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EXECUTIVE SUMMARY

A. OVERVIEW OF TRACK MAINTENANCE PROJECT

The subject of deferred maintenance in railroad plants and equipment,
and the consequences thereof, has received considerable national attention
since the late 1960s. An issue of particular concern within this génera]
subject area has been the frequency and impact of freight train accidents
caused by deficient track conditions or inappropriate train speeds. Public-
reaction to this issue led Congress to direct the Federal Railroad Adm1n1stra-
tion (FRA), in 1971, to establish track safety standards setting forth

minimum safety requirements for specific track conditions. The promu]gation
~ of such regulations together with the passage of time since their enactment
raises two interrelated questions: (1) Have the track safety standards
contributed to the reduction of track-related accidents? and (2) Have the
track safety standards encouraged the allocation of higher Tevels of resources
for track maintenance with the purpose of reducing or eliminating deferred
maintenance? ' '

The purpose of this study was to 1nvest1gate and, as far as possible,
quant1fy the decision-making process for railroad track maintenance (T/M)
expenditures in order to: (1) describe how federal track safety standards
have influenced this process and (2) explore the possibility of predicting
the impact of changes in safety regulations on T/M spending for all U.S.
C1ass’I railroads or selected groups of railroads. A related objective
was to use publicly available data to build mode]s of track-related acc1dents
and ‘train speeds- '

/

FINDINGS

In spite of the limitations imposed by the use of publicly available

data, this research has produced several interesting insights into the effects
of the federal track safety standards. The standards were intended to reduce -
track-related accidents'by imposing speed restrictions in accdrdance with

track conditions. If the reduced speeds were imposed on high density Tines,
the increased operating costs associated with decreased car and locomotive



utilization would provide the economic justification to increase maintenance
expenditures. . If, on the other hand, the increased operating costs were

not sufficient to stimulate increased maintenance activity, the lower train
speeds would enhance safety.

TracktMaintenancé Expenditures

“The results do indicate that the imposition of the standards has had
the predicted impacts on both track maintenance spending and on train speeds.
In the years since the standards were imposed, there has been a statistically
significant increase in the proportion of railway revenues which has been
devoted to track maintenance. As might be expected, thbse.rai]roéds whiéhvf
' oberate trains at higher speeds‘éppear to be more'sensitive'to the introduction
of the safety standards than those which operate with Tower system speeds.
In contrast, the group of carriers which have very Tow system speeds were
not affected by the standards, possibly because the speeds at which they
- operate were already lower than those which might be imposed by the federal
standards. Profitable railroads were also found to be more sensitive to
the standards, perhaps because they possess the resounces to undertake
rehabilitation efforts.

 Train Speeds

Average train speeds have also been influenced by the imposition of
the standards. The models indicate that the standards have had a statis-
tically significant negative influence on average train speeds. However,
this result must be considered in light of other influences, such as fuel
conservation efforts, which may also have had negative influences on
operating speeds. S ' ’

Accidents -

The major area in which the standards have not had the intended effect
. §s in the reduction of the number of track-related accidents. In spite

' of the imposition of the standards, the accident rate has not decreased;
‘rather, it has increased. It is possible, of course, that the imposition
of the standards prevented a much Targer increase in the accident rate,

but it is not possible to investigate this hypothesis.

X1



' The industry, however, is sensitive to accident rates in the maintenance
budgeting process. Carriers which are profitable at higher average speeds,
or which have numerous high density lines, are more sensitive to the accident
rate than are slow, unprofitable, or low density carriers.

-STRUCTURE OF THE RESEARCH

In order to relate the objectives of this research to the general problem
of reducing track-related accidents through safety standards, and in order |
to define the scope of this study, it is usefu] to conceptua11ze the inter-

" actions which are involved (see Figure ES-1). The .operating speed,11m1ts and
‘T/M expenditures have an effect on track-related accidents, income, market '
~ share, equipment uti]iiation, etc., which in turn provide feedback to the
dec1s1on-mak1ng processes, both directly and 1nd1rect1y, through public

track safety regulat1ons

The area of this study is encircled in Figure ES-1 and is Timited to under-
standing the decision-makihg processes related to the selection of speed
Timits, the setting of track maintenance expénditure levels, and the direct
and indirect feedback effects on these processes. The scope of the study
was limited to the Class I railroads that operated in 1978 and the 16
year period from 1962 to 1977.

Finally, it is important to note that, in this study, the term "track
maintenance" (or, simply, "maintenance") has a different meaning than the
industry's standard notion of "maintenance of way"; track maintenance expen-
ditures include expense and capital items primarily related to track and
exclude expend1tures for some structures.

Research Plan

The approach used to accomplish the objectives of this research included
a literature search, field interviews with Federal Track Safety Inspectors
and railroad officials, formulation and testing of hypotheses through conceptual
models and case analysis, and multivariate analysis of time series data in cross
_ sections. The specific tasks and the products from each are shown in Figure ES-2.

xi1
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Task 1--Interviews

The purposé of Task 1 was to explore the decision-making process for
T/M expenditures, identify potential explanatory variables, and develop
hypotheses to be tested. Task 1 was divided into two phases. The first
phase, a literature search, was conducted to 1dentify information available
on railroad managerial processes, especially in relation to T/M expenditures,
and to»discover how these processes have varied over time.

In the second phase, a total of eight interviews were conducted, seven
~with senior officials of Class I railroads and one with a Federal Track

| Safety'fnspector. The railroads whith were chosen for interviews were

" selected. by the project team with the advice and consent of the Technical
Monitor.

The railroads that were selected for interviews were chosen on the
basis of (1) size, (2) financial condition, (3) overall composition of lines -
(e.g., main vs. branch), (4) traffic characteristics, (5) maintenance
philosophy or policy, and (6) method of organization (to the extent such
characteristics were clearly discernible). A ‘

The main objective of these interviews was to characterize the railroad
decision-making process for setting T/M expenditure levels and the role
of federal track safety regulations in this process. '

Important considerations in the selection of railroads include: (1) size,
(2) financial condition, (3) overall composition of lines (e.g., main vs.
branch lines--to the extent that overall composition is clearly distinguishable)
and track miles, (4) basic traffic characteristics (e.g., coal in unit trains
vs. [TOFC], (5) maintenance philosophy or policy and extent of mechanization,
and (6) method of organization (to the extent such characteristics are clearly
discernible). Many of these charaéteristics overlapped, so that even with ’
a small sample, it was possible to obtain a fairly good cross section.

Task 2--Hypothetical Case Study

In Task 2, the research team formulated and parametrically solved a
series of hypothetical railroad decision problems. These problems simulated
railroad decision-making with regard to the selection of speed limits and

XV



associated levels of scheduled track maintenance expenditures on individual
lines of road. Research questions of interest were: (1) How do railroad
managers make decisions on operating speed 1imits on individual 1ines? and
(2) How do they decide on the level of T/M spending which should bé under-
taken for given speed Timits? In addressing these questions, a key parameter
was the federal role (in the form of track safety regulations).

Task 3--Compilation of Data

In Task 3, hypotheses of T/M expenditure behavior and a list of explana-
tory variables were developed. In order to test these hypotheses, a data
base was prepared cons1st1ng of h1stor1ca1 T/M expendijtures and phys1ca1
'quant1t1es of ra11s and ties, as we11 as the exp]anatory variables.

Task 4--Analysis .

This task required a statistical study, uéing the data developed in
Task 3, of the level of track maintenance performed by the U.S. Class I
railroads. Several explanatory variables were included: a measure of the
railroad's need to perform maintenance, as determined by its level of traffic;
amount of track; train speeds; the railroad's abi]ity to perform maintenance,
as measured by its financial condition; and the pbtentia] benefits of
increased T/M investment, as measured by train speeds, accident levels,
and. costs. 2 : -

Special attention was given to the period covering the imposition of
the FRA track safety standards to determine what effect, if any, the standards
have had on track maintenance. If, during this period, maintenance expendi-
tures rose and train speeds and accident rates decreased (noting the time '
lag between maintenance expenditures and decreased accident rates), it could
be assumed that the track standards achieved their objective. If,'on the
other hand, maintenance expenditures decreased and accidents and/or train
speeds increased, it could be assumed that the standards failed to achieve
‘the intended effect. |

Task 5--Impacts of Changes in Safety Regulations

In Task 5, the research team explored the question of how the results
of the preceding tasks might be used to predict the impacts which hypothetical

- xvi



changes in federal track safety regulations could have on T/M expend1tures
by Class I railroads.

THE NEXT STEP

While these findings have illuminated some of the effects of the FRA
safety standards, they do not say anything about how the standards might
be altered or improved to increase their effectiveness. This cannot be
accomplished without an objective measure of track condition which has been
statistically related either to the occurrence of track-related accidents
or to the level of maintenance ekpenditures,-‘Figure ES-3 i1lustrates the re-
lationship between maintenance activities, track condition, accident rates,
and safety standards. The research detailed in this report investigated the
relationships labeled "A" and "B".

The next logical phase of research is noted as "C" and "D" in Figure ES-3.
The collection of specific, disaggregate track condition data on specific '
railroad 1line segments, as well as the corresponding accident data, will
pérmit a statistical analysis of the relationship between the two data sets.
Alternative means of represent1ng track cond1t1on should be explored,
51nc1ud1ng the possible formulation of a we1ghted Track Quality and Use Index.
The development of such an index would provide a meaningful basis on which
to predict accident probability. Moreover, the index can provide the means
to assess what maintenance expenditures would provide the greatest reductions
in accident probabijlity.

xvii
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B. . METHODOLOGY

Besides a survey of the 11terature, two methods were used to explore the -
decision framework for T/M spending. Initially, project members interviewed
FRA and senior railroad officials. After all interviews were completed, _
a comprehensive hypothetical case study was used to explore key relationships
suggested in the literature and in the discussions with rai1road managers
. and FRA safety officials. E 1 R

Interviews

The basic purpose of the interviews_was to investigate the role of
the Federal Railroad Administration's track safety standards and the cost
of track-related accidents in the overall decisioh¥making process for railroad
maintenance-of-way spending. Important research questioné-inc]uded:

1. What is the influence of FRA track Stahdards on operating
speed limits, and the influence of speed limits on the
provision of maintenance funds?

2. Do FRA track standards cause railroads to increase
' maintenance-of-way expenditures for the improvement
of deteriorated track conditions?

3. . Have the track standards improved the safety experience
of railroads? ' '

To address these research questions, in-depth pérsona] 1ntérviews were
conducted with 40 senior officials of 7 Class I railroads. The selection
of sample railroads was designed to encompass a full range of differences in
climate, terrain, size, financial conditions, network characteristics, and
traffic mix. Many carriers had overlapping characteristics, so that even
with a small sample it was possible to obtain a fairly representative'crdss
section.

Xix



Project Identification

Inspections, standard maintenance programs, and safety all play important
roles in project identification. Section men, assistant track supervisors,
roadmasters, and senior officers (sometimes including the company president)
perform on-site jinspections. Visua1 inspections concentrate on roadbed,
ballast, rail sections, and ties. Section men usually pekform detai1éd
monthly inspections, while senior staff members 1nsﬁect at least the principal
line segments as often as three to four times per year. In addition, rail
test car inspections are made two to three times per year over main lines-
and once per year over branch lines; some railroads also make track geometry
car inspections. ‘ S o

Safety

Accident experience, hazardous materials routes, and FRA track safety
standards are part of the project identification process. While accident
experience is considered to be extremely important, no explicit "trigger
levels" (in terms of cost per accident or number of accidents) guide project
identification. Instead, management relies on a case-by-case approach and
"subjective judgment.

The general pattern of decision making also requires the identification
of key hazardous materials routes. These routes usually receive greater
attention in the work b]an, particularly when the routes include Tower density
branch lines.

- The imposition of FRA track safety standards has, in general, increased
the number of viéua1’inspectionS~performed each year. The influence of
track standardé on cycle maintenance planning, however, varies inversely
with the carrier's financial strength.. For weak roads, it is often FRA
standards thét prescribe levels of required maintenance. For strong roads,
track standards often do not significantly affect the work plan.

Project Evaluation

- In general, decision making in the evaluation phase occurs on a
system-wide basis within the framework of strategic objectives and leng-range
planning. Project evaluation, howevef; is highly centralized. While division-
level decisions in both the identification and evaluation phases concentrate
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on replacement-in-kind projects, major capital programs and planning are

part of the top-level review process. Most firms are pursuing more sophis-
ticated and accurate methods for identifying and evaluating work requirements
~and capital programs. To a significant degree,‘however, the level of sophis-
tication, as well as the length of the planning horizon, depends on the
financial resources of the carrier.

Operations/Service Objectives

Consistent, on-time performance over strategic routés was cited by
the railroads as the primary service objective. Train speeds depend primarily '
on the carrier's service strategy, which, in turn, is a function of the
geographic, traffic, and finantial.profile of the carrier. For most of
the carriers, operating speeds set in accordance with service priorities
ranged from 35 to 50 mph on main lines and from 20 to 30 mph on branch. Tines.
Where network and geographical conditions permitted, carriers that faced.
stiff competition for time-sensitive traffic operated trains at speeds of
60 mph or more. ' ' ‘

For several carriers, the provision of specialized types of equipment
for. key market segments was also an important service goal. Although senior
~officials were aware that heavier cars would require considerably more track
maintenance, a formal analysis of the relationship between increased mainte-
nance costs and increased car size or weight was not undertaken.

Mainfenance-of-wéy Objectives

The objectives of the maintenance function are keyed to the achievement

" of strafegic“service goals and priorities. Generally, the goal was to provide
an infrastructure cabab]e of Supporting the firm's service objectiVes. Fof'
carrier management teams which explicitly assumed a viable, profitable opera-
tion in the long run, i.e., over the next 30 years or more, preserving the
structural integrity of the system was a top priority. Policies and programs
were designed, therefore, to prevent substantial borrowﬁng against the future.
A Tong-term goal for most of the carriers, of course, was to abandon some

line segments.

The basic short-term objective for the more prosperous railroads was
to stay even, i.e., to maintain and preserve existing levels of plant integrity
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where the level of traffic or earnings justified normalized maintenance.
More precisely, the typical policy was to recoup maintenance deférred during
lean years on imbortant Tines (those experiencing ten million gross tons

per year) and/or upgrade segments when estimated future earnings warranted
new investment and funds were available. Low density or marginally profitable
line segments, on the other hand, received only "adequate" maintenance--
maintenance that met minimum safety standards. |

For carriers that were cdnfronted, aftér years of deferred maintenance,
with deteriorated track and structures, the overall short-term goal was
to restore main line track and yard -to meet shokt-term objectives without
cOmprOmisfng, if possible, short-term profitability, Although it was hard
‘to make a mistake in project selection, priority was given to strategic
routes with subsequent "cascading" of rail, replacing of defective rail,
upgrading of crews (using fewer men with better equipment), and providing
only minimum maintenance necessary to correct FRA inspection violations
(thereby concentrating on the "really weak areas"). The immediate concerns
were to maintain strategic routes above the minimum levels required by FRA
standards for desired speeds, keep important traffic moving, and provide
consistent deliveries. Slow orders on important 1ine segments had to be
removed in order to permit main 1ine speeds in excess of 30 mph. The basic
strategy was to establish financial viability, seek rate increases, expand
maintenance programs, rebuild the system, and provide safe and dependable
service.

Safety

Safety considerations had varying levels of influence on project evalua--
tion and-maintéhénce decisions. Although safety had Tittle overall impact
on the size of the total maintenance-of-way budget, accident experience
and, sometimes, track safety standards significantly influenced the allocation
of maintenance funds. While senior officials knew that derailments created
““"enormous" losses and that operating safety was an important objective,
it was well known that causes of the derailments were difficult to assess.
The prevailing viewpoint was that not much was known about the effects on
track-related accidents of large cars and unit trains moving over well-
) maiﬁtéghed traﬁk at re1ativé1y high sbeeds-(but consistent with maintenance
conditions). It was argued, for example, that half of all accidents reported
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as track-related were not rea]]y caused by track problems. Unexplained
accidents had occurred on stratégic 1ine segments with the highest maintenance
standards. That accident experience led some carriers to reduce train speeds
whi]e still maintaining track at levels required for higher speed operations.
_The reduction in high train speeds on main lines, in turn, led to a dramatic
reduction in unexplained accidents and has become an important part of the
rationale for establishing consistent, rather than fast, delivery times

as a strategic service objective.

For financially strong carriers, track safety standards had Tittle _
effect on the amount or allocation of funds.. Their view was that FRA standards
prescribed’miniha]-méintenance condjtfons. On high-density Tines, company
standardsAsubstantia11y exceeded FRA requirements, i.e., maintenance‘practices
at Teast met the standards for the next higher class of track. On Tow density
but important branch lines, the same practice was followed. When traffic
or earnings did not support this maintenance policy, minimum safety requirements
were essentially the only consideration; maintenance activity'was:placed in a
holding pattern, and temporary slow orders were accepted. Eventually, the Tine _
segment was downgraded to the next lower class of track, and permanent slow
orderé were accepted. Minimum FRA standards then became the normal maintenance
requirements. N

On the other hand, FRA track safety standards often prescribed the
maintenance-of-way requirements for financially weak carriers. In order to
attain strategic service objectives, these firms had to eliminate slow orders
or upgrade track to meet minimum standards for the class of track that
' permitted desired operating speeds over strategic routes. In this situation,
“the rail defect car test results generated considerable pressure to relay |

rail. " '

Finally, FRA regulations caused the carriers to devote additional (albeit
mirior) resources to administrative tasks (e.g., training) and, in some cases,
to more frequént visual inspections. The prevailing view, however, was that
additional inspections add little if anything to safety and are made only to
comply with regulations. Senior executives of prosperous carriers, in
particular, felt that track safety standards worked to dilute the effective-
ness of ongoing programs. Managers pointed out, for example, that FRA

regulations treat many defects identified by an inspection car as equally
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in need of corrective action. A1though some defects are obviously worse
than others, each must be repaired immediate]y Often 10 mph s1ow orders
are applied to defective rail that is not replaced, even if the repa1r adds
nothing to safety. Such actions have caused resources to be diverted to
repair track segments that were already scheduled for maintenance, thereby
disrupting planned maintenance cycles and reducing the efficiency of mechanized
maintenance gangs. Thus, a disincentive for inspecting more track than the
law requires is created: the firm cannot afford to find minor defects that
have 1ittle to do with actual safety but must be repaired immediately. Test
car inspection instruments, moreover, are viewed as imprecise. Managers. see
safety more as a function of age (of rail), traffic density, equipment (axle
1oads, type and length of car, or Toad capacity), and speed rather than of
technical specifications set forth in FRA track standards, e.g., the numbek
of defective ties per line segment. Thus the prevailing viewpoint is that

" track standards mean fewer maintenance options and a less effective ma1nte-
nance program.

Key Findings

+ The Tevel of maintenance expenditures is a function of several
- factors; the most important of which is the available operating
revenue. ‘ '

- Maintenance expenditures are frequently viewed from the perspective
of the percentage of operating revenues devoted to maintenance.

- The percentage of operating revenues devoted to track maintenance
~ is normally determined by the profit targets of the carrier.

-« During periods of declining traffic and revenue, the track mainte-
nance budget is often dealt a double blow since (1) the available
revenues are reduced and (2) the percentage of revenues devoted to
track maintenance is often reduced.

. Identification of maintenance projects is usually initiated in the field.
At each successive level of review the scope of the work plan is reduced
to conform with the budget limitations.

- Safety and accident experience are major considerations in both the

project identification and project evaluation phases. Hazardous
material routes frequently receive special considerations.
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« The effect of the FRA safety standards on Tlarge railroads is minimal.
The most severe problems stem from the disruption of planned mainte-
nance activities to correct problem areas identified by inspectors,
even if the area is scheduled for work at a later date. Additionally,
the standards exerted pressure to 1imit rail inspections to the
numoer of defects that can be replaced quickly.

< On financially weak carriers, the standards often served as goals
that carriers attempt to meet in order to satisfy service objectives.
The elimination of slow orders imposed by- the standards is often a
primary objective of the maintenance program.

Hypothetical Case Study

The hypothetical case study provided an effective véhjc]e for 1dehtifyihg
~and diséussing the complex set of interactions among key factors. The purpose
was to develop and refine further the conceptual foundation necessary for the
construction of hypotheses about T/M decision-making behavior. The focus,

in particular, was on the relationships between safety (track standards,
accidents, and ‘hypothetical policy optiqns), train speeds (including the
economic incentives that influence train speed), and levels of T/Mvspending.

Alternative track maintenance programs were evaluated for hypothetical

main and branch line segments of a medium-sized and financially weak Class I
railroad. Other than abandonment, the program levels of investment considered
were minimum short-term, minimum long-term, and rehabilitation long~term. The
short-term minimum level effort means the level of spending required only to
meet present FRA track class requirements for the short-term. Acce]erated
track deterioration and increased risk and incidence of accidents will result.
Eventually, temporary speed restrictions will become permanent whén the track
- is downgraded to the next lower track class. '

The minimum Tevel long-term program will pefmit main line ségments to
stay in the same (Class 3) tfack status, and permit 30 mph train speeds on
designated sections of the'N branch line. This program, however, does not
provide the spending necessary for normalized requirements. Consumption of
the infrastructure will occur at a greater rate than maintenance rep]acements;‘

The long-term rehébi]itation program will restore the track to normalized-
conditions at the end of 5 years. The substantial investment in property
will assure train operatibns at Class 3 speeds Cs‘40 mph) on main lines and
25 to 30 mph on both branch Tines.
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Besides initial project costs, increased track maintenance expenditures
that result from increased track deterioration for different program levels of
investment were included in the analysis. Benefits included savings in ordinary
@rack mairtenance and savings in train operations. Savings in train operations,
in turn, were estimated for equipment, labor, fuel, and accident avoidance.

Several fundamental relationships emerged from the cost-benefit énai;ses.
The following results, however, should not be viewed -as generalized principles,
but rather as illustrations of relationships and issues confronting the decision-
maker. )

- Speed-related benefits (labor and equipment savings) have the greatest
impact -on the IRR results for high density line segments. For example,
for main lines, speed-related savings comprise from about one-half to
two-thirds of the total dollar benefits, while corresponding savings
for branch Tlines represent less than one-tenth of the total; the reason
is that equipment and labor savings are a function of the reduction in
time and the volume of traffic.

-« Conversely, on low density lines, T/M or accident cost avoidance has
~ the greatest influence on internal rates of return. :

- Track safety regulations, at least to some extent, affect the decision
process. If, as suggested in this case study, speed-related savings for
high density Tine segments range from 50 to 67 percent of total savings
and, as already noted, speed (length and consistency of transit time)
is a key determinant of service and, -ultimately, of freight revenues,
then speed restrictions should provide a very effective incentive
for railroads to meet corresponding track safety standards.

« On low density lines, however, the case analysis indicated that speed-
related savings and service were not key factors in the investment
decision. Instead, avoidable (accident and track maintenance) costs
were dominant. Safety standards for the lowest track classification,
therefore, will probably serve as a floor. Higher levels of investment
will be made only when (1) the avoidable costs are sufficient to justify
the decision; or (2) the actual or potential revenue generating capacity
of low density Tine segments (individuaily or in the aggregate), when
viewed as part of the entire system, justifies the investment.

STATISTICAL ANALYSES

- The statistical éna]yses focused on three areas: track maintenance
spending, track-related accidents, and system train speeds. To a considerable
extent, the accuracy, aggregation, and availability of data from public sources
restricted this task. Given publicly available data, the smallest unit of
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observatiqn is the Class I railroad, while the unit of time is 1 year.
Variable measurements, therefore, represent annual systemwide averageé. This
level of aggregation means that the study results provide only a general
profile of track maintenance, accident, or train speed behavior in response
to the multiplicity of overlapping influences on such behavior.

The analytical technique used to develop final statistical models
and test hypotheses was random coefficients regression (RCR). The
nature of the study (time series and cross sectiona]) made RCR essential
from a statistical, théoretica], and logical point of view.

" Track Maintenance Expendituré Mode]é'

ATthodgh statistical analyses were conducted in three related
areas, the primary objective was to explain track maintenance behavior.
Both financial and physical measures were used fo represent track mainte-
nance activity. For expenditure models, the research questions were:

« Which variables best explain how current»operating‘revenues
avai]ab1e to a railroad are allocated to track maintenance?

