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Railroad Industry Costs and 'Profits

•

I. INTRODUCTION

('

Although railroad operations began in the United States well over 100 years
'ago, 'there has never been a more critical need for the railroad industry to
develop refined costing techniques than at present. The current inadequate
profitability of the industry. can in no small measure be traced to its in-

,ability to develop accurate costs for the multitude of rail services offered;
costs whic~lead t~ soundly based rates sufficient to generate adequate earn
ings, insuring avail~bility of the capital needed by the industry for improve
ment of fixed plant and acquisition .of equipment.

Federal Railroad Administration Cost Research

The Federal Railroad Administration (FHA) of the United States Department of
Transportation has initiated a cost research program to foster the develop
ment of improved procedures and techniques for analyzing the various cat.e
gories of railroad costs. This specific research project, designed to deve
lop methods and procedures for analyzing the economic costs 'of railroad road
way for pricing purposes, represents a major initial element of the FRA cost
research program.

Importance of Railroad Roadway Cost Analysis

Expenditure requirements for providing, maintaining, and operating the na
tion's railroad roadway are massive. In 1914, roadway maintenance and depre
ciation expenses alone amounted to nearly $2.5 billion, or 18% of Class I
railroad total operating expenses.

It is doubtful, however, that anyone familiar with current conditions in
the industry would disagree that, as an industry, ~ailroads~are depleting
their fixed plant resources by deferring roadway maintenance and renewal in
an effort to reduce operating expenses. Reports filed by Class I railroads
as required under Ex Parte No. 305, Nationwide Increase of Ten Percent in
Freight Rates and Charges, 1914 indicated that as of June 30, 1914 these
railroads ,had accumulated nearly $2.6 billion in deferred roadway maintenance
and nearly $2.2 billion in delayed roadway capital improvements. 1 A separate

I

study conducted for the Federal Railroad Administra~ion estimated that deferred
oaintenance of track, signals, and structures for 25 selected Class I rail
roads was nearly ~5.3 billion (1974 dol1ars).2 Yet many railroads are

1
Interstate Commerce Commission Release No. 201-14, October 22,1914.

2Maintenance of Way Study, T. K. Dyer &Associates, Lexington,
Massachusetts, 1975.
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continuing to attempt to improve their competitive position by increasing
productivity through the use of heavier, longer, faster trains, and heavier
loaded cars. .

Today, as never before, the financial condition of the industry, coupled with
the increased demands being placed upon its fixed plant, have made imperative
a more accurate determination of service-specific roadway costs. It is only
through determination and analysis of these economic costs that accurate
assessments of the profitability of railroad services can be,obtained and the
industry's scarce resources properly allocated.

Nature of the Roadway Costing Problem

Refinements in roadway cost analysis procedures are difficult to achieve.
Significant complexities continue to exist as. deterrents to substantial im
provement over current conventional approaches to the problem. These complex
ities include the presence of joint and common costs, the di.fficultyin dis
tinguishing between "fixed" and "variable" costs, the absence of servj.ce
specific expense data, the effects of excess plant capacity, the wide variabi
lity of roadway costs with varying physical and traffic conditions, and the
lack of substantive empirical research data describing the physical behavior
of railroad track structure. These conditions, together with the present
nature and extent of roadway expenditure deferrals constitute the environ
ment attendant to the economic analysis of railroad roadway for pricing pur
poses. The development of roadway cost analysis procedures which effectively
deal with this environment, together with the demonstration of how these p~o

cedures can be implemented as an element of a railroad costing system are
the primary objectives of this study.
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II • SUMMI\RY

The approach to roadway cost analysis develop~d and utilized in this study
has as. its basis two fundamental precepts. These have been arrived at after'
thorough review of past and present roadway costing procedures and present-
day conditions in the railroad industry: .

• Meaningful economic cost analysis of the: railroad roadway cannot
have as its sole basis the examination of actual past expenditures.
Considering roadway maintenance deferrals, together with the gen
eral lack of service-specific expense data, historical expenses
are generally inadequate for-purposes other than determining order
of-magnitude system or regional average roadway costs. ,

.~ Relevant economic costs'of maintaining the roadway track struc
ture - those costs which should be used in evaluating rail service I

profitability - must be ascertained by analyzing the specific
roadway segments under consideration. This analysis, which must
treat actual traffic and track conditions, must currently rely on
a combination of engineering judgement and available empirical re
search data to develop predictions of the physical and economic
behavior of the track structure under varying service conditions.

Th~ research effort is directed at developing procedures for determining and
allocating the maintenance, operating, and investment costs associated with
the following specific roadway service environments:

- linehaul roadway
- yard roadway
-mdscellaneous trackage
- service-specific facilities

other (nonservice-specific) facilities and systems

The procedures developed herein depart substantially from averaging techni
ques based on historical roadway expense data currently used by most of the
industry~ Capability is demonstrated to predict the variable costs associ
ated with specific types of traffic (tonnages, speeds, wheel loads, train
service types) for specific operating territories, and to integrate the road~

way costing process into a costing system for use by railroad management in
the pricing of rail services. '

The procedures for determining and allocating variable track structure costs
draw heavily upon relevant available track research information and the ex
perience of the engineering forces of the Southern Pacific.Transportation
ComPany. Production functions were developed for predicting the physical
and economic behavior of track structure based on an analysis of track and
traffic conditions across8outhern Pacific's main line track network. Track
structure type and condition, together with actual traffic conditions were
inventoried and classified as to primary cost~causal characteristics.

\
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Relationships were developed which facilitated the analysis o~ specific track/
traffic environments. This inventory of track and traffic characteristics.
together with the classification procedures demonstrated are proposed as the
basis for the application of these procedures' by other railroads. In addi
tion. capability is developed for incorporating railroad-specific policies
and engineering practices, together with perhaps sUbstantially differ1mlg
assumptions as to track structure behavior. into the propos'ed costing system.

A revised system of accounting for roadway expenditures is presented as a
means for more refined and meaningful analysis of roadway expenses on a.n in
curred basis where appropriate. This system is superimposed on the current
Interstate Commerce Commission (ICC) Uniform System of' Accounts for Haintenat:(.:e or
Way expenses to demonstrate the levels of refinement attainable and to faci
litate comparison of the two systems.

Systems were developed to produce cost reports and tables useful for relating
roadway costs to other train service operating costs for cost and profitaoi
lity analyses.. Recommendations are made for the integration of engineering,
operating, and marketing considerations into the analysis of current or po-.
tential railroad service requirements. Considerable emphasis is placed on
the need to develop aod adapt new and better engineering data and analytical
techniques as tools for the refinement of roadway service castine for pricing
decisions.

Comparisons are made between resulting cost categories and cost levels using
both standard (ICC) From A cost procedures and the techniques developed in this
study. A general framework is discussed for the application of these or si
milar costing procedures to regulatory proceedings.

Finally, guideiines for the implementation of the proposed roadway costing
procedures by other railroads are discussed, including potential benefits
and problem areas.
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III. RAILROAD COSTS AND THE PRICING DECISION"

,
From the standpoint of determining costs, the dominant characteristic of a

(railroad is its multiple product operation under varying service conditions.
In providing IOO-ton or heavier cars for bulk loading and meeting expedited
schedules in extreme climatic or geographical environments, a railroad pro

,vides a different output service than when it handles standard carload freight
in 50-foot boxcars on normal schedules in a more favorable operating environ
ment.

. '

Basic cost definitions and a treatment of relevant costs for pricing and
other purposes are given below. These will aid in the discussion and justify
the development of roadway costs discussed in later sections of this study.

COST DEFINITIONS:

Shqrt-run

Long-run

,Fixed costs

Variable costs

Incremental cost

Decremental (avoidable)
cost

Marginal cost

Short-run variable cost

Long-run variable cost

Fully-distributed cost

refers to a time period sufficiently short such
that productive capacity is fixed.

refers to a time period sufficiently long to en
compass any change in productive capacity.

- are those costs which do not change in total
with changes in the'volume of output.

- are those costs which do change in total with
changes in the volume of output.

- is a measure of the addition to total cost that
arises as a consequence of additional output.

- is a measure of the reduction in total cost that
arises as a consequence of reducing output~

- is the cost of producing one additional unit of
output or the cost that would be saved by pro
ducing one less unit.

- is the change in the sum of the cost,components
resulting from the temporary change in the pro
duction of some finite unit of output.

- is the change in all operating expenses (excluding
non use-related depreciation), capital consumption,
the cost of capital, taxes and rentals resulting
from a sustained change in production of some fi
nite unit of output.

- represents an allocation of total expenses to
the various units of output. Included are variable
costs plUS an arbitrary distribution of the fixed
costs.
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Common costs.

Joint costs

Capacity costs

Historical costs

Future costs

./ Original cost

Reproduction cost

Replacement cost

Opportunity cost

SW1k costs

Cost of capital

Capital costs

\

occur when the same,plant or equipment is used
to produce two or more products.

- are those costs incurred in the production of
two or more products which result from a single,
indivisible process.

- are those elements of fixe.d costs incurred for
the purpose of providing a given·amoW1t of pro
ductive capacity.

~ refer to those costs incurred in the past,
generally as recorded in the accounting records.

are costs expected to be relevant at some time
in the future.

- is the amount actually paid for installing the
original plant and eQuipment, plus additions,
when first de'foted to pUblic service.

- is the cost of constructing the identical plant
(in its depreciated condition), estimated at
price levels currently prevailing.

- is the mini~lim cost necessary to create a
modern plant capable of rendering eQuivalent
service.

- is the anoW1t of money into which an asset could be
converted in the market place.

- are those costs incurred in the past that have no
bearing on ~uture investment or ether economic
decisions.

- the minimum.discount factor applied tq pros
pective cash flows that will induce investors to
provide capital in order to claim tpose flows.

- are-the before-tax earnings required over time
to compensate and repay the suppliers of the

. capital used to acquire assets.
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SOME DISTINCTIONS.:

Long-Run Versus Short-Run Costs.

j

/

The relevant distinction between short-run and long-run costs refers not
to a time period but rather to the r@lationships between the changes in
cost structure and changes in productive capacity. Short-run relates out
put decisions within a fixed productive capacity to operating costs that
vary with such decisions. Long-run applies to changes in operating costs
and to investni'ent decisions (broadly defined as "the acquisition of fixed
factors of production") which give rise to costs that do not vary as the
capaci ty thus create~ is more £!. less. fully utilized.

Incremental Versus Decremental or Avoidable Costs.

Variable costs are not constant per unit of. output but vary with the degree
to which productive capacity is utilized. As a result, incremental costs
.and decremental (or avoidable) costs are seldom the same. This distinction
can be illustrated by the following example:

.Assume: 1., Operation 'of a single, 100-car train."'
2. The maximum number of cars per train is 105 •

.' l

If it is elected.to reduce the size of the train by 10 cars, only a slight
,reduction in linehaul· costs will be experienced. On the other hand, if we
choose to haul an additional 10 cars, an additional train will be required
at substantial increase in linehaul costs. Thus, in this case, the vari
able costs of the added increment (incremental costs) would be substantially
greater than the variable costs (decremental or avoidable costs) of reducing
traffic by the same amount.

Common Versus Joint Costs.

When the same plant and equipment are used to produce both service A and
service B, and when producing A uses capacity that would otherwise be used
to produce B, the production costs are referred to as common instead of
joint. Production of these services may be variably proportioned at the
discretion., of management, with the· result that" in principle at least , it.
is possible to identify the incremental costs attributable to each. A
familiar railroad example is the use of track for both freight and passen
ger service.

Joint costs, however, .occur when the de,cision to produce service A neces
sarily results in the provision of the qapacity to provide service~
Tl1is' means that owing to ,conditions outside the control of management, it
is impossible to increase or decrease the ,amount' of capacity available for
sale in one market without changing in the same proportion (and in the same
direction) the facilities available for serving another market. It must
be emphasized that fixity of the proportions in which capacity is actually
used is not the significant. test. Looking at the cost of production alone,
there is no·'obJective ve:y of attributing casual responsibility for either
service A or B. The principal example of Joint costs in rail transporta
tion i~ the return movement,of linehaul equipment.

1II-3



COSTS APPROPRIATE FOR PRICING DECISIONS:

Pricing of rail services is obviously one of the most important decisions
(perhaps the most important decision) facing railroad ma~agemen~~ It is an
activity for which there are few absolute guidelines. It is generally ac
cepted that minimum prices (rates) should never be set below "variable cost,"
and that maximum rates will either be determined by competitive forces or.by
regulation. It is not the purpose here to explore all the considerations in
rail service pi-icing beyond these "basics," but to describe in general the
nature of costs appropriate for evaluating the profitability of rail services
L e., costs for use as "tools" for pricing decisions. Economics dictates that
four general principles apply:

~'irst, it is generally the determination of marginal cost with ·"hich railroad
cost analysis is concerned for pricing purposes. Host railroad costing ac
tivity relates to the determination of cost associated with the additional
carload or train load of traffic.

Secondly, the essential criterion as to what belongs in marginal cost and
what does not, and which I':larginal costs should be reflected in price, is
causal responsibility. All purchasers of railroad services must bear at least
the additional costs imposed on the carrier by the provision of that additional
service ,( output) ..

'rhirdly, in the general environment surrounding the provision of railroad
service, it is the long-rWl variable cost (as previously def'ined) which con
stitutes the approprj ate measure of ~'marginal" cost. The choice of marginal
cost is inextricably linked to the duration of th~ anticip~ted change in out
put. In the usual .circumstance, questions as to the length of time the traffic
will be carried, the length of time that specific rates will be in effect,
and the nature of p6tential or eventual service alterations resulting from
the dist:dbution of the additional output over particular time periods ("peak
ing" problems), are seldom ans1fered adequately. Hence, in the absence of sub
stantive information to the contrary, the time perspective for railroad cost
analysis should reflect an assumed sustained change in the production of Gut
put service. 'rhis does not rule out either the existence of true short-run

. (temporary) output changes nor the applicability of short-rWl variable costs
in those instances where sufficient knowledge exists to allow the carrier .to
benefit from such a (temporary) pricing practice.

Fourth, it should be emphasized that any additional costs associated with the
provision of additional output, costs for which production (service) is causal-
ly responsible, regardless of when such costs are actually felt or give rise'
to additional cash outlays, should ,appropriately be considered the marginal
cost of that service. This is required since they constitute, in effect, a
sacrifice of future. value. or a future realization of higher costs c~usally .'
attributable to the present service.

It is obvious that this aspect of the service/ cost relationship bears heavily
on the proper deter~ination and allocation of railroad roadway costs for
~ricinG purposes.
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IV. RAILROAD ROADWAY

General

The railroad roadway as" considered under this project inclucles the railroad
rit;ht-of-way, roadbed, track, structures, and all attendant syste:ls, facil
ities" and equipment. Analysis of roadway costs for pricing 'purposes .is 'based
upon the separation, to the extent possible, of the roadway into functi~na]

cOlilponents, hereafter termed "service fWlCtions." These are -listed. and des
cribed briefly below.

Linehaul Service

Linehaul service is treated' as that "service'" (trac},age, structures,
systems and facilities) from the last switch in a yard where trains

'originate to the initial switch in a yard where trains terminate.
Thus, yard tr~cks are not ordinarily thought of as being part of the
linehaul service and have different maintenance requirements. Branco
line tracks between any originating/terminating node would also be con
sidered linehaul service as would mainline tracks through yards. This, of
course, does not exclude the possibility of service to intermediate tracks.,
Passing tracks and crossovers are' also,. considered to be "linehau1" trackage.

