) ,

Coe e

/702 /28] b, Box-other :
23 28[] c. Retfrigerator
97 /8] d. Gondola-plain

0O e. Gondola-other

73 8370 ¢. Hopper-open

/54 /873 g. Hopper-used .in unl‘r iralns
37946/ h Hopper-covered ‘
3949290 i. Tank-jumbo

76 920 j. Tank-other’
3/2 79[] k. Flat-auto-rack

340430 1. Fiat-TOFC

/93 7630 m. Flat-other .

86 /2¢[] n. Other (specifty )
23 3400 o. Few derail more frequenily )

2. 1n

your opinion, under which of fhe followlng conditions ls a car.. ..

Inkely t0 derail.Please check the appropriaie column.

Likely to . [Likely to [Likety to - 2::q1::¢,‘;,

derail un- derall when | derall when | dgeraliment
Car Type g:;s::r\c:;rf emety foaded ‘. :ll‘::zm:::nce

_NO. %o | Vo. el No. - %% | No. o
Box=pTaln 56 68| /05 /28| 38 46| 342 ¢/6
Box- other | 89 /08| 8¢ s02] €7 81 ] 27¢ 333
‘Retrigerstor | 5/ ' 62| 36 44| 33 40| 387 470
Gondota-plain | 59 . 722|705 /28| 8/ 98| 275 334
Gondola-other| 59 22| 85 s03| 88 107|245 295
Robperr cpen | 70 85| 95  /.5|/28 156 | 215 26/
topper- uses Inl s5 - g, |37 4s5|/96 238| /99 242
Hopper-covered| g3 ~ /74| 53 64267 324|773/ 5.9
Tankejumbo 250 .304|7¢  9.2|/e8 228,00 12.2] -
Tank-other 83 10.1| 74 8.0] 82 100|224 272 !
Flat-autorack |/82 22/ |/91 -232| 75 ~9./)/26 = 153
Flat-TOFC 19¢  236|/98 241| 72 87|s25 152
Flat-other ' 79 ‘96le0 219] 33 20 )|s95 237
Swner {olease | 32 a9lsz  se|ls2  ss) 2/ 26

Please complete all of the following questions. If you have



‘3. For those cars which you consider more- likely to derail, which
of the following positions in a train ls most Iikely to in-
“fluence deraiiments? ] - . : - :

;% : , : N N

.13.00 a..gfront\of fhe:,fraln = I

-middle of the train

end of the tfrain —_— ‘ ;

position iIn fhe fraln does nof seem to influence .

derallmen? : '

NO
‘107 .
245..2980 b+
106 1290 c.
384 46?D d.

P

4 For fhose cars which you consider more lnkely to derail,.

in

which of the following trains are these cars mosf Iikely fo
deraii?

NO. % , :

14 1720 a. short trains (less than 30 cars)

95 115 b. medium trains (30-100 cars)

520 ¢3.2 [Jc. long trains (longer than 100 cars)

193 23.5 E]d. lengfh of fhe ?raln has a minor influence on derallmenf,

5. For the following fypes of cars, please place an.x in The

column which best describes track conditions on which these
cars behave more excitably than other cars on the track.

T N less sfablo whenliess stable whon| sT20i2 on
less stable when] less stable whenl moving over moving over most+ track
moving over moving over poorly main- pooriy malin= condltions

: vwel! maintained | well maintained | tained weided | tained Jointed | normally en-
Type ot Car we lded track 1 Jointed: treck track track counterad
—_ Y NO. Lo NO. S/e_ NO. ) NO. /e
Box-plain 3 .4 5 .6 ?3 8.9 | 289 35.1 | 245 - 29.8
Box- other 3 .4 ? .9 81 9.8 | 333 405 | 189 z3.0
Retfrigerstor 2 2l 4 5| 59 . 2.% | 268 32.6 | 261 31.7
Gondola-pialn 4 .5 8 1.0 7?3 8.9 | 298 362 | 213 25.9
Gondola- other 8. 1.0 8 1o |- 73 ..8.3 | 300 36.5 | 195 237
Hopper- open ? .9 122 1.5 | 93. 11.3 | 364 442 | 139 169
Hopper- used Inl o 4.2 | 427 1.5 .| M2 13.6 | 354 43.0 | t17 . 142
Hopper-covered '8 L L2 2 Z' . 2.2 1 130~ 15.8 4272 549 | =8 9.5
Tank-jumbo 2¢ 2.6 | 2t 2.6 144 12.9 418 50.8| a1 9.8
Tank-other R 9 | 88 107 | 300 36G.5| 181 220
Flat-autorack 2‘4‘1;'. 2.9 ’ 16 - i{.9 125 15.2 399 48.5 81 9.8
Flat-TOFC 21" . 2.6 | 18 --2.2 | 120 452 | 401 4B | 79 96
Flat-other T L 1.6 | 729 9.6 | 300 36.5) 173 210
Other (sp.c'lfy, s G 39 4.7 116 : 14’ 3 .15: 1.8

)
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6. Of the following car length groups, which are most likely to
contain cars which derail at above average ratesi ;
NO. %
43 s5.2[Ja. less than 49 feet long
183 22.2[J b. 50-69. feet long . '
388 474 c. 70 feet long or longer '
"84 10200 d. cars with varying leng'fhs derail at approxima'tely
: - equal rates
. 424 51200 e. length and characTerisﬂcs of adJacenf cars can
o 'influence derailmenfs .

7. 0f the followlng car weighf groups, which are most Ilkely 1'0
. confaln cars whlch derail at above average rafes? : .
-'?’g :9 C]a. abouf 50 tons or ,less
40 4900b. about 70 tons -
197 239 0 c. about 100.tons
325 395 0 d. greater than 100 tons -
%6 147De. cars with varying weights derail at approxima‘fely
" equal rates -~
365 443Uf weighf and characferisﬂcs of adJacenf cars’ can lnfluence
‘deral Iments.

8. Which groups of cars are most likely to be involved with
acci~den'fs resulting in personal injuries?
','3 zzl_'_la. less than 50 feet long
81 980b. 50-69 feet long
- 252 30.(9Dc. 70 feet long or longer . :
484 58800d. no particular length of car is most likely to be
~ involved in accidents with personal injuries

P. Which groups of cars are most likely to be involved with
accidents resulting in personal injuries?: -
V0. % ’
36 4.4 [Ja. about 50 tons or less
35 430b. about 70 tons
101 12.30c. about 100 tons
t66 20.2 O d. overi00 tons
481 58.4 e, cars with varying Iengfhs are involved in: acciden‘ts with
personal inJurles at approximately equal rates.

10. What specific comments could you offer on how cars could be
improved to reduce injury to employees?
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in

your opanaon,
each type of. railcar with regard to. personal

fhe approprl a're col umn.

injuries?

which of the following condlﬂons best describes

Please check

Likely to be In- Likely to In~ Likely to In= Not llkely to
volved In accl- voived In acci-| volved In acci-{ be Involved iIn
dents with personal] dents with per-| dents with per-| acclidents with
- injuries when un- sonal Injuries sonal Injuries personal iIn-
Type of Ceor. ltoaded when looded whether loadedor] jurles’
- . - NO. T v " NO. % NO. empty g5 NO. % .
Box-plain 36 4.4 29 3.5 | 170 207 260 = 316,
Box- other 34 4.1 33 4.0 | 209 25.4 | 215 26.1
Refrigerator 21 2.6 - 29 3.5 161 p 19-.6 272 - 33.0
Gondola-plain 33 4.0 8s . 107 | 201 (24.4 [ 184 - 224
- Gondole- other | 29 34 | 81 98 | 197 239 |18t 220
ropper= open 45 5.5 | 89 108 | 188 215 {194 23.6
A - a1 1 . . ,
unty yrains ] 21 * 2.6 83 104.)166 202 |216  26.2
Hopper-covered 10 1.2 499 12.0 - 20'8 ¢ 253 186 Z‘Z-Gb N
Tank-Jumbo 21 26 | 111 13.5 | 329 461 | 80 9.7
" Tank-other 24 2.9 75 9.1 323 39.2 | 113 13.2
Flat-autorack | 54 66 | 62 75 362 440 | 108 3.
Flat-TOFC 61 7.4 G4 2.8 | 419 509 | e5 .9
Flat-other 75 9.1 51 6.2 397 48.2. 2?0 8.5
* Other (specif C ' ' L
el e .7 13 e | sz 100 | 19 2.3
{2, What operé+ing practices which affect the size, weight and
length of railcars . could be |mproved to reduce the risk
: of personal inJurles?
NO. % '
286 348])a. connecﬂng air hoses
408 49600b. getting on and off of cars
245 29.80c. inspecting :
93 11.30d. loading
216 26.2 Je. coupling
32 390¢. bleeding brakes
245 298[0g. riding
391 482Dh setting hand brakes
3i9l3§.BU|. pulling pins |
34405, ofher (please specify : )

13. Which of the following cars are hardest to ge'f on and off?
NO. % . :

19 23[0Ja. iess than 49 feet long

36 440b. 50-69 feet long :

229 218[0c. 70 feet long and longer :

505 ¢1.4[Jd. there are little differences in difficulty due to
varying lengths ~ : -
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14.
NO
10
16
25
9
82

7‘:

8
ie

468

522

411

634

690

25

14

5.