"+ - Does a railroad devote a decreasing, constant, or increasing

proportion of its available resources to track maintenance-

in response to key variables?
To answer these questions, regression models with track maintenance
expenditures per track mile (TMEXP) and track maintenance expenditures
as a proportion of total annual operating revenues (TMRATIO) were . _
estimated. Both for a priori reasons and for purposes of regulation and
control, variables representing speed (the change in average system
train speed or A SPEED), accidents (fhe number of accidents per million
gross ton miles, lagged one year (ACC)t_1, and the frequency-severity
accident indexes (SI])t_] and (SIZ)t_]), and the introduction of FRA
safety standards (DUMMY) were entered into models on an obligatory
basis. Because measurements for accident indexes were available only
for an eleven-year (1967-1977) period, models were'developed for two
time frames: (1) 1962-1977, where (ACC)t_1 was used and (2) 1967-1977,
where the indexes (SI])t_] and (SIZ)t_] were included.
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In addifion, analyses of track maintenance expenditure models were
made for two different levels. Initially, industry models were developed
and evaluated. Subsequently, final industry models were tested on six
subgroups. : ’ -

Key Findings

The results indicate that available operating revenues heavily
influence industry track maintenance expenditures. Yet, operating
reVenue per track mile (REV) 1is highly collinear with other a priori
~variables of interest. Thus, the track maintenance ratio model (TMRATIO),
which permits REV to be removed as an exp]anatory'vdriab]e but keeps REV
-in the model equation and avoids the use of possibly deficient deflator
data, was conceptua11y superior.

Safety-Related Variables

“In TMRATIO models, safety-related variables are statistically
significant predictors. In particular, the years since FRA standards
were instituted are associated with a 1 percent increase in the
proportion of revenues allocated to industry track maintenance expen-
ditures. Also, track maintenance expenditure allocations showed a
significant positive response to unit increases in accident rates. The
Tink between safety standards and track maintenance expenditures, however,
must be viewed with caution. The statistically significant upward shift
in average track maintenance spending after 1972 may be the result of
factors such as major renewal programs which, in turn, may have been the
~result of growing revenues or of anticipated growth--in coal or grain
traffic for example--or of strategic goals that requ1re upgrad1ng service
qua]1ty ‘

Furthermore, the analyses of railroad groups indicate that safety-
related variables exhibit differential effects on various groups. Track
maintenance decisions of railroad companies that operate trains at
higher speeds appear'to be more sensitive -to accident rates and the
introduction of FRA safety standards than similar decisions of companies
that have slower average system train speeds. As one might intuitively
expect, railroads with very Tow operating speeds seem not to be affected -
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by FRA standards in their track maintenance allocations perhaps because
the speeds are already so low that the standards do not serve as a
disincentive to low track maintenance allocations, or perhabs because
the carrier lacks the resources to undertake the major upgrading which
would be required. | '

Large railroads appear to be more sensitive in their maintenance
decisions to accident rates, perhaps because'they possess the resources
to undertake major rehabilitation. Profitable railroads appear to be
more sensitive to accident rates and to the establishment of the FRA
standards, while high density 1ines seem more sehsitive to. accident
rates than low density lines. - |

For regional groups, the track maintenance expenditures of southern .
railroads appear more responsive than the expenditures of northern '
~carriers to accident rates. Finally, for the passenger group, all
models show accident variables with statistically significant coefficients

that are larger for the passenger than for the nonpassenger groups.' Not
surprisingly, TMEXP and TMRATIO for railroads with passenger operations
are more responsive to-(ACC)t_] than carriers without such operations.

Traih Speed énd~Car Weight

Overall, the change in average annual system train speed (A SPEED)-
was not a significant factor'in the study of track maintenance spending.
In regression equations for all railroads, A SPEED was not a statistically
significant predictor of TMEXP or TMRATIO. In the analyses of subgroups,
only TMEXP was responsive to A SPEED in medium size, Tow ROI, or low
density railroad groups.“ For these groups,. a reduction in average
annual system train speed has a significant positive effect on the
prediction of nominal track maintenance expenditures per track mile.

On the industry level, although average system car]oad weight
(WEIGHT) has a significant direct effect on nominal track maintenance
expenditures per track mile (TMEXP), it is not a significant predictor
of real resources devoted to track maintenance (TMRATIO). For speed
© groups, a]thodgh significant relationships are found in the low speed
group, WEIGHT has a significant influence on the prediction of both
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track maintenance expenditure measures only in the medium speed group.
Un]ike,épeed groups, network-size groups show no significant relation-
ships between WEIGHT and TMRATIO; when TMEXP is the dependent variable,
statistically significantAre]ationships occur only for the medium and

the large network levels. For ROI groups, WEIGHT does have a significant
effect on both track maintenance measures, but only at the low ROI

level. The results for density groups are mixed; contrary results for
medium and high groups as dpposed to Tow density groups make interpre- -
tation difficult. The results are clear, however, for regionaT operations.
Track maintenance expenditures of the northern group appear more sens1t1ve
to changes in average system carload welght Finally, for passenger
operat1on versus nonpassenger operation groupings, no patterns are
apparent with respect to WEIGHT and track maintenance measures. |

Tie and Rail Replacement Models -

The second approach taken for the analysis of track maintenance
activity was to estimate tie and rail replacement models. Besides the
variables found statistically significant in the industry level study of
track maintenance expenditures, a price index ratio (PIR) and the proportion
of continuous welded rail (CWRAIL) were tested. -Other operating variables
such as DENSITY, SIZE, and LENGTH were not evaluated because they measure
much of the same theoretical influences as WEIGHT.

Other than REV, no variable is significant in any regression equation
for all railroads, and REV is significant only in the TIES model. 1In
equations for carriers, other variables are significant, but changes in
signs or in significance make interpretation difficult.

Accident and Speed Models

In developing final accident and speed models, variables considered
essential (both a priori-and from the point of view of regulation and
pontro]) as well as nonobligatory variables were tested. For accident
models, the ob]igatdry predictors were DUMMY, WEIGHT, and alternatively,
(TMRATIO)t_], (TMEXP)t_], or (REV)t_1; others tested were ROI, (TIE)
(RAIL)t 10 LENGTH and DENSITY. Regardless of the combination of
variables, acc1dent models did not give useful results, primarily

t-1°
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because a meaningful measure of track condition could not be included in
the models tested, and because the level of aggregation tended to blur
the effects of the variables that were included.

Except for the substitution of LENGTH for WEIGHT, the same set of
obligatory variables was specified for models of averagé system train
speed. Nonobligatory variables, however, included only (TIES)
(RAIL)t_],
show that a significant reduction in average system train speed occurred
after the introduction of FRA track safety standards. LENGTH, (REV)t_1,
and the nonobligatory variables were not statistically significant. The

t-1°
DENSITY, and SIZE. The regression results for all railroads

results for Tagged track maintenance measures are unclear and must be
used cautiously. Although there are several possible explanations for

the negative signs of the significant (TMRATIO), , and (TMEXP), , coeffi-
cients, the results were contrary to initial theoretical expectations.
Finally, no other variables proved statistically significant in regression
models for all railroads.
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1. INTRODUCTION

The subject of deferred maintenance in railroad plants and equipment
and the consequences thereof, has received considerable national attenffon
since the late 1960s. An issue of particular concern within this general
subjecf area has been the frequency and impact of freight train accidents
caused by deficient track conditions or inappropfiate train speeds. Public
reaction to this issue led Congress to direct the Federal Railroad Adminis-
tration (FRA), in 1971, to establish track safety standards setting forth B
minimum safety requifements for specific track conditions. The promulgation

“of such regulations togéther with the passage of time since their enactment’

raises two interrelated questions: (1) Have the track safety standards
contributed to the reduction of track-related accidents? and (2) Have the

track safety standards encouraged the allocation of higher levels of resources
for track maintenance (T/M) with the purpose of reducing or eliminating de-
ferred maintenance? ‘ '

PURPOSE AND SCOPE

The purpose of this study was to investigate and, as far as pbssib]e,

'qhantify the decision-making process for railroad track maintenance (T/M)

expenditures. in order to: (1) describe how federal track safety standards
have influenced this process and (2) explore the possibility of predicting
the impact of changes in safety regu]atiohs on T/M spending for all U.S.
Class I railroads or selected groups of railroads. A related objective was
to develop a data base and build statistical models of track maintenance
spending that related T/M expenditures, both in dollar and physical terms,
to significant explanatory variables such as traffic levels, train operation
parameters, trackage, accident experience, financial and geographical
characteristics, and track safety regulations.

In order to relate the objectives of this research to the general
problem of reducing track-related accidents through safety standards, and

- in order to define the scope of this study, it is useful to conceptualize

the interactions which are involved (see Figure 1). The operating speed
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Timits and T/M expenditures have an effect on frack-re]ated accidents,
income, market share, equipment utilization, etc., which in turn.provide
feedback to the decision-making processes, both directly and -indirectly,
through public track safety regulations.

The area of this study fs encircled in Figure 1 and is limited to
‘understanding the decision-making processes re]atgd to the selection of
speed limits, the setting of track maintenance expenditure levels, and the
direct and indirect feedback effects on these processes. The scope of the
study was 11m1ted to the Class I railroads that operated in 1978 and the
, 16—year period from 1962 to 1977.

F1na11y, it is 1mportant to note that, in this study, the term "track
maintenance" (or, simply, "maintenance") has a different meaning than the
industry's standard notion of "maintenance of way"; track maintenance expen-
ditures include expense and capital items primarily related to track and.

-exclude expenditures for some structures. Specific details are high]ighted'
in the Appendix.

RESEARCH PLAN

The approach used to accomplish the objectives of this research
inciuded a literature search, field interviews with Federal Track Safety
Inspectors and railroad officials, formulation and testing of nypotheses
through conceptual models and case analysis, and multivariate analysis of
time series data in cross sections. The specific tasks and the products
from each are shown in Figure 2.

Task 1--Interviews

The purpose of Task 1 was to explore the decision-making process-for
T/M expenditures, identify potential exp{anatory variables, and develop
hypotheses to be tested. Task 1 was divided into two phases. The first
phase, .a Titerature search, was conducted to identify information avail-
able on railroad manager1a1 processes, especially in relation to T/M
expenditures, and to d1scover how these processes have varied over time.
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In the second phase, a total of eight interviews.were conducted,
seven with senior officials of Class I railroads and one with a Federal
Track Safety Inspectof. The railroads which were chosen for interviews
were selected by the project team with the advice and consent of the
Technical Monitor.

Importaht considerations in the selection of railroads included: (1)
size, (2) financial condition, (3) overall composition of lines (e.g., main
~vs. branch lines--to the extent that overall composition is clearly distin-
guishable) and track miles, (4) basic traffic characteristics (e.g., coal
in unit trains vs. TOFC), (5) maintenance philosophy or policy and extent
’ of‘mechanization,'and (6) method of organization (to the extent such
characteristics are clearly discernible).  Many of these characteristics -
overlapped, so that even with a small sample, it was possib]é‘to obtain a
fairly good cross section.

Task 2--Hypothetical Case Study

In Task 2, the research team formulated and parametrically solved a
series of hypothetical railrcad decision problems. These problems sinulated
railroad decision making with regard to the selection of speed limits and
associated levels of scheduled track maintenance expenditures on individual
lines of road. Research quéstions of interest were: (1) How do railroad
‘managers make decisions on operating.speed Timits on individual lines? and
(2) How do they decide on the Tevel of T/M spending which should be under-
taken for given speed 1limits? In addressing these questions, a_kéy
- parameter was the federal role (in the form of track safety regu]ations).

Task 3--Compilation of Data

In Task 3, hypotheses of T/M expenditure behavior and a list of explana-
tory variables were developed. In order to test these hypotheses, a data
base was prepared consisting of historical T/M expenditures and physical
quantities of rails and ties, as well as the explanatory variables.



Task 4--Analysis

This task required a statistical study, using the data developed in
Task 3, of the level of track maintenance performed by the U.S. Class I
railroads. Several explanatory variables were included: a measure of the L.
railroad's need to perform maintenance, as determined by its level of traffic;
amount of track; train speeds; the railroad's ability to perform maintenance, C -
as measured by its financial condition; and the potential benefits of
increased T/M investment, as measured by train speeds, acc1dent 1evels, and _
costs. : . -

, Special attention was g1ven to the per1od cover1ng the 1mpos1t1on of
the FRA track safety standards to determine what effect, if any, the
standards have had on track maintenance. If, during this period, mainte-
nance expenditures rose and train speeds and accident rates decreased {(noting
the time lag between maintenance expenditures and decreased accident rates),
it could be assumed that the track standards achieved their objective. If,
on the other hand, maintenance expenditures decreased and accidents and/or
train speeds increased, it could be assumed that the standards failed to
-achieve the intended effect.

Task 5--Impacts of Changes in Safety Regulations
In Task 5, the research team exp]ored the question of how the results
of the preceding tasks might be used to predict the impacts which hypothet1ca]
changes in federal track safety regu]at1ons could have on T/M expenditures
by Class I railroads.

ORGANIZATION OF THE REPORT

This report is divided into five sections keyed to the tasks just
described. Section 1 contains an introduction and overview of the report.
Section 2 includes a review of the work accomplished in task 1 (Interviews)
and task 2 (Case Study) and a comprehensive discussion of the decision frame-
work for T/M spending. Section 3 describes the specific structural model,
variable measurements and hypotheses, the data collection and editing
procedures (task 3), and the analytical techniques. Section 4 presents



the results of the work accomplished in the Statistical Analysis task.
Section 5 explores the problem of how the model and supporting data might
be used to predict the impact of changes.-in FRA track safety standards on
T/M expenditures of Class I railroads (task 5). Finally, the appendix
provides additional information relevant to this report.



2. DECISION FRAMEWORK

Besides a survey of the literature, two methods wereIUSed to explore the
decision framework for track maintenance (T/M) spending. Initially, project
members 1ntery1ewed Federal Railroad Administration (FRA) and senior rail-
road officiais. After all interviews were completed, a comprehensive hypo-
thetical case study was used to explore key relationships suggested in the
literature and in the discussions with railroad managers and FRA safety
officials.

The basic purpose of'thelinterviews was to investigate the role of the
FRA track safety standards and the costs of track- related accidents in the

overall decision- -making process for railroad maintenance-of-way spend1ng
Important research questions included:

1. What is the influence of FRA track standards on operating
- speed limits, and the influence of speed limits on the
provision of maintenance funds?

2. Do FRA track standards cause railroads to increase

maintenance-of-way expenditures for the 1mprovement of
- deteriorated track conditions?

3. Have the track standards improved the safety experience
~of railroads?

To address these research questions, in-depth personal interviews were
conducted with forty senior officials of seven Class I railroads. The selection
of samb]e railroads was designed to encompass a full range of differences in
climate, terrain, size, financial conditions, network characteristics, and
traffic mix. Many carriers had overlapping characteristics, so that even with
a small sample it was possible to obtain a fairly representative cross section.

Senior officials interviewed included the bkesident or chief executive
officer, the vice president of operations or the general manager, and the chief
engineer. During some visits, financial officers and subordinate staff members
of the engineering departmeht were interviewed. Individual interviews generally
Tasted one hour, The format was flexible--to permit open-ended and candid
. discussion; a free response environment was considered essential to elicit
desired information. It was the consensus of the interviewers that virtually
every executive gave frank answers which provided valuable insights into the
decision-making process.



DECISION-MAKING PROCESS

The interviews revealed a clear-cut pattern of decision waking for
maintenance-of-way spending. As shown in Figure 3, from an brganizationa]
perspective,the budget process is bi-directional. Top-level management =z
establishes a ceiling for the annual operating budget after evaluating fore- ’
casted operating revenues, forﬁﬁiating strategic objectives, and specifying
profit targets. Proposed budgets for maintenance-of-way expenditures are based
on work plans which are developed initially at the division level and reviewed
and refined at successively higher levels. During top-level review, management
must reconcile the maintenance-of-way budget with-the other departmental budget-
proposals and with the révenue ceiling. - '

Administrative Channels

The maintenance-of-way budget is developed within the framework of total
operating budgets and strategic plans and programs. The work plan forms the
basis of the budget request. A list of projects, developed initially at the
division level, is reviewed and screened as it progresses through channels.
In larger companies, roadmasters or section foremen initiate the work plan
when they submit work requests through division and regional engineers to the
chief engineer. Lower Tevel requests concentrate on replacement-in-kind
decisions, while major requests are normally identified and evaluated as part .
of the top-level review process. To a considerable extent, work plan requests
at this level represent a "wish Tist" that must be carefully screened at each
higher level of review. When the work plan reaches the chief engineer, it
provides the basis for estimating maintenance-of-way expenses and budget
proposals. . '

The procedural path leading to the final preparation and review of the
budget request varied among the railroads studied. Most carriers use a formal
budget committee to initiate the top-level review. Smaller roads (in terms of
revenues and geographicaT extent), however, relied less on the formal budget
committee structure and more on successive individual reviews by senior officials.
In one case, a formal planning and costing model was developed which attempted
explicitly to account for basic trade-offs. With this system, management felt
little need for a formal committee review.
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Regardless of differences in the specific procedures for final budget
review, the process requires an evaluation of trade-offs among major organi-
zational units and a reconci]iatibn of the maintenance budget request with
other departmental budget requests, the estab]ished revenue ceiling, and the
strategic objectives and plans. Ordinarily, carriers establish long-range
plans (5 years or more) for capital programs. Such -planning, however, is
a function of financial viability. The planning horizon for a weak carrier is
much shorter because the overriding concern simply is to survive.

In most cases, trade-offs are evaluated in budget committee meetings.
Each officer defénds his department's interests on the basis either of a
return on investment or of néed. A1though several firms employ sophisticated
planning tools, the results are typically determined by strong personalities,
subjective judgments, and a recognition of the need "to come up with a figure
the president can 1ive with," rather than by any systematic modeling/planning
information. Moreover, although trade-offs are formally addressed in committee,
the resolution of conflicting functional objectives (particularly for small
carriers) frequently is accomplished through informal meetings and discussions
among senior executives. The chief executive officer is the final arbiter
when conflicting objectives are not resolved informally or in committee. In
most instances, the president or chief executive officer plays a strong, active
role in the formulation of maintenance-of-way work plans and in the coordination
of functional units in the organization. In one case, however, a coordinator
was appointed to ensure cooperation between operations and engineering because
the inability of the maintenance-of-way department to obtain sufficient traék
time from the operating department made it impossible to complete programmed
maintenance. ' ’ '

The president and the board of directors make the final decision on the.
annual operating budget as well as on the maintenance-of-way and infrastructure
capital expenditure budgets. The basic apprbach is that staff planners forecast
traffic, estimate gross ton miles and, in turn, annual operating revenues, and
establish the target profit. The size of the total budget is the difference
between the expected total revenues and the annual profit target. The size of
the maintenance-of-way budget is then calibrated to meet profit'goa]s and other
departmental requirements. Initially, the allocation of revenues to each
functional unit- is based on standard ratios ranging from 14 to 18 percent for
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maintenance of way and from. 12 to 13 percent for mechanical operations. Sub-
seqhent]y, trade-offs are discussed, evaluated, and negotiated in high-level
budget committee meetings as well as through informal channels. Ultimately,
specific projects are selected on the basis of economic factors and subjective
judgment. In addition, periodic reviews of projected revenues are used to
modify planned expenditures. An adopted budget may be further modified to

‘reflect actual business levels. Deletion or deferment of scheduled maintenance

projects is common during an unexpected downturn in the economy.

‘The railroads considered an allocation of 17-18 percent of operating
revenues to be standard for maintenance-of-way and structures expenditures, _
while an amount less than 14 percent was generally considered unsatisfactory.
The assumption, of course, is that mainténance-of—way costs vary directly with
the level of traffic. Little attention has been given to the economies that
potentially can be derived from increased maintenance activity in s]ackbperiods,
e.g., more track time and better maintenance productivity without service

interruptions, as well as more favorable material prices. Instead, short-term

profitability dominates the management philosophy of most companies. In some
cases, this perspective apparently stems from board members_who insisted on
maintenance of earnings per share, even-at the expense of maintenance of way.

In addition, maintenance-of-way expenditures suffer from the relatively
fixed nature of planned expenditures in other departments. When traffic is
declining, the operating-depértment may be slow to reduce its expenditures by
reducing the number of trains, switch engine hours, etc., and this delay
increases the proportion of available funds spent by the operating department.
O0ften, the source of these additional funds is the maintenance-of-way budget.

~ Thus maintenance-of-way activities are reduced as a result of a reduction in

the total budget and an increase in the share of the-budgét used by other
departments.  In "lean" years, the proportion of the budget allocated for
maintenance-of-way expenditures may be reduced to 12-15 percént.

Since the primary objective is to meet the annual profit target established
by the board, usually maintenance will be deferred in order to support the profit
goal. In a recession, therefore, expensive projects are frequently postponed,
for these projects represent the most dramatic changes in the annual budget
and the most significant contributions to the profit target. In lean years,
moreover, the carrier can mask deferred maintenance in order to retain proper
levels of profit.
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Proiect Identification

Inspections, standard maintenance programs, and.safety all play important
roles in project jdentification. Section men, assistant track supervisors;
roadmasters, and senior officers (sometimes including the company president)
perform on-site inspections. Visual 1nspeétions conCentrate on roadbed, ballast,
rail sectipns, and ties.  Section men usually perform detai]ed'month1y-€hspec-
tions, while senior staff members inspect at least the principal line segments as
often as three to four times per year. In addition, rail test car inspecfions
are made two to three times per year over main lines and once per year over
branch lines; some rai]koads also make track geometry car inspections. -
Importantﬂinspection information, therefore, includes the track geometry car
test results, the measurements of rail wear or defects, and the more~subjéctive
-judgments of experienced inspéctors. ' ’

Cycle Maintenance Planning. In the 1950s, large-scale mechanization of.
maintenance operations led to the development of cycle maintenance planning
(CMP). CMP attempted to establish normalized conditions or standards for

maintenance of way and, thereby, determine the minimum amount of maintenance
required to prevent track conditions from falling below standard..

-Although the comprehensiveness and the sophistication of cycle maintenance

planning vary considerably among railroads, there is widespread recognition of

. the need for more precise and accurate indices, measurements, and methods to
judge whether more is taken out of track than put into it. Both financially
weak railroads and those that are financially strong used outside consultants
to help develop cycle maintenance programs. The quality of in-house maintenance-
'of-way analysis is higher for stronger railroads, which understandably tend to
use more sophisticated planning techniques.- Some'railroads, for examp]e; use
'simulatjon and standard cost models that attempt explicitly to evaluate inter-
actions among track structures, equipment, capacity, and speed. Most weaker
carriers, however, do not have normalized maintenance programs in force. The
property's most urgent.arrearages must be overcome before such approaches can
be implemented. |

Safety. Accident experience, hazardous materials routes, and FRA track
safety standards are part of the project identification process. While.
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accident experience is considered to be extremely important, no explicit
"trigger levels" (in terms of cost per accident or number of accidents) guide
project identification. Instead, management relies on a case-by-case approach
and subjective judgmeht.

The general pattern of decision_méking also requires the identification
of key hazardous materials routes. These routes usually receive greater
attention in the work p]an part1cu1ar1y whén the routes include lower density
branch Tines.

. Finally, the imposifion of FRA track safety standards has, in general,
increased the number of visual 1nspect1ons performed each year. The influence
of track standards on cycle maintenance p]ann1ng, however, varies inversely
with the carrier's financial strength. For weak roads, it is often FRA standards
that prescribe levels of required maintenance. For strong roads, track "
standards often do not significantly affect the work plan.

Project Eva]uation

In general, decision making in the evaluation phase occurs on a system-wide
basis within the framework of strategic ob3ect1ves and long-range planning.
Project evaluation, however, is highly centralized. While division-Tevel
decisions in both the identification and evaluation phases concentrate on
replacement-in-kind projecfs, major capital programs and planning are part of
the top-level review process. As already indicated, most firms are pursuing
more sophisticated and accurate methods for identifying and evaluating work.
 requirements and capital programs. To a significant degree, however, the level
of sophistication, as well as the length of the planning horizon, depends on
the financial resources of the carrier. ‘

Operations/Service Objectives. Consistent, on-time performance over
strategic routes waé cited by the railroads as the primary service objective.
Although, in a few ihstances,'speed of delivery was ranked with consistency
as a top service priority, on-time performance was generally considered more
important. In addition, many carriers cited the provision of specialized
equipment (car type, size, and avai]abi]fty) as an importanf service goal.