Yard Service

Yard service includes all roadway "service" (trackage, structures,
systems and facilities) provided for assembling a train prior to initiat
ing the linehaul, for disassembling the train and for preparing cars
for delivery to industry.

Miscellaneous Trackage

This roadway service function includes industry drill and spur tracks,
team tracks, other support trackage such as repair tracks and way
switching tracks and sidings other than CTC passing sidings.

Service-Specific Facilities

These are facilities devoted to a specific type of rail service and would
include wharves, major intermodal (TOFC/COFC) facilities, auto-rack

.loading facilities, grain elevators, coal dumpers, passenger stations, etc.

Nonservice-Specific Facilities and Systems

This service fW1ction includes roadway facilities-and systems not re
lated to specific types of rail service or to other specific service
functions and whose variable costs must typically be apportioned among
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other service functions. Such roadway elements as communication
systems, office buildings, shops, etc., are included with this ser
vice function ..

It will be seen that distinctions between these service functions
are sometimes difficult to maintain and that arbitrary, cost alloca
tions must occasionally be made. It is believed, however, that
treatment of roadway "service" costs on this basis will provide for
determination, analysis, and allocation of roadway costs most nearly
descriptive of the different types of service rendered by railroad
roadway.

The service functions described above constitute what is usually referred
to as the railroad "fixed plant" or "permanent way." In actuality, the
railroad roadway is anything but "fixed" or "permanent." It is, rather, a
complex, dyn8.mi.c, guidance and supp'ort system for the nation I s rail freight
and passenger traffic. As such it is subjected to an extremely wide range
of natural ana traffic-imposed forces and exhibits physical and economic
behavior equally as variant. Rail, for example, may last 20-30 years or
more in straight and level track un~er light or moderate tonnage density
and wheel loading conditions, or, the same rail may require replacement
in as little as 18 months in track with sharp curves, steep grades;
subjected to heavy annual tonnage and heavy wheel loads. In spite of this
wide range of physical and resultant economic behavior observed for rail
road roadway under varying service conditions, there is less known, in
terms of relevant empirical research, regarding such behavior of the rail
road roadway than is known about the "fixed plant" of almost any other
transport mode.

At a time when greater demands are being placed upon the roadway to render.
improved "service" in the form of supporting longer, heavier, and faster
trains and higher unit loadings, sufficient ~,ds for the necessary main
tenance and improvement of the roadway to meet such operating requirements
are frequently not available. At no other time has there been a greater
need for the coordination of roadway maintenance and improvement programs
with railroad operations planning to insure the optimum allocation of a
vailable funds. Doing 50 will require far more extensive research into the
dynamic nature of railroad roadway under varying service conditions as well
as continued technological and work methods improvement.

Significant Factors Affecting the PhYsical and Economic Behavior of the
Roadway

This research. has developed a list of factors or conditions which, acting
separately or in combination, are felt to significantly influence the
physical and resulting economic behavior of railraad roadway. Costing me
thodology developed under this project seeks to isolate the presence and
impact of these factors and conditions in order to develop true economic
costs for pricing purposes. The factors of managerial policy and budgetary
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constraints which weigh so heavily upon observed roadv~ maintenance expen
ses are 'discussed in Section VII.

Track-related Factors

rail weight
tYpe of rail (welded or jointed)
rail metallurgy
condition of rail laid (new or secondhand)
type of tie (material)
tie treatment
condition of tie installed (ne~ or seco:t;l.dhand)
tie spacing
type of ballast
depth of ballast
condition, of ballast
subgradecst.ability
curvature
gradient
climatic/atmospheric environment

precipitation (rainfall and snowfall)
,temperature, range
corrosive conditions
flooding conditions
icing/frost heaving conditions

operating environment' '
areal nature (urban, suburban or rural)
ve'getation

Traffic-related Factors

, tonnage densityC (annual, and cumulative)
maximum' and minimum train speed
traffic wheel loadingcharacter1stics"
traffic service type (unit train, intercity passenger, convention

al mixed freight, commuter passenger)
train movement frequency and schedules

~ equipment characteristics (car length., center of 'gravity, type of
truck, suspension system, etc.)' ,

While these factors do not represent the total lIuniverse" of conditions af
fecting roadw~ behavior and economic cost, and do'not act with the same
influence upon any given service function or specific ,track segment or'faci
lity within a particular service function, they do d~5crib~the significant
cost-causal factors' for the purpose of roadway cost analysis. '

• f .'
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Roadway Track Structure

Track maintenance and renewal costs typ'ically constitute 40-50 percent
of the reported industry total expenditures for "Maintenance of Way
and Structures," It is therefore these track-related costs 'Which must
receive primary attention within the scope of overall roadway cost
analysis.

As stated previously. the railroad .roadway, and particularly the track
structure, is neither· a simple nor a static system. It is only through
a basic understanding of the variables acting upon such a system (in
deed of their interaction) that the engineer and/or cost analyst can be
gin to associate primary work activities and their .related labor, ma
terial, and other costs with specific conditions pertaining to any given
segment of the r~adway system under analysis. The following sections
describe the basic elements of the track structure and will serve as
the qualitative foundation for the development of procedures for analy-
zing track-related costs. .

Rail

Rail is the prime element in the tra.ck structure. Rails serve the dual pur
pose of providing direct support to wheel loads and of guiding the wheels
(or wheel flanges) in the appropriate path~ Rails are composed of steel that
includes small amounts of carbon, manganese; sulphur. silicon, and phospho
rus and for special applications. other elements. Rails'.are designated by
....eight .per yard - 90-1b .• IOO-lb ..• 115.:.1b •• 132:-lb., ,etc.- and by sections,
which indicates the designing agency - RE for AREA design. PS for Pennsyl
vania Railroad Standard design, RA for American Rail....ay Association (now

. AM) design, CF&I for CF&I Steel Corporation design, etc.

Stiffness, the resistance to deflection under. load, is an important charac
teristic of rails. The more deflection of. the track, the greater the dif
ferential movement of its components and theratecif wear. Rail stiffness
varies as the square of the weight butals~ as the'· cube of the height. Hence
a high, girder-like rail is stiffer than a low squat rail for the same weight
per yard. '

•

;Factors Affecting Rail Life. The
significant effect on rail costs.
and the factors that determine it
shing cost of rail maintenance •.

frequency of rail replacement has a
Therefore the matter of rail life

must be of significance in establi-

....

...
, /

a.Abrasive Wear. Abrasive wear is an obvious rail life factor. It
I

is usually expressed as a functio.n of millions of gross tons of
traffic carried. although corrosion may accelerate wear beyond that
of traffic alone. Abrasive wear occurs more rapidly per million
gross tons with ~ery low annual tonnages than with

IV-4



. .
high annual tonnages because of minute films of rust th~t develop
between .the polishing action of infrequent wheel movements and
also because of the,lesser degree of cold rolling that occurs.
Although varying with rail sectio~ an average vertical wear of
3/16 in •. is sometimes taken as limiting the useful life of
,rail in main line ,track. Wear for different annual tonnages
has .beencset forth in a plot of values 'by Committee 4 (Rail)
of the American Railway, Engineering Association (AREA).l It
should be noted that rail may be. removed from track for reasons
other tban abrasive wear of the rail head.

Rail wears more rapidly on curves than· on tangent and is almost
directly proportional to the degree of curvature for the middle
range. of usual curvatures, i.e., between 30 and 80 • Below 30

curve wear is only somewhat more rapid than tangent wear; above
80 the rate tends to leve~ off. Curve wear involves side wear
as well as vertical wear. The combination can have an adverse
effect on the total bending strength of the rail. Studies on
the life of continuous welded rail (CWR) at the University of
Illinois have recognized this fact by evaluating rail life in
terms of total loss of head area. 2 Rail is not normally worn
to the limit imposed by bending stress. Before that point is
reached, the wheel flanges strike the upper edges of the joint
bars. Although the bar may then wear along with the rail, good
practice warrants removal of the rail at that stage. Where
CWR is laid without Joints, the amount of permissable vertical wear
may be significantly greater. Condemning criteria used in the
University of Illinois study for CWRwere as follows:

Rail Weight

Bending Stress Criteria
Vertical Equivalent

Wear . Area of Wear

Joint Bar Clearance*
. Vertical Equivalent

Wear Area of Wear

115 lb. RE
1321p. HE

5/16"
3/4"

0.68 ~n.~
0.93 In.

1/4"
11/32"

0.543 in. 2

0.804 in. 2

The University of Illinois studies produced a formula for
abrasive wear of the form:

* Wheel-flange clearance with joint bar taken as 1/32".

1. Annual Proceedings of the AREA, VoL 60, 1959, p. 911" Report of
Assignment 9, Rail Committee 4, Recent Developments Affecting Rail Sections.

2. First Progress Report: Evaluation of Rail Sections, Civil Engineering
Studies, Transportation Series No.9, by Hay, Butler, Martin, Franke,
et al, June 1910; also Second Progress Report, May 1913.
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Where

W=,A (1 + KD) x HMGT

W = rail wear in square inches
A =wear on tangent track in square incles
D,= degree of curve

HMGT = 100 million gross tons of traffic
k = wear factor varying with the degree of curve

The report sets forth tables of wear factors for 115 lb. and
132 lb. rail as developed for the conditions of the sponsoring
railroad, the Burlington Northern. '

A different form of rail. life formula. has been developed by the
AAR and AREA and reported in the AREA Proceedings. 3 The form is:

T = K x W x DO. 5'65

•

Where T =
W =
D =
K =

total life in millions of gross tons
veight of rail in pounds per yard
traffic density in millions of gross tons per year
a 'standard of maintenance" factor that can elso be u,c::P"1
to reflect different rail metallurgies, jointed or
CWR, or other conditions. It can aJ~c b~ me.nip,,;.lated
to reflect the amount of curvature and the effects
thereof.

In modifying K for curvature in a particular territory, the equi.
valent miles of track for each degree of curve can be computed
and the value of K adjusted accordingly .. The effects of rail end
batter and rail failures are inciuded in this empirical equation.

b. Rail End ,Batter. Rail is often removed from track,not because
of abrasive wear, but because of rail-end batter. Differential
movement occurs between adjoining rail ends as a wheel leaves one
rail and moves onto the next. The amount of rail end movement
is a function of tie cOnditions and ballast support under the tie;
also of joint-bar fit and wear on the joint bar bearing surfaces
'and corresponding surfaces of the rail. The receiving end of the
rail receives a heavy impact fron the wheel (and the rail being
left receives a lesser blow). The effect is to batter down the
ends of the rails and, in extreme cases, this leads to lateral lippi~g

and spatulating. A result is rough riding and impact for rolling •
stock with accentuated rock and roll effects and potential for
derailment. 'Batter of 3/16 inch or more is considered undesirable
and requires a repair effort. The more the traffic and the heavier ,.
the wheel loads the greater the impact and the nore rapidly the
battered conditions develop. 'It is probable, however, that the
greatest impact occurs at slow speeds When tbe wheel has time
~o fall completely into the depression already created at the rail end.

3. Annual Proceedings of the AREA, Vol. 58, 1957, Committee 16, Assign
ment 7, Rail Life, p. 360~



A lesser secondary area of batter occurs a few inches beyond
the principal area.,

Rail end batter can be reduced by heat treating rail ends (the
first four to eight inches). This may be done at the mill as
part of the manufacturing process, or it can be performed in the
field using portable rail end-hardening equipment. Fully heat
treated rail does not require any special work on the rail
ends as they already possess the desired hardness.

When the condemning limit of 3/16 inch of batter has been reached,
the rail. ends can be rehabilitated by gas torch or electric'
welding (preferably the latter). The built-up ends are then
gro~d, to a smooth contour.

Coincident to building up rail ends by welding, it'is usually
desirable to change joint bars. Reformed bars (or oversize bars)
are orten used as replacements for the worn bars to assure a
snug fit.

Rail removed from main track and marked for relay in secondary
tracks is usually first sent to a cropping plant Where, six to
eighteen inches are cropped from each end to remove the battered
portions. The amount of rail cut from each end depends upon the
deg'ree of fillet wear and extent of batter. For bolted track,
new bolt,holes must be drilled.

c. Rail Defects and Failures. Rail is subject to a variety of
defects and failures that contribute to shortened economic
service life.

1. Some potential defects arise at the mill in the rolling pro
cess. As molten ste~l is poured into the ingot molds, impur-
i ties such as slag particles float to the top. After strip
ping, the ingot cools from the outside in,' Shrinkage cracks
may form in the top of the ingot. A portion of the ingot is
always sheared off and scrapped. This removes a.riy impurities,
bubbles, cracks or inclusions that might exist in the upper;
portion of the ingot. Such impurities or cracks could become
the source of transverse defect's, pipes, or vertical split
heads. Rails rolled from the top part of ingots are designated
as "A" rails (from the "A" position in the ingot.)' They are
usually identified by being painted yellow on the ends.
Most railroads refrain from laying "A" rall on, or in approach
to such locations as high bridges, tunnels" or high embankments
because of the possibility that inherent weaknesses within the
rail might ,cause it to fail.

Rails containing transverse defects, i. e., transverse fissures
or detail fractures, present a problem'to the maintenance
organization. Such defects, propagate within the rail invisible
to ordinary inspection. ,Rail fai+ure can occur suddenly, and

•
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without warning. (Fortunatel~, however, modern rail
detection equipment can identify . transverse defects before
they become dangerously large.) Detail fractures result
from several causes; hot torn steel (rails rolled at too
high a temperature), blow holes, slag, high impacts, etc.
Inclusions act as stress risers and as a nucleus or point of
initial separation which, Under the stress of heavy and/or
repeated wheel loads, causes the metal to separate in a
series of growth rings outward from the nucleus. If not
detected and removed, rail fracture will eventually occur.

Transverse fissures are the most serious types of transverse
defects. They are caused by entrapped pockets of hydrogen
gas, the result of too rapid cooling of heavy rails. The
transverse fissure has been virtually eliminated by processes
of controlled cooling and vacuum degassing, but a large
quantity of non-controlled rail still remains in track,
especiaily in branch lines.

Vertical split heads and piped rails are vertical separations
of metal in the head or web. They represent the presence
of seams, inclusions and/or inadequate molecular homogeneity
of the metal.

Horizontal split heads and head and web separations are defects
in the horizontal plane. They are caused by seams or lamin
ations due to segregations or inclusions or overstressing of
the rail by heavy wheel loads. A rash of head and ¥eb
separations at one time did lead to revised rail sections with
115# HE and etc. etc.

One other defect, corrugated rail, may arise from mill prac
tice. "Chatter" in the rolls when those become worn may
permit minute ridges to form on the rail surface. Some railroads
operate a grinding train over,new rail to remove any ridges
before they enlarge into objectionable depressions, some
with crests of a fraction of an inch, 8 or 10 inches ~part.

Some corrugations may arise from roll "chatter", but there
are undoubtedly other causes of corrugations as well.

2. Certain types of defects and failures are associated. with the
concentration at stresses immediately beneath the point of
contact between wheel and rail. These include head checks,
spalls, flaking, shells, and, perhaps, certain tyPes of
corrugations.

(a) Head checks appear as minute cracks on the gauge corner
resembling a fish scale in appearance with the "pointed"
end in the direction of prevailing traffic. Head
checks usually wear away as tonnage accumulates but may
presage spalling and/or a detail fracture.

