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P R E F A C E

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

S ection  10. (a ) Th e  Secretary o f  T ransporta tion  shall c o n d u c t a s tu d y and evalua
tion  concern ing the safety and e ffic ie n cy o f  ra il transporta tion . Such s tu d y and
evaluation  shall inc lude  —

(1 ) A  determ ination  o f  the re lationsh ip o f  the size, w e ight, and length o f  ra ilroad  
cars (o th e r than those contained in u n it trains) to  the sa fe ty and e ffic ie n cy  o f  
ra il tra nsp orta tion ; 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 )  W ith in  one ye a r a fte r the date o f  enactm ent o f  th is A c t ,  the Secretary o f  
Tra n spo rta tio n  shall com plete  the p o rt io n  o f  the s tu d y  described in  subsec
tion  (a )(1 ) o f  th is 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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EX EC U TIV E  S U M M A R Y

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

1-1



tracks of different quality, as measured by the six FRA track classifications, 
cannot be determined from existing data bases, this group w ill concentrate 
on determining the nature of .countermeasure* which may be required to . 
effectively improve safety by evaluating the consequences of running the 
questionable cars over specific combinations of real-world track and oper-. 
ating conditions. .. .

2. The need to establish and maintain a more meaningful data base was clearly 
evident during the study. A data collectionand analysis system should be 
established to responsively trace meaningful real-time trends.

3. 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 formulation of performance requirements. It is neces
sary to look at a freight car both in terms of its own response characteristics 
and the way it affects train action as a whole. A discussion of railroad cars 
out of the context of train makeup and operation is at best a difficult task.
While extreme cafe was taken during this study not to misuse the individual 
car data in arriving at conclusions as to what actions, if  any, are needed for 
improvement, it was evident that better research tools are required. The FRA," 
in conjunction with the industry, has beeii developing the requisite tools.
Some are already in operation. Until these tools are validated, decisions 
should’ be made with caution. Examples o f major tools that w ill permit 
meaningful study of car action in varying train consists under different 
operational scenarios include the following:

• The Facility for Accelerated Service Testing (FAST) — to evaluate the 
effects of car axle load on track and car. maintenance and to determine 
the economical safe life of track and roadbed structural components.

• The Rail Dynamics Laboratory (RDL) to , determine the dynamic 
behavior characteristics of various car types and Control devices.

• The Stability Assessment Facility for Equipment (SAFE) — to 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 trains is as good as that in shorter trains.

• The Track Train Dynamics 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 options to further improve 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 relationships between freight car 

size, weight, and length and railroad safety and efficiency. In recent years, most new freight 
cars can be classed as large cars because of their long length (e.g., 90-foot-long trailer on flat 
cars [TOFC] or container on flat cars [COFC]), their large load-carrying capacity (e.g., 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 (approximately 4% per year 
over the last 9 years) and with an increase in accidents involving cars carrying hazardous 
materials. The scope of the study included a review of the options available for making rail
road transportation safer and of the problems Of assigning responsibilities to carry out these 
options.

The investigation was complicated by the fact that parameters other than simple 
descriptions of car length, weight, and load capacity had to be considered; for example, 
dynamic stability. Also, the various aspects of safety had to be evaluated, such as employee 
injuries, train derailments, grade-crossing accidents, and the potential of catastrophes in
volving hazardous materials. The determination of options to improve safety had to con
sider the fact that freight cars are freely interchanged among more than 40 major North 
American railroads and numerous smaller ones with different operating environments, 
facilities, track conditions, operating procedures, and economic constraints.

The findings of the investigation were derived from the following major information 
sources:

• The historically collected statistical data and trends pertaining to safety and 
efficiency. The Federal Railroad Administration’s (FRA) Rail Accident and 
incident Statistics, the Association of American Railroads’ (AAR) Universal 
Machine Language Equipment Register (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 arid technical tests, data, and findings.
• Surveys, questionnaires, and interviews of directly involved management of 

railroads; the supply industry, and responsible government representatives.
• An extensive questionnaire survey, conducted by the United Transportation 

Union (UTU). This survey provided an ihipdrtarit 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. 
Their 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 evaluation.*

* A  more detailed reporting of the responses, as well as other data upon which this report is based, can be found in "Issues 
and Dim ensions of Freight Car Size: A  Com pendium ," FRA /O RD -7 9 /5 6 . , ,
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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, questionnaires, 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 
freight car are increasing (Figures 1-1 and 1-2). This growth is attributable to the intro
duction of progressively larger freight cars. At present, more than 30% of the freight cars 
can carry 100-ton loads.

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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70

Source:. AAR Yearbook of Railroad Facts, 1979 

FIGURE 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.
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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, injuries to trespassers, and grade-crossing accidents. Measures 
of safety include injuries, fatalities, and property damage.

With respect to injuries tb; employees working 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 designs and locations of 
components (e.g., handbrakes).

Grade-crossing accident data show no evidence that the size, weight, and length of 
railroad cars passing through a crossing have any direct influence on the probability or 
severity of an accident at that crossing for a particular train. Nevertheless, since accident 
frequency is a function of train frequency, policies that increase the number of trains, such 
as lowering the maximum allowable load-cairying 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 nuhiber of derailments to 
obtain meaningful safety comparisons by car capacity 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. Figure 1-5 presents a 
concise safety status of the three major load capacity groupings of freight cars. Illustrated 
is the comparative derailment history of 50-, 70-, and 100-ton cars fpr the period 1975-1978 
based on two of the most appropriate measures, car-miles and ton-miles. Figure 1-6 shows 
similar comparisons for each of the years 1975 through 1977.

Many approaches can be used to interpret past results and predict likely future con
sequences. However, these different approaches will produce different views of the problem, 
and definite pitfalls. must be avoided when relying on data groupings 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 originated and ton-miles. Each of these computations uses identical accident 
data.
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Car-Mile Basis Ton-Mile Basis

Car Capacity (tons) Car Capacity (tons)
S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

(a) All Speeds

Car-Mile Basis Ton-Mile Basis

50 70 100 50 70 .100
Car Capacity (tons) Car Capacity (tons)

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

(b) Speed Greater Than 10 MPH
F I G U R E  1 - 5  D E R A I L M E N T  F R E Q U E N C I E S  F O R  C A R S  O F  V A R I O U S  T O N N A G E  C A P A C I T I E S ,

1 9 7 5 - 1 9 7 8
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S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

F I G U R E  1 - 6  R E L A T I V E  A C C I D E N T  H I S T O R Y  O N  C A R - M I L E  A N D  T O N - M I L E  B A S I S

( S p e e d  G r e a t e r  T h a n  1 0  M P H )

B a s i s 5 0  t o n

C a r  C a p a c i t y  

7 0  t o n  1 0 0  t o n

T o t a l  N u m b e r  o f  A c c i d e n t s m
2 3

A c c i d e n t s  p e r  C a r  i n  F l e e t 2
m

3

A c c i d e n t s  p e r  C a r  L o a d i n g
□

2 3

, A c c i d e n t s  p e r  T o n  O r i g i n a t e d 3 2 m

A c c i d e n t s  p e r  C a r - M i l e □ 2 3

A c c i d e n t s  p e r  T o n - M i l e 2 , 3 m

1 I I n d i c a t e s  b e s t  s a f e t y  r e c o r d

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

F I G U R E  1 - 7  R E L A T I V E  S A F E T Y  R A N K I N G S  ( A c c i d e n t  S p e e d  G r e a t e r  T h a n  1 0  M P H )
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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 carrtniles, 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 ranged 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 employees 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 , 0 0 0  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 doe's 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 
fijwnotable 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 caution in the transportation of these materials.

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

Car
Typo

Aggregate - 
Industry Statistics

United,Transportation 
Union Survey

Associated Car 
Characteristics

Industry Action/ 
Recognition -

Car-
Miles

Ton- 
Miles , Overall Loaded Empty

Covered
Hopper

Highest High 1 High Highest Medium High center of gravity 
(98 inches) when 
loaded.

Dynamic control problem, 
under study for some years, 
has led to additional snub
bing requirements.

General
Flat

High • High High* High* High Many are more than 
80 feet long.

Historical curving problems, 
especially when empty.

Auto
Flat

Medium Highest High High High Long lengths.
High center of gravity 
when loaded.

Curving problems. 
Tendency for dynamic 
interactions with adjacent 
cars.

Tank Medium** Medium** Highest*** High*** Medium* * Jumbo's have center 
of gravity above 84 
inches. Hazardous 
material commodities 
carried make derail- . 
ment particularly 
costly.

Early dynamic structural 
problems. Special studies 
over past 10 years, 
culminating in petition 
resulting in HM—144 regula
tions.

*TOFC (Trailer on Flat Cars) Only.
**AII Tank Cars.
* "Jumbo Tanks Only.
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TABLE 1-2
TRAIN DERAILM ENT FATALITY ANALYSIS BY YEAR

4-Yr. Average/
1975 1976 1977 1978 Total Yr.

Total Fatalities from 
all Derailments* 2 15 8 41 66 16:5

Less Passenger Train 
. Derailments — 1 • — 6 7 1.75

Less Vandalism - - - 8 8 2.0

Less Locomotive - 
Caused 1 3 3 1 8 2.0

Less Track Washout, 
Slide, etc. — - - 2 2 0.5

' Identified Human 
Factors - - - 16 16 4.0

Miscellaneous Causes 
Not Related to Size, 
Weight, or Length of 
Rail Cars 2 2 3 7 1.75

, Remaining Fatalities 1 9 3 5 18 4.5

*Frorh FRA Accident Bulletin.

Source: FRA Study of Accident Data.

1.4.2 Car Performance and Track Conditions

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 be 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.

*6
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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 specific 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 approximately equal to the industry average.

On the basis of accident statistics that specify the number of derailments per million 
train-miles caused by track or equipment, there is a wide disparity 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 differences in derailment 
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 fatigue, 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 adjusted to heavier 
axle loading and dynamic stability problems have done so by transforming jointed 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 with dynamic stability problems will tend to derail more 
frequently than other cars.

T A B L E  1 - 3

T R A C K  M A I N T E N A N C E  R E C O R D  O F  A  S E L E C T E D  R A I L R O A D

T i m e  F r a m e

T i e  R e p l a c e m e n t s  

p e r  Y e a r

R a i l  R e p l a c e m e n t  

i n  T o n s  p e r  Y e a r

1 9 5 5 - 5 9 3 8 , 8 0 0 3 , 9 0 0

1 9 6 0 - 6 4 4 5 , 1 0 0 3 , 4 0 0

1 9 6 5 - 6 9 , 6 8 , 8 0 0 5 , 7 0 0

1 9 7 0 - 7 4 7 0 , 5 2 0 6 , 4 6 0

1 9 7 5 - 7 8 7 4 , 1 5 0 * 6 , 0 7 5 *

“ B a s e d  o h  4 - y e a r  a v e r a g e

S o u r c e :  A A R  R a i l r o a d  I n d u s t r y  S u r v e y
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TABLE 1-4
C O M P A R I S O N  O F  D E R A I L M E N T  R A T E S  A M O N G  

V A R I O U S  U . S .  R A I L R O A D S  .

R a i l r o a d  J

T r a c k  &  E q u i p m e n t  

D e r a i l m e n t  R a t e  

( p e r  m i l l i o n  

t r a i n - m i l e s )

R a t i o  

R e l a t i v e  t o  

R a i l r o a d  “ A "

A  , 2 . 1 1 . 0

B 3 . 3 1 . 6

C
1

6 . 0

i

2 . 8

1
t

, X

T

1 6 . 7

t

8 . 0

y 2 3 . 7 1 1 . 3

z 3 1 . 7 1 5 . 1

S o u r c e :  A c c i d e n t / l n c i d e n t  B u l l e t i n  N o .  1 4 6 , 1 9 7 7 ,  F e d e r a l  R a i l r o a d  

A d m i n i s t r a t i o n  O f f i c e  o f  S a f e t y ,  A u g u s t  1 9 7 8 .

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 Regulation HM-144* and actions taken with 
respect to 6-axle locomotives. Normally, a long period of time is consumed in introducing 
and equipping the railroad car fleet with a product improvement. Figure 1-8 shows estimates 
of the amount of time required to incorporate typical design fixes and improvements. When 
safety is of prime concern, much shorter implementation times have been specified. For 
example, the modifications 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 improved 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 realize the potential improvement levels depicted in 
Figures 1-9, 1-10, and 1-11.

A recent special study to understand, more fully the covered hopper problem revealed 
that the performance of manufacturing designs 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.

F I G U R E  1 - 8  R A T E  O F  I N T R O D U C T I O N  O F  C A R  I M P R O V E M E N T S

1 -1 5



.Source: An individual Carrier's Study.
FIGURE 1-9 IMPROVEMENT FROM AD DITIO N OF HYDRAULIC DAMPING 

(1-Inch Surface Variations, % Stagger, 39-Ft. Rail, 13—19 MPH)

N u m e r o u s  te s ts  a n d  t e c h n i c a l  a n a ly s e s  h a v e  d i s c lo s e d  t h a t  t h e r e  is n o  s i m p le  r e l a t i o n 
s h ip  b e t w e e n  t h e  s i z e , w e i g h t ,  a n d  l e n g t h  o f  a  r a i l  c a r  a n d  t h e  w h e e l- r a i l  i n t e r f a c e  fo r c e s  
w h i c h  a re  g e n e r a t e d . T h e  fo r c e s  a r e  c o m p l e x  a n d  d e p e n d  o n  v a r ia b le s  s u c h  as t r a i n  s p e e d ; 
t h e  w a y  t h e  t r a i n  is m a d e  u p  ( i . e . ,  t h e  l o c a t i o n  o f  l o a d e d  a n d  e m p t y  c a r s ) ; t h e  w a y  t h e  
e n g in e e r  h a n d le s  t h e  t r a i n ;  t h e  d y n a m i c  c o n t r o l  d e v ic e s  u s e d ; a n d  e s p e c i a ll y , t h e  l o c a l  t r a c k  
c o n d i t i o n s  o v e r  w h i c h  t h e  t r a i n  o p e r a t e s . T h e  a n a l y t i c a l  t o o l s  p r e d i c t  t h a t  u n d e r  c e r t a i n  c o n 
d i t i o n s , l i g h t e r  o r  s h o r t e r  c a rs  a re  a  g r e a t e r  d e r a i l m e n t  t h r e a t .  H o w e v e r ,  i n  g e n e r a l , t h e s e  
s a m e  a n a l y t i c a l  m o d e l s  p r e d i c t  t h a t  la r g e r  c a rs  h a v e  a  d e m o n s t r a t e d  t e n d e n c y  t o  e x e r t  
g r e a te r  fo r c e s  a g a in s t  a d j a c e n t  c a rs  a n d  a g a in s t  t h e  r a i l  a n d  c a u s e  its  m o r e  r a p i d  d e t e r i o r a t i o n .

1-16



• V Covered Hopper Car at '254,900 lbs. Gross Weight

v  F I G U R E  1 - 1 0  I M P R O V E M E N T  P O S S I B L E  W I T H  A D D I T I O N  O F  S N U B B E R S
(3 /4 -ln c h  C ross-Level V a r ia tio n s , 'A S ta g g e r, 3 9 - F t .  R a il, 1 2 —2 0  M P H )

Increasing Track Cross-Level Errors----------------
Source: An Individual Carrier's Study.

F I G U R E  1 - 1 1  R A N G E  O F  E X P E R I M E N T A L  R E S U L T S  F O R  1 0 0 - T O N  O P E N  H O P P E R  C A R
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S p r i n g  T r a v e l  > 2 1A  i n c h

S p r i n g  T r a v e i < 2 %  i n c h

N o t e :  T o d a y ,  o n l y  a b o u t  1 %  o f  t a n k  c a r s ,  a b o u t  ' A  p e r c e n t

o f  c o a l  h o p p e r s ,  a n d  a  f e w  o t h e r  c a r s  h a v e  D 2  ( l e s s  

t h a n  2 ' A  i n c h  t r a v e l )  s p r i n g s .  T h e  r e m a i n i n g  D 2  

s p r i n g s  a r e  p r i m a r i l y  o n  4 0 -  o r  5 0 - t o n  c a r s .

( a )  I m p l e m e n t a t i o n  R e c o r d :  I m p r o v e d  S p r i n g  T r a v e l  o n  T a n k  C a r s  

( b a s e d  o n  a  s u r v e y  o f  a p p r o x i m a t e l y  7 5 %  o f  t h e  t a n k  c a r  f l e e t )

□
F r i c t i o n  S n u b b i n g  

( S 2  B a r b e r ,  R i d e  C o n t r o l )

N o  S n u b b i n g

( b )  I m p l e m e n t a t i o n  R e c o r d :  I m p r o v e d  S n u b b i n g  o n  T a n k  C a r s

( b a s e d  o n  a  s u r v e y  o f  a p p r o x i m a t e l y  7 5 %  o f  t h e  t a n k  c a r  f l e e t )

S o u r c e :  A A R  S u r v e y  o f  T a n k  C a r  O w n e r s .

F I G U R E  1 - 1 2  E X A M P L E S  O F  I N D U S T R Y  C O U N T E R M E A S U R E  I M P L E M E N T A T I O N
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“  Y e a r  o f  M a n u f a c t u r e

N o t e :  F R A  S a f e t y  D a t a  f r o m  Y e a r s  1 9 7 5 - 1 9 7 7 .

r.

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %

W a y b i l l  S a m p l e . n
F I G U R E  1 - 1 3  V A R I A T I O N  I N  C U R R E N T  D E R A I L M E N T  R I S K  W I T H  Y E A R  O F  M A N U F A C T U R E  

F O R  C O V E R E D  H O P P E R  C A R S

Since the early 1970’s, the research and development office of the FRA has used 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 Train 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 increased frequency of derailments in a variety, of ways. 
Enforcement of the present Track Safety Standards emphasized the remediation of prob
lems on major hazardous materials routes. Violation sanctions, speed reduction orders, and 
emergency orders have been employed to bring about repairs, improvements, or appropriate 
reductions in train speeds. '

As previously noted, the tank car retrofit order in HM-144 was in response to the more 
frequent derailments involving certain tank cars carrying compressed gas. The Department 
will also propose the application of improved safety systems to additional portions of the 
tank car fleet 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 
directly limiting the size, weight, or length of freight cars.

l
Ultimately, the need for immediate 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 conditions.

I '

1.5 IS THERE AN EFFICIENCY PROBLEM?

Some observers question whether the trend toward freight cars of larger capacity 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 point 
to the significant savings in transportation expenses made possible by increased per-car 
capacity 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 higher track mainte
nance and repair expenses. The problem is in determining the optimum 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 Maintenance — 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 
reduced. 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

T. Property Loss

(a) . Reported Track Damage (D j)  = $ 44.3 Million

(b) Reported Equipment Damage (D^) = $148.7 Million

(c) Estimated Total Property Loss 
(including 3d-Party Loss, Wreck 
Clearing, Lading Transfer, and
Non-Reportable Accidents) 
= 1.66 x D E + 1.28 x D T = $303.6 Million

Loss of Life

(a) Number of Fatalities = 8

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

(0 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

TOTAL LOSS = $306.4 Million

Source: Arthur D. Little, Inc., Estimates

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

• Reduced 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., riding cars, coupling air, 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 loading 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 hypothetically reducing the maximum carload by 15% (i.e., to 85 tons in
stead of 1,00 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 utilization that probably would occur in the real situation, but that 
are difficult to predict.

TABLE 1-6

ADVERSE INDUSTRY IMPACTS FROM A 15% REDUCTION IN THE 
M AXIM UM  PERMISSIBLE LOADING IN 100-TON CARS

Item Estimated Adverse Effect

Car Loadings 1.8 Million Additional Loadings

Car Trips 2.9 Million Additional Trips

Trains 46,000 Additional Trains

Freight Cars 83,300 Additional Cars

Locomotives 465 Additional Locomotives

Train-Miles 7.3 Million Additional Train-Miles

Car-Miles 1.5 Billion Additional.Car-Miles

Fuel 113 Million Additional Gallons

Train Accidents 540 Additional Accidents

Fatalities Resulting from 
Train Accidents/ 
Incidents and Grade- 
Crossing Accidents

32 Additional Fatalities

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 commodities 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.
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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.

1 -2 5



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 fatalities 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
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.

• 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 (which 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 govemment/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 govemment/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 truck) 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 (than 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 dependent 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 regulations with schedules [e.g., 
HM-144] are the exceptions.)

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 worn-out components, often 
does not provide a sufficient return to the owner to stimulate “upgrading.”

Any revision in car components, track, operating practices, and inspection methods, 
in order to be interchanged to the system of railroads, must be compatible 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 routinely detecting problems, coordinating studies, and 
resolving safety issues among railroad carriers resides with designated AAR committees. The 
AAR derives its responsibilities from its member railroads because of their need for uni
formity and compatibility in the passage of individually owned railroad cars from one rail
road to another, via “interchange.” As a part of its duties, the AAR regularly 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 length are self-imposed). 
The historical record reflects the degree to which the process has succeeded. It 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
petitive, 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 capability to support the implementation of such 
improvements.
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In 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 to 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?

3. Development, 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 
cars 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 forgivingof 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 Options

While longer range solutions are being implemented, it is debatable which particular 
interim "stop gap” measures (i.e., within the next ten years) are advisable or can be justi
fied. Regulatory initiatives by DOT such as the recent FRA Notice of Proposed Rulemaking 
on the Track Standards and other ongoing rulemaking activities are aimed at creating per
formance requirements to alleviate safety problems associated with freight cars of many 
varieties traveling over track of various configurations and attributes. Nonetheless, this study 
strongly suggests four major interim activities that should be purused jointly by government, 
industry, and labor. These activities are directed toward concerns associated with the 
following:

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

• Real-Time Safety and Efficiency Comparisons — 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
sults, 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.

Car-Mile Basis Ton-M ile  Basis
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Research initiatives and activities have spurred much of the increasing technical aware
ness and knowledge of the railroad industry. Analytical tools and testing facilities developed 
ip 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 can 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 Stability 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 opportunity for a variety of actions to improve car dynamic behavior and 
to reduce the likelihood of derailments. While it is premature to prescribe a comprehensive 
program at this time, it is possible to outline potentially fruitful options for-investigation. 
The following list of options contains examples prompted by the findings of this study. 
These options must be subjected to further evaluation as to their effectiveness, benefits, 
penalties, and .costs.

Establish a mechanism that will continually utilize inputs from operating employees, 
to determine what interim and long-range actions might be most effective.

The information obtained in this study from over 900 railroad operating 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 existing 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.”

Research Aimed at Establishing Performance Requirements and Evaluating
Conformance
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Car-Mils Basis Ton-Mile Basis

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

FIGURE 1-16 DERAILM ENT FREQUENCIES FOR VARIOUS CAR LENGTHS

• The effect of heavier axle loads in the unrestricted interchange of cars. Theo
retical analyses and actual tests agree that a 32-ton axle load is approaching

5 the wheel-rail contact strain limit for new wheels and new rail. The railroads 
that have successfully operated 100-ton (or heavier) cars have justified and 
made considerable investments in track, equipment, operations, and inspec
tion betterments. Considering the projected interchange environment, 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 relaxation of restrictions 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. There is no justifi
cation for relaxing the present 34,500-gallon restriction that limits the ex- < 
pected maximum rocketing range.

R e v i e w  e x i s t i n g  o p e r a t i o n a l  r e q u i r e m e n t s  a n d  p e r f o r m a n c e  s t a n d a r d s ,  a n d  e x a m i n e  

n e w  a p p r o a c h e s  f o r  m i n i m i z i n g  t h e  f r e q u e n c y  o f  h a z a r d o u s  m a t e r i a l s  r e l e a s e  i n c i d e n t s .  

C o n s i d e r :  J  ' ,  ’
[ .

• 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 becorne erratic or are much less effec
tive when worn. High mileage and hazardous-materials-cairrying 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 steps to ensure that hazardous-materials-carrying tank cars are out
fitted with selected improvements such as self-steering trucks or better sus
pension systems at a priority rate — at least compared to other cars. Although

, the derailment of other cars can cause the involvement of hazardous-materials- 
carrying cars, , the relatively higher severity of derailment consequences for 
hazardous materials cars may justify special precautions.

• Minimizing the likelihood of hazardous materials cars being involved in derail
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
covering more practical train makeup practices that might lower the proba
bility of involvement of hazardous materials cars in derailments.

• formalizing guidelines, 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 materials. 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 pressure; the carrier 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 
lateral 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
doctrination 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 inc reasing 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 types 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 operating 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 railroads to 
perform necessary maintenance 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 efficient 
U.S. rail network that will annually carry increasing amounts of freight tonnage. The result 
will be 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 traffic 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 . I N V E S T I G A T I V E  P R O C E D U R E S

2 .1  IN T R O D U C T IO N

This stu d y  relies on three com plem entary investigative procedures to  determ ine the  
in flu en ce o f  th e  s ize , w eight, and length  o f  railroad cartf on  sa fety  and effic ien cy . These  
three procedures are:

•  Surveys o f  railroad m anagem ent and em p loyees;
•  S tatistica l analyses o f  historical accident data; and
•  E ngineering analyses obtained  from  previous research and te st  programs.

These procedures are briefly  discussed below .

2 .2  SU R V E Y S

T he results o f  th ree surveys o f  railroad industry personnel w ere used in th is stu d y  to  
gain a qualitative understanding o f  the e ffects  o f  car s ize , w eight, and length  on railroad 
sa fety  and e ffic ien cy :

•  United Transportation Union (UTU) — Local sw itch m en  around th e  country  
w ere surveyed  for their op in ions during A ugust and Septem ber 1 9 7 9 . The  
results provided insights in to  the problem s o f  car handling in yards, consist  
m akeup, and con sist handling.

•  Association of American Railroads (A AR)  — R ailroad m anagem ent w as sur
veyed  in A ugust and Septem ber 1 9 7 9 , w ith  special em phasis on  th e  effects o f  
changes in  freight car capacities as w ell as on  steps taken b y  th e  industry to  
accom m od ate  th ese  changes.

•  Track Train Dynamics (TTD) —  D uring th e  d evelop m en t o f  th e  TTD program, 
th e  railroad industry m anagem ent w as surveyed on  m any issues. Som e o f  the  
qu estion s and  responses are d irectly  relevant to  th is project.

/
2 .3  STA TISTIC A L D A T A

M uch o f  th e  statistical characterizations o f  freight car populations, derailm ents, car 
m ileage, and ton-m ileage w ere taken from  three data source files. These files are discussed  
below .

2 .3 .1  U niversal M achine Language E quipm ent R egister (U M LER )

This data file, which is updated four times per year, contains information about each
freight car registered for interchange service. The following items from this file were used
for this study:
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•  Car ow ner’s initials; : {.
•  Serial number;
•  A A R  car ty p e  code;
•  O utside length;
•  N om inal w eight capacity; , , .  ,
•  V olum e capacity.

2 .3 .2  Railroad A ccid en t/In cid en t R eporting  S ystem  (R A IR S ),

This data file, m aintained b y  th e  F R A , contains an entry  for each accid en t or incident 
reported, including th e  fo llo w in g  in form ation:

•  Car ow ner’s initials and serial num ber o f  the causing car;
® A ccident typ e (derailm ent, co llis io n , grade crossing);
•  Cause c o d e ;
•  Speed.

When RAIRS is used in  con ju n ction  w ith  UM LER, i t  is possib le  to  id en tify  each accident 
w ith  a specific car typ e, s ize , w eigh t, and length .

2 .3 .3  W aybill Sam ple

i . '
The FR A  m aintains a file  o f  a  1% sam ple o f  all ICC railroad freight sh ipm ent w aybills. 

Each entry includes the fo llo w in g  in form ation:.
V '
•  Car ow ner’s initials and serial num ber;
•  N um ber o f  tons sh ip p ed ;
•  D istance shipped.

When used in conjunction w ith  U M LER , th is file  allow s an estim ate o f  th e  num ber o f  car- 
m iles and the number o f  ton-m iles accum ulated  b y  each specific  car ty p e , s ize , w eight, and  
length.

2 .4  RESEARCH A N D  TESTIN G

An exhaustive review was m ade o f  th e  extensive literature d evoted  to  providing an 
understanding o f the m echanism s that lead to  accidents. A ppendix  A  lists references perti
nent to  this study. An analysis o f  th is  in form ation  provided insights in to  b o th  th e  causes o f  
accidents and their cures.

2 .5  D A TA  AN A LY SIS PR O C ED U R ES

In the analysis of accident frequencies for this study, several important exceptions
were made, and certain problems were encountered. These exceptions 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:

• 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 included 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 Appliances
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
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2.5.2 Car Type Identification ,

Each accident’was associated with either the car that caused it, or the first car along 
the train that was derailed or damagedi Every accident record is meant to include one or the 
other of these two* pieces of information. 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 Eiimihation "

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 5̂ 000 miles;
• Weight of freight less than 5 tons per carload; and
• Weight of freight such that the car carrying it would be overloaded by more 

than 20 percent.'

2.5.4 Data Quality Control

Several accident records were excluded because of data problems, including 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 obtaining 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 when the 
ear 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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based on an estimate obtained by the ICC* of the ratio of empty-to-loaded car-miles. 
These estimates are as follows:

E m p t y  C a r - M i l e s /

C a r  T y p e L o a d e d  C a r - M i l e s

B o x 0 . 6 7

G e n e r a l  F l a t 0 . 8 8

A u t o  R a c k 1 . 0 0

T O F C / C O F C 0 . 4 7

G o n d o l a 0 . 8 5

C o v e r e d  H o p p e r 1 . 0 1

O p e n  H o p p e r ................................. 0 . 9 0

R e f r i g e r a t o r 0 . 7 0

T a n k 1 . 1 0

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 Railroad Facts. For 1977, for example, the AAR source quotes an estimated
28.7 billion car-miles. The number obtained from the waybills, on the other hand, is about 
16 billion car-miles.

Thus, the accident 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 underesti
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% sample is in fact less than 1%.
• Several waybills were eliminated because they, could not be matched with 

UMLER.
• Several waybills were eliminated because of data problems.
• The technique used in estimating the waybill mileage often underestimates the 

true trip length.

At present, however, this remains speculation. 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-Miles 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 capacity of 100 tons, compared with 76.7% of all 
covered hoppers.