These transit performance priorities were based on a number of factors:
network characteristics, geographical constraints, and traffic profile. For
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smaller networks, increasing train speeds would not significaht]y reduce
.delivery times between major nodes on strategic routes, i.e., major traffic
‘lanes. For some carriers, an operating philosophy that called for 1on§,

heavy freight trains running at speeds of 60-65 mph was abandoned because

the time saving from highef speeds was dissipated in yard and terminal
activities, the Consumption of fuel and the risk of deraiiments increased
significant]y, and the maintenance cycle was considerably shortened. A
consistent service strategy, moreover, was viewed as better suited to netwokks
characterizedAby (1) numerous nodes and relatively short distances between
nodal pairs or (2) numerous and widely disperséd branch Tines for gathering
jmportant traffic, because these characteristics limited the opportunities for,
and thus the savings (e.g., in labor and per diem) from, higher operating speeds.
Likewise, hi]]y'terrain and numerous curves were geographica]lconditions that
restricted opportunities for high-speed operations. Furthermore, in colder
regions, winter weather may offset'maintenance-of—way improvements designed to.
‘improve ‘train speed. ‘ '

Key aspects of the traffic profile were mix, volume, and competition. For
some railroads, a small number of commodities were hauled oVer the strategic
routes, but these commodities produced most of the operating revenues. When
these commodities had reTative]y Tow dollar and weight densities, consistent
rather than fast delivery better met shippers' needs. The primary objective,
therefore, was to meet customers' delivery needs and to provide prompt return
of émpty cars to meet shippers' 1oad1n§ requirements. For other roads, intense
intramodal and intermodal competition combined with a highly diversified traffic
mix led to a service strategy of consistent and fast delivery time. In one
case, senior executives considered that train speeds in excess of 60 mph were
essential to maintain or to strengthen their competitive positioh.‘ It was also
believed that faster train speeds meant additional savings in crew and equipment
costs: however, a formal analysis of incremental savings measured against
additional costs (labor, maintenance cyc1es, fuel efficiency, or accidents)
was not undertaken. The service strategy for financia]]y'troub1ed carriers
was simply to restore consistent and safe service, at least over key traffic
lanes. The implementation of this strategy meant the elimination of slow
orders on strategic routes to provide minimum 30 mph service.

Thus, train speeds depend primarily on the carrier's service strategy,
which, in turn, is a function of the geographic, traffic, and financial
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profile of the carrier. For most of the carriers, operating speeds set in
accordance with service priorities ranged from 35 to 50 mph on main Tines and
from 20 to 30 mph on branch lines. Where network and geographical conditions
permitted, carriers that faced stiff competition for time-sensitive traffic
operated trains at speeds of 60 mph or more.

For several carriers, the provision of specialized types of equipment
for key market segments was also an important service goal. Usually, this
meant supplying shippers with 100-ton hopper cars. Although senior officials
were aware that heavier cars would require considerably more track maintenance,
a formal analysis of the relationship between increased maintenance costs and
increased car size or weight was not undertaken. In at least one case, instead
- of increasing the maintenahce budget to match the marketing effort (the provision
of 100-ton cars), top executives expected the maintenance function to adjust
‘by bécoming more productive. '

Maintenance-of-Way Objectives. The objectives of the maintenance function
are keyed to the achievement of strategic service goals and priorities.
Generally, the goal was to provide an infrastructure capable of supporting
the .firm's service objectives. For carrier management teams which explicit]y‘
‘assumed a viable, profitable operation in the long run, i.e., over the next
30 years or more, preserving the structural integrity of the system was a

top priority. Policies and programs were designed; therefore, to prevent
substantial borrowing against the future. A long-term goal for most of the .
carriers, of course, was to abandon some line segments. '

The basic short-term objective for the more prosperous railroads was to
stay even,.i.g., to maintain and preserve existing levels of plant integrity
" where the level of traffic or earnings justified normalized maintenance. More
precisely, the typical policy was to recoup maintenance deferred during lean years
on important lines (those experiencing at least ten million gross tons per year)
and/or upgrade segments when estimated future earnings warranted new investment
and funds were available. Low density or marginally profitable line segments,
on the other hand, received only "adequate" maintenance--maintenance that met
minimun safety standards. It should be noted that, although the use of traffic -
density to identify important lines is almost universal, density cutoffs vary
widely from one company to another; a "light density" Tine for a larger
carrier, therefore, may be the "main line" of a small carrier.
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For carriers that were confronted, after yéars of deferred maintenance,
with deteriorated track and structures, the overall short-term goal was to restore
main line track and yard to meet short-term objectives W1thout'compromising,'
if possible, short-term profitability. Although it was hard to make a mistake
in project selection, pridrity was given to strategic routes with subsequent
"cascading" of rail, replacing of defective rail, upgrading of crews (using
fewer men with better equipment), and providing only minimum maintenance
necessary to correct FRA-inspection violations (thereby concentrating on the
"really weak areas"); The immediate concerns were to maintain strategic routes
above the minimum levels required by FRA standards for desired speeds, keep
important traffic moving, and provide consistent<dé11véries. Slow orders on
important. Tine Segments had to .be removed in order to permit main line speeds
in excess of 30 mph. The basic strategy was to establish financial viability,
seek rate increases, expand maintenance programs, rebuild the system, and provide
safe and dependable service. | o

The pattern ofhpriorities for the allocation of maintenance expenditures -
is thus relatively straightforward. Not surprisingly, economic cfiteria,~
especially potential earnings, dominate priorities. In most cases, the volume
of traffic is used as an indicator of potential earnings ‘and to identify key
line segments, defined as those on which there is a minimum of one million gross
_ tons (MGTs) per year; usually, ten MGTs.ﬁer.year indicate a strategic route.
One notable exception occurred when the actual earnings (traffic.density and
rate structure) on line segments were evaluated. This process led to a major
renewal program for low-density branch lines that played a major role in
gathering important traffic. All1 firms use discounted cash flow or rate of
return methods to evaluate potential earnings and to allocate funds; minimum
ROI requirements for prdjects ranged from 18 to 30 percent. But these firms
frequently found it'djfficu1t to quantify savings related to conditions such
as running time, equipment costs, crew cdsts,-andvshorter maintenance cycles.
Occasionally, projects were. completed without ROI analyses, because managemeht _
deemed these projects‘neceséary in order to "stay in business."

‘ Safety. Safety considerations had varying levels of influence on project
evaluation and maintenance decisians. Although safety had Tittle overall |
impact on the size of the total maintenance-of-way budget, accident experience
and, sometimes, track safety standards significantly influenced the allocation
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of maintenance funds. While senior officials knew that derailments created
"enormous” Tosses and that operating safety was an important objective, it
was well known that causes of the derailments were difficult to assess.

The prevailing viewpoint was that not much was known about the effects on
track-related accidents of Targe cars and unit trains moving over well-
maintained track at relatively high speeds. It was argued, for example, that
half of all accidents reported as track related were not really caused by
track probiems. Unexplained accidents had occurred on strategic Tine segments
with the highest maintenance standards. That accident experience led some
carriers to reduce train speeds while still maintaining track at levels required .
for higher spéed operations. The reduction in high train speeds on main |
Tines, in turn, led to a dramatic reduction in unexplained accidents and has
become an important part of the rationale for estab]ishing consistent, rather
than fast, delivery times as a strategic service objective. Thus, to a large
extent, top-level management has‘relied upon subjective -judgment and a case-
by-case approach when evaluating accidents. No explicit numbers (either rate
of incidence or costs of accidents) were used to guide maintenance-of-way
expenditures; nonetheless, accident experience was an‘importént element in
'the‘budget‘a11ocat10n process. The factors considered included statistical
~details, location, costs, and causes by road type and yard. Similarly,.
hazardous materials routes were identified and evaluated on a subjective
basis, but these routes received special attention in the project evaluation
phase.

The impact of FRA track safety standards on maintenance-of-way spending
is largely a function of the carrier's financial condition. For financially
strong carriers, track safety standards had Tittle effect on the amount or
allocation of funds. Their view was that FRA standards prescribed minimal
maintenance conditions. On high-density Tines, company standards substantially
exceeded FRAlrequirements, i.e., maintenance practices at least met the standards
for the next higher class of track. On low-density but impoktant branch 1ines,
the same practice was followed. When traffic or earnings did not support this
maintenance policy, minimum safety requirements were essentially the only
consideration; maintenance activity was placed in a holding pattern, and
temporary slow orders were accepted. Eventually, the line segment was down-
graded to the next lower class of track, and permanent slow orders were
accepted. Minimum FRA standards then became the normal maintenance requirements.

18



On the other hand, FRA track safety standards often prescribed the
maintenance-of-way requirements for financially weak carriers. In order to
~attain strategic service objectives, these firms had to eliminate slow orders
or upgrade track to meet minimum standards for the class of track that permitted
desired operating speeds over strategic routes. In this situation, the rail
defect car test results generated considerable pressure to relay rail.

Finally, FRA regulations caused the carriers to devote additional (albeit
minor) resources to administrative tasks (e.g., training) and, in some cases,
to moré freqUent visual inspections. The prevailing view, however, was that
additional inspections add Tittle if anything to safety and are made only to
comply with regulations. - Senior executives of prosperous carriers, in
particular, felt that track safety standards worked to dilute the effectiveness
of on-going programs. Managers pointed out, for example, that FRA regulations
treat many defects identified by an inspection car as equally in need of
corrective action. Although some defects are obviously worse than others,
each must be repaired immediately. This requirement has caused resources to
be diverted to repair track segments that were already scheduled for maintenance,
thereby disrupting planned maintenance cycles and reducing the efficiency of
mechanized maintenance gangs. Thus, a disincentive for inspecting more track
than the Taw requires is created: the firm cannot afford to find minor
defects that have Tittle to do with actual safety but must be repaired imme-
diately. Test car inspection instruments, moreover, are viewed as imprecise.
Ménagers see safety more as a function of age (of rail), traffic density,
equipment (axle loads, type and length of car, or load capacity), and speed
rather than of technical specifications set forth in FRA track standards,
e.d., the number of defective ties per line segment. Thus the prevailing
viewpoint is that track standards mean fewer maintenance options and a less
effective maintenance program.

CASE STUDY

As indicated in the discussion of the decision-making process, many
interrelated factors enter into the T/M decision. The following hypothetical
case study provides an effective vehicle for identifying and discussing the
complex set of interactions among key factors. The purpose is to develop

and refine further the conceptual foundation necessary for the construction
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of hypotheses about T/M decision-making behavior. The focus, in particular,
is on the relationships between safety (track standards, accidents, and
hypothetical policy options), train speeds (including the economic incentives
that influence train speed), and levels of T/M spending. The results, there-
fore, should not be viewed as generalized principles, but rather as illustra-
tions of relationships and issues confronting the decision maker.

The conditions described characterizé a medium-sized and financially weak
Class I railroad. As already noted, top railroad executives at strong roads
indicated that they do not believe track safety standards are a significant

factor in project evaluation. The selection of a medium-sized railroad,

moreover, reduces complexity, while still permitting identification and
discussion of key re]ationships. The system conditions are derived (to
the extent possible) from public sources. T/M requirements for selected
1ine segments,. however, are hypothetical but representative and generally
consistent with information gathered from the literature (cited in sub-
sequent sections of this report) and the interviews.

System Prbfile

Eighty-five percent of the route structure is main line, single track rail-

" road. The remainder is classified as branch line. The main 1ines are divided into

northern and‘southern territories. In the northern territory, lines are located
in hilly terrain; gradients are frequently in excess of .5 percent but never
exceed 1.5 percent.  Heavy curvature is also encountered with two to three

1°-2° curves per mile, frequent (1-2 mile) curves in the 3°-5° range, and
occasional curves up to 8°30'. Southern lines are much flatter, with grades

'seldom exceeding 0.5 percent, although grades approaching'l percent can be found |

at several iso]ated'locations. Curvature on the southern 1lines is also heavy
with several miles.of 8° curves.

Network Condition

Main Lines. As shown in Table 1, hypothetical but representative main
line conditions vary from fair to poor. In both N and S territories, worn rail
conditions prevail. In particular, the 112 1b jointed rail, rolled in the
1930s, is generally bent and has some rail-end batter. Furthermore, rail

~ transposing is needed, insulated joints are in poor condition, and surface
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Table 1. Line Segnénts

Operations

Track Section (miles) Route Condi tion* .
Line Speed Traffic .-Accidents ‘Passenger
Segments 90 1b 1i21b -130.1b- 132 1b ~ Rail Ties Surface (mph) (MGT/mi) (n) (Yes, No)

Main
N < 50 150 F-P FP F-P <30 250 5 No
S | 100 F-P F-P  F-P ~ <30  10.0 5. Yes
Branch _
N 10 . 30 F-P F-P  F-P <25 2.0 - 2 No
S 5 10 | PP P. <10 <0 1 No
*

fair

poor



grinding efforts are inadequate. Tie condition is fair to poor. Major tie
renewals were performed in the early 1950s. Derailments, single shoulder
plates, and lack of plate-holding spikes have contributed to the population
of defective ties and the reduction of tie 1ife.

Rail conditions, fie renewal requirements, and poor drainage are the
primary factors, in turn, that have led to significant surface and alignment
problems. During the recent work season, 10.3 miles of the main Tine were
under 5 mph slow orders. In addition, numerous 10 mph slow orders existed on
bridge approaches and at road crossings which were badly out of alignment.

The volume of traffic is cons1derab1y greater in the N than in the S

‘ terr1tory The 25 MGT moved annually over the N segment requires about 5, 250
trains, with 3 Tocomotives and 70 cars per train. Only 1,000 trains per year
handle the 10 MGT for the S segment, with a similar number of Tocomotives and
cars per train. Despite the lower traffic density on the southern (S) main
line, passenger operations over this route require ma1ntenance to at least
Class 3 standards.

Branch Lines. Like the main routes, the N branch line is in fair to poor
condition. Most of the segment meets Class 2 standards. Temporary slow orders
' (< 20 mph) are in effect at numerous locations. On the average, 350 trains per
year, 2 locomotives per train, and 30 cars per train operate over this branch
line. ‘

The S branch line is in the worst condition,and some locations do not meet
Class 1 standards. The 90 1b rail should be rep1aced because Sperry inspection
car defects are very high--5.7 per mile per year. In addition, the tie condition
is poor; defective ties exceed 1,000 per mile. Train speeds are restricted to
10 mbh or less. The average train consists of 2 locomotives and 20 cars. About
150 trains move over this line each year.

Track Maintenance Programs -

ATternative T/M programs for main and branch line segments are shown in
Table 2. T/M investment cost is defined as the total expenditure to improve
line segments from one set of conditions to another. Unit costs were derived
primarily from interviews and industry sources [1-5].* The short-term minimum

*Numbers 1in brackets refer to the list of references at the end of the report.
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Table 2.

Annual Track Maintenance Programs

Minimum Level Minimum Level Rehabititation
(Short Term) (Long Term) (Long Term)
Cost Cost Cost
Work Tasks Unit Qty Unit Total Qty Unit Total Qty Unit Total
Main Line -
(N) ]
Rail " Trk-mi. 3 175,000 525,000 5 175,000 875,000 10 . 175,000 1,750,000
Ties No. 25,000 30 600,000 }40,000 30 1,200,000 [50,000 30 1,500,000
Surface & Line | Miles 20 9,300 186,000 30 9,300 279,000 50 9,300 465,000
1,311,000 2,354,000 : 3,715,000
(s) . _ _
Rail Trk-mi. 2 175,000 350,000 5% 63,000 315,000 10 ** 7,605,000
Ties No. 20,000 30 60,000 |40,000 30 1,200,000 {50,000 30 1,500,000
Surface & Line { Miles 10 9,300 93,000 25 9,300 232,500 40 9,300 322,000
503,000 2,007,500 ' 3,770,500
Branch
(N) .
Rail Trk-mi. - 63,000 - b* 63,000 315,000 5* 63,000 315,000
Ties No. 5,000 30 150,000 | 8,000 30 240,000 10,000 30 300,000
Surface & Line | Miles Spot ' - 10 9,300 93,000 20 9,300 186,000
150,000 %48,000 ’ 801,000
(S) g .
Rail Trk-mi. 5* 63,000 315,000 5% 63,000 315,000 5% 63,000 315,000
Ties - No. 10,000 30 150,000 {10,000 30 300,000 {10,000 30 300,000
Surface ine | Miles 5 9,300 46,500 5 9,300 46,500 5 9,300 46,500
! 511,500 ’ 661,500 " 861,500

*Relay
**5 Relay




Tevel (L(Min-ST)) effort means the level of spending required only to meet
present FRA track class requirements for the short term. Accelerated track
deterioration and increased risk of accidents will result. Eventually,
temporary speed reétrictions will become permanent when the track is down-
graded to the next lower track class.

" The minimum leve] 1ohg?term (L(Min-LT)) program wi11 permit main Tine
segments to stay in the same (Class 3) track status, and permit 30 mph train
speeds on designated sections of the N branch line. -This program, however,
does not provide the spending necessary for normalized requiremenfs.
Consumption of thé infrastructure will occur at a greater rate than'mainténénce'
- replacements. “ - a o ﬁ

The Tong-term rehabilitation (L(Rehab—LT)) program will restore the
track to normalized conditions at the end of five years. The substantial
jnvestment in propefty will assure train operations at Class 3 speeds
'(5,40 mph) on main lines and 25 to 30 mph on both branch Tines.

In addition to the-three_program alternatives, a fourth option is to
discontinue operations on the line segment. In summary, the four levels of
spending are identified as follows:

1. L(No) - discontinuance

2- L(

Min-ST) - minimum 1eye1, short-term program

3. L(Min-LT) - minimum Tevel, long-term program

4. L(Rehab-LT) - long-term rehab111tat1on'program |

"Probliem

The problem to be studied is how managers determine the level of T/M
spending for each Tine segment and what roles train speed, track safety
standafds,ﬂand accidents have in the spending decisions,
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Costs

.Besides initial project costs, it is necessary to estimate the subsequent
increased T/M expenses that result from increased track deterioration for levels
L(No) and L(Min-ST)' The increased expenses will be a function of the relative
change in track conditions and the unit costs for ordinary maintenance. The
estimated annual unit cost for rail is $3,000 per track mile, while for ties,
surface, and line the cost is $1,500 per track mi]e. The chief engineer, however,
must assess track conditions before and after the initial investment in order to
estimate the incremental level of ordinary maintenance required, 1;e., to what
extent the T/M stems from track deterioration. Frequently, this process, although
supported by quantitative information, is 1arge1y subjective and is based on
many years of experience in the field. In this regard, some of the larger or
more profitable railroads are using more sophisticated information systems and

mode11ing techniques to support decision making [6,7].

In order to understand this judgmenté] process and its complexity, as
well as explore the effects of speed restrictions and safety standards on the
decision process, a hypothetical track condition model, based on information
gathered during interviews and derived from other industry sources and litera-
ture on the subject, is developed and discussed.

Track Condition Model. The objective of the tfack condition model (TCM)
is to quantify the relative importance of major factors that affect track
conditions and arrange the factors in a way that systematically yields reason-
" able estimates of relative differences. A multiplicative arrangement, where
one is the base on a scale that measures relative importance, provides a method
for attaining this objective. A value of one, of course, means no change, while
values greater or less than one reflect the relative influence of various factors
on the condition of track. With this approach, it is possible to quantify and
better evaluate the subjective judgments in the decision process.

As shown in Table 3, important factors that affect track conditions
include rail characteristics (physical attributes and track modulus), defective
ties, surface and line (profile and end batter), and terrain (grade, curvature,
and subgrade) [2,8,9,10,11]. Operating conditions (tonnage, axle loads, train
length, and speed), of course, also affect track conditions [2,12,13,14]. The
TCM combines these factors as follows to produce a track condition factor
(TCF) measure:
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Table 3. Track Condition Model Factoré and Value Ranges

Factors A : '_ Values
(TCF) o ' (Range)
Network |
1. Modulus
. Rail Weight 1.0-1.2
« Ballast _ . 0.9-5.5
» Subgrade 0.5-1.0
2. Rail
i < Age 0.9-1.0
+ Length : 0.9-1.0
. Type : _ ' 0.9-1.0
‘3. Ties | 0.5-1.0
4, Surface and Line
« Profile - o 0.9-1.0
-+ End Batter ' 0.9-1.0
5. Terrain
« Curvature , 0.9-1.0
« Grade ‘ 0.9-1.0
Operations
+ Tonnage , 0.5-3.0
- Speed : S 1.0-1.5
Axle Loads ' : 0.8-1.5
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TCF = (Rai1) (Modu]us)Aji1es) (S&L) (Terraih)
v - (Operations)

ThUS, for network factors, larger values increase the TCF, while for operation
factors, larger values greater: than one indicate greater consumption of infra-
structure and produce a downward influence on the TCF.

The values shown in Table 3,‘a]though hypothetical, are in general
consistent with findings reported in the Titerature as cited below and the
interviews. Obviously, for each of the factors, specific relationships between
condition values and factor levels would have to be determined emp1r1ca11y and

would vary, to some extent from railroad to railroad. In this case,. the
"cond1t1on values are calibrated to produce a standard of 4.00 to represent.
normalized conditions when train speeds approach 40 mph, when there are no unit
train operations, when curvature and grade are not significant, and when traffic
volume is about 25 MGTs. - Specifically, values are based on the following
rationale.

(1) Track Modulus .

| Track modulus is a measure.of the track structure's ability to fesist deflec-
tion under load. Traditional methods of track analysis often utilize modulus as
the single méasure of track strength. Deflection, in turn, greatly affects the
rate of deterioration of the track [10,15,16]. The weight of rail, the type, depth,'
and condition of ballast, and the condition of the subgrade are important elements
in the track modulus. Ballast and subgrade characteriétics are usually the most
significant elements in the modulus and are, therefore, important factors in the TCM.

(2) Rail

The. age type and length of rail have much 1ess influence on overa]]
“track condition than track modulus. The effects of age, in particular, are
not well defined, although, generally, older rail is less serviceable. Most
rail in main line use is adequate from a bending strength standpoint. Even
assuming that the rail is approaching the maximum allowable headwear (25-30%),
bending strength is not a'problem [17]. If the rail has a history of being
subjected to heavy wheel loads, however, the rate of internal defects may

rise substantially as the rail ages [18,19,20]. Premium rails will wear more
slowly and be subject to lower defect rates than standard rail [21-24]. Yet
this does not substantially affect the condition of the track.
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Finally, Tonger rails with fewer joints, or Continuous Welded Rail (CWR),

- with its elimination of joints, may represent substantial maintenance savings

because rail joints represent a major expense item {joints must be tightened
and inspected), and rail ties in the joint area are subjected to higher stress
Tevels than rail and:ties in other areas [11]. '

(3) Ties

Tie conditions affect the serviceability of track in several ways. Ties

~ that have obviously failed (broken, rotted through, etc.) will not support the

‘rail cross-level (horizontally or vertically) in a satisfactory manner. This can

lead to surface bent rail, which increases the dynamic loads on the track and. may
render the*raiT unusable for high speed operations. ‘Defective ties will also
decrease the service Tife of adjacent ties [11,15]. Lack of horizontal support
may give rise to wide-gauge-related derailments. The principal problem arises in
determining the effect of a deteriorated, but not completely failed, tie. The

- performance of a tie which is partia]]y.rotted or is nearing the end of .its

serviceable 1life is not clear. Thus, only completely failed or m1551ng ties
can be seen as affecting the TCM.

(4) Surface and Line

The principal effect of surface and line conditions-is the resultant
dynamic forces generated in the track. As surface and line conditions
deteriorate, cars moving over the track at any speed will induce s1gn1f1cant1y
higher dynamic forces in the track structure [25]. The higher forces will
decrease the life of most track components, as well as give rise to potential

derailments.

Rail-end batter is a spec1a1 case of 10ca11zed surface irregularities.
Excessive deformation in the rail joint area together with the associated
impact forces generated by moving wheels, can significantly shorten joint tie
1ife and lead to ballast and subgrade degradatien and vice versa. Rail cost
may also be increased due tb shortened rail 1ife and an associated welding
expense. CWR might eliminate the additional T/M expense from this condition.

(5) Terrain

Elements of terrain play a role in the 1life of the various components of
the track structure. Curvature, and to a lesser extent gradient, will shorten
the serviceable life of the components. Lateral forces generated during curve
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negotiation will: (1) cause the rail to wear faster as tonnage increases,

(2) possibly give rise to more defects in the rail, (3) increase wear on ties
and fasteneré, and (4) require more alignment attention than tangent sections.
Although the relative effect of curvature is directly related to the degree

of curve, T/M costs are thought to be more dependent on the total central angle
than on the relative sharpness of the curve [15]. Sharp curves may, however,
require lower speeds and, thus, offset some of the expected costs.

Grades also affect the rate of consumption of track resources. The
process of negotiating a grade requires. that braking or traction forces be
applied to the rail--forces that will shorten the Tife of track components.
In addition, sand used te increase adhesion on grades will eventually
reduce the drainage capabilities of the track structure, and additional track
maintenance will be required to decrease the degradation rate of track
components.