(b) Spalling is the breaking out from the gauge corner of
rather large particles or chunks of metal. Spalling
may arise from too brittle a metal, especially with

•
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alloy steels, or it may be an advanced stage or head
checking. Spalling weakens the cross section of the
rail and its resistance to bending stresses .. Transverse
defects may also begin with a spall.

(c) . Flaking is the breakirig out of small particles of metal
about the size of finge~ nail from the rail's running
sU1"face. Excessive flaking makes a rail look "scabby"
but. of itself, is not serious. Flaking may, however.
lead to shelling and does, perhaps, represent shelling
that has occurred close to the rail surface.

(d) Shells are formed on the gauge corner as a separation
or crack appearing 3/8 to 5/8 in. below the gauge corner.
The crack is usually accompanied by a flow of metal
(plastic deformation) that may in turn become the source
of the shell. Studies at the University of Illinois
indicate, however, thtt the crack probably is initiated
inside the rail head. The flowed portion. losing wheel
contact, turns black. Shells may start from inclusions,
bloy holes, hot torn· steel, .etc., but a maj ority are
of undetermined origin. Studies have indicated that a
concentration of residual stresses at the gauge corner
will cause shelling, and other studies have indicated
lateral and longitudinal forces to be of sufficient
magnitude to cause residual accumulations. The inter
acting relationship of shelling to track geometry,
to curvature. and to the degree of uniformity in train
consists r~present.areas that warrant further investi
gation. Regardless of initiating cause, it is generally
accepted that heavy wheel loads and concentrated tonnage
cause shells t? grow.

Shells as such are·not particularly serious, although a
broken. out shell reduces the effective cross section and
bending strength of a rail. Shells do, however, pose a
very serious proble~ in that the shell crack may turn
downward. creating a transverse defect and rail failure.

Opinion differs.as to/what should be done with shelly
rails. Some railroads remove the rails as soon as the
shell is discovered. Others impose. staY orders. A
large number simply "watch" the rail Wltil the shells
become excess iv·ely large, or other flaws develop. In
any event, shelling may limit the life of continuous
welded rail.

4. AREA Proceedings,. Vol. 49, 1948, Sixth Progress Report on Shelly Hails,
pp. 437-446.
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3. Corrugated rail, as earlier noted, consists of a series
of ridges and low spots across the rail head,
spaced from 1/4 to 1 inch apart, but more often
the length measures 8 to lOinches, crest to crest .

. Again, the cause is obscure. Two likely causes in
today's track structure are (1) rate of rail
vibration and (2) a combination of rotative and
lateral slip. Corrugations cn the high rail are
often accompanied by correlative corrugations,
finning, mashing, and head flow on the low rail.
Corrugations, if unhindered, will grow deeper and lead
to head crushing. A practical solution is grinding
the rail by special grinding equipment before the
corrugations grow too deep and too long.

d. Use of Rail. The way rail is used has a marked effect on
its service life and cost. It is the general practice on
American railroads to use rail of 132, 136, or 140 lbs.
per yard where annual gross tonnage exceeds 20,000,000 tons.
The 115 and 119 lb. rail is in frequent use for annual
tonnages of 5 to 20 Dillion gross tons. Lower tonnages
with normal or light 'Wheel loadings can be handled on
90 and 100 lb. rail, but the trend is toward heavier
sections. Branch lines may contain rail from 60 to 132
Ibs. + in varying amounts, the quantity of the heavier rail
sections depending upon how much of it is available from
main track rail relays. There is a point at which a
heavier rail (costing more per foot of length) is econ
omically preferable to a lighter. rail with attendant
higher maintenance costs. That point is a function of
rail weight, mill price, annual gross tonnage, and
length and amount of curvature and gradient. 5

Rail replacement practices also affect costs. Provided
that rail is available, a railroad with considerable
secondary and branch line mileage can practice so-called
cascade replacemenV. Selected .jointed rail removed from

-main line track is sorted, cropped and welded into long
strings and relaid in main lines. Other mileage of the
same rail may be relaid in secondary and branch lines
releasing rail of the same section which in turn is laid
in less important branch lines and yard tracks. Usually
rail is removed from main line before its physical life
has been used up. This makes rail available for branch
line relay. Whether or not rail is removed too soon or
too late has a marked effect on rail and track maintenance
costs. A railroad without secondary tracks and yards
cannot derive full use of all rail released through relay
programs. In view of the high cost of rail,every
practical means must be employed to maximize the life of
rail in its present location. When cost of maintenanc·e'

5. Second Progress Repcirt: Evaluation of Rail Sections, by Hay, Schuch,
Franke, Mikkelsen, Civil Engineering Studies, Transportation Series· No.9,
University of Illinois at Urbana~ May 1970.
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becomes prohibit~~e, rail should be replaced.

Additional life can be obtained from rail on curves by
transposing the high rail to the low side, and vice versa.
Occasionally, rail from the low side goes to lesser
tracks; new rail is laid on the high side and the high
rail is set down. The extent to which rails of special
metallurgies--heat treated, high silicon content (hi-si),
flame hardened, etc.--are used will also affect life and
costs.

Wheel loads affect rail wear and life. For loads less
than 26,000 lbs. the shearing stresses are within allow
able limits, and rail will withstand an indefinitely
large number of load repetitions. For wheel loads over
26,000 lbs. the rail is likely to deteriorate at a rapid
rate through rail-end batter, corrugations, shelling,
abrasion, and similar contact stress effects.

Rail is subject to a variety of maintenance procedures that
involve cost in their performance and even more cost in
damage to the rail when not performed.

Care for rail must begin when it is laid--or even before.
Track should be re-tied, ballasted, and placed in good
line and surface in preparation to receive the new rail.
Soon after relay it is desirable to give the rail a
running or smoothing surface and to realign it. Old
joint locations must be tightened even though new lo
cations and earlier surfacing have occurred. Failure to
accomplish these activities will lead to bent rail which
will never hold proper line and surface. An especially
bad situation 'obtains when rail is laid in late fall or
winter and not surfaced until spring. Bent rail can also
arise from poorly maintained surface, especially when heavy
wheel loads are prevalent. from soft subgrade support
and from unbalanced steam locomotives (their effects
may still persist in old rail currently in track).

With Jointed rail, plastic flow in the surface metal
usually occurs at the rail ends sufficient to bear
against the adjoining rail, especially in summer when the
rail has expanded. The flowed metal may then break off into
the parent metal forming a chipped rail end. To retard
such rail-end chipping, rail ends are slotted transversely
by a thin grinding wheel to provide room for the flowed
metal. Slotting must be performed as needed. usually
several times during the rail life.

Rail end welding or rebuilding has already been discussed
in connection with rail-end batter. It is an operation that
may occur at least once during the life of' plain rail,
sometimes more often. Driver burns that leave deep
irregular grooves and burned metal in the rail surface can
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also be repaired by welding and grinding. if promptly
and properly performed.

The use of the grinding train to remove corrugations and
lips or lateral flow has been mentioned. This operation
is performed every three to five years by some roads. and
might be considered more often by roads with heavy tonnages
and high wheel loads.

Joint maintenance has been briefly mentioned. Bolts should
be tightened initially to 20,000 to 30,000 Ibs. of tension
to overcome roughness in the fishing area and to provide a
proper fit. Three months later bolts should be retightened
with 15,000 to 20,000 Ibs. of tension per bolt after the
mill scale has been worn away and the joints "seated".
In some cases bolts require frequent tightening. at least
once a year, to maintain a minimum tension of 10,000 lbs.
per bolt, because of bearing surface wear and elongation
in the bolt material. Eventually, worn bars must be
replaced by oversize or reformed bars as noted earlier.

Defective rails must be changed out as soon as practical
after defect is detected even though this policy might
cause some inconvenience to maintenance forces. A broken
rail must be removed immediate1y on an emergency basis.
Known minor and small scope defects such as shells.
vertical split heads, and horizontal fissures are ~ome
times kept in track until an opportune time in order to
gather a working force or work train and change several
at a time, with train speeds being appropriately reduced
as dictated by the nature of defect.

A major maintenance cost of rail is renewal and relay.*
Costs involve distributing rail and fastenings at the
relay site, taking out the old rail, adzing new bearing
surfaces for the tie plates on the ties, setting in and
bolting, gauging. and spiking the new rail, picking up
the old rail ~~d fastenings for transport to the reclama
tion plant, applying track circuit bonding, and surfacing
and lining. At the reclamation plant the old rail is
inspected, sorted, and some is scrapped. The remainder
is cropped to remove end-battered portions and, for jointed
track, new bolt holes are drilled. It is then ready for
relay in secondary tracks. Rail relay is a heavily
mechanized operation.

One final cost item needs identification--rail inspection
and testing. This may range from a cursory glance as the
trackmen ride to work on a motor car, to regular patrols
daily or semi-weekly, etc. on foot or on motor cars,
to the elaborate checking of interior rail conditions
by rail detector cars. The number of inspection trips
by detector cars varies from twice a year to once every two,

* Relay of rail may involve both investment and operating money, depending upon
accounting practice. Under betterment accounting the increased weight of the
rail, together with the additional rail anchors applied in case of CWR, itself is
the only portion capitalized, while the rest of the rail is expensed.
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three, or five years, depending on age and type of rail,
train speed and tonnage, incidence of rail failures, and,
most recently, requirements of the Federal Railroad
Administration. Some railroads have their own detector
cars and keep them in continuous operation. Others utilize
the services of a contractor on a combined per-day and
Per-mile basis.

Continuous Welded Rail. Most of the foregoing applies as well to
rail formed by welding standard 39-foot rails in long strings,
usually 1440 feet in length. These rails, in turn, may be field
welded into strings of indefinite length(up to 36 miles or more),
limited only by the intervention of turnouts and insulated joints.
CWR eliminates most rail joints, said to account for 50 percent
~ of track maintenance. Without joints, rail life is extended:
A smoother ride results with less wear and tear on equipment
and track.

Welding is performed by one of three processes. The oldest
(originally used in welding street car rails), thermit welding
requires only a small quantity of portable equipment, and finds
its only use today in making field welds. Oxy-acetylene butt
welding, usually performed at a central welding plant, employs
a battery of gas torch tips to heat the rail ends to a welding
temperature while gripper pads bring the rail ends together
with an upsetting pressure. Surplus metal must then be ground
off. Electric flash butt welding, the most frequently used
method today, depends upon the short-circuiting of electric
current, introduced through gripper pads, to heat and fuse
the rail ends.

There are relatively few joints in CWR. The life of CWR is
little affected by rail end batter at the occasional joints.
Batter can be countered by rail end welding or building up,
grinding, or by rail end cropping in track. As noted
earlier, shelling ~d perhaps the incidence of corrugations)
will limit CWR life. Otherwise, a long life based on abrasive
vear can be anticipated.

In addition to failure from defects inherent in jointed rail,
CWR may experience weld failures. These are due to improper
practices at the welding plant: current fluctuations, mill
scale not being removed, slippage of gripper pads, particularly at
the moment of impact, improper weld grinding, etc. Cold weather
uncovers many weaknesses through pull-aparts as the long rails
contract.

The solution to the problem of thermal stresses causing expansion
and contraction is simply one of restraining finite forces that
can vary from 100,000 to 250,000 Ibs.~. Rail anchors, applied
with a friction grip to the rail base, bear against the ties
vhich are anchored in the ballast. AREA recommendations call
for every tie throughout the first six 39-foot rail lengths at
each end of the long rail to be box anchored, i.e., with an
anchor bearing against each side of the tie. In the body
section of the rai~ every other tie (on some railroads every
third tie) is box anchored.
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Special techniques are required in laying CWR. It must be
loaded at the welding plant, transported to the relay site, and
unloaded onto the ground or onto tie plates. Rail is laid,
ideally, at an average or equilibrium temperature wi thin the
anticipated range of temperatures. Because this is seldom
practicable to do, an equalized state can be achieved by
artifically elongating or contracting the rail by heating or
cooling it until the rail attains the desired length before
the rail anchors are applied.

Rail wears more rapidly on curves. There are different
practices involving the use of CWR on curves. Most railroads
lay CWR through curves of 30 or less. Above 30 some roads
still lay around the curves and then later cut out and re~lace the
worn section as needed. Others use CWR on curves and locate
joints at each end of the curve for ease in replacement. It is
the practice on several roads to lay 78 foot length rails on curves
over 60 , thereby eliminating half the joints.

To insure a stabilized track condition that is indispensable to
prevent lateral and vertical buckling (sun kinks), a full ballast
section is required. This includes filling the cribs between
ties to the top of ties and prOViding a ballast shoulder of 6 to
12 inches beyond the ends of ties. Quantitative data is lacking
on exactly how much restraint various types of ballasts and
ballast section configurations provide.

When performing any work on CWR, great care must be taken to
avoid disturbing the track when the rail is in compression, i.e.,
wanting to expand. If too much ballast or too many ties are
removed or loosened while renewing ties or surfacing,sun kinks
will occur. Desirably, all out-of-face work should be
scheduled at, or below, the temperature at which rail was laid
or adjusted to. Normally no more than half a rail length
should be "skeletonized" at a time. Under extreme conditions,
the track should not be disturbed at all. When SUD kinks do
occur, it may be necessary to cut out a portion of the rail to
relieve the rail stresses. In the case of pull-aparts,
rail can be expanded by heating and joint bars applied, or,
again, filler rails may be used.

Cost Factors. In summary, rail costs are noted as arising from:

a. Out-of-face renewals: a function of !!fh life based on rail
section, train tonnages and speed, standard of track
maintenance, incidence of grades and curvature, condition
of subgrade, etc.

b. Routine maintenance: spot renewals of broken or defective
rails, rail end welding, rail grinding, rail end slotting,
properly supporting rail ends to prevent bending rails or
causing batter, and maintaining adequate gauge, line and surface.

c. Rail joint maintenance: all of the above plus tamping Joint
ties, renewing joint bars, tightening bolts, replacing broken
bolts, renewing insulated joints and/or insulation.

d. Rail inspection and detector car !"Deration: to search out
defective rails and remove those that constitute a safety
hazard to operation.
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TIES

Ties perform three primary functions:

a. Hold the rails to proper gauge.

b. Bear and distribute wheel loads with diminished unit
pressure to the ballast in w~ich they are imbedded.

c. Provide anchorage (in the ballast) for the track, i.e., to
prevent lateral, longitudinal, and vertical movement of the
rail by restraining rail stresses. Rail has a tendency to
elongate and contract subject to the law of thermal
coefficient of expansion and due to the wave action behavior
of rail under each wheel load. Rail anchors prevent rail
movement by transferring rail stress through the anchor to
the tie and thence into the ballast between the ties. Thus;
for the anchor to satisfactorily function, it must impinge
snugly against the tie; the tie must be sound and the
ballast must be capable of being consolidated into a
homogeneous body strong enough to resist the movement of
the tie.

Ties are conventionally made of wood and as such will receive
most of the following comments, with some attention given to
concrete ties. Rolled section steel ties have no place under
present U.S. railroad practices.