Car lengths range from a low of about 20 feet to a high 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.
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3.3 CURRENT CAR POPULATIONS

The U.S. rail vehicle fleet can be categorized into three groups: locomotives, freight 
cars, and passenger cars. Table 3-1 shows the approximate number in and yearly mileages 
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 3-1

U S. RAIL VEHICLE FLEET -  1977*

P o p u l a t i o n R e v e n u e V e h i c l e  M i l e s

( t h o u s a n d s ) ( b i l l i o n s ) ( b i l l i o n s )

L o c o m o t i v e s 2 8 . 1 N o t  A p p l i c a b l e 1 . 6 0

F r e i g h t  C a r s 1 6 6 6 . 5 $ 1 8 . 9 2 8 . 7 0

P a s s e n g e r  C a r s 5 . 5 $  0 . 6 0 . 0 7

‘ I n c l u d e s  C l a s s  I R a i l r o a d s  a n d  t h e  N a t i o n a l  R a i l r o a d  P a s s e n g e r  C o r p o r a t i o n  ( A M T R A K )

S o u r c e :  A s s o c i a t i o n  o f  A m e r i c a n  R a i l r o a d s  . •

There are several distinctions in design within 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 freight car trucks does not depend on the type of freight car 
to which they are attached. The main difference iamong 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 weight capacity is based on the design .of the bearings, 
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 5Q-, 70-, and 100- 
ton freight cars. One of the specifications on Table 3-3, Axle Designation, implies several 
dimensional values, which are shown in Figure 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, etc.) is the most 
customary approach and, for purposes of commodity assignment and shipment, the most 
practical. However, work currently under way by the FRA has looked at the car fleet from
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TABLE 3-2

TYPES OF FREIGHT CARS* AND TYPICAL COMMODITIES CARRIED

B o x  C a r  1 1 ' F i e l d  C r o p s ,  W o o d  P r o d u c t s ,  M i s c e l l a n e o u s  . , ,

F l a t  C a r F o o d  P r o d u c t s ,  W o o d  P r o d u c t s ,  H i g h w a y  T r a i l e r s ,  

M i s c e l l a n e o u s

V e h i c u l a r  F l a t  C a r T r a n s p o r t a t i o n  E q u i p m e n t

G o n d o l a C o a l ,  N o n - M e t a l l i c  M i n e r a l s

C o v e r e d  H o p p e r F i e l d  C r o p s ,  W o o d  P r o d u c t s

O p e n  H o p p e r C o a l ,  N o n - M e t a l l i c  M i n e r a l s

R e f r i g e r a t e d  C a r F o o d  P r o d u c t s ,  F i e l d  C r o p s

S t o c k  C a r L i v e s t o c k

T a n k  C a r C h e m i c a l  P r o d u c t s ,  P e t r o l e u m ,  O i l

*  R e f e r  t o  A p p e n d i x  B  f o r  i l l u s t r a t i o n s  o f  t h e  v a r i o u s  f r e i g h t  c a r  t y p e s

TABLE 3-3

AAR DESIGN SPECIFICATIONS FOR FREIGHT CAR TRUCKS

\  ' \  /  ■■ " '  ■ . 5 0  T o n 7 0  T o n 1 0 0  T o n

B e a r i n g  J o u r n a l  S i z e 5 - 1 / 2  x  1 0 6 x 1 1 6 - 1 / 2  x  1 2

( i n c h e s )  ,

A x l e  D e s i g n a t i o n 1  v . D ■ ■■ E F

W h e e l  D i a m e t e r 2 8  t o  3 3 2 8  t o  3 3 3 0  t o  3 6

( i n c h e s )  ' ■

C e n t e r  P l a t e  D i a m e t e r  

( i n c h e s )

1 2 1 4 1 6

M a x i m u m  G r o s s  W e i g h t  o n  R a i l 1 7 7 , 0 0 0  , 2 2 0 , 0 0 0 2 6 3 , 0 0 0 3

( p o u n d s ) 2

-NOTES:;' ’s
1 .  S e e  F i g u r e  3 - 1  f o r  a n  e x p l a n a t i o n  o f  r o l l e r  b e a r i n g  a x l e  d e s i g n a t i o n s .

2 .  T h e  t o t a l  w e i g h t  o n  r a i l s  s h o w n  i s  f o r  4 - w h e e l  t r u c k s ,  f o u r  a x l e s  p e r  c a r .  F o r  c a r s  h a v i n g

6 - w h e e l ,  8 - w h e e l / e t c . ,  t r u c k s ,  t h e  t o t a l  w e i g h t  o n  r a i l s  i s  p r o p o r t i o n a l  t o  t h e  n u m b e r  o f  a x l e s  

u n d e r  t h e  c a r .

3 .  C a r s  w i t h  a  w e i g h t  o n  r a i l s  g r e a t e r  t h a n  2 6 3 , 0 0 0  p o u n d s  c a n  o n l y  b e  o p e r a t e d  i n  l i m i t e d  i n t e r  

c h a n g e  w h e n  c o m p l y i n g  w i t h  R a i l w a y  L i n e  C l e a r a n c e  s p e c i a l  s t a t e m e n t  a n d  u n d e r  t h e  s p e c i a l  

r e q u i r e m e n t  f o r  n e w  c a r s  t o  b e  a p p r o v e d  b y  t h e  E x e c u t i v e  V i c e - C h a i r m a n  o f  t h e  M e c h a n i c a l  

D i v i s i o n .

S o u r c e :  S p e c i f i c a t i o n s  f o r  D e s i g n ,  F a b r i c a t i o n ,  a n d  C o n s t r u c t i o n  o f  F r e i g h t  C a r s ,  A A R ,

O c t o b e r  1 9 7 7
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the second approach; that is, the FRA has described and compared vehicles by specific 
geometric or dynamic 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 following descriptions of the present car 
fleet are derived from an analysis of the November 1977 version of UMLER and an engin
eering analysis of certain critical vehicle parameters.-̂

The total fleet includes approximately 1.7 million cars which are divided into nine 
major car type groups. Table 3-4 shows the number of cars in each group, along with its per
centage of the total fleet.

TABLE 3-4

PRESENT FREIGHT CAR POPULATION, 1977

Population Percent of
Car Type (thousands) Fleet

Box 458.6 27.5
Flat 132.9 8.0
Vehicular Flat 33.1 2.0
Gondola 183.9 11.0
Covered Hopper 227.0 13.6
Open Hopper 355.4 21.3
Refrigerator 94.6 5.7
Stock 4.9 0.3
Tank 177.0 10.6

TOTAL 1666.8 100.0

Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER
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The remainder of this section provides a characterization of the U.S. railroad freight 
car fleet in terms of its size, weight, and length attributes. Various descriptors of size, weight, 
and length were investigated, including for size, volumetric capacity, height of loaded center 
of gravity, and extreme, height; for weight,.nominal weight capacity and empty weight; for 
length, overall length, truck center spacing, and inside length. However, based on the needs 
of this report and the extent of available data sources, the definitions of size, weight, and 
length are as follows: ; ,

• Size describes the' vehicle’s volumetric capacity in ‘cubic feet, or gallons (tank
earsonly). ’ J !

• Weight refers to the vehicle’s nominal weight capacity in thousands of pounds 
(for all equipment types). The nominal weight capacity is the recommended 
payload capacity based on the strength of the freight-car trucks and the, empty 
(or tare) weight of the freight car. ,

• Length refers to a vehicle’s outside (overall) length in feet (for all equipment 
types).

Two freight car classes were considered in characterizing the fleet: the general service 
class and the commodity-related class. Cars in the general service class are assigned 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 commodity such as grain, liquids, or automo
biles. These cars are typically fully loaded to their full weight capacity.

Certain figures and tables will give slightly different 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 intended use 
of the data file. The results obtained in this study are not sensitive to these small discrep
ancies in car populations.

3.3.1 Car Population Distribution by Nominal Weight Capacity
As Figure 3-2 indicates, dominant freight car populations are at about 110,000,150,000 

and 200,000 pounds (or about 55-, 75-, and 100-ton capacity).

The variation in capacity is somewhat determined by the tare weights (unloaded weight) 
for the fleet. Figure 3-3 shows that the majority ;of the cars are in the 50,000- to 70,000- 
pound (25- to 35-ton) tare weight range. ;

For simplicity of discussion, the populgtipn is divided into groups by “truck capacity” 
which is inferred from the nominal weight capacity. This division, based on dominant popu
lation groupings, along with a corresponding weight descriptor, is shown in Table 3-5.
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TABLE 3-5 

WEIGHT RANGES

Nominal Weight Capacity Truck Capacity
(thousand pounds) (tons)

70-110 . .50
110-160 70
160-200 100
225-230 125 .

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 Section 3.3.

The dominant car types in each of the 50-, 70-, and 100-ton truck capacity ranges are 
sKown in Table 3-7. Within each of the three truck capacity ranges, the percentage of all 
Might cars in that capacity range hicluded by the dominant car types is listed.

TABLE 3-6

U.S. RAIL FREIGHT VEHICLE FLEET BY MAJOR VEHICLE TYPES 
AND W EIGHT CAPACITIES, 1977 

(Population in Thousands)

Truck Capacity
Mechanical _______ __________________________________  Percent of

Type 50 Ton 70 Ton 100 Ton Total Fleet

Box 233.2 193.5 : - 31.3 458.0 27.5
Flat 32.3 91.9 8.7 132.9 8.0
Vehicular Flat 18.7 • 14.4 # 33.1 2.0
Gondola 19.6 105.2 59.1 183.9 11.0
Covered Hopper * ; 53.0 174.0 227.0 13.6
Open Hopper 34.7 175.7 145.0 355.4 21.3
Refrigerator 12.7 74.5 7.4 94.6 5.7
Stock 4:9 * ..... 4.9 0.3

■ Tank 63.0 12.3 101.7 ' 177.0 10.6

TOTAL 419.1 720.5 527.2 1666.8

Percent of Fleet 25.2% 43.2% 31.6%

* Less than 0.05
Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER

Weight Descriptor

Light 
Medium 
Heavy 
Very Heavy
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DOMINANT CAR TYPES BY TRUCK CAPACITY

TABLE 3-7

Truck Capacity 
(tons)

Dominant Car 
Types

Percent of Truck 
Capacity Population 

Included by 
Dominant Car Types

50 Box, Tank 71
70 Open Hopper, Box, 

Gondola, Flat'
79

100 Covered Hopper, 
Open Hopper, Tank

80

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. Specific 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.

Outside Length, Coupler to Coupler (feet)
Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER

FIGURE 3-4 DISTRIBUTION BY OUTSIDE LENGTH, ALL CAR TYPES
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TA B LE  3-8

LENGTH RANGES

Overall Length
(feet) Length Descriptors

21-45 Short
45-60 Medium
60-78 Long
78-90 Very Long

Car Population Distribution by Size

Figures 3-5 and 3-6 contain similar population distribution by size, i.e., volumetric 
capacity in cubic 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 capacity and length descriptors, 
since volume capacity is meaningless.

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

FIGURE 3-5 DISTRIBUTION BY CAPACITY, INCLUDING BOX, STOCK, REFRIGERATOR, 
COVERED HOPPER, OPEN HOPPER, AND GONDOLAS
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FIGURE 3-6 DISTRIBUTION BY CAPACITY, TANK CARS ONLY

TABLE 3-9I
SIZE RANGES

Volumetric Capacity 
(cubic feet)* Gallons** Size Descriptors

800-3000 6000-16000 Small
3000-5000 16000-25000 Medium
5000-7000 25000-34000 Large

7000-10000 25000-34000 Very Large

* For all cars except flat and tank cars
**For tank cars only
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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 
medium-size, 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 Types Except Flats and Vehicular Flats
1. Small Volumetric Capacity (800-3,000 f t3 or 6,000-16,000 gal)

Weight Capacity (thousand pounds)
70-110 (Lt) 110.1-160 (Med) 160.1-200 (Heavy)

Overall 21-45 (Short) 87,450 201,940 38,650
Length 45.1-60 (Med) 16,840 124,790 49,870

(ft) 60.1-78 (Long) 0 10,130 0

2. Medium Volumetric Capacity (3,000-5,000 f t3 or 16,000-25,000 gal)

Weight Capacity (thousand pounds)
70-110 (Lt) 110.1-160 (Med) 160.1-200 (Heavy)

Overall 21-45 (Short) 134,430 4,420 5,090
Length 45.1-60 (Med) 16,270 12,750 320,040

(ft) 60.1-78 (Long) o 8,480 2,710

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

Weight Capacity (thousand pounds)
70-110 (Lt) 110.1-160 (Med) 160.1-200 (Heavy)

Overall 21-45 (Short) 0 0 ’ 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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FLEET POPULATIONS, SPECIAL CASES

T A B L E  3-11

Flat and Vehicular Flat Cars

Overall
Length

(ft)

21-45 (Short)
45.1- 60 (Med)
60.1- 78 (Long)

Weight Capacity (thousand pounds)
70-110 (Lt) 

0
29,400

0

110.1-160 (Med) 
0

31,380

160.1-200 (Heavy) 
0 
o

; 12,700 8,680

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

Typical Vehicles
Weight Capacity (225-230 Kips) . 1,900 Open Hopper (125 ton)
Overall Length (87-96 ft) 92,530 Box, Flat and Vehicular Flat
Volumetric Capacity (10,000 ft3 ) 8,650 High Cube Box

Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER

TABLE 3-12

DISTRIBUTION OF CAR TYPES W ITHIN 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 Ail Covered Hoppers
Open Hopper 130,000 37% of All Open Hoppers
Tank 53,000 30% of All Tank Cars

TOTAL .. 320,000

Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER
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3.3.4 Other Principal Physical Characteristics

For the purpose of investigating dynamic car performance, the car fleet was character
ized by certain other geometrical and dynamic properties.

Figure 3-7, which illustrates the distribution of coupler, lengths Within the fleet, shows 
that the vast majority of cars are equipped 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, provide certain difficulties while coupling 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 between1 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 construction." This factor is important in vehicle dynamic 
activity (see Chapter 5).

Figure 3-9, which illustrates vehicle populations 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 freight vehicle fleet w ill have high center of gravity heights in 
either the loaded or unloaded configuration. This consideration is important 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).

S o u r c e :  D O T  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r  E s t i m a t e s  B a s e d  o n  1 9 7 7  U M L E R  

F I G U R E  3 - 7  D I S T R I B U T I O N  B Y  C O U P L E R  L E N G T H ,  A L L  C A R  T Y P E S
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S o u r c e :  D O T  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r  E s t i m a t e s  B a s e d  o n  1 9 7 7  U M L E R  

F I G U R E  3 - 8  D I S T R I B U T I O N  B Y  T R U C K  C E N T E R  S P A C I N G ,  A L L  C A R  T Y P E S

F I G U R E  3 - 9  D I S T R I B U T I O N  B Y  E X T R E M E  H E I G H T ,  A L L  C A R  T Y P E S  

S o u r c e :  D O T  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r  E s t i m a t e s  B a s e d  on 1977 UM LE R
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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 population by car type from 1973 to 1978, indicates that some 
car types are decreasing in number, while others 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 this calculation to provide an indication of recent 
trends in freight car populations.

Several factors dictate the car populations. The most important of these are:

• Quantity of commodities shipped; and
• Average capacity of the fleet.

FIGURE 3-10 DISTRIBUTION BY CENTER OF GRAVITY HEIGHT IN UNLOADED 
CONDITION, ALL CAR TYPES
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800

Source: DOT Transportation Systems Center Estimates Based on 1977 UMLER
FIGURE 3-11 DISTRIBUTION BY AXLE LOAD IN UNLOADED CONDITION, 

ALL CAR TYPES

Moment of Inertia -  Roll (lt}-in-seĉ ) x 10®

Source: DOT Transportation Systems Center Estimates

FIGURE 3-12 DISTRIBUTION BY ROLL MOMENT OF INERTIA, ALL CAR TYPES, UNLOADED
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F I G U R E  3 - 1 3  D I S T R I B U T I O N  B Y  V E R T I C A L  B E N D I N G  F R E Q U E N C Y ,  A L L  C A R  T Y P E S

Source: AAR Yearbook of Railroad Facts, 1979 

FIGURE 3-14 FREIGHT CAR POPULATION
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TABLE 3-13
T O T A L  F R E I G H T  C A R S  I N  S E R V I C E  B Y  C A R  T Y P E ,  1 9 7 3  T O  1 9 7 8

C a r  T y p e 1 9 7 3 1 9 7 4 1 9 7 5 1 9 7 6 1 9 7 7 1 9 7 8

B o x 5 1 1 , 3 9 6 5 0 6 , 1 9 7 4 9 5 , 1 3 9 4 7 3 , 9 5 3 4 5 0 , 7 7 9 4 3 5 , 6 7 1

F l a t 1 3 2 , 2 2 2 1 3 9 , 1 8 6 1 4 1 , 3 1 6 1 4 1 ; 7 8 1 1 4 2 , 8 1 1 1 4 6 , 4 0 2

G o n d o l a 1 8 7 , 3 4 7 1 8 6 , 7 2 0 1 8 6 , 7 7 3 1 8 5 , 7 7 6 1 7 9 , 4 7 5 1 7 5 , 7 7 7

C o v e r e d  H o p p e r 2 0 4 , 9 2 6 2 1 9 , 3 6 2 2 2 8 , 2 6 5 2 3 0 , 0 6 9 2 3 5 , 8 2 9 2 4 6 , 0 8 7

O p e n  H o p p e r 3 6 5 , 3 3 3 3 5 6 , 6 2 6 3 6 3 , 1 8 6 3 6 5 , 5 2 6 3 5 9 , 1 6 8 3 5 4 , 0 8 6

R e f r i g e r a t o r 1 0 4 , 7 2 1 1 0 4 , 0 2 4 1 0 0 , 8 1 5 9 8 , 0 1 7 9 3 , 8 2 3 8 7 , 6 0 1

S t o c k 5 , 3 0 7 4 , 9 8 0 4 , 4 2 3 3 , 6 3 7 2 , 9 4 3 N o t

A v a i l a b l e

T a n k 1 6 5 , 3 0 9 1 6 9 , 2 3 7 1 7 0 , 8 7 6 , 1 6 8 , 0 1 8 1 6 9 , 7 4 5 1 7 4 , 1 7 0

O t h e r s 3 3 , 5 5 8 ‘ 3 4 , 2 4 1 3 2 , 7 9 2 3 2 , 2 5 0 3 1 , 9 6 0 3 2 , 9 8 0

T O T A L ( 1 , 7 1 0 , 5 6 9 1 , 7 2 0 , 5 7 3  , 1 , 7 2 3 , 6 0 5 1 , 6 9 9 , 0 2 7 1 , 6 6 6 , 5 3 3 1 , 6 5 2 , 7 7 4

S o u r c e :  A A R  Y e a r b o o k  o f  R a i l r o a d  F a c t s ,  1 9 7 9

T A B L E  3 - 1 4

1 9 7 8  F R E I G H T  C A R  P O P U L A T I O N  A S  A  P E R C E N T A G E  

O F  T H E  1 9 7 3  P O P U L A T I O N

C a r  T y p e  P e r c e n t

B o x  8 5

F l a t  1 1 1

G o n d o l a  9 4

C o v e r e d  H o p p e r  1 2 0

O p e n  H o p p e r  9 7

R e f r i g e r a t o r  8 4

S t o p k  4 2

T a n k  1 0 5

A L L  9 7

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 year. 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 approximately the same trends. .This trend 
of increasing capacity applies to all car types, as shown in Table 3-16.

Table 3-17 summarizes this increase in average 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 being retired from 
service.

TABLE 3-15

FREIGHT TONNAGE ORIGINATED

T o t a l  T o n n a g e  O r i g i n a t e d  

b y  C l a s s  I  R a i l r o a d

Y e a r  ( b i l l i o n  t o n s )

1 9 6 5

1 9 6 6

1 9 6 7

1 9 6 8

1 9 6 9

1 9 7 0

1 9 7 1

1 9 7 2

1 9 7 3

1 9 7 4  .

1 9 7 5

1 9 7 6

1 9 7 7

1 9 7 8

A v e r a g e

Source: A A R Yearbook

1 . 3 9

1 . 4 5  

1 . 4 1

1 . 4 3

1 . 4 7

1 . 4 8

1 . 3 9

1 . 4 5

1 . 5 3

1 . 5 3

1 . 4 0

1 . 4 1

1 . 3 9

1 . 3 9

1 . 4 4

Railroad Facts, 1979
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'■ ■ T o t a l  F l e e t  C a p a c i t y  

—  —  —  C l a s s  I  ( O n l y )  F l e e t  C a p a c i t y

F I G U R E  3 - 1 5  T O T A L  F L E E T  C A P A C I T Y  A N D  C L A S S  1  R A I L R O A D  F L E E T  C A P A C I T Y  B Y  Y E A R

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, w ill 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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3-22

F R E I G H T  C A R  C A P A C I T Y  B Y  C A R  T Y P E  -  C L A S S  I  R A I L R O A D S  O N L Y ,  T O N S

TABLE 3-16

C a r  T y p e 1 9 6 6

B o x 5 5 . 1

F l a t 6 1 . 4

C o v e r e d  H o p p e r 8 0 . 6

O p e n  H o p p e r 6 6 . 9

G o n d o l a 6 5 . 5

R e f r i g e r a t o r 5 9 . 5

S t o c k 4 0 . 3

T a n k 5 5 . 4

O t h e r s 5 5 . 8

F l e e t  A v e r a g e 6 1 . 4

S o u r c e :  A A R  C a r  S e r v i c e

1 9 6 7 1 9 6 8 . 1 9 6 9

5 4 . 2 5 5 . 3 5 6 . 6

6 3 . 1 6 4 . 6 6 6 . 2

8 3 . 3 8 4 . 3 8 4 . 5

6 8 . 4 7 0 . 1 7 1 . 6

6 7 . 1 6 8 . 7 6 9 . 8

6 0 . 2 6 2 . 0 6 3 . 4

4 0 . 3 4 0 . 9 4 1 . 3

5 5 . 8 5 7 . 4 5 7 . 8

5 8 . 5 5 9 . 9 6 0 . 8

6 3 . 4 6 4 . 3 6 5 . 8

1 9 7 0 1 9 7 1 1 9 7 2

5 7 . 8 5 8 . 4 5 9 . 4

6 7 . 5 6 8 . 0 6 8 . 1

8 6 . 2 8 7 . 2 8 7 , 9

7 2 . 9 7 4 . 4 7 6 . 0

7 1 . 9 7 2 . 6 7 3 . 9

6 4 . 5 6 6 . 1 6 7 . 0

4 1 . 4 4 1 . 5 4 1 . 7

5 9 . 6 6 0 . 4 6 1 . 0

6 3 . 1 6 3 . 6 6 3 . 2

6 7 . 1 6 8 . 4 6 9 . 6

1 9 7 3 1 9 7 4 1 9 7 5

6 0 . 3 6 1 . 7 6 2 . 5

6 8 . 6 6 8 . 9 6 9 . 4

8 8 . 9 8 9 . 8 9 1 . 1

7 6 . 6 7 7 . 5 7 9 . 1

7 4 . 7 7 5 . 7 7 7 . 4

6 7 . 3 6 8 . 3 6 9 . 0

4 1 . 8 4 2 . 0 4 1 . 8

6 1 . 5 6 2 . 7 6 5 . 0

6 4 . 1 6 4 . 7 6 4 . 9

7 0 . 5 7 1 . 6 7 2 . 9

1 9 7 6 1 9 7 7 1 9 7 8

6 3 . 5 6 4 . 8 6 5 . 9 -

6 9 . 7 7 0 . 3 6 9 . 9

9 1 . 3 9 1 . 8 9 2 . 6

8 0 . 8 8 2 . 2 8 3 . 4

7 8 . 8 7 9 . 8 8 0 . 6

6 8 . 4 6 9 . 5 7 0 . 2

4 1 . 7 4 2 . 9 N A

6 6 . 0 6 7 . 8 6 8 . 9

6 4 . 6 6 5 . 5 6 4 . 1

7 3 . 8 7 5 . 5 7 6 . 7

D i v i s i o n



TABLE 3-17
1 9 7 8  A V E R A G E  C A R  C A P A C I T Y  A S  A  P E R C E N T A G E  

O F  1 9 6 6  A V E R A G E  C A R  C A P A C I T Y  

( C L A S S  I  R A I L R O A D S  O N L Y )

C a r  T y p e P e r c e n t

B o x 1 2 0

F l a t  : 1 1 4

G o n d o l a 1 2 3

C o v e r e d  H o p p e r  ■: 1 1 5

O p e n  H o p p e r 1 2 5

R e f r i g e r a t e d ’ ’  ’ . 1 1 8

S t o c k 1 0 7  ( e s t i m a t e d )

T a n k 1 2 4

O t h e r s 1 2 5

F l e e t  A v e r a g e  C a r  C a p a c i t y 1 2 5

S o u r c e :  A A R  C a r  S e r v i c e  D i v i s i o n
-

T A B L E  3 - 1 8

N E W  C A R  O R D E R S  1 9 7 6 - 1 9 7 8

1 9 7 6 1 9 7 7 1 9 7 8

F l e e t  T o t a l  N e w  C a r  O r d e r s 3 3 , 4 9 5 4 2 , 3 7 8 1 4 3 , 8 2 5

1 0 0 - T o n  C a r  O r d e r s 2 3 , 9 5 2 2 9 , 2 7 6 9 1 , 1 9 3

( P e r c e n t  o f  F l e e t  T o t a l ) ( 7 2 % ) ( 6 9 % ) ( 6 3 % )

B o x

T o t a l  N e w  C a r  O r d e r s  « 7 , 0 6 7 1 4 , 3 2 0 4 4 , 9 4 1

1 0 0 - T o n  C a r  O r d e r s 2 , 4 0 0 3 , 4 7 5 6 , 2 2 7

( P e r c e n t  o f  T o t a l ) ( 3 4 % ) ( 2 4 % ) ( 1 4 % )

F l a t

T o t a l  N e w  C a r  O r d e r s 4 , 5 1 7 2 , 6 6 7 1 5 , 6 7 4

1 0 0 - T o n  C a r  O r d e r s 1 , 2 3 7 8 5 0 1 , 9 5 6

( P e r c e n t  o f  T o t a l ) ( 2 7 % ) ( 3 2 % ) ( 1 2 % )

G o n d o l a

T o t a l  N e w  C a r  O r d e r s 4 . 2 4 8 M i s s i n g 1 0 , 6 8 8

1 0 0 - T o n  C a r  O r d e r s 4 , 0 7 6 D a t a 1 0 , 4 8 8

( P e r c e n t  o f  T o t a l ) ( 9 9 % ) ( 9 8 % )

H o p p e r

T o t a l  N e w  C a r  O r d e r s 1 5 , 0 8 9 2 1 , 4 3 9 6 6 , 4 9 7

1 0 0 - T o n  C a r  O r d e r s 1 4 , 9 4 0 2 0 , 6 3 9 6 4 , 5 4 7

( P e r c e n t  o f  T o t a l ) ( 9 9 % ) ( 9 6 % ) ( 9 7 % )

T a n k

T o t a l  N e w  C a r  O r d e r s 2 , 5 7 4 1 , 5 8 8 5 , 0 2 5

1 0 0 - T o n  C a r  O r d e r s 2 , 5 7 4 * 1 , 5 8 8 * 5 , 0 2 5 *

( P e r c e n t  o f  T o t a l ) ( 1 0 0 % ) J ( 1 0 0 % ) ( 1 0 0 % )

*  A s s u m e d :  D a t a  i n c o m p l e t e

S o u r c e :  R a i l w a y  A g e
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TABLE 3-19

NEW CAR ORDERS. BY TYPE AND CAPACITY, 1978

Capacity '
Type (tons) Number

Box 70 37054
Box 75 150
Box 80 600
Box 90 200
Box 100 4480

XL Box 70 200
Ref 70 200
Side Slider 70 210
Newsprint 70 100
Hi Cube 100 432
Ins. Box 100 981
Hi Roof 100 272
XL Hi Roof 100 11
Equipment 100 51

Flat 70 ,13012
Flat , 55 500
Flat . 1 0 0 645

Pulpwood 70 100
Coil Steel ioo 450
With Auto Racks 90 16
Bulkhead 100 761
TOFC 50 90
COFC 100 100

Auto Racks '' '
T  ri-Level Not Available 805
Tri-Level i 70 205
Tri-Level 60 11
Enc-bi-Level 60 383
Bi-Level Not Available 345
Bi-Level 70 , 30

Gondola 100 7726
Open-Top 100 347
Coal Porter 100 1584
R.D. 100 831
Wood Chip 80 200

Hopper 100 17945
Covered 100 42946
R.D. Coal ioo 632
Air-Slide Covered too 60
Covered Not Available 1950
R.D. Limestone 100 24
R.D. Coal 100 502
R.D. Aggregate 100 147
Coal 100 2291

Tank 100 1981
Tank Not Available 4044

Source: Railway Age
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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 this reason, tank cars received special attention in this 
study. ’

Tank cars have been under effective federal regulation 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 these 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 mechanical construction, was the requirement that they have at least 2 inches of 
insulation covered by a jacket of 1/8-inch-thick steel.

In the early 1930s, the shipment 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-discharge pressure, test pressure, etc., to be varied directly 
with tank design pressure. A ll 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 governing specifications 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, acting 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 specifically 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 necessarily additive because some of the fire losses were initiated by 
mechanical damage.)

The largest accidents/reported were at Laurel,' Mississippi, on January 25, 1969 ($7.8 
million) arid at,Crescent City, Illinois, on June .21, 1970 ($1 million). Since the RPI/AAR 
' report, there have been several accidents, each resulting in losses 6f millions of dollars.

The concern over the transportation of hazardous materials (which occurs mainly in 
tank cars) arises from both the past history of accidents and the rapid growth in the quanti- 
. ties being transported. Estimates prepared by the Transportation Systems Center of the U.S. 
Department of Transportation indicate that the tonnage of hazardous materials transported 

' by rail grew from 38.4 million tons in 1972 to approximately 47 million tons in 1977, an 
increase of 22%. The ton-miles of hazardous materials increased at a somewhat higher fate, 
as lengths of haul increased. In the same period, the revenue ton-miles of all railroad freight 

, increased by only 6.4%. Forecasts indicate that the rapid growth in hazardous materials 
transportation by rail will continue in the foreseeable future.
3.6 CURRENT TANK CAR FLEET

Tank cars come in a range of capabilities. Significant variations also exist in their
charactistics: \ ’ .

• Welded or riveted;
• Pressure or nonpressure; ' .
• Insulated or uninsulated;
® Bottom or top filling; and
® With or without an expansion dome.

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

Most regulated commodities are 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 Tanks for Tank C an

■ Until 1969 the AAR had an elaborate system of mechanical designations for tank cars which indicated the type of container on each. This has been superseded by a general classification of "T" for all such cars. Details bn the container can be indicated by reference to the appropriate DOT or AAR classification, as shown in the following table:
Class . Sarviea 

Hazardous Commoditise

Safety
Vahra

Sattlno
( p » - )

Description

D O T  103 Non-pressure 35 to 45 Uninsulated riveted or 
welded tank o f steel, 
alum inum  a llo y  or 
nickel with expansion 
dome.

D O T  104 Non-pressure 35 Insulated riveted or 
w elded tan k  w ith  
dome.

D O T  105 Pressure 75 to 450 Insulated welded tank 
o f aluminum alloy or 
steel.

D O T  106 Pressure 375 to 600 . Multiple tanks on car- 
body, removable for 
loading or unloading.

D O T  107 Pressure • Multiple seamless tanks 
on carbody for high- 
pressure service.

D O T  109 Pressure 75 to 250 Welded steel or alu
minum alloy tank for 
general service.

D O T  n o Pressure 375 to 750 Multiple tanks on car- 
body, permanently at
tached.

D O T  111 Non-pressure 35 to 75 Domeless tank o f steel, 
- alloy steel or aluminum 
• alloy.

D O T  112 Pressure 150 to 375 Welded, u n in su la ted  
steel tank.

D O T  113 Pressure 30 to 115 Inner container within 
outer shell; annular
space in su la te d  or 
evacuated.

D O T  114 Pressure 255 to 300 U n in su la te d  w elded  
steel tank for com-, 
pressed gases. ;

D O T  115 Non-pressure 35 Ihnery container within 
outer ; shell; annular 
space in su la te d  o r  
evacuated. -

l?O T  116 Pressure'. • . Welded, m ulti-layer 
steel tank for high- 
pressure service.

D O T  117 Pressure 255 U n in su la te d  w elded  
steel tank for dual serv- - 
ice— compressed gases 
and flammable liquids.

D O T  119 Pressure 35 Insulated - welded steel 
tank for refrigerated 
compressed gases. ^

D O T  120 Pressure] 225 Insulated welded steel 
tank for dual service—r 
compressed gases and 
flammable liquids.

D O T  121 Pressure 375 Insulated welded steel 
t a n k f o r  compressed 
gases.