NO

"which of the cars are hardest to get on and off?

% .
1.2[0a. Box-plain: .-

1.90b. Box-other :

300c. Refrigerator.. . - - « .~ 5 A R
1.7[d. Gondola-plain =~ - ‘
10.0Je. Gondola-other

90 ¢. Hopper-open ' .
100 g. Hopper-used In unH 'rranns
1.90h. Hopper-covered
5¢9E1i . Tank=Jumbo -
¢34 j. Tank-other ¢

49.9[Q k. Flat-autorack. . =

o0 1. Flat-TOFC I s TS
g3efdIm. Flat-other . . . IR

so[0n. Other (please. spemfy _ L C)
17[]0 There are rel'aflvely FitTie ‘;:.ifferences‘,i'n ﬂffic_:ulty

Are there any features of larger cars (over 70 fee*r or larger
cube cars) which. you feel mcrease The chanée of personal
nnJury in yards?

%

534 4.9 Cla. yes
209 254 b, no

lf yes, please explain which features mcrease the rlsk of per~-
sonal injury and when these sHua‘hons occur

Please explain any hazard or risk assoclated with the size,
weight or length of rallcars, not previously mentioned, That:
you feel have important influences on safefy :

You may indicate fne followlng lnformaﬂon if you:so desire:

Rallroad

State:

Major responsibility:
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DISCUSSION OF QUESTIONNAIRE RESPONSES

Question 1: Which car types derail more frequently than other cars?

The answers to the frequency of derailment question were t';ab'ulated’and the car types
were ordered from most likely to least likely to derail. They were: :

Tank Jumbo 47.9% 9. Gondola -  Plain - 114

1.

2. Hopper Covered 46.1 10. Other , 104
3. Flat TOFC 413 11. Tank - - . Other .92
4. Flat Auto 379 12. Box Plain - 89
5. Hopper Unit Train 18.7 13. Gondola Other 6.8
6. Flat- - -. . -Other . 124 14, All Equal , 34
7. Hopper Open 13.7 15. Refrigerator 2.8
8. )

Box ~  Other 124
Less than 4% of the respondents thought all car types were equally likely to derail.
At 3.4%, it was the second least frequently chosen response. The first four car types in the

list can be considered the most frequently derailing, as they were chosen more than twice as
often as any other car type in the questionnaire. '

e s

. 100~
90 ~
T80+
el
69,;_

50 r-ﬂ‘

Percent of Responses

40 oA
30 -
20

16

—

—

:],

=
-

]

m

i

]

Tank-Jumbo
Hopper-vae_red_

~ Flat-TOFC
Flat-Auto
Hopper-Unit Train ‘
Flat-Other.
Hopper-Oﬁén
Box'.-Otherw

" Gondola-Plain

' _Other Cans

_ Tank-Other

‘ Bbx\-Plain
Gondola-Other
Befrigerator
All Equal
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:Questzon 2: Under what: condzttons is a-car ltkely to.derail. ( loaded vs.: unloaded)? :

This questlon seeks to assess whether a car type s derallment can be attnbuted to being
_loaded, - being -unloaded; or - being - derailment prone under any circumstances. Another
answer of not likely:to derail under any conditions is also available. The four derailment
* prone cars identified in the first question had the lowest. frequency of respondents choosing
this latter category. The jumbo tank cars were noted to derail under any circumstances by
30.4% of the respondents and loaded by 22.8%. The covered hoppers were chosen to derail
primarily while loaded by 32.4% to 17.4% in all conditions. The two high frequency derail-
ment flat cars were selected to derail more often while empty than under all circumstances;
they were least likely to derail when loaded. For flat-TOFC cars the percentages were 24.1,
23.6, and 8.7, respectively, and for flat-autoracks they were 23 2, 22.1, and 9.1%, respec-
tively. The tendency to derail while empty was also shared by the flat-others with 21.9%,
although 23.7% of the respondents thought they had a low frequency of derailment. The
hopper cars used on unit trains were chosen to derail while full by 23.8% of the respon-
dents, but were also chosen as unlikely to derail by 24.2% of the respondents Noted as
havmg partlcularly low derallment frequenc1es were box and refngerator cars.

Note: The percentage of responses for each car did n‘ot;add‘to»lOO% as some respondents
did not answer the question for all car types.” The effect of adjusting for the non-
responses would have been to. raise the percentages shown However only un-
adjusted percentages have been used

C-8
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Question 3: For those cars which you consider more likely to derail,-which of the following
positions in a train are most likely to influence derailments?
#There was ho clear consensus about the influence of car position in a train in car derail-
ments ‘Half, 46.7%, thought it did not influence derallments whlle 29. 8% chose the mlddle
with- the front and rear sphttmg the remamder '

‘1001-
90 4
80 . .
70 4 k
60 1
.. 504 - —
40 -{

30 - —

- Percent of Responses

20

U

Front
Middle
- Position immaterial_

- Rear



Question 4: For: those cars' which you - consider more likely t6 derail, in which ofthe
following train lengths are these cars most likely to derail?* "

Long trains, those with greater than 100 cars; were'selected as likely to have derailed
cars by 63.2% of the respondents. 23.5% felt train length had a minor influence on derail-
ment, 11.5% chose medium length trains; and 1.7% chose short trains as most 11ker to have
derailed cars In general the hkehhood of dermlment was proportlonal to tram length

b ?.’ ‘

100 -
90 -
80
70
w
2 60 - _1
c .
<]
g
@ 50 -
o .
Lo
o 0
g 404
[T}
5
o 30
20 -
104 l—l
§ . %
[ - a
—-— Q [+
g o £ 2
© - Q £
(3} | — 2B
(=0 Q g:
m M. O. o ©
Y g = 8¢
£ o . § 0
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- Question 5: Give the track conditions on which a spectfzc car type behaves more excitably
than other car types. .. . .- .- .+-. ST

e, For.all car types, there was-a hlerarchy of responses [ T

.Well-mamtamed welded track (least effect on car)
. Well-maintained jointed track :

Poorly maintained welded track

Poorly maintained jointed track (greatest effect on car)

The percentage for evury car type increased as one moved down the list of track con-
ditions. The question answerec v “s: which car types are most excitable and hence most
likely to derail. The salient featur. ... the responses was the six car types for which the ratio
of most excitable to stable on most track conditions was large (greater than 4 to 1).