Tie Life Factors. Those factors that affect tie life may be
grouped into four categories: (a) natural causes, (b) tie
size and treatment, (c) mechanical wear, and (d) traffic effects.
As will be noted in the following paragraphs, these factors
overlap and intermingle.

a. Natural or Inherent Factors. Tie wood specie and type is the
first item considered here--whether a hardwood or softwood,
whether heart wood or sap wood. Hardwoods such as white and
red oaks and gum offer a longer life than softwoods--fir,
pine, hemlock, etc.--and can withstand heavier loads as
indicated by maximum allowable fiber stress of 1,000 to
1,200 psi in contrast to 900 psi or less for the softwoods.
The condition of the tie after seasoning may also be considered
a natural or inherent factor. The extent of splits and
shakes that have developed is significant even when within
the allovable limits of AREA and ASTM specifications. Tie
end splitting tendencies can be lessened by applying anti
splitting devices such as S-irons or similar designs into
the tie ends to hold the wood together. Bands may be placed
around the ends of ties (a European practice), or the ends
may be dowelled. Nevertheless, end splitting can occur and
develop under traffic 'until, in extreme instances, the split
extends to the tieplate-rail position, thereby lessening the
effective spike holding capacity of the tie.
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In track, ties are subject to insect attack and to rot and
decay. Insect attack is not a serious problem in the
United States, especially with treated ties. Decay and rot will
'occur at an early stage (3 to 10 years) with untreated ties,
but can be forestalled for 20 to 30 or more years if given
proper preservative treatment and if protected against the
exposure of untreated fibers by mechanical wear and abuse.
Wood fibers abrade and decay more readily if wet. Excess
moisture (from dirty, poor-draining ballast, etc.) will
hasten decay and rot. try rot may set in with certain types
of woods, especially in slag ballast with a high sulphur content.

b. Tie Size and Treatment. The size of a tie~-its thickness,
width, and length--influence a tie's capacity to withstand
traffic loads, loads from thermal stresses, and the effects
of the elements and environment. Size may determine tie
assignment. The AREA has established seven grades of ties,
o through 6. Only grades 4 (7 in. x 8 in.) and 5 (7 in. x 9 in.)
find use in main line tracks. Grade 3 (7 in. x 7 in.) ties
are used in sidings and secondary main tracks (branch lines).
Thus tie size and tie load are usually correlated (but not
always). The standard tie length is currently 8ft. 6 in.
Some branch lines are' laid with 8 ft. 0 in. ties. Ties
9 ft. 0 in. offer greater stability and resistance to
lateral and longitudinal forces because of the greater
weight and greater length in frictional conta.ct with the
ballast. This length has been recommended by the AREA for
new construction and rehabilitatien and is the current standard
on a number of railroads.

Practically all ties except those for purely temporary
construction and some industry tracks are given a chemical
preservative treatment to retard decay and repel insect
attack. An early treatment of limited effectiveness involved
the use of zinc chloride. Modern treatment involves
forcing a creosote oil, usually under pressure, into the woed
cells from which moisture has been driven. Natural drying,
usually for several months' duration, tends to cause tie
ends to split. A vapor drying process introduces moisture
absorbing chemicals into a tie-filled cylinder. After the
moisture has been removed, the creosote oil is forced into
the outer cells of the tie under pressure. This process
requires about 16 hours in contrast to 3 to 6 months for
air seasoning. Vapor drying reduces tie-end splitting.

c. Mechanical Wear and Abuse. By far the factor with greatest
impact on tie life is mechanical wear and abuse.

1. Tie splitting. This may be considered a type of
mechanical action, especially when proper drying and use
of anti-splitting devices are not employed.

2. Careless tamping. Blows from carelessly directed tamping
tools, manual or mechanical, can knock off corners and
edges of ties and increase splitting tendencies. The
anderlying material thus exposed offers easy entry
for moisture and decay.
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3. Outer fibers are damaged by contact with sharp, rough
ballast particles. The edges are also worn away by
the rocking motion imparted by the repe'titive
application of wheel loads and the wave action behavior
of the track. Again, moisture can enter and accelerate
decay.

4. The crushing effect of wheel loads will hasten early
deterioration of tie wood if the tie is not properly
protected by tie plates of adequate size. As recently
as 20 years ago, studies made in connection with
transverse fissure investigations indicated that one out
of every 1,000 wheels delivered a load of over
40,000 lbs. to a tie. Wheel loads of modern equipment
come close to 40,000 lbs. with static loads alone, to
say nothing of impact effects. Hardwoods can stand
crushing loads of 400 + psi, softwoods 250 + psi. To
withstand a load of 40:000 lbs. concentrated on one tie
(a not unusual occurrence), a tie plate should have an
area of 100 sq. in. for hardwood ties, 160 sq. in. for
softwoods. Seven-3/4 in. x 13 in. tie plates have an
area of 100-3/4 sq.in.; 8 in. x 14 in. plates 112 sq. in.
Many dynamic wheel loads today exceed 40,000 lbs., and
many plates in track are less than 100 sq. in. Also
many ties are softwood. Fortunately~ not every tie has
to bear 100 percent of the load (40 percent is an
accepted estimate). With poorly maintained track
(or with good track just before a surfacing cycle is
ending) a tie might have to carry 2 to 3 times its share
of the wheel load. Also, where some ties are ready for
removal, a disporportionate share of the wheel load
is placed on neighboring solid ties.

Insufficient plate area coupled with crushing loads
result in plate cutting of ties, i.e., the plate eats
into the tie. Simultaneousl~lateral loads force the
plate outward on the tie, widening gauge and requiring
track to be regauged. The plate has to be removed and
a new, flat bearing surface adzedunder the rail.
Adzing removes a part of the tie and reduces tie life.
However, the adzing operation usually assures a more
even distribution of the loads to a group of ties, in

~ which case tie life may well be increased.

5. Loose tie plates contribute to tie wear. Plate and tie
should act as a unit vith the rail free to bend downward
or upward if need be. If the tie and plate rise with
the rail. pumpin~ ensues. which is bad for the tie
and for line and surface. Any play between tie and
plate, especially if moisture is present, will destroy
the wood fibers more rapidly and hasten plate cutting
and decay. Plate holding spikes or studs are sometimes
used to secure the plate to the tie. The bearing area
may be waterproofed by applying rubber or fiber pad
between the plate and the tie.
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6. Abuse. Any action that punctures the creosote treated
tie fibers and allows moisture to enter the tie interior
contributes to decay. Abuses that 60 destroy the fibers
appear in many forms. Carelessness in handling or
transporting tie to the place of use can break off
corners and edges to expose unprotected interior fibers.
The practice of tossing ties carelessly from a moving
train can damage the tie and reduce its usefullness.

Hitting a tie to straighten, align, or space it in
track can destroy wood fibers, especially if a small
headed spiking maul is used.

Frequent respiking of ties ~nlarges spike hole area and
..:.destroys the tie by "spike_ .killing." The area around the
rail base becomes so full of holes that moisture easily
penetrates the untreated interior, causing decay.
Even the use of tie plugs is not sufficient to entirely
prevent moisture penetration. As noted earlier, deterior
ation is accelerated if moisture is present in the plate
rail bearing area. Spike holes from which a spike is
missing or in which a spike stands loose are ready
sources of entry to the tie's:interior by moisture.

Excessive adzing sometimes occurs when correcting
plate cutting. A smooth plate bearing surface is
needed, and only the minimum depth of cut should be
adzed to secure that bearing.

Improper selection of ties for renewal can also shorten
tie life. If a tie is removed too soon there is an
obvious loss in economic service life. If a tie is left
in track beyond the serviceable life it cannot adequately
fulfill its function. Adjacent sound ties become
overloaded, thereby shortening their service life.
(Such track may become unsafe).

The incidence of ties destroyed by fire has diminished
since the demise of the steam locomotive. Nevertheless,
ties do occasionally catch on fire from hot brake shoe
slivers.

Derailments can and do destroy several htmdred ties at
a time, depending on the severity and type of derailment.

d. Effects of Traffic. Some effects of traffic have already been
considered. Wheel loads have an obvious and direct effect.
They deliver crushing loads to the ties, which often are only
partially compensated for by adequate size of tie plate. This
leads to plate cutting, gauge widening, and the need
to further weaken the tie material through adzing, regauging,
and respiking. Lateral forces from traffic also tend to widen
gauge and cause plate cutting. Traffic volume will determine
how rapidly deterioration from these causes will progress
(other conditions being equal). Modern rolling stock with
long truck centers and high centers of gravity tend to rock
and roll and derail vith consequent tie damage. The braking
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action of long trains sets up lateral pressures that
widen the gauge; so also do locomotives and cars with
three-axle trucks. As noted earlier, axle loads and wheels
approaching and leaving a tie cause a slight rocking motion
that abrades away the bottom edges of ties, rounding them
and facilitating the entrance of water.

Concrete Ties. Concrete ties have been installed in sparing
numbers and hence are a somewhat unknown quantity in the
United States. The period and extent or main track use is
limited, and even the AREA-AAR specifications are or recent
development and labeled "tentative". Economic analyses for
concrete ties have been based on a life of 50 years. Theoretically,
it probably should be much more. In practice, many concrete ties
have been removed after only 2 to 5 years of service account failure
due to one cause or another.

The ties designed and manufactured in the United States are in
general terms a pre-stressed concrete beam. Problems with such
ties include poor initial concrete, concrete deterioration,
hair line expansion crac~ and breakage and pull-out of hold
down devices. These are problems for which solutions will
unquestionably appear eventually.

An initial spacing of 30 in. center to center (to warrant
economic parity with wood ties) is currently proving less than
satisfactory, and closer spacings are likely to be required,
thereby increasing the basic number of concrete ties required
and raising costs. The heavy weight of concrete ties (from
30 to 100 percent greater than equivalent dimensioned wood ties)
means more labor and/or machine costs for installation and
maintenance.

Sources of Tie Costs. The principal cost associated with ties
is that of tie replacement. Under I.C.C. accounting rules this is
treated as an operating expense rather than as a capital replace
ment. The rate of renewal reflects all of the foregoing
factors and conditions. Small additional costs ,arise from the
use of tie plugs to fill old spike holes, tie adzing (by hand
or machine), and the painting with creosote oil of newly
adzed surfaces.

Because there is more load concentration on rail ends, more
movement, displacement, and tamping of ties at the joints,
Joint ties wear out more rapidly. The lateral thrust on curves
probably causes curve ties to wear out more rapidly but at a
presently indeterminate rate. It is a known fact that more
frequent spiking of ties on curves--due to rail transposing
and sooner rail replacement--shortens tie life to about one
half that for tangent ties.

If ties are not properly maintained, they can contribute markedly
to maintenance costs of the entire track structure. Ties that give
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inadequate support will hasten degradation of line, surface,
and gauge. When the area under the tie plate is decayed, spikes
no longer hold. Tie plates slip out of place. Wide gauge
occurs. Joint ties that give poor support will cause an
excessively rapid accumulation of rail-end batter. Elsewhere,
a tie that gives poor support, whether because of splitting,
decay, or inadequate tamping, compels adjacent ties to bear
more than their share of the wheel loads, thereby hastening
their rate of wear. All of these conditions, carried to extremes,
can lead to derailments.

SUBGRADE AND BALLAST

Subgrade • A subgrade serves to bear and distribute vith diminished
unit pressure the load imposed by traffic through the track
and ballast. It facilitates drainage and forms a smooth platform
on which the track structure can be laid. A subgrade is the
foundation on which the track structure rests and thereby performs
as vital and necessary a function as does the foundation for a <

bridge or skyscraper. It most often appears as an extended
mound of earth in the shape of a truncated prism t but it may
also be in the form of a cut thro~ .higher ground--the cutaway
portion also being truncated-prism in shape. On narrow side
hill cuts the cutaway portion may be triangular in shape.
(Some sections, particularly on the side of hills, may be
combinations of cut and fill.) Regardless, the subgrade must be
so constructed that it will support the imposed loads without
deformation. It must have a high aegree of permanence, i.e.,
stability.

The soil materials used in construction (or in soil replacement
as a maintenance procedure) must have high shear strength and (if
a fine-grained soil) cohesion. Moisture must be excluded, either
by use of a highly permeable granular material or by compacting
the soil particles so tightly that there are no voids between
particles into which water can enter. Tight compaction also
promotes stability, cohesion, and shear strength of the ballast
particles. Good drainage is a prime essential. Almost any
soil will provide a stable subgrade if it Can be~~ and
kept~. This is seldom easy to achieve.

Most track in the United States is already constructed and in
operation. Due to the pioneering nature of early construction
and lack of adequate knOWledge, machines, explosives, and
money, much of the trackage was built without benefit of present
day good practices. (Also, the loads imposed during early.
construction did not require as strong a subgrade, being much
lighter than those experienced today.) Soils were used as they
came to hand, without benefit of compaction, admixtures, or
moisture control. Consequently, some of the track built in the
early days still contains a variety of soft spots, sinks, unstable
fills, unstable cut slopes, fouled ballast, pumping joints, and
long stretches of weak subgrade that require excessive maintenance
and/or the expense of one or more of a variety of stabiliZing
procedures. A brief statement regarding major types of instability,
eorrective action, and associated cost factors follows:
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a. Unfavorable Soils in Subgrade. A subgrade generally
composed of unfavorable soils will be a continuing source
of trouble. The fine-grained soils--silts and clays-
are the most troublesome. Sands and gravels--the coarse,
granular soils--usually make a stable subgrade. Most
soils are mixtures, not purely one kind or the other.

1. Unfavorable soils would include:

• Swelling soils such as montmorillonitic clays, false
shales, and compressible silts. These soils expand
when wet (from rains, snow melt, underground seepage,
capillary rise), thereby disturbing the track surface
and alignment.

• Varved clays are usually found in old lake beds. The
soils have been laid in alternate layers of very fine
and relatively coarse clay particles. They have a high
moisture content and are SUbject to sliding and failure
of fill or side slopes, and to frost heaving.

• Swamp muck or muskeg soils have a high organic content.
They are subject to uneven settlement and swell; also
to frost heaving.

• Sensitive clays and silts. Water has DO shearing
strength. Soils with a very high water content may
liquif'y under shock or impact. They create hazardous
conditions when used in a railroad subgrade or as a
subsoil.

2. Corrective Action. Two courses of action are open--
to live with the situation or to bring about corrective
action.

• Continual excess maintenance may be necessary in the
form of labor to restore line and surface and to
clean ballast more frequently. Component parts-
rails, ties, and fastenings--vill have to be renewed
more frequently.

• Slow orders may be necessary to protect trains moving
over sub-standard track.

• Injection of cement grout or lime as a stabilizing agent
and/or performance of other stabilizing procedures, such
as installing subdrains, sand-filled spUd or blast
holes, pile or pole driving, etc.

• Excavation and replacement of unstable subgrade
materials with stable (select) materials.
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• Line relocation to more st~ble soils.

3. Cost Factors.

Costs associated with any of the foregoing corrective
or "live witb ll actions.

• Sbortened life for ties, rails and fastenings, with
more frequent replacement.

Possible loss of revenue traffic due to longer running
times (decreased schedule performance), plus the
incremental operating costs associated with longer
running time.

• Excess wear and tear on locomotives and cars.

b. Weak Subsoils. Any of the soils enumerated in Section I.
serving as a bottom layer in a subgrade or more generally
as a subsoil in natural ground (as when a fill is built
across an old lake bed or swamp muck) m~ be too weak to
support the fill and the trains moving over it. There can
be a gradual settling of the fill, requiring that more
fill and/or ballast material be placed to maintain the
grade, as the weak soil is squeezed out at the toe of the
fill. Settlement will continue until sufficient soil
has been squeezed out at the toe to form a balancing
counterweight. Fill failure can occur SUddenly depending
Upon the nature of disturbing stimuli.

1. Corrective Action.

• Live with the condition by applying additional fill
and ballast materials as needed to mainta.in grade,
resurfacing the track, and applying slow orders for
the vorst conditions.

• Add a corrective counterweight of soil at the toe of
the fill.