(6) Operations

‘Traffic volume, train speeds, and axle loads affect track conditions.
The Tife cycle for most track components is directly related to the volume of
traffic passing over the track [11,25,26]. A]thdugh several characteristics
of the traffic are important, the volume, measured in terms of gross tons, is
the most universally used and the easiest to measure. Since most track
components deteriorate with use, the density measure plays a significant role
in the TCM. | '

Speed primarily affects track maintenance in two ways. The dynamic forces
that are imposed on the track by moving vehicles increase approximately 11neér1y
with speed [10,15,25]. Thus, trains moving at higher speeds will extract more
from the track structure. On thé other hand, to minimize such dynamic forces,
high speed track is generally maintained to a higher degree of geometric
quality, and, therefore, minor irregu]arfties in 1ine and surface must be
corrected quickly. - | ‘

Tréck deflection is often considered to vary linearly with axle load
[25]. Laboratory tests, moreover, have shown that increases in axle load can
cause significant reduction in the performance of such items as ballast and
subgrade [27]. In addition, heavy axle loads may increase significantly the
rate of defect formation in the rail [2,8,17,22].
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Benefits

Benefits fall into two major categories: (1) savings in ordinary T/M
and (2) savings in train operations.

Ordinary Track Maintenance. When track rehabilitation is performed, the
annual increase in T/M expenses that results from increased track deterioration
is avoided. The normalized track condition factor relative to the actual track
condition factor can be used to estimate the annual increase in T/M expenses.
For example, given a TCF of 4.00 that represents normalized conditions and an
actual TCF of 1.00, the estimated annual increase ($ T/M) is:

$T/M = élgg-x énhua] unit costs.

Specific estimates of such avoidable costs for main and branch lines are
itemized in Table 4. As shown in this table, the southern territory main line
(S) was given an actual TCF of 1.00, while the northern territory main line
(N) was assigned a 1.50 TCF. The initial values indicated that actual track
conditions were worse for (S) because deferred maintenance was assumed to be
more extensive on this main line. Both branch lines, however, were given the
same initial TCF of 1.25. Although the initial TCF value is greater for the -
. branch Tines than for the south main line, it still indicates comparably
poor track conditions because, given similar track conditions, the much Tower
traffic volume on branch lines inflates the TCF. '

In addition, it is dssumed that replacing jointed rail with CWR generates
T/M savings, for surfacing requirements are reduced, joint maintenance is often
eliminated, and the life of track materials is extended. The amount of.savings;
bf course, will depend on the level of traffic. The estimated annual saving per
mile of CWR for main line segments N and S is $1,900 and $1,700, respectively.
For the N and S branch lines, the figures are $1,500 and $1,200 per mile per year,
respectively. When worn CWR is relayed, only 50 percent of the estimated
savings per mile was assumed.

Train Operations. Train speed and accident avoidance are key elements

in realizing savings in train operations. During interviews, senjor railroad
officials indicated that normally one-half to two-thirds of project.savings
were speed related.
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Table 4. Increased Annual Ordinary T/M Expehses from Track Deterioration

~ T/M PROGRAM

L (Min-LT) - L(Rehab-LT)
Line Segment Net Unit TCF Increased Net Unit TCF Increased
and Work Item Change Cost | Adjustment T/M Change Cost  Adjustment T/M
Main | | o
N o o .
Rail ~ 2 $3,000 (4.0/1.5) $ 16,000 7 $3,000 (4.0/1.5) $ 56,000
Surface & Line 10 1,500 (4.0/1.5) 40,000 30 ° 1,500 -(4.0/1.5) 120,000
TOTAL . ’ $ 56,000 $176,000
S , N
Rail 3 $3,000 (4.0/1.0) $ 36,000 8 $3,000 - (4.0/1.0) $ 96,000
Surface & Line 15 . 1,500 (4.0/1.0) 90,000 - 25 1,500 - (4.0/1.0) 150,000
TOTAL ‘$126,000 ' - $246,000
Branch
N ‘ | _ _
Rail 5 $3,000 (4.0/1.25) $ 48,000 5 $3,000 (4.0/1.25) $ 48,000
Surface & Line 10 - - 1,500 (4.0/1.25) 48,000 20 1,500 (4.0/1.25) 96,000
TOTAL - - $ 96,000 : $144,000
S , _ S
Rail ' 0 $3,000 (4.0/1.25) $ 0 0  $3,000 (4.0/1.25) $ 0
Surface & Line - 5 1,500 (4.0/1.25) g 24,000 5 1,500 (4.0/1.25) 24,000
24,000 '

TOTAL

$ 24,000




(1) Equipment

Equipment costs are defined as the portion of locomotive and car costs

~ which is allocated by management to the particular line. Investment in trans-
portation equipment is clearly a function of equipment utilization. The latter
is, in turn, a function of operating speed. Depending upon the volume and
nature of traffic, low operating speeds could lead to low utilization and
equipment shortages and thereby requ1re additional investments in equipment.
The task is. to estimate the reduction (Sr d1fference) in running time (minutes
per year) that will result from L( -LT) and L(Rehab LT) levels of investment
and the dollar sav1ngs per minute. Obv1ous]y, in practice, this is a complex
and difficult task. Hypothetical train sbéeds for a 6-year decision horizon,
each level of investment, and each line segment are shown in Figures 4 thrdugh
7. Based on system averages and utilization levels suggested during 1nterv1ews,
'the assumed unit cost for Tocomotives is $.06 per locomotive per mile per
minute and represents both ownership and maintenance costs. For freight

cars, the estimated unit cost is $.0016 per car-mile minute. Given these -
conditions, the estimated annual equipment saving in the second year for

- program L(Rehab-LT) on main line N, for example, is computedlas‘fol1ows:

1. 15,750 locomotives/yr x 50 miles x 4.5 minutes x $.06/loco-miles
. per minute = $212,625.

2. 367,500 cars/yr x 50 miles x 4.5 minutes x $. 0016/car-m11e
per minute = $132,300.

(2) Labor

Increased train speeds may reduce crew costs and overtime. The savings,
however, are not likely to be great unless re-crewing and overtime are initially
at relatively high levels and new investment reduces these levels significantly.
The amount of savings is a functionfof the overtime and re-crew costs (OT&R)
applicable to the line segment, the proportion of these costs attributable to
slow orders, and the time saved from faster train speeds. OT&R costs are
set at $5.00 per train mile for all 1ine segments; this figure indicates a
realtively high level of labor costs. The approximately 30 peréent of the
OT&R costs that are saved per minute are shown in Table 5.

(3) Fuel

Significant savings in fuel may be attained where .slow orders for short
segments are removed and so is the requirement for repeated deceleration and
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. Table 5. Overtime and Re-Crew Savings per Minute

Line Trains ’ $ OT&R % of $ OT&R Added Min./Track Mile $ Savings OT&R

Segment Per Year Miles Per Train Mile from Slow Orders from Slow Orders per Minute
Main

N 5250 50 . 5.00 30 | 4.0 87,500

s 100 4 500 0 a0 15,000
Branch | , | |

N 30 20 500 30 . 40 2,625

s % 5 500 %0 | 3.6 JER




acceleration. On the other hand, increased speeds normally result in greater

fuel consumption. This happens when slow orders applicable to long segments .
are removed. In the analysis, any changes in fuel consumption are assumed to

negate each other and generate no savings. ' '

(4) Accident Avoidance

As indicated in the discussion of decision makihg; senior railroad
executives consider track-<related accidents an important factor in project
evaluation. The Association of American Railroads, moreover, has taken the
position that the economic incentives of accident avoidance and assets preserva-
~tion are sufficient for proper T/M [28]. The evaluation of accident costs (and
frequently, causes) though, is largely subjective. In this case study, the
savings that result from accident avoidance represent the difference between
the expected costs of accidents before and after T/M program investment.
Principal direct costs include damage to track, right of way, equipment and
structures, and wreck clearance. Studies have indicated that total accident
cost§ (direct and indirect) are about two to three times the direct costs
[4,5,29]. '

Q

The breakdown of number of accidents per year by Tine segment is (see
Table 1) as follows: fivé each for main -l1ines ahd two and one for branch Tines
N and S, respectively. It is assumed that the number of accidents will stay
the same for the minimum short-term program L(Min-ST) but wi]] become zero after
full rehabilitation L(Rehab-LT)' The minimum level 1png-term program L(Min-LT)
for main line N will reduce the number of accidents to three for the first three
~ years and to two thereafter. This trend reflects the higher density on main N
and the installation of only one-third of the new rail required for full rehabili-
tation L(Rehab-Lf)' In contrast, for maﬁn line S, program Tevel L(Min-LT)
eliminates accidents. Main 1ine S is a lower density line, and level L(Min-LT)
provided for half of the new rail required in program L(Rehab-LT)' Likewise,
program 1eve]‘L(Min#Lf) is assumed to eliminate accidents on both branch lines.
Finally, the estimated cost per accident is the sum of the average system cost
. per accident ($16,000) and the average system cost for wreck clearance ($5,000).
These figures were derived from 1977 FRA accident data for a representative
railroad.
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Financial Analysis

Prbgram summaries itemize costs, cash fiows, internal rate of return on

_ incremental investment (IRR), and net present values {(NPV) for alternatives
'L(Min-LT) (minimum maintenance--long-term) and-L(Rehab;LT).(rehabi]itation--]ong—
term) (see Tables 6-9). Programs were treated as one-time investment decisions.

The six-year cycle represented the elapsed time before the choice of new incremental
maintenance confronts the decision maker. Furthermore, the railroad was assumed to
be in a capital rationing situation. If both levels L(M1n LT) and L(Rehab LT) met
a minumum cutoff rate (for example, 15 percent) the alternative with the highest
IRR represented the most efficient use of cap1ta] If neither a1ternat1ve met the
'cutoff then minimum T/M L(M1n ST) or, poss1b1y, abandonment L(N ) was appropr1ate

Finally, all cash flows 111ustrated,here were assumed to be in constant
dollars of year zero. Inflation can be treated in two ways. First, the cash
flows can be increased at the compounded expected inflation rate. The proper - -
discount rate,ithen, is the true minimum desired return on capital plus'the
inflation rate. With,perfect forecasts of inflation, this method gives precise

‘estimates of hard' cash figures for planning and control. Unfortunately, the
uncertainty surrounding the expected inflation rate mékes perfect forecasts
of inflation rate rather-difficu]t to achieve.

" The second method (used here) is to ignore inflation as a fatter in
evaluating a capital project. The discount rate is the minimum desired rate-
of return on capital (usually determined by the price earnings ratio and
financial leverage plans). '

. Main Lines. Although both program levels for main Tine N meet. the 15
percent cutoff, the full rehabilitation program L (Rehab- LT) is’dptima1 Even
if L(Rehab-LT) cash flows are overestimated by 27 percent, the IRR still meets _
the required 15 percent return. Furthermore, if either T/M or accident
savings are eliminated, L(Rehab LT)" ‘remains optimal because operations have
- a disproportionate 1nf1uence on total sav1ngs

By contrast, neither a]ternat1ve L(M1n LT) (IRR = 122) nor alternative *
L(Rehab-LT)(IRR = ,081) for main line § attains the 15 percent level (see Table 7).
Altogether, however, a 10 percent increase in total saving flows Of‘L(Min-LT)'
would mean the program clears the 15 percent IRR hurdle.. For full rehabilitation
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Table 6. Main Line (N) T/M Program Summary

*
Initial cost for level 1.

COST-BENEFIT L (Min-LT) L (Rehab-LT)
Costs
Injtial © $1,311,000% ~ $1,311,000%
Avoidable 56,000 176,000
Total. 1,367,000 1,487,000
Incremental 987,000 2,228,000
Total 2,354,000 3,715,000
" Savings Year .Year .
{yr) 1 2 3 4 5 6 1 2 3 4 5 6
o (min) (0.0) (3.6) ~ (3.6) (0.0) (0.0) (0:0) (0.0) (4.5) (4.5) (4.5) (s.0) (4.0)
Avoidance -0- 56,000 56,000 56,000 56,000 56,000 -0- 176,000 176,000 176,000 176,000 176,000
CHR: 3,800 3,800 3,800 3,800 3,800 3,800/ 13,300 13,300 13,300 13,300 13,300 13,300
Operations » ]
Equipment -0- 275,940 275,940 -0- - -O- -0- -0- 344,925 344,925 344,925 306,600 306,600
Labor -p- 315,000 315,000 -O- -0- -0- -0- 393,752 393,752 393,752 350,000 350,000
Fuel -0- -0- -0- -0- -0- -0- -0- -0- -0- -0- -0- -0-
Accidents {42,000 42,000 42,000 21,000 21,000 21,000 }|105,000 105,000 105,000 105,000 105,000 84,000
Total 45,800 692,740 692,740 80,800 80,800 80,800 |118,300 1,032,977 1,032,977 1,032,977 950,900 929,900
IRR .214 .256
NPY @ 15% $153,426 $800,542
@ 25% $-71,570 $ 35,096



6€

Table 7. Main Liné_(S) T/M Program Summaky

COST-BENEFIT

L(Min-LT)

L(Rehab-LT)

Costs
Initial
Avoidable

Total
Incremental
Total

savings (yr)
(min)

T/H
Avoidance
CWR

Operations
Equipment
Labor
Fuel
Accidents

Total

IRR
NPV @ 15%
e 25%

105,000

110,100

2
(3.6)

126,000

5,100

42,048

216,000

-0~
105,000

494,148

$ 503,000**
126,000
629,000

1,678,500

.2,307,500

3
(3.6)

126,000
5,100

42,048
216,000
-0-
105,000
494,148

4
(3.6)

126,000

42,048
216,000
-0~
105,000
494,148

122

$-142,360
$-527,298

*5 miles relay and assume .5 savings

K%k '
Initial cost for level 1.

5
(3.6)

126,000
5,100

42,048

216,000

-0-
105,000
494,148

| 6
(3.6)

126,000,

5,100

42,008
216,000
-0-

105,000

494,148

$ 503,000%*

$-1,063,011

246,000
- 749,000
2,628,000
3,377,000
1 2 3 4
(0) (4.5) - (4.5) (4.5)
-+ -0~ . 246,000 246,000 246,000
*10,800 10,800 10,800 - 10,800
-0- 52,560 52,560 52,560
-0- 270,000 270,000 270,000
-0- -0- -0- . -0-
105,000 105,000 105,000 105,000
115,800 684,360 684,360 684,360
. . .08
$ -532,541

5
(4.5)

246,000
10,800

52,560
270,000
-0-

105,000

684,360

6
(4.5)

246,000
10,800

52,560

270,000
-0-
105,000
684,360
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Table 8. Branch (N) T/M Program Summary

COST-BENEFIT L (Min-LT) L (Rehab-LT)
coate : :
Initial $150,000" - $150,000*
Avoidable 96,000 144,000
Total 246,000 294,000
Incremental 402,000 507,000
Total 648,000 801,000
Savings (yr) 1 2 . 3 4 5 6 1 2 3 4 5 6
{(min) (0} (3.6)° (3.6) {3.6) (3.6) (0) {0) (4.0) ~ (4.0) . (4.0) (4.0) {4.0)
/M
Avoidance -0- 96,000 96,000 96,000 96,000 96,000 ~0- 144,000 144,000 144,000 144,000 144,000
CHR 3,000 3,000 3,000 3,000 3,000 3,000 { 3,000 3,000 3,000 3,000 3,000 3,000
Operations '
Equipment -0- 4,234 4,234 4,234 4,234 -0- -0- 4,704 4,704 4,704 4,704 4,704
Labor -0- 9,450 9,450 9,450 9,450 -0- -0- 10,500 10,500 10,500 10,500 10,500
Fuel -0- -0- -0- -0- -0- -0- -0- -0- -0- -0- -0- -0~
Accidents 42,000 42,000 42,000 42,000 42,000 42,000 | 42,000 42,000 42,000 42,000 42,000 42,000
Total 45,000 154,684 154,684 154,684 154,684 141,000 | 45,000 204,204 204,204 204,204 204,204 204,204
IRR .214 .226
NPV 8 15% $82,105 $127,368
@ 25% $ -36,79% $ -31,671

*Initial cost for level 1.
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Table 9.

COST-BENEFIT

Costs

_Initial
Avoidable
Total

Incremental

Total

Savings (yr)
(min)

m

Avoidable
CHR
Operations
Equipment
Labor
Fuel
Accidents
Total

-IRR

NPV @ 15%
@ 25%

LiMin-LT) = L(Rehab-LT)

$ 436,500

24,000
460,500
201,000
661,500

*
Initial cost for level 1.

2
(3.6)

24,000
3,000
410
1,125
-0-
21,000
49,535



Branch (S) T/M Program Summary
3 4 5 6
- (3.6) (3.6) (3.6) (3.6)
24,000 24,000 24,000, 24,000
3,000 3,000 3,000 3,000
410 410 a0 410
1,125 1,215 1,125 1,125
-0- - -0- -0- -0-
21,000 21,000 21,000 21,000
49,535 49,535 49,535 49,535
.087
$ -35,740

$ -75,229
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L(Rehab-LT)’ cash flows would have to increase 26 percent. The choice between
~minimum maintenance short-term L(Min-ST) and long-term L(Min-LT)’ therefore, is
somewhat sensitive only to underestimation of Tevel (yip_ 1) cash flows, of which
operation-related savings are most important. Thus, to the extent that ordinary
T/M expenses increase as a result of continuing track deterioration or accident
costs (understated*because accidents are generally more costly on higher speed
main lines), L(M1n LT) w111vapproach or exceed the cutoff.

Branch Lines. The IRR and NPV figures for branch Line N (see Table 8) show
full rehabilitation L(Rehab-LT) to be optimal. This time, however, the program
decision is. quite sensitive to cash flow estimates. Level(M1n LT) cash flows
would on]y have to change by 4 percent to have an IRR equ1va1ent to ]eVE1(Rehab LT)"

As shown in Table 9, program levels L( -LT) and L(Rehab LT) are

" equivalent for branch 1ine S. The IRR on 1ncrementa1 investment required

for full rehabilitation is slightly more than half of the required 15 percent
return. Given IRR as the sole decision criterion, cash flows would have to
increase 22 percent for the add1t1ona1 investment required for rehab1]1tat1on
to cross the 15 percent threshold.

Relative Importance of Factors. Table 10 summarizes the resu]ts~of each

financial analysis, the relative importance of T/M operation and accident
savings, and the sensitivity of program level selection decisions to changes

in savings flows. Several fundamental relationships emerge from the summarized
results. Speed-related benefits (labor and equipment savings) have the greatest
~impact on the IRR results for high density line segments. For example, for

main Tines, speed-related savings comprise from about one-half to two-thirds

of the total dollar benefits, while corresponding savings fof branch lines
represent less than one tenth of the total; the reason is that equipment and
Tabor savings are a function of the reduction in time and the volume of traffic..
Thus, while speed-related savings still have the greatest impact on the invest-
ment deciéion for main line S, the traffic density is insufficient to generate
the total savings necessary to justify investment (given the 15% IRR cutoff)

" LiMin-LT) O L(Rehab-LT)"

Conversely, on Tow density 1ines,'T/M or accident cost avoidance has the
greatest influence on internal rates of return. For the north branch line,
T/M is the most important single factor. The choice between program levels,
moreover, is very sensitive to estimated T/M savings flows. By contrast,
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Table 10.

Financial Analysis Summary

- Cash Flows Sensitivity
Line Segments and Relative Importance % Change to Modify Decision
Program Levels IRR ™ Operations Accidents T/M  Operations Accidents Total
Main
North
a
L(Min-LT). .214 .16 .73 A1 64 13 82 10
b
. * %*
L(Rehab—LT) ;256 .19 .69 .13 39 27
South
c
L(Min-LT) 122 .25 .49 .26 37 19 36 10
c
L(Rehab-LT) f081 .36 .45 .19 71 57 134 26
Branch
North
' : a
L(Min-LT) .?14 .60 .07 .33 06 48 10 - 04
b
L(Rehab-LT) .226 .68 .07 .25 30 * 81 21
South
.087 .49 .03 .48 44 799 45 22°¢

LMin-LT) = L(Rehab-LT)

*Could be eliminated and still make 15 percent cutoff.
3average percent change in cash flows to meet L(Rehab-LT) internal rate of return.

Average percent decrease in cash flows to meet 15 percent cutoff.

Cpaverage percent change in cash f]ohs to meet 15 percent cutoff.



accident cost avoidance is nearly equivalent to T/M savings in its influence

on IRR for the south branch line. Furthermore, unlike the branch N program
selection decision, the decision to select minimum short-term maintenance
.L(Min-ST)’ or possibly abandonment L(No)’ is not very sensitive to changes in

any of the factors. To the extent that average accident costs overstate accident
savings (because accidents at lTower train speeds generally incur less damage and
because subsequent délays in service, lost customers, per diem charges, etc., are
more significant for high density lines), program selection for branch lines is
more clearly defined. .

Other Considerations

Thus far, the decision criteria have included only NPV and, in particular,
'IRR. Other considerations, of course, enter into the decision process.

Service. An implicit assumption in the financial analysis has been that
program investment Tevels do not affect total traffic or revenues. Yet, speed,
frequency, unit carrying capacity (i.e., carload and trainload sizes), and
reliability are critical determinants of a rail freight carrier's competitive
strength and profitabi]fty. The carrier's ability to retain and attract traffic
and generate revenues is dependent upon the achievement (vié-é-vis competing
carriers) of (1) competitive origin-to-destination transit times for individual
shipments, (2) efficient carload and trainload size limits, (3) a favorable
level of transit time consistency; and (4) a low freight loss and damage
ratio [30]. The attainment of such attributes of rail freight service requires
a track structure sufficient to sustain required train speeds and axle loadings
and to conduct road and yard movements within acceptable limits of delay and
of shock to lading. ' o ’ -

' As the track condition model demonstrates, increased tonnage on a line
segment means less T/M cost avoidance, faster speed deterioration over time,
and, ultimately, a downward bias on savings flows included in the financial
analysis. Nevertheless, the net payoff is 1ikely to be greater. A similar
chain of events occurs when 100-ton cars and unit train movements are included
in the analysis. While such equipment and operations may improve service and
utilization and, therefore, total revenues, the net payoff is less certain
in this instance because track consumption and, especially, structural
defects may increase substantially [2,6,8,9].
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Service quality thus presents itself as a determinant of the allocation
of funds to track maintenance. Particular segments of trackage should be
maintained at levels that maximize the net value (profit) of the principal
types of transportation service produced through use of those segments. Main
Tines dedicated to the long-distance movement of highly time-sensitive (and
truck-competitive) merchandise traffic require maintenance standards commen-
surate with the operation of relatively high speed freight trains. Likewise,
Tines dominated by unit trains of 100-ton cars fequire maintenance outlays
sufficient to offset the higher rates of physical depreciation that such heavy
carrying units imposelupon_rail, ties, ballast, and subgrade{ Yard trackage
also requires adequate attention if cars are to be moved through terminals _

" without excessive track-related delays. Other examples could also be cited
[31,32], but, fundamentally, they all involve the quest for a balance or
trade-off between (1) the revenues which relate to particular service quality
and capacity levels, and (2) the costs of providing such quality and capacity
levels, of which maintenance is an important element.

1

Safety. Besides the economic costs of accidents, track safety regulations,
. at Teast to some extent, affect the decision procesﬁ. If, as suggested in this
case study, speed-related savings for high density 1ine segments range from

50 to 67 percent of total savings and, as already noted, speed (length and
consistency of transit time) is a key determinant of service and, ultimately,
of freight revenues, then speed restrictions should provide a véry effective -
incentive for railroads to meet corresponding track safety standards. On Tow
density lines, however, the case analysis indicated that speed-related savings
and service were not key factors in the investment decision. Instead, avoidable
(aéﬁidentvand track maintenance) costs were dominant. Safety standards for the
Jowest track classification, theréfore, will probably serve as a floor. Track
maintenance spending will be set at the minimum levels required to meet the
standards or prevent cessation of operations. Higher levels of investment

will be made only when (1) the avoidable costs are sufficient to justify the
decision; or (2) the actual or potential revenue generating capacity of Tow
density line segments (1ndividua119 or in the aggregate), when viewed as part
of the entire system, justifies the investment.