The six ﬁiost excitable car types were:

Hopper Open
Hopper - Unit Train -
Hopper Covered
Tank Jumbo

Flat TOFC
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Question 6: Of the following' car -length groups, which are most ltkely to contain cars
which derail at above average rates? - :

The majority ‘of respondents, 51.2%, felt the length and characteristics of adjacent cars
influence derailments. While 10.6% said' that derailment ‘rate was independent of length,

the remainder indicated that derailment rate was proportional to length. Chosen as most
likely to derail were: «

70 ft. and longer 47 1%

50—69 ft. 22.2%
less than 50 ft. -5.2%

100
90 -
80
70

60 -

40
30

k20 =

10 4

]

Less than 49.feet j

50—69 feet
Adjacent Car’

70 ft. and longer
All Equal
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Question 7: Of the following weighl groups, whu:h are mml ltkely to conlam cars: lhal'
derail al above average rales’

-1 Of the. rcspohd(-'nts 14 3% feli- l,hJI the: weight and characteristics of the-adjacent. car
influenced derailments. This was the largest single answer ¢hosen. 12% thought derailments
were. indey sendent of w(-l;.,ht 'l‘ho cavicer cars were singled out-as more likely Lo derail, as
shown below: ‘ NS '

100+ Tons . 39.5%
100 Tons  23.9%
70 Tons  4.9%
50 Tons 8.9%

Combining the 100 and 100+ ton (,ar' classes shows 63.4%, chgosing the heaviest cars
as most likely to derail. The slight increase in th(- 50-ton over the 70 ton class may he due
to the grcater number of 50 ton cars. : :

«

100
90 - .
804
60
50 ‘
404 N e
30
20
[
:h' ,—>“ "
o 3
2 5 g 5.
2 . 5 2 O
5. c e & €8
5.8 © £ 2 3%
hg ; Q [= - T e
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Question 8: Which groups of .cars are most hk‘ely to be mvolved wtth acctdents resultmg
in personal injuries? (Length ) :

.~ The majority of respondents 58.4%, felt that personal injury accidents were mdepen-
dent of car length. The remalnder felt that the probablhty of personal injury accldents

were proportional to length with 30.6% choosmg 70 foot and longer cars, 9.8% choosmg
50—69 foot cars, and 2 2% choosmg cars less than 50 feet long : .

T

100 -
90 -
80 .
70 4
601, - o
504

40

20

10 -

70 ft. and longer-

All Equal

_ Léséthan 50 ft. ‘ ] )
50-69 ft.
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Question 9: 'Which ghoup of cars most likely to be involved’ with accidents resulting in
' personal injuries? (Weight) ' S

' 'The majority of respondérits,"i5‘8.4%,' felt that the weight of the car 'was not a factor
and all weight groups were equally likely to be involved in personal injury accidents. The
two heavier weight groups, 100 fons and 100+ tons, were selected by 12.3% and 20.2% of
the respondents. Combining these two groups shows that 82.5% of the respondents thought
the larger weight cars were most likely to be involved in personal injury accidents, a sizable
minority. Less than 5% picked either the 50-ton or 70-ton weight groups.

100 -
90 -
80 -
70
60 . —
50 q°
40
30 -
L ]
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10 : |——| "
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>
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1D ~ = =
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Question 10: What specific comments could you offer on how cars could be improved to
reduce: injury to employees?

The following .categories show the areas in which. mprovements mlght be made to
reduce injuries to employees: - : ,

Safety Appliances i _ 29%

(Ladders, Handgrips) o o
Car Inspections‘ AT . 22% .
Brake System 18%
(Handbrakes, Air Coupling) ‘ : : .
Coupler and Draft Gear - SR 1%
Track Maintenance o 6%
Shorter Cars ' 5%
Lighter Cars 4%
Lower Cars , 4%
Suspension System ‘ 2%
Shorter Trains 2%
Loading and Positioning of Empty Cars 2%

Representative responses include the following:

1. “Building the car lower to keep the center of gravity at the lowest possible

level. Centralize brake wheel and platform along with retainers and angle

- locks, thereby eliminating the need for a man to do excess climbing, reach-
ing over couplers while making up and handling cars.”

9. “Better grab-irons and foot steps on flat cars-autoracks-tanks. Low hand-
brakes. Walk ramps on each end of cars for moving between cars.”

3. “The only way to reduce injuries is to decrease the length of trains to cut
down on the excessive amount of slack action from the cushioned drawbars.”

4. “A train conslstmg of 85 cars or less is much safer for operatmg employees
to handle.” .

5. “Keep couplers and long drawbars oiled s'd thay can be moved eésﬂy when
aligning them; also keep pm lifters for said cars in good order so as to make
it easier to uncouple cars.’ -

6. “Well maintained track-we had .over 500 derailments at [Southwestern town]
in 1974 and 1975. Since they rebuilt tracks and road bed, we have three or
four a month now.”

7. “Larger cars do not handle curves well. Heavxer cars are harder to stop and
start, and cause additional sttam on bad track. This additional stram can
sometimes cause rail to turm over.’

C-16



w 8

10.

11,
12.

_ hard to apply, placmg one in a bad position.”

A have noticed that the newer SOO Line cars have hlgh sill steps, and it is hard
‘to ‘get on to these cars. Also, the handbrakes on most piggyback flats are

.. “Newer cars--you can not change the air hose w1th one wrench and one man,

Most newer cars have a rubber hose running into train line and an air hose
which will turn if not held with another wrench—-in most cases, you need two

.men and two wrenches.

“Employees whose work is inspection—-maintenance of cars could be increased.
Forces have been decreasing in our area-rules have been broken ‘with no
penalties.” ‘

““Ladders should be pos1t10ned for easy access and low enough to step on.”:

I think that the cars are safe if properly maintained and frequently mspected
I work every day W1th frelght cars that haven’t been mamta.med ”
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Question: 11 In your.opinion, which of the.following condmons best descnbe each type

of ratlcar wtth regard to personal mJury? i
.. . The respondents had a choice of four answers for each car type: likely to be involved
when unloaded loaded whether loaded or unloaded and not hkely to be mvolved in a pex-
sonal injury acc1dent Very few chose any of the cars unloaded as hkely to be’ mvolved in
personal injury accidents. More respondents felt the cars were llkely to be lnvolved in per-
sonal injury accidents when loaded; however, the percentage was still less than choosing
either of the remaining two possibilities. The only exception was flat-other cars, which by a
9.1% to 6.2% ratio was chosen as more dangerous Other car types showing high loaded to
unloaded ratlons were:

Gondola - Plain 10.7% - 4.0%
Gondola - Other ' 9.8% - 3.4%
Hopper - Open ‘ 10.8% - 5.5%
Hopper - Unit Train 10.1% - 2.6%
Hopper - Covered 10.0% - 1.2%
Tank - Jumbo ' 13.5% - 2.6%

- The majority of the answers were in the last two columns when loading made little
difference in a car’s likelihood of being involved in a personal injury accident; and for most
of the cars, the answers were split evenly between the two choices. The most salient feature
of the responses was the five cars for which a majority of the answers indicated that the cars
were likely to be involved in personal injury accidents. The percentage of respondents
selecting the cars as likely and not likely to be involved are listed below:

Likely Not leely

Tank-Jumbo 46.1% . 9. 7%
Tank - Other . 32.9% ‘13.7%
Flat-Auto S 440% : 1311%
Flat - TOFC S 50.9% . 7.9%
Flat - Other - e 48.2% ’ 8.5%

Note: The percentage of responses for all ‘four categones d1d not add to 100% as some
respondents. did not .answer the questlon for all cars.:The effect of adjusting would
have been to raise the percentages shown. However only unad_]usted percentages

have been used
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Quiestion 12: What opérating’ practices which affect the size, weight, and length of rail-
cars could be improved to reduce the risk of personal injuries?

A sizable proportlon of respondents selected most of the optlons listed for this ques-

tion. Only bleedmg brakes 3 9%) and loading (11.3%) were not selected, with a rather high

frequency The remaining ranged from 4 low of 26 2% for couphng toa hlgh of 49.6% for
getting on and off cars. | o

100
90

g0+ .

o4 - -

50

]
1

404 | —

20 -

10 -

]
-

Getting on and off
Sétting handbrakes
Pulling pins
Connecting a@rhoses
inspecting

Bleeding Brakes
Other

Riding
Coupling
Loading
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Questzon 13: Which of the cars are hardest to get on and off? (Length)

The majonty of respondents 61.4%, felt that there was very httle difficulty caused by
the varying-lengths. Of those respondents specifying one size car as difficult to get on'and
off, 27.8% chose 70 foot and longer cars, 4 4% chose 50-67 foot cars and 2.3% chose less
than 50 foot cars.
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Question 14: Which car:types. are hardest to get on.and off?. , . 5.