Non-Htsardftin Commodities

A A R  203 Non-pressure 35 to 40 Corresponds to D O T . 
103.

A A R  204 Pressure . 30 to 115 Corresponds to D O T " 
113.

A A R  205 Non-pressure - 35 • Corresponds to DOT~ 
115...

A A R  206 Pressure. 375 to 600 Corresponds to D O T  
106.

A A R  207 Pressure - Welded tank for gran -. 
ular commodities and 
designed for pneumatic 
unloading at 15 psi, or 
more.

A A R  208 Non-pressure None Wooden • stave, metal 
hooped tank, lined or 
coated.

A A R  211 Non-pressure 35 to 75 Corresponds to D O T

e— Safety valve setting determined by design o f pressure vessel.

Source: "Car and Locomotive Cyclopedia of American Practices," 3d Edition, Simmons-Broadman, 1974.



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 irîthe fleet. This holds true for all car types./'® Tank cars, specifically, 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.

9 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.
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Source AAR Yearbook of Railroad Facts, 1979

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

Year
Source: AAR Yearbook of Railroad Facts, 1979

FIGURE 3-17 AVERAGE CAR-MILES PER CAR. CLASS 1 RAILROADS
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FIGURE 3-18 AVERAGE CAR CAPACITY AND AVERAGE CARLOAD

FIGURE 3-19 FREIGHT TRAIN M IL E S -C L A S S  1 RAILROADS
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Source: AAR Yearbook of Railroad Facts, 1979

FIGURE 3-20 CARS PER AVERAGE FREIGHT TRAIN

Year
Source: AAR Yearbook of Railroad Facts, 1979

FIGURE 3-21 AVERAGE FREIGHT TRAIN LOAD
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4. C A R  S A F E T Y  R EC O R D S

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 length reduce 
the possibility to about 4.5 fatalities per year.

The size, weight, and lehgth 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.

Another major concern 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. (Projec
tions of what this relationship may be are contained in Chapter 6.)

4,2 ACCIDENT DATA

4.2.1 Fatalities and Casualties

A major concern in any study of railroad safety is the number of people who are killed 
during railroad operations. For this stuffy, it must also be determined whether or not these 
fatalities are related to the size, weight, and length of freight cars. To, address this issue, it 
is necessary to use the following FRA accident, categories:

• Train Accidents — Any collision, derailment, fire, explosion, act of God, or 
any other event involving 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 equipment, track, track structures, and

7 roadbed.*
• Non-Train Incidents — Any event arising from the operation of a railroad, but 

not from the movement of an equipment consist, which results in a reportable 
death, injury, or illlness.

• Reportable Death, Injuries —  Any event arising from the operation of a rail
road which results in the death of one or more persons; an injury to one or 
more, 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 job, 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 independent or car dimen
sions. The major remaining accident category is derailments, which make up approximately 
78% 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 relationship exists or not, since the reporting system for incidents 
does not require that the type of car be identified.)

*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 the present dollar threshold of $2900 for 1979-80.
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u . - During the period of 1975 through 1978, a total of 33 derailments occurred, each of 
which had at least one.fatality. Of thesederailments, 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, weight, and length of freight cars. Therefore, the determination of safer 
sizes, weights, and lengths than are now used for cars would, at best, result in about an 0.3% 
reduction in the rate of fatalities resulting from derailments. Although no clear-cut.relation
ships has been established between railroad fatalities and car size, weight, and length, the 
number of fatalities possibly caused is small compared to the total number 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 Derailments
Derailments form the principal group of accidents that might be influenced 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 derailments has been as follows:

1968 1969 1970 1971 1972 1973 1974 1975 1976 1977

Number of 
Derailments 5487 5960 5602 5131 5509 7389 8513, 6328 7934 8073

There has been a definite upwkrd trend in the number of reported derailments over the 
years. Sohie of the increase is due to more conscientious reporting by the railroads and some 
due to inflation, which has rendered reportable accidents that once would not have been re
portable (the criterion for reportability being the monetary loss from damage to track and 
equipment). Even after these factors are accounted for, however, there is a residual gradual 
increase iri the number of derailments that occur each year.

4.2.3 Derailments and Car Weight
The weight capacity of the first car involved in each derailment Was determined by 

using-procedures described inChapter 2. The weights were grouped as being approximately 
*50 tong, 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, ahd derailments were 
grouped according to the weight of the first car, leading to the result shown in Table 4-2. 
This table shows the number of derailments for each weight range, with no consideration 
of relative usage or population.
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TABLE 4-1
FATAL DERAILMENTS POSSIBLY RELATED TO THE SIZE, WEIGHT, AND LENGTH

OF FREIGHT CARS, 1975 TO 1978

D a t e

N u m b e r  o f  P o s s i b l e  R e l a t i o n s h i p

F a t a l i t i e s  t o  S i z e ,  W e i g h t ,  a n d  L e n g t h C o m p o n e n t

1 9 7 5

1 9 7 6

1 9 7 7

1 9 7 8

3 / 6 / 7 5 1 L o c o m o t i v e

8 / 5 / 7 5 1 V
1 / 8 / 7 6 1 V

3 / 2 7 / 7 6 1 * S w i t c h  P o i n t  W o r n

4 / 1 8 / 7 6 1 L o c o m o t i v e

5 / 2 1 / 7 6 1 V
6 / 2 0 / 7 6 1 V
6 / 2 7 / 7 6 2 V
6 / 3 0 / 7 6 1 P a s s e n g e r  T r a i n

7 / 2 5 / 7 6 1 L o c o m o t i v e

8 / 5 / 7 6 1 V  .
1 0 / 9 / 7 6 1 V
1 1 / 2 6 / 7 6 2 V
1 2 / 1 6 / 7 6

1 2 / 2 2 / 7 6

1

1 L o c o m o t i v e

2 / 1 2 / 7 7 1 V

C a r s  L e f t  F o u l

5 / 3 / 7 7 1 V
6 / 2 2 / 7 7 1 L o c o m o t i v e

6 / 2 7 / 7 7 1 - V
7 / 2 8 / 7 7 1 L o c o m o t i v e

8 / 1 5 / 7 7 1 C a b o o s e

8 / 2 4 / 7 7 1 O b j e c t  o n  o r  F o u l i n g

1 1 / 8 / 7 7 1

T r a c k

L o c o m o t i v e

1 / 1 8 / 7 8 1 T r a c k  A p p l i a n c e  C a u s e d

2 / 2 2 / 7 8 1 6 H u m a n  F a c t o r s  C a u s e d

2 / 2 6 / 7 8 8 T r a c k  V a n d a l i s m

2 / 6 / 7 8 2 T r a c k  D a m a g e  D u e  t o

3 / 7 / 7 8 1

W a s h o u t / R a i n / S l i d e ,  e t c .  

O b j e c t  o n  o r  F o u l i n g

8 / 1 8 / 7 8 1

T  r a c k

L o c o m o t i v e

8 / 2 8 / 7 8 1 E q u i p m e n t  o n  o r  F o u l i n g

9 / 1 0 / 7 8 3 V
T r a c k

1 0 / 4 / 7 8 2 V
1 2 / 3 1 / 7 8 6 P a s s e n g e r

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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TABLE 4-2

C a p a c i t y  ( T o n s )

_ DERAILMENTS AND CAR WEIGHT, 1974-1977

5 0 7 0 1 0 0 > 1 0 0 T o t a l

N o .  o f  A c c i d e n t s 3 8 0 0 5 5 8 6 8 3 2 1 2 2 5 1 7 > 9 3 2

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

T A B L E  4 - 3

D E R A I L M E N T S  A N D  C A R  L E N G T H ,  1 9 7 4 - 1 9 7 7

C a r  L e n g t h  ( F t )

L e s s  t h a n  4 0  

4 0  t o  4 9  

5 0  t o  5 9  

6 0  t o  6 9  

7 0  t o  7 9  

8 0  t o  8 9  

G r e a t e r  t h a n  9 0  

T O T A L

No. of Accidents

1 , 0 8 5

3 , 8 2 4

8 , 4 6 2

2 , 6 0 0

4 1 1

3 1 9

1 , 2 3 1

1 7 , 9 3 2

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

4.2.4 Derailments and Car Length

Derailments were classified 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 consideration of relative usage or popula
tion is shown in the table.
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TABLE 4-4
DERAILMENTS AND CAR TYPE, 1974-1977

C a r  T y p e

B o x  C a r  

A u t o  F l a t  

G e n e r a l  F l a t  ; 

T O F C  

G o n d o l a  

C o v e r e d  H o p p e r  

O p e n  H o p p e r  

R e f r i g e r a t o r  

T a n k  C a r

T O T A L

N o .  o f  A c c i d e n t s

3 , 7 8 1  

5 5 4  , ,

6 8

1 , 6 1 0

1 , 2 8 0

5 , 1 9 3

3 , 1 3 4  ,

9 9 8  

1 , 3 1 4

1 7 , 9 3 2

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

4.3 INTERPRETATION OF ACCIDENT DATA
i.

It is difficult to draw meaningful conclusions from the derailment accident data 
presented in the preceding 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, while 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.

T A B L E  4 - 5

C A R  W E I G H T :  A C C I D E N T S  P E R  V E H I C L E .  1 9 7 4 - 1 9 7 7

■ ' * ' ! C a p a c i t y  ( T o n s )  :

1 . 5 0 7 0 1 0 0

A c c i d e n t s  p e r  

V e h i c l e

0 . 0 0 9 1 0 . 0 0 7 8 0 . 0 1 5 8

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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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-tpn car 
would have to be replaced by more than one 70-ton car. Accidents must be measured 
relative 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 appear 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 ' ' '  ' 1
(10 Million)

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

TABLE 4-7

CAR WEIGHT: ACCIDEN t FREQUENCY PER M ILE TRAVELED

Capacity (Tons)
50 70 100

Accidents per 2.0 2.3 4.0
10 Million 
Car-Miles

Source: FRA Safety Data/AAR UMLER Files/1% Waybill 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 frequencies 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 elimination of the low-speed 
derailments.

TABLE 4-8

CAR WEIGHT: ACCIDENT FREQUENCY PER NET TON-MILE

Capacity (Tons)
50 70 100

Billion Net Ton-Miles 360 640 870

Accident Per Billion 
Net Ton-Miles

10.6 8.7 9.6

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 1 $11,000 $52,000
Per Accident

Source: FRA Accident Bulletin

V : '
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TABLE 4-10

C A B  W E I G H T :  A C C I D E N T  F R E Q U E N C Y  ( S P E E D  > 1 0  M P H )

C a p a c i t y  ( T o n s )

50 70 100

Accidents Per Billion 4.3 3.4 2.6
Net Ton-Miles 
(Speed > 1 0  mph)

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

The conclusion that emerges from  this analysis is that the assessment one makes o f 
the relative safety o f different car types, or o f cars o f different weight or length, w ill vary 
markedly according to  how one measures “ safety.”  A  number o f measures have been used 
in  evaluating accident data: number o f accidents, accidents per car, accidents per car load
ing, accidents per ton originated, accidents per car-mile, and accidents per ton-m ile. Fur
thermore, neither the number o f accidents per year nor the number o f accidents per year 
per car are appropriate measures o f safety since distance traveled is no t taken in to  account. 
I f  the objective o f an analysis o f accident data is to  compare two alternatives fo r hauling 
the same freight a given distance, then the appropriate safety measure is net ton-miles. I f ,  
on the other hand, the objective is to iden tify  what cars have the best safety performance 
so that, fo r 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 o f frequency per car-mile and per net ton-m ile 
since these safety measures include distance o f haul as a factor. The importance o f adopting 
this approach cannot be exaggerated. Innumerable past studies o f ra il safety set fo rth  mis
leading conclusions because they ignored the need fo r “ normalized”  data — accidents meas
ured relative to  some indicator o f railroad activ ity 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 fo r cars o f different tonnages and lengths and fo r the 
various car types. The results o f this analysis are presented in  the follow ing paragraphs.

•From this point on, "accidents” and "derailments" are used synonymously.
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Some o f 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 to ta l o f derailments occurring at 
speeds greater than 10 mph, classified according to  the type o f car that was the cause o f 
the derailment (or was the firs t to derail along the train) and according to its tonnage 
capacity. Table 4-12 shows the net ton-miles fo r the same groupings o f cars based on three 
years’ (1975-77) waybill data. As mentioned in Chapter 2, the grand to ta l w ill be low com
pared to  the annual statistics published by the AAR since it  was decided that corrections 
to  the ton-m ile data would not be attempted. Table 4-13 shows the loaded car-miles and 
Table 4-14 the to ta l (empty and loaded) car-miles. F inally, Table 4-15 shows the weight o f 
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 fo r derailments occurring at speeds greater than 10 mph are 

shown in Table 4-16. The aggregate data are also shown in p ictoria l form  in  Figure 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 o f the heavy cars d iffe r according to  the 
safety performance measures used in  the evaluation.

TABLE 4-11

ACCIDENTS, 1974-1977

Capacity (Tons)
More Than

Car Type 50 70 100 100

Box 693 727 73 0

Auto Flat 190 27 0 4

General Flat 0 13 0 0

TOFC 281 243 55 22

Gondola 38 246 171 8

Covered Hopper 27 293 1216 5

Open Hopper 77 362 447 0

Refrigerator 129 236 42 0

Tank 106 78 216 8

ALL 1541 2225 2220 47

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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B I L L I O N  N E T . T O N - M I L E S  

{ F O U R - Y E A R  E S T I M A T E )

TABLE 4-12

C a p a c i t y  ( T o n s )

C a r  T y p e 5 0 7 0 1 0 0

M o r e  T h a n  

1 0 0

B o x 1 5 2 . 4 2 3 5 . 5 4 5 . 6 0

A u t o  F l a t 2 7 . 7 7 . 3 0 . 0 0 . 2

G e n e r a l  F l a t 0 3 . 6 0 . 0 0

T O F C 8 1 . 2 8 9 . 0 1 6 . 9 1 . 8

G o n d o l a 5 . 9 4 6 . 5 8 4 . 9 6 . 1

C o v e r e d  H o p p e r 3 . 7 4 8 . 3 3 3 4 : 8 3 . 7

O p e n  H o p p e r 2 2 . 8 1 2 1 . 3 2 4 1 . 6 0

R e f r i g e r a t o r 4 2 . 6 9 9 . 3 1 9 . 2 o

T a n k 2 0 . 9 1 2 . 6 1 2 6 . 9 5 . 5

A L L 3 5 7 . 2 6 6 3 . 4 8 6 9 . 9 1 7 . 3

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

T A B L E  4 - 1 3

L O A D E D  C A R - M I L E S ,  T E N  M I L L I O N S  

( F O U R - Y E A R  E S T I M A T E )

C a p a c i t y  ( T o n s )

C a r  T y p e 5 0 7 0 1 0 0

M o r e  T h a n  

1 0 0

B o x 4 9 5 6 1 0 8 7

A u t o  F l a t 1 2 2 3 6 0 0 . 0 7

G e n e r a l  F l a t 0 5 0 0

T O F C 3 2 2 2 9 5 2 8 0 . 2 7

G o n d o l a 1 2 8 8 1 1 4 0 . 5 4

C o v e r e d  H o p p e r 8 7 4 3 7 4 0 . 3 5

O p e n  H o p p e r 3 9 1 7 2 2 6 3 0

R e f r i g e r a t o r 1 1 4 2 2 8 3 6 0

T a n k 5 2 2 1 1 5 1 0 . 4 8

A L L 1 1 6 4 1 5 2 9 1 0 5 3 1 . 7

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

4-11



L O A D E D  A N D  E M P T Y  C A R - M I L E S ,  T E N  M I L L I O N S  

( F O U R - Y E A R  E S T I M A T E )

TABLE 4-14

C a p a c i t y  ( T o r n )

C a r  T y p e 5 0 7 0 1 0 0

M o r e  T h a n  

1 0 0

B o x 8 2 7 1 0 1 9 1 4 5 0

A u t o  F l a t 2 4 4 7 1 0 0 . 1 5

G e n e r a l  F l a t 0 9 0 0

T O F C 4 7 3 4 3 3 4 1 0 . 4

G o n d o l a 2 2 1 6 3 2 1 1 1 . 0

C o v e r e d  H o p p e r 1 5 1 4 8 7 5 2 0 . 7

O p e n  H o p p e r 7 4 3 2 6 4 9 9 0

R e f r i g e r a t o r 1 9 4 3 8 7 6 1 0

T a n k 1 0 9 4 5 3 1 6 1 . 0

A L L 1 9 6 2 2 6 0 1 2 0 2 5 3 . 2 5

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

T A B L E  4 - 1 5

A V E R A G E  L O A D  ( T O N S )

C a p a c i t y  ( T o n s )

C a r  T y p e 5 0 7 0 1 0 0

M o r e  T h a n  

1 0 0

B o x 3 0 . 8 3 8 . 6 5 2 . 4
•

A u t o  F l a t 2 2 . 7 2 0 . 3
, #

2 8 . 6

G e n e r a l  F l a t
•

7 5 . 0
« •

T O F C 2 5 . 2 3 0 . 2 6 0 . 4 6 6 . 7

G o n d o l a 4 8 . 4 5 2 . 8 7 4 . 5 1 1 3 . 0

C o v e r e d  H o p p e r 4 9 . 3 6 5 . 3 8 9 . 5  . 1 0 5 . 7

O p e n  H o p p e r 5 8 . 5 7 0 . 5 9 1 . 9
*

R e f r i g e r a t o r 3 7 . 4 4 3 . 6 5 3 . 3
*

T a n k 4 0 . 2 6 0 . 0 8 4 . 0 1 1 4 . 6

A v e r a g e 3 0 . 7 4 3 . 4 8 2 . 6 1 0 1 . 8

‘ S m a l l  S a m p l e

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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A C C I D E N T  F R E Q U E N C I E S  A N D  C A R  W E I G H T  ( S P E E D  > 1 0  M P H )

TABLE 4,-16

C a p a c i t y

( T o n s )

A c c i d e n t s  P e r  

1 0  M i l l i o n  C a r - M i l e s

A c c i d e n t s  P e r  

B i l l i o n  N e t  T o n - M i l e s

5 0 0 . 8 4 . 3

7 0 0 . 9 3 . 4

1 0 0 1 . 1 2 . 6

A L L 0 . 9 3 . 2

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

Car-Mile Basis Ton-M ile  Basis

Source:. FRA Safety Data/AAR UMLER Files/1% Waybill Sample.
F I G U R E  4 - 1  D E R A I L M E N T  F R E Q U E N C I E S  F O R  C A R S  O F  

V A R I O U S  T O N N A G E  C A P A C I T I E S  1 9 7 5 - 1 9 7 8  

( S P E E D  G R E A T E R  T H A N  1 0  M P H )
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50-Ton 70-Ton 100-Ton

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

1977

F I G U R E  4 - 2  R E L A T I V E  A C C I D E N T  H I S T O R Y  O N  C A R - M I L E  A N D  T O N - M I L E  B A S I S  

( S P E E D  G R E A T E R  T H A N  1 0  M P H )  ' ;  5

4.4.3 Accident Frequencies and 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.

T A B L E  4 - 1 7

A C C I D E N T  F R E Q U E N C I E S  A N D  C A R  L E N G T H  ( S P E E D  > 1 0  M P H )

C a r  L e n g t h s  ( F t )

A c c i d e n t s  P e r  

1 0  M i l l i o n  C a r - M i l e s

' A c c i d e n t s  P e r  ‘ 

B i l l i o n  N e t  T o n - M i l e s

L e s s  t h a n  4 0 , 1 . 5  , :  4 . 5

4 0  t o  4 9
1 0 3 . 0

5 0  t o  5 9 1 . 0 3 . 0

6 0  t o  6 9  1 0 . 9 3 . 0

7 0  t o  7 9 1 . 5 • 4 . 5

8 0  t o  8 9 0 . 6 . . . .  . . .  3 . 5  ,  •

G r e a t e r  t h a n  9 0 0 . 5  . 3 . 9

A L L 0 . 9 3 . 2

Source: FR A  Safety D ata/A A R  U M L E R  Files/1% Waybill Sample
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Car-Mils Basis Ton-Mile Basis

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

FIGURE 4-3 DERAILM ENT FREQUENCIES FOR CARS OF VARIOUS LENGTHS, BY CAR-MILES 
AND TON-MILES, 1975-1978

4.4.4 Accident Frequencies and Car Type
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 pictorial, form in Figure 4-4.

The vehicles thait appear less safe than the others are:

• Covered hoppers, independent of the measure of accident frequency;
• 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 accident 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 speeds over 10 mph.
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TABLE 4-18

ACCIDENT FREQUENCIES AND CAR TYPE (SPEED > 1 0  MPH)

Car Type
Accidents Per 

10 Million Car-Miles
Accidents Per 

Billion Net Ton-IV

Box 0.8 3.4
Auto Flat,. 0.7 6.3
General Flat 1.4 3.6
TOFC 0.6 3.2
Gondola > 1.1 3.2
Cowered Hopper 1.7 4.0
Open Hopper 1.0 2.3
Refrigerator 0.6 2.5
Tank Car 0.9 2.5
ALL 0.9 3.2

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

Car-Mile Basis Ton-Mile Basis

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
FIGURE 4-4 DERAILMENT FREQUENCIES FOR CARS OF VARIOUS TYPES BY CAR-MILES

AND TON-MILES
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TABLE 4-19
G E N E R A L  F L A T / A U T O  F L A T  A C C I D E N T  H I S T O R Y  

( S P E E D  > 1 0  M P H )

T o t a l  A c c i d e n t s  

G e n e r a l  F l a t  A c c i d e n t s  

A u t o  F l a t  A c c i d e n t s

N u m b e r

6 0 3 3

1 3

221

P e r c e n t  o f  T o t a l

100.00

0.22
3 . 6 6

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

Thus, the single prominent 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.”

T A B L E  4 - 2 0

A C C I D E N T S  P E R  1 0  M I L L I O N  C A R - M I L E S

C a p a c i t y  ( T o n s )

C a r  T y p e 5 0 7 0 1 0 0 A L L

B o x 0 . 8 0 . 7 0 . 5 0 . 8

A u t o  F l a t 0 . 8 0 . 4
*

0 . 7

G e n e r a l  F l a t
«

1 . 4
*

1 . 4

T O F C 0 . 6 0 . 6 1 . 4 0 . 6

G o n d o l a 1 . 7 1 . 5 0 . 8 1 . 1

C o v e r e d  H o p p e r 1 . 8 2 . 0 1 . 6 1 . 7

O p e n  H o p p e r 1 . 1 2 . 1 0 . 9 1 . 0

R e f r i g e r a t o r 0 . 7 0 . 6 0 . 7 0 . 6

T a n k 1 . 0 1 . 7 0 . 7 0 . 9

A L L 0 . 8 0 . 9 1 . 1 0 . 9

* S m a l l  S a m p l e

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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T A B L E  4 - 2 1

D E R A I L M E N T S  P E R  B I L L l O K l  N E T  T O N - M I L E S

C a p a c i t y  ( T o n s )

C a r  T y p e 5 0 7 0 1 0 0 A L L

B o x 4 . 6 3 . 1 1 . 6 3 . 4

A u t o  F l a t 6 . 0 3 . 7 6 . 3

G e n e r a l  F l a t
#

3 . 6
*

3 . 6

T O F C 3 . 5 2 . 7 3 . 3 3 . 2

G o n d o l a 6 . 4 5 . 3 2 . 0 3 . 2

C o v e r e d  H o p p e r 7 . 2 6 . 1 3 . 6 4 . 0

O p e n  H o p p e r  ; 3 . 4 3 . 0 L 9 2 . 3

R e f r i g e r a t o r 3 . 0 2 . 4 2 . 2 2 . 5  ?

T a n k 5 . 1 6 . 2 2 . 6 3 . 2

A L L 4 . 3 3 . 4 2 . 6 3 . 2

“ S m a l l  S a m p l e

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

4.4.6 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 important in the 
accident reports and are responsible for the more severe accidents.

4-18



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 following observations are based on these four tabulations:

• General flat Cars have a very high susceptibility to wide gage derailments 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 significantly, 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 capacities (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.

• The 50- and 70-ton gondolas have an extremely high rate of axle/bearing de
railments in relation to the fleet average. The 50- and 70-ton hoppers also 
have a relatively high rate.

• Wheel failure derailments occur, at a much higher rate on,50-ton cars than on 
1 0 0 -ton cars.

• The worst actors for wheel failure derailments are 50-ton auto flats, 100-ton 
TOFCs, and 50-ton refrigerator cars.

TABLE 4-22 
WIDE GAGE

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

Car Type 50 70 100 ALL

Box 1.3 0.5 0.7 0.8
Auto Flat 1.4 1.4 1 * 1.4
General Flat * 5.6 * 5.6
TOFC 0.4 0.7 ‘ * 0.5
Gondola ; 1-7 1.1 1.1 1.1
Covered Hopper * 0.4 1,0. 0.9,
Open Hopper 1.6 1.3 0.8 1,1
Refrigerator 0.9 0.4 0.5 0.6
Tank Car 1.4 1.6 0.6 0.8
ALL 1 2 0.7 0.8 0,9

>*Small Sample . .
Fleet Average = 0.9
Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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T A B L E  4 - 2 3  

C R O S S - L E V E L

D E R A I L M E N T S  P E R  T E N  B I L L I O N  N E T  T O N - M I L E S  

_________ _  C a p a c i t y  ( T o n s )

Car Type 50 70 100 ALL

Box 5.4 5.7 1.8 5.1
Auto Flat 6.1 9.6 * 6.8
General Flat * * # *

TOFC 2.0 1.4 3.0 1.9
Gondola 1.7 1.9 1.9 1.8
Covered Hopper 13.3 9.1 8.6 8.7
Open Hopper 3.4 3.5 3.1 3.4
Refrigerator 3.1 4.5 4.7 4.2
Tank 4.8 8.0 2.7 3.3
ALL 4.4 4.6 5.0 4.7

*Small Sample 
Fleet Average = 4.7
Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample

T A B L E  4 - 2 4

B E A R I N G  A N D  A X L E  F A I L U R E  

D E R A I L M E N T S  P E R  T E N  B I L L I O N  N E T  T O N - M I L E S

_ Capacity (Tons)

Car Type 50 70 100 ALL

Box 0.7 0.1 0.2 0.4

Auto Flat « * * *

General Flat * » * * *

TOFC 0.1 0.6 * 0.3

Gondola 3.4 3.4 0.5 1.5
Covered Hopper * 0.6 0.1 0.2
Open Hopper 1.0 0.8 * 0.5
Refrigerator 0.9 0.3 * 0.4
Tank * * 0.1 0.1
ALL 0.6 0.6 0.2 0.4
‘ Small Sample 

Fleet Average = 0.4

Source: FRA Safety Data/AAR UMLER Files/1% Waybill Sample
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T A B L E  4 - 2 5  

W H E E L  F A I L U R E

D E R A I L M E N T S  P E R  T E N  B I L L I O N  N E T  T O N - M I L E S

C a p a c i t y  ( T o n s )

C a r  T y p e 5 0 7 0 1 0 0 A L L

B o x 3 . 9 4 . 3 2 . 9 4 . 0

A u t o  F l a t 1 6 . 3 1 . 4
»

1 4 . 2

G e n e r a l  F l a t
* « « : *

T O F C 5 . 9 3 . 3 7 . 7 5 . 0

G o n d o l a 5 . 1 3 . 9 1 . 8 2 . 6

C o v e r e d  H o p p e r 2 . 7 3 . 3 2 . 0 2 . 2

O p e n  H o p p e r 1 . 3 4 . 3 1 . 3 2 . 3

R e f r i g e r a t o r 6 . 1 2 . 9 3 . 6 3 . 9

T a n k 1 . 9 2 . 4 1 . 7 1 . 8

A L L 5 . 4 3 . 8 1 . 9 3 . 3

* S m a l l  S a m p l e  

F l e e t  A v e r a g e  =  3 . 3

S o u r c e :  F R A  S a f e t y  D a t a / A A R  U M L E R  F i l e s / 1 %  W a y b i l l  S a m p l e

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 gravity of these car types when loaded, which gives rise 
to the rock-and-roll problem.

T A B L E  4 - 2 6

D E R A I L M E N T  F R E Q U E N C Y  B Y  C A R  T Y P E ,  L O A D E D  A N D  

U N L O A D E D  ( M A I N L I N E ,  T R A C K  C L A S S E S  2 - 6 ,  S P E E D )  1 0  M P H )

C a r  T y p e  

B o x

A u t o  F l a t  

G e n e r a l  F l a t  

G o n d o l a  

C o v e r e d  H o p p e r  

O p e n  H o p p e r  

R e f r i g e r a t o r  

S t o c k  

T a n k

S o u r c e :  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r

R a t i o  o f 1

D e r a i l m e n t  F r e q u e n c y  

L o a d e d / U n l o a d e d

1 . 3 1

1 . 0 8

2.10
2 . 9 0

7 . 2 4

6 . 3 7

1 . 0 5

1.8
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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 material, as 
in the possibility that catastrophic accidents can happen.

The consequences 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.

T A B L E  4 - 2 7

P R O J E C T I O N S  O F  M A X I M U M  I N J U R I E S  I N  R A I L  M O V E M E N T  O F  H A Z A R D O U S  M A T E R I A L S

M a x i m u m  N u m b e r  o f  

I n j u r i e s  i n  a n  

A c c i d e n t  i n  a  Y e a r

- 50 
100

, 150
2 5 0  

3 5 0  

1 5 0 0

1000 , 
2000 
5 0 0 0

S o u r c e :

P r o b a b i l i t y  T h a t  T h i s  

N u m b e r  w i l l  b e  E q u a l e d  

o r  E x c e e d e d  ( P e r c e n t )

2 9 . 3

1 9 . 8 ;

1 5 . 6

1 1 . 5

9 . 3  , ,

7 . 5

4 . 8

3 . 1

1 . 7

I n v e r s e  P r o b a b i l i t y  

,  o r  R e t u r n  P e r i o d  

( N u m b e r  o f  , Y e a r s  f o r  ,  

N u m b e r  t o  b e  E x c e e d e d )

3.4 ;'

:  5 . 1  •

6.4 
• 8 . 7  

1 0 7

1 3 . 4

2 0 . 7

3 2 . 1

5 7 . 8

H a s s l e r ,  F . L . ,  " A n a l y s i s  o f  1 9 7 6  R a i l  H a z a r d o u s  

M a t e r i a l  F l o w s , "  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r ,  

R e p o r t  N o .  S S - 2 0 - V I - 4 0 ,  A p r i l  1 9 7 8 .
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TABLE 4-28
P R O J E C T I O N S  O F  M A X I M U M  F A T A L I T I E S  I N  R A I L  M O V E M E N T  O F  H A Z A R D O U S  M A T E R I A L S

M a x i m u m  N u m b e r  o f  - P r o b a b i l i t y  T h a t  T h i s  I n v e r s e  P r o b a b i l i t y

F a t a l i t i e s  i n  a n  N u m b e r  w i l l  b e  E q u a l e d  o r  R e t u r n  P e r i o d

A c c i d e n t  i n  a  Y e a r o r  E x c e e d e d  ( P e r c e n t ) ( Y e a n )

1 0 2 8 . 7 3 . 4 8

2 0 1 8 . 5 5 . 4

5 0 9 . 9 1 0 . 0

1 0 0 6 . 1 1 6 . 3

5 0 0 1 . 9 5 1 . 5

S o u r c e :  H a s s l e r ,  F . L . ,  " A n a l y s i s  o f  1 9 7 6  R a i l  H a z a r d o u s  

M a t e r i a l  F l o w s , "  T r a n s p o r t a t i o n  S y s t e m s  C e n t e r ,  

R e p o r t  N o .  S S - 2 0 - V I 4 0 ,  A p r i l  1 9 7 8 .