Furthermore, track safety‘étandards applicable to low density line segments
. may be counterproductive. At issue is the potential misallocation of resources
£12,13,28,33,34]. FRA regulations sometimes require immediate repair of track

45



and related defects on, for example, 5 to 10 mph Tine segments (where hazardous
materials are involved). Such repairs may not affect track safety nor reduce
the number of accidents; however, such a requirement disrupts and dilutes |
maintenance programs on high density line segments where the frequency and
severity of accidents are significantly greater. '

Budget Process. Budget allocations for track maintenance expenditures

~ obviously must compete against other uses of corporate funds, e.g., investment
in, and maintenance of, rolling stock and motive power, and payments of interest
and dividends. The practice--made possible by use of so-called replacement
or betterment accounting--of deferring track maintenance. during periods of"
depressed earnings either to minimize repdrted net loss or to prevent reported
net income from falling below a certain level, is well known. Indeed, there is
evidence that some carriers have sacrificed maintenance essential to the long-
term integrity of their track for the purpose of maintaining earnings per share
and dividends within a short-term time frame. Finally, compounding the problem
is the inability or unwillingness of many railroads to estimate savings from
good track or to relate good track to profit [13,35-39].
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3. METHODOLOGY

As already indicated in Section 1, two primary objectives of this research
project were (1) to develop a model to explain T/M expenditure behavior and
(2) to develop a data base derived from publicly available sources that would .
be adequate to test the model. The decision-making process and case study
described in the previbus section were employed to develop a structural model
of T/M expenditures. This model, in turn, provided the basis for identifying
a list of variables that could be presumed to affect T/M. These variables
were then associated with alternative, available empirical measures. Various
ratios and transformations of variables were developed so that the model could
be formulated in real or normalized measures. A1l of these procedures are
~ discussed below. The structural model is discussed first. Then the data
collection is descfibed; the sources, nature, and.limitations of the data and
the editing procedures are discussed in detail. A comprehensive outline of
the data base and corresponding documentatioh are included in the Appendix.
Finally, the analytical methodology is reviewed. This review begins by ‘
emphasizing the potential logical and statistical problems in this type of
- data analysis. An explanation of a statistical methodology for managing
these prob]ems‘is then provided, and a discussion of the relevant tests of °
hypotheses is also presented.

FACTORS AFFECTING MAINTENANCE OF WAY

Decisions by railroad companies to provide normalized maintenance and
to upgrade or rebuild track depend on network characteristics, operations,
resources, and expected return on investment. From the discussion in
Section 2, and from an intuitive standpoint, one can see that these factors
are, to a large extent, interdependent. Financial and physical resources
both permit and 1imit expenditures. Maintenance equipment, manpower, operating
revenues, borrowing capability, and information systems affect the level of
spending and, ultimately, network conditions. Similarly, operating conditions
(train speed and 1ength; car capacity, and tonnage), as well as the financial
and physical resources ava11ab1e, both affect and are 1imited by network
conditions. Operations and resources, in turn, are affected by the volume and
mix of freight traffic, the scope of passenger service, the strategic service
goals, the track safety regulation, and the number and cost of derailments.
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Thus, general economic conditions, government policies, and technological

innovations are the .broad categories that affect maintenance-of-way spending -
decisions. Figuré 8 provides an overall view of some of the . basic inter-
relationships. Dashed rectangles on the right hand side of this figure high-
light primary factors, while other less direct, but key factors are shown on
the left hand side.

Structural Model of Track Maintenahce

The structural model shown in Figure 9 was derived from the interviews,
the case study, and the literature discussed in Section 2. As illustrated in
Figure 9, variables representing T/M behavior included both physical and |
~ financial measures. Network characteristics were broken down into system
and route geometry categories. Variables associated with operations were
divided into three groups: traffic (density and gross ton miles), service
(train speed, equipment, and passenger operations), and safety (accidents
and presence or absence of safety standards). The variables that represented
the carriers' resources were gross operating revenue, return on investment,
and dividend. payout. | '

To test this model, the variables shown in Figure 9 (or their surrogates)
had to be associated with measures developed from available empirical data.
For several variables, however, it was not possible to develop the desired
measurements from publicly available data. The results of this process are
shown in Table 11 where the specific model variables used in this study and
their working definitions are identified. The nature and rationale for
specific variable measurements are discussed below.

Dependent Variables. This study included four measures of track maintenance.
The physical measures (ties installed and miles of rails laid in replacement)
were divided by the total number of ties and the total system track miles,
respectively, to create tie (TIES) and rail (RAIL) replacement ratios. Replace-
ment measures provide some insight into the maintenance philosophy of a rajlroad.

Besides the physical measures of T/M, two financial measures were included -in
the study. The first, nominal T/M dollar expenditures per track mile (TMEXP), was
used to address the following research question: Which variables explain how cur-

rent operating revenues available to a railroad are allocated to track maintenance?

-
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Table 11. Model Variables and Working Definitions

Variable . Measure
Name - - Description (For railroad y for year t)*
Dependent
TMEXP | Track maintenance expenditures Sum of nominal capital outlays and nominal main-
. per track mile tenance expenses * total system track miles
(+ 1000
TMRATIO ) Track maintenance ratio Track maintenance expenditures ¢ gross operating
revenues (x 100)
TIES Tie replacement ratio Ties installed + total ties in place (x 100)
RAIL : _ Rail replacement ratio Miles of rail installed * total system track

Independent

CWRAIL Proportion of continuous welded rail
SIZE Track miles
 DENSITY Traffic density
WEIGHT Average carload weight
LENGTH Average train length

ASPEED Change in ‘average train speed

miles (x 10)

Miles of CWR ¢ total system track miles (x 100)
Total system track miles (+ 1000)
Million gross- ton miles + total system track miles

Average system tons per train + average cars
per train (+ 1000)

Average system car miles + average train
miles (3 10)

First difference in average system train miles *
" system train hours

<
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Table 11. Model Variables and WOf‘king Definitions (Continued)

Variable Measure
Name Description (For railroad ; for year t)*

ACCt-] Track-felated accidents per Total system track-related accidents + million
million gross ton mile gross ton miles x 1000 lagged 1 year

s Severity-frequency accident Median dollar value of track-related accidents on
index - main/branch lines line (main or branch) track x total system

accidents on given track + million gross ton
miles**

SI2 Severity-frequency accident Median dollar value of track-related accidents on
index--yard, siding, or yard, siding, or way switching track x total
way switching track system accidents on given track : million gross

ton miles**

DUMMY Dummy variable for introduction 0, if years are 1962-1971; 1, if years are
of FRA track safety standards 1972-1977

REV Gross operating revenues per Nominal gross operating revenues + total system
track mile track miles (¢ 1000)

ROI Return on investment Return on investment calculated using ICC

methodology (x 100) ,

DIV Dividend payout ratio Dividends paid *+ ordinary income

PIR Price index ratio AAR price index without fuel component + AAR

price index with fuel component

Grouping***

PAX Passenger service operations
REGION Proxy variable for climatic conditions
SIZE Size of system in track miles



Table 11. Model Variables and Working Definitions (Continued)

Variable ) . Measure

Name - Description {For railroad i for year t)*
ROI . Financial strength

DENSITY Traffic volume

SPEED " System train speed

€9

*=1,...,31 and t=1,...,16
¥t = 6,...,16

***Specific categories and railroad groupings are shown in Table 12.



Since the physical size of Class I railroads varies considerably, and T/M
expenditures are a function of size, the T/M measure was adjusted by dividing
it by total system track miles in order to eliminate size as a confounding
influence.

Another important research question was: Does a railroad devote a de-
creasing, constant, or increasing proportion of its available resources.to
track maintenance in response to key variables? To answer this question, the
ratio of T/M expenditures to gross operating revenues (TMRATIO) was used.
This track maintenance ratio addressed the research question and allowed the
research team to avoid the problem of having to use possibly inadequate price
level data to deflate nominal figures, for price was cancelled in the numerator
and denominator.

Explanatory Variables

(1) Network Characteristics

(a) System

The physical size of railroad systems, measured in terms of gross track
miles, wés\used in three different ways. Initially, as alréady noted, when
T/M expenditures were of interest, tdta1~sy§tem track miles (SIZE) was used to
adjust or normalize the T/M measure. Similarly, SIZE was used to adjust total
operating revenues (REV), for revenues are also a function of network size.

In the second instance, when T/M expenditures per gross track mile was not
the dependent variable of interest, SIZE was included as an independent
variable to control for possible economies of scale in track maintenance
operations. The third approach created three groups of railroads arranged
by size (see Table 12) in order to evaluate further the effects of size.

The condition of the track‘clearly affects the level of resources re-
quired for normalized track maintenance. If a large percentage of track
components approaches the end of a life cycle, a greater level of resources
must be devoted to maintenance and replacement. This often happens in
instances where a major track upgrading or replacement program was completed

- 30 to 40 years ago. In addition, when maintenance has been clearly deferred,
a gfeater-thansnOrma1 level of resources is required to maintain the track
in a "status quo" condition. Unfortunately, the level of data aggregation
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Table 12. Characteristics of Class I Railroads(?)

- CHARACTERISTIC
' ' PASSENGER

RAILROAD SPEED SIZE ROI DENSITY OPERATIONS REGION -
ATSF H L H H Yes S
BLE L S H H No "N
BM L M L L Yes N
BN M L M M ) Yes N
80 L M H M N Yes N
CNW L L M L Yes N
co L M H M Yes N
DH L S L M Yes N
DMIR L. .S H L No N
DRGW M M H M Yes N
DTIR L S H L No N
EJE L S H L No N
FEC M S M L No S
GTHW M M L L - Yes N
I1CG L L. M L Yes Omit*
KCS L M H M No S
LN L L H H Yes S
MILW M L L L Yes N
MKT L M L L No S
MP M L H M Yes S
NW L L H H Yes |
PLE L S ‘H M Yes N
RI L M L L Yes Omit*
SCL L L H M Yes S
SLSF M M H M No S
S00 M M H L No N
Sou M L H H Yes S
SPT M L M H Yes Omit*
up H L H H Yes N
WM L S H L No N
Wp H M M H No N

aKey for grouping railroads:

L = Tow = less than 20

M = medium = 20 to 27

H =-high = greater than 27
small = less than 1,500

medium = 1,500 to 10,000

large = greater than 10,000

Tow = less than 0

Speed (average train speed):

Size (track miles): S
M
L

ROI (return on investment): L

M = medium = 0 to .035
H = high = greater than .035
Density {gross ton miles ¢ track miles): L = low = Jess than 5§
' M = medium = 5 to 7
H = high = greater than 7
Region (proxy for climatic conditions): N = North
S = South

*Indicates that roads are too heterogeneous.
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(measures for entire network systems) precluded any attempt to develop track
condition indexes in this study.

(b) Route Geometry

The heterogeneous nature of network systems made network measures (quan-
titative or qualitative) of grade or curvature too vague for analysis. An
attembt was made, though, to address the effects of climate on T/M activity.
Railroads were grouped into northern and southern regions (REGION) (see
Table 12), except for carriers with a north-south route structure, or carriers
that were not clearly classifiable, which were excluded. The assumption was
that railroads in the southern group would spend less on track maintenance
‘than the northern group of railroads because wokk'sedsons in the South are
longer, and weather is less severe. Cold weather, with freeze-thaw cycles,
increases subgrade-related maintenance. The shorter work seasons associated
with cold weather regions, moreover, decrease gang efficiency. '

(2) Operations

The structural model. included variables representing three facets of
operations: traffic, service, and séfety.

(a) Traffic

As demonstrated in Section 2, traffic density (DENSITY), normally measured
by the railroad industry as million gross ton miles per mile, affects track
maintenance decisions. Senior rail executives normally identified high density
line segments as strategic routes, and, as demonstrated in the case study, |
speed-related savings were most significant for these routes. Higher density
1ine segments, therefore, are normally maintained at (higher) levels commensurate
with strategic speed and service objectives. Thus, DENSITY should have a
positive effect on T/M measures. The effect, however, may be undetecfab1e.
because the level of aggregation is rather gross; the model was unable to
distinguish between high or low density line segments. Instead, oh]y a broad
measure of density for the overall network system was available. Also, much of
the expected effect may be Tost because, at the given level of aggregation,
traffic density might be no more than a proxy variable for operating revenues.
To address this potential problem, railroads were defined as low, medium, or
high density systems (see Table 12) and analyzed by group.

Market forces and traffic conditions have led most firms in the railroad
industry to use bigger cars and longer, heavier freight trains. This pattern
has meant increasing consumption of track and structures. As pointed out in
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the track condition model discussion, heavy cars usually are harder on -

" track and structures than light cars moving at the same speed. In addition,
a train of identical heavy cars may shorten track component life by
establishing harmonic action in the track. In an attempt to capture the -
effects of this pattern, two proxy variables were included in the model:

(1) average system carload weight (WEIGHT) and (2) average system train
length (LENGTH).

(b) Service

In the service category, variables representing train speed andvpassengér
operations were developed. The first difference in average system train speed )
(ASPEED) provided the only quantitative measure of speed. in the T/M model. '
The problem with us1ng average speed (rather than the change in speed) was
that it varied greatly among railroads. Since the data were not of particularly'
high quality, moreover, average system train speed might be more representa-
tive of track condition than speed. On the other hand, ASPEED normalized
the. T/M - speed relationship because it established a measure that was inde-
pendent from the abéo]ute level of-spéed (e.g., a reduction from 40 mph to
. 30 mph was equivalent to a change from 25 to 15 mph). Furthermore, from a po]1qy
perspective, it was desirable to examine the influence of changes in train
speed (as a result of slow orders) on track maintenance expenditures. As
- suggested in the case study, though, a reduction in speed from 40 to 30 mph 1is
1ikely to have less of an impact on T/M spending than a change from 25 to 15 mph.
Consequently, average system train speed (SPEED) was used to place carriers in
the three groups (low, medium, and high speed) shown in Table 12. The ASPEED
variable was then evaluated for each group. . ' . -

In addition, carriers were classified by the presence or absence of
passenger operations (PAX). Each group was analyzed in order to isolate the
effects of PAX on the T/M spending decision.

(c) Safety
In the safety area, the model included several measures of track-related
accidents and a dummy variable representing the introduction of FRA safety
standards. Only the total number of track-related accidents for the entire
network system was available for the 16-year study period. Since the FRA
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threshold (in dollars) for reporting accidents changed during the time frame
of the study; only accidents that had deflated dollar values greater than
the larger of the two threshold values were counted. Further, the annual
number of accidents (ACC)t_] was lagged one year, the assumption being that
the number of accidents in the previous year affects budget decisions in the
subsequent year. In addition, this variaB]e (ACC)t_T (as well as all other
accident variables) was normalized by dividing it by gross ton miles in
order to re1ate the number of accidents to the exposure or potential for an
accident. The more traffic or cars that a railroad handles, the more there
- is exposure to or Tikelihood of an accident. . Similarly, the greater the
distance each car is moved, the greater the potentia]'is‘for an accident.
“The total number (or the total cost) of network system accidents per year,
alone, however, may produce misleading results since the total number of
accidents fails to indicate serious safety problems when few, but severe,
accidents occur. Similarly, total cost may be misleading because a fewAex-
pensive accidents may be atypical and, therefore, not representative of any
serious safefy problem. Thus, following the»pkocedure of Shulman and Taylor,
Afrequency - severity accident indexes (SIl)t_] and (SIZ)t_]'were Created for line
(main or branch) and yard (including siding or way switching) track-related
accidents [5 ]. Changes in reporting methods of FRA accident reports in 1973
made it impossible to develop separate safety index measures for main and
branch line accidents.

_ Thé effebt of federal track safety regulations may be reflected in
increased levels of expenditure for track maintenance.” If railroads were.
maintaining lines to levels below those required by the federal regulations,
the FRA standards would require higher expenditures, unless train speeds were
reduced. Additibnal]y, the often cited "loss of maintenahce efficiency"
resu]ting from rigid enforcement of the reqgulations would raise track mainte-
nance expenses, although physical measures (rail and ties) would probably
remain unaffected. N |

In an attempt to identify the impact of FRA track safety standards on
the T/M decision, a dummy variable (DUMMY), which indicated the presence or
absence of the standards, was included in the analysis. Unfortunately,
comparable railroads not subject to FRA track standards were not available to use
as controls. Thus, this approach and its results must be viewed with caution,
for rival hypotheses are available. For example, given that tie installation
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since the early 1950s and in the 1960s was less than normalized, as Dyer has
noted, and given a 30-year maintenance cycle, mounting tie replacement re-
quirements would place considerable pressure on managemeht to increase
expenditures, regardless of FRA safety standards [40].

(3) Resources

The model included three variables. to reflect the financial dimension
of the T/M spending decision. The clearest message promulgated by the rail-
road industry (in testimony before the FRA, during interviews, and in trade
literature) has been that operating revenues (REV) have the greatest single
influence on the size of the maintenance-of-way budget;'the implication, of
course, is that if sufficient revenues were available, track-related accidents
would largely disappear. The ffxed nature of track and structures combined
with the difficulty in recovering investment costs should bankruptcy occur, as
well as the betterment accounting system, make external sources of financing
for track-related programs difficult to obtain and place much greater reliance

for such expenditures on internally generated operating revenues. The practice

of deferring maintenance programs in lean years and implementing them in good
years, moreover, is probably widespread. Thus, when traffic and revenues
decline, not only are fewer funds available, but also a smaller proportion of
those funds may be allocated to maintenance programs. '

The. variable measuring rate of return on investment (ROI) provided an
indication of the carrier's ability to generate funds. In addition, ROI was
used as a qualitative (grouping) variable (see Table 12) to assess the impact
of key variables on financially weak or strong carriers. A confounding influ-
~ence, however, is dividend policy; the amount of net income paid out in divi-
dends (DIVIDEND) T1imits revenues avaj]ab]e for track maintenance expenditures.

Finally, the ratio of the AAR price index without the fuel component to
the total index (PIR) was included for control purposes. This ratio reflected
the additional budget needs of the operating departmznt vis a vis the mainte-
nance function as fuel prices increased.

Accident and Speed Models |

In order to identify and evaluate statistically significant changes in the
incidence of track-related accidents, or the average system train speed since
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the introduction of FRA track safety standards, accident and speed models

were specified and tested with the same data base. In specifying the accident
model, only the variables in the original data set that were determined to be
essential, both a priori and from a regulatory and control point of view, were
included. These variables represented the presence or absence of track safety
standards (DUMMY), axle loads (WEIGHT), track condition/speed KSPEED); and
resources, i.e., lagged variables representing the carrier's ability to under-
take a commitment to track maintenance. Similarly, for the speed model, only
" variables deemed essential were analyzed. Besides DUMMY -and lagged resource
variables, only LENGTH was. included in this model.

DATA COLLECTION

Track maintenance and related data for all the Class I railroads in 1978
essentially were developed from two secondary sources: the ICC's Annual R-1
Report and the FRA's Annual Safety Statistics. FRA accident data, however,
were available only in summary form prior to 1966; consequently, more detailed
accident data were collected only for the 1966-1977 period. Although variable
transformations or redundancy reduced the total number of variables for
analyses to nineteen, a complete raw data file containing the component parts
of variable transformations, as well as the redundant variables, was created
as part of this project. A detailed description of this file is found in the
"Appendix. ' '

Aggregation.

~ With the exception of the Clinchfield, the Long Island, and Conrail, the
analysis was conducted with data for all Class I railroads in existence in .
1978. During this period, several bankruptcies, mergers, and acquisitions
took place. In order to achieve comparable year-by-year statistics, the data
for assimilated railroads were aggregated with data for “parent" railroads
(see Table 13). In one case, although the name of the surviving entity was
the Norfolk Southern, the actual continuing firm was the Carolina and North-
western,and from 1965 until the merger, the Carolina and Northwestern was a
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Table 13. Class I Railroads and Assimilated Companies

Atchison, Topeka and Santa Fe
Boston & Maine Corp.
Baltimore & Chio
Bessemer & Lake Erie
Burlington Northern
Chicago, Burlington & Quincy
Great Northern
Northern Pacific
o Spokane, Portland & Seattle
Chicago & North Western Transportation Co.
Chicago Great Western
Chesapeake & Ohio
- Colorado & Southern
Chicago Milwaukee, St. Paul & Pac1f1c
Central R. R. of New Jersey*
Central R. R. of Pennsylvania
Conrail Corp.*
Chicago, Rock Island & Pacific .
Chicago, Rock Island & Gulf
Clinchfield*
Delaware & Hudson
- Denver & Rio Grande Western.
Duluth, Missabe & Iron Range
Detroit, Toledo & Ironton -
Elgin, Joliet & Eastern
Erie Lackawanna*
Florida East Coast
Fort Worth & Denver
Grand Trunk Western
IT1inois Central Gulf
Gulf Mobile & Ohio
Kansas City Southern
Louisiana & Arkansas
Louisville & Nashville
Monon (Chicago, Indianapolis & Louisvilie)
Long Island* S
Lehigh Valley*
Missouri-Kansas-Texas
Missouri Pacific :
Chicago & Eastern I1linois
Texas & Pacific
Norfolk & Western
New York, Chicago & St. Louis
Pittsburgh & West Virginia
Wabash
Pittsburgh & Lake Erie

*Not included in statistical analyses.

61



..Table 13.

Class I Railroads and Assimilated Companies (Continued)

Penn Central Transportation Co.
New York Central
New York Connecting Railroad
Pennsylvania
New York, New Haven & Hartford
Reading*
Seaboard Coastline
Atlantic Coastline
Seaboard Air Line
Piedmont & Northern

. St. Louis-San Francisco

“Soo Line R. R. Co.

Duluth, South Shore & Atlantic

Minneapolis, St. Paul & Sault Ste. Marie
Southern

Alabama Great Southern

Cincinnati, New Orleans & Texas Pacific

Georgia Southern & Florida

New Orleans & Northeastern

Norfolk Southern

Central of Georgia

" Southern Pacific

Texas & New Orileans
Pacific Electric
St. Louis-Southwestern
Union Pacific
Western Maryland
Western Pacific

* Not included in statfstical analyses.
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Class II railroad. For the purpose of consistency in aggregation, R-2
reports for the Carolina and Northwestern were obtained from the ICC and
‘included in the study.

Three carriers -- the Consolidated Rail Corporation, the Clinchfield,
and the Long Island -- were excluded from the study because of atypical
conditions. Conrail's massive federally financed track maintenance program
involved the elimination of enormous amounts of deferred maintenance in
the propefties of the bankrupt carriers that were taken over when Conrail
was formed. Hence, Conrail had a maintenance program in a scale and time
frame completely different from that of other carriers. Conraijl, moreover,

" was developed from selected portions of the.bankrnpt carriers; thus, aggre-

gatiOn of the bankrupt carriers' data would not have been méaningfu]. The
Clinchfield was excluded because of its unique ownership and funding status
within the Family Lines System. Finally, the Long Island was excluded
because it is primarily a suburban passenger carrier (relatively high train
freqdencies and relatively low axle loadings) with track maintenance condi-
tions quite distinct from those of freight-oriented Class I carriers.

ANALYTICAL TECHNIQUES

In the current type of empirical study, the data analysis has the poten-
tial for certain statistical as well as logical problems. On the stqtistical
-side, a common data base suitable for model estimation is avai]ab]e only for
16 annual observations and for 31 Class I ra11roads
| If a time-series analysis is desired, the number of degrees of freedom
for measuring model error are likely to be too small for much trust in the A
reliability of the model. 1If a cross-sectional analysis is desired, the number
of degrees of freedom--especially after the railroads are grouped according
to some sing]elcharagteristic for homogeneity--are not 1ikely to be large
enough to permit even a numerical ‘solution. '

This study is tractable only by augmenting the sample size with panel
data, i.e., by pooling time-series and cross-sectional data. This procedure
perfectly fits the research objective of explaining maintenance-of-way expend1-
tures by certain groups of railroads over time; however, it may cause statis-
tical difficulties of considerable magnitude. It is not unexpected to find
time-series relations subject to the problem of autocorrelation and cross-
section relations subject to the problem of heteroscedasticity. While the
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existence of either problem destroys the usefulness of the statistical model
for making inferences, these prob1ems are easy to diagnose and to correct when
they exist singly in either a time-series or a cross-sectional relationship.
However, when panel data are employed, the problems may exist simultaneously

" with the cross section being heteroscedastic and the time series being auto-
correlated. In this situation, diagnosis and remedial action is not simple;
unless a generalized estimation approach is employed which guarantees the
absence of both prob]ems, the estimated model is not useful for statistical
inference. '

Logical errors in analysis may be'committed.when,cross sections :of data
_are used in testing a statistical model. As Swamy points out, there are two
types-of difficulties which arise with the use of cross-sectional data [41].
The first difficulty is that it is unlikely that interindividual differences
can be explained by a simple regression equation with a few independent
variables. While individual cross-sectional units may respond to exogenous
influences over time, differences among units within a time period, when the
exogenods or "market" forces are constant, become much more difficult to
explain. The other difficulty is that, in cross-sectional models, the implicit
assumption is that all individual units are subject to identical behavioral
" patterns in all regards. Unless this unlikely assumption is true (and this
'study will treat this assumption as a statistically testable proposition), a
macro equation, obtained by aggregating a micro equation over micro units,
will have biased coefficient estimates.