• Perform any or all of the stabilizing procedures
for generally unstable soils.

2. Cost Factors.

• The same costs as are incurred by generally unfavorable
soils.

• Cost of placing the corrective soil counterweight
before failure has occurred.

c. Unstable Cut and Fill Slopes. Fill and cut slopes are
subject to a continuing process of wear and erosion. The
extent of such erosion varies with soil types, extent of
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natural ground cover (grasses, shrubs, vines, etc.) or artificial
cover (rip rap, cinder or asphaltic blankets, etc.), and
with the incidence of rainfall or winds. Also, burrowing
animals such as gophers may have a direct and substantial
effect on fill stability. Water can enter their burrows
and lubricate the supporting material to the point of failure.
Slopes may also suffer from causes as outlined above when
untable materials are overloaded. Even stiff clays can
cause difficulties. During dry periods cracks will form,
often of considerable depth. A later wet period fills the
cracks with water, thereby saturating and weakening the adja
cent soil creating a potential for a slide. If the cut
slope is of rock, frost action can loosen portions of the face
to cause slides. Slides may also arise when sloping bedding
planes undercut, or when a smooth bedding surface or clay
seam forms a slick sliding plane.

1. Corrective Action.

• Removal of load materials from the top of slide area.

• Scaling loose rocks in the spring.

Drainage; often extensive subdrainage is required.
Installing perforated pipes, or hydraugering.

• Slope flattening. Retaining toe walls and earth counter
weights.

2. Cost Factors.

• Watchmen or patrolmen labor, usually computed
at overtime rates.

• Scaling rock faces, in the spring or summer.

• Slide fences--construction and maintenance.

• Removal of slide material and repairing any
track damaged by slide.

Excavation of overburden materials.

• Construction and maintenance of drainage facilities.

Restricted speed of trains and attandent effects upon
schedules and traffic.

• Slope flattening andlor cut widening.

d. Ballast Pockets. Where fine grained soils (clay or silty
soils) are in contact with the ballast, the moisture content
(augmented by rain runoff, snow melt, underground seepage, or
capillary rise) is brought to the soil surface by the pumping
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action of the passing wheel loads. The soil face in contact
with the ballast becomes softened and may turn into a paste
or slurry-like consistency. Traffic loads force ballast
into the subgrade material, and the action is then repeated
at a slightly lower level. More ballast must be added to
replace that which is pressed into the subgrade. Eventually,
pockets of ballast are formed and water is entrapped therein
by the surrounding impermeable clay materials. Depths of
3 to 6 ft. are common, but depths of 10, 20, and even 50
ft. are on record.

1. Corrective Action.

• SUb-surface/soil surveys to determine soil type,
sources of moisture, and extent of the problem.

• Sub-drain installation to drain the water pockets and
to intercept underground seepage that contributes to
the excess moisture.

• Application of stabilizing procedure, such as cement
grout or lime injection, sand-filled spud or blast
holes, pile or pole drivings, etc.

• Excavation of unstable materials and backfill with
select materials (track must be temporarily put out of
service) •

2. Cost Factors.

• Excess maintenance--labor to restore line and surface
where the pockets cause settlement; labor and materials
to replace track components subjected to accelerated wear.

• Effect on traffic by slow orders protecting the pocket
areas.

• Effects associated with frost action where freezing
temperatures exist.

• Cost of the stabilizing process adopted.

Costs associated with derailment caused by fill failure,
when such occurs.

e. Water Pockets. These are soft spots in the subgrade other
than ballast pockets that may also become water-filled.
They are caused by any one.gf t.he following, or a combination
thereof:

• Inadequate compaction •

• Inclusion of frozen lwnps (of clay) during 8ubgrade construc
tion (again leading to inadequate compaction).
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• Decay of stumps, logs, timbers, or old frame trestles
\

that have been filled in •

• Arching of soil against rocks, stumps, old trestle timbers,
etc •• forming an inadequately compacted soft spot or
cavity.

1. Effects. Repetitive action of wheel loadings may cause
pockets to increase in size. Effects similar to those
of ballast pockets may ensue, including failure due to
collapse of a portion of the fill.

2. Corrective Action. Same as for ballast pockets.

3. Cost Factors. Same as for ballast pockets.

e. Frost Heaving. During cold weather, excess moisture, dirty
ballast, and unstable subgrade materials can add to the cost
of winter and spring maintenance. either singly or in combin
ation. Moisture from whatever source, but especially by
capillary action, will freeze in the top of subgrade areas
and in areas of dirty, moist ballast. Ice lenses form which
swell and distort track line and surface. Ice lenses normally
build from the bottom upward. Distortions are corrected by
shimming the rails on the ties, i.e., by inserting wooden
plates of varying thicknesses between the tie plate and the
tie to achieve approximately correct cross level and profile.
This is a time-consuming and costly operation. If the
distortions are extensive or relatively large, slow orders
may be imposed. The worst condition is that of alternate
periods of freezing and thawing, which may require several
adjustments of the shims. Shims have to be removed and the
track resurfaced as the frost leaves the ground in the spring.
In certain extreme cases it has been necessary to dig out
the frozen ballast and replace and resurface with clean, dry
ballast during the winter season.

1. Corrective Action.

Subgrade stabilization as previously outlined; a
summer operation.

• Shimming track during the winter; possible slov orders
placed over the shimmed track.

• Excavation and replacement of frozen ballast materials
with clean, dry ballast.

2. Cost Factors.

Material and labor to apply and remove Shims.

• Effect on train movements due to slow orders.

• Derailments, if such occur.
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• Labor and materials for any summertime stabilization
york performed.

• Costs of extraordinary winter correction.

Ballast. Railroad ballast to be of good quality is a sound, hard, clean,
heavy, sharpfaced material capable of being compacted
into a homogeneous pervious mass. It is usually composed
of. crushed rock or crushed gravel. Placed on top of the
subgrade, and surrounding the faces of ties to a level
even with the top of ties in the ballast section, ballast
holds the ties securely in place and provides a
resilient cushion for the track structure, distributing
the wheel loads uniformly over the roadbed. Forces
transmitted downward by the wheel loads are concentrated
with maximum intensity directly below the ties (or
similar support), i.e., within the top 2 feet (+) below
the bottom of the ties. For this reason the most select
materials available for ballast are chosen. Ballast
is, in fact, the best portion of the foundation, an
extension of the subgrade. This becomes literally true
in those instances, when the subgrade and ballast section
are composed of the same material, i.e., cinders or
pit run gravel. Actually these latter materials are not
considered first quality main line ballast and are
usually employed only on less important tracks.

a. Ballast Functions. The purposes of a ballast section
are as follows;

1. To provide a firm bearing for the ties and
distribute with diminished unit pressure the
wheel loads uniformly to the subgrade beneath.

2. To provide proper drainage to the track structure.

3. To anchor the track and provide vertical,
longitudinal, and lateral stability.

4. Retard vegetal growth.

5. Facilitate track work during periods of rainy
weather.

The third function is especially important in
providing restraint to the stresses present in
continuous welded rail.

A ballast shoulder at the end of the tie, plus the
friction between tie and ballast throughout the
tie length, restrain the track from laterial movement.
More data is needed on the amount of restrainst so
provided. Restraint is also provided against thermal
expansion and contraction of CWR, and is especially
helpful in preventing sun kinks (both lateral and
vertical) in CWR. Rail anchors grip the base of
rail and bear against the ties. Ties are then re-
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restrained f~om movement by the ballast. A
restraining force of 800 to 1,000 1bs!Per rail)
per tie has been generally assumed. These limits
may double wben the ballast is frozen. Again, more
definitive data on the amount of restraint is
needed.

Desirable ballast characteristics include stability,
drainability, hardness, toughness, durability,
sterility, workability, availability, low price,
and minimum overall economic cost. Availability and
low price are usually the governing factors. Overall
economic cost is difficult to evaluate and is too
often ignored.

Ballast should have sufficient depth to distribute
ties loads to within the bearing capacity of the
subgrade soil. The latter may vary from 10 to 20
psi for weak soils to 50 to 60 psi for strong
soils. If a weak subgrade soil is overstressed,
some ferm of failure can ensue. If there is
inadequate subgrade strength. a greater depth of
ballast beneath the tie is necessary to absorb
the load. A strong subgrade soil, well compacted
and stable, can do with a lesser depth of ballast.

If subsidence is to occur, it should occur uniformly.
A uniform transmission of pressure from the lower
face of the tie to the subgrade is highly desirable.
Experiments and theory indicate a depth of ballast
equal to the center-to-center spacing of the
crossties to be approximately the depth at which
uniform distribution occurs. The subgrade should
be strong enough, or the ballast deep enough, to
sustain stresses at this depth plus a reasonable
factor of safety. This distance need not be entirely
taken with high grade material. Lower grades, such
as gravel, sand, or cinders, may be used as a
sub-ballast. Dr. A. N. Talbot and his Co~ittee on
Stresses in Track developed in 1920 an equation
based on laboratory test data for the press,~e

intensity beneath the center line of a tie. It
has the form:

where P is the pressure at a depth h inches, in
psi, ana P is the average contact pressure of the

. a .'
t~e on the ballast ~n ps~.
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b. Conditions for Stability. For a clean stable ballast
material, stability arises from the degree of
compaction given and from the characteristics of
the material composing the ballast. The shearing
strength of ballast as measured by the angle of
internal friction is a direct indication of a
material's stability, i.e., its resistance to
deformation and its permanence. Internal friction and
shearing strength are probably greatest for materials
having a high Particle Index, particles with rough
surface texture, irregular shape, and sharp edges.
Such particles interlock tightly with adequate
compaction (either pure vibration, pressure and
concussion, or a combination) and give a high
degree of permanency to the surface and line of the
track. This is in contrast to smooth flat or rounded
particles (like marbles) which have a low P.I.
and shearing strength--washed gravels for example.

Grain size does not have the importance sometimes
attributed to it. The P.I. properties are mo~e

significant. Weight and inertia o.f large particles
may contribute some stability through shear
weight, but it is more important that the material
be well graded, that is, have a wide distribution
of particle sizes so there are enough fine particles
to "bed" the larger particles.

c. Effect of Wheel Loads. The reaction of ballast to re
petitive loading directly influences track stability
and life of line and surface. Well-tamped ballast
has received maximum compaction under the rail,
outside to the ends of ties, and for about 18 in.
inside the rail. The middle third of the tie
is not tamped, only filled in with loose ballast.
As the wheels pass over the track, the ties, ballast,
and subgrade compress slightly gi\ing a track
deflection of 0.10 to 0.40 in. (~). The greater
the deflection the more movement and abrasion takes
place among the ballast particles, the ties, and rail
and fastenings.

Each passage of a set of wheels exerts a repetitive
loading on the ballast and causes the tie to flex
slightly, concave downward. Under elastic deformation,
the track and ballast first compress and then rebound
as the wheel moves on. When the process continues,
however, plastic deformation sets in. The ballast
immediately beneath. the rail becomes slightly
but permanently compressed. There may be an eventual
loss of contact between the ballast and bottom of the tie.
The tie must bend slightly to make contact and has a
deflection that now becomes concave upward. There is
a tendency for gauge widening. The process continues
until the point of contact of tie with the ballast
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has shifted.from under the rails toward the center
of the tie which becomes balanced on a "wedge" of
ballast. The track tends to rock. S~~h tra~k

is described as being "center bound". In extreme
conditions the tie may break in the middle, although
a surfacing operation should be performed long
before this occurs.

Additionally, if there is no ballast shoulder or
only a partial shoulder beyond the end of the tie,
ballast may "Wlravel" from the tie end. Such a
condition offers greatly reduced restraint to lateral
movement. CWR track should have a shoulder of 6 to 12
in. beyond the ends of the ties at the base of the tie
and within an inch (~), minimum ,of the top of the tie.

~. Effects of Excess Moisture. Any material has been
said to make a stable subgrade if it can be made
dry and kept dry. Sometimes this is a very large
order indeed. If fine-grained subgrade materials
directly beneath the ballast are weak or become
weakened by the presence of excess moisture, the
pumping action of repetitively applied wheel loads
will turn the soil materials into a soft plastic or
slurry-like substance. The ballast particles are
forced into the soft material by the wheel loads.
There is a loss of surface (and line), ballast has
to be added to replace that material forced into the
subgrade, and local spotting, surfacing, or
smoothing operations performed. The process continues
repetitively. The ballast pocket being formed may fill
with water, and may even fail, unless some form of
SUb-drainage is provided and stabilization is performed.
Contact between the ballast and fine-grained subgrade
soils may be prevented by inserting a filter blanket (a
type of sub·ballast) between the two that will
prevent fine particles and moisture from infiltrating
upward into the ballast material.

Clean ballast does not stay clean. Abrasion alone
creates a fine, powdery dust that, when wet, will
clog the interstices of the ballast, destroying its

~ drainage capabilities, providing a soil for growth of
vegetation, and forming pockets in which moisture roan
accumulate, later to turn into ice lenses and
create frost heaved track in some colder climes.
Some ballasts abrade and w~ather (break through
freezing and thawing cycles) more readily that
others; hence a further need for care in the selection
of ballast materials.

Ballast becomes fouled from other sources as well.
Sand and dust are air-borne from nearby plowed
fields. Leakage and dust from cars laden with coal,
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ore, agregates, or grain fall from passing trains.
Fine-grained soils may ooze upward from weak subsoils.
Excessive sanding from locomotives is probably the
greatest source of fouling of ballast, particularly
on mountain grades. These conditions are most severe
when the accumulation of dirt permi ts moisture
accumulation from rainfall, snowmelt, subsurface
flow and seepage, and capillary rise from a too-~igh

water table. Fouled wet ballast will contribute to
ballast pocket formation earlier discussed, to the
cementing action of abrasive dust from soft limestone
ballast, frost heaving from expanding ice lenses, and
general deterioration of ties and, eventually, of
rails and fastenings.

Fouled ballast must be: (1) cleaned periodically with
expensive ballast-eleaning equipment; (2) plowed
from under the track, cleaned, and replaced; (3)
plowed from under the track and replaced with new
ballast; or (4) the track raised on new ballast
and the old ballast retained as a sub-ballast.
Other operations include disking to lay open the
ballast shoulders at tie ends to permit escape
of entrapped moisture and to dry out the ballast
material. These are all obvious cost items.

When dirty ballast, low joints, and center binding
combine with excess moisture, a condition known as
pumping track or pumping joints is created. Under
repetitive wheel load deflections, the dirty wet
material is churned and splattered up and out at the
ends of ties. Any adjacent clean ballast is fouled,
tie fibers deteriorate more rapidly, and rail
end batter is accelerated. There is always early
loss of line and surface. Wet, dirty ballast is a
major contril:Jutorto loss of track geometry--line,
surface or cross-level, and superelevation. These
must be periodically restored through spotting,
smoothing, surfacing and reballasting operations.
The frequency with which these operations take place
for a given traffic loading is a function of subgrade
support and type of ballast. Spott ing operations
may be required almost on a daily basis, smoothing
operations at 2- to 3-year intervals, surfacing at
3- to 5-year cycles, and reballasting on an 8- to
lO-year cycle. (It is understood that these are
approximations. )

e. Cost Factors. To.summarize, cost factors for ballast
involve:

1. Cost of ballast materials--new and renewal purchase.

2. Ballast cleaning.
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3. Roadbed ;stabilization.

4. Frost-heaved track, effects of slow orders,
shimming, and later removal of shir;ls and restorl'l.
tion of track surface and line.

5~ Spotting, smoothing, surfacing, and reballastin~

programs.