It is most difficult to acquire data on the size, weight, and length of cars involved in 
rail accidents while carrying hazardous materials. The FRA accident data provide 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 releiases 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.

A.5.2 Accident Scenarios and Safety Measures
The particular effects of a release of a hazardous material depend on the properties of 

the material released, the quantity released, £md 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 portion of the tank is propelled like a rocket by its 
internal pressure; and
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• Toxic or asphyxiating 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, arid the environment. The possible causes 
of these scenarios are listed in Table 4-29. The probable safety measures to reduce the possi
bility of such catastrophic scenarios 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 this project are:

• Mechanical punctures of the tank car head are the primary cause of release of 
large quantities of material;

• Non-insulated tank cars are considerably 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 actions taken by the DOT in effecting changes in tank car design to improve 
safety performance are provided in Table 4-31.

T A B L E  4 - 2 9

F A I L U R E  M O D E S  | N  T A N K  C A R  A C C I D E N T S  

( M E C H A N I C A L  D A M A G E )

•  Shell Puncture

•  Head Puncture

•  A t t a c h m e n t  D a m a g e

•  T o p  F i t t i n g  D a m a g e

•  Bottom Fitting Damage

•  L e a k  a t  R i v e t e d  S e a m

•  E x p o s u r e  t o  F i r e

S o u r c e :  R a i l w a y  P r o g r e s s  I n s t i t u t e / A s s o c i a t i o n  o f  

A m e r i c a n  R a i l r o a d s

T A B L E  4 - 3 0

M E T H O D S  O F  I N C R E A S I N G  S A F E T Y  O F  T A N K  C A R S

•  O p e r a t i o n a l  C h a n g e s

•  Head Shields

•  . Modified Couplers

•  Thermal Insulation

, •  Tank Material Changes

•  Safety Relief Valve Modifications
S o u r c e :  Adams, D.E. et al, "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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CHANGES IN TANK CAR DESIGN

TABLE 4-31

•  . 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 interlocking automatic 
: couplers

•  Cars built after 30 August 1974 — 112Aand 114A tanks equipped with
head shields , ;

•  Cars built after 31 December 1977

•  112A and 114A — coupler restraints

• N 112S and 114S — coupler restraints and tank head shields

•  112J, 112T, 114J, 114T — coupler restraints, head shields, 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 Regulations, 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 materials commodity groups, respectively 
(based on seven years’ data). Flammable gases are responsible for the greatest number of 
fatalities in hazardous materials accidents, while corrosives injure 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 bums received while loading and unloading 
tank cars.

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c .  E s t i m a t e s

FIGURE 4-5 FATALITIES BY COMMODITY GROUP BASED ON RELEASES, 1971-1977
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'  S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c .  E s t i m a t e s

FIGURE 4-6 INJURIES BY COMMODITY GROUP BASED ON RELEASES, 1971-1977

4.5.4 Hazardous Materials Accident Frequencies

Accident frequencies based on net ton-miles and car miles 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 a.s, low as $100 (that is, eliminating releases with 
damages of $100 or less), the accident frequencies 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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PERCENT OF RELEASES IN HAZARDOUS MATERIALS COMMODITIES GROUPSBY
DOLLAR DAMAGE R A N G E .

TABLE4-32

Damages (Thousand Dollars)
No. of 
Releases 0 0-1 1-10 10-30 50-100 100-500 500-500,000 1,000 - 2,000

' Greater . Than 2,000
Explosives 42 29 36 5 10 14, 5 2 2 2
Non-Flam.Gas 378 . 50 43 5 2
Flam. Gas ' 562 45 r 42 4 4 2 2 'VO 'VO 'VO
Flam. Liquid, 1043,, 31 54 9 6 1 1
Flam. Solid 86 33 54 11 2 'VO
Oxidizer 325 10 80 8 3
Organic Peroxide, 1 100
Toxic 190 21 63 10 5 1 1
Radioactive 6 50 33 17
Corrosive 1749' 41 51 6 2 M) <v0.
TOTAL 4382'
Source: Arthur D.; Little, Inc., Estimates, .

TABLE 4*33
ACCIDENT FREQUENCIES PER BILLION TON-MILES 

FOR HAZARDOUS MATERIALS COMMODITIES
Damage Threshold

$0 >$100 >$5000

Explosives 26.0 13.0 4.30

Non-Flammable Gas 15.0 2.2 0.27

Flammable Gas 13.0 2.7 1.30

Flammable Liquid 17.0
. - - v"

4.7 1.60

Flammable Solid 11.0 2.9 0.95

Oxidizer 21.0 8.8 0.91

Organic Peroxide 17.0 18.0 -

Toxic 18.0 7.3 1.30

Radioactive 66.0 28.0 9.40

Corrosive 3T.0 5.6 1.10

All Hazardous Material 20.0 4.7 1.20
S o u r c e :  M T B  D a t a  1 9 7 1 - 7 7 ;  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s
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TABLE 4-34
A C C I D E N T  F R E Q U E N C I E S  P E R  M I L L I O N  C A R - M I L E S  

F O R  H A Z A R D O U S  M A T E R I A L S  C O M M O D I T I E S

D a m a g e  T h r e s h o l d

$ 0 > $ 1 0 0 > $ 5 0 0 0

E x p l o s i v e s 1 . 3 0 0 . 6 3 0 . 2 1 0

N o n - F l a m m a b l e  G a s 1 . 0 0 0 . 1 5 0 . 0 1 9

F l a m m a b l e  G a s 0 . 9 4 0 . 2 0 0 . 0 9 4

F l a m m a b l e  L i q u i d 1 . 2 0 0 . 3 2 0 . 1 1 0

F l a m m a b l e  S o l i d 0 . 6 9 0 . 1 7 0 . 0 5 8

O x i d i z e r 1 . 6 0 0 . 6 6 0 . 0 6 9

O r g a n i c  P e r o x i d e 1 . 4 0 1 . 4 0 -

T o x i c 1 . 1 0 0 . 4 3 0 . 0 7 9

R a d i o a c t i v e 3 . 0 0 1 . 3 0 0 . 4 2 0

C o r r o s i v e 2 . 5 0 0 . 4 5 0 . 0 9 0

A l l  H a z a r d o u s  M a t e r i a l 1 . 4 0 0 . 3 3 0 . 0 8 6

S o u r c e :  M T B  D a t a  1 9 7 1 - 7 7 ;  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s

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 w ill release if it has de
railed), the historical accident data show that there is a 16% chance that a hazardous mate
rials car w ill release some or all of its contents if it were derailed in a train accident.

4.5.6 Tank Car Accidents and Tank Car Capacity
The Materials Transportation Board (MTB) requires that all releases of hazardous 

materials, no matter how small, be reported for all modes of transportation. The reporting 
form includes such information as name of container, capacity of container, and quantity 
spilled. With these data, it is possible to examine release accidents of tank car size, thus 
eliminating the minor (small quantity) spills. Tank cars often are identified in this data 
base by their DOT specification number. A brief description of the characteristics of the 
various types of tank cars was provided in Table 3-20.
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TABLE 4-35
R E L E A S E  P R O B A B I L I T Y

1 9 7 5  1 9 7 6

Number of Hazardous Materials Cars 
Derailing (NHD) 976 947

Number of Hazardous Materials Cars
Releasing (N ^ r ) 135 166

Release Probability
^ H R / ^ H D *  0.14 0.20

1 9 7 7

1072

173

0.16

T o t a l

2895 . 

474

0.16

Source: FRA Accident Bulletins; Arthur D. Little, Inc., 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 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 this 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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FIGURE 4-7 FATALITIES BY TYPE OF TANK CAR, 1971-1977
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FIGURE 4-8 FATALITIES BY TANK CAR CAPACITY, TYPE "112," 1971-1977
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FIGURE 4-9 FATALITIES BY TANK CAR CAPACITY, TYPE 'T A N K  CAR," 1971-1977
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S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s

F I G U R E  4 - 1 0  I N J U R I E S  B Y  T Y P E  O F  T A N K  C A R ,  1 9 7 1 - 1 9 7 7

C a p a c i t y  ( T h o u s a n d  G a l l o n s )

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s

FIGURE 4-11 INJURIES BY TANK CAR CAPACITY, TYPE "103," 1971-1977
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S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s

F I G U R E  4 - 1 2  I N J U R I E S  B Y  T A N K  C A R  C A P A C I T Y ,  T Y P E  " 1 0 5 , "  1 9 7 1 - 1 9 7 7

C a p a c i t y  ( T h o u s a n d  G a l l o n s )

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s

F I G U R E  4 - 1 3  I N J U R I E S  B Y  T A N K  C A R  C A P A C I T Y ,  T Y P E  " 1 1 1 , "  1 9 7 1 - 1 9 7 7
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?

Source: Arthur D. Little, Inc., Estimates

FIGURE 4-14 INJURIES BY TANK CAR CAPACITY, TYPE "112," 1971-1977

Source: Arthur D. Little, Inc., Estimates

FIGURE 4-15 INJURIES BY TANK CAR CAPACITY, TYPE 'TANK CAR." 1971-1977
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5. P R O B LE M  P E R S PE C T IV E  A N D  D E R A ILM E N T  A N A LY S IS

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 derailments. 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 sophisticated design̂ ,of 
components and subassemblies which have a longer service life. Thus, variations in accident 
frequencies can occur as a result of hidden factors which have little to do with the size, 
weight, and length of railroad cars. , . V  .,

Finally, the statistical data provide insight only into the approximate cause of an acci
dent and hot into underlying causes. As an example, a derailment may be classified! as being 
caused by “Cause Code il9  — cross-level of track irregular (at joints),” which, is a track 
defect. In fact, however, the vehicle involved may equally be at fault. Its design may lie such 
that it develops a particularly violent oscillation as. it traverses track with cross-level irreg
ularities. Other vehicles may not experience this problem.

Similarly, it is necessary to know (when accidents are caused by track defects) why 
track deterioration occurs. Weakness and fatigue caused by passage of freight cars and lack 
of appropriate maintenance are the most important factors. Also possible, 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 deterioration than normally expected, thus makmg maintenance 
costs yet higher. If this is so, it becomes necessary to know the relationship between wheel- 
rail loads and the size, weight, and length of cars. ‘

The remaining portions of this chapter address one of the deficiencies in th& statistical 
data that can be rectified by analysis: a thorough evaluation is made of the.underlying 
causes of railroad accidents and of how these causes are related to the size, weight, and 
length of cars. -• - ■ '

5.3 PERCEPTIONS

5.3.1 Introduction v

Concern over the size, weight, and length of railroad cars and their influence on safety 
and economics has been a reality for the railroads since their earliest beginnings. A vast 
amount of literature is devoted to a study of this problem.̂  For example, Appendix A 
includes a bibliography of pertinent information regarding, these concerns.

Today’s concern is that, as, some portions of the nation’S track deteriorate, as trains 
and cars become larger, longer, and heavier, and as the quantity of hazardous materials 
transported by the railroads rapidly increases, the potential for ever more frequent and 
catastrophic accidents is rapidly increasing. The railroad industry claims that it has made 
significant improvemerits concomitantly with the introduction of larger cars, arid 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 heavier rails, the laying of 
continuous welded rail, the development of improved train-handlihg techniques, and the use 
of larger wheels, roller bearings, new brake valves, and improved suspensions.

Two surveys were conducted to obtain further insights into the positions of railroad 
employees and railroad management. A brief summary of these surveys follows.

5-2



5.3.2 A  Recent Survey by the United Transportation Union

r Railroad personnel accident reports do hot 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.g., “while aligning the couplers.’’ Because of this 
lack of quantitative data from which to assess railroad personnel safety in terms of the 
effects of size, weight, and length of freight cars, the UTU initiated a survey of railroad 
employees through a questionnaire.

The questionnaire was designed to gain, from experienced railroad employees, their 
practical 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 specific ques
tions siich as which type of car they felt might have a greater tendency to derail, as well as 
their intuitive feelings about how injuries occur and how they can be reduced.

The employees did not express strong concerns regarding the effects of car size, weight, 
and length on safely. However, they did fed that larger, 100-ton cars were more prone to 
dersdlment. They were also concerned with the clearance of longer cars during yard service 
and on curves. Specifically, the survey, with approximately 900 respondents, indicated the 
following:

Derailments: ,
• Jumbo tanks, covered hoppers, TOFCs, and auto-racks were chosen as having 

the highest derailment frequencies. These cars were chosen more than twice as 
often as the other car types.

• A ll 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.

• The-longer the train, the more likely it is to have cars derail. Especially long 
trains with over 100 cars were singled out as haying higher derailment rates.

Personal Injury: .
• The size, weight, and length of cars were not felt to have a strong influence on

the likelihood 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, lighter cars. . ' •
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• The five car types most likely to be involved in personal injury are:
Flat-autorack
Flat-TOFC
Flat-“other”
Tank-jumbo
Tank-“other” r

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 handling (21%) were more important. :

A sample questionnaire and the results of specific questions are included in Appendix C.

5.3.3 A Recent Survey 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 questions posed was:

• If the average capacity of freight cars was increased by 15 percent with no 
change in car lengths, what would be the likely impact associated with the 
safety and economics of operating your company?

Representatives responses follow:

• “It is not acceptable to arbitrarily increase (the) capacity of cars beyond the 
present design 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 weight to be the optimum vehicle capacity from 
economic and operating viewpoints.
“It is acceptable to increase average car capacity by replacing 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 capacity for a fleet of cars.”

• “it is our opinion that the present 100-ton car loaded to 263,000 lbs on four 
axles represents the maximum practicable lim it,”

• “We cannot realistically look at existing average capacity, since increasing it 
would require retrucking of freight cars, beefing up body bolsters and center 
sills, etc., all of which would be prohibitive 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
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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.
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This description suggests that controlling derailments necessitates an understanding of 
the following phenomena:

• Vehicle-track interaction, both when the system is in good condition and 
when it has deteriorated;

• The behavior of trains, particularly their longitudinal dynamics;
• Component failures; and
• Track degradation.

In the context of this report, it is particularly important 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 examined in Sections 5.7 (Component Failures) and 5.8 
(Track Degradation).

Extensive investigations have been conducted under the 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 phenomena 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 vehicle 
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 freight cars), pitch 
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 vertical 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- 
tionally 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 identified, also play an 
important role, however.

• Response to Joints and Special Trackwork —  in which high forces of short 
duration are caused as a wheel passes over joints, switches, crossovers, grade 
crossings, etc. This phenomenon occurs on all vehicles, but its details are still 
poorly understood.

Gaining a complete understanding of these dynamic response modes requires knowing 
the following for each mode:

• The type of track required;
• The important aspects of vehicle response;

: • A detailed description of the required track geometry input and of opera
tional variables such as speed; and

• A listing of vehicle design parameters that are important.

A qualitative summary of the above is presented in Table 5-1. It is also necessary to develop 
a qualitative understanding of the detailed mechanism by which vehicle-track interaction 
eventually causes a derailment.

5-7



TABLE 5-1

D Y N A M I C  R E S P O N S E  M O D E S

P e r f o r m a n c e  

S a f e t y  I s s u e

R e q u i r e d

E x c i t a t i o n

I n p u t s

I m p o r t a n t

R e s p o n s e

V a r i a b l e s

, I m p o r t a n t  T r u c k  

&  O p e r a t i o n a l  

V a r i a b l e s

1 .  H u n t i n g L a t e r a l  

T  r a n s i e h t s

L ,  L / V ,  A x i e  

T r u c k  a n d  B o d y  

M o t i o n s

S p e e d ,  L a t e r a l  

D i s p l a c e m e n t ,  

A m p l i t u d e  R a i l  

F r i c t i o n

2 .  R o c k  a n d  R o l l V e r t i c a l

D i s p l a c e m e n t

V e r t i c a l  F o r c e  

R o l l  A n g l e  o f  

T r u c k  a n d  B o d y

F r e q . ,  A m p l .  a n d  

P h a s e  R e l a t i o n s h i p  

o f  I n p u t s  t o  E a c h  

W h e e l

3 .  P i t c h  a n d  

B o u n c e

V e r t i c a l

D i s p l a c e m e n t

V e r t i c a l  F o r c e  

R o l l  A n g l e  o f  

T r u c k  a n d  B o d y

F r e q . ,  A m p l .  a n d  

P h a s e  R e l a t i o n s h i p  

o f  I n p u t s  t o  E a c h  

W h e e l

4 .  Y a w  a n d  S w a y L a t e r a l

D i s p l a c e m e n t

L / V ,  Y a w  a n d  

S w a y  M o v e m e n t  

o f  T r u c k  a n d  

B o d y

F r e q . ,  A m p l .  a n d  

P h a s e  R e l a t i o n s h i p  

o f  I n p u t s  t o  E a c h  

W h e e l

5 .  S t e a d y  S t a t e  

C u r v i n g

C u r v e L ,  L / V C u r v a t u r e ,  S p e e d ,  

S u p e r  E l e v a t i o n

6 .  S p i r a l  

N e g o t i a t i o n

S p i r a l L / V ;  T r u c k  a n d  

B o d y  M o t i o n

R a t e  o f  C h a n g e  o f  

C u r v a t u r e  a n d  S u p e r  

E l e v . ,  S p e e d

7 .  D y n a m i c  

C u r v i n g

C u r v e s  w i t h  

P e r t u r b a t i o n

L ,  L / V ;  T r u c k  

a n d  B o d y  

M o t i o n

C u r v a t u r e ,  S u p e r  

E l e y . ,  S p e e d ,  

P e r t u r b a t i o n  A m p l .  

a n d  L o c a t i o n

8 .  R e s p o n s e  t o  

J o i n t s  a n d  

S p e c i a l  

T  r a c k w o r k

C u r v e  o r  T a n g e n t  

w i t h  J o i n t s ,  

S w i t c h e s ,  F r o g s ,  

e t c .

L , V ;  T r u c k  

a n d  B o d y  

M o t i o n

C u r v a t u r e ,  S p e e d ,  

S u p e r  E l e v . ,  J o i n t  

P e r t u r b a t i o n  A m p l .  

a n d  L o c a t i o n

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c .

I m p o r t a n t  V e h i c l e  

D e s i g n  V a r i a b l e s

W h e e l ,  P r o f i l e ,  

W e i g h t

T r u c k  C e n t e r  

D i s t a n c e ,  C e n t e r  

o f  G r a v i t y  H e i g h t ,  

R o l l ,  M o m e n t  o f  

I n e r t i a

T r u c k  C e n t e r  

D i s t a n c e ,  C e n t e r  o f  

G r a v i t y  H e i g h t ,  

P i t c h ,  M o m e n t  o f  

I n e r t i a

T r u c k  C e n t e r  

D i s t a n c e ,  Y a w  

M o m e n t  o f  I n e r t i a

A x l e  D i s t a n c e  

L e n g t h ,  W i d t h ,

T r u c k  C e n t e r  

D i s t a n c e

A x l e  D i s t a n c e ,

T  r u c k  C e n t e r  

D i s t a n c e

A x l e  D i s t a n c e ,

. L e n g t h ,  T r u c k  

C e n t e r  D i s t a n c e  

. M o m e n t  o f  I n e r t i a  

W e i g h t

W h e e l  P r o f i l e ,

A x l e  D i s t a n c e ,  

T r u c k  C e n t e r  

D i s t a n c e ,  W e i g h t  

o f  A x l e
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For a derailment to occur, at least one wheel in a train must end up either on the ties 
between the rails or oiitside its rail. This can happen in the following ways':

• The gage is wide due to poor maintenance, and the wheel drops in.
• 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, it may ride on the web of the rail and eventually fall outside.

• Because of a severe oscillation such as rock-and-roll, the wheel may lift off the 
rail. If at the same time that wheel is moving laterally, it can fall outside the 
rail.

• 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.

A ll 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.

Criteria 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 finite 
length of time for a rail to roll over or for a wheel to climb the rail.

Similar criteria 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 
sizê  weight, and length on safety is addressed as explicitly as is possible at present.

5.5.2 Derailment Mechanisms
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5.5.3 Hunting

Hunting has been the subject of study for, almost a century., Although understanding 
of the phenomenon has certainly increased, a cure has not been obtained, primarily due to 
three factors: , ,, ,

• It is sometimes difficult to prevent hunting both when the car is loaded and
when it is empty. . ... ,

• As wear takes, place or suspension components age, the hunting behavior of
the vehicle changes. s *

• There is an apparent conflict 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 not 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 briefly only via illustrative 
examples, and this approach is adopted here. Although brief, the following examples do 
demonstrate that there is no specific correlation between the size, nominal weight (loaded), 
and length of railroad vehicles and the occurrence of hunting. Rather, hunting is a phenom
enon that can afflict cars of all sizes, weights, and lengths, and its elimination is a matter of 
careful attention to design, coupled with adequate prototype testing. ;

Wide Gage Investigation

A project was sponsored by the AAR, with the assistance of the Union Pacific Rail
road, to define the mechanisms involved in the generation 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, hear 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 1-1/4 inches. 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 widening was found to be the vehicle 
“hunting” phenomenon. A second factor in gage widening was determined to be the frozen 
ballast conditions encountered during the winter,
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The effect of the vertical wheel load on the gage is shown in Figure 5-1, where the 
passing freight cars were sorted by gross weight on the rail into 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 hunting 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.

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 period 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 hunting (dynamic gage exceeding 0.2 inch), 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 
dynamic 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 (F3), 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 experienced in the mid-1960’s with 
covered hopper cars. The peculiarities 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

Population (% )** Percent of Hunting
Car Type Class* <50T >50T Hunting Carst Index*

Auto parts car A5 - 0.1 0.8 0.3
Auto parts car A6 0 2.3 0
Box car, 40 ft B4 2.2 0.4 0.3 0.1
Box car, 50 ft B5 5.8 2.4 8.5 1.5
Box car, 50 ft B5Y 3.5 1.3 27.5 7.9
Covered hopper car CH3 1.0 0.1 1.5 1.5
Covered hopper car CH4 0.9 1.7 2.4 2.7
Damage-free box car, 
<60  ft

D5 0.9 6.1 1.5 1.7

Damage-free box car, 
<70  ft

D6 0.1 6.5 1.2

Flat car, bilevel F2 0 1.5 0
Flat car, trilevel F3 2.3 1.3 7.3 3.2
Flat car, < 60  ft F5 3.8 0.2 6.9 1.8
Flat car, container FC/FC2 0.8 9.6 0.9 1.1
Flat car, bulkhead FB6 0.8 0.1 3.3 4.1
Gondola GB 3.0 0 1; 0 0
Hopper car HO 0.8 0.2 3.9 4.9
Refrigerator car R5 2.1 2.8 8.2 2.0
Refrigerator, bunkerless RB4 1.1 0.2 0 0
Refrigerator, bunkerless RB5 0.8 0.5 6.0 7.5
Refrigerator car R6 0.1 2.1 0
Refrigerator, mechanical RM/RML 6.3 0.4 4.8 0.8
Tank car T 2.5 2.8 4.5 1.8

Note: Not a complete listing of cars

"Designation per Conductor's Tonnage Reports (Manifest)
* "For westbound (downgrade) trains in higher speed bands only 

t331 cars identified out of 361 hunting, 11,365 cars recorded 
•  (% of hunting cars)/(% of population <50T GWT)

Source: Battelle Columbus Laboratories
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Track Condition 1: 39 ft Rail
3/4 in. Maximum Cross Level Difference Critical Speed ;

Car Conditions: 98 in. Center of Gravity
Track Condition 2: 33 ft Rail

33 ft Rail 
39 ft Rail

13 mph 
15-16 mph

Truck Center Distance (feet)
Source: Track Train Dynamics

U
FIGURE 5-2 EFFECTS OF TR>ftCK CENTER DISTANCE ON THE MAXIM UM  PEAK-TO-PEAK 

ROLL ANGLE

In addition, these cars — often used for hauling grain — tend to operate on track of 
relatively poor quality, so that first, strong variations in the cross-level of the track might be 
expected and, second, operating speeds are low because of track conditions. This peculiar 
set of circumstances — high center of gravity, unfortunate truck spacing, poor quality track 
and slow speeds — caused a strong rock-and-roll resonance, leading 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 distance 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 variations 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 ibecause they result in large oscillations, which can result in discomfort 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 loads — 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 requirements. Procedures 
for developing such requirements are discussed in Chapter 8.

5.5.6 Yaw and Sway Oscillations , '

Both yaw and sway involve 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 remaining parallel to the track.

Yaw and. sway oscillations have not so far been indicated 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 occupfmt discomfort, since people are far less able to withstand lateral oscillari 
tions than they can vertical oscillations.

Yaw and sway resonances depend in a complex way on the size, weight, and length of 
railroad cars, as with rock mid 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, 
aild length of cars for which severe problems of yaw and sway oscillations necessarily exist.

5.5.7 Steady-State Curving Problems

When a vehicle negotiates a curve, it is inevitable that lateral forces will 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 curving forces can occur.
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There are three conditions that tend to worsen the steady-state curving behavior of a 
vehicle:

• 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 align itself with the 
curve. This is primarily a case of poor design, but it may also be caused by 
poor maintenance, resulting in excessive friction in the centerplate and at the 
size bearings. -

None of these conditions that lead to poor steady-state curving behavior is associated with 
any particular 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 spireil 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 this 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 vehicle negotiating 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 (unsprung masses);
© Yaw and sway oscillations of the carbody that are attuned to alignment varia

tions in the track;
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• Truck designs 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 - - - - -

• 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 unrestricted 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 generation of high lateral forces at joints is a more complex phenomenon. In the 
first instance, a wheel must “see” a joint to react to it; in other 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 flanging occurs principally in two situations: when 
the vehicle is in a curve, or when the vehicle is hunting. Hunting occurs primarily on tangent 
track; its causes are discussed 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 alignment 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 wheel-rail 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

5-17



D i s t a n c e  f r o m  J o i n t  

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c .

F I G U R E  5 - 3  H Y P O T H E T I C A L  V E R T I C A L  F O R C E  V A L U E S

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 in a 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
tinuities in the track. These forces are the starting point of much track degradation and are 
the cause of many track and equipment component failures.

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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• 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 deceleration 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 derailed 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 diraft 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 derailment or a collision 
between the two portions of the train.

Historically, train action problems began to be apparent in the 1960s, as increasingly 
longer brains were introduced into service. In recognition of these problems, the Track Train 
Dynamics Program, jointly sponsored by the Federal Government and by industry, 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 called the Train Operations Simu
lator (TOS). The TOS was developed.specifically for the purpose of studying train action.

The following results were obtained both from the Track Train Dynamics investiga
tions and from additional investigations made specifically 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 train contains both loaded and empty cars, it is preferable to place the loaded 
cars at the front end of the tram. Loaded cars usually experience the same braking force as 
empty cars and, because of their larger weight, decelerate at a lower rate than empty cars. If 
they were placed toward the end of the train, they would push against the light, empty cars 
at the front end of the train, creating high buff forces and L/V ratios.

The characteristics.of long trains that may lead to accidents are the following:

5-19



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.

FIGURE 5-4 DRAWBAR FORCE TRANSMITTED BY A CAR TO THE TRAILING CAR 
(THEORETICAL)
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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 light in front and on a heavy car for the train that is light in 
the rear. The former will have much higher L/V ratios than the latter, and is thus exposed to 
a greater risk of derailment..

Similar results may be seen in Table 5-3, which compares two 60-car consists during 
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. A ll cars are 40-foot box cars.

TABLE 5-3
EFFECT OF PLACEMENT OF LOADED AND EMPTY CAR GROUPS 

ON TRAIN ACTION

Consist A Consist B
Max. Buff Force 204,0001b 117,0001b
Max. L/V Ratio 0.72 0.36
Consist A: 2 locomotives +30 cars (23,tons, 40 ft each)

. + 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 possibility 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

Max. Buff Force 
Max. L/V Ratio

Consist A Consist B.
180,0001b
0.19

218,0001b
0.32

Consist A: 
Consist B: 
Conditions:

2 locomotives + 60 cars (40 ft, 123 tons each) + 1 caboose. 
2 locomotives + 60 cars (80 ft, 123 tons each) + 1 caboose. 
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 199,0001b 173,0001b
Max. L/V Ratio 0.69, 0.99

Consist A: 2 locomotives + 30 cars (23 tons, 40 ft each)
+ 30 cars (125 tons, 40 ft each) + 1 caboose

Consist B: 2 locomotives + 30 cars (23 tons, 40 ft each)
+ 1 car (123 tons; 80 ft)
+ 29 cars (123 tons, 40 ft each) + 1 caboose

Conditions'. Emergency braking 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 ratios vary only marginally from one consist to the next.

Train length is important, however, if one considers train control on undulating terrain. 
Trailing tonnage, which depends on both the number of cars in the train and their load, is 
important in draft situations, such as grade-climbing, where high tensile forces may be set up 
along the train. These tensile problems can be controlled to. some extent by the use of 
remote-controlled “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 forges will be approximately half of what would be obtained with four 
head-end units. '

5.6.5 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 inversely proportional to the weight of the car. For example, an empty 23-ton 
car will decelerate at over five times the rate of a loaded 1237ton car. Thus, if empty cars 
are followed by heavy cars in a train, large compressive forces can develop in the train, as 
shown in Section 5.6.2.
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EFFECTS ON TRAIN ACTION OF SHORTTRAIN AND LONG TRAIN 
WITH AND WITHOUT HELPER LOCOMOTIVE

TABLE *6 "

Consist A Consists Consist C
Max. Buff Force 199,000 lb ; 204,000 lb 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)
+ 30 cars (23 ton, 40 ft)
+ 30 cars (123 ton, 40 ft)
+ 1 caboose.

Consist C: 2 locomotives + 3C) cars (23 ton, 40 ft) 
+ 30 cars (123 ton, 40 ft)
+ 2 slave locomotives 
+ 30 cars (23 ton, 40 ft)
+ 30 cars (123 ft, 40 ft)
+ 1 caboose

Condition: Full service braking from 40 mph on a.4-degree curve.

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 nominal weight capacity of the car. 
As can be seen from these two tables, component failure frequencies do not necessarily cor
relate with the weight of cars or with the type of car. This is because many vehicle com
ponents are sized sb that the levels of stress within them do not vary as car weight or length 
increase. For example, heavier cars have heavier trucks, larger bearings, and larger wheels. 
The occurrence of a component failure is connected more with the quality of inspection 
and maintenance performed on the car than with its size, weight, and length.