+.;Lhe .car types. were broken into: two distinct: groups: . one for which relatively few
respondents thought it was. hard.to get.on “and voff -and .a second, for: wl'uch approx1mately"
50% -or, more of the respondents felt.were hard to get-on -and, off 1.7% of, the respondents
felt that all cars were equally hard to board and exit. The five car types that were difficult
to board and the percentage of respondents selecting them were: ‘

Flat - Other - 83.8%
Flat - TOFC 77.0%
Tank - Other 63.4%
Tank - Jumbo 56.9%
Flat - Auto 49.9%
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"Question 15:- Which féatures of larger cars (over 70 feet) do you feel mcmase the chance of
personal injury'in yards? e . .

These categories show ‘the features of long cars which increase ‘the’ probabxhty of per-
sonal injury in yards.

Coupler and draft gear 38%
Overhang 30% . . _
Safety appliances 24% T

Brake system - 8%

Representative responses include the follo'vifing‘:*- .

1. “Most of the larger cars have anti-shock couplers and some’ very strange
cutting-lever devices. If the couplers miss and a man is required to straighten
them out in order to match them up again, 'many things can happen. The car
can lunge forward or the coupler can move without warning from a ]ammed
“position back to its iormal extended: position, stnlnng ‘the individ ‘

" 2." “The hard stlrrups and grab-n'ons make gettmg oné off these cars very diffi-
cult because of the positioning of the grab-irons.”

3. “The hand brakes on pxggyback flats are hard to set and release-yaw are usu-
ally in an awkward pos1t10n whlle applymg these brakes

4. “Long cars swmg out more on curves Most long cars have a long drawbar that
»wxll by-pass easy -

.'5. “When ladder tracks and sw1tch ftog are poorly mamtamed these extra
length cars do not readlly slew »

“So many are top heavy when loaded and when empty are too ngld »

1. . “There is not enough ladder on the TOFC car to afford a safe boardmg while
.in motijon.” N : -

- 8, “The length of these cars in turnouts causes them to deraJI and the drawba.rs
~ - are'very hard to align.” ~ : e
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. These categories indicate areas of hazard -or rigk - assocrated with.the size, weight, or.

ratlcars that have tmportant mﬂuences on safety

length of railcars:

Track maintenance more important o . 26% -
Consist makeup and handling - 21%

Car inspection and maintenance - 12% .
Safety appliances . > 10%
Coupler and draft gear 9%
Dynamic response to track irregularities . ... .. .. - . 9%
Long and light cars more likely to deraJl on curves 8%

,Brakesystem e Ty T - )

.,Representatwe responses 1nclude the followxng e

1.«
. “Series of heavy loads next to caboose with empties in middle of train.”

A

“Covered hoppers lo'aded over 100 ton - m successi.on'ofl 5. cars or more.”

“High or w1de cars placed next to caboose Open loads placed next to
caboose

“Ore cars are extremely dangerous because of the small dxameter of the draw-
bar and yoke assembly They break easrly wh1ch mcreases the chances of

" derailment from ‘funning over the: broken assembly.”

“Long cars in ya.rd serv1ce requ1re more room for clearance of cars on ad]acent

- tracks.” -

“Not enough brakmg power to stop and have control when ndmg cars by
oneself.” Tt : :

. “Normally; ‘industrial tracks afe 'p'oorly maintained. And, as extra weight and.

extra length cars do have a greater tendency to derail, I believe the spotting
and taking. off spot from industrial tracks is.extra hazardous. ‘Also, on an
industry servicing track that is incapable of 15 mph, employees should not be
allowed to ride extra dimension cars.” '

“Tank cars don’t have the nght kind of grab-lrons to afford a safe boarding
whrle in motion.”

“Shiftable loads can and do cause problems Better standards for proper
loading may help reduce damage and possibly injury.”

“Cars over 70 feet long create a greater risk, but design rather than length is
a greater factor. Even more important is a thorough inspection program to
eliminate safety apphance defects which probably cause more mjunes than

~ car type, length, weight.’

“Long trains with mixed freight tend to sway.”
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 APPENDIX:D
" 'SURVEY OF RAILROAD MANAGEMENT =

This appendix lists the fhi'ee questions which the Association of Americ;an Railroads
‘posed to the management personnel-of several U.S, railroads. to assist in'this study. ‘The spe-
“cific responses are not shown but the results are mcorporabed 1nto the report.

Question 1: If the average capacity. of freight cars was.increased. by 15% with -no-change in'. '
: car- lengths what would be- the likely impact. associated ‘with -the safety and
economics of operatmg your company?

Question 2: If the‘average capa_c;ty. of freight cars decreased by 15% with no change. in car
) lengths, what would .be the likely impact on the safety-and economics of oper-
ating your company? ° a. 'Bulk Commodities o
o b. ‘Merchandise Commodities

Question 3: List .any significant steps that railroad industry .or your.company has taken
with regard to equipment, track, operation, inspection, and maintenance to
compensate for:increases in size, weight, or length of rail cars. (Where possible,
indicate 10-year trends.)

)
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APPENDIX E T "

|NVESTIGATIONS OF CONTACT STRESSES
AND PLASTIC FLOW FROM HIGH WHEEL LOADS®

WHEEL-RAIL CONTACT STRESSES
Introduction

The stresses in the contact zone between wheel and rail arise as a result of the various
loads imposed on the wheel-rail during the operation of a rail car. We thus have:.

L Compfessive normal stress in the wheel tread and fail crown as a result of the
imposed normal load. :

® Lateral shear in the crown (rall) and wheel tread from the lateral loads en-
countered during curve negotiation.

® Longitudinal shear stresses in the wheel and rail surface from driving and
' brakmg torques. -

® Stresses - resultmg from the. dynam1c loads along -all three component
directions. B

In the study of the behavior of rail-wheel contacts, the problem is further complicated
by the fact that the contact zone shifts on the rail from the crown to the gage side as a
result of lateral wheel movement.

It should be pointed out that these braking, driving, lateral, and dynamic loads are’
all directly or indirectly related to the normal load. Thus, the contact stresses produced by
the normal loads are a good starting point for comparative analysis of different design
choices.

It is generally recognized ‘that the contact stresses between wheel and rail, for current
U.S. industry practice, are higher than the sunple tension yield stress of the rail steel. How-
ever, for the purpose of relative comparisons, it is ‘still valuable to determine the contact
stresses using available elastic solution. Many such mvest;gatlons have been made.

The following observations can be made from thesé studies:

. ® Contact stress increases as load to the 1/3 power for a given wheel and rail.

® Stress decreases with mcreasmg wheel diameter as well as increasing rail pro-
file radius.

*Prepared by the lllinois Institute of Technplogv
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® The stress reduction is larger with an increase in rail crown radius than an
increase in wheel radius. For example, an increase in wheel diameter from 30
to 42 inches gives a stress reduction from 138 ksi to 124 ksi, whereas an in-
crease in rail crown radius from 10 to 20 inches gives a stress reduction from
138 ksi to 98 ksi. .

The radius of the crown of the rail currently used seems too low.

Best gains in stress reduction should be possible by a suitable combination "
. of increasing wheel diameter, the radius of the crown of the rail, and changes
in wheel tread profile. :

Measured Contract Stresses in Laboratory Simulation

The IIT-GMEMD wheelrail simulation facility was utilized for determination of
contact stresses for the different tonnage cars. The 8-inch diameter Hertz simulation wheels
were used on a 36-inch diameter wheel which simulated the rail. The metallurgy and hard-

.nesses of the two were also kept close to those in the field. A friction coefficient of u~0.02
was used for all experiments, The IIT replica tape contact measuring technique was used
to measure the areas of contact between wheel and rail. The contact areas for tests simu-
lating 55-, 70-, 95-, and 125-ton cars are plotted together in Figure E-1 for comparison
purposes. The curves are corrected using the IIT contact area measurement technique. |
They are not expected to be the best fit for the shown data pomts The followmg observa-

tions can be made:

® The area of contact increases faster for the heavier tonnage cars. This is due
to combined effect of both plastic flow and wear of the two steels,

® The area of contact stabilizes for 55- and 70-ton cars much sooner than for
the 95- and 125-ton cars. In fact, the plastic flow of the track for these higher
tonnage cars continues for a long period. It is clear from the plot that the
stablhzed area of contact has still not been reached in 45,000 cycles. '

® For the current mdustry design practice, the areas of contact predicted by ‘
Hertz theory (point marked H at 0 cycles) is a true area of contact for only
a short time. The actual area of contact is always larger than that predicted by»
the Hertz Theory.