Statistical Methodology

A11 of the difficulties mentioned above, statistical and logical, can be -
managed-and eliminated by employing a random coefficient regression (RCR) model
developed by Swamy [41]. The difficulties are managed by allowing the co-
efficient vector of a regression model to be a random variable to account for
interindividual heterogeneity (if, in fact, the heterogeneity assumption is
warranted). Thus, the RCR model allows corresponding coefficients to be

“different among the various individual cross-sectional units. The RCR model
then focuses on estimating the mean and variance of the, vector of regression
coefficients. It should also be noted thaf.Swamy's procedure provides Aitken
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generalized Teast squares estimators - the estimator for the mean vector is
consistent and asymptotically efficient while the estimator of the variance-
covariance matrix of the coefficient vector is unbiased and consistent [41].
The Ajtken procedure guarantees the absence of both autocorrelation and
heteroscedasticity in the estimated relationships. The resulting statistical
properties, particularly with the large sample size in this study, allow all
relevant statistical inference procedures to be employed. '

. TESTS OF HYPOTHESES

The RCR program provides a test statistic to test the null hypothesis:

where Bi is a (Ax1) vector of fixed coefficients and where A is the number of
independent variables in the regression equation. If H0 is not rejected, it
can be concluded that all of the individual (cross-sectional)units are homo-
genous with respect to the coefficient vectors Bi- The panel data can then

be pooled without bias in estimation. Even with fixed coefficient estimation,
the Aitken generalized least squares procedure is employed, and the resulting
estimations are free of autocorrelation and heteroscedasticity.

The test statistic has the asymptotic distribution of x2 with A(N-1)
degrees of freedom, where N is the number of railroads in the equation. If
X2 is small, a fixed coefficient model is used; if x? is large, the RCR
model must be employed. '

Other tests of hypotheses will be conducted on the coefficients df the
'independént variables specified in Section 2 above. The RCR program provides
t-statistics for each independent variable used to perform single coefficient
t-tests of statistical significance on each variable. The final equation or
equations are selected on the criteria of good statistical fit and highest
significant t-statistics from among required groupings of variables.
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4. STATISTICAL ANALYSES ~

This section contains the statistical study of the track maintenance,
accident, and speed models presented in Section 3 and has three parts.
The first part provides an overview of the statistical study and a
summary of key findings. The second part contains a detailed discussion
of the track maintenance models. Finally, the third part includes the
analyses of accident and speed models.

'OVERVIEW OF STATISTICAL STUDY AND KEY FINDINGS ~ S

The statistical analyses foéused on three areas: track maintenance
spending, track-related accidents, and system train speeds. In general,
the task was toieva1uate.stati$tiCa1 models developed from the theoretical
~ framework formulated in Sections 1-3. .To a considerable extent, the
accuracy, aggregation, and availability of data from public sources
restricted this task. Given publicly available data, the smallest unit
of observation is the Class I railroad, while the unit of time is one _ ‘ >
year. Variab]e measurements, therefbre, represent annual systemwide
averages. Thisvlevel of aggregation means that the study results provide
only a general profile of track maintenance, accident, or train speed
behavior in response to the multiplicity of 0ver1apbing influences on
such behavior. ' o

The analytical techniqde used to develop final statistical models
and test hypotheses was random coefficients regression (RCR). The
nature of the study (time series and cross-sectional) made RCR essential
from a statistical, theoretical, and logical point of view.

Track Maintenance Expenditure Models

Although statistical analyses were conducted in three related
areas, the primary objective was to explain track maintenance behavior.
Both financial and physica] measures were used to represent track maintenance
activity. For expenditure models, the research questions were:
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« Which variables best explain how current operating revenues
available to a railroad are allocated to track maintenance?

- Does a railroad devote a decreasing, constant, or increasing
proportion of its available resources to track maintenance
in response to key variables? ’

To answer these questions, regression models with track maintenance

~ expenditures per track mile (TMEXP) and track maintenance expenditures

- as a proportion of total annual operating revenues (TMRATIO) were '
estimated. Both for a priori reasons and for purposes of regulation and
control, variables repkésenting speed (the change in average system '
train speed or A SPEED), accidents (the numbef of accidents per million = - .
gross ton miles, lagged one year (ACC)t_], and the freguency-severity
accident indexes (SI1), ; and (SI2), ,), and the introduction of FRA
safety standards (DUMMY) were entered into models on an obligatory
basis. Because measurements for accident indexes were available only
for an eleven-year (1967-1977) period, models were developed for two
time framés; (1) 1962-1977, where (A_CC)t_1 was used and (2) 1967-1977,
where the indexes'(SI])t_T and (SIZ)t_] were included.

In addition, ané]yseé of track maintenance expenditure models were
méde for two different levels. Initially, industry models were developed
and evaluated. Subsequently, final industry models were tested on six
subgroups. |

Key Findings

The results indicate that available operating revenues heavily
influence industry track maintenancevexpenditureé. Yet, operating
revenue per track mile (REV) is highly collinear with other a priori
variables of interest. Thus, the track maintenance ratio model (TMRATIO),
which permits REV to be removed as an explanatory variable but keeps REV
in the model equation and avoids the use of possibly deficient deflator
data, was conceptually superior.
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Safety-Related Variables. In TMRATIO models, safety-related variables
are statistically significant predictors. In particular, the years since

. FRA standards were instituted are associated with nearly a 1 percent

increase in the proportion of revenues allocated to industry track maintenance
expenditures. Also, track maintenance expenditures show a significant
positive response to unit increases in track-related accident rates.

The 1ink between safety standards and track maintenance expenditures;

however, must be viewed with caution. The statistically significant

upward shift in average track maintenance spending after 1972 may be the

result of factors such as major renewal programs which, in turn, may
have been the result of growing revenues or of anticipated growth--ih’
coal or grain traffic for example--or of strategic goals that require
upgrading service quality. '

Furthermore, the analyses of railroad groups-indicate that safety-
related variables exhibit differential effects on various groups. Track
maintenancé decisions of railroad companies that operate trains at
higher speeds appear to be more sensitive to accident rates and the
introduction of FRA safety standards than similar decisions of companies
that have slower average system train speeds. As one might intuitively
expect, railroads with very Tow operating speeds seem not to be affected
by FRA standards in their track maintenance allocations perhaps because
the speeds are already so low that the standards do not serve as a
disincentive to Tow track maintenance allocations, or perhaps because
the carrier lacks the resources to undertake the major upgrading which
would be required.

Large railroads appear to be more sensitive in their maintenance
decisions to accident rates, pekhéps because they possess the resources
to undertake major rehabilitation. Profitable railroads appear to be
more sensitive to accident rates and to the establishment of the FRA
standards (contrary to indications given during interviews), while
high density network systems seem more sensitive to accident rates than
low density network systems. ’ ‘
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For regional groups, the track maintenance expenditures of southern
railroads appear more responsive than the expenditures of northern
carriers to accident rates. Finally, for the passenger group, all
models show accident variables with statistically significant coefficients
that are larger for the passenger’than for the nonpassenger groups. Not
surprisingly, TMEXP and TMRATIO for railroads with passenger operations

are more responsive to (ACC) than carriers without such operations.

t-1

Train Speed and Car Weight. Overall, the change in average annual

system train speed (A SPEED) was not a significant factor in the study

of track maintenance spending. In regression equations for all railroads,
A SPEED was not a statistically significant predictor of TMEXP or TMRATIO.
In the analyses of subgroups, only TMEXP was responsive to A SPEED in
medium size, low ROI, or low density railroad groups. For these groups,

a reduction in average annual system train speed has a significant

positive effect on the prediction of nominal track maintenance expenditures
per track mile. | ‘ '

On the industry level, although average system carload weight
(WEIGHT) has a significant direct effect on nominal track maintenance
expenditures per track mile (TMEXP), it is not a significant predictor
of real resources devoted to track maintenance (TMRATIO). For speed
groups, although significant relationships are found in the low speed
group, WEIGHT has a significant influence on the prediction of both
track maintenance expenditure measures only in the medium speed group.
Unlike speed groups, network-size groups show no significant relationships
between WEIGHT and TMRATIO; when TMEXP is the dependent variable, statistically
significaht relationships occur only for the medium and the large network
levels. For ROI groups, WEIGHT does have a significant effect on both
track maintenance measures, but only at the low ROI level. The results
for density groups are mixed; contrary results for medium and high
groups as opposed to low density groups make interpretation difficult.
The results are clear, however, for regional operations. Track maintenance
expenditures of the northern group appear more sensitive to changes in
average system carload weight. Finally, for passenger operation versus
nonpassenger operation groupings, no patterns are apparent with respect
to WEIGHT and track maintenance measures.

69



Tie and Rail Replacement Models

The second approach taken for the analysis of track maintenance
activity was to estimate tie and rail replacement models. Besides the
variables found statistically significant in .the industry level Study of
trgck maintenance expenditures, a price index ratio (PIR) and the proportion
of continuous welded rail (CWRAIL) were tested. Other 6perating variables
such as DENSITY, SIZE, and LENGTH were not evaluated because they measure
" much of the same theoretical influences as WEIGHT. '

Other than REV, no variable is significant in any regression equa-
tion for all railroads, and REV is significant only in the TIES model.
In equations for carriers, other variables are éignificant,-but changes
in signs or in significance make interpretation difficult.

Accident and Speed Models

In developing final accident and speed models, variables considered
essential (both a priori and from the point of view of regulation and
control) as well as nonobligatory variables were tested. For accident
models, the obligatory predictors were DUMMY, WEIGHT, and a]ternatively,
(TMRATIO) ., (TMEXP)t_], or (REV),_q; others tested were ROI, (TIE)y ;.
(RAIL)t_], LENGTH, and DENSITY. -Regardless of the combination of
variables, accident models did not give useful results,-primarily

because a meaningful measure of track condition could not be included in
the models tested, and because the level of aggregation tended to blur
the effects of the variables that were included.

Except for the substitution of LENGTH for WEIGHT, the same set of
bb]igatory variables was specified for models of average system train
speed. Nonobligatory variables, however, included only (TIES)t_1,

» (RAIL)t_], DENSITY, and SIZE. The regression resu1ts for all railroads
show that a significant reduction in average system train speed occurred

after the introduction of FRA track safety standards. LENGTH, (REV)t_],

and the nonobligatory variables were not statistically significant. The

results for lagged track maintenance measures are unclear and must be

used cautiously. Although there are several possible explanations for

the negative signs of the significant (TMRATIO), , and (TMEXP), , coefficients,
the results were contrary to initial theoretical expectations. Finally,
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no other variables proved statistically significant in regression models
for all railroads. '

ANALYSIS OF TRACK MAINTENANCE

In this part of Section 3, track maintenance models are developed
and discussed. The initial focus is on financial measures (TMEXP and
TMRATIO) of track maintenance. In order to analyze financial measures,
industry models were developed and evaluated first. These models were
then tested on the six subgroups of railroads. The ensuing discussion
covers models that use physical measures as depéndént,variableé.‘ ATlthough
a similar approach was taken for the analysis of physical measures of
track maintenance, the investigation was largely unproductive and the
discussion of it is Tlimited.

Track Maintenance Expenditure Models

In developing regression results for track maintenance expenditure
models, the two research questions asked were: Which variables best
~explain how operating revenues available to a railroad are allocated to '
track maintenance? Does a railroad devote a decreasing, constant, or
increasing proportion of its available resources to track maintenance in
response to key variables? To answer these questions, regression models -
were estimated where track maintenance expenditures per track mile
- (TMEXP) and track maintenance expenditures as a proportion of total
annual operating revenues (TMRATIO) were the dependent variables. |

In devéioping-exp1anatory'equations,vvariab]es representing speed,
accidents, and the introduction of FRA track standards were enﬁered into
the models on an obligatory basis, both a priori and for purposes of
regulation and control. Specifically, these variables were: the change
in average system train speed (A SPEED); the number of accidents per
million gross ton miles lagged one year (ACC)t_]; the severity-frequency
accident indexes for line (main or branch) and yard (including siding or
way switching) segments lagged one year (SI1)t_] and (SIZ)t_1, respectively;
and the dummy variable for the introduction of FRA safety standards
(DUMMY). Subsequently, other independent variables, alone and in
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combinations, were evaluated in the presence of the obligatory variables.
As Tater discussion will demonstrate, however, the results did not yield
any compelling reason for keeping (SI])t_1 in the final models.

Regression Results for A1l Railroads

(1) 1962-1977 and (ACC)t_] as the Measure of Accidents

The random coefficients regression equations for the final induétry
models are shown in Tables 14 and 15. Considering TMEXP models for the
16-year (1962-1977) period first (see Models 1-and 2, Table 14), it can
" be seen that when the annual operating revenue variable (REV) is added
to A SPEED, (ACC)t_], and DUMMY, as well as average carlogd weight
(WEIGHT) (which was the only other nonobligatory predictor found signifi-
cant in other models), the results are those that appear in Model 1.
(See Table 11 for variable definitions.) Only the coefficient of the
REV variable is statistically significant.* Likewise, when other inde-
pendent variables are included in the model with REV and the obligatory
variables, only REV 1is statistically significant.

- Plots of values among the independent vafiab1es, however, indicate
high collinearity of REV with other independent variables. While the
“importance of REV in explaining TMEXP is recognized, the collinearity -
indicates that REV 1is capturing the independent effects of other variables
and is dominating the other coefficients and standard errors.

As shown in Model 2, when REV is removed and other independent varia-
‘bles are evaluated, only WEIGHT is statistically significant in the presence
of the obligatory variables. ‘Nevertheless, every coefficient in Model 2,
except for A SPEED, is stétistica11y»significant at the .01 level and has the
expected sign. Furthermore, when DENSITY, DIVIDEND, and ROI are added, none
is statistically significant. When the price index ratio (PIR) is added
to the equation, its coefficient is high]y significant, but has the
wrong, i.e., negative sign. Since there is no a priori support for a

. .
A1l t-tests for regression coefficients are one-tailed tests since
there are a priori expectations of signs of coefficients.
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Table 14. Random Coefficients Regression for A11 Railroads-
' Track Maintenance Expenditure Models 1962-1977

INDEPENDENT VARIABLES (2)

x2-Statistic

Dependent ‘ ‘ for Test OQb)
Variable Mode] Constant A SPEED (ACC)t_1 DUMMY WEIGHT REV Homogeneity
1 -0.4548 -0.0550 0.1212 -0.0746 - 1.5501 0.1268 2294
(0.0192)*  (0.1097) (0.1719) (0.2537) ( 1.6066) (0.0272)* [-180 d.f.]*
TMEXP ’ -
: 9 -5.8206 -0.1537 1.1018 ~ 1.5765 13.3332 2336
(2.1128)*  (0.1599) (0.2271) (0.3312)* ( 3.3055)* [ 150 d.f.]*
TMRATIO 3 5.7211 -0.1294 . 1.0494 0.7909 3.9737 1668
(2.3810)*  (0.1781) (0.1781)*  (0.2577)* ( 4.1469) [ 150 d.f.1*

(a)Numbers in parentheses are standard errors.

(b)Numbers in brackets are degrees of freedom for statistical tests.

* Indicates significance at the .01 level.
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Table 15. Random Coefficients Regression for A1l Railroads-
Track Maintenance Expenditure Models 1967-1977
INDEPENDENT vARTABLES (2) |
‘ . x*-Statistic
Dependent {c) (c) o for Test oqb)
Variable Model Constant A SPEED (Sl‘l)t_1 (SIZ)t_l . DUMY WEIGHT " Homogeneity
1 -5.9413 -0.1024 0.0266 0.5166 0.9091 15,0550 2361
(4.5332) (0.1591) (0.0841) (0.1978)* (0.2787)* ( 8.0672)** (60 d.f.]*
TMEXP - '
2 -4.9327 -0,1051 0.5505 1.0626 13.1792 2420
(3.1838) (0.1283) (0.2005) (0.2807)* ( 4.9276)*  [150 d.f.]*
3 9.8019 =0.0694 0 0.0533 0.4165 0.4482 - 1.139 1738
(2.8958)* - (0.1640) (0.0758) (0.2314)** (0.6945) ( 3.7726) [180 d.f.]*
TMRATIO _
4 8.7334 -0.0242 0.5549 - 0.6320 0.6061 1869
(0.7282)* (0.1422) (0.1976)* (0.3386)** ( 0.3859) [150 d.f.7*

(a) Numbers in parentheses are standard errors.

**. Indicates significance at the .05 level.

(b; Numbers in brackets are degrees of freedom for statistical tests.
Data available from 1967.
Indicates significance at the .01 level



negative coefficient, the result is judged to be a spurious relationship,
and PIR was eliminated from the regression. '

Thus, Models 1 and 2 provide some evidence on which factors determine
levels of TMEXP. It appears that track maintenance expenditures per .
track mile are positively related to current revenues, the number of
accidents in the previous period, average carload weight, and the introduc-
tion of FRA track safety standards.

However, a second research question, as noted above in the section
on delineation of the track maintenance model, was also of interest. A
determination was to be made whether railroads devote a decreasing,
constant, or increasing proportion of their available resources to track
maintenance in response to key variables. Hence, the analytical focus
in this case shifts to Model 3 (Table 14) and to the ratio of track
maintenance expenditures to operating revenues (TMRATIO). Furthermore,
when TMRATIO is employed as a dependent variable (see Model 3), the
model determines the railroad and industry action toward road rehabili-
tation, since TMRATIO represents commitment of real resources. Moreover,
because track maintenance is essentially funded from operating revenues,
TMRATIO represents the share of available financial resources the company
is willing to commit to the maintenance function vis-a-vis other
departments.

The random coefficients regression results indicate that the industry
as a whole does have a real resource position on maintenance of way that
is responsive to equation variables. Although WEIGHT 'is not a significant
predictor, fhe signs of variables correspond to those in Models 1 and 2,
and both DUMMY and (ACC)
level.

£-7 are statistically significant at the .01

(2) -Alternative Accident Measures for 1967-1977

In Table 14, the track-safety variable was measured by (ACC)t_],
the total number of accidents in the previous year. However, this
measure has a major weakness because it fails to capture the impact of
the severity of accidents. To remedy this weakness, ACC was replaced by
two measures: SIT1 and SI2. Since the data necessary to calculate SII
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and SI2 were available only for the period 1967-1977, regressions with
the dependent variables TMEXP and TMRATIO were run for that period; the
results are presented in Table 16.

Table 16 shows that when (SI])E] and (SIZ)_1-are both in the equation
(Model 1), the coefficients of DUMMY and WEIGHT are significant, while
the coefficient of A SPEED is not. This pattern is the sameﬂas when
(ACC)_] was employed as an exp]anatdry variable. However, the coefficient
of (SIZ)_] is significant, and the coefficient of (SI])_] is not. The
unimportance of (SII)_] as a variable seems further to be borne out by
the small magnitude of the coefficient estimate. Since there-did not
seem to be any compelling reason to keep (SI])_1'in the equation as a
maintained hypothesis, (SI])_] was eliminated. The preferred equation
is shown as Model 2 in Table 16.

The eleven-year industry models (3 and 4 in Table 15) with the
alternative accident measure essentially corroborate the results of the
corresponding industry models (2 and 3 in Table 14) for the 1962-1977
period. Accident variables have a significant influence on the predictioh
of nominal (TMEXP) and real (TMRATIO) track maintenance expenditures.
Moreover, after the introduction of FRA track safety standards, there
was a statistically significant increase in the industry's track mainte-
nance expenditures (as defined in this study). An exception, however,
is WEIGHT. Although the average system car weight has a positive effect
on the prediction of nominal track maintenance expenditures, it is not a
significant predictor of real resources (as measured by TMRATIO) devoted
to track maintenance.* Finally, in no industry model was A SPEED a

-significant variable. :

*It should be emphasized here that a1though consistent results for 16-
and 11-year models enhance confidence in the findings, it does not
necessarily follow that inconsistent results diminish the f1nd1ngs
Differences may result not only from replacing (ACC) 1 with SIZ)t_],
but also from changing the sample from 16 to 11 year§
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Table 16.

Random Coefficients Regression for Track Maintenance

Expenditure Models Estimated by Speed Groups
INDEPENDENT VARTABLES(®)
Time x2-Statistic(®)
Dependent Frame ) - for Test of
Group Variable {Yrs) Constant A SPEED (AC(:)t_.| (Slz)t_] DUMMY WEIGHT Homogeneity
-7.7959  -0.3270 3.4912 2.1873 16.8247 58.31
' b 16 (-8.5118)  (0.2993)  (2.5379) (0.5%04)*  (11.5734) [ 10df.]*
TMEX
-19.6775 . 0.0803 1.3181 0.7416 35,5387 61.14
1 (17.0866)  (0.3069) (0.2868)*  (0.5554) (23.8179) - [ 10 d.f.]*
High Speed 10.8381  -0.4980 6.5567 1.3133 - 3.5375 19.73
: ~ 16 ( 3.1078)* (0.6167)  (2.6637)* (0.7643)**  ( 3.7138) [ 10 d.f.7*
TMRATIO . ' v : » :
7.8086  -0.2337 1.2051 0.4307 3.9274 25.85
n ( 5.1467)  (0.5695) (0.9782)  (0.5868) (5.8450) [ 10d.f.]*
. 8.7769  0.2518 1.8326 1.8126 18.3345 606.33
16 ( 2.2337)* * (0.1884)  (0.7862)%* 0.5907)%  ( 3.1560)* [ 45 d.f.]*
THEXP ' - 5.1605 0.0309 0.8735 0.8405  12.9918 684.54
i} ( 6.1788)  (0.1353) (0.3540)%  (0.3695)%* ( 9.7643) [ 45d.f.]*
Medium Speed 0.3797 0.3495 1.3923 1.2742 15.8344 366.83
16 (4.3882)  (0.3079)  (0.7345)%* (0.5407)*  ( 9.3361)** [ 45 d.f.]*
THRATIO 7.2789  -0.0163 1.0223 0.3237 5. 6445 503.78
1 ( 2.3512)*  (0.1977) (0.3638)  (0.9419) ( 3.0849)** [ [45 d.f.]*
_ - 5.8139 0.0673 0.8621 1.3157 13.4195 1M13.84
16 ( 3.3080)** (0.2490)  (0.2088)% (0.4717)%  ( 5.3519)* [ 85 d.f.]*
THEXP ‘ - 3.9513 0.0851 - 0.3082 1.0644 11.5194 928.77
n ( 3.5499)  (0.2549) (0.1680)%* (0.4373)*  ( 5.6167)% [ 85 d.f.]*
Low Speed 7.5011  0.009  0.7169 0.5638 - 0.3379 1047.29
16 ( 3.2002)* (0.2557)  (0.3490)%+ (0.3687) ( 4.6677) [ 85d.f.]*
TMRATIO : :
8.6790  -0.0654 0.1710 0.6311 - 0.9285 1076.20
11 . (2.0580)* (0.2492) (0.1946)  (0.4737) ( 1.4704) [ 85 d.f.J*

e e

{a) Numbers 1n parentheses are standard errors.
(b) Numbers in brackets are degrees of freedom for statistical tests.

==

* Indicates significance at the .01 Jevel.
** Indicates significance at the .05 level.



Regression Results for Railroad Groups. Different levels of six

characteristics defined the groups into which railroads were classified
for analysis (see Table 12). The selected characteristics represented
various network, operating, or financial factors likely to affect track
maintenance expenditures of railroad groups in different ways. The
purpose was to present a descriptive comparison of such differential
effects, as well as to investigate the results of industry models applied
- to particular subsets of rajlroads. The comparisons are descriptive
rather than statistical because, in random coefficients estimation, the

~ problem is that the total sum of squares will not necessarily partition
into an error sum of squares and a model sum of squares. This result thus
precludes, for example, any analysis based upon“generaT analysis of

covariance.

} In addﬁtion, although the primary focus is on the TMRATIO model
(Model 3, Tabie 14), the equiva]ent‘TMEXP model (Model 2, Table 14) was
“included in the analyses of subgroups in order to provide additional
information and possible corroborative evidence. Tables were developed
to show simultaneously the results of all models (16- and 11-year models
for both TMEXP and TMRATIO) for each level of the grouping variable.
Although somewhat cumbersome, the arrangement of tables allows one, by
concentrating on a particular level (e.g., high speed) and variable
column (e.g., WEIGHT), to identify easily any differences in model
results. Finally, before proceeding to the results, it should be noted
that although carriers were placed into "like" groups with respect to
the blocking characteristic, x? tests of homogeneity indicated diverse
behavior even within groups to be the rule rather than the exception.