Track component failures, on the other hand, are hastened 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 experiences 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 interaction nor train action. Plain journal bearing failures are 
subject to seizure from an absence of lubricant in the journal box. Such a failure can be 
catastrophic in those instances in which the axle can no longer rotate freely. Wheels are sub
ject to thermal fatigue failures, which are apparently caused by a few cycles of excessive 
heating caused by stuck brakes, misapplied brake shoes, or drag braking for extended 
periods on descending grades.
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WHEEL FAILURE
DERAILMENTS PER TEN BILLION  

NET TON-MILES

TA B LE .5-7

C a p a c i t y  ( T o n s )

Car Type r 50 70 100 AH

Box 3.9 4.3 1.9 4.0

Auto Flat 16.3 1.4 « 14.2

General Flat * * * «

TOFC 5.9 3.3 7.7 5.0

Gondola 5.1 3.9 1.8 2.6

Covered Hopper 2.7 3.3 2.0 2.2

Open Hopper 1.3 4.3 1.3 2.3

Refrigerator 6.1 2.9 3.6 3.9

Tank 1.9 2.4 1.7 1.8

ALL 5.4 3.8 1.9 3.3

'Small Sample , ; .
Fleet Average = 3.3

To gain a more complete understanding of the nature and incidence of component fail
ures, we analyzed the data obtained in the FRA V RAIRS to determine which track and 
equipment components contribute most to derailments. The results are shown in Table 5-9. 
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. . f ;

The specific speed ranges chosen were 0 to 10 mph; 11 to 30 mph; and greater 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 recognition of the poor 
quality of the track, and accidents will generally not be very severe.
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, T A B L E  5 - 8

B E A R I N G  A N P  A X L E  F E A T U R E  

D E R A I L M E N T S  P E R T E N B I L U O N

C a p a c i t y  ( J o n s )

C a r  T y p e  S O 7 0 1 0 0 A l l

B o x  0 . 7 0 . 1 0 . 2 0 . 4

A u t o  F l a t  *
• * •

G e n e r a l  F l a t  *
« * •

T O F C  0 . 1 0 . 6
•

0 . 3

G o n d o l a  3 . 4 3 . 4 0 . 5 1 - 5

C o v e r e d  H o p p e r  * 0 - 6
#

0 . 5

O p e n  H o p p e r  1 . 0 0 . 8
•

0 . 5

R e f r i g e r a t o r  0 . 9 0 . 3
. *

0 . 4

T a n k  *
•

0 . 1 0 . 1

A L L  0 . 6 0 . 6 0 . 2 0 . 4

' S m a l l  S a m p l e

F l e e t  A v e r a g e  -  0 . 4

T A B L E  5 - 9

1 9 7 7 - 1 9 7 8  F R A  A C C I D E N T  D A T A  F O R  A L L  S P E E D S

A l l  A c c i d e n t s

T r a c k  o r  E q u i p m e n t  C o m p o n e n t  F a i l u r e s * 9 3 4 3

T r a c k  D e g r a d a t i o n 5 1 0 9

A l l  O t h e r  C a u s e s 1 2 1 0 1

T O T A L  i 2 6 5 5 3

C o m p o n e n t  F a i l u r e s

1 .  R a i l s  a n d  J o i n t  B a r s 2 7 6 8 ( 2 9 . 6 % )

2 .  F r o g s ,  S w i t c h e s  a n d  T r a c k  A p p l i a n c e s 2 1 8 0 ( 2 3 . 3 % )

3 .  W h e e l s 9 0 1 (  9 . 6 % )

4 .  C o u p l e r s  a n d  D r a f t  S y s t e m 6 5 4 (  7 . 0 % )

5 .  A x l e  B e a r i n g s 5 7 2 (  6 . 1 % )

P l a i n 4 2 9

R o l l e r 1 4 3

6 .  B r a k e s 5 4 2 (  5 . 8 % )

7 .  S i d e  B e a r i n g s 5 3 4 (  5 . 7 % )

8 .  C e n t e r  P l a t e  a n d  P i n 3 0 4 (  3 . 3 % )

9 .  A l l  O t h e r s 8 8 8 (  9 . 5 % )

T O T A L 9 3 4 3

' E x c l u d e s  l o c o m o t i v e  c o m p o n e n t s
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F I G U R E  5 - 5  R E L A T I O N S H I P  B E T W E E N  A C C I D E N T  S P E E D  A N D  E Q U I P M E N T  A N D  T R A C K  D A M A G E

The data presented in Tables 5-11 and 5-12 indicate that the, following track and 
equipment components are of primary interest as far as component failures are concerned:

• Wheels
• Plain journal and roller bearings
• 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 of these components — with the exception of plain journal bearings 
and sometimes wheels are the direct consequence of wear and fatigue 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
1 9 7 7 - 1 9 7 8  F R A  A C C I D E N T  D A T A  F O R  S P E E D S  O F  0  T O  1 0  M P H

A l l  A c c i d e n t s

T r a c k  o r  E q u i p m e n t  C o m p o n e n t  F a i l u r e s * 6 1 8 9

T r a c k  D e g r a d a t i o n 3 8 1 4

A l l  O t h e r  C a u s e s 9 4 5 2

T O T A L 1 9 4 5 5

C o m p o n e n t  F a i l u r e s *

1 .  F r o g s ,  S w i t c h e s  a n d  T r a c k  A p p l i a n c e s 2 0 6 7 ( 3 3 . 4 % )

2 .  R a i l s  a n d  J o i n t  B a r s 2 0 3 2 ( 3 2 . 8 % )

3 .  W h e e l s 4 7 2 (  7 . 6 % )

4 .  C o u p l e r  a n d  D r a f t  S y s t e m . 3 2 9 (  5 . 3 % )

5 .  B r a k e s 2 9 5 (  4 . 8 % )

6 .  S i d e  B e a r i n g s 2 6 9 (  4 . 4 % )

7 .  A x l e  B e a r i n g s . 1 0 4 (  1 . 7 % )

J o u r n a l 8 2

R o l l e r 2 2

8 .  A l l  O t h e r s ■ 6 2 1 ( 1 0 . 0 % )

T O T A L 6 1 8 9

*  E x c l u d e s  L o c o m o t i v e  c o m p o n e n t s

T A B L E  5 - 1 1

1 9 7 7 - 1 9 7 8  F R A  A C C I D E N T  D A T A  F O R  S P E E D S  O F  1 1  T O  3 0  M P H

A l l  A c c i d e n t s

T r a c k  o r  E q u i p m e n t  C o m p o n e n t  F a i l u r e s * 1 9 3 1

T r a c k  D e g r a d a t i o n 1 0 7 9

A l l  O t h e r  C a u s e s 1 7 2 6

T O T A L 4 7 3 6

C o m p o n e n t  F a i l u r e s *

1 .  R a i l s  a n d  J o i n t  B a r s 5 5 3 ( 2 8 . 6 % )

2 .  A x l e  B e a r i n g s 2 3 1 ( 1 2 . 0 % )

P l a i n  1 7 4  

R o l l e r  5 7

3 .  S i d e  B e a r i n g s 2 2 2 '  ( 1 1 . 5 % )

4 .  W h e e l s 1 7 3 (  9 . 0 % )

5 .  C o u p l e r  a n d  D r a f t  S y s t e m 1 6 3 (  8 . 4 % )

6 .  B r a k e s 1 5 1 (  7 . 8 % )

7 .  A l l  O t h e r s 4 3 8 ( 2 2 . 7 % )

T O T A L 1 9 3 1

" E x c l u d e s  l o c o m o t i v e  c o m p o n e n t s

5-27



TABLE 5-12
1 9 7 7 - 1 9 7 8  F R A  A C C I D E N T  D A T A  F O R  S P E E D S  G R E A T E R  T H A N  3 0  M P H

A l l  A c c i d e n t s

T r a c k  o r  E q u i p m e n t  C o m p o n e n t  F a i l u r e s *  1 2 5 7

T r a c k  D e g r a d a t i o n  2 0 0

A l l  O t h e r  C a u s e s  9 0 5

T O T A L  2 3 6 2

2 3 7  ( 1 8 . 9 % )

1 7 3  

6 4

1 9 9  ( 1 5 . 8 % )

1 6 4  ( 1 3 . 1 % )

1 6 2  ( 1 2 . 9 % )

4 9 5  : ( 3 9 . 0 % )

T O T A L  1 2 5 7

C o m p o n e n t  F a i l u r e s *

1 .  A x l e  B e a r i n g s

P l a i n

R o l l e r

2 .  W h e e l s

3 .  R a i l s  a n d  J o i n t  B a r s

4 .  C o u p l e r s  a n d  D r a f t  S y s t e m s

5 .  O t h e r

* E x c l u d e s  l o c o m o t i v e  c o m p o n e n t s

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.**
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 relatively insignificant 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.

S o u r c e :  D r .  W i l l i a m  W .  H a y ,  “ T r a c k  S t r u c t u r e s  f o r  H e a v y  W h e e l  L o a d s , "  

1 2 t h  A n n u a l  R a i l r o a d  E n g i n e e r i n g  C o n f e r e n c e ,  1 9 7 5

F I G U R E  5 - 6  B E N D I N G  S T R E S S  V E R S U S  M O M E N T  O F  I N E R T I A  ( A N D  W E I G H T  O F  R A I L )
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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 inch range or higher.

Heavier rail is not a solution to problems of contact stresses created directly 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 contact stresses,-as are battered rail ends. Wheel loads of
30,000 pounds or more on 36-inch wheels are overstressing the rail 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 
Illinois Institute of Technology. They Stress the effect of large wheel loads ini causing signifi
cant plastic flow; which may be strongly correlated with fatigue failures of rails. A report on 
the status of these studies is contained m Appendix E.

Y e a r s
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5.8.4 Rail Wear

. - As a wheel rolls along a rail, small amounts of slippage occur between the wheel and
the rail. This .slippage is particularly pronounced in curves, and when the brakes are being 
applied. The slippage results in wear of both the wheel and the rail. Wear of the rail is 
usually i of greater concern because of the greater difficulty of maintaining rails compared 
with maintaining wheels;

Rail wear leads to 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, fatigue failures of the rail will occur, and a safety problem is generated.

Rail head wear on the gage side of the rail can occur in such a way that it becomes 
easier for wheels to derail by climbing up the rail. On the positive side, however, it has been 
claimed̂  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 high that it is uneconomical. In this instance, one has a problem either 
way: plast deformation* cracks and rail failures; or rapid wear and economic loss.

There is increasing evidence 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.® The data are inconclusive as far 
as operations with mixed axle loads are concerned. The situation warrants continued and 
extensive investigation; rapid rail wear with 100-ton and 125-ton cars can create enough of 
an economic problem thkt safety levels fall as a consequence.

5.8.5 Economic Considerations

Which car size is the most economical has been questioned for many years. The answers 
available are informative, but ambiguous.

A recent paper0 suggests that as axle loads increase:

• Freight car acquisition and maintenance costs per net ton-mile decrease, as 
does the transportation cost; while

• Maintenance-of-way expense per net ton-mile increases, 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 optimum axle load and that variations from it can result 
in significant diseconomies.
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15 45
Axle-Load (tons)

Source: American Railway Engineering Association Bulletin 673 

FIGURE 5-8 VARIATIO NS OF TOTAL COSTS PER TON-MILE

An accompanying study provides the following quantitative cost estimates.7

Comparative Costs 
(Cents per Net Ton-Mile)

Maintenance Transportation
Freight Car 

Repair
Car

Capital Total

70-ton 
Hopper Cars

.107 .374 .014 .037 .532

100-Ton 
Hopper Cars

.135 .348 .010 .029 .522

8000 Gross-Ton Unit Trains;
780 Mile, One-Way Loaded Trip

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, depends 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.® 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 cats 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.

5-33



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 train. and emergency braking 
occurs.

• Empty cars are placed toward the front end of the train and loaded cars at the
■ 1 ' rear! ‘ • V

• Long trains are operated with slave units. • ' ; = ;u

3. Component failures are accelerated by the occurrence of large car body or truck
oscillations, which cause wear and fatigue and of large wheel-rail forces, which create high 
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 will find that lighter 
(70 ton) cars the optimum, whereas railroads 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 . S P E C I A L  S A F E T Y  C O N S I D E R A T I O N S

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 occurrences 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 causps 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.

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 lading reaches the start-to-discharge 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 tire pressure 
is released, large amounts of lading are converted to the gaseous 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 rocketing, 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 involved was propane.

Source: "Hazardous Materials Transportation Accidents," NFPA Publications 
Number SPP-49, photograph by Anderson, Watseka, Illinois

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.

f  Hazardous Materials Tank Cax

1 " 1 Accident —■ ................. .....

i 1
Spill on Water Venting or Spill on Land

Source: Arthur D. Little, Inc.

F I G U R E  6 - 2  S C H E M A T I C  O F  E V E N T S  F O L L O W I N G  H A Z A R D O U S  M A T E R I A L S  T A N K  C A R  

A C C I D E N T
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Event Chain

Factors • 
Determining 
Probability 
of Event 
Given the 
Previous 
Event Occurs

Source: Arthur D. Little, Inc.

F I G U R E  6 - 3  S T R U C T U R E  O F  A  H A Z A R D O U S  M A T E R I A L S  R A I L R O A D  I N C I D E N T

•  Fatalities
•  Injuries
•  Toxic Effects
•  Property Damage

•  Demography
•  Property Density
•  Time of Day
•  Response to Spill 

(e.g., evacuation)



These figures indicate that tank car size does not influence the nature of events fol
lowing an accident. However, the magnitude of economic losses arid injuries will depend on 
the size of the population at risk.̂Thi)3, in turn, is dependent on the! range over which the 
lading can spread and the tank car can rocket. The next section will; examine the relation
ship between risk through rocketing and car size for a particular case study.

6.2.3 Tank Car Length and Risk

An analysis of tank car tub rocketing was conducted through a case study to acquire a 
quantitative understanding of how risk to the public in a hazardous materials accident 
depends on the size of the tank car involved. The phenomenon of tank car tub rocketing 
occurs with enough frequency to justify consideration of the tank car size. Large pieces of 
the tank car fly considerable distance, exposing large numbers of the surrounding popula
tion to risk.

The particular case study chosen for the analysis was the following. 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 proportional to the length of the tub. Because of this, the area and the population ex
posed to risk increase as the tank car length increases. Moreover, since tank diameters are 
at their limit, the volumetric capacities of tanks are proportional to their lengths. Thus, the 
size of the population at risk increaises as the volumetric capacity of the tank car increases.

Since the City of Houston transships large quantities of hazardous materials and has also 
been the' scene of two major hazardous materials accidents in recent years, three hypo
thetical accident 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 (residential) populations 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 arid the Texas Department of Highways and Public Transportation. 
Tables 6-1 through 6-3 show the cumulative residential 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 estimate is based on an analytical model developed by 
Battelle Columbus Laboratorieŝ . ,

The data in Figures 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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F I G U R E  6 - 4  H Y P O T H E T I C A L  A C C I D E N T  S I T E  -  E N G L E W O O D  Y A R D

F I G U R E  6 - 5  H Y P O T H E T I C A L  A C C I D E N T  S I T E  -  L O W E R  P O P U L A T I O N  D E N S I T Y
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S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c .

F I G U R E  6 - 6  H Y P O T H E T I C A L  A C C I D E N T  S I T E  -  H I G H E R  P O P U L A T I O N  D E N S I T Y

T A B L E  6 - 1

E S T I M A T E S  O F  R E S I D E N T I A L  A N D  W O R K I N G  P O P U L A T I O N  E X P O S E D  T O  R I S K  —  Y A R D  S I T E

E n g l e w o o d  Y a r d  ( C e n t e r  P o i n t )

S u r r o u n d i n g  A r e a  

W i t h  R a d i u s  O f  ;

R e s i d e n t i a l

P o p u l a t i o n

W o r k i n g

P o p u l a t i o n A r e a  D e s c r i p t i o n

1 , 0 0 0  f t 0 1 0 0 • Railroad yard,

2 , 0 0 0  f t 2 4 0 5 0 0 Railroad yard, residential, 
..industry (warehouses)

3 , 0 0 0  f t 2 , 4 0 0 9 0 0 Railroad yard, residential, 
industry (warehouses)

4 , 0 0 0  f t 3 , 7 2 0 1 , 5 0 0 Railroad yard, residential, 
industry (warehouses)

5 , 0 0 0  f t 8 , 1 0 0 2 , 5 0 0 Residential, apartments, 
industry (warehouses)

6 , 0 0 0  f t 1 3 , 5 6 0 3 , 5 0 0 Residential, apartments, 
industry (warehouses),
oil tanks

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s
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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 
With Radius Of

Residential
Population

Working
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., Estimates
TABLE 6-3

ESTIMATES OF RESIDENTIAL AND WORKING POPULATION EXPOSED TO RISK -  HIGHER
DENSITY SITE

HB&T RY and Elgin St.

Surrounding Area 
With Radius Of

Residential
Population

Working 
' Population Area Description

1,000 ft 1,260 0 Residential

2,000 ft 5,250 0 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 (warehouses 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

6-8



Po
pu

lat
io

n

2 5 , 0 0 0

20,000 E n g l e w o o d  Y a r d

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s

F I G U R E  6 - 7  P O P U L A T I O N  E X P O S E D  T O  R I S K  -  Y A R D  S I T E

6-9



P
o

p
u

la
ti

o
n

2 5 , 0 0 0

20,000

1 5 , 0 0 0

10,000

5 , 0 0 0

0

H B & T  R Y  a n d  R t  9 0 A ' • //✓/✓
r/

/
/
/
/

R a d i u s  ( F e e t )

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s

F I G U R E  6 - 8  P O P U L A T I O N  E X P O S E D  T O  R I S K  -  L O W E R  D E N S I T Y  S l t E

6-10



Po
pu

lat
io

n

FIGURE 6-9 POPULATION EXPOSED TO RISK - HIGHER DENSITY SITE
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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 loading would bring 
more than proportional 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 following^:

• Two other factors found to be of some importance 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 determine whether a train is approaching.

• Factors determining the frequency with which accidents 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 fatalities in a year and the number of trains in a year at a grade 
crossing is

Fatalities = Constant x Number of Automobiles x (Trains)®
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, this would amount to approxi
mately ten additional fatalities each year.
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6.4 PERSONNEL INJURIES
During a study to determine what impact changes in Car size, weight, and length might 

have on the- number arid severity of personnel injuries, the inan/rhachine system was 
defined, identifying typical railroad employees arid their daily activities; Different car types 
were used,’ with special attention to the various points of interactiori 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;
• Connecting or disconnecting air hoses; and
• Manipulating air valves.

In most cases,, these functions are independent of the car size, weight, or length. The 
primary exception is. that long, cars (over 90 feet) are more difficult 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 increase iri 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 
injury accidents.
6.5 SUMMARY

While incidence of personnel injuries is slightly related to car length, there is no over
whelming evidence 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 majority of accidents and injuries occur during con
duct of train formations, which are not related to car size.

6 -1 7



REFERENCES

1 “Analysis of Tank Car Tub Rocketing in Accidents,” RPI/AAR Railroad Tank Car 
Safety Research and Test Project, Report No. RA-12-2-23,1972.

2 Mengert, P., “Rail-Highway Crossing Hazard Prediction Research Results,” Report No. 
FRA-RRS-80-02,1980.

6 -1 8



7 . M E A S U R E S  FO R  S A F E R  RAIL T R A N S P O R T A T IO N

7.1 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 extensive 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: WHEEL LIFT' I

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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M A J Q R  C A U S E S  O F  D E R A I L M E N T S

N o .  o f

C a t e g o r y  C a u s e  A c c i d e n t s ,  ,

1 Wide gage (110-113)* 859
2 Rail defects (131,136-138,141,142) 732■ ; t
3 Irregular cross-levels (119-120) 673

4 Effects of longitudinal train and wheel-rail
interaction forces (570, 572, 713) 572

5 Worn or broken switch points (165) 433

6 Improper use of switches (560-563) 320

7 Rail joint defects (130,145-149) 318

8 Roadbed settlement (101 ,102 ,109 ) 221

9 Switch defects (161-163,166 ,174,176) 209

10 Track alignment irregular or buckled
(114,115) 199

11 Worn rails (113,143) , 190

12 Plain journal failure from overheating (451) 178

13 Problems with loads (704-707) 170

14 Worn wheel flanges (464) 156

15 Broken wheels (460-463) 148

16 Improper side-bearing clearances (440) 144

17 Broken or defective couplers (430,432,436) 135

18 Broken or missing truck components (441-444,
447) 115

19 Passed couplers (574) 108

20 Improper truck performance (445-446) 96

SUBTOTAL 5,868

'Numbers in parentheses denote FRA accident categories.

Source: I IT Research Institute

TABLE 7-1
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TABLE 7-2
ANALYSIS OF DERAILMENT CATEGORIES

Category Cause
Nature of 

Failure
Rate of 
Failure

Applicable
Specification

Dependent on Car 
Size/Weight

Nature of 
Forces .

Factors Controlling 
Force Level'

Force Level 
Dependent on 
Size/Weight

Force Dependent on 
Train Makeup

• 1 .Wide gage Rail Displacement Slow . FRA Track 
Standards

No W-R Interaction S/SP/TI Yes No

2. Rail defects Fracture Slow/Fast FRA Track 
Standards

No W-R Interaction S/SP/TI Yes No

3 Irregular cross-levels Rail Displacement . Slow FRA Track 
Standards.

No W-R Interaction S/SP/TI Yes No

4- Effects of longitudi
nal train and wheel- 
rail interaction forces

Wheel Climb1 Fast No Longitudinal 
Train .

TH/D/P Yes Yes

■',5 Worn or broken 
switch points

Wear/Displacement Slow • FRA Track 
Standards

No W-R Interaction S/SP/TI Yes ! No

6 Improper use of 
switches

- — — -  ■ ■ - •. -  '' No

7 Rail joint defects Fracture Slow/Fast FRA Track 
Standards

No W-R Interaction S/SP/TI Yes No '

8 Roadbed settlement - Rail Displacement Slow FRA Track 
Standards

No W-R Interaction S/SP/TI Yes No

9 Switch defects - . - - ' - ' - - No
10 Track alignment 

Irregular or buckled
Rail Displacement Slow FRA Track 

Standards
No W-R Interaction No

11 . Worn rails Wear Slow - No W-R Interaction S/SP/TI Yes ■ No
12 Plain journal failure 

from overheating
- - - - - - ' 1 -

13 Problems with loads - - - ■ ' - -  - - : -  ■
14 Worn wheel flanges Wear Slow FRA Equipment 

Standards
No W-R Interaction S/SP/TI Yes | No

15 Broken wheels Fracture Slow/Fast FRA Equipment 
Standards

Yes - S/SP/TI/B Yes No

16 Improper side
bearing clearances

Wheel-Climb Slow/Fast AAR interchange 
Rules

No -  ■ -■ - No

17 Broken or defective 
couplers

Fracture Slow/Fast FRA Equipment 
Standards

Yes Longitudinal
Train

TH/D/P Yes Yes

18 Broken or missing 
truck components

Fracture Slow/Fast FRA Equipment 
Standards

Yes Longitudinal
Train

" TH/D/P Yes ' No

19 Passed couplers - Fast - - - - - No

20 Improper truck 
performance

— Slow/Fast “  - W/R Interaction — — No

'Legend: W/R Interaction -  Wheel-Rail Interaction 
S — Speed
Tl — Track Irregularities

TH — Train Handling 
D — Draft Gear 
B -  Braking

P— Car Placement
WD — Wheel Diameter
SP -  Suspension System Dynamics

Source: IIT Research Institute
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COUNTERMEASURE ANALYSIS

TABLE 7-3

Derailment
Category Cause

1 Wide gage
2 Rail defects
3 Irregular Cross-levels
4 Effects onlongitudinal 

train and wheel-rajl
interaction forces

5 Worn or broken switch 
points

6 Improper use of switches*
7 Rail joint defects
8 Roadbed settlements
9 Switch defects

10 Track alignment irregular 
or buckled .

11 Worn rails
12 Plain journal failure from 

overheating*
13 Problems with loads*
14 Worn wheel flanges
15 Broken wheels

Ss 3
 ̂ °

0 1 1 1fe e ® k ? I I s
l i n  i s  s i  I " 5C 9 1'3 e v « '9 ioH £  E <9 — (9 ttZ -l

1 I

. i. i s® CO >■s =5 ««tt g
££ .2 p 3 o S

5  0 £ I £ m

S’
*8 § > ® O flQ
a  ®E 3- (A

a>
i ?
It
a  a  p o £ o

X X X X
X X X X X
X X X  X

X X X

X X X X

X X X X
X X X X
X X

x x x x
X X X X

X
X X

16 Improper side-bearing 
clearances

17 Broken or defective couplers
18 Broken or missing truck

components X X
19 Passed couplers
20 Improper truck performance

X
X X X X

X X
X X
X

Source: I IT Research Institute

*Requircs specific countermeasures not shown here.
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The following corrective actions are applicable:
• . Repair track to minimize excessive rail displacement at rail joints.

ii. •' , i• Install welded rail.
• Increase damping action parallel,with the primary suspension system.

; • Reduce the height of the vehicled center of gravity. - - ^
• Modify the truck center distance.
• Modify the train speed. ,
The track can be repaired to minimize excessive rail displacement at rail joints. 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 excessive displacement at 
Hie 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 
modem truck configurations will provide sufficient damping. A number of auxiliary devices 
are also available to provide additional control that will prevent excessive displacements 
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 gravity.

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 periodic cross-level disturbances can be increased or 
decreased so that the critical roll frequency does not coincide1 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.

Figures 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.

One or more of these factors present at the same time may be sufficient to cause excessive
roll motions that will result in wheel lift.
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(1 -inch surface variation, 1/2 stagger, 39-ft. rail, 13-19 mph)

A .  T a n g e n t  t r a c k  —  C o l u m n  f r i c t i o n  o n l y ,  ±  4 5 0 0 - l b .  -

B .  T a n g e n t  t r a c k  —  C o l u m n  f r i c t i o n  w i t h  h y d r a u l i c  d a m p i n g .

7 0 - t o n - b o x  

5 0 0  c u .  f t .  

2 1 8 . 0 0 0 - l b .  

8 9 - i n .  c e n t e r  

o f  g r a v i t y

7 0 - t o n  b o x  

5 5 7 6 - c u .  f t .  

1 8 5 4 0 0 - l b .

8 6 . 5 -  i n .  c e n t e r  

o f  g r a v i t y

3 9 . 5 -  f t .  t r u c k  
c e n t e r

1 0 0 - t o n - b o x  

6 1 0 0 - c u .  f t .  

2 5 2 1 5 0 - l b .  

1 0 0 - i n .  c e n t e r  

o f  g r a v i t y

4 0 . 8 - f t .  t r u c k  

c e n t e r

1 0 0 - t o n - b o x  

7 6 0 0 - c u .  f t .  

2 6 3 0 0 0 - l b .  

9 9 - i n .  c e n t e r  

o f  g r a v i t y

4 6 . 2 5 - f t .  t r u c k  

c e n t e r

S o u r c e :  A  M e m b e r  R a i l r o a d  o f  t h e  A A R  ( s e e  A p p e n d i x  F )

F I G U R E  7 - 2  R O C K I N G  R E S O N A N C E  -  C A R  B O D Y  R O L L
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F I G U R E  7 - 3  D I S T A N C E  T R A V E L E D  U N D E R  Z E R O  W H E E L  L O A D  C O N D I T I O N  

A T  R E S O N A N T  S P E E D  F O R  V A R I O U S  T R A C K  C O N D I T I O N S

7.4 DERAILMENTS CAUSED BY VEHICLE-TRACK INTERACTION: WHEEL CLIMB

Wheel climb over the rail is caused by large wheel-rail lateral-vertical force ratios of 
sufficient duration to cause the wheel to move up over the rail. Factors contributing to this 
phenomenon are:

• Wheel-rail lateral forces associated with the traversal of curved track;
• Resistance to truck swiveling motion when traversing curved track;
• The development of transient lateral cunring 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 train action);
• Curve traversal substantially under 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 resistance.
• ■ Use stronger rail anchors on curvesr ' - "
• , Use better placement of the cars in the train consist.
• Use better train control techniques.
• Operate the train near balance speed on curves.
• Use higher capacity draft gear to minimize transient longitudinal forces:

The probability of wheel climb can be minimized by eliminating 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 maintained 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 minimized 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 transient longitudinal forces, but these devices must be uti
lized with art 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 VEHICLEtTRACK INTERACTIONS

Vehicle-track interactions Which lead to large wheel-rail forces can indirectly lead to 
derailments by accelerating the rate of track degradation. The principal vertical and lateral 
loading phenomena are discussed below.

7.5.1 Vertical Load

The excitation of excessive oscillations of the primary suspension system can lead to 
the development of severe vertical loadings 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 generally excited at speeds over 45 mph. The transient forces associated 
with bounce and pitch motions can become quite large if the main suspension springs are 
driven solid. , :

The following corrective actions are applicable:

• Provide adequate damping for main suspension springs.
• Use longer travel main suspension springs.
• Improve the track profile.
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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 during 
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-tread 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 consist, 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;

0 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
! . . .  ,l , .

Two types of side-bearing failures that can lead to derailment are recognized. First, a 
side bearing can become detached from the bolster, which w ill permit excessive carbody 
roll. Second, the side-bearing clearance distance might not be maintained, and the entire 
weight Of the car could be applied to two diagonally opposite side bearings. If, at the same 
time, the car is undergoing an oscillatory motion of the suspension system, it is possible 
that one'side of the truck w ill be relieved of vertical load while still under the action of 
lateral loads, a situation which can lead to wheel climb and derailment.

Improper side-bearing clearance is more critical with some cars than others. Some car 
structures are flexible enough to accommodate differences in cross-level Over the length of 
a car. Other cars, such as tank cars and covered hopper cars, are stiff torsionally and cannot 
accommodate significant differences. ' y

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 inspection systems that can detect cars with missing 

side bearings.

7.6.4 Plain Bearing Journal Failures , : ' .

Since all new or rebuilt cars must be equipped with roller bearings, the derailment rate 
caused by plain bearing journal failures should decrease in the. future. The major corrective 
action taken in recent years to reduce the probability of derailment from this cause is the 
installation of hot box detectors along the railroad right-of-way. Since the bearings generally 
become overheated before they fail, detection of a hot box allows the defective car to be 
set out from the consist before the bearing fails.

7.7 GRADE CROSSINGS

The FRA extensively reviewed the grade-crossing safety problem and found that the 
effect of car size, weight and length on grade-crossing safety is minimal. Accordingly, efforts 
to improve grade-crossing safety 'include both the consideration of more effective loco
motive warning devices, such as strobe lights, and the use of more effective highway and 
pedestrian alarms, rather than freight car design changes.

7.8 SUMMARY AND CONCLUSIONS

Effective correction actions were developed for most of the problems encountered in 
the operation of 100-ton capacity freight cars. Many of these actions involve modifications 
to existing equipment and design changes on new equipment. Others relate to changes in 
operating procedures and to more stringent design, inspection, arid maintenance standards 
for track. These corrective actions, when fully impleinented, will lead to safer rail trans
portation. Applied research and test programs must be continued to gain better understand
ing of certain phenomena associated with the use1 of heavy cars arid, especially, to optimize 
train-handling procedures in trains of mixed light and heavy cars.
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8 . IN D U S T R Y  A C T IO N S  TO  IM P R O V E  S A F E T Y  A N D  P E R F O R M A N C E

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 
change 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 Handling Evaluator, 
and the Stability Assessment Facility for Equipment.

8.2 DIFFERENCES A M O N G  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 implement the changes.

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 operating procedureŝ  and the 
upgrading of inspection procedures. : !

The equipment 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 being used for spring construction, 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 platesare 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 A B D W  valve, which pro
vides faster application and release times, and some cars are being equipped with empty/ 
loaded brakes which provide for more effective; braking of the heavier cars.

Many changes were reported that deal with improved track structures. The use of 
larger tie plates and additional spiking; 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. Thermite welding of jointed rail is also being utilized to eliminate rail 
joints., ; T

Greater attention to the track, subgrade , was reported* with the use of more and higher 
quality ballast as well as special procedures such as the installation of fabric to protect the 
ballast where poor spil conditions exist. The use of heavier cars is also requiring strength
ening of some bridges. The super-elevation of curves is being modified in some, cases so that 
the high center of gravity cars can be accommodated.