Contact stress for all the four tonnage cars have been replotted in Figure E-2. Several .
interesting observations can be made from this plot. The contact stress decreases to a stable
value for all cars. For higher tonnage cars, the contact stress stabilizes at smaller stress
values, showing the effect of continued plastic flow. This seems to indicate that the degree
of work hardening developed by smaller tonnage cars is more than that developed by higher
tonnage cars. This should be further investigated. It can also be observed from this figure
that in all cases, the stress level at which all car wheels stabilize are in a relatively narrow
stress range of approxunately 88 t0 103 ks1 This i is probably due to mechanical-metallurgical
characteristics of the rail steel.

Comparison of Theory, Laboratory Simulation, and Field Measurements
The contact stresses can be estimated theoretically for brand new wheel and rail by
assuming elastic behavior and using the Hertz solution. Stresses were computed in this

manner for the wheels of the freight cars operating at the Facility for Accelerated Service

E-2



12 1 N RN RN N 1

1M— | L . -

.goA .
I .

Contact Area In? X 1073

H = Hertz Stress

T l T I I T
o 3 .9 15 21 . 27 33 .42 45
Loading Cycles X 103

FIGURE E-1 GROWTH OF AREA OF CONTACT FOR WHEEL AND RAIL IN DIFFERENT TONNAGE
CARS IN LABORATORY SIMULATION , o :



110—

Laboratory Measured Wheel-Rail Average Contact Stress ( KSI)

103 KSI

o 3-. 9 15 21. 21 . .33 .39
C Loading (;vclesXIO3

FIGURE E-2 REDUCTION OF CONTACT STRESS WITH LOADING CYCLES FOR
VARIOUS TONNAGE CARS IN LABORATORY SIMULATION

100
‘ 4 _ Range Of
] H= HertZVStress - . . Stab|||zat|on . 125 Ton
90— ] B “
89 KSI .
80T T T 1 — T . 1
. 45



and Testing (FAST) at Pueblo, Colorado. Field measurements of average contact stresses
were also made at FAST for the 100-ton cars.

The stress values obtained from theory, laboratory simulation, and field measurements
are combined in Figure E-3 for comparison purposes. As was expected, the measured con-
tact stresses for 100-ton cars at FAST were always lower than the theoretical Hertz contact
stress for which the new wheel and rail were designed. Further, it is interesting to observe
that the field contact stresses fell in the same range as the laboratory simulation contact
stresses. Several field data points fell in the stabilized contact stress band determined by
laboratory. experiments. Only .one. field contact stress. measurement gave a value of ap-
proximately 70 ksi, which is much below the stabilized stress value band. This measure-
ment was taken on a highly worn wheel profile with a two-point contact between the wheel
rim and the rail crown and is not considered a relevant reading. In fact, the wheel was going
to be taken off, and the car was brought in the maintenance shop for this purpose. On the
whole, the agreement of the field data with the laboratory data for the 100-ton cars was
excellent, It is therefore felt that the laboratory simulations of the 55-; 70-, and 125-ton
cars should be valid also. .

Implications of Contact Stresses and Investigations Needed

As discussed, the wheel-rail contact stresses are con51dered to be dn‘ectly or mduectly .
respons1ble for various kinds of degradatlon of the rail and wheel. These include plastic
deformation, wear, and fatigue of the rail and wheel. Even the effect of dynamic loads is
proportionately reduced if the design contact stresses are lowered as compared to the’
current industry practice. Figure E-3 shows that the stabilized contact stress band is located
‘at stress values considerably below the current industry design values. The gap is the largest’
for the 125- and the 100-ton cars. If the design standards were changed such that the design
.contact 'stresses fell below the stabﬂxzed stress band, the wheel and rail profiles will be
stable resultmg in less detenoratxon longer life, and lower costs.

For thls, 1t is necessary to investigate, in the laboratory, approaches to re-
ducmg design contact stresses, keeping in mind that the vehicles cannot be allowed to
become dynamically unstable. Actual scaled down wheels and rails should be used for
‘testing. Plastic flow, wear; and profile changes, all of which affect contact stresses, should be
investigated. Other theoretical and experimental analysis techniques should be utilized for
improved wheel rail profile designs. It should be mentioned that the wom profile approach .
used in Europe and Japan for wheels is not suitable for U.S. conditions. The U.S. designs
should be made with a pos1t1ve mcorporatlon of U.S. conditions of tonnage size of trains,
metallurgy of wheels and rails, and operational, economic, and labor considerations. The
Illinois Institute of Technology wheel-rail laboratory has capabilities to investigate many of
these factors. = .

After leﬁoretofy' ihvestiga:ti“ons, the<desigrls and cohcepts should be tested at FAST
and, later, on an actual railroad.

E-5



9-q

FOR NEW, INTERMEDIATE, AND STABILIZED CONDITIONS

Average Contact Stress (KSI) )
FIGURE E-3 "LABORATORY AND FIELD MEASUREMENTS OF WHEEL RAIL CONTACT STRESSES

| I 1 L 1 l ] |
D —— - Laboratory Simulation = — S
. v .
40— - \g : - .. _125-Ton Car
39 — @ 125-Ton Car | S [} _ ’ o )
FAST AR s ) iy
Measurements < \ey . ,' ! -
~ No. of Circles =4 | i ) o of -
Show Overlapping : ' h - v
Data = h I, : -
100-Ton Car : \@\@<——_-l 0@"" 100 Ton
¥ ~1 i I} 95 Ton
o | ]
. § 1 »i 35;
30 = 2 o ! & 1 : ’t\?
| g5 £ 3 / Y
2 o
‘g s © ' o‘,o‘ $
S 2 ™ S ' O
; owm ! X & g T
26.3 — o . X o ! a 70-Ton And - .
o T 5 CJ NG a Piggy Back
— N /
25 =0 . - ’
. g 2 I
] o o |1 I
-\ S IR |
I /
! Y
o 3 NS /
20 — ! -, "
’ ) 56 Ton
| | - 1 | 1
80 - 110 - 120 . . 130 . 140 - 150




PLASTIC FLOW IN WHEEL-RAIL CONTACT

"'m&dducﬁoﬁ ”"' T .‘ A - tTott ' . '_'T’-' ' - T

Plastic flow of.rail head is being‘mvestllgated in the laboratory-at IIT with. Hertzlan
" simulation for various tonnage freight cars and for both tangent and curved track. Plastic

* deformation affects wheel rail surfaces significantly. The depth to which plastlc deforma-

"_tlon develops can be of the order of the width of the contact area. The largest’ amount of:
plastic deformation takes place in the initial loading cycles,. ‘with a. resultmg residual: comé
‘pressive stress underneath the surface. The material seems to flow forward and sideways.on'
' tangent and curved tracks, the degree and rate bemg dependent on the tonnage and angle off

- 'attack between wheel and rail,

Plastic Flow :Investiga‘ﬁon of Tanéent Track for Various Tonnage Cars

. Inivestigations were conducted on the IIT-GMEMD wheel-rail facility using Hertzian -
.. : simulation wheels (with a hardness of the small ‘wheel equal to 40-43 Shore and the hard-
- .ness of the large wheel equal to 30-32 Shore). After bnngmg the wheels ifto contact and’
‘ ‘. loading with a prescribed load ranging up to 968 pounds, the wheels were rotated for a
- certain number of revolutions of the large wheel and stopped The plastlc flow is related .
. ito the penetration depth “h” of the large’ ‘and small wheels (Figure E- 4) ‘This paraméter.
" “h” was therefore used as a measure of plastic flow for these. expenments To measure the -

A‘._--above parameter, relatwe plastlc flow, acrylic castings for both small and’ “large wheels-are

.  obtained using the T acrylic replica techmque The maximum number of revolutlons{ "

" C used for these tests was 40 The acrylic castings were obtained at regular mtervals

The acrylic castmgs showing the plastic deformation inthe rolling contact were ana-

' r’},lyzed ‘using Talysurf profilometer-with vertical magnification up to 5000. ‘Figure E-4- repre- e
_ - sents the maxlmum "plastic- flow depth “h” for various normal loads up to 968 pounds at
. the end of. 40 revolutions of the large wheel. - Figure E-5 represents the growth of plastic

. «flow in terms of parameter “h” with-the number of revolutions of the large wheel for
.. various normal loads. The rate of plastic flow of the large wheel (s1mulatmg the rail) is

quite large in the begmnmg, and-it decreases thereafter with increasing. number of revolu-.
" tions, finally stablhzmg to a nearly constant value after about 15 revolutlons The magni-

;'tude and rate of plastic flow depend on’ the tumber of revolutions and applied load. It can’

" be seen that the plastic flow seems to stabilize to' a small .constant rate (as indicated by .