(1) Average System Train Speed,'

Focusing on A SPEED in Table 16, it is seen that, as in the aggre-
gate industry models, A SPEED is an insignificant predictor. By contrast,
accident measures are significant in eight of the twelve models. With
one exception (i.e., as a predictor of TMEXP in the high speed group),
coefficients of (ACC)t__1 are significant predictors.
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The size of these coefficients increases as the level of speed goes
- from low to high. This suggests that track maintenance expenditures
become more sensitive to the number of accidents per million gross ton
miles in the previous year as the group level of average system train
speed increases.

Eleven-year models with (SI12), ; as the me;sure of accidents confirm
the significant influence of accidents in predicting TMEXP, but not in
predicting TMRATIO. For the 11-year TMRATIO models, however, the signs
and the relative magnitudes of (SIZ)t_] ;oefficients are consistent with
the findings for (ACC), ;. ' ”

A similar pattern of results occurs for DUMMY in the 16-year time
frame. A1l but one of the coefficients of DUMMY is Signiffcant; and the
same hierarchy appears. The results of the 11-year models, though, are
mixed. Medium and high speed groups show DUMMY to have significant
relationships with TMEXP, but the hierarchy of coefficients is reversed.
Furthermore, DUMMY is not a significant predictor of TMRATIO in the 1-
year models. Although significant relationships are found in the low
speed group, the medium speed group is the only group.in which WEIGHT
has a significant influence on the prediction of both track maintenance
expenditure measures. Thus, it'appears that WEIGHT is statistically
important only in the medium speed group. '

(2) Network Size

While the response of both tfﬁqk maintenance expenditure variables
to (ACC), 1, (SIZ),_;, and DUMMY varies among size groups, only TMEXP
has a statistically significant response to A SPEED and WEIGHT. As
shown in Table 17, a consistent patfern of results occurs for accident
measures for the large rai}road networks. . Both (ACC)t_1 and (SIZ)t_]
are significant predictors of TMEXP and TMRATIO. On the other hand,
DUMMY exerts its greatest influence in the medium size group. Although
the coefficients of DUMMY in the 16-year TMEXP models are greater in the
large group than in the medium and small group, only the medium group
shows DUMMY to have an effect on TMRATIO. |
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Table 17.

Random Coefficients Regression for Track Maintenance
~ Expenditure Models Estimated by Size Groups
INDEPENDENT vARTABLES (%) (b)
Time - x2-Statistic
Dependent Frame : : for Test of
Group Variable (Yrs) Constant A SPEED (ACC)t_] .‘512’1;-1 DUMMY ~ WEIGHT Homogeneity
- 7.1651 -0.1838 2.5612 . 1.0913 14.6057 1299.45
16 ( 3.9702)  (0.2115)  (0.5320)* (0.4495)*  ( 6.3784)* [ 55d.f.J*
THEXP - 5.8873  -0.0057 0.8531 0.6805 14.3327 1077.69.
1 ( 5.5902)  (0.1825) (0.2799)*  (0.3251)%* - ( 8.5526)** [ 55 d.f.]*
Large Size 7.0077  -0.1780 2.4007 0.6366 1.7008 436.47
16 ( 3.7743)  (0.3084)  (0.6779)* (0.4460)  { 5.9979) [ 55d.f.]%
TMRATIO :
: 10.6586 -0.0759 0.7800 0.2516 1.8449 661.24
n. ( 4.8946)** (0.2666) (0.2989)* (0.3330) - ( 7.4784) [ 55d.f.1*
8- . - 7.8892 -0,3746 0.4454 1.5956 17.1948 403.31 -
16 ( 3.3721)** (0.2217)%* (0.2531)** (0.3567)%  ( 5.4728)* [ 50 d.f.]*
P
THEX - 8.4275 -0.5530 0.1974 1.0519 18.4891 735.85
_ n ( 3.1634)** (0.1449)* (0.2203)  (0.3425)*  ( 4.9943)* [ 50 d.f.]*
Si : : -
Medium Size . 3.2382  -0.1301 0.7149 1.1309 8.0317 - 579,50
16 ( 3.9938)  (0.3773)  (0.4461) (0.5356)** . ( 5.3819) [ 50 d.f.]*
TMRATI0
8.2537 -0.3198 0.0986 1.2197 - 0.5486 474.16
n ( 0.9892)*  (0.2727) (0.1628)  (0.4174)*  { 0.4958) [ 50 d.f.]*
0.8795 -0.0126 0.7961 3.1039 3.1018 244.91
16 ( 3.4679)  (0.3821)  (0.6231) (1.3060)*  ( 4.0724) [ 35d.f.]*
TMEXP - - -
: : - 2.1779 0.2049 0.1240 1.9343 9.4746 177.55
' n ( 9.0147)  (0.4043) (0.5548)  (0.8429)%*  (14.2505) [ 35d.f.]*
Small Size - -
: 5.7034 0.1244 1.1918 0.7650 . 3.8358 255.15
16 ( 1.2707)* (0.3258)  (1.1048) (0.4628) . ( 6.9509) [ 35d.f.1*
TMARTIO
 9.0606 0.1656 0.3495 -0.2222 0.7418 248.02
N ( 1.9054)* (0.3772) (0.4412)  (1.2204) ( 0.9109) [ 35d.f.j*

(a) Numbers in parentheses are standard errors.

{b) Numbers in brackets are degrees of freedom for statistical tests.

* Indicates significhnce at

the .01 level.
** Indicates significance at the .05 level.



A SPEED and WEIGHT are significant predictors of TMEXP only for
medium or large groups. The coefficients of A SPEED have negative -
signs, an indication that a net reduction in average system train speed
has a positive infiuence on the prediction of TMEXP. In contrast, the
signs for WEIGHT are all positive, but coefficients are greater in the

“large group.

(3) Return on Investment

As shown in Table 18, accident variables are significant in all
models for medium and high ROI levels. Coefficients of (ACC)i_] and
(SIZ)t_] in regressions of the middle level group, however, are roughly
twice as large as corresponding coefficients found in the high ROI
level. Thus, it appears that track maintenance expenditure decisions of
less prosperous, though not poor, railroads (middle level) are relatively
more. sensitive to accidents than similar decisioné of relatively

prosperous or poor carriers (high and low ROI levels, respectively).

The third safety-related variable, DUMMY, is. a consistently. signifi-
cant predictor only for the high ROI group. Apparent]y, more prof1tab]e
carriers have had a significant increase in track maintenance expenditures -
after the introduction of FRA track safety standards. Although the low
ROI group does show a significant positive relationship between the
introduction of the standards and dollars spent per track mile in each
time frame, real resource (TMRATIO) models do not show DUMMY to be
significant. '

A]together, with the exception of DUMMY's significance in the h1gh
ROI group models, these results are bas1ca11y cons1stent with the framework
_deve]oped in Section 2. Regardless of the financial condition of the
railroad visited, senior officials consistently indicated in interviews
that, while accidents are often important in the decision process, FRA
track safety standards had're1ative1y Tittle influence on track maintenance
spending decisions. Similarly, the case study presented above demon-
strated how accident costs might affect the investment decision, especially
for low density branch lines, and also highlighted the economic incentives
for ‘accepting the slow orders, temporary or permanent (via downgrading
the track classification), that the FRA might impose on the branch lines
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Table 18. Random Coefficients Regression for Track Maintenance
Expenditure Models Estimated by ROI Groups

INDEPENDENT VARIABLES(a) (b)
- ' x2-Statistic

28

Time .
Dependent Frame ' . for Test of
Group Variable (Yrs). Constant A SPEED (ACC)t_] (srz)t_] DUMMY - WEIGHT Homogened ty
- 7.6208 -0.0656 0,7235% ] 1.6582 16.6345 ‘ 859.96
] 16 . ( 3.1939)* (0.2010) (0.2000)* : (0.4715)* . ( 5.0316)* [ 90 d.f.1*
THEXP ’ - 7.9058 ° 0.0480 . © 0.5747 1.1290 18.0715 922.00
n ( 3.9507) (0.1539) (0.2274)* (0.4310)* - ( 5.9518)* [ 90 d.f.]*
High ROT 6.3096  -0.052] 1.3271 0.9096 2.0891 1266.71
16 ( 3.2430) {6.2272) (0.5445)* : (0.3719)f _ “{ 4.9681) [ 90 d.f.]*
THRATIO 9.8925 0.0438 - 0.5139 0.5315 - - 1.3538 1317.13
11 © { 3.6672)*  (0.1805) (0.2517)%* (0.3126)** ( 5.1874) [ 90 d.f.]*
© - 1,339 0.1241 2.5164 1.1163 7.5123 690.56
16 { 4.3359) (0.2047) (1.0589)* (1.0059) ( 7.0342) [ 25d.f.]*
THEXP - 1.6334 0.1576 1.3397 0.7946 8.2030 383.36 - -
n ( 7.8136) (0.2037) . ) (0.5518)** (0.3714)**  (11.6685) [ 25d.f.]*
Medium ROI ; :
3.5099 -0,5435 2.2756 ’ 0.7059 11.4775 226.745
16 (- 4.5326) (0.4819) (1.1838) % /(0.3699)**  (11.7177) { 25 d.f.]*
TMRATIO : : : —
. 8.2013 0.2695 1.6576 0.3591 5.0098 295.70
M ( 2.7327)* (0.3553) (0.5494)** (1.3477) { 2.5248)** [ 25 d.f.]*
. -~ 8.4345 -0.5511 0.4484 ) l.58b5 “17.4056 151.325
16 ( 2.0550)* (0.2941)?* (0.4193) {0.3835)* ( 3.7520)* [ 25 d.f.]1*
TMEXP
. - 5.5908 -0.5258 0.1894 1.3453 12.4285 127.67
. n ( 2.3843) (0.3027)** (0.1973) (0.4018)* ( 4.2162)* [ 25 d.f.]*
Low ROI - - y -
- 3.4393 -0.1698 0.6877 1.3202 18.9022 60.59 -
16 ( 6,4397) (0.5130) {0.6888) (1.4470) C( 9.9897)%* [ 25 d.f.]*
TMRATIO - -
4.0084 -0.3048 _ 0.2298 0.6973 . 6.8034 36.75
n ( 5.7142) (0.3169) - (0.1217)** (0.5982) ( 9.8380) [ 25 d.f.]*
a) Numbers in parentheses are standard errors. * Indicates significance at the .01 level.

b) Numbers in brackets are degrees of freedom for statistical tests. ** [ndicates significance at the .05 level.



where speed-related savings are not sufficient to justify normalized

maintenance. The significance of the exception, of course, is tentative, '

- for the high ROI group's increase in track maintenance expenditures
after the introduction of safety standards may simply reflect rising
levels of traffic and revenue during the same period or, possibly,
independent renewal programs for track laid just after World War II. =~

In three of the four models for the Tow ROI group, WEIGHT is a
significant predictor of either TMEXP or TMRATIO. In the high ROI
group, WEIGHT is significant in the TMEXP models for the 16-year period
only; in this group, TMRATIO is unrespohsivé to changes'in average
" system carload weight. ‘

(4) Traffic Density

As shown in Table 19, safety-related variables affect density
groups differently. (ACC),  or (SI2), ; coefficients all exhibit
- expected signs and are significant in ten of twelve models. Although
accident variables are consistently significant predictors of track
maintenance expenditures for all density groups, expenditure measures
essentially are successively more responsive to changes in (ACC)t_T and
(SIZ)t_] for medium and high density railroads.

Like accident variables, DUMMY affects density groups differently.
The results, especially for TMRATIO models in the 16-year tfme frame,
are basically the same as the findings for accident variables in either
time frame. The significant coefficients of DUMMY indicate that DUMMY
has successively greater influence on the prediction of track mainte-
nance variables as density levels progresé from low to high. Apparently, .
many medium and high density rai]rbads'have'spent more nominal dollars
for, and devoted a greater share of operating revenues to,\track mainte-
nance since 1972.

Unlike the resu]fs for safety-related vafiab]es, the results for
A SPEED and WEIGHT are mixed. A SPEED is a significant predictor of
TMEXP in the low density group, but the signs change in other models;
in addition, A SPEED is not significant in ahy,of the TMRATIO models.
Likewise, T1ittle corroboratory evidence is shown in the results for
WEIGHT.
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8

Table 19. g A
Expenditure Models Estimated by Density Groups..
INDEPENDENT VARTABLES (?)
Time . ' : : x’-Statistic(b)
Dependent Frame i ) : for Test of
Group Variable {Yrs) Constant A SPEED (ACG)t_.| (SIZ)t_.| DUMMY WEIGHT Homogeneity
- 8.3370 -0.1111 2.8897 2.5280 .  16.6267 180.54
16 ( 4.2222)* (0.3587)  (1.0245)* (0.9115)* - ( 5.4554)* [ 35 d.f.]*
- TMEXP -10.8200 0.2426 10,9809 1.2489 21.6217 166.80
n { 7.2169) (0.3537) (0.3346)*  (0.7678) (10.0175) ** [ 35d.f.]*
High Density 7.3734  -0.2856 3.2198 . 1.2863 0.6617 191.19 .
16. { 3.0330)** (0.4015)  (1.0986)* (0.6206)**  ( 4.5068) [ 35 d.f.}*
. THRATIO 9.0368 -0.1027 0.9442 0.5671 0.4322 399.24
1 ( 5.1606)  (0.2452) (0.3905)* . (0.3978) ( 7.6056) [ 35 d.f.]*
: - 9.2796 0.1678 1.2691 1.0035 = 18.7657 269.76
16 ( 5.5073)** (0.1798)  (0.4400)* (0.5488)**  ( 9,0372)%* [ 45 d.f.]*
TMEXP :
-10.6510 0.0919 0.4988 0.7612 22,5725 289.81
N ( 5.5257)  (0.1566) (0.1954)*  (0.5537) ( 8.7929)* [ 45 d.f.]*
Medium Density
16.3122 -0.0755 0.9964 - 1.8192 -11.6618 499.08
16 ( 5.5501)* (0.2102)  (0.8013) (0.5502)*  ( 9.8328) [ 45 d.f.]*
TMRATIO ' :
2.9133 0.3590 0.7985 1.0594 . - 11.0992 566.56
1 ( 6.2247)  (0.2498) (0.2143)*  (0.5077)**  ( 9,1538) [ 45 d.7.]*
: 0.7705 -0.2748 0.7102 1.6834 1.7448 794.36
" 16 ( 0.4695)  (0.1445)** (0.3939)#** (0.9115)**  ( 1,1860) [ 60 d.f.]*
TME —
_ 1.2424 -0.3744 0.7530 1.2592 2.4275 465.07
n ( 3.6323)  (0.1266)* (0.3562)** (0.2607)*  ( 5.7155) [ 60 d.f.]*
Low Density :
5.3279 . 0.1840 0.9965 0.9533 . 4.9141 809.44
16 ~{ 1.2396)* (0.3368)  (0.7535) (0.4019)*  ( 4.4604) [ 60 d.f.]*
TMRATIO
7.6238 -0.2507 0.6847 . -0.2064 2.7780 | 685.42
n ( 1.0352)* (0.2342) (0.2552)* (0.7362) ( 0.8636)* [ 60 d.f.]*

(a)- Numbers in parentheses are standard errors.

(b) Numbers in brackets are degrees of freedom for statistical tests.

* Indicates significance at the .01 level.
** Indicates significance at the .05 level.



(5) Regional Operations

The track maintenance expenditures of southern rai]roads appear'
more responsive than the expenditures of northern carriers to accident
variables (see Table 20). A1l four models for the southern grodp show
(ACC)t_] and (SIZ)t_] as statistically significant variables that have
larger coefficients in the southern group than in the northern group.
The results for DUMMY, hoWever, are mixed. While the southern group
appears more responsive to DUMMY in the 16-year models, 11-year models
suggest the opbosite. Like the 11-year model results for DUMMY, the
coefficients of WEIGHT also indicate that track maintenance expenditures
of the northern group are more sensitive to changes in WEIGHT. A SPEED,-
however, is uniformly insignificant. | .

(6) Passenger Operations

: Not'surprising1y, TMEXP and TMRATIO for railroads with passenger
operations are more responsive to (ACC)t_] or (SIZ)t_] than carriers
without such operations. For the passenger group, all models show
accident variables with statistically significant coefficients that are
larger for the passenger than for thé4nonpassenger'groups (see Table 21).
Although the results for DUMMY also exhibit a relatively hﬁgh degree‘of
consistency, it is the nonpassenger group, rather than-the passenger '
group, that appears to have undertaken increased track maintenance
spending after the introduction of FRA track standards. The results for

WEIGHT, however, are mixed, and no pafterns are apparent.

- Tie and Rail Replacement Models

An attempt was made to estimate both tie replacement (TIES) and
rail replacement (RAIL) models. Both TIES and RAIL were regressed
against DUMMY, A SPEED, (ACC)_], and WEIGHT. Since the right-hand side
of the final track maintenance expenditure equations has no financial
variables, the explanatory variables in expenditure models should apply
equally to physical models. In addition, the analysis included the
price index ratio (PIR) and the proportion of CWR in the network system
{CWRAIL), because ‘these predictors had a strong Tikelihood of being
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Table 20. ] A :
Expenditure Models Estimated by Region Groupings .
INDEPENDENT VARTABLES (3) (b)
Time A ¥2-Statistic
Dependent  Frame : for Test of
Group Variable (Yrs) Constant A SPEED (RCC)y (s12), 4 DUMMY WEIGHT Homogeneity
. -7.8693-  -0.0119  .0.9446 1.6045 16.8008 1293.08
16 ( 2.7353)* (0.2404)  (0.2432)* (0.4282)*  ( 4,1864)* [ 90d.f.]*
THEXP .8.1837  0.0528 0.3754  1.2239 18.4793. 1593.08
1" { 2.7092)*  (0.2395) (0.1767)** (0.4082)* . ( 4.1207)* [ 90 d.f.]*
Northern © 1.4497  -0.0647  0.4709 0.7574, 10.2687 1164.01
16 ( 2.6781)  (0.2434)  (0.3848) - A (0.3429)**  ( 3,9965)* [ 90 d.f.J*
THRATIO 7.9303 -0.0253 - , 0.3461 0.9901 0.2147 1029.19
n ( 1.2533)*  (0.2415) (0.1627)** (0.2946)*  ( 0,1847) [ 90 d.f.]*
o - 2.4922 0.0443 . 1.8755 2.1806 7.3779 . 253,72
16 . (4.1844)  (0.2864)  (0.4745)* (0.6764)*  ( 6.7323) [ 40 d.f.]*
TMEXP
- 0.8760 ©  0.1853 0.8494 0.9368 5.9161 228.12
1 ( 8.6316) (0.1857) © (0.4147)%  (0.4010)*  (12.8476). [ 40 d.f.]*
Southern . : - , : :
v 7.5905 . -0.0707 2.0729 1.1939 3.8580 - 168.74
16 ( 4.7969)  (0.3146)  (0.9458)%* (0.6638)**  (10,8333) [ 40 d.f.]*
THRATIO ' 10.5811 0.0780 0.9859 '0.0948 .- 1.5374 322.21
n ( 1.4735)*  (0.2857) (0.4190)*  (1.0476) - ( 0.7536)** [ 40 d.f.]

}a) Numbers in parentheses are standard errors. * Indicates significance at the .01 level.
b) Numbers in brackets are degrees of freedom for statisticai tests. = ** Indicates signfficance at the .05 Tevel.



Table 21. Random Coefficients Regression for Track Maintenance

Expenditure Models Estimated by Passenger Service Groups

INDEPENDENT VARTABLES(3).

TAS

Time - A - v w2-statistic(b)
Dependént Frame . ' , . for Test of
Group Variable (Yrs) = Constant A SPEED ’(ACC)t_] (SIZ)t_] DUMMY - WEIGHT Homogeneity
- 8.1806 ~0.0451 ‘1.37078 . 1.1202 16.8333 - 1826.93
16 ( 2.9264)* (0.2073) - (0.3268)* (0.3357)* ( 4.7797)* [ 95 d.f.]*
TMEXP -
.- =8.3510 0.0629 0.6574 0.7944 . 18.4883 1845.05 .
11 ( 3.7493)** (0.1333) (0.2079)*  (0.3059)* { 5.7878)* [ 95 d.f.]*x
Passenger § - ~ x
Service 3.4622 -0.2057 1.2194 . i 0.7599 7.5809 . 896.96°
16 - ( 3.4410) (0.2302) (0.5482)%* - (0.3498)**  ( 5.3593) [ 95 d.f.]*
TMRATIO -
6.4806 -0.0131 0.5982 0.8513 3.9138 . . 1069.12
N 1T ( 2.8645)** (0.1944) (0.2327)* (0.2717)* = ( 3.7079) [ 95 d.f.Q*
0.1147 0.1055 © 0.9417 2.6138. 3.9789 477.710
16 ( 2.7540) (0.3329) (0.4489)** (0.9833)** - ( 1.1027)* [ 50 d.f.]*
TMEXP - , »
- 0.7106 0.2895 . 0.4259 1.6164 5,8868 558.27
1 ( 5.6331) (0.3304) , ( .4758) (0.6573)**  ( 8.4302) [ 50 d.f.}*
No Passenger - '
Service - 6.0717 -0.2824 1.1809 1.0429 - © 4,4870 633.49
16 ( 1.9029)* (0.3123) (0.8055) (0.4075)* ( '5.8452) [ 50 d.f.]*
TMRATIO — " - - -
o 9.0087 0.0401 0.2352 0.1, o 1.47 662.58
1" - . 1.2824)*  (0.2921) (0.3449) {0.8742) ( 0.6624)** [ 50 d.f.]*
éa Numbers in parentheses are standard errors. ) P * Indicates significance at the .01 level.

b) Numbers in brackets are degrees of freedom for statistical tests. ** Indicates significance at the .05 level.



significant. ' Othef operating variables such as DENSITY, SIZE, and

LENGTH were not included in the physical models because, in track ma1nte-
nance expenditure models, they were highly co]11near with WEIGHT; in

fact, these variables measure much of the same theoretical influences on
physical maintenance-of-way activity. WEIGHT, moreover, is the theoretically
superior and thus the preferréd measure. Finally, as in the expenditure
models, REV was evaluated in the-preSencé of the priori variables.

Unfortunately, in the priori models no coefficient is §tatistica11y'
significant. .Likéwise, when the variables PIR and CWRAIL are added to
these models, both singly and in combination, no-coéfficients are significant.
When REV is added to the equation, however;'it is significant, but only -
in the TIES model. As before, no other predictors are statistically
significant. Thus, TIES is responsive only to changes in REV; i.e.,
industry tie replacement rates are directly related to the level of
industry revenue per track mile.. Caution must be exercised when inter-
preting these results because mu]tico]]ineérity was apparent in the
individual time series regressions. While signifiéant coefficients for
REV were all positive, cons1derab1e shifts in sign or in s1gn1f1cance
occurred for other variables in the individual equations.

The problem, of course, is that rail and tie repTacement rates are
only two of several physical measures of track maintenance. Miles of
surfacing, cubic yards of ballast placed, and miies of ditching, are
other phySica1 measures that could be used to represent track mainte-
nance efforts. RAIL and TIES were, however, the two variables for which
‘data were publicly available. Given the number of activities for which
track maintenance dollars can be spent, 1t is not surprising that the
physical models 1nc]uded in this study were disappointing.

ACCIDENTS AND TRAIN SPEED

Accident Models

In specifying an accident model, three variables are considered
essential to the model, both a priori and from the point of view of
regulation and control. The variables are DUMMY, WEIGHT, and lagged
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~ variables representing the carrier's ability to undertake a commitment

to maintenance of way. (The lagged-variables were represented alterna-
tively by (TMRATIO), ,, (TMEXP), ;. or (REV), ;.) Besides the obligatory
variables, nonobligatory predictors included in the models tested,

either alone or in combinations, are ROI, (TIE), ;, (RAIL), ;, LENGTH,
and DENSITY.