Case studies show that specific railroads have been ableto profitably operate larger 
cars while maintaining 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 
railroad that operates a substantial 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 
placement of heavy cars toward the front of the train. The training of locomotive engi
neers is also being improved with the use of simulators on many railroads. 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, land a reduction in longi
tudinal train forces because of the more uniform brake response.
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TABLE 8-1
TRACK MAINTENANCE RECORD OF A SELECTED RAILROAD

T i m e  F r a m e  ,

T i e  R e p l a c e m e n t s  

p e r  Y e a r

R a i l  R e p l a c e m e n t  

i n  T o n s  p e r  Y e a r

1 9 5 5 - 5 9 3 8 , 8 0 0 3 , 9 0 0

1 9 6 0 - 6 4 4 5 , 1 9 0 3 . 4 0 0

1 9 6 5 - 6 9 6 8 , 8 0 0 5 , 7 0 0

1 9 7 0 - 7 4 7 0 , 5 2 0 6 , 4 6 0

1 9 7 5 - 7 8 7 4 , 1 5 0 6 , 0 7 5

S o u r c e :  A A R  R a i l r o a d  I n d u s t r y  S u r v e y

The railroads reported that more attention is being given to inspection techniques 
so that problems can he 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 detection equipment is also being utilized more fre
quently; Maintenance procedures are being geared to these track inspection procedures. 
The use of wayside inspection systems is also growing. These devices are being used for 
detecting broken wheel flangeŝ  dragging 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 
amount of time required to incorporate typical design fixes and improvements.

A recent AAR survey of railroad management provided a list of significant steps taken 
by the industry to compensate for increases. in size, weight, or length of rail cars. These 
steps are:

• Increased track inspection, both visual and with periodic operation of track 
geometry car and rail test vehicle;

• Anchor spiking to reduce gage widening;
• Increase in rail anchoring to minimize track buckling;
• Laying of welded rail;
• Increase in ballast section;
• Installation of fabric beneath track structure at problem locations;
• Laying of all-welded turnouts;
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Information Sourea: AAR 4% Annual Projections for Roller Bearings 
Beyond 1979; Shaker Research for Roller 
Bearings Up to 1979; Manufacturers for Brake 
Valves.

FIGURE 8-1 SCHEDULES FOR INTRODUCTION OF CAR IMPROVEMENTS

• Use of 132-pound rail as the standard section in heavy tonnage territories;
• Adoption of granite ballast as a standard;
• Changed requirements for elevating outside rail on a curve to account for 

higher vertical center of gravity on longer cars;
• Establishment of a maximum dimension for long cars moving in regular train 

service;
• Adoption of 36-inch wheels;
• Installation of broken wheel and flange detectors, automatic dragging equip

ment detectors, and hot box detectors;
• Use of larger diameter center plates (16 inch) on new equipment;
• Placement of blocks of heavy cars at the head end of trains;
• Incorporation of ABDW equipment and auxiliary brake pipe venting 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 vehicle dynamics are shown 
in Figure 8-2, which demonstrate the extent to which improved suspension systems 

, have been deployed on tank cars over the last ten years.

S p r i n g  T r a v e l ^ 2 ! 4  i n c h

S p r i n g  T r a v e l  < 2 %  i n c h

N o t e :  T o d a y ,  o n l y  a b o u t  1 %  o f  t a n k  c a r s ,  a b o u t  V x  p e r c e n t

o f  c o a l  h o p p e r s ,  a n d  a  f e w  o t h e r  c a r s  h a v e  D 2  ( l e s s  

t h a n  2 %  i n c h  t r a v e l )  s p r i n g s .  T h e  r e m a i n i n g  D 2  

s p r i n g s  a r e  p r i m a r i l y  o n  4 0 - o r  5 0 - t o n  c a r s .

( a )  I m p l e m e n t a t i o n  R e c o r d :  I m p r o v e d  S p r i n g  T r a v e l  o n  T a n k  C a r s  

( b a s e d  o n  a  s u r v e y  O f  a p p r o x i m a t e l y  7 5 %  o f  t h e  t a n k  c a r  f l e e t )

1 9 6 9  1 9 7 9

□
m

F r i c t i o n  S n u b b i n g  

( S 2  B a r b e r ,  R i d e  C o n t r o l )

N o  S n u b b i n g

( b )  I m p l e m e n t a t i o n  R e c o r d :  I m p r o v e d  S n u b b i n g  o n  T a n k  C a r s

( b a s e d  o n  a  s u r v e y  o f  a p p r o x i m a t e l y  7 5 %  o f  t h e  t a n k  c a r  f l e e t )

S o u r c e :  A A R  S u r v e y  o f  T a n k  C a r  O w n e r s .

F I G U R E  8 - 2  E X A M P L E S  O F  I N D U S T R Y  C O U N T E R M E A S U R E  I M P L E M E N T A T I O N
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The above list was derived from responses to a specific question posed in this survey:

“List any significant steps-that the railroad industry 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 is a sample of the verbatim responses. ,

• “Construction specifications, inspections and maintenance , of freight carsand 
track have evolved through the years from practices 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 track 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 36-inch wheels, 18-inch tie plates, additional spiking, heavier 
rail, increased track inspection as well as maintenance cycles, broken wheel 
and flange detectors, automatic dragging equipment detectors, hot box 
detectors, passing train inspections, etc.” .

• “From the standpoint of safety, it has not been necessary to make extensive 
changes in train operation or track standards to ’accommodate increases in 
size, weight or length of rail cars. Train stopping distances required changes in 
signal spacing and/or maximum speed limits. There have been some changes in 
train handling , and makeup. Bridges on some 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. W e have rebuilt, with heavier,track com
ponents, all yard trackage negotiated by unit coal trains. The minimum 
standard rail section has been increased to AREA Section 115.25 for yard 
and terminals and nothing is purchased with a smaller section modulus.
132# rail has been standardized upon for all inaih 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 equipment 
fleet to take care of profile and alignment problems associated with heavier - 
loads. A  ballast cribber has also been used to take care of spot muddy con
ditions. Shoulder ballast cleaning has also been instituted in some main line 
areas.”

• “In general, provision is made for blocks, of heavily loaded cars 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 equipment failures (knuckle-coupler separations) and 
derailments.”
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• ‘‘Track geometry vehicles are operated at periodic intervals on our road to 
monitor cross-level deviations and emphasis has been placed on the monitor-

---ing of gage-widening in curves.thereby reducing the potential for derailment- 
of high C.G. cars.” ’

• “Our road has continued on a Programmed year-to-year basis to replace 
rail with continuously welded rail and thereby tend toward a reduction in 
“rock off” type derailments of high C.G. cars.”

• “We have taken significant steps to compensate for increases in size, weight, 
and length of fail cars, as demonstrated by the following:
a. Increased track inspection, both visual and with periodical operation of

track geometry car and trail test vehicle. . : •.
b. Anchor spiking to reduce gage widening.
c. Increase in rail anchoring to minimize track buckling.
d. Laying welded rail.
e. Increase in ballast section ,

• “Braking of trains are being improved by incorporating A B D W  equipment 
. and auxiliary brake pipe venting valves to greatly reduce time required to
achieve full brake application.
“Empty-load brake systems are used on light-weight cars to provide safe 
level of braking effort: hi-phosphorous brake shoes are standard in lieu of 
former standard iron shoes to minimize hazard from sparking during braking 
of train.
“All .welded brake pipes and fittings are being used to eliminate leakage 
formerly experienced at compression and threaded fittings resulting in better 
.train handling.
“Roller bearings are used, thereby reducing hot boxes and other types of 
failures experienced with plain journal bearings.
“Improved control of suspension system is used on cars through means of 
improved snubbing devices and supplementary snubbing on cars that are 
sensitive to harmonic dynamic 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 pertinent to the freight car size, weight, 
and length issue are briefly described below.

Hazardous Materials Tank Cars

' The risks associated with the shipment 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
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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 minimizes the chance of the explosion 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 uncoupling in a derailment; and the provision of an adequate venting system.

Track Standards

The FRA organized a large program to determine ways of improving railroad track 
performance 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 actions, the use of continuous welded rail, and methods for the identi
fication of defective cross ties.

A notice of a proposal to amend the FRA regulations containing the track safety 
standards was recently issued. The amendment to these standards, would update, consoli
date, and clarify existing rules and would eliminate certain rules no longer considered 
necessary for safety.

Facility for Accelerated Service Testing

The FRA sponsored a joint govemment/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 special 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 experienced 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 degradation 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 examine ways in which these aids can be used most effectively for better 
train control..
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S t a b i l i t y  A s s e s s m e n t  F a c i l i t y  f o r  E q u ip m e n t

T h e  o b j e c t i v e  o f  S A F E  i s  t o  p r o v id e  a  s t a n d a r d i z e d  t r a c k  f a c i l i t y  f o r  e v a lu a t in g  t h e  
d y n a m i c  r e s p o n s e  c h a r a c t e r i s t i c s  o f  r a i l  v e h ic le s  a t  t h e  T r a n s p o r t a t io n  T e s t  C e n t e r  i n  P u e b lo ,  
C o l o r a d o .  T h e  t r a c k  i s  i n s t r u m e n t e d  w i t h  s t r a in  g a g e s  t o  m e a s u r e  v e r t i c a l ,  l a t e r a l ,  a n d  
l o n g i t u d i n a l  f o r c e s ;  l i n e a r  d i f f e r e n t i a l  t r a n s d u c e r s  t o  m e a s u r e  v e r t i c a l ,  l a t e r a l ,  a n d  l o n g i 
t u d i n a l  d is p la c e m e n t s ;  a n d  m o n u m e n t - b a s e d  o p t i c a l  t r a n s d u c e r s  t o  m e a s u r e  a n d  r e c o r d  
t r a c k  m o d u lu s .  T h i s  i n s t r u m e n t a t i o n  i s  s t r a t e g i c a l l y  l o c a t e d  a lo n g  t h e  t r a c k  t h a t  w i l l  c o n 
t a i n  k n o w n  g e o m e t r i c  v a r i a t io n s  t o  i n d u c e  v e h ic le  d y n a m i c  m o d e s .  I t  a l s o  c o n t a in s  v a r ia 
t i o n s  i n  c u r v a t u r e  w h i c h  i n c l u d e  v a r i o u s  c u r v e s ,  s p i r a l s ,  a n d  t a n g e n t s .  P o r t i o n s  o f  t h e  t r a c k  
w i l l  i n c l u d e  n e w  a n d  u s e d  p r o f i l e s  a n d  w i l l  b e  w e ld e d  a n d  j o i n t e d  r a i l s .  I t  i s  e x p e c t e d  t h a t  
t h e  v e h ic l e s  w i l l  b e  t e s t e d  i n  t w o  c o n f i g u r a t i o n s :  n e w  a n d  s im u la t e d  w o r n  c o n d i t i o n .

W a y s id e  I n s p e c t i o n

T h e  u t i l i z a t i o n  o f  a d v a n c e d  w a y s id e  i n s p e c t io n  e q u ip m e n t  o f f e r s  t h e  p o s s i b i l i t y  o f  
i d e n t i f y i n g  a n d  r e m o v in g  d e f e c t i v e  c a r s  b e f o r e  t h e y  le a d  t o  a c c id e n t s .  S o m e  w a y s id e  i n 
s p e c t i o n  s y s t e m s ,  l i k e  h o t  b o x  d e t e c t o r s ,  h a v e  b e e n  u t i l i z e d  f o r  m a n y  y e a r s .  O t h e r  e q u i p 
m e n t ,  s u c h  a s  t h a t  t o  d e t e c t  im p r o p e r  d y n a m i c  o p e r a t io n  o f  t h e  s u s p e n s io n  s y s t e m ,  a r e  i n  
t h e  e a r l y  s t a g e s  o f  d e v e lo p m e n t .  T h e  F R A  o r g a n iz e d  a  j o i n t  g o v e r n m e n t  / in d u s t r y  g r o u p  t o  
o v e r s e e  t h e  i n s t a l l a t i o n  a n d  o p e r a t io n  o f  a  w id e  v a r i e t y  o f  w a y s id e  i n s p e c t i o n  s y s t e m s  a t  
t h e  T T C .  T h e s e  d e v ic e s  a r e  l o c a t e d  o n  a  s p e c ia l  t r a c k  s e c t i o n  w h e r e  c a r s  c o n t a i n i n g  k n o w n  
d e f e c t s  c a n  b e  u s e d  t o  e x a m in e  t h e  r e s p o n s iv e n e s s  o f  t h e  d e t e c t i o n  e q u ip m e n t .  I n  a d d i t i o n ,  
i t  i s  p o s s ib le  t o  i n s p e c t  t h e  c a r s  i n  t h e  F A S T  c o n s i s t  b y  r u n n in g  t h i s  t r a i n  o v e r  t h e  w a y s id e  
d e t e c t i o n  s i t e .  T h e  d e v ic e s  p r e s e n t l y  i n s t a l l e d  c a n  b e  u s e d  t o  d e t e c t  w h e e l  c r a c k s ,  o u t - o f -  
g a g e  w h e e ls ,  l o o s e  w h e e ls ,  d r a g g in g  e q u ip m e n t ,  e t c .

R a i l  D y n a m i c s  L a b o r a t o r y

T h e  R D L  a t  t h e  T T C  m a k e s  p o s s ib le  l a b o r a t o r y  e v a lu a t io n  o f  t h e  d y n a m i c  c h a r a c 
t e r i s t i c s  o f  f u l l - s i z e d  r a i l r o a d  f r e i g h t  v e h ic le s .  T h e  m a j o r  i t e m s  o f  e q u i p m e n t  i n  t h e  la b o r a 
t o r y  a r e  a  r o l l e r  u n i t  w h i c h  p e r m i t s  w h e e l - r a i l  i n t e r a c t i o n s  t o  b e  s t u d ie d  o v e r  a  w id e  r a n g e  
o f  s im u la t e d  o p e r a t in g  s p e e d s ,  a n d  a  la r g e - s c a le  s h a k e r ,  w h i c h  c a n  b e  u s e d  t o  e x c i t e  a n d  
i d e n t i f y  a l l  p r i n c i p a l  n a t u r a l  f r e q u e n c ie s  o f  t h e  c a r b o d y  s t r u c t u r e .  T h e  l a b o r a t o r y  is  a v a i l 
a b le  s o  t h a t  m a n u f a c t u r e r s  c a n  e x a m in e  t h e  f u l l - s c a le  d y n a m i c  b e h a v io r  o f  t h e i r  e q u ip m e n t  
a s  a n  e f f e c t i v e  s u p p le m e n t  t o  r o a d  t e s t s .

8 . 4 . 2  T r a c k  T r a i n  D y n a m i c s  J o i n t  G o v e r n m e n t / R a i l r o a d / I n d u s t r y  P r o g r a m

T h e  i n t r o d u c t i o n  o f  l o n g e r  h e a v ie r  c a r s  i n t o  g e n e r a l  in t e r c h a n g e  s e r v ic e  c a u s e d  i n 
c r e a s e d  f o r c e  l e v e l s  i n  c o u p le r s  a n d  t r a c k  s t r u c t u r e s  a s  w e l l  a s  g r e a t e r  d e m a n d s  o n  a i r  b r a k e  
s y s t e m  p e r f o r m a n c e  a n d  t r a i n  h a n d l i n g  f o r  s a fe  o p e r a t io n .  T h e  i n d u s t r y  r e c o g n i z e d  t h e  
r e s u l t i n g  n e e d  f o r  b e t t e r  t r a i n  m a k e u p  a n d  h a n d l in g ,  im p r o v e d  c a r  c o m p o n e n t s ,  s t r e n g t h 
e n e d  t r a c k  s t r u c t u r e s ,  a n d  e n g in e e r in g  e c o n o m ic  s t u d ie s  o f  t h e  e f f e c t  o f  c a r  s iz e .  A  n u m b e r  
o f  c o o p e r a t i v e  g o v e r n m e n t / r a i l r o a d / in d u s t r y .  r e s e a r c h  t a s k s  w e r e  s t a r t e d  i n  1 9 7 2  u n d e r  t h e  
T r a c k  T r a in  D y n a m i c s  ( T T D )  p r o g r a m  t o  a d d r e s s  t h e s e  a n d  o t h e r  is s u e s .  T h e  f o l l o w i n g  
s u m m a r i z e s  s o m e  o f  t h e  r e c e n t  p r o g r a m  d e v e lo p m e n t s  p e r t i n e n t  t o  t h e  h e a v y  a n d / o r  lo n g  
c a r  is s u e .
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B e t t e r  T r a i n  M a k e u p  a n d  H a n d l i n g

S o m e  o f  t h e  o p e r a t io n a l  g u id e l in e s  a n d  a id s  t h a t  w e r e  d e v e lo p e d  o n  a n  i n t e r im  b a s is  
i n  P h a s e  I  o f  T T D  d e a l t  w i t h  c a r  w e ig h t  o r  le n g t h .  T h e s e  g u id e l in e s  w e r e  d e v e lo p e d  t h r o u g h  
t h e  c o o p e r a t i v e  e f f o r t s  o f  d o z e n s  o f  r a i l r o a d s  a n d  a  c o n t i n u i n g  c o m m i t t e e  o f .  “ T T D  I m p l e 
m e n t a t i o n  O f f i c e r s . ”  A n  u p d a t e  o n  t h e  “ G u i d e l i n e s ”  a n d  o p e r a t io n  a id s  f o l l o w s .

R e v i s e d  T T D  G u id e l i n e s  ;

T h e  G e n e r a l  C o m m i t t e e  o f  t h e  A A R  O p e r a t i n g - T r a n s p o r t a t i o n  D i v i s i o n  r e c e n t l y  a p 
p r o v e d  t h e  f i r s t  m a j o r  r e v i s i o n  o f  t h e  “ G u i d e l i n e s ”  b a s e d  o n  t h e  m o s t  r e c e n t  a n a ly s i s  c a p a 
b i l i t y  d e v e lo p e d  a n d  a p p l i e d  d u r in g . P h a s e  I I  a n d  t h e  in c r e a s e d  e x p e r i e n c e a n d  u n d e r s t a n d in g  
o f  t r a c k - t r a in  d y n a m ic s .  I n f o r m a t i o n  i s  p r e s e n t e d  o n  t r a i n  s t o p p in g  d is t a n c e  a s  a  f u n c t i o n  o f  
c a r  w e ig h t ,  e f f e c t  o f  b l o c k i n g  o f  h e a v y  a n d  l i g h t  c a r s  i n  t h e  c o n s i s t ,  h o w  t o  a c c o m m o d a t e  
l o n g  c a r / s h o r t  c a r  c o m b in a t i o n s ,  a n d  o t h e r  m a k e u p  a n d  h a n d l i n g  g u id e l in e s .  T h e  s e c t i o n  o n  
t r a c k  s t r u c t u r e  w a s  e x p a n d e d  a n d  e m p h a s iz e s  t h e  d e p e n d e n c e  o f  r e l i a b l e  t r a i n  o p e r a t io n s  
o n  t h e  c o n d i t i o n  o f  t h e  t r a c k  a n d  s u p p o r t i n g  s t r u c t u r e .

T r a i n  O p e r a t i o n  A i d s

D u r i n g  P h a s e  I ,  s e v e r a l  o p e r a t io n  a id s  s u c h  a s  t h e  T r a i n  M a s s  D ia g r a m  o r  T r a i n  T o n n a g e  
P r o f i l e  w e r e  d e v e lo p e d  t o  p r o v id e  t h e  o p e r a t in g  c r e w  w i t h  a n  e f f e c t iv e  g r a p h i c  d i s p l a y  o f  
t h e  d i s t r i b u t i o n  o f  c a r  w e ig h t  ( a n d  e x c e p t i o n a l  le n g t h s )  i n  t h e i r  p a r t i c u l a r  t r a i n .  M o r e  
a m b i t i o u s  t a s k s  w e r e  u n d e r t a k e n  i n  P h a s e  I I I  o f  T T D  t o  p r o v id e  t h e  o p e r a t in g  c r e w  w i t h  
r e a l - t im e  i n f o r m a t i o n  o n  t h e  c u r r e n t  t r a c t i v e  e f f o r t ,  t r a i n l i n e  c o n t i n u i t y ,  l o c o m o t i v e  c o n d i 
t i o n ,  a n d  i n d i c a t o r s  o f  t h e  s t a t u s  o f  t h e  a i r  b r a k e  s y s t e m .  P e r f o r m a n c e  s p e c i f i c a t i o n s  w e r e  
d e v e lo p e d  f o r  a n  o n - b o a r d  m i c r o p r o c e s s o r  a n d  r e l i a b l e  p o w e r  s u p p l y  t o  s u p p o r t  t h e  p r o t o 
t y p e  s y s t e m .  A  c a b  m a k e u p  a n d  a i r  b r a k e  s y s t e m  s im u l a t o r  f o r  p r e l im in a r y  t e s t in g  i s  n e a r  
c o m p le t i o n  a t  t h e  A A R .

A s  s t a t e d  i n  t h e  r e v is e d  g u id e l in e s :  “ T h e  i n t r o d u c t i o n  o f  . . . l o n g e r  a n d  h e a v ie r
f r e i g h t  t r a i n s  d e m a n d s  a  g r e a t  a m o u n t  o f  j u d g m e n t  b e  e x e r c i s e d  b y  t h e  e n g i n e e r . . . . ”  
T r a i n  o p e r a t io n  a id s  s u c h  a s  t h o s e  u n d e r  d e v e lo p m e n t  i n  T T D  s h o u ld  b o l s t e r  t h e  e n g in e e r ’s  
“ j u d g m e n t ”  a n d  in s u r e  s a f e r  o p e r a t io n  o f  c o n s i s t s  w i t h  h e a v y  a n d  l o n g  c a r s ,  .

I m p r o v e d  C a r  C o m p o n e n t s

T h e  h e a v ie r ,  l o n g e r ,  a n d  o f t e n  h ig h e r  c e n t e r  o f  g r a v i t y  c a r s  p u t  a d d i t i o n a l  b u r d e n s  o n  
c a r  c o m p o n e n t  r e l i a b i l i t y .  M a n y  t a s k s  i n  P h a s e  I I  w e r e  d i r e c t e d  a t  im p r o v e m e n t s .

B r a k e  S h o e  T e s t s

A  s e r ie s  o f  s t o p  d is t a n c e  a n d  d r a g  b r a k i n g  t e s t s  w e r e  c o m p le t e d  b y  t h e  A A R  o n  a  
s p e c i a l l y  i n s t r u m e n t e d  c a r .  F o u r  t y p e s  o f  c o m p o s i t i o n  s h o e s  a n d  t w o  t y p e s  o f  c a s t  i r o n  
s h o e s  w e r e  i n c l u d e d  i n  t h e  t e s t .  I t  i s  e x p e c t e d  t h a t  t h e s e  t e s t s  w i l l  p r o v id e  g u id e l in e s  f o r  
c o m p o n e n t  s p e c i f i c a t i o n s  t h a t  w i l l  c o n t r i b u t e  t o  t h e  p r e v e n t i o n  o f  e x c e s s i v e ly  u n e v e n  
b r a k in g  in  a  t r a in  m a d e  u p  o f  l o a d e d  a n d  e m p t y  c a r s  o f  v a r io u s  s iz e s  h a v in g  d i f f e r e n t  t y p e s  
o f  b r a k e  s h o e s .

8-10



Completed at TTC in 1977, these tests of generic types of snubbing systems provided 
improved 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.

Appendix F contains a report provided by a member railroad of the AAR which shows 
. specific test and analysis results from such a study.

Auxiliary Snubbing Tests

Coupler and Draft Gear Tests and Specifications

Under the Coupler Safety Project, more than 30,000 miles,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 specification 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 (bainite-martensite) should reduce dramatically the incidence of broken coup
lers with heavy cars.

Freight Car Structural Reliability Studies

Design methods and specifications against fatigue were developed during Phase II on 
several tests.-

Freight Equipment Environmental Sampling Test

The first Freight Equipment Environmental Sampling Test runs were completed. On 
future tests, unattended data recorders will collect “histogram” information on vertical and 
longitudinal carbody accelerations experienced 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.

Fatigue Analysis Tests , ■ s .

The Fatigue 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 specification for the AAR acceptence fatigue testing of truck bolsters was 
developed on the basis of an analysis 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 required application of qualified stress analysis techniques on 
wheel designs.

Strengthening of Track Structures

Following the Phase II work which was aimed at avoidance of conditions related to 
derailments, recent cooperative AAR research has focused on improved basic understanding 
of track response to heavy wheel loads.

Lateral Track Strength Tests

The Track Strength Characterization Group, consisting of track engineers 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 application of techniques to measure this 
force were emphasized.

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 geometry 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 1M  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 deflections were similar. Studies such as these are planned 
using heavy freight cars.

Wear Research

Laboratory testing at the IIT and the Colorado School of Mines is complete, and 
final reports are being prepared. These studies indicate a dramatic increase 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 8, but it is 3 for a 100-ton car.
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Wheel-Rail Load Test
Comprehensive tests were completed this summer at TTC to define the wheel-rail 

interface force environment under a variety of conditions on 100-ton capacity cars.

Rail Risk Analysis

A failure model was developed 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 incorporated in the analysis.

Rail Fatigue

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 
extending rail service life and offsetting the increase in rail fracture expected with heavier 
wheel loads.

Advanced Freight Car Design

The Phase III program initiated research in preparation for advanced freight car designs 
to carry heavy loads with less damage to track and equipment.

AAR Optimum Car Size Study

An AAR engineering economics project of long standing produced preliminary results 
reported at recent AREA meetings. These papers by Waŷ  and Sammon® provide a good 
overview of past railroad industry economic studies of the effect of car size such as the 
study by Ahlf.̂  In 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, transportation, 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 hot adequately account for rail failure as a result of fatigue.

Performance Specification Development 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. Competitive designs will 
be invited from the industry, and prototype testing is planned in 1982.
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8.5 ASSOCIATION OF AMERICAN RAILROADS STANDARDS

Current federal regulations specify requirements on railroad equipment, facilities, and 
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 equipment operating on different railroads and that the equipment can be 
handled safely. The AAR standards are under continual review by standing 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 devices are required, and maximum car height and width 
dimensions.. , , • , ,

8.6 TRENDS IN RAILROAD EQUIPMENT DESIGN

Trends in the design of railroad equipment that are pertinent to the issues of rail 
safety are discussed below.

8.6.1 Improvements in Conventional 3-Piece Freight Car Thicks

The development of improvements and new design for the conventional 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 snubbing 
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 distances.

. Another trend in the construction of conventional freight car trucks is utilization 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-V4 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 (2-1/2 inch 
travel) was common on tank cars, but practically all new tank cars are now equipped with 
3-11/16 inch travel springs.

The. concern over truck hunting phenomena has led to . the development of devices 
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, provides this type of restraint. Another technique is the use of con
stant-contact side bearings.

Another approach to minimizing hunting tendencies is the development of devices to 
increase the truck’s resistance to out-of-square deformations. There are. many such devices, 
of which one is a split 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 thafthe fatigue per
formance of truck bolsters has become much more reliable in recent years as a result of 
changes in bolster design, ■ particularly for the large 100-ton capacity car, and of better 
quality control over the steel used in the castings.

8.6.2 Development of “Type II” Trucks

Over the last several years, much activity 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 
hunting 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 trucks is the reduction 
of wheel wear and wheel-rail forces on curves through the use of self-steering mechanisms. 
Several Type.II trucks are in the developmental stage.

8.6.3 Freight Car Design

The tendency 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 been possible to use recessed floor designs which more effectively 
uses the lower part of the clearance diagram. This permits the overall center of gravity of 
the car to be lower in comparison with more conventional hopper car designs.

8.6.4 Couplers

The reliability of couplers will be improved in the future by the revised AAR require
ments for coupler construction. These requirements specify material changes which 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-capacity cars before 
further increases in car weight capacity, will be accepted.,
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9. STRATEGIC OPTIONS

9.1 ABSTRACT

In the context of this report, “strategic options” 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 maintenance, 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 railroad industry, and its ability to effect 

improvements;
• The possible difference between future problems and past problems;
• The informational obstacles to a quantitative analysis of costs and benefits;
• 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 modem 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.
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Equally important to consider is the definition of “safety.” This term can include any 
of the following:

Casualties to railroad employees;
Casualties to the general public;
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, strategic options concerned with altering car size are likely to have little 
influence on safety, if safety is considered to be synonymous with fatalities.

9.3.2 The Financial Condition of the Railroad Industry

While there are significant exceptions, in general, U.S. railroads are in a financially 
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 through increased 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 mainte
nance and reduce inspection.

9.3.3 Future Problems

: Strategic options must be concerned with likely problems in the future. This 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 benefits 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;
• Financial impact on the directly concerned railroads, and its effect on their 

general level of safety ; and
• Financial effect on other railroads that interchange traffic with the directly 

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 expensive, but potentially cost-effective, changes is thus 
reduced. ,

9.3.6 Compatibility with Other Regulatory Actions
’ i/

A number of government and industry initiatives in various stages of implementation 
are aimed 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 national rail network. It is essential that any options arising out of the pre- 
- sent 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 developing 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 condition of the railroad industry, as well as of the 
technology it implies.
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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 still 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 innovation 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 railroads 
carrying hazardous materials so that even the crucial marginal ones will have 
track that can resist heavier loads. Deregulation 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;
9 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;
■ • . Mandatory limits on car size, weight, and length;
• • v Restrictions on the operation and routing of trains carrying hazardous materials; 

and
• Standards for employee training.

The use of economic incentives for improvements to freight cars is an approach that 
directly addresses the financial inability of .many carriers to make these improvements, 
even though they may fuliy. understand-their benefits. This ̂ approach is die diametric 
opposite of the approach based on levying penalties when regulations are violated. 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 credit for safety improvements.on freight cars.

Research and development strategies are. designed, to provide insights into safety 
problems and into ways of solving them; for example;, improved knowledge is required 
regarding the relationship between the quality of track and its rate of deterioration under 
heavy axle loads. Similarly, information is required to better understand the mechanisms 
of car derailment and their control through car design.

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 
setting safety standards for itself, as evidenced by the activities of the Bureau of Explosives 
and by the extensive AAR standards and interchange requirements. New areas in which the 
industry could cooperate to gain improvements are:

• Safety performance evaluation of new equipment;
• Studies of track deterioration under heavy axle loads; and
• Use of premium time-and-mileage rates for cars with safety improvements.

Rate and 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 investment. Poor financial returns force management to cut 
comers to survive,, and safety-oriented expenditures are often the first to be reduced. It is 
therefore conceivable that if the industry 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, profitable railroads have the best safety record, 
while unprofitable ones have the worst.
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9.5 AREAS FOR IMPROVEMENT

The objective .of any strategy is to gain improvements in safety by. realizing improve
ments in some, aspect of equipment and track design, maintenance or inspection, or railroad 
operations.-This section provides an examination of those areas in which worthwhile oppor
tunities exist. , .

9.5.1 Equipment

Several areas pertain to equipment design, use, and evaluation where improvements can 
be effected. • < " ■ ;-L' ■

Among the most important is the safety evaluation of freight 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; alternatively, it could be viewed as a procedure 
mandated by federal regulation.

Another aspect of freight cars that can be improved is their design. Research and de
velopment opportunities exist for improved suspension design, the optimization of the 
design of load-bearing (and failure-prone) members, the development of truck configura
tions which result in improved curve negotiation, the design of self-centering 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 impending 
failure of some component or to reduce the severity of derailment by providing a signal that 
a car has derailed. (Often, a derailed car may be dragged several miles before: the train 
operator becomes aware that it has derailed. In this situation, more cars may derail; also, 
extensive track damage may occur.)

V. i -

Improved equipment maintenance provides another route to greater safety. Methods 
which improve diagnosis or which reduce both the cost of maintenance and the time re
quired for it will be helpful. Specific components with expensive, time-consuming main- 

. tenance are couplers, wheels, bearings, 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 freight cars because of deficiencies in their 
design.