-' angle “0”) after a certain number of cycles: This angle, 8, when plotted against the normal

‘load (Flgure E-6) shows that it increases with load and seems to be stabilized shghtly above ,

'3 degrées for normal loads up to 968 pounds. By defining the number of revolutions at

" which the rate of plastic flow stabilizes as a “critical large wheel revolutlons number — N,”

- and plotting N agamst the normal load, as in Figure E-7, it can be seen that N also increases’
as the normal load is increased. There was little plastic flow on the small wheel in all of the
» above tests, '

From the above investigation, it is evident that plastic flow is a major factor in the

degradation of the standard rail. The majority of plastic flow develops in the early stages
. of use. Its magnitude is dependent on the tonnage of the cars being used. However, the
plastic flow contmues at a small constant rate during subsequent loadmg cycles, and this
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aspect needs -further investigation and validation. The above data do-not apply directly in
a quantitative way to the plastic flow of rails in the field because the geometry and the side
constraints of the total rail are not fully simulated; also non-linearity of material behavior
is involved. However, it can still be used to gam a quahtatlve md1cat10n of the effects of
higher tonnage cars.

+ It is expected that plastic flow will be considerably less in the laboratory Hertz simu-
lation as compared to full-scale field results. Therefore, it-would seem that the initial plastic
flow and rates of flow developing in the field should be higher than those predicted by
Hertz simulation. The flow rates are expected to continue during the shakedown process,
- which is expected to be completed sooner for the lighter tonnage cars. The work hardening
of the rail and the reduction of the contact stresses are contributing factors. For high ton-
nage cars (100 tons or more), it seems that the flow rate continues for a very much- longer
period as compared to the 55- or 70-ton cars. In fact, this rate for the higher tonnage cars
may never reach zero values. In other words, the shakedown process for the high tonnage
cars may never be fully 1mplemented All of these plastlc phenomena need to be investi-
gated further

From the laboratory tests conducted above, recognizing their limitations as stated,
the following observations can be made:

® Higher tonnage cars produce more initial plastic flow. The depth “h” in the
experiments was 29% more for 70-ton cars as compared to 55-ton cars and 6%
more for the 100-ton cars as compared to the 70-ton cars. In terms of the
volume of steel displaced, the 100-ton cars displaced, in the m1t1al loadings,
10% more than the 70-ton cars.,

- ® 'The rate of plastic flow of the rail steel before shakedown is higher for the -
" higher tonnage cars. In this experiment, the difference in the rates of the
100-ton and 70-ton cars was almost twice the difference in the rates of the '
70-ton and 55-ton cars,

Plastic Flow Investigation of Curved Track for Various Tonnage Cars

The above investigation was conducted on the IIT-GMEMD Wheel-Rail facility using
Hertzian simulation wheels (with a hardness of small wheel equal to 40-41 Shore, and the
. hardness of the large wheel equal to 30-32 Shore).

Plastic flow 1nvest1gat10n of ‘curved track for 95-ton and 70-ton cars was conducted
with angles of attack 0 1°,0 3 and 0. 5

Accurate (within 0.01° error) angles of attack between the wheel and rail were - ob-
tained by rotating the frame of the big wheel on the base of the rig by precalculated i incre-
ments. Hertzian simulation of 95-ton and 70-ton cars was obtalned with normal loads of
950 pounds a.nd 852 pounds respectively. :

After bringing the wheel in contact and loading with a prescnbed load, the wheels
were rotated at a very low speed for a certain number of revolutlons of the large wheel and
. stopped at predetermined intervals.
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For direct measurement of the profile of the large wheel under cyclic loading, a Taly-
. surf 10 profilometer was mounted on therig with suitable brackets. After each interval, the

profile of the large wheel across its width, was measured at a fixed location with the Taly- - -

surf.unit. The maximum number of revolutions used for these tests was 100, and successive
Talysurf measurements were taken with vertical magnifications of 1000, 2000, and 5000.

With an angle of attack between wheel and rail, the material flows to one side only
’ (charactenstlc of the plastlc flow of the outer rail in the field). - :

e Flgure E-8 represents the growth of plastlc ﬂow in the ra.ll Wlth cycles of loading for a
95-ton car Hertz simulation, with 0.3° angles of attack, as measured by the Talysurf unit
with magnifications of 2000 and 20 in the vertical and horizontal directions respectively.
This figure shows that the plastic flow depth increases, resulting in an increase in metal flow
to one side, with i 1ncreas1ng loading cycles.

To quant1fy the extent of plastlc deformatlon in the rolhng contact, we decided to
measure the area of cross-section of plastic flow depth around the rolling contact (A1) for
70- and 95-ton cars with various angles of attack. The variation of plastic flow area (A;) for
95- and 70-ton cars with 0.1°, 0.8°, and 0.5 angle of attack is shown in Figure E-9. It can
be seen that the plastic deformation is larger for heavier tonnage cars with the same angle of
attack. From the trend of the curves, it can be surmised that there is a small rate of plastic
flow which continues‘with successive loading cycles, the rate being higher for the heavier
car. ' :

The .comments’-made earlier regarding -the tangent track simulation tests and their
applicability to field conditions apply here also. The present tests should not be inter-
preted as direct qua.ntltatlve comparisons with full-scale field conditions. They, however,
do serve as indicators of trends. The laboratory tests show, in Figure E-9, that the lateral

flow of metal for the 95-ton car and 0. 1° angle of attack was nearly twice that produced

by the 70-ton car s1mulat10n It may also be seen from this data that i increases in the angle
of attack may more strongly influence the extent of plastic flow than i increases in tonnage.

CONCLUDING REMARKS

' ‘ ngh-tonnage cars cause s1gn1f1cantly more detenoratlon because of plastrc flow on the
rails than low-tonnage cars, for the current wheel-rail deSIgns The deterioration per MGT
increases w1th increased car tonnage.

Contact stresses between wheel and rail are of critical importance in contributing to
the degree of deterioration. Actual contact stresses are too high for the rail steels used.
This is so, even though the actual stresses are lower than the theoretical Hertz contact
stresses, due to- plastic flow and wear. Contact stresses for 55-ton cars stabilize at higher
value (102 ksr) than the contact stresses for a 100-ton car (92 ksi). ‘This fact is caused by
continued plastic flow of the rail for a long duration under higher tonnage cars. In fact,
there seems to be a degree.of work softening of the rail steel under the higher stresses as
a result of higher tonnage - and current wheel-rail design practlce of the industry. For the
current car rolling stock and rails, there is a band of contact stresses (approximately 88-103
ksi) at which the stresses stabilize. If the current industry design standards were changed to
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FOR A 95-TON CAR HERTZ' LABORATORY SIMULATION WITH
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those which will enable reduction of contact stresses below this range, considerable reduc-
tion in track degradatlon could be achieved. These statements are based on laboratory simu-
lation tests. The laboratory data for the: 100-ton ‘cars was validated by measurements made
~at FAST. It is now necessary to investigate approaches to reduce design contact stresses,
keeping in mind that the vehicle should remain‘dynamically stable. Such stress reduction
will help reduce plastic flow, wear, and fatigue-related rail deterioration. '

ngher tonnage cars cause higher rate of plastic flow of the rail. In the laboratory simu-
lation for tangent track, the plastic-flow-related surface height change was 29% more for the
-70-ton cars as compared to 55-ton cars and 6% more for the 100-ton cars as compared to
the 70-ton ‘cars. In terms of volume of steel displaced, the laboratory simulation showed
that the 100-ton cars displaced, in the initial loadings, 10% more than the 70-ton cars. The
rate of plastic flow of the rail steel before shakedown is higher for the higher tonnage cars.
In the experiments, the rate increase for the 100-ton car as compared to the 70-ton car was
‘almost twice that of the 70-ton car as compared to the 55-ton car. For tests simulating curve
negotiation with L/V = 0.1-and angle of attack = 0.1°, the lateral flow of steel produced by
the 95-ton car was nearly twice that produced by the 70-ton car simulation. It is concluded
from ‘the tests that plastic. flow .of rail steel produced by the 100-ton car should be more
than twice as much as that produced by the 70-ton car, : g
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e APPENDIXF e