6. Labor and machine costs incidental to the fore~oing.

7. Foreshortened life of ties, rails, and fastenings.

OTHER TRACK MATERIAL

Other ~rack material, usually referred to as OTM, enters into the
cost 'of constructing and maintaining railroad track. There are two
primary OTM categories: (1) track fastenings, including joint bars,
bolts, spikes, tieplugs, tie plates, rail anchors, and miscellaneous
small items, and (2) turncuts and crossings. The importance of t.hese
in construction and maintenance costs should not be underestimated.

Track F'astenings. The principal items in this group have been
discussed in conjunction with rail and ties. A resume of each
item will help to underscore the significance that such fastenings
play in the fixed plant.

a. Joint ,Bars. A rail joint assembly has the function of prcviding ,
continuity to a line of 39-foot rails and assuring a proper
matching of the gauge corners and the running surfaces. 'I'he
assembly should provide the same bending moment resistance as
the rail itself. Theoretically, each bar bears half the load, but,
because of eccentric loading of the rail and track irregularities,
each bar must be capable of sustaining at least 60 percent of
the load.

Early bars were mere straps of iron bolted against the web of
the rail and called "fishplates". Later designs provided
vertical support between the underside of the rail head and
the top of the rail base with the back or rail side curved to
fit the fillet curves at the juncture of head and base with the
web. With light wei.ght rails, sufficient space was not
available between head and web to give the bar adequate
stiffness and section mOdulus. Greater stiffness was secured
by adding a toe to the bar at approximately right angles to
the upright portion; hence the term "angle bar". Larger rails
permit higher and stiffer bars thereby allowing the toe
portion to be eliminated from the design. Bars are now nearly
s;rmetrical .

Headfree bars (accepted by AREA) establish support by frictional
contact in~e head-web and web-base fillets only.

Bars may be either 4-hole or 6-hole, 24 or 36 inches in lengtb,
reGpectively. Both designs give adequate support, but tests
have shc1rn t~n. 6-hole be.r~ t:1) n'3.ve a longer service life.
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Special bars are used to ,provide proper surface and gauge corner
alignment to rails ot different section,. weight, and dimensions.
These are called offset or compromise bars. They are usually
cast metal or forged rather than being made from rolled sections.

Insulated joints are used to iscJ.,ate track circuits electrically.
Insulating fiber::; are inserted betwee" the bar and the rail,
and an insulating material end post is placed between rail ends.
Bolts pass through insulating thimble,; or washers. Modern
designs of bars have the insulating comp:und attached or the
bars themselves are made of insu] ating materiaL This can
create a problen in that loss of insulating property means
loss of the bar as well.

In service, joint bars become worn on top immediately under the
rail ends, and to a lesser extent, in the center along the
bottom edge. Also the ends of the bars wear due to differential
movement between rail ends under passage of wheels. The inner
contact surfaces also become worn,

Joint bars experience bolt hole cracks and failures. These
are becoming prevalent today where heavy cars run over ,
light rails and bars, especially on branch lines. Castbffset
bars crack more frequently than standard secticn rolled bars
due to the inherent weakness of t~e cast bars.

Rail joints are normall:r renewed alonB with the rail during a
rail relay in me-in line, except, Cll.' course. when CWRis laid.
Branch, lines and secondar~{ mains 'Jsing secollrt handrai'l may be
laid with the sa.r;~,e hars as ~eleased from main track. More
often, wear on bars and/or rail j,e: sufficient to require new or
oversized reformed bars. A oart of rail re1..aycost is that of
applying joint h~rs and painting the rail ends ·~ith a lubricating
compound beforet;he bars are insta~,led.

Joint bar mainte~ance begins soon after installation. Bolts are
tightened initially to tensions of 20,000 to 30,000 lbs. to
insure snug fit. They must be retightened two to three months
later to provide a proper "set" and take up slack-as mill scale
is worn off the rail. Bolts require periodic tightening to
maintain a minimum of 10,000 lbs. of 'tension in each bolt. Bars
should receive inspection as required to note and replace broken
bars and bolts or to tighten loose bolts.

Some railroads follow the practice of packing the space between
the bar and the rail web with a lUbricating,compovr.dto prevent
bars fram becoming corroded onto the rail. Sawdust or rubber
mixed with graphite is sometimes used. The desirability of such
a practice is a subject of debate.

A few railroads lay rail with IIfrozen" Joints, Le., .the rail ends
are butted together (instead of leaving a small space for
expansion) and the bar:,; are not only bo::.ted but arc also glued



in place with an epoxy. The objective is to make the joint into
a single unit~ eliminating movement and avoidin~ rail 8nd batter.
Continuous welded rail strings are sometimes thus joined in the
field.

Cost items for joint bars include:

• Initial installation (material and labor)
• Bolt tightening
• Inspection
• Replacement of bolts and bars
• Reforming of secondhand bars

b. Tie Plates. Tie plates protect the tie from the mechanical cutting
of wood fibers by longitudinal movements of the rail, and from
the crushing of wood fibers by heavy wheel loads. Additionally,
the frictional resistance offered by the double shoulders heavy
duty plates helps restrain rail movement, especially that of CWR,
from expansion and contraction. The upraised shoulder assist
in maintaining track gauge. Special plates perform similar functions
under frogs, guard rails. and crossings--, where slightly larger
plates are the standard. Under switch points, plates serve an
additional purpose of assisting the sliding action of the switch
rail as the switch is thrown.

While the entire wheel load is not normally carried by one tie,
the possibility of such concentration is sufficiently great that
adhering to the foregoing requirements will exceed normal
loadings only by an amount that represents a prUdent factor of
safety.

Modern heavy, tie plates, varying somewhat with the weight of rail
in use, are in the range of 7-3/4 x 12 in., 7-3/4 x 13 in., and
8 x 14 in. computing to areas of 93. 101, and 1.12 sq. in. respec
tively. A few roads with very heavy tonnage and wheel loads are using
18 in. plates on the high side of 60 curves and sharper. The
longer plates provide not only improved load distribution but
also greater frictional area to resist lateral thrust and the
tendancy for rail to overturn. Branch lines laid with older
and lighter rail have plates that are far too small ~or some o~ the
loads currently encountered today e.g. 7 x 9 in. (63 sq. in.)
and 6 x 8-1/2 in. (51 sq. in.).

When plates are too small, the crushing load exceeds the compressive
strenth of the tie fiber and drives the plate into the tie.
causing a plate-cut tie. Lateral ~orces tend to tilt the rail
outward with an overturning moment that causes the field side of
the plate to dig more deeply into the tie. Gauge widens. To
correct this condition a new smooth bearing surface must be
adzed. This requires removal of the plates. adzing the tie,
swabbing the adzed area with a protective coating, and respiking
the plates and rail to the proper gauge. These procedures can o~ten

occur as part of a rail relay job, but regauging and/or replating
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may have to be performed as a separate undertaking when the
rail canting is excessive and/or gauge variations exceed allowable
limits. Modern plates are customarily designed with an eccentric
placement of the load, i.e., the field side of the plate is
longer than the gauge side, the better to resist overturning
moments and to prevent gauge widening.

In the American design of track fastening, the 'plate and tie
function as a unit. The rail is free to deflect upward and lift
off the plate without raising the tie. If the tieplate, rail,
and tie are secured as a unit, there is a tendency for upward
deflections in the rail (occurring ahead of and behind the wheel)
to cause the tie to rise up with the rail. European track thus
differs from the American practice. European wheel loads are
generally not heavy enough to cause such upward bending in the rail,
especially with heavy concrete ties which tend to hold the assembly
in place.

In this country plates are held to the ties by two or more rail
holding spikes and under certain conditions, two or more plate
holding spikes, i.e., spikes that hold only the plate to the
tie. Screw spikes or occasionally studs are screwed or driven into
pre-bored holes to serve as hold-down devices. Plates are sometimes
attached to the ties at the treating plant or material yard before
being taken to the job stie. Composition or rubber pads placed
between the tie, and the plate are employed at selected locations
as cushioned membranes or sealants. On curve~where lateral
forces are greatest additional spikes are added to hold the rail
against overturning.

Modern heavy duty tie plates will last many years in track if
property installed, but that life can be shortened by improper
installation. Plates that are not square with the rail will
wear rapidly and unevenly in the shoulders. A rail not properly
seated on the bearing surface, i.e., the edge of base resting ~
the shoulder, can cause a broken plate or rail. Care must be
exersized to insure proper installation.

Tie plate costs include initial purchase of material and labor to
install, plate renewal, tie adzing, creosoting adzed surfaces,
and regauging. Plates have a potential long life; rails are
frequently relaid on old plates, especially on secondary lines
and branches.

c. Spikes. United States and Canadian railroads secure rails and
plates with the so-called cut spike (referred to as "dog spikes"
by the British). These are heavy, square nails, with a chisel
point, and an offset head. The common cross-sections are 9/16
or 5/8 in. sq. Corresponding lengths are 5-1/2 and 6 in. The
spikes are driven through holes in the tie plates to hold rail
and plate in correct position. Spikes prevent lateral movement
and overturning of rails.

Screw spikes, extensively used in Europe, find only minor use in
the United States as plate-holding spikes. Blunt-ended screws
are turned into the WOOd, giving good hold-down capability.
However, the contact area between thread and wood can become worn to
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such an extent that spikes may lose much of their holding p0wer.

A variety of spring clips that perform a hold-down and anchoring
action (especially with concrete ties), and numerous paLented
devices are available as alternatives to the cut spike. Never
theless, the cut spike continues to be standard for the U,S.
railroads.

d. Tie Plugs. When spikes are withdrawn, the spike hole is filled
with a wooden plug. The plug keeps out moisture and insures a
firm fit for a spike driven at the same location. Tie plugs are
usually made from cedar or other woods, either treated cr untreated
with creosote or pentachlorophenol, 4-1/2 to 5-1/2 in. in length
and approximately 5/8 in. square.

e. Rail Anchors. Rail anchors are used to transfer longitUdinal
forces in the rail to the tie and thence to the ballast. The
anchor is driven onto the base of the rail ....here it remains I'elatively
fixed due to a strong friction spring-like grip. The anchor
bears against the face of the tie and thereby prevents longi-:udinal
movement of the rail.

Much discussion has arisen over the proper anchoring pattern,
particularly for CWR. For jointed track the AREA recommends 10
anchors per 39-foot rail for double track, 16 anchors per rail for
single track where the ties have to be boxed, with an anchor on
each side of the tie. A sufficient number of anchors should be
applied to restrain the rail from running as a result of rail
expansion and train traffic.

With CWR, the first six rails at each end of a string are usually
box-anchored. For the rest of the string, every other tie
(or every third tie) is so restrained.

Rail anchors must fit snugly against the tie. Anchors may move
away from the tie as the rail expands or contracts. Anchors
that permanently lose contact with the ties should be removed
and reapplied in desired position. Rail anchors have a long
service life. If there is an insufficient number of anchors
installed or they are placed ineffectivelY,anchor life may be very
short. Gauge, line and surface will suffer. New rail on main track is
almost always relaid with new anchors. Secondhand anchors can
usually be reused on secondhand rail with full serviceability,
otherwise it becomes necessary to use a flat metal shim to give
the necessary gripping action.

Turnouts and Crossings.

a. Turnouts. Turnouts are installed to permit divergence from one
track to another. A variety of turnout designs is known, but the
standard used throughout the world is the split switch. Diversion
of an engine or car is accomplished by bringing a switch rail,
sheared so as to permit a knife edge point, to bear against a
stock rail in the track from which the diversion is to be initiated.
The wheel flange is thus diverted away from the stock rail onto
the route established by the switch point.
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A turnout assembly consists of:

• The switch--comprising switch points (or switch rails), switch
rods, throw mechanism, heel blocks, gauge plate and switch
plates, and braces.

• Closure rails between the switch and frog.

• Switch ties.

The switch establishes diversion. The frog permits wheel flanges
to cross opposing rails. The guard rail aligns the wheels and
trucks and draws them away from the frog point to reduce frog
point wear and throat batter and to guide the wheels along the
intended path. The switch ties are selected in lengths that will
support all rails between switch points and the heel of the frog.

Turnouts are designated by the amount of diversio~as denoted by
the frog angle and the frog number. The frog angle, F, is the amount
of angular diversion or.divergence in degrees. The frog number is
the ratio of length to spread. The length is the measured
distance along the heel leg from the point where unit spread
occurs (in inches, feet, etc.) to the theoretical point of the frog.
Frogs and turnouts are thus designated by number, e.g. ranging from
Nos. 5 and 6 for short turnouts in yard and industry tracks to
Nos. 8, 9, and 10 for branch line and principal yard design,
and Nos. 10, 11, 12, 15, 16, 18, and 20 for main line tracks.
The frog number is related to the frog angle by the equation:

N =1/2 Cot F/2

Where N =the frog number

F = the frog angle in degrees

Because a frog that tapers to the theoretical point with a knife
edge thickness would be quickly battered and broken, the point
is usually blunted or rounded off where it i61/2 in. wide. This
established the "1/2 inch" or actual point of frog located
Np/12 ft. from the theoretical point where! is the frog number
and l2. is the actual point width in inches.

The sllitch point rail is straight until bowed outward by the
lateral pressure of wheels making a turnout move. It makes an
angle with the stock rail known as the switch angle. s. The
switch angle is customarily taken as F/4 + based on a;pirical
experience. It may be taken as somethingless, however, to avoid
having a great many different length of switch point rails. In
common use (AREA recommendations) are Il-foot points for Nos. 5
and 6 frogs, l6-l/2-foot points for Nos. T, 8, 9, and 10 frogs,
22-foot points for Nos. 11, 12, and 14 frogs, and 30-foot points
for use with Nos. 16, 18, and 20 frogs.

Frogs are of several types and designs.- The bolted rigid frog
is made up of ordinary rail sections, often heat treated, cut and
sheared to proper shape and bolted together. Solid cast manganese
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frogs are just that, cast in one piece with high IDf,nganese steel.
'I1hey are not in general use "because excessiv~ wear 0:::' f'ol-il'll"D
at any point may be cause for scrapping the entire fl'O£. Rail
bound frogs have rail secti~ns for wings and legs but ha.ve a hard
manganese-metal insert. Spring frogs have a pivota1 wbr:: tr.:-l.t
rests normally against the point to provide solid c'i1Jpport for the
movement of traffic ove~ the point. It can be pushea open ~~ainst

a spring by traffic taking a diverging rou~e.

Another important design feature -of turnouts is length of lea.d--
I

the distance from the point of switch to the point of frog.
ActuaJ designs differ, but as a rule of thumb the lead can lie
taken as eight times the frog number. Thus the lead for a No. 9
frag "auld be 72 ft. The AREA design length is 72 ft. 3-1/2 in.

A series of turnouts in a ladder track-are used to connect t.hE'
ladder or access track to the cody tracks in a yard. A pair of
turnouts connecting parallel tracks form a crossover used to
go from one track to the other, usually in main or running tracks,

Speed through turnouts is limited by the length of' rigid wheelbase
of the locomotive or car and by the degree of ~uT'nout curve.
Turnout speeds are r':lughly twice the frog number. 'rhus a No. 10
turnout would have an allowable speed of 20 mph.

Turnouts are expensi'le to purchase, .install, and maintain.
Considerable skill and experience are needed to adjust the
threw of a switch so that the point fits snugly agaj.nst its companicn
stock rail. If the fit is too tight, the point can become bent.
If the point stands open, there is a possibility of a flange picking
the point and taking the wrong route and derailing. In main lines,
point detectors may be used to place an opposing signal in the
"stop" position (or limit clearing a signal in a.n interlocking)
if the point stands open in excess of an established tolerance.