In general, the accident models did not perform well statistically.
The results of estimating these models are given in Table 22. Using the
total number of accidents per year (ACC) as the dependent variable, only
weight is significant in explaining ACC, and then, only when (TMRATIO)t_T
is included in the equation. When (TMEXP)t__1 and (REV)f_] are included
in the model, no coefficients are statistically significant. Thus, the
relationship between accidents and track maintenance expenditures appears
to Tie in one direction, for while (ACC)t_] is significant in explaining -
both TMEXP and TMRATIO, neither (TMEXP) nor (TMRATIO)
important in the prediction of ACC. :

t-1 1s statistically

t-1

When nonobligatory variables are added to the;équation,'above or in
combination, no coefficient of any variable is_statiética]]y significant
in regression models for all railroads. Furthermoke, the results of the
regression equations for individual carriers showed frequent changes in
the sign, significance, and size of variable coefficients as different
railroads and different models for the same railroad were examined.
Variable transformations and interaction terms did not make a difference.
Fluctuations in coefficient attributes, moreover, were apparent among
weak (low ROI) and strong (high ROI) railroads.

Two related reasons help to explain the poor performance of the
accident models. First, what should be the most important explanatory
variable, track condition, is not included in the model because the data
gathered from public sourcés and the level of aggregation precluded its
use. Second, the level of aggregation, which provides only average
network system measurements, tends to blur the effects of independent
variables in the accident models. To provide meaningful results for
assessing current track safety regulations or developing new safety
policies, accident models should be situation specific, that is, they
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Table 22. Aggregate Random Coefficients Regression Results for Determining Total
Number of Accidents (ACC) and Speed, All Railroads, 1962-1977(3)
INDEPENDENT VARIABLES

Dépendent . ’
Varjable Constant Dunmy Length Weight TMRATIOt_] TMEXPt_] (REV)t_] X2
ACC - 2.1685 0.2609 3.4601 0,1086 3565.88

( 1.2409)** (0.1892) (1.8840)**  (0.0745) [120 d.f.]*
ACC - 0.9833 0.1203 1.9911 0.2923 - 4134.25

( 1.1895) (0.1285) (1.8279) (0.1807) [120 d.f.]*
ACC - 0.4519 0.0226 0.1487 0.0430 4389.87

( 0.6502) (0.3354) (0.6065) (0.0315) [120 d.f.]*
SPEED 23.6241 ~-1.2274 0.0565 -0.2795 26027.40

( 2.0398)* (0.3071)* (0.2897) " (0.1659)** [120 d.f.]*
SPEED 22.0754 . . -0.6126 0.1594 - -0.5076 25229.00

( 2.4864)* = (0.2794)* (0.3580) {0.2130)* 1120 d.f.]*
SPEED 22.9082 -0.5970 0.1209 -0.0416 32650.40

( 2.6158)* (0.2875)* (0.3703) (0.0538) [120 d.f.]*

{a) Numbers in parentheses are standard errors,

* Indicates significance at the .01 level.

**  Indicates significance at the .05 level,

I
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should focus on specific 1ine segments and include measurements of |
exp]anatory/po]icy variables directly related to the gﬁven segments.

Speed Models

In speed models, the variables specified as essential to the model
from the a priori and the-regulatory and control perspective included
DUMMY, LENGTH, and track maintenance expenditure'measures lagged one
year. Final models were developed also by evaluating other independent’
variables (DENSITY, (TIES)t_], (RAIL)t_], and SIZE) in the presence of
the obligatory predictors. The results of estimating final models are
shown in Table 22. ATthough LENGTH and (REV),_; do not have a significant
influence on the prediction of SPEED, other variables do, e.g., DUMMY,
(TMRATIO), ;. and (TMEXP). . The results for DUMMY clearly indicate
that a significant reduction in average industry train speed occurred
aftef fhe introduction of FRA track safety standards. The results for
track maintenance expenditure measures, however, are not as clear and
must be viewed with caution. The statistica}ly significant coefficients
of both (TMRATIO), , and (TMEXP), , have signs that are contrary to
- initial theoretical expectations. When railroads, in a given year,
devote a greater share of their operating revenues per track mile to
track maintenance and spend more nominal dollars per track mile, one
would expect these actions to have a positive effect on average systém
train speeds in the following year. A possible explanation of the
actual results is that the introduction of the safety standards has
meant a reduction in average system train speeds, which has led, 1in
turn, to increased track maintenance expenditures (for example, to
restore service levels at least over strategic routes), but these
expenditures have been insufficient to stem a significant amount of
track deterioration. Furthermore, while track safety standards might
have led some railroads to spend more on track maintenance in order to
maintain desired train speeds, other road§ not so sensitive to speed-
related savings might have responded by allowing operating speeds for
many nonstrategic line segments to decrease, while maintaining or
increasing track maintenance programs for strategic routes.
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5. SUMMARY

This section contains a discussion of the limitations and possible
uses -of the track maintenance models. developed in this research. In the
first part, the nature of the data which were used to develop the models
is discussed. Particular attention is given to the limitations of the
data and the effect of these Timitations on the models. Next, potent1a1
uses of the track maintenance models which have been developed are
discussed. Finally, a summary of .the findings of the models is presented.
Included in this summary is a suggestion for additional research which
would be requ1red before the effects of mod1f1cat1ons in the track
safety standards can be examined. '

LIMITATIONS OF THE DATA

Application of the models of (1) track maintenance expenditures,
(2) track maintenance ratio, (3) accidents, and (4) physical components
of the track structure, which are used to study the fmpact of changes in
the nature. of federa]vsafety regulations, must be examined with respect
to the limitations of the models. The Tlimitations stem from two.sources:
(1) the nature of the data utilized to develop the models and (2) the
time frame associated with the data.

Sources

As was previously discussed, the development of the track mainte-
nance models was limited to publicly available data. Data of sufficient
detail for purposes of this study and reasonably consistent throughout
the time period and between carriers were available from only two sources:
the annual reports of Class I railroads to the Interstate Commerce
- Commission (ICC Form R-1) and the :accident reports filed by fhe carriers .
with the Federal Raﬁ]road Administration (FRA), formerly filed with the ICC.
Both sources of data have some degree of uncertainty associated with the
quality of their data.
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Annual Reports of Railroads of Class I to the Interstate Commerce
Commission. -Although the R-1 reports are based on a uniform system of

accounts, thereby providing some degree of reporting consistency between
the various railroads, reporting and recording errors were occasionally
found. For example, in several cases, where separate columns were
provided for debits and credits to a specific dccount, negative numbers
were entered in the credit locations, or positive numbers in the debit
location, or both. In other cases, numbers which were expected to add
up differed significantly from the reported totals.

‘Other problems for users of time series data stem from changes in
the Uniform System of Accounts. These changes are of two basic types:
(1) revisions in the classification or categories for expense, revenue,
asset, and liability elements and (2) changes in the methods for deter-
mining values held in balance sheet accounts. Sizable differences in
the magnitude of certain variables may occur as a resuit of these and
other changes and thus impede the comparability of data over periods of
time that straddle such changes. For example, in 1963, the Interstate
Commerce Commission required Class I railroads to adjust the book cost
of their properties to a value determined by the Commission. This
change in the value of rail assets caused a discontinuity in the time
series relationships, e.g., for rate of return on net invested assets.
The stated asset values of some roads were increased by the adjustment,
while those of others were decreased.

The degree of aggregation of much of the R-1 data also introduces a
significant 1imitation. The postulated effect of several of the factors,
such as train speed and car weight, are based on specific values; values
obtafned from the R-1 reports are system average values. On large
systems, with heterogenous characteristics with respect to traffic
density and train speed, the system average values will differ from
those on a specific line. - Thus, the use of system average values will
underestimate maintenance requirements on some lines and overestimate
them on others. If the effects of some parameters are nonlinear, the
overestimates and underestimates will not balance.
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Accident Data. The accident data utilized in the study were taken
from the accident reports that railroads filed with the Interstate
Commerce Commission and, later, the Federal Railroad Administration.
Reports prior to 1965 contain only information on the total number of
accidents by cause. After 1965, however, copies of the individual

accident reports were available.

As with the R-1 reports, recording errors, reporting errors, and
changes in the reporting criteria affect the quality of the accident
data. Since the reporting threshold is based on the dollar value of the
damages, both the number of accidents reported and the value of thé
damége reported are subject to inflationary effects. Moreover, the
reported cost of the accident reflects only damage to equipment and
facilities. Other costs, which management should consider in assessing
the trade-offs between maintenance levels and accidents (such as train
delays and lost traffic), are not included. '

The accident cause, as listed in the report, may also lead to some
‘bias in the analysis. During the interview phase of the study, several
officials were asked to comment on their perception of the reliability
of the reported causes. Responses ranged from "often questionable" to
"highly accurate." The degree of confidence varied with the procedure
that was established to determine cause when no clear-cut evidence was
available. It was suggested during interviews, for example, that often
the cause is determined by the highest ranking official on the scene,
who is 1likely to favor his own department if the cause is not obvious.
On railroads where great confidence was expressed in the accuracy. of the
reported cause, interdepartmental committees were often established to
determine the cause of an accident in unclear cases. Given the lack of
confidence in the-reported cause, the damage due to track-related accidents
as reported may not accurately indicate actual track-related damage.

Variables Selected

In reviewing the limitations of the model that has been developed,
it is helpful to review the model development phase and the selection of
variables that were used in the statistical analysis.
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The variables which were used in the development of statistical
analysis are presented in Table 11. By comparing these variables to
those postulated in the structural model of the track maintenance function
(Figure 9), the proxy nature of many of these variables is evident.

The primary transformation between the postulated independent
variables and the variables which were derived from publicly available
data is the system-wide vis-a-vis line-specific nature of the variables.
Car weight is a good example of how system average values may diminish
the exp]anatorylvalue of a parameter. A recent study indicated that
rail wear with 125-ton cars is 5 times that experienced with 100-ton
cars [17]. Thus rail wear is a function of the weight of individual
cars in addition to the total tonnage moving over the line. Average car
weight does not reflect sufficiently the actual spectrum of car weights
operating on an individual 1ine.

In several other cases, variables which were posfu]ated in the
structural model were either not quantifiable or not available in the
~data base. Where possible, proxy variables were used to approximate the

effect of the theoretical variable. Track condition is a good example
of this type of approximation. Track condition is difficult to quantify,
and what values do exist are not included in publicly available sources.
The model utilijzes the change in system average train speed to capture
the trends in track condition, i.e., as track condition deteriorates,

the imposition of additional slow orders reduces average train speed.
-Average train speed may, however, be affected by other factors such as
longer trains, or attempts to reduce fuel consumption. Furthermore, for
one rai]road,.average'tkain speed was reduced during>periods of increased
'maintenancg spending, abparent]y due to-train de]ays occasidned by the
maintenance operations. ' '

Limitations Imposed by the Time Frame

The results of an analysis of time series data may also be affected
by the duration of'the time series selected. The fairly long in-service
lives of track components such as rail and ties require that time frames
be selected which are sufficiently long to capture the Tife cycles
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of these components. However, time series which are of sufficient
duration to encompass component life cycles may also inciude other
factors which affect the maintenance function. Recent events which have
affected the allocation of maintenance resources include changes in car
size and weight, development of improved maintenance techniques, and
changes in managerial philosphy.

The time frames which have been utilized in the analysis represent
a compromise among the requirements of track component 1ife. These time
frames minimize external influences and consider the availability of
sufficient data. However, changes in managerial commitment to the
preservationbof~the railroad-infrastructure have affected the results of
several of the regresSioh models. Other changes, such as the increasing
use of long high cars, unitltrains and six axle locomotives, as well as
Jimproved rail metallurgy and increased mechanization of maintenance
operations, are embodied in these time series.

USE OF THE MODEL

Nonetheless, the Track Maintenance Models developed in this study
are useful in analyzing the behavior and sensitivity of the industry as
a whole, as well as the railroad groups, to changes in the various
network, operation, or resource factors. The significance of the key
explanatory variables specified in the model provides insight into the
relative importance of each factor to the track maintenance budgeting
process. The equations permit quantitative estimates of track mainte-
nance'expenditures both in terms of nominal dollars and as a proportion
of revenues. Changes in the magnitude of parameters such as car weight

and accidehts can thus be examined in light of their impact on track
"maintenance expenditures.

The focus of these models has been primarily on the track mainte- -
nance allocations process; which is only part of the overall relationship
between track maintenance expenditures, track conditions, track-related
accidents, and FRA safety standards. The use of publicly available data
precluded the development of an objective measure of track quality,
without which it is impossible to say anything about how FRA safety.
standards might be strengthened, altered or improved, or to explain the
impact of any revisions on the resources allocated to track maintenance.-
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FINDINGS

In spite of the Iimitations imposéd by the use of publicly available
data, this research has produced several interesting insights into the
effects of the federal track safety standards. The standards were
intended to reduce track-related accidents by imposing speed restric-
‘tions in accordance with track conditions. If the reduced speeds were
imposed on high-density Tines, the increased operating costs associated.
with decreased car and locomotive utilization would provide the economic
justification to increase maintenance expenditures. If, on the other
hand, the increased operating costs were not sufficient to stimulate
increased maintenance activity, the lower train speeds would enhance
safety. '

Maintenance Expenditures

The results. suggest that the imposition of the standards has had the
predicted impacts on both. maintenance spehding and on train speeds. In
the years since the standards were imposed; there has been a statistically
significant increase in the proportion of railway revenues which have been
devoted to track maintenance. As might be expected, those railroads which
operate trains at higher speeds appear to be more sensitive to the introduction
of the safety standards than those which operate with lower system speeds. ‘
In contrast, the group of carriers which have very low system speeds were not
affected by the standards, possibly because the speeds at which they operate
were already lower than those which might be imposed by the federal standards.
Profitable railroads were also found to be more sensitive to the standards,

" perhaps because they'possess”the'reéources to undertake rehabilitation efforts.

Train Speeds

It appears that average train speeds have also been influenced by the
imposition of the standards. The models indicate that fhe standards have had
a statistically significant negative influence on the prediction of average
train speedsl However, this result must be considered in Tight of other
“influences, such as fuel conservation efforts, which may also have had negative

influences on operating speeds.
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Accidents

The major area in which the standards have not had the intended
effect is in the reduction of the number of track-related accidents. In
spite of the imposition of the standards, the accident rate has not
decreased; rather, it has increased. It is possible, of course, that
the imposition of the standards prevented a much larger increase in the
accident rate, but it is not possible to investigate this hypothesis.

The industry, however, is sensitive to accident rates in the mainte-
nance budgeting process. Carriers which are profitable operate at
higher average speeds; carriers which represent high density lines are
more sensitive to the accident rate than are slow, unprofitab]e; or low
density carriers.

ADDITIONAL RESEARCH

While these findings have illuminated some of the effects of the
FRA safety standards, they do not say anything about how the standards
might be altered or, improved to increase their effectiveness. This
cannot be accomplished without an objective measure of track condition
which has been statistically related either to the occurrence of track-
related accidents or to the level of maintenance expenditures. Figure
10 illustrates the relationship between maintenance activities, track
condition, accident rates, and safety standards. The research detailed
in this report investigated the relationships labeled "A" and "B."

The next logical phase of research is noted as "C" and "D" in
Figure 10. The collection of specific, disaggregdte track condition
data on specific railroad 1ine segments, as well as the corresponding
accident data, will permit a statistical analysis of the relationship
between the two data sets. Alternative means of representing track
condition should be explored, including the possible formulation of a
weighted Track Quaiity and Use Index. The development of such an index
would provide a meaningful basis on which to predfct accident probability.
Moreover, the index can provide the means to assess what maintenance
expenditures would provide the greatest reductions in accident probability.
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LOT,

@ A3 @ b . <
Mointenancé of Way Expenditure - Master'Filé , : i
FIELD NO. COLUMNS FORMAT DESCRIPTION SOURCE
1 . 1-4 A4 Four letter railroad abbreviation code
2 ' 5-6 I2. Year
3 7-18 I12 Gross operating.fevenues; Lioeil,chhedule 300-R-1 report
(deflated 1967)* -
4 19-30 I12. | Total of all expense accounts Lines 1-28, Line 49, Schedule 320,
relating to maintenance'of,ttack : R-1 report
and structure (deflated 1967). _ ' -
‘ - T Lines '9-13 (1962, 1963), lines 8-12
5 31-42 112 Net change in capital accounts. (1964~1977), column i, Schedule 211,
Related to Track and Structure R-1 report
(deflated 1967) : '
6 43-44 12 Dummy variable reflecting the Quantitative judgement
existerice of Amtrak passenger . '
operatlons (L' =yes, 0= Ano)
7 45-50 F6.3 " Return on 1nvestment (old ICC Line 22, Schedule 300, divided by
methodology) - sum of lines 1, 13, and 41,
i Schedule 200, R-1 report
8 51-55 F5.1 Estimate- of Average  train speed . Line 6, col. a + b divided by line
calculated by dividing. total traln 30, col. a + b, Schedule 531,
miles by total train hours R-1 report
9 56-61 16 Total system track mlles .Dyer tape, Rl, field #6
10 62-68 17 Gross ton miles Dyer tape, Rl, field #11

*All deflated mohetary variables adjusted by the AAR regional price index
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Maintenance of Way Expenditure - Master File (cont.)

FIELD NO. COLUMNS FORMAT I DESCRIPTION- 1 SOURCE
11 69-77 | 19 Total cros; ties inig%ﬁgg£ . . Dyer Fape, Rl, field #8
12 78-86 19 Total> cross tFésTingtalled vl Fxh7] |Dyer tape, R2, fields 2, 5, 8, 11
13 87-94 | I8 . Total:track m@le&wqffrail;insuébied ‘ 2yer ;ape,'R3, derived by following
' ' Co ormula.

Y s G rneldrd
! A

Quantity (tons) + weight class =

TR 0 ISULOOR GCGIgENTT o yard toné; x 2000 Lb 4 3 ft
Lb ? ton 1 yard

ey g Be 1 0T o (ALY T

a7 csedrgentnn T4 2hoor oot 1l mile +« 2 Rails — :
d i ¥ X 2 = . . i
5280 fL Track Track miles of Rail
e I A i T R L S ’ :
14 95-104 F10.2 | CWR rail installed First difference of field #17 this report *#**
15 105-116 I12 Total tfain miles . Line 6, Schedule 531,  R=1 report
.y A T RV ;;f;r.f,.', LRI ¥ .
16 117-128 I12 Total car miles ‘ Line 26, Schedule 531, R-1 report
17 129-138 F10.2 | CWR'rdil: in places - "ol s Dyer t#pe, R3, field #8
18 139-143 F5.1| Estimaterof averagé itraid length . Fields 15 and 16 this report
- car miles/train miles
L onpomontge e 7o rheoeo cui
19 144-151 I8 Estimate of average train weight Fields 10 and 15 this report

grossr'ton. miles/train miles .
20 152-155 I4 . # of accidents in speed Category 1 Safety Tabes** .

- 21 156-165 I10 Total damage in Cat. 1 (deflated 1967) " "

**See Appendix I for explanation of the Accident Variables.
***Where differences were found between the miles of CWR installed as reported on line 29 Schedule 515
of the R~1 and the first difference of field #17 the miles of CWR laid as reported is contained
in this field. ’ ‘ ' '
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Maintenance of Way Expenditure -~ Master File (cont.)
FIELD NO. COLUMNS FORMAT 'DESCRIPTION ) SQURCE
22 166-168 I3 Total # of hazardous material Séfety Tapes*#*
"acc1dents in Cat. “l = .
VHTEUOS 0 WAL qde s e}‘-..* AG 7
23 169-172 " I4 # of acc1dents in Speed Cat. 2 - " "
’ Tk e TES B8 I TES .
24 173-182 110 'Total ﬁamage iy Cab”Z (deflated 1967) " " b
25 183-185 13 “To talr - of hazarodous accldents " "
: Cat 2 ' '
26 186-189 I4 } of accidents in épeed_Cat. 3. moo
. .;Z"'(‘ ;',,Y_Z,,'.'f;r".f [T *’:,:",‘ . R
27 190-199 I10 Total damage in Cat 3-(def1ated’1967) " "
. . [ R N
28 200-202 13 Total # of hazardous acc1dents Cat 3 " "
29 .203-206 14 '# of acc1dents in speed Cat -4 " "
30 207-216 | 110 Total damage in Cat. 4 (deflated 1967)| " "
K 217-219 I3 Total # of hazardous acc1dents Cat. 4 " "
32 220-224 I5 Total accldents " ;"
33 225-230 | F6.3 | Proportion of jerack miles simtCWReq  |Fields 9 and 17 this report
34 231-236 F6.3 Rat@of&ﬁe@Capi&ahmExpm*ﬁmMéin;. Exp}); Fieldé 3, 4, and 5 this report
" evenue ' o v
. N PR f‘T N f]q,’ T? \J AT
35 237-245 F9.6 . Ratlo of Gross Ton Mile Fields 9 and 10 this report

Gposs Track Miles
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Maintenance of Way Expenditure - Master File (cont.)

FIELD NO. COLUMNS '.FORMAT DESCRIPTION SOURCE.
36 246-257 I12 Revenue in nominal dollars Line 1, Schedule 300, R-1 report
37 258-269 I12 Maintenance Exp. in nominal dollars See field no. 4
38 270-281 I12 Capital Exp. in nominal dollars See field no. 5
39 282-291 I10 Nominal dollars Field #21 this report
40 292-301 | I10 e A ZZ

A { '
] .
41 302-311 | I10 Muee Y0 "7 M
Dagrirn oL WSTU I TUSN DorU] CLITK
42 312-321 110 " " " 30 "
: Privas yuas e e [us) A
43 322-331 110 Median value of accident. damage Safety Tapes**
on ['main" track.,.Nominal dollars
b4 332-341 I10 Median value of accident dgmage " "
on "mainjeor Hudo.Deflated dollars
| - o
45 342-351 110 Median:value:of jacoident: damage " "
on !'"branch'trackx -Nominal dollars
46 352-361 110 Mediénavéiqggqﬁxggeidquxdamage _ " "
on "branch' s Pefliated dollars
47 362-371 I10 Totc’v’ll‘ -accidents; on AMmain'! track " "
S O T
48 372-381 I10 Total accidents on "branch"track " "
49 382-391 F10.6 Accident index 1. (field # 43 * This report

‘field #47)/field #10.
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Maintenance of Way Expenditure - Master File (cont.)
FIELD NO. COLUMNS FORMAT DESCRIPTION SOURCE
50 392-401 | F10.6 Accident index'i;.(fieid #44 * This report
Ciog| fiekd ‘#leﬁ-'?')/ﬁiel«dx A0 ey ‘
51 402-411 | F10.6::: |iAccident. 1ndex 3y~(fleid’#45‘* This report
: w03} Eield #~4£Q/ﬁ1eid L0 am e
52 412-421 | F10.6.» | jAced ident: dindex 4y r(field)#b: & This report
eyl filedd; #48)1fkeld«#b0 i
53 422~431 FlO;B}w ,Pivident payougsratios nnvrvie Line 11, Schedule 305, divided by Line 55,
Gmalen LTt o Soordety gt Schedule 300 Rl-report.
54 432-438 | F7.1 ‘Price index: w/oxfuelw any TR AAR price index
o NS IRVIRICTE LS - RVLPILNS TN ol 111 O ' '
55 439-445 | F7.1 Price index w fuel " " " ‘
870 o 3
56 446-451 | F6.3 "Ratio of main llne/total track "Consad" Tape
a:mlle 1976 ' T gs\r\'.\a 1
i W . ) : i‘?’i‘“



Safety Tape Variables

The Safety variables Fields 20-32 were derived in the following manner:
total damage (TOT-DMG - old files; sum of EQUIPDAMAGE and TRACKDAMAGE on

new file) was read off of each individual report which met the following
criteria:

1. It was an original report.

2. The cause code (CAUSE on old flles CAUSE 1 on new flles) was
- related to track failure.

3. The damage of the .incident was above 'the threshold. (The
threshold was calculated using deflated values of the
FRA's threshold)

The incident was classified according to speed (TRN - SPD on old file,
SPEED on new file) and whether or not hazardous materials were involved
(EXPZP on old, HAZMAT on new). Within each .speed category {0 - 20 MPH = 1;
20 - 40 MPH = 2; 40 - 60 MPH = 3; over 60 MPH = 4) the total damage value,

the number of accidents, and the number of acc1dents involving hazardous
materlals were calculated.

The index variables fields 43 ~ 46, were calculated using the same total
damage and criteria above. However, each incident was classified according
to the type of track on which the incident occurred (DEFECT on olds files,
TYPTRACK on new files). The median values of accidents for the categories
"Main" (codes 1, 6, 7) or "Branch'" (codes 2, 3, 8) were calculated. The

index was calculated by (median value * number of accidents in that category
+ Gross Ton Miles.
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APPENDIX B
REPORT OF NEW TECHNOLOGY

This report contains a'statistical analysis of historical railroad maintenance-
of-way spending. As such no new technologies have been explored in this study.

55 copies
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