_STUDY AND EVALUATION CONCERNING THE SAFETY
.AND EFFICIENCY OF RAIL TRANSPORTATION*

[

| - The - following was received frefh a meniber railroad of the Association of American
Rallroads (AAR). It provides valuable information concemmg the worth of: many counter-
- measures that are presently available. .-.. . '

:F IELD TESTS
tMany tests were. conducted that were desxgned to fmd methods of improving the
: ride "quality ‘of various types of cars. These tests were made both over-the-road and on a
- special test track.. Tests included those.made on 100-ton unit coal cars and clearly demon-’
strated the effectiveness of supplementary stabilizers. Hydraulic stabilizers reduced car rock-
ing in these tests by 58% (Figure F-1). Tests were made on both bi-level and tri-level 89-foot
“autoveyor cars and demonstrated the effectiveness of hydraulic stabilizers (Figure F-2) and
resilient constant contact side bearings in controlling car rocking and truck hunting (69%
reduction) thereby reducing damage to both lading and the rail car. Tests were made on
70-ton box cars and TOFC cars to measure effectiveness of resilient side bearings in reducing .
truck hunting at high train speeds (over 69% reduction). Many tests on large covered hop-
. pers were made on the test track to examine the effectiveness of hydraulic stabilizers in
controlling car rocking at low speeds. See Figure F-3 for sample results. Tests were also
made to reduce the vertical bounce resulting in the derailment of short (25-ft truck centers)
covered hoppers. In all tests the use of hydraulic supplemental snubbing was shown to con-
trol low speed car rocking. The use of resilient, constant contact side bearings is effective
in controlling self-excited truck hunting.

SIMULATED CAR DYNAMICS

A computer study was designed to show ‘“worst case” freight car suspension perform-
ance comparison between 70 and 100-ton cars, with and without auxiliary hydraulic sta-
bilizers, with actual service load conditions on track surface variations, and at speeds allow-
able under Class 2, 3 and 4 FRA Track Safety Standards. Computer solutions from a mathe-
matical freight car vehicle model show maximum response with 3/4”, Class 3 and 1", Class
2, track cross-level changes, half staggered rail joints at resonant speeds from 13 to 19 miles

*Prepared by a member railroad pf the Association of American Railroads
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FIGURE F-1 EFFECT OF HYDRAULIC SNUBBING ON MAXIMUM CAR ROLL ANGLE
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per hour. Bounce and pitch resonant response was determined for 1-1/2” and 2” simultane-
-ous depressions, Class 4 track. Base line results. for two typical 70-ton box cars, Cases I and
II, can be compared to. two of the largest 100-ton box cars in-modern service, Cases 111
and IV:

Case I— A 70-ton box car loaded to maximum rail weight, with high center of gravity and
resultmg high inertia.

Case II — A 70-ton box car lightiﬁ.loaded but 'v'v'\ith slightly higher cuk;e than Case 1.

Case III — A 100-ton box car with a high roof, loaded to less than maximum rail weight but
~to an extremely high center of gravity.

Case IV —A 100-ton box car loaded to maximum rail weight and an extremely high center
of gravity. It has the highest inertia moments about all three axes of any 100-ton
car in service in the continental United States.

The graphs in Figures F-5 through F-9 show the resonant response of the 70-ton and
100-ton base line cars with conventional column guide friction damping only compared to
the response resulting from additional spring group damping applied in' the form of a com-
mercially available hydraulic stabilizer that has been approved by the Association of Ameri-

_can Railroads for the rocking control of sensitive high center of gravity cars. Surface wear
and adverse environmental conditions such as moisture, hydrocarbons and other friction
surface contaminants all tend to reduce the level of damping force available so that the
response shown with column fnctlon dampmg only is at the most effective friction damping

level available over the life of the car. The column friction damping levels -used are consis-
tent with pubhshed values for one ‘of the most common forms of column friction supplied
to the industry over the.past 20 years. The friction force levels 4500 pounds, are the same _
for both the 70. :and 100-ton trucks. The hydraulic damper charactenstlcs applied as a
countermeasure, is not the same for the 70-ton and the 100-ton equipment as shown in the
attached hydraulic stabilizer characteristic curves (Figure F-4).

The vehicle model used for this study has been validated on various rocking test facili-
ties as well as instrumented road tests where the dynamic rail profile was measured along
with the resulting résponse of the freight car. Track surface variations may occur in any
combination on either rail. However, the half-staggered 39 ff. incidence is doubtless most
typical as is the occasional simultaneous depressmn or butted Jomt effect that occurs wher-
ever rail joints are not staggered or wherever track maintenance conditions are abruptly
changed“at bridges, grade crossings, switches etc. Although response from simple vertical
inputs used in this. study are spe01a1 cases, they can be readily compared and related. The
smooth, modified sme wave used to describe the vertical profile of the undeflected rail
results in maximum: rockmg or vertlcal energy input at resonance for a gwen depth of de-
pression or cross-level change. . ' ‘

The cémputer study compares. the responses of typical 70-ton loaded cars with cur-
rently available state-of-the-art suspension on the largest and heaviest freight cars in modern
use. Results show the inadequate  damping generally supplied with conventional column
guide friction groups on track surface which can be encountered with regularity. The FRA
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Force-Kips

Damping Rate: 75-110 K. Sec./Ft.

FIGURE F-4 DAMPING CHARACTERISTICS OF HYDRAULIC STABILIZERS
FOR 70 AND 100-TON CARS .

F-6



Car Roll Angle-Degrees

16 —

15 —

141

134

12

11

* (1-inch surface variation, 1/2 stagger, 39-ft. rail, 13-19'mph) -
A. Tangent track - column friction only, $4500-Ib,
B. Tangent track - column friction with hydraulic damping.
C. Sameas A, except 99, 4" S E.I. curved track.
D

r . Same as B, except 92, 4" S.E.|. curved track.
r— .
1 T . r r—
—_
B — ] B
1 I
AllB c|]D AjlB CliD AlIB C|iD Al |B Cl|D

Casel ... .. Casel . - Caselll - CaselV

70-ton box 70-ton box 100-ton box 100-ton box
5000-cu. ft. 5576-cu. ft. 6100-cu. ft. 7600-cu. ft.

218,000-Ib. 185,400-1b. 252,1 50-b. 263,000-Ib.

89-in. c.g. 86.5-in. c.q. 100-in. c.g. 99-in. c.g.

' 39.5-ft. t.c. 40.8-ft. t.c. 46.25-ft. t.c.