Stock rails, switch points, frog points, and throa~s of frogs are
subject to flow or lipping, chipping, and batter. A lipped
stock rail is hazardous. It can prevent a proper fit of the
point and lead to a picked switch or at least to point damage.
Hence, grinding is a frequent maintenance task, usually performed
with a portable one-man power grinding wheel. It is considered
good practice to renew points and stock rails together if either
has any appreciable wear. Otherwise there is the possibility of
wheels being guided to the wrong path because of difference in
height of the two rails, or the new member's service life might
be prematurely shortened due to incomplete mating of point with
stock rail.

Battered frog points and throats can be rebuilt in track by
welding and/or grinding. The preferred practice is to change out
the frog and send it to a reclamation plant. Railbound frogs
can be unbolted and a new manganese point inserted, but this,
too, is desirably a shop job.
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Care must be exercised in positioning the guard rail. One set
too close (gaugewise to the frog point) will -permit excessive
point batter. One too far from the point may engage the wheel
flange and cause excessive side wear to the guard rail and throat
wear in the frog. -

The entire assembly must be kept in good line and surface to
maintain riding qualities, to prevent excessive wear, and to
reduce the tendency of derailments. A good grade of well-tamped
ballast affording excellent drainage is a prerequisite for low
turnout maintenance. Poor support (inadequate ballast or
compaction, low or battered joints, or weak ties) under the heel
of the switch (the place where the switch point rail is pivoted)
can permit the point to rise above the running surface and
receive battering and chipping impacts from wheels. Even more
serious is that a ~otential source of derailment is created.

The switch requires adjustment from time to time. Switch plates
must be kept clean and lubricated to permit~free movement of the
points. Switch plates are also termed "riser plates" because
they raise the point rails progressively higher to insure the
wheels keeping to the intended path in passing over the stock rail.
Surfacing a turnout is difficult because of the long ties, the
stiffness and weight of the structure,and the complexity of the
rail pattern involved. Turnouts have traditionally been hand
tamped or tamped with individual power tools. Ordinary power
tampers cannot be used through turnouts, but special power
tamping machines have been developed to do this work efficiently.

The repair of run-through switches g especially in yards,is a
frequent and costly item. Bent switch points, broken throw
mechanisms, and even derailments are common consequences of
run-through switches.

Another costly maintenance item involving turnouts is snow and ice
removal. Formation of ice, from whatever cause, can bind up a
s~itch from functioning. In early days and on present-day
branch lines, reliance had to be placed on manual labor using
shovels and brooms to keep switches operable. Later, snow·
melting pots came into use. These had to be prepared in the
fall, set under the switch points, kept filled, and lighted as
need be at the approach of a storm. Still later, gas and electric
sri tch heaters have come into common use. They can be turned on
manually by local track forces, or automatically by remote control.
The exhausts from airpl~~e-type jet engines--rail-mounted--are
used to blow switches clear of snow. Weedburners have also been
pressoa into service. Permanent installations of infrared beams
placed vertically above the switch have proved useful. Even with
such improved methods of snow and ice removal, much manual
labor is still employed. In all instances with snow melting devices,
a significant problem is disposal of the melted snow in freezing
conditions--a problem involving drainage.
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Flangeways in highway crossipgs also present a. problem from i(:e
build-up. Snow impacted and froz.en in the flangeways can derai.i.
a train or, more often. a snowplow.

b. Crossings. Crossings are combinations of frogs used to cross
one track over another. If the crossing is at right angJ. es,
four 90° frog corners of identical design can be used. If' the
angle is less than 90°, two different pairs of corners are needed-
two end frogs with acute angles, and tvo side frogs with obtuse
angles. Two types of frogs increase installation and maintenance
costs. As often as not, the frog corners are all different and
involve expensive fabrication and installation. Frogs may be
bolted rigid or designed with manganese inserts.

While turnouts can be assembled or renewed piecemeal in track
under traffic, crossings are usually set in track preassembled
using a crane to lift and place the assembly. Because of the heavy
impacts received, it is very important that crossings have
excellent drainage, are placed on a firm foundation, and anchcred
with high-grade ballast. Ties should be long enough to provide
adequate support for all parts of the assembly.

When the angle for the corners is very flat, the gap between
frog points becomes excessively long --lonp; enough to let the
wheel drop down causing excessive impact and batter. This
situation can be relieved by use of movable point frogs that close
the flangeway for a through movement, then open on one side and
close on the other for a movement in a different direction.
Movable points can be hand thrown or mechanically operated.

Where it is desired to go from one track onto the track being
crossed, a slip switch (single- or double-slip for one or two
directions of access) is installed. A slip switch is a tu"rnout
installed with a short lead within the crossing, using the
crossing end frogs for that portion of the turnout. The term
"puzzle switch" is indicative of the complexity and difficulty in
installation, adjusting, and maintaining this part of the track
structure. Slip switches are usually jnstalled--already
assembled--by use of cranes. As with crossings, a good, solid,
well-drained foundation under a slip switch is uf prime consideration.

TRACK GEOMETRY

As stated previously, the so-called permanent way is, in reality,
anything but permanent. Great effort and expense are required
to keep the track in a safe and usable condition. Lack of per
manency stems from two sources: (1) wear and deterioration to
the point of reqUiring replacement of the physical elements 
ballast, ties, rails, OTM, and (2) disturbance of the normal geo
metrical relationship between those elements, i.e., loss of align
ment. gauge, cross level or surface, superelevation and profile.

IV-39



Significance. Loss of track geometry is of serious consequence.
PrimarilYt it relates to the riding qUalities and safety of the track.
Rough track causes passenger discomfort t accelerates motive power and
rolling stock deterioration through shock and impact, results in
reduction of train speeds and increased running time through the
need to impose slow orders t and t finallYt rough track can be a
source of expensive derailments.

AdditionallYt poor track geometry accelerates wear of the physical
elements in the track structure. Wear or uneven track support increases
rail end batter and joint wear. It can also increase the rate of tie
deterioration. Irregular alignment vill cause excessive wear on
individual rails, as can irregularities in superelevation. Low
spots in the track surface accentuate rock and roll and lateral thrust.
Improperly secured ties can lead to sun kinks, especially in
continuous welded rail.

As stated elsewhere in this publication, any part of the track that
becomes vorn or out of adjustment, or that is poorly supported, con
tributes to the deterioration of all other elements in the structure.
Irregularities are cumulative at an accelerating rate.

Closely associated with track geometry costs is the frequency of
maintenance cycles. Proper maintenance cycles reflect the amount of
traffic, weather conditions t and the availability of ample manpower
and equipment. Major surfacing cycles must be based on economic
factors reflecting all of the above elements and must be balanced
with spotting operations. Under the same traffic conditions, ties
renewed on the basis of a 25-year life can be expected to offer a
firmer support for the track and longer life of established geometry
than renewals based on a 30-year life. One might expect line and
surface to be more uniform at anyone time if surfacing is performed
every four years rather than every six years. Track will ride more
smoothly if a spotting gang is kept constantly at vork than if local
irregularities are permitted to remain and develop until time for the
next surfacing cycle. All of this is merely to say it is easier to
keep up than to catch up. Obtaining a balance between economy and
acceptable track performance is a difficult task and one that lies
at the heart of any cost study.

Sources of Track Element Deterioration. The rate of deterioration
in track geometry is a function of many factors. Chief among these
are traffic tonnages, vheel loads, speed, train densitYt and type and
length of trains operated. Track irregularities contribute to rail-end
batter and may be an initiating factor for shelly and corrugated rail,
also for wear on individual rails in curves and even on tangents.

Tie conditions and soundness of tie support are factors. The type
of ballast, the amount placed in cribs and shoulders, its state of
cleanliness and freedom from moisture, are also of great importance.
The stability of subgrade soils affect ballast, ties, and, of course,
line and surface. Their remaining in excellent condition is in large
part dependent on drainage and climatic conditions.
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Good track geometry re~uires tangents (straight track) with no
"wiggles" or short or abrupt'variations in the alignment. Long
sWings, however t usually have little or no adverse effect on
ride qualities or life of track elements. Curves should be equipped
with transition curves or spirals long enough to accommodate
superelevation changes at rates of 1-1/6 to 1-1/4 in. per second for
speeds through 79 mph, and 1-1/8 in. per second for speeds above 79
mph. The outside rail is superelevated above the inside rail by an
amount based on the prevailing speed to permit equal load distribution
on each rail (equilibrium speed). Superelevation e c =O.0007DV2 inches
where U is tne degree of curve and e is tne speed in mph. A safe com
fortable ride can be had with ec = O.0007DV2 - 3 in. of unbalanceu su~~~~
elevation to accommodate trains moving at other than equilibrium 9peeds.*
Even this may not suffice on certain curves. so speeds must be reduced.

If a curve is in good alignment, the midordinates to a chorn of fixed
length should be uniform throughout the main body of the curve and
decrease at a uniform rate from curve to tangent throughout the
spirals. Departures from uniform midordinates and superelevation
require adjustment: tamping and lining.

Cross level is the height relation of one rail to the other. The
rails must be exactly the same elevation at anyone spot. A track out
of cross level causes rock and roll; and can, if considerably out of
level. derail a train. The worst condition is that of warp. where a low
spot exists on one rail and another low spot is in the opposite rail
a car length away.

Sags and low spots may cause train h~~dling difficulties and break
in-twos t setting the stage for derailments. Sinks and 50ft spots may
require slow orders until good profile and surface can be restored.

Geometry Measurement. The measurement of track geometry is a challenging
problem. It involves establishing standards of allowable departures
from ideal conditions and ways of measuring these departures.
United States railroads have sometimes been referred to as
"1/2 inch" railroads. That is, allowable departures of 1/2 inch
from the ideal are permitted in gauge, cross level. alignment, etc.
per 39-foot rail length or some similarly common measure. Track
for speeds in the 90+ mph range should probably be maintained to
"1/4 inch" standards. It should be noted that requirements for
smooth riding and engineering economy mayor may not be more
exacting than those for safety Where the avoidance of an accident
is the prime consideration.

In the past. track geometry measurement was largely a function of
subjective observations of ride conditions, i.e., a track supervisor
notebook in hand. on the rear of a passenger train. His findings
would be correlated with reports of rough track from enginemen. The
trained eye and day-by-day knowledge of the territory of the section
foreman coupled with motor car and walking trips of assigned inspec
tors and supervisory personnel were also used. All of these added
up to field observation and subjective judgment.

Maintenance cycles, established on a statistical basis. might be
considered an improvement or at least an aid to the foregoing. Rut the~e,

* The advent of high-center-of-gravity cars has led to the necessity of
limiting unbalance to 2 in. where t.he np.wer equipment is used in quantity.
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too, have been based on judgment and/or on statistics that had
meaning only in reflecting variations in budget allocations on
individual railroads.

Within the past decade, several track inspection cars have been
developed that measure variations in gauge, cross level, warp
(track level measured diagonally), curve and tangent alignment, and
profile. Departures from ideal conditions are recorded on a tape
and, in some cars, compiled and accumulated by on-board computers.
Lines drawn on the tape indicate acceptable limits of variation.
Recordings falling outside those lines represent deficiencies
requiring attention. A major advantage of the .inspection
car is the ability to measure the track under load. A track with
apparent perfect geometry in an unloaded state may respond quite
differently when a heavily loaded car or locomotive is superimposed,
causing settlement and deflection of the track.

Maintenance Cost Factor. As noted earlier, good maintenance of
track geometry begins with good subgrade and drainage design and
construction, and continued attention to these factors. Tie
renewals must proceed at a rational rate· per mile per year. Proper
attention to rail and rail joints and use of clean, stable ballast.
cleaned and/or renewed at reasonable intervals are also important
requirements for proper track geometry maintenance. Added to the
foregoing are the spotting, smoothing, and surfacing operations
conducted at periodic intervals to restore correct surface, profile
and alignment to the. track. These activities may be coordinated at
times with tie, ballast, and rail renewals.

Spot work consists of restoring small, isolated, irregularities. The
most common activity is tamping joint ties (or, with eWE, the place
where joint ties used to be and which still retain a measure of
instability). Section gangs, where used, perform this task along
with lining bad kinks from curves aud tangents and performing other
housekeeping duties. Where section gangs are not used, a spotting
gang is sometimes moved from place to place on a subdivision; but
the work often is left undone until a smoothing gang is scheduled
over the territory.

Smoothing gangs restore detail.line and surface by raising and
tightening on an out-of-face basis low spots in the track that are
in reasonably good surface. Smoothing gangs may work on a 2- to
3-year cycle.

Surfacing gangs make 2- to 4-inch lifts out of face, the heaviest
raises being made where low spots and sags have developed. New
ballast must be added to fill in those places where existing ballast
has been used for raising. The gang does not raise track as such,
but only corrects those locations where the track has settled
below grade. For the rest, they tighten the compaction under the
ties where needed. The ultimate value of repeated smoothing and
surfacing operations is in some question because of adverse effects
on ballast materials and long-term track stability. The raises are

Iv-42



not always high enough to permit, forcing .and compacting ballast
particles far under the ties. Also, repeated working of the ballast
causes breakage and abrasion. Dust and fines are formed that interfere
with the free-draining qualities of the material.

Ballasting, and the surface .and line work that go with it, are
performed at intervals of 6 to 10 years on main line tracks, much
less frequently on branch lines~ The old ballast may be plowed to
a depth of 2 to 4 in. beneath the tie (some roads plow only to the
bottom of the tie) and replaced with new ballast, old pal last
after cleaning, or a combination, of both.

An alternative is to raise the track 4 to 6 in. on new ballast. This
procedure is simple to perform and works well, especially where low
grade ballast is used and where subgrade is wide enough to accom
modate the new ballast section. It leads, however, to profile
difficulties we,re there are many points of fixed elevation-
bridges, overhead clearances, tunnels, railroad and major highway
crossings at grade. Track settlement may not be sufficient to ac~om

modate the raise so that a series of high and low spots (at the
fixed locations) appear in the track profile.

EFFECTS OF MODERN EQUIPMENT ON TRACK MAINTENANCE COSTS

The loads and forces that act upon the track structure, with the
exception of thermal effects--frost heaves and rail expansion and
contraction--come from traffic loadings, i.e., from wheel loads that
produce verti.cal, lateral, and longitudinal loads; also from train
speeds and from the frequency and duration of load application
and repetition. The track-train combination acts as a system with
track support and reaction forming a response to train loadings and
the track, in turn, affecting, train movements.

Track maintenance costs arise from track instability and the effort
expended to restore the desired track geometry, and from the renewal
of track component material--ballast, ties, rails, and other track
materials.

Modern equipment exemplified by long, hi-cube, high-center-of
gravitY"roller bearing cars With wheel loads of 30,000 to 36,000 Ibs.
or more apply loads of all types with maximum intensity. Specific

effects are summarized as follows:

Wheel Loads. The life of track surface and line, i.e., the duration
of its degree of geometric conformation, is represented by the
frequency of surfacing, smoothing, spot tamping, and ballasting
operations that must be performed. It is a function of track
flexibility or def~ection under load. The more deflection, the
shorter the life of track, of its geometry, and the service value
of its components. Track deflection is a direct function of wheel
loads, as expressed in the formula:

Where

p = uy

p =wheel load
u = modulus of track stiffndss
y =track deflection
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More specifically,' ta.lting rail into account (it cannot readily' ,be
separated from the support system).