The costs and benefits of large cars need to be studied'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 toe future; for example, the use of yet higher 
wheel loads than are now permitted in interchange.
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Should improved safety features become available on freightcars, 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 needsome assurance that it, not-someone else, will 
benefit, from that investment.. That assurance exists only so long-asi the improved fleet of 
cars remains on the owner’s trackage. As soon as the cars are interchanged onto another 
railroad’s track, the return 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. Information systems are now in place which make this a 
relatively easy process. -r ' •

Finally, as demonstrated by this study, there is much to be gained by cooperation 
between management and labor; in their efforts to-identify and solve safety problems.. The 
extentto which the UTU survey corroborated the results of statistical analy sis of accident 
data is extremely encouraging. ,

9.5.2 Track

This report'is directly concerned pnly 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 relationship to safety and efficiency cannot be evaluated 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 likely that they 
are both unsafe and uneconomical if  operated on poor-quality track.

. It is clear, therefore, that, improved track safety standards must be developed which 
specifically address the issue of-the required quality of track for cars of different sizes, 
weights, or lengths. Furthermore, present safety standards require a bare minimum of track 
qualify; 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, less 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, designs, it is certainly possible that 
the life-cycle system costs might be lower.

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, provide an'incentive to not defer maintenance. Examples o f worthwhile 
developments are: . \

• Improved reliability of track maintenance equipment;
• Wider use of automated maintenance equipment;
• Development of improved field welding 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 being 
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 Operations

Changes in the operating procedures of railroads are discussed here only insofar as they 
muy help to counteract problems created by the operation of large and heavy cars.

!
Speed reduction is an obvious safety measure. It w ill 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 severity of those accidents 
that do occur w ill 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 with 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 detailed trade-off analysis 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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In the specific area of operations concerned with the t r a n s p o r t a t i o n  o f  h a z a r d o u s  

m a t e r i a l s , several approaches are available in addition to those described above:'First is the 
more widespread applicatiori 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 requirements 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 poof 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 significant 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 estimate to be made of the risk reduction to be gained by track quality 
improvement.

Fourth, the placement of hazardous materials cars in trains should be analyzed to 
determine whether some locations are safer than others. A  recent study! 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 operations 
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 investigations remains a matter of policy.

REFERENCE
1. Nayak, P.R., “An Analysis of the Probability of Derailment Within a Train Consist,”

prepared by Arthur D. Little, Inc., for Transportation Systems Center, 17 December
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1 0 . E C O N O M IC  C O N S ID E R A T IO N S

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 literature 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.

O p e r a t i n g  C o s t s :

• E q u i p m e n t  M a i n t e n a n c e  C o s t s  —  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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S o u r c e :  G . H .  W a y ,  " E c o n o m i c s  o f  F r e i g h t  C a r  S i z e , "  A R E A  B u l l e t i n  

6 7 3 ,  V o l .  8 0 .

F I G U R E  1 0 - 1  F R E I G H T  C A R  M A I N T E N A N C E

• 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-top 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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• Lbcdmotive Acquisition Costs —  These costs will depend on the manner in 
which train size and number of trains are adjusted. Generally, the locomotive 
requirements, and hence acquisition costs, will decrease as car loadings 
increase.

TABLE 10-1

COMPARATIVE RAIL LIFE FOR DIFFERENT CAR SIZES

AVERAGE RAIL LIFE 
(million gross tons)

Rail
Location BM&LP* UPRR

125-Ton Life 
Reduction 

Factor

Curves 13 400 31 times

Tangent 3 5 ' 650 19 times

‘ Estimated

UPRR (Union Pacific Railroad) = 60 Tons/Average Car
■ e

BM&LP (Black Mesa and Lake Powell) = 125 Tons/Average Car

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 will also 
be affected by the change in the number of trains to accommodate different 
car loadings. These effects are examined ip Section 10.6 based on the accident 
rate analysis in Chapter 4. 1 ’ ' '! ■

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; multicarload shippers would not notice 
any effect. r
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• The impact on competitiveness of railroads is a function of the effect ,pf lot 
size on shippers and the reliability of train schedules, which is related to train 
size (Figure 10-4).

Source: R.H. Leilich, "Study of the 'Economics of Short Trains," 5 
prepared by Peat, Marwich, Mitchell & Co.,
Report No. PB-235-411, June 1974

FIGURE 10-4 TRAIN DELAY PROBABILITY DISTRIBUTION

. The combination of all operating costs and car capital cbsts 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 information, and it is therefore not possible to precisely estimate the cost penalties 
incurred by not operating at the optimum axle load: Moreover, the optimum axle load will 
be dependent on the following factors:
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• Track conditions;
• Labor costs, which vary regionally;
• Terrain;
• Mechanical car type;
• Commodity.

Section 10.5 analyzes a number of these issues for a limited scenario.

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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TA B LE  10-2

INDUSTRY UTILIZA TIO N OF 100-TON CARS ...............................

Annual Car Loadings 11.6 Million

Annual Car-Miles 9-2 Billion

Net Ton-Miles 395 Billion

Source: FRA 1% Waybill Sample/AAR Yearbook of Railroad 
Facts, 1979

Givenv that 58.8% of car movements were loaded cars,-*- the number of loaded car- 
miles for 100-ton cars is:

0.588 x x 5.1 x 10® = 5.4 Billion Loaded Car-Miles Per Mile.

Given the number of loaded car-miles and number of car loadings, the average length of haul 
of loaded cars is:

5.4 x 10®.-5-11.6 x 10® = 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 1,652,774 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 hypothesized scenario 
was analyzed to derive proportional changes in activity.
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• Single origin-destination;
• 500-mile trip (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); t
• 65 total cars (roughly industry average cars per train);
• 100-ton net loading in 40 cars;
• 30-ton tare weight per car;
• 4000 net tons per train = 12 bullion net tons per year;
• 5950 gross tons per train = 30 tons x 65 cars + 100 tons x 40 cars.
With the reduction in maximum load in the future, the new train characteristics 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 contains 45 
loaded cars and 27 empty cars, satisfying the requirement on gross trailing 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 assumptionŝ  the changes in 
activity and equipment requirements can be derived as shown in Table 10-4.
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 resulting from changes in 
train frequency and car load size, such as an increase demand for rail transportation.
10.6.1 Capital Costs

The annual replacement cost of freight cars is based on 527,200 cars existing, a 15.8% 
increase in fleet requirements, and 4% fleet replacement per year. At an estimated $40,000 
per car, the annual replacement cost is $133 million. The actual fleet grows by 83,300 cars.

The 'estimate Of increase in the size of the locomotive fleet is based on the current ratio 
of locomotives to train-miles in the industry. In 1978, there were 27,800 locomotives in the 
fleet and 433 million train-miles, or 6.4 x 10‘® locomotives per train-mile. The increase in 
train-miles is based on 9.2 x 10® car-miles per year for 100-ton cars, a 15.8% increase in car- 
miles, 30 tons empty per car, and 6,000 gross tons per train. The increase in train-miles is 
equal to 7.3 x 106, 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 10-4
S C E N A R I O  A N A L Y S I S  O F  R E D U C E D  C A R  L O A D I N G

P r e s e n t

3 0 0 0  t r a i n s / y e a r  

4 0  l o a d s / t r a i n  

2 5  e m p t i e s / t r a i n  

5 0 0  m i l e s  

1 0 0  t o n s / l o a d ,  .

4 0 0 0  n e t  t o n s / t r a i n  

1 2 x  1 0 ®  t o n s  o r i g i n a t e d  

5 , 9 5 0  d r o s s  t o n s / t r a i n  

6 0  x  1 0 ®  n e t  t o n - m i l e s / y e a r  

9 0  x  1 0 ®  g r o s s  t o n - m i l e s / y e a r

1 9 5 , 0 0 0  c a r  t r i p s

9 7 . 5  x  1 0 ®  c a r - m i l e s

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s

F u t u r e

%

I n c r e a s e

3 1 3 7  t r a i n s / y e a r 4 . 6

4 5  l o a d s 1 2 . 5

2 7  e m p t i e s 8

5 0 0  m i l e s

8 5  t o n s / l o a d ( 1 7 . 6 )

3 , 8 2 5  n e t  t o n s / t r a i n ( 4 . 6 )

1 2  x  1 0 ®  t o n s  o r i g i n a t e d -

5 , 9 5 0  g r o s s  t o n s / t r a i n • -

6 0  x  1 0 ®  n e t  t o n - m i l e s

9 3  x  1 0 ®  g r o s s  t o n - m i l e s 3 . 7

2 2 5 , 8 6 4  c a r - t r i p s 1 5 . 8

1 1 2 . 9  x  1 0 ®  c a r - m i l e s 1 5 . 8

10.6.2 Operating Costs
The increase in fuel consumption is based on an average of 386 gross ton-miles per 

gallon.* The increase in ton-miles is given by the 15.8% increase times 9.2 x 10® car-miles 
times 30 tons empty per car, equal to 43.6 x 10® gross ton-miles. At 386 ton-miles per 
gallon, the increase in fuel consumption is 113 million gallons. Based on an estimated 1978 
cost of $.60 per gallon, the cost increase for fuel is $68 million.

Mainline and yard operating costs (not including fuel) were determined from average 
costs per train-mile. Table 10-5 shows the operating costs for the industry. Based on 433 
million train-rniles,* the average cost is $7,69 per train-mile. For an increase in train-miles of 
7;3 million, the increase1 in costs is $56 million.

'Based on an average of 220 net ton-miles per gallon and a ratio of net ton-miles to gross ton-miles of 0.57.1
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Y A R D  A N D  M A I N L I N E  O P E R A T I N G  C O S T S

TABLE 10-5

I C C  A c c o u n t  C a t e g o r y

1 9 7 6

F r e i g h t  S e r v i c e  C o s t  

( $  t h o u s a n d s )

3 7 8 Y a r d  C o n d u c t o r s  a n d  B r a k e m e n 7 1 0 , 9 4 6

3 7 9 Y a r d  S w i t c h  a n d  S i g n a l  T e n d e r s 2 8 , 0 4 7

3 8 0 Y a r d  E n g i n e m e n 3 1 6 , 7 1 4

3 9 2 T r a i n  E n g i n e m e n 5 7 1 , 8 8 4

4 0 0 S e r v i c i n g  T r a i n  L o c o m o t i v e s 1 6 2 , 3 1 9

4 0 1 T r a i n m e n 1 , 0 0 9 , 0 0 8

2 , 7 9 8 , 9 1 8

1 9 7 8  C o s t  =  1 . 1 9  x  $ 2 , 7 9 8 , 9 1 8 , 0 0 0  

=  $ 3 3 3 1  M i l l i o n

S o u r c e :  I C C  T r a n s p o r t  S t a t i s t i c s / A A R  I n d e x  o f  W a g e  R a t e s

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 following cost charges are derived.

Roadway Maintenance:
100-Ton Loadings 
70-Ton Loadings

Cost Decrease = $118 Million

9.2 x 10® car-miles x $ .1350 = $1242 Million 
10.7 x 10® car-miles x $ .1050 = $1124 Million

Car Maintenance: 1
Increased Car-Miles =1.5x10®
Cost Increase = 1.6 x 10® x $ .01 = $15 Million
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U N I T  M A I N T E N A N C E  C O S T S  -  

( C e n t s  P e r  C a r - M i l e )

R o a d w a y  M a i n t e n a n c e  F r e i g h t  C a r  R e p a i r

7 0 - T o n  C a r  7 . 5 0  .  1 , 0 0

1 0 0 - T o n  C a r  1 3 . 5 0  1 , 0 0

S o u r c e :  J .  P .  S a m m o n ,  " P r e l i m i n a r y  S t u d y  o f  R i a i l  C a r  

S i z e , "  A R E A  B u l l e t i n  6 7 3 ,  V o l .  8 0 .

TABLE 10-6

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 10® car-miles. Costs are estimated 
based on an average of $26,969 per accident.®

rtAccident frequency is estimated at 3.6 x 10 accidents per car-mile, based on 10,362 
accidentŝ  and 28,749 million car-miles® for 1977. For the estimated increase in car-miles 
because of reduction 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

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:

’ Train accident fatalities are proportional to train-miles 
Grade-crossing fatalities are proportional to (trains)®--*̂
Yard fatalities are proportional to car loadings

The parameters of these relationships were derived from the following 1977 annual
data:

Fatalities per Year̂ -
Train Accidents 516
Grade Crossings 851
Yards 163

1 0 - 1 1



Railroad Activity per Year̂
Train-Miles 427,686,000 .
Trains*' 587,000
Car Loadings 23,173,000

The relationships are:
1.21 x 10'® train accident fatalities per train-mile 
116 x (Train)®-*® grade-crossing accidents 
7.03 x 10'® yard fatalities per car loading

Based on these fatality rates, the increase in number of fatalities annually resulting
from reduced maximum car loading is given by: „

Train Accident Fatalities 1.21 x 10'® x 7.3 x 10® = 9
Grade-Crossing Fatalities = 10**
Yard Fatalities 7.03 x 10'® x 1.8 x 10® ’ = 13

TOTAL 32
10.6.5 Summary of Industry Impacts

Table 10-7 shows the estiihated 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 implications. Again, the accuracy of these 
estimates is limited by the lack of consensus in the literature on maintenance costs and by 
the assumptions on equipment utilization.

"Derived by 23.2 x 10® car loadings, (67.2 cars per train x .588 loaded cars per total cars).;
6••Increase in Numbers of Trains equals 1.8 x 10 Car Loadings t 

44.6 x 10 . Proportional change in number of fatalities given by 
and AF = .0116 x 851 = 10

(67.2 cars per train x .588 loaded cars per total cars) =
AF 0.15 AT _j . AT 4.6 x 104 e„ AF _ ni1c 
F T ' d T " 587,000 ’ hat F ." -0116
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TABLE 10-7

A D V E R S E  I N D U S T R Y  I M P A C T S  F R O M  A  1 5 %  R E D U C T I O N  

I N  T H E  M A X I M U M  P E R M I S S I B L E  L O A D I N G  I N  1 0 0 - T O N  C A R S

I t e m E s t i m a t e d  A d v e r s e  E f f e c t

C a r  L o a d i n g s 1 . 8  M i l l i o n  A d d i t i o n a l  L o a d i n g s

C a r  T r i p s 2 . 9  M i l l i o n  A d d i t i o n a l  T r i p s

T r a i n s 4 6 , 0 0 0  A d d i t i o n a l  T r a i n s

F r e i g h t  C a r s 8 3 , 3 0 0  A d d i t i o n a l  C a r s

L o c o m o t i v e s 4 6 5  A d d i t i o n a l  L o c o m o t i v e s

T r a i n - M i l e s 7 . 3  M i l l i o n  A d d i t i o n a l  T r a i n - M i l e s

C a r - M i l e s 1 . 5  B i l l i o n  A d d i t i o n a l  C a r - M i l e s

- „ F u e l 1 1 3  M i l l i o n  A d d i t i o n a l  G a l l o n s

T r a i n  A c c i d e n t s 5 4 0  A d d i t i o n a l  A c c i d e n t s

F a t a l i t i e s  R e s u l t i n g  f r o m  

T r a i n  A c c i d e n t s /  

I n c i d e n t s  a n d  G r a d e  

C r o s s i n g  A c c i d e n t s

;  . 3 ?  A d d i t i o n a l  F a t a l i t i e s :

S o u r c e :  A r t h u r  D .  L i t t l e , I n c . ,  E s t i m a t e s

T A B L E  1 0 - 8

E S T I M A T E D  I N D U S T R Y  C O S T  I M P A C T S  

F R O M  1 5 %  R E D U C T I O N  I N  M A X I M U M  C A R  L O A D I N G

I t e m , A n n u a l  C o s t  I n c r e a s e  ( D e c r e a s e )  

,  ( $  m i l l i o n s ) ,

C a p i t a l  C o s t s

F r e i g h t  C a r s 1 0 0

L o c o m o t i v e s 9

O p e r a t i n g  C o s t s

F u e l 6 8

M a i n l i n e  &  Y a r d  

( N o t  I n c l u d i n g  F u e l ) 5 6

M a i n t e n a n c e  1 0 3

S a f e t y  C o s t s  ( N o t  I n c l u d i n g  D o l l a r  L o s s

o f  F a t a l i t i e s )  1 1 4 . 5

S o u r c e :  A r t h u r  D .  L i t t l e ,  I n c . ,  E s t i m a t e s
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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 railroad industry of a hypothetical reduction in maximum 
loading from 100 tons to 85 tons. The costs directly related to car size are maintenance 
(equipment and roadway) and car acquisition costs. Car size indirectly affects transportation 
expense and locomotive acquisition costs, depending on the impacts on train size and car 
utilization. Finally, accident rates appear to'be dependent on car size.

The precise economic 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 maintenance costs, but there would apparently be a cost increase to the industry.
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A P P E N D I X  B

M E C H A N I C A L  F R E I G H T  C A R  T Y P E S

This appendix provides information 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 height are defined and 
shown for each type.
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O P E N  H O P P E R  C A R

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. 10 ft. 8 in. 10 ft. 8 in.
Height 11 ft. 1 in. 11 ft. 9 in. 12 ft. 3 in.

Center of Gravity Range for Open Top Hopper Cars (for car body only, from top of rail):
Empty: 58.2 in. - 80.9 in.
Loaded: 64.5 in. - 106.3 in.
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R E F R I G E R A T O R  C A R

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
Width
Height

44 ft. 9 in. 58 ft. 0 in
10 ft. 6 in. , 10 ft. 8 in
14 ft. 10 in. 15 ft. 2 in

58 ft. 11 in 
10 ft. 8 in. 
15 ft. 4 in.

Center of Gravity Range for Refrigerator Cars (for car body only, from top of rail):
Empty: 68.4 in. - 71.7 in.
Loaded: 69.7 in. - 97.4 in.
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T R A I L E R  O N  F L A T C A R
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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 platform

Typical Dimensions for a 50-, 70-, 100-Ton Capacity Vehicle
Dimension
Length
Width
Height

50 Ton
65 ft. 4 in. 
10 ft. 6 in. 
3 ft. 6 in.

70 Ton
73 ft. 4 in. 
10 ft. 5 in. 
4 ft. 1 in.

100 Ton
,96 ft. 6 in. 
10 ft. 0 in. 
3 ft. 6 in.

Center of Gravity Range for TOFC Cars (for car body only, from top of rail):
Empty: 24.5 in. - 34.4 in.
Loaded: 78.5 in. - 106.3 in.
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C O V E R E D  H O P P E R  C A R

L e n g t h :  M e a s u r e d  b e t w e e n  p u l l i n g  f a c e s  o f  c o u p l e r s  ( i n  n o r m a l  p o s i t i o n )

W i d t h :  M e a s u r e d  a t  e a v e s ,  t o p s  o f  s i d e s  o r  p l a t f o r m

H e i g h t :  M e a s u r e d  a t  e a v e s ,  t o p s  o f  s i d e s  o r  p l a t f o r m

T y p i c a l  D i m e n s i o n s  f o r  a  5 0 - ,  7 0 - ,  1 0 0 - T o n  C a p a c i t y  V e h i c l e

D i m e n s i o n 5 0  T o n 7 0  T o n 1 0 0  T o n

L e n g t h  4 2  f t .  1  i n .  4 9  f t .  7  i n .

W i d t h  . 1 0  f t .  8  i n .  1 0  f t .  3  i n .

H e i g h t  - 1 4  f t .  6  i n .  1 4  f t .  1 1  i n ,

5 3  f t .  1 0  i n ,  

1 0  f t .  8  i n .  

1 5  f t .  1  i n .

Center of Gravity Range for Covered Hopper Cars (for car body only, from top of rail):
Empty: 69.8 in. - 77.7 in.
Loaded: 66.0 in. - 107.8 in.
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G O N D O L A  C A R

L e n g t h :  M e a s u r e d  b e t w e e n  p u l l i n g  f a c e s  o f  c o u p l e r s  ( i n  n o r m a l  p o s i t i o n )

W i d t h :  M e a s u r e d  a t  e a v e s ,  t o p s  o f  s i d e s  o r  p l a t f o r m

H e i g h t :  M e a s u r e d  a t  e a v e s ,  t o p s  o f  s i d e s  o r  p l a t f o r m

T y p i c a l  D i m e n s i o n s  f o r  a  5 0 - ,  7 0 - ,  1 0 0 - T o n  C a p a c i t y  V e h i c l e

D i m e n s i o n

L e n g t h

W i d t h

H e i g h t

5 0  T o n

4 5  f t !  5  i n .  

1 0  f t .  3  i n .  

8  f t .  2  i n :

7 0  T o n

5 7  f t .  7  i n .  

1 0  f t .  4  i n .  

7  f t .  6  i n .

1 0 0  T o n

5 7  f t .  3  i n .  

1 0  f t .  8  I n .  

8  f t .  3  i n .

C e n t e r  o f  G r a v i t y  R a n g e  f o r  G o n d o l a  C a r s  ( f o r  c a r  b o d y  o n l y ,  f r o m  t o p  o f  r a i l ) :  

E m p t y :  3 9 . 4  i n .  -  7 7 . 7  i n .

L o a d e d :  3 8 . 1  i n .  -  9 8 . 0  i n .
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A U T O - R A C K  C A R

p i
n
[*— w— »]

II

‘ / ■ -

C GL=4J
7 - -

L e n g t h :  M e a s u r e d  b e t w e e n  p u l l i n g  f a c e s  o f  c o u p l e r s  ( i n  n o r m a l  p o s i t i o n )

W i d t h :  M e a s u r e d  a t  e a v e s ,  t o p s  o f  s i d e s  o r  p l a t f o r m

H e i g h t :  M e a s u r e d  a t  e a v e s ,  t o p s  o f  s i d e s  o r  p l a t f o r m

T y p i c a l  D i m e n s i o n s  f o r  a  5 0 - ,  7 0 - T o n  C a p a c i t y  V e h i c l e *  

D i m e n s i o n  5 0  T o n  7 0  T o n

L e n g t h

W i d t h

H e i g h t

. 9 3  f t .  8  i n .  

1 0  f t .  2  i n .  

1 5  f t .  1 1  i n

9 3  f t .  8  i n .  

9  f t .  1 1  i n .  

1 5  f t .  6  i n .

C e n t e r  o f  G r a v i t y  R a n g e  f o r  A u t o  R a c k  F l a t  C a r s  ( f o r  c a r  b o d y  o n l y ,  f r o m  t o p  o f  r a i l ) :  

E m p t y :  5 6 . 5  i n .  -  9 2 . 0  i n .

L o a d e d :  6 5 . 1  i n .  -  9 9 . 5  i n .

•The 100-ton capacity is not applicable to this car type.
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B U L K H E A D  F L A T  C A R

L e n g t h :  M e a s u r e d  b e t w e e n  p u l l i n g  f a c e s  o f  c o u p l e r s  ( i n  n o r m a l  p o s i t i o n )

W i d t h :  M e a s u r e d  a t  e a v e s ,  t o p s  o f  s i d e s  o r  p l a t f o r mI
H e i g h t :  M e a s u r e d  a t  e a v e s ,  t o p s  o f  s i d e s  o r  p l a t f o r m

T y p i c a l  D i m e n s i o n s  f o r  a  5 0 - ,  7 0 - ,  1 0 0 - T o n  C a p a c i t y  V e h i c l e

D i m e n s i o n 5 0  T o n 7 0  T o n 1 0 0  T o n

L e n g t h  

W i d t h  

H e i g h t .

5 7  f t .  7  i n ,  

9  f t  1 0  i n .  

7  f t .  0  i n .

5 6  f t .  9  i n .  

1 0  f t .  4  i n .  

9  f t .  1 1  i n .

6 8  f t .  1 0  i n ,  

9  f t .  3  i n . - 

1 5  f t .  6  i n .

Center of Gravity Range for Bulkhead Flat Cars (for car body only, from top of rail):

Empty: 39.2 in. - 46.8 in.

Loaded: 47.2 in. - 100.5 in.
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G E N E R A L  F L A T C A R

Length: Measured between pulling faces olf 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 53 ft. 3 in. 56 ft. 9 in. 59 ft. 3 in.
Width 10 ft. 3 in. 10 ft. 4 in. 10 ft. 6 in.
Height 5 ft. 0 in. 5 ft. 2 in. 5 ft. 7 in.

Center of Gravity Range for General Flat Cars (for car body only, from top of rail):
Empty: 34.2 in. - 41.0 in.
Loaded: 43.3 in. - 106.3 in.
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B O X  C A R

Height:

Measured between pulling faces of couplers (in normal position) 
Measured at eaves, tops of sides or platform 
Measured at eaves, tops of sides or platform

Typical Dimensions for a 50-, 70-, 100-Ton Capacity Vehicle
100 Ton

68 ft. 0 in. 
10 ft: 6 in. 
15 ft. 4 in.

Center of Gravity Range for Box Cars (for carbody only, from top of rail):
Empty: 62.0 in. - 76.1 in.
Loaded: 54.4 in. - 103.7 in.

Dimension
Length
Width
Height

50 Ton
54 ft. 6 in. 
10 ft. 7 in. 
15 ft. 0 in.

70 Ton
57 ft. 11 in 
10 ft. 6 in. 
15 ft. 2 in.
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TANK GAR

T y p i c a l  D i m e n s i o n s  f o r  a  N o m i n a l  1 1 , 0 0 0 - ,  2 1 , 0 0 0 - ,  3 3 , 0 0 0 -  

G a l l O n  C a p a c i t y  V e h i c l e

D i m e n s i o n 1 1 , 0 0 0  G a l . 2 1 , 0 0 0  G a l . 3 3 , 0 0 0  G a l .

L e n g t h

Width
Height

4 1  f t .  6  i n .  

1 0  f t .  0  i n .  

, 1 4  f t .  8  i n .

5 6  f t .  8  i n .  

1 0  f t .  1  i n .  

1 5  f t .  0  i n .

6 6  f t .  5  i n .  

1 0  f t .  6  i n .  

1 5  f t .  1  i n .

Center of Gravity Range for Tank Cars (for car body only, from top of rail):
Empty: 78.6 in. - 95.1 in.
Loaded: 80.7 in. - 99.1 in.
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A P P E N D IX  C

S U R V E Y  O F R A ILR O A D  EM P LO Y E ES

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 included, followed by a discussion and summary of the result for 
each question.

The saipple 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 questions, and some questions allowed 
multiple responses.
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SAMPLE QUESTIONNAIRE

Instructions: Please complete all of the following questions. If you have* 
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 the car types below which 
derail more frequently than other cars

M O  *fo 
n  A»D a . 

702 b.
23 23D c.
97 m u  d.
56 « □  e. 
7/3 73-7\J f 
754 /*7Q  g. 
37946/U h. 
3944Z9U i . 
74 9.2D j .
3lt **9U k . 
34041JU I • 
V33 / « □  m. 

86 TOf □  n . 
2 t  JL40 o.

Box-plain
Box-other
Refrigerator
GondoIa-plain
Gondola-other
Hopper-open
Hopper-used in unit trains 
Hopper-covered 
Tank-jumbo 
Tank-other !
FIat-auto-rack 
F I at-TOFC 
FIat-other
Other (specify___________
Few derail more frequently

you feel 
(Please

have a tendency to 
check no more than

)

5)

2 In your opinion, under which of the following conditions is a car 
likely to deraiI.PI ease check the appropriate column.

. • ' l Likely to . 
deral1 un- 
der any clr- 
cumstances
770. fo

Llkaly 
deral1 empty
MO.

to
whon

Likely 
deral1

to
whon

Ha* .low . 
frequency of 
derailment

Car Type
MO. 7-

under any 
clrcumstance 
MO. MoBox-plain 54 4.8 105 72 8 3 8 4.6 3 4 2 4/ 6

Box- othar 89 10.8 0 4 tO. 2 6 7 8./ 2 7 4 33.3

Refri gerator 57 6.2 34 4.4 3 3 4.0 8 8 7 47.0

Gondola-p lain' 5 9 7 2 705 72.8 8/ 9,8 2 7 5 33.4

Gondo1 a- other 5 9 7.Z 8 5 70.3 8 8 7 0 7 2 4 3 29.5

Hopper- open 70 8.5 95 77.5 7 2 8 /S.6 2 7 5 26.7

Hopper- used In 
un i t tra i ns rs 81 3 7 4 5 796 23.8 799 24.2
hopper-covered 143 n.4 S 3 6.4 2 6 7 32.4 731 75.9
T ank-jumbo Z 5 0 30.4 76 9,2 7 8 8 22.8 700 72.2

Tank-other 83 IO.I 74 8 0 8 2 t o o 2 2 4 2 7 2

F1 at-autorack 782 22.1 191 23.2 7 5 9.7 7 2 6 75.3

FIat-TOFC 794- 2 3 4 798 24. J 72 8.7 7 2 5 75.2

Flat-other 79 9 6 180 2 / 9 3 3 4.0 795 23.7

Other (please specify ) 3 2 3.9 73 7 6 72 7 5 2t 2.6
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3. for those cars which you consider more-likely to derail, which
of the following positions in a train is most likely to in
fluence derai Iments? .... . ....

to? la.oQ a. front of the- train
245 29.8 □  b. middle of the train
106 fZ.sQc. end of the train
30 4 4 6 .? Q  d. position in the train does not seem to influence 

derai l.ment; -

4. For those cars which you consider more likely to deraiI,,in, 
Which of the following trains are these cars most, likely to 
derail?

HO. %

14 1.7 O  a. short trains (less than 30 cars)
95 11.5 O b .  medium trains (30-100 cars)
520 63.Z □  c. long trains (longer than 100 cars)
193 23.5 □  d. length of the train has a minor influence on derailment,

5. For the following types 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.

less stable when moving over wall maintained
lass stable when moving over well maintained

less stable, when moving over poorly main-
less stable wher moving over poorly, main-

stbole on most track conditions
Type of Car weldedNO. trackV. JointedNO. frockV. trackNO. V. trackNO. counteredNO. V©Box-plain 3 .4 5 .6 73 8.9 2 8 9 351 245 29.8
Box- othar 3 . 4 7 . 9 81 9.8 3 33 40.5 189 23.0
Rafrlflnrator ? 4 ■ .5 < - 59 ; 7.2 268 3 2.6 2,61 31.7
Gondola-plain 4 ■ 5 8 1.0 73 8.9 298 3 6-2 2 13 2 5.9
Gondola- othar 8 i.o 8 1.0 73 8-3 3 00 3 6.5 195 2 3.7
Hopper- opan 7 .9 * 2 i .5 93 11.3 3 64 44.2 13 9 16.9
Hoppar- used In 1 0 1.2 12 1.5 i .112 13.6 3 54 43.0 1/7 14.Z
Hopper-covered 1 8 2.2 2 2 2.7 130 15.8 4 2? 51.9 78 9.5
Tank-jumbo 21 2.6 2 1 2 • G 141 17.1 4 18 5 0.8 81 9.8
Tank-other 5 •6 7 .9 , 68 , 10.7 3 00 3 6.5 18 1 2 2.0
Flat-autorack 24 2.9 16 1 .9 125 15.2 3 99 4 8.5 81 9.8
Flat-TOFC 21 2.6 18 2.2 129 15.7 401 4 8.7 79 9.6
Flat-other 11 V "1.3' 1,3 1.6 ‘ . 79 9.6 300 3 6.5 17 3, 21.0
Othar (specify) 11 1.3 6 .7 39 4.7 1 16 1 4 .1 ,15' 1.8
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6 . Of  the . f ol  low! ng car l engt h gr o ups,  which arp most l i k e l y  t o  
co n t a i n  cars which d e r a i l  a t  above average rat es?