FIGURE F-5 EFFECT OF SNUBBING ON CAR BODY ROLL ANGLE ON

TANGENT AND CURVED TRACK

F-7



Side Bearing Load - Kips

{1-inch surface variation, 1/2 stagger, 39-ft. rail, 13-19 mph)

A. Tangent track - column friction only, +4500-Ib. i

B. Tangent track - column friction with hydraulic damping.
. C. Curved track (99, 4" S.E.l.) column friction only.

D. Column friction with hydraulic damping.
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Spring Motion - Feet

',(1§in. surface variation, 1}2 stagger, 39-ft. rail, 13-19 mph)

" Al Tangent track - column friction only, £4500-Ib.
- B. Tangent track - column friction with hydraulic damping.
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. - D. Curved track (9° 4.in. S.E.L.) column friction with hydraulic dampmg
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Vertical Load - Kips
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FIGURE F-8 EFFECT OF SNUBBING ON VERTICAL WHEEL LOADS
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Spring Motion - Feet

(1-1/2-in. and 2-in. surface variation, tangent track, O stagger, 39-ft. rail, 50-mph)

FIGURE F
[

-SPRING MOTION
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A. 1-1/2-in, surface variation, column friction only.
B. 1-1/2-in. surface variation, column friction with hydraulic damping.
35 T "C. Sameas A, except 2-in. surface variation,
D. Same as B, except 2-in. surface variation.
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track safety standards do not limit the number of successive profile variations of a given
allowable depth and the number required to produce the results given in this study are not
unusual secondary track conditions. The addition of hydraulic snubbers, with characteristics
shown in Figure 4, improves motion response levels (i.e., car body roll angle, car body to
bolster angle and spring motion) for the worst case 100-ton response compared to the base
line response of either 70-ton car by a factor of at least two and in many cases three. The'
addition of hydraulic damping units limits the car body motion, and wheel lifts and center
plate separations are largely eliminated, thereby reducing the prospect of derailment on
curved track which can occur at either slow speed rocking or a combination of higher speed
rocking and vertical response mode. A series of simultaneous depressions in both rails, en-
countered at speeds around' 50 mph, produce extreme center plate and wheel-rail load
cycles. The same stabilizer applied for rocking control improves both the 100-ton suspen-
sion cases compared to the 70-ton base line cases, with regard to extreme load variations, by
at least 30 to 40 percent. Addition of resilient side bearings in continuous contact make
hydraulic dampers more effective and also stabilize empty car truck hunting.

A computer simulation was made to show the severe resonant rocking response of a
conventional unsnubbed open hopper car for cross-level changes at the rail joints of 1/2-inch
or more, and compare the unsnubbed car response to that of the same car equipped with
hydraulic snubbers. The simulated traces obtained showed that zero wheel load occurs in all
of the unsnubbed runs, often after only four successive low joints. Figure 10, a graph plot-
ting the distance traveled with zero wheel load versus cross-level difference, shows the dis-
tance the car will actually travel with zero. wheel load on one side of a truck. The graph is
divided into three distinct zones generally indicating the hkehhood of a derallment for a
given condition described in that zone.

1. A safe zone includes all cases under the line drawn across the graph at the 10-
foot level,

2. A moderately safe zone between 10 and 15 feet where a large radius of curva-
ture would be on the safe side, a short radius curve more dangerous. .

3. A dangerous zone for all distances over 15 feet with a mamfold degree of
danger increase with an increase in distance.

Without supplementary snubbing, dangerous wheel load distances are experienced for
all profile variations of 3/4 inch or more on tangent or curved track. With superelevation of
4 inches or more and profile difference of 3/4 inch and higher, the car body almost leans far
enough to the low side to fall off the trucks. It is during this most severe cycle after four to
six low joints, that the car body hangs at an extreme angle with the vertical over to the low
side. At this extreme position the center of gravity has moved over to a point almost di-
rectly over the side bearing location and the car body restoring force is relatively small,
resulting in the long “zero load” distance traveled by the wheels on the high rail.

With supplementary hydraulic snubbing, the extreme weight shift does not generally
occur (zero wheel loads), except at the large profile difference changes of 1-inch or more,
Where zero wheel loads do occur, the distance traveled is relatively short, less than 13 feet

" for all cases. The car body motion is reduced 60 to 65 percent with the application of the
hydraulic snubbing units. The most extreme wheel lift for the hydraulically snubbed car is
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3/4 inch with 1-1/8 inch proflle difference on 6 inches of superelevatlon for the unsnubbed
car the wheel lifts for this same profile and superelevahon are in excess of 4 mches

TECHNOLOGICAL’ IMPROVEMENTS‘ e

The railroad industry is of a rather pecuhar nature due t0'its great interdependence.
This has led to many good effects such as the setting of standards and the keeping of statis-
tics related toreliability of components, Ref. AAR Manual of Standards and Recommended
Practices - AAR Billing Procedures. However, many times in the past, as new materials were
introduced or reliability of a component increased there was a tendency to change operating
conditions. In recent years freight car design has-reached a plateau with 100-ton net (131.5
tons on rail) and 89- foot length belng the accepted welght and length maxlmums N

Railroads routinely operate 8,000 — 16,000 ton unit coal.trains with up to 120 cars, as
well as TOFC/COFC trains made up entirely of 89-foot flat cars. As a result-of running unit
trains and TOFC-COFC -trains where .car mileages approach 200,000 miles per anhum some
improvements to. operatlons which have been made are listed below

1. The use of radio controlled eqiipment — “Locotrol” maiiufactured by Radia-
tion Incorporated and New York Air Brake Co., or “RMU”” manufactured by
Westinghouse Air Brake Co., commonly referred to as RCE-1. From a train
handling aspeét, the use of RCE 1 can prov1de 1mproved operatlon in trams of
hlgh gross tonnage The spemfic advantages are; ’ )

- a. ,Faster initial . chargmg tlmes — about one-fourth the tlme of a regular_l
- train. : R : . , : .
" b: ‘Shorter stoppmg dlstances due to faster brake responses throughout the T
‘0 train, - - oo . 3
c. Increased store energy for brake response in trains due to higher charge in
reservoir pressure.

-d. Reduced train. shocks due to faster and. more uniform. brake response.
Release time is approx1mately 4 times faster..

é. Reduced drawbar stresses allowing heavier- h'ams on- heavy grade temtory

£ Increased energy avallable for brake control m stoppmg and grade brakmg '
) due to faster recharge o N

2. The general 1mprovement of frelght car brakmg systems reducmg tram stop-
ping distance and release tlme, through evolutlon to. AB ABD and ABDW
braking valves Also a brake shoe force speclflcatlon requiring all new -car
brake systems to conform within certain limits, thus insuring uniform decele-
ration within the train. '

3. The use of stronger, heat treated, Class C, xrim quenched wheels to improve
fracture toughness and residual stress patterns.

-4. The development and use of high performance draft gears to reduce in-train
longitudinal forces.

5. The development and use of high strength alloy railroad castmgs

A. Bolsters — Grade C AAR Spec. M-201
B. Couplers — Grade E AAR Spec. M-201
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over old C- 109 carbon steel’ spnngs

7. Heat treated body center plates to improve-fracture- toughness and wear sur-. _ . .

faces flame hardened to reduce wear. An increased diameter center plate
..~ resulting in reduced centerplate  stresses. Beveled, center Dplates to reduce
- stresses from pomt contact dunng rock and roll

.+ *- 8. . Constant contact side bearings and hydrauhc snubbers to reduce truck hunt-
4t mg and rock and roll tendenc1es . e . A . .

......

1974 to unprove plate strength “D-28”,
10. Speclal heat treated traller h1tches on TOFC cars to reduce Wear

- 11, -Fuel savings due to lower. rollmg res1stance per ton of 100-ton cars compared
+ with lighter cars. L o . .

“* '12. The development’ of locomotlve simulators’ manufactured by Frerght-Master
- and Singer-Link to train locomotive engineeérs in handling hedvy trains.’

13.. Improved rail sections and metallurgy ‘These factors are cons1dered in every
- track mamtenance plan,

The above technologlcal 1mprovements are not applled md1scr1m1nately to all cars but
" rather are applied on an “as needed” basis based on such factors as terrain over whrch oper-
ated, type of service, climate, etc, It should be pomted out that the derailment rate on new
100-ton cars with improved suspension is very low compared to the older cars. These im-
_provements permit the extensive use of the larger 100-ton cars and longer trains. The
resulting greater. efficiency including lower fuel and. maintenance costs translates into
_ greater profitability for the railroads and lower transportation costs for the consumer.

CONCLUSIONS

~ The greatest pressure within the ‘railroad industry has been.the critical necessity to
~overcome the effect of continually rising labor, material and fuel costs through increased
transportation productivity..This pressure has been met largely through the fechnological
improvements .in .car, locomotive and frack components. The product of these improve-
ments is the heavier, longer, faster and more efficient modern freight train. Much of the
potential beneflt from the modemn frelght ‘train would not have been realized had there been -
no recognltlon of the need for’ changes in' the railroad’s physwal plant.’ Much additional
resource has gone into ‘the rebuilding and rearrangement of yard and passing track and
related facﬂltles to enable the effic1ent make-up and over-the-road movement of the large
tralns ;N W X ;
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