MO. Yo
4-3 $ . 3 0  a.  less than 49 f e e t  long 

183 2 2 . 2 0 b .  50-69 f e e t  long ,
388 4M 0  c .  70 f e e t  long o r  l onger 

84 4 0.3 0  d . cars w i th v a r y i n g  l engt hs d e r a i l  at  a p p r o x i m a t e l y  
equal r at e s

434 5 l . 3 0 e .  length and c h a r a c t e r i s t i c s  of  a d j a ce n t  cars can 
i n f l u e n c e  d e r a i l me n t s

7 .  Of  the f o I  Iowing car we i g h t  g r o up s ,  which are most l i k e l y  t o 
c on t ai n  cars which d e r a i l  a t  above average rat es?

HO. Yo
7 3  8.9 Q a .  about 50 t ons o r  less 
4 0  4.9 □  b . about 70 tons 

19? 33-9 □  c .  about 100 t ons 
335 39.5 O d . '  g r e a t e r  than I00 tons 

96 14.'7 0 e .  cars wi t h v a r y i n g  wei ghts d e r a i l  a t  a p p r o x i m a t e l y  
equa I r a t e s

3©5 44.30 f .  wei ght  and c h a r a c t e r i s t i c s  o f  a dj a ce n t  car s can i n f l u e n c e  
d e r a i I m e n t s .

8 .  Which groups of  cars are most l i k e l y  t o  be i n v o l v e d  wi t h 
acci dent s r e s u l t i n g  in personal  i n j u r i e s ?

M0. %18 3.2 D a .  less than 50 f e e t  long
81 9.8 D b .  50-69 f e e t  long

252 30.6 CD c . 70 f e e t  long o r  l onger
484 58.8 D d .  no p a r t i c u l a r  l engt h o f  car is most l i k e l y  t o  be 

i nv o l v e d  in a c c i d e n t s  wi t h personal  i n j u r i e s

P.  Which groups of  cars are most l i k e l y  t o  be I n v o l v e d  wit h 
a c ci den t s  r e s u l t i n g  in personal  i n j u r i e s ?

NO. %
3<o 4.4 0  a . 
35 4.3 O b .  

101 12.3 D c .  
166 20.2 D d .
481 58 4 0 e .

about 50 tons o r  less 
about 70 tons 
about 100 tons 
over l OO tons
cars wi t h v a r y i n g  l engt hs are i n v o l v e d  in a c c i d e n t s  wi t h 
personal  i n j u r i e s  a t  a p p r o x i ma t e l y  equal r a t e s .

1 0 .  What s p e c i f i c  comments coul d you o f f e r  on how .cars coul d be 
improved t o  reduce i n j u r y  t o  employees?

i
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I I .  In your o p i n i o n ,  which o f  the f o l I o w i n g  c o n d i t i o n s  b e s t  d e s c r i b e s  
each t ype of  r a i l c a r  wi t h regard t o  personal  i n j u r i e s ?  P l e a s e  check 
the a p p r o p r i a t e  column.

Llkaly volved dents
to 1 nwith

be 1 n-BCC 1 —personal
Likely vo1ved dents

to Inin eccl- ulth par-
Likely to Involved In accl- dentsvlth per
sonal Injuries 

■bather loaded0r NO. empty %

Not llkaly to be Involved In accidents with aarsona1 In-
Type of Car loadedMO. Yo

•hen loadedNO. %
juries

NO- %
Box-plain 3 a 4.4 2. 9 3 .5 170 20? 2 6 0 3T.6 .
Box- other 3 4 4.1 33 4.0 209 25.4 21 5 26.1
Rafrlgarotor 2 1 2.6 29 3.5 1 61 x 19.6 27 2 33.0
Gondola-plain 3 3 4.0 88 10.7 201 . i 2 4.4 184 22.4
Gondola- othar 2 8 3-4 81 9.8 1 9 7 2 3.9 181 22.0
Hopper- opan 4 5 5.5 89 10.8 188 2 1.5 194 23.6
Hopper- used in 
unit trains Z  1 Z.6 83 10.1. 166 2 02 2 16 26.2
Hopper-covered 1 6 1-2 >9 9 1 2.0 2 08  ̂ 2 5.3 186 22.6
Tank-Jumbo Z  1 2.6 111 1 3.5 379 4 6.1 8o 9-7
Tank-othar t  4 2.9 75 9.1 323 3 9.2 113 13.7
Flat-autorack 5 4 G.6 62 7.5 362 4 4.0 108 13.1
F 1at-TOFC 6 f T A 64 7.8 419 50.9 Q>S 7.9
Flat-other 7 5 9.1 51 6.2 397 48.2 n o 85
Other (spaclfy

) 6 .? 13 1.6 $2 10.0 19 2.3

12.  What o p e r a t i n g  p r a c t i c e s  which a f f e c t  the s i z e ,  w e i g h t  and 
l engt h o f  rai  I car s  could be improved t o  reduce t he r i s k  
of  per sonal  i n j u r i e s ?

NO. %
Z & & 3 A & D a .  c o n ne ct i ng a i r  hoses 
4 o 8 49. eDb.  g e t t i n g  on and o f f  of  cars 
245 29.8□ c . i n s p e c t i n g  

93 11.3 Q d  . I oad i ng 
216 26.2 Q e .  c o u p l i n g  

32 3.9 D f .  b l e e d i n g  brakes
z a s  29.8 O  g • r i d i n g  
397 48. 2 D h.  s e t t i n g ,  hand brakes 
319 38.8 D i .  p u l l i n g  pi ns

36 4.4 D j .  o t h e r  ( p l e a s e  speci f y  )

1 3 .  Which- o f  the f o l l o w i n g  cars are h a r d e s t  t o  g e t  on and o f f ?  
NO. Vo
19 2.3 D a .  l ess than 49 f e e t  long
36 4.4 C J b . 50-69 f e e t  long 

229 z t 8 Q c .  70 f e e t  long and l onger
$05" © 1.4 £3 d . t h e r e  are l i t t l e  d i f f e r e n c e s  in d i f f i c u l t y  due t o 

. v a r y i n g  l engt hs
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14. Which of the cars are hardest to get on and off?
NO Y«10 1.2 O a . Box-plain 
16 t-90b. Box-other25 3.0 □  c . Refrigerator y96 1l.?Od. Gondola-plain 82 lO.oQe. Gondola-other 
? -90 f. Hopper-open
& 1.oOg. Hopper-used In unit trains 16 l-9-Dh. Hopper-covered4&8 56.9Q'i . Tank-Jumbo '

52* 63.40 j . Tank-other 1 411 *4,9.9Qk. F I at-rautorack ...634.77.0O I . F laT-TOFC . >.690 83.80 m. Fl atrother25 3.0 O  n . Other (please specify______ ._______  .. ■ ■■ ’ ' >14 1.7 Q o . There are relatively little c i f ferences i n difficulty
|5. Are there any features of larger cars (over 70 feet or larger .* cube cars) which you feel increase the chande of personal 

injury in yards? , -
MO. Y„534 64.9 Da., yes 
209 25.4 Ob. no

If yes, please explain which features increase the risk of per
sonal injury and when these situations occur______ ;__________

16. Please explain any hazard or risk associated with the size, weight or length of railcars, not previously mentioned, that you feel have important influences on safety.

You may indicate the following information If you so desire:
Ra i l.road 
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 tabulated and the car types
were ordered from most likely to least likely to,derail. They were:

1. Tank Jumbo 47.9% 9. Gondola Plain 11.4
2. Hopper Covered 46.1 10. Other 10.4
3. Flat TOFC 41.3 11. Tank Other 9.2
4. Flat Auto 37.9 12. Box Plain 8.9
5. Hopper Unit Train 18.7 13. Gondola Other 6.8
6. Flat , Other 12.4 14, All Equal 3.4
7. Hopper Open 13.7 15. Refrigerator 2.8
8. Box Other 12.4

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.
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Q u e stio n  2 : U nder w h a t c o n d itio n s  is a c a r  l ik e ly  to  d e ra il^  loaded vs. un loaded)?

This question seeks to assess whether a car type’s derailment can be attributed 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 - 
having particularly low derailment frequencies were box and refrigerator cars.
Note: The percentage of responses for each car did not add to 100% 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.
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’ There was no clear consensus about the influence of car position in a train in car derail
ments: Half, 46.7%, thought it did not influence derailments while 29.8% chose the middle, 
with the front and rear splitting the remainder.

Question 3: For those cars which you consider more likely to derails which of the following
positions in a train are most likely to influence derailments?
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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% f chose medium length trains, arid 1.7% chose short trains as most likely to have 
derailed cars. In general, the likelihood of derailment was proportional to train length.

Question 4: For those cars which you consider more likely td derail, in which of the
following train lengths are these cars most likely to derail?'
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Question 5: Give the track conditions on which a specific car type behaves more excitably
than other car types.

For all car types,,there was a hierarchy of responses:

, .Well-maintained, 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 every 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 featuî  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 most excitable car types were:

Hopper Open
Hopper Unit Train
Hopper Covered
Tank Jumbo
Flat TOFC



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%

Question 6: Of the following car length groups, which are most likely to contain cars
which derail at above average rates?
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■n O f  t h e  . . r e s p o n d e n t s ;  4 4 .3 %  f e l t . t h a t  t h e  w e ig h t  a n d  c h a r a c t e r i s t i c s  . o f  the; a d j a c e n t  e a r  
in f l u e n c e d  d e r a i lm e n t s .  T h i s  w a s  t h e  la r g e s t  s in g le  a n s w e r  c h o s e n .  1 2 %  t h o u g h t  d e r a i lm e n t s  
w e r e ,  i n d e p e n d e n t  o f  w e ig h t .  T h e  h e a v ie r  c a r s  w e r e  s in g le d  o u t  a s  m o r e  l i k e l y  t o  d e r a i l ,  a s  
s h o w n  h e l o w :

1 0 0 + T o n s  3 9 .5 %
1 0 0  T o n s  2 3 .9 %

7 0  T o n s  4 .9 %
5 0  T o n s  8 .9 %

Combining the 100 and 100+ ton car classes shows 63.4%., choosing the heaviest cars 
as most likely to derail. The slight increase in the 50-ton over the 70-ton class may be due 
to the greater number of 50-ton cars.

Question 7: Of the following weight groups, which are most likely to contain cars that
derail at above average rates?
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The msgority of. respondents, 58.4%, felt that personal injury accidents were indepen
dent of car length. The remainder felt that the probability of personal injury accidents 
were proportional to length with 30.6% choosing 70 foot and longer cars, 9.8% choosing 
50—69 foot cars, and 2.2%choosing cars less than 50 feet long.

Question 8: Which groups of cars are most likely to be involved with accidents resulting
in personal injuries? (Length)
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The majority of respondents, 58.4%, felt that the weight of the car was not a factor 
arid all weight groups were equally likely to be involved in personal injury accidents. The 
two heavier weight groups, 100 tons and 100+ tons, were selected by 12.3% and 20.2% of 
the respondents. Combining these two groups shows that 32.5% 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.

Question 9: Which group of cars most likely to be involved with accidents resulting in
personal injuries? (Weight)

c.0 co' ' oO O Oin  r«. r -
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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 improvements might be made to
reduce injuries to,employees:

Safety Appliances 29%
(Ladders, Handgrips)
Car Inspections . 22%
Brake System 18%
(Handbrakes, Air Coupling)
Coupler and Draft Gear 7%
Track Maintenance 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.”

2. “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 consisting of 85 cars or less is much safer for operating employees 
to handle.”

5. “Keep couplers and long drawbars oiled so thay can be moved easily when 
aligning them; also keep pin 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. Heavier cars are harder to stop and 
start, and cause additional strain on bad track. This additional strain can 
sometimes cause rail to turn over.”
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8 .1  have noticed that the newer S00 Line cars have high sill steps, and it is hard 
to get on to these cars. Also, the handbrakes on most piggyback flats are 
hard to apply, placing one in a bad position.”

9., “Newer cars-you can not change the air hose with 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.

10. “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.”

11. “Ladders should be positioned for easy access and low enough to step on.”
12. I think that the cars are safe if properly maintained and frequently inspected. 

I work every day with freight cars that haven't been maintained.”
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Question ,11: In your .opinion, which of the, following conditions best describe each type, 
of railcar with, regard to personal injury ? , t ,

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 likely tp be involved in a per
sonal injury accident. Very few chose any pf the gars unloaded as likely to be involved in 
personal injury accidents. More respondents felt the cars were likely to be involved 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 rations 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 mpst 
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 Likely

Tank-Jumbo 46.1% 9:7%
Tank - Other 32.9% 13.7%
Flat-Auto 44.0% : 13.1%
Flat - TOFC 50.9% 7,9%
Flat - Other 48.2% 8.5%

Note: The percentage of responses fpr all four categories did not add to 100% as some
respondents did not answer the question for all cars. The effect of adjusting would 
have been to raise the percentages shown. However, only unadjusted percentages 
have been used.
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A sizable proportion of respondents selected most of the options listed for this ques
tion. Only bleeding brakes (3.9%) and loading (li.3%) were not selected, with a rather high 
frequency. The remaining ranged from a low of 26.2% for coupling to a high of 49.6% for 
getting on and off cars.

Q u e s t io n  1 2 :  W h a t  o p e r a t in g  p r a c t ic e s  w h ic h  a f f e c t  th e  s iz e, w e ig h t, a n d  le n g t h  o f  ra il-

c a r s  c o u ld  h e  im p r o v e d  t o  r e d u c e  th e  r is k  o f  p e r s o n a l  in j u r ie s ?
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Question 13: Which of the cars are hardest to get on and off? (Length)

The majority of respondents, 61.4%, felt that there was very little difficulty caused by 
the varying lengths. Of those respondents specifying one size car ais 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 car̂ types are hardest, to get on.and off?. < ,

: tThe car types, were broken intoh t̂ ;digtinct< grpups;. one, pa which relatively few 
respondents thought it was hard to get on and .off, and a second, for which approximately 
50% or more of the respondents felt were hard to get on and offi 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 features of larger cars' (over 70 feet) do you feel'increase the chance of 
personal injury in yards? ■ ' ^

These categories show the features of long cars which increase the probability of per
sonal injury in yards. V

Coupler and draft gear 38%
Overhang 30%
Safety appliances 24%
Brake system 8%
Representative responses include the following:
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 csin happen. The car 
can lunge forward or the coupler can move without warning from a jammed 
position back to its normal extended position, striking the individual.”

2. ' “The hard stirrups and grab-irons make getting one off these cars veiry diffi
cult because of the positioning of the grab-irons.”

3. “The hand brakes on piggyback flats are hard to set and release-yaw are usu
ally in an awkward position while applying these brakes.”

4. “Long cars swing out more; on curve?. Most long cars have a long drawbar that 
will by-pass easy.”

5. “When ladder tracks and switch frogs are poorly maintained, these extra 
length cars do not readily slew.”

6. “So many are top heavy when loaded, and when empty are too rigid,”
7. “There is not enough ladder on the TOFC car to afford a safe boarding while

in motion.”
8. “The length of these cars in turnouts causes them to derail, and the drawbars 

are very hard to align.”

C-22



, These categories indicate areas of hazard or -ri&;&8ocfotedv yritii--the size, weight, or. 
length of railcars:

Q u e s t i o n  1 6 :  E x p l a i n  a n y  ^ h a z a r d s  o r  r i s k s  a s s o c ia t e d  w i t h , t h e  s iz e ,  w e ig h t ,  o r  le n g t h ,  o f

r a i l c a r s  t h a t  h a v e  im p o r t a n t  i n f l u e n c e s  o n  s a f e t y .

Track, maintenance more important 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 derail on curves 8%
Brake system , , v 1 . , 5%
Representative responses, include the following: - , .

1. “Covered hoppers loaded over 100, tpn — in succession of 5 cars or more.”
, “Series of heavy loads next to caboose with empties in middle of train.”
“High or wide cars placed, next to caboose. Open loads placed next to 
caboose.”

2. “Ore cars are extremely dangerous because of the' small diameter of the draw
bar and yoke assembly. They break easily which increases the chances of 
derailment firom running over the broken assembly.”

3. “Long cars in yard service require more room for clearance of cars on adjacent
''' tracks.”'’' v'’; v '■ ■' ■■ ' ’ '

4. “Not enough braking power to stop and have control when riding cars by
oneself.” '■ !' r '

r

5. “Normally* industrial tracks are poorly maintained. And, as extra weight and; 
extra length cars do have a greater tendency to derail, I believe the spotting

> and taking, off spot frOna 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.”

6. “Tank cars don’t have the right kind of grab-irons to afford a safe boarding 
while in motion.”

7. “Shiftable loads can and do cause problems. Better standards for proper 
loading may help reduce damage and possibly injury.”

8. “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 appliance defects, which probably cause more injuries than 
car type, length, weight.”

9. “Long trains with mixed freight tend to sway.”
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A PPEN D IX  D

SU R V EY  O F RAILROAD M A N A G EM EN T

This appendix lists the three questions which the Association of American 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 incorporated into 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 operating your company?

Question 2: If the average capacity 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

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

IN V ESTIG A TIO N S O F C O N T A C T  S T R E S S E S  
AND PL A S T IC  FLO W  FROM  HIGH W HEEL LO A D S*

WHEEL-RAIL CONTACT STRESSES
Introduction
The stresses in the contact zone between wheel and rail arise as a result of the various 

loads imposed oh the wheel-rail during the operation of a rail car. We thus have:
• Compressive normal stress in the wheel tread and rail crown as a result of the 

imposed normal load.
• Lateral shear in the crown (rail) and wheel tread from the lateral loads enr 

countered during curve negotiation.
• Longitudinal shear stresses in the wheel and rail surface from driving and 

braking torques. .
• Stresses resulting from the dynamic loads along all three component 

directions.
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 simple 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 investigations have been made.

The following observations can be made from these studies:
• Contact stress increases as load to the 1/3 power for a given wheel and rail.
• Stress decreases with increasing wheel diameter as well as increasing rail pro

file radius.
'Prepared by the Illinois Institute of Technology
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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 wheel-rail 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 n~ 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-l 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 points. The following 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 
stabilized area of contact has still not been reached in 45,000 cycles.

• For the current industry 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 approximately 88 to 103 ksi. This 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
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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 considered to be directly or indirectly 
responsible for various kinds of degradation 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 cunrent 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,stabilized stress band, the wheel and rail profiles will be 
stable, resulting in less deterioration, longer life, and lower costs.

• ' For this, it is necessary to investigate, in the laboratory, approaches to re
ducing 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 worn 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 positive incorporation 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 laboratory investigations, the designs and concepts should be tested at FAST 
and, later, on an actual railroad.
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FIGURE E-3 LABORATORY AND FIELD MEASUREMENTS OF WHEEL RAIL CONTACT STRESSES
FOR NEW. INTERMEDIATE. AND STABILIZED CONDITIONS



PLASTIC FLOW IN WHEEL-RAIL CONTACT

Introduction

Plastic flow of rail head is being investigated in the laboratory at IIT with Hertzian, 
simulation for various tonnage freight cars and for both tangent and curved track. Plastic 
deformation affects wheel rail surfaces significantly. The depth to which plastic deforma
tion 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 resulting residual: com
pressive stress underneath the surface. The material seems to flow forward and sideways on■ 

1 tangent and curved tracks, the degree and rate being dependent on the tonnage and angle of ' 
attack between wheel and rail.

Plastic Flow Investigation of Tangent Track for Various Tonnage Cars '

Investigations were Conducted on the IIT-GMEMD wheel-rail facility using Hertzian 
: simulation wheels (with a hardness of the small wheel equal to 4Q-43 Shore and the hard
ness of the large wheel equal to 30-32 Shore). After bringing the wheels into contact and 
loading with a prescribed load ranging up to 968 pounds, the wheels, ware rotated for a, 
certain number of revolutions of the large wheel and stopped. The plastic flow is related 
to the penetration depth “h” of the large and small wheels (Figure E-4):; This parameter 
“h” was therefore used as a measure of plastic flow for these experiments. To measure the 
above parameter, relative plastic flow, acrylic castings for both small and1; large wheels are 
obtained using the HT acrylic replica technique. The maximum number of revolutions ,

. used for these tests was 40. The acrylic castings were obtained at regular intervals.

, The acrylic castings showing the plastic deformation in the rolling contact were ana
lyzed using Talysurf profilometer with vertical magnification up to 5000. Figure E-4 repre
sents the maximum 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 o f plastic 

' ■ flow in terms of parameter “h” with the number of revolutions of the large wheel for 
t various normal loads. The rate of plastic flow of the large wheel (Simulating the rail) is 
quite large in the beginning, and it decreases thereafter with increasing number of revolu
tions, finally stabilizing to a nearly constant value after about 15 revolutions. The magni
tude and rate of plastic flow depend on the number of revolutions and applied load. It can 
be seen that the plastic flow seems to stabilize to a Small constant rate (as indicated by.

1 angle “0”) after a certain number of cycles. This angle, 0, when plotted against the normal 
■ load (Figure E-6) shows that it increases with load and seems to be stabilized slightly above, 
3 degrees 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 revolutions number — N,” 
and plotting N against 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 continues at a small constant rate dining subsequent loading 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 gain a qualitative indication 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 implemented. A ll of these plastic 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 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 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 Shored and the 
hardness of the large wheel equal to 30-32 Shore).

Plastic flow investigation 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 incre
ments. Hertzian simulation of 95-ton and 70-ton cars was obtained with normal loads of 
950 pounds and 852 pounds respectively.

After bringing the wheel in contact and loading with a prescribed load, the wheels 
were rotated at a very low speed for a certain number of revolutions of the large wheel arid 
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 the rig with suitable brackets. After each interval, the 
profile of the large wheel, across its width, was measured at a fixed location with the Talyr 
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 
(characteristic of the plastic flow of the outer rail in the field).

Figure E-8 represents the growth of plastic flow in the rail with 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 increasing loading cycles.

To quantify the extent of plastic deformation in the rolling contact, we decided to 
measure the area of cross-section of plastic flow depth around the rolling contact (A )̂ for 
70- and 95-ton cars with various angles of attack. The variation of plastic flow area (Aj) for 
95- and 70-ton cars with 0.1°, 0.3°, 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 quantitative 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 simulation. It may also be seen from this data that increases in the angle 
of attack may mpre strongly influence the extent of plastic flow than increases in tonnage.

CONCLUDING REMARKS

High-tonnage cars cause significantly more deterioration because of plastic flow on the 
rails than low-tonnage cars, for the current wheel-rail designs. The deterioration per MGT. 
increases with 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 ksi) 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 practice 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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those which will enable reduction of contact stresses below this range, considerable reduc
tion in track degradation 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 
w ill help reduce plastic flow, wear, arid fatigue-related rail deterioration.

Higher 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.
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A P P E N D I X  F

S T U D Y  A N D  E V A L U A T I O N  C O N C E R N I N G  T H E  S A F E T Y  
A N D  E F F I C I E N C Y  O F  R A I L  T R A N S P O R T A T I O N *

 ̂ The following was received from a member railroad of the Association of American 
Railroads (AAR). It provides valuable information concerning the worth of many counter

-measures that are presently available. .;

FIELD TESTS

Many tests were conducted that were designed to find 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-l). 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 oh 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 b y  a m em be r railroad o f the  Association o f A m e ric a n  Railroads
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per hour. B ou n ce and p itch  resonant response was determ ined  for 1 -1 /2 ” and 2 ” sim ultane
ous depressions, Glass 4  track. Base line results for tw o  typ ica l 70-ton  b o x  cars, Cases I and  
II, can be com pared to  tw o  o f  the largest 100 -to n  b ox  cars in m o d em  service, Cases III 
and IV :

Case I — A  7 0 -to n  b o x  car loaded to  m axim um  rail w eight, w ith  high center o f  gravity and  
resu lting high inertia.

Case II — A  7 0 -to n  b o x  car lightly  loaded b u t w ith  slightly higher cube than Case I.

Case III — A  1 0 0 -to n  b o x  car w ith  a high ro o f, loaded  to  less than m axim um  rail w eigh t b u t  
x to  an ex trem ely  high center o f  gravity.

Case IV  —A  1 0 0 -to n  b o x  car loaded to  m axim um  rail w eigh t and an ex trem ely  high center  
o f  gravity. It  has th e  h ighest inertia m om ents ab ou t all three axes o f  any 1 0 0 -to n  
car in  service in  th e  continental U nited  States.

T he graphs in Figures F-5 through F-9 show  the resonant response o f  th e  7 0 -to n  and  
1 0 0 -to n  base lin e  cars w ith  conventional co lu m n  guide friction  dam ping o n ly  com pared to  
th e  response resu lting from  additional spring group dam ping applied in  th e  form  o f  a co m 
m ercially  available hydraulic stabilizer th at has been approved b y  the A ssocia tion  o f  A m eri
can Railroads for th e  rocking control o f  sensitive high cen ter  o f  gravity cars. Surface wear  
and adverse environm ental cond itions such as m oisture, hydrocarbons and other friction  
surface contam inants all ten d  to  reduce th e  level o f  dam ping force available so  th at th e  
response sh ow n  w ith  co lu m n  friction  dam ping on ly  is at th e  m ost e ffec tiv e  friction  dam ping  
level available over th e  life  o f  th e  car. The colum n friction  dam ping levels used  are con sis
ten t w ith  pub lished  values for one o f  the m ost com m on  form s o f  co lu m n  friction  supplied  
to  th e  industry  over th e  past 20  years. The friction  force levels, ± 4 5 0 0  p ounds, are th e  sam e  
for b o th  th e  70. and 100-tori trucks. The hydraulic dam per characteristics, applied as a 
counterm easure, is n o t  the sam e for the 70-ton  and the 1 0 0 -to n  eq u ip m en t as show n in the  
attached  hydraulic stabilizer characteristic curves (Figure F -4).

T he veh ic le  m od el used  for th is study has been validated  on various rocking te st  facili
ties as w ell as instrum ented  road tests w here th e  dynam ic rail profile was m easured along  
w ith  th e  resu lting response o f  the freight car. Track surface variations m ay occur in any  
com b in ation  on  eith er rail. H ow ever, the half-staggered 3 9  ft. incidence is d ou b tless m o st  
typ ica l as is th e  occasional sim ultaneous depression or bu tted  jo in t e ffe c t  that occurs w her
ever rail jo in ts ate riot staggered or w herever track m aintenance con d ition s are abruptly  
changed at bridges, grade crossings, sw itches, etc . A lthough response from  sim ple vertical 
inputs used  in th is stu d y  are special cases, th ey  can be readily com pared and related . T he  
sm o o th , m od ified  sine w ave used to  describe the vertical profile o f  th e  urideflected  rail 
results in m axim um  rocking or vertical energy iriput a t resonance for a given depth  o f  d e 
pression or cross-level change. ,

T he com p u ter  stu d y  com pares the responses o f  typ ica l 70-ton  loaded cars w ith  cur
rently  available state-of-the-art suspension on the largest and heaviest freight cars in m o d em  
use. R esu lts sh ow  th e  inadequate dam ping generally supplied  w ith  con ven tion a l co lum n  
guide friction  groups on track surface w hich can be encountered  w ith  regularity. The FR A
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FIGURE F-7 EFFECT OF SNUBBING ON SPRING MOTION
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FIGURE F-8 EFFECT OF SNUBBING ON VERTICAL WHEEL LOADS
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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 likelihood of a derailment 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 manifold 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 dp 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

F-12



7 0

6 0

5 0

4 0

3 0

20

10

0

1 0 0 - t o n  o p e n  t o p  h o p p e r  ( H - 1 1 )

A A

N o  s u p p l e m e n t a r y  s n u b b i n g  

4  h y d r a u l i c  s n u b b e r s .  

T a n g e n t  t r a c k  

2 "  s u p e r e l e v a t i o n  

4 "  s u p e r e l e v a t i o n  

6 "  s u p e r e l e v a t i o n

~ r
1 / 4 3 / 8

/ ' /

1/2 5 / 8 3 / 4 7 / 8 I I/8

T r a c k  P r o f i l e  C r o s s - L e v e l - D i f f e r e n c e  ( i n c h e s )

F I G U R E  F - 1 0  D I S T A N C E  T R A V E L E D  U N D E R  Z E R O  W H E E L  L O A D  C O N D I T I O N  

A T  R E S O N A N T  S P E E D  F O R  V A R I O U S  T R A C K  C O N D I T I O N S



3/4 inch with 1-1/8 inch profile difference on 6 inches of superelevation; for the unsnubbed 
car the wheel lifts for this same profile and superelevation are in excess of 4 inches.

TECHNOLOGICAL IMPROVEMENTS

The railroad industry is of a rather peculiar nature diie to its great interdependence. 
This has led to many good effects such as the setting of standards and the keeping of statis
tics related to reliability of components^ Ref. AA R  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 being the accepted weight and length maximums.

Railroads routinely operate 8,000 — 16,000 tori 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 annum some 
improvements to .operations which have been made are listed below:

1. The use of radio controlled equipment —  “Locotrol” manufactured by Radia
tion Incorporated and New York Air Brake Co., or “R M U ” manufactured by 
Westinghouse Air Brake Co., commonly referred to as RCE-1. From a train 
handling aspect, the use of RCE-1 can provide improved operation in trains of 
high gross tonnage. The specific advantages are;
a. Faster initial charging times —  about one-fourth the time of a regular 

train: , .. ■■
bi Shorter stopping distances due to faster brake responses throughout the 
; ' 'train. ' '  i-' ■ > •
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 approximately 4 times faster,:
e. Reduced drawbar stresses allowing heavier trains on heavy1 grade territory.
, f. Increased energy available for brake control in stopping and grade braking 

due to faster recharge.
2. The general improvement of freight car braking, systems, reducing train stop

ping distance and. release time, , through evolution to. AB, ABD and A B D W  
braking valves. Also a brake shoe force specification 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, rim 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 castings:
A. Bolsters —  Grade C A A R  Spec. M-201
B. Couplers —  Grade E A A R  Spec. M-201
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' 6'. TKe use of 5160 alloy railway suspension springs with improved fatigue life
over did C-109 carbon steel springs. ' '

7. Heat treated body center plates to improve fracture toughness and wear sun-. .. 
faces flame hardened to reduce wear. An increased diameter center plate 

........ resulting in reduced cen^rplate, stresses. Beveled center plates to reduce
stresses from ppint contact during rock and roll.

8 ... Constant contact side bearings and hydraulic snubbers to reduce truck hunt- 
ing and rock and roll tendencies.....

9. The redesign of the 28-in. wheel used on many autoveyors by the A A R  in 
1974 to improve plate strength “D-28”. v “ !

10. Special heat treated trailer hitches on TdFC cars to reduce wear.
11. Fuel savings due to lower rolling resistance per ton of 100-ton cars compared 

• with lighter cars.
- 12. The development of locomotive simulators manufactured by Freight-Master

and Singer-Link to train locomotive engineers in handling heavy trains.
13. Improved rail sections and metallurgy. These factors are considered in every 

track maintenance plan.

The above technological improvements are not applied indiscriminately to all cars but 
rather are applied on an “as needed” basis based on such factors as terrain over which oper
ated, type of service, climate, etc. It should be pointed out that the derailment rate on new 
100-ton c'aris with improved susperisibn 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 technological 
improvements. m  car, locomotive and track components. The product of these improve
ments is the heavier, longer, faster and more efficient modem freight train. Much of the 
potential benefit from the modem freight train would not have been realized had there been 
no recognition of the need for changes in the railroad’s phyisical plant. Much additional 
resource has gone into the rebuilding and rearrangement of yard and passing track and 
related facilities to enable the efficient make-Up and over-the-road movement of the large 
trains. ' '
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