,.,:

,. I - •

Where

Thus. for a given rail and 'track modulus. the deflection (and life
of track) is directly proportional to the wheel load and to ,the
number of times the load is reapplied.

Prior to 1960, 26,000 lbs. was considered the maximum acceptable
wheel load. This was based not on track considerations, which were
generally ignored. but on the AAR Mechanical Division's limits on
journal bearings. In light of the foregoing, the 35,000 lb. wheel
load of a 100-ton car with 137 tons gross weight on rails represents
a 35 percent increase in wheel load P. Therefore a similar reduction
in the life of track line, surface, and component materials is a
reasonable expectation.

Wheel loads also contribute to rail wear and defects. The heavier
loads accelerate abrasion, and the increase in bending stress can
shorten the life in bending (flexure). Corrugations, head checking
and spalling, flaking, shelling, horizontal fissures, vertical split
heads. and other defects in rails develop more rapidly under heavy
wheel loads and the contact and shearing stresses resulting therefrom.
For jointed track, battered rail ends add to car maintenance and require
more surfacing of track (especially at the joint location), more
rail-end welding to restore the battered surface, more frequent
renewals of joint ties, and more joint bar renewals.

Experience has shown that rail life for 10 to 20 million gross tons
annually under continual loadings of 34,500 lbs. per wheel have
shortened the life of 132 lb. rail from the average of 600 mgt to
half of that or less.

Breakage of rail and joint bars is a major problem with heavier
wheel loads, especially on branch lines laid with light rails,
where many heavy loads originate. Incipient cracks and failures,
which would have remained stable for much longer periods under normal
traffic, grow and fail soon after the introduction of the heavy loads.

Heavy wheel loads further provide a high lateral component that
contributes to failure in track alignment, surface, and superelevation.

Three-Axle Trucks. Three-axle trucks, especially those under modern
locomotives, are stiff and unyielding, a condition further exacer
bated by the use of roller bearings that allow little or none of the
lateral play that is found in the older "brass" journal box type
bearing. The effect is especially noticeable on high-degree curves
(60 or over), but even tangent track is experiencing wide gauge and
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plate-cutting of the ties. Double-spiking of curves, and the use of
longer ties and tie plates (at least on high-degree curves), and
more frequent need for regauging and lining are cost items associated
with these trucks. It should be noted that an effort is under vay
to introduce a greater degree of elasticity into the frames of
roller bearing cars.

Car Length/Height of Center of Gravity. Long cars have several adverse
cost effects on track maintenance, especially when length is combined
with high centers of gravit. Hi-cube box cars, hi~h-capacity hopper
cars, and loaded TOFe flat cars have centers of gravity up to
96 in. or more (above top of rail)--compared to conventional heights
of 72 to 84 in. Tri-level rack cars and some ore cars are less of
a problem.

The truck centers of 85-foot cars correspond roughly to the staggered
joint spacings of 39-foot rails (39 ft. + 19-1/2 ft. = 58-1/2 ft.).
Shorter truck centers for 65'+ cars respond in similar manner to the
36-foot + lengths of cropped ;ai15 often found in branch and yard
tracks. -If the joints are poorly maintained, i.e., batter~d and/or
out of cross level, a rock and roll motion is imparted to the car,
establishing a vide roll angle, which is accentuated by a high center
of gravity. Such conditions orten prevail on slow speed yard and
branch line tracks. The intensity of rockings seems to maximize
at speeds of 15 to 18 mph. Some railroads will no longer permit slow
orders within this range to be placed on poor track.

Three principal cost effects are:

a. Cost of track repairs from derailments caused by rock and roll.

b. Accelerated deterioration of the -track due to impact at loW'
joints.

c. A need to maintain a higher level of maintenance than would be
required for cars of cODventional size.

Note that the use of continuous welded rail does not always eliminate
the problem. The roadbed may retain uneven spots at the old joint
locations which will not disappear until a major surfacing or ballasting
operation is performed.

The excessive roll angle created by rock and roll, combined with the
large dimensions of modern equipment, may also create clearance
problems with the following:

a. Trains and cars on adjacent tracks, especially on high degree
curves.

b. Tunnels and tunnel portals.

c. Bridges and bridge portals.

d. Other surroundings where clearance is for any reason close.
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A second major problem is the high lateral forces long cars exert on
the track, especially on the inside rail of high degree curves,
particularly when a long car (85 ft. ~) is coupled to a short car
(40 to 50 ft. +). (The problem is somewhat alleviated by use of a
longer than customary coupler shank on the long car.) The inward
lateral forces create an overturning moment about the point of contact
of the wheels with the inside rail. The outside wheels may rise
off the rail on curves of 60 or more, and the load is concentrated on
the inside rail. The general result is gauge widening, plate cutting,
and distortion of alignment. The L/V ratio (the ratio of lateral to
vertical forces of the wheel) may pass the overturning point and/or
the inside rail may spread allowing wheels to drop inside the track
or overturn. In either case, derailments occur and costly track
repairs must be absorbed. The cost effects become:

a. Repairs to track following derailments.

b. Costs of more frequent adjustment of alignment, of regauging,
and of maintaining (adzing and oiling) and renewing cross ties;
also loss of rail life due to more wear on the inside rail.

Cars Without Center Sills. Certain car types, especially high
capacity (100 tons +), long tank cars, are being built without the
conventional center sill. The cylindrical tank shell serves to

. provide structural rigidity and to transmit forces of draft and
buff between adjacent cars. Unfortunately, there may be so much
rigidity that the car does not adjust readily to track curvature,
changes in superelevation, or .to track irregularities. The effect
is similar to the relative flexibilities of a mailing tube vs. a
shoe box when subjected to tortional forces. Without a center sill,
coupling impacts in buff and draft are not transmitted in a
"straight line II through the center sills at approximately the same
height abov~ the rail, but must be detoured upward from the couplers
through the longitudinal centroid axis of the car with offset moment
effects. The track costs attributed to these cars include:

a. Damage to track from more frequent derailments.

b. Accelerated wear on the track: wide gauge, plate cutting,
distortion of surface and alignment, etc.

c. Need for a higher level of maintenance to accommodate the cars
than would otherwise be required.

Train Length. Although not directly related to the size and loading
of modern rolling stock, train length contributes to the cost
of track maintenance as briefly described below:

a. Derailments, with attendant track damage, are the result of the
train buckling during braking operations, pull-outs from sags
over an undulating profile, or from general draft and buff
effects, especially when one or more lightly loaded or empty
cars are placed between heavily loaded cars.

b. The foregoing buckling forces may distort the track,leading to
poor alignment and wide gauge, etc., even when derailment does
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not occur. A subsequent train might become derailed before the
track condition is detected and corrected.

c. The resilient return of rail and track to the unloaded position be
tween car truck passage and between the passage of trains does not
occur as rapidly under long trains. By the time 2/3+ or the train
has passed, that resilient recovery has been del~ed-and retarded,
leading in turn to a greater degree ot surface distortion and the
need for more frequent adjustment of line and surface. This effect
becomes most pronounced with trains of more than 80 cars.

In summary, it can be seen that the roadway track structure is in reality
a complex "system" when its behavior is viewed as a tunction of all of the
elements and conditions described above. Determination of the costs associ
ated with this system and the proper allocation of these costs to the ser
vices utilizing it constitutes the most significant task in roadway cost a
nalysis for pricing purposes.
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v. ROADWAY COST ANALYSIS

General

Roadway costs as considered in this project include all those associated with
the provision, operation, and maintenance of railroad right-of-way, roadbed,
track, structures, and all attendant facilities, systems, and equipment.
These costs generally correspond (in theory) to those expenses reported in
the ICC Road Property and Maintenance of Way and Structures Accounts (Accounts
1-54 and the 200 Series Accounts). It should be noted, however, that several
cost items or categories currently reported in ICC 300 Series Accounts (Equip
ment) and 400 Series Accounts (Operations) are herein considered "roadway"
costs. Examples of these would include maintenance of roadway work equipment
and signal operations.

Expenses associated with the maintenance of railroad roadway approximated
18 percent of total railroad operating expenses in 1974. While the "vari
able" portion of roadway expenses vas necessarily smaller, roadway costs
clearly play an important role in the determination of railroad costs for rate
making purposes.

Accurate costing of railroad roadway gains even greater significance when rail
highway competition is considered. Nowhere in their operations do the cost
structures encountered by the highway and rail mode operator. differ more
greatly than in the category of roadway expense. The highway user has road
way expenses that are 100 percent variable with his traffic volume, whereas
the rail carrier's roadway expenses can sometimes approach 100 percent fixe••
This fact obscures the inherent cost relationship between highway and rail,
since the average roadway cost per unit of output necessarily changes with
each change in volume of rail business.

Over the years, railroad roadway cost analyses have had as their primary ob
jective(s) one or more of the following:

o Preparation and a.lJ.ocation of roadway capital and operating budgets.

o Analysis of investment and/or plant relocation alternatives.

o Calculation of avoidable costs for abandonment and/or service cost sharing
proceedings before regulatory bodies .-d the courts.

o Calculation of participation in joint facility operations (joint track a
greements, etc., - somewhat related to the above).

o Calculation of the cost effects of changing the operating demands placed
on the roadway (e.g., running longer, faster, heavier trains; higher unit
loadings, etc.).

o Development of unit variable costs for pricing purposes.

While the objective of this study is explicitly the development of meth-
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odologies and procedures for analyzing roadway costs for pricing purposes,
there is no reason that such methodologies and procedures would be inappli
cable to any or all of the other costing objectives. Required accur~cY:9r

level or detail and limitations upon data availability, integrity, and manage
ability may vary for individual cases within each of these objectives. How
ever, the proper procedural approach should, given comparable levels of effort
and detail, yield comparable results regardless of the costing objective.

Inherent in each of the above costing objectives and, in fact, the major' thrust
of most roadway costing work to date is the separation of Maintenance of Way
and Structures costs into their fixed and variable components, i.e., the deter
mination of those costs which are plant-type and size related vs. those which
are traffic related. Since economic theory strongly supports the use of rail
road variable costs as the rate "floor,1I it is the determination of these traf
fic-related (variable) roadway costs which is important to the accurate assess
ment of service profitability.

Roadway Costing Methodologies and Studies -- Past and Present

Over the years, analytical techniques ranging from rule-of-thumb "guesstimates"
to relatively complex and sophisticated simulation models have been applied to
the determination of roadway costs and cost function variability. Among the
more notable pioneering efforts in the field were those of Wellington,l Louis
Yager, Ford K. Edwards, and Poole.2 Meyer et.al. provided a rather comprehen
sive treatment of roadway costs in The Economics of Competition in the Trans
portation Industries. 3 Roadway cost analysis has long been the subject of stu
dies by Committee 16, "Economics of Plant, Equipment and Operations, as well
as other committees of the American Railw~ Engineering AssQciation (AREA) and
by the Association of Railroads (AAR) through its cost research program.
Industry roadway costing procedures for use in regulatory proceedings in the U.S.
are prescribed in the Interstate Commerce Commission's Rail Form A Cost Finding
Techniques. 4 Similar yet more detailed procedures are used'in Canada under
Canadian Transport Commission regulations. Several individual railroads in the
U.S. have developed variations in the Form A procedures or, in some cases,
completely unique roadway costing methods for their internal purposes. Other
work has recently ,been conducted in conjunction with Penn, Central-AMTRAK service
cost-sharing proceedings.5 Most of the aforementioned studies or methods are more
completely Qsscribed below. While ~ach has been used, it ~ be said that none
has proved entirely satisfactory, for the economic analysis of roadway costs, on
a service-specific basis, tor pricing purposes.

1. Wellington, A.M., The Economic Theory of'the Location of Railways. 6th
Edition, 1914, John Wiley & Sons, Inc.

2. Poole, Ernest C., Costs -- A Tool for Railroad Management, Simmons
Boardman Publishing Corporation, New Yo~, 1962.

3. Harvard University Press, Cambridge;~ Massachusetts, 1959.

4. Rail Carload Cost Scales by Territories for the Year 1970., Interstate
Commerce Commission, Bureau of Accounts, Washington, D.C., May 1973.

5. A Methoiology for Service Cost Sharing. De Leuw, Cather & Company in
association with Haskins & Sells, December 1972.
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Some of the more notable costing procedures used both in the past and under
present-day conditions are described belOw'. They include the work of A. M.
Wellington, Yager, the AREA and AAR, as well as current methodolo~ies of the
ICC, and five Class I railroads.

A.M. Wellington1s Method of Statistics, Records. and Engineering JUdgment

Wellington sets forth his costing procedure incidental to the determina
tion of train mile costs in The Economic Theory of the Location of Railways.
6th Edition, 1914, John ~iley &SODS, Inc., pp. 118-132,199, 569, 319-321.

Wellington uses statistical averages of costs from various railroads to
determine the cost for various maintenance of way items. He then deter
mines how these costs vary with traffic, basing this estimate on experi
ence and judgment. For example, in evaluating the estimated maintenance
cost per train mile of 6000 of central angle of curvature,he tabulated the
following as the maintenance of way portion_of train mile costs of curvature.

Item

Rail Renewals
Adjusting Track
Renewing Ties
Earthwork and Ballast
Yards and Structures

Average Cost
of Item--Cents

2.0
6.0
3.0
4.0
8.0

Percent Added
by 6000 of
Curvature

300
50
50
50

Unaffected

Cost Due To
Curvature

6.0
3.0
1.5
2.0

In determining the costs of rail per train mile, the procedure is the
following:

a. Determine cost of one mile of steel rail.

b. Reduce this by its scrap value.

c. Divide the foregoing net cost by the number of trains the rail can
carry. (He estimates this to be 300.000 to 500.000 based on records,
experience, and judgment, to obtain 0.30 to 0.50 cents (3 to 5 mills)
per train mile as the cost of the rail.)

d. Rail life vas further modified by considering increased wear due to
curvature at a rate of 1/2 lb. per 10 million gross tons per degree
of curve.

Ties are similarly handled. i.e •• he sets up a tie life table of 9 years
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life in tangent track, 8 years for a 20 curve, 7 years for a 60 curve, 6
years for a 100 curve, and 5 years for curves of 140 to 160 •

The Yager Formula

The Yager Formula is an heuristic or "rule-of-thumb ll model developed in the
early 1920's by a subcommittee of AREA Committee 16. Louis Yager was
the subcommittee chairman. The model is based on a technique first used
in 1918 to study the level of railroad maintenance during the period .of
Federal control. These procedures in turn were based on procedures first
suggested by Wellington. The so-called Yager Formula was approved for
inclusion in the AREA manual in 1925.

The formula is fairly simple. The maintenance expense at a given traffic
level can be determined by knowing the maintenance expense and traffic
density for some base period. The new expense level is determined by
multiplying the base period maintenance by 1.00 plus the product of the
ra~io of the increase in traffic to the base period traffic and the nortion
of maintenance expense affected by traffic.

E'

E

----/'i
- - --(" ;

o D D'

i' =E (1 + ( D' - D ) A)
,. D f .E = malntenance expense or new perl0d

E = maintenance expense for base period
D' = traffic density in new period in equated gross ton miles/

equated track mile
D = traffic density in base period in equated gross ton miles/

equated track mile
A = portion of maintenance of way and structures account affected

by variations in traffic

Thus,a straight line relationship exists between increased use and mainte
nance expense. The slope of the line is determined by the portion of
maintenance expense affected by traffic. The Yager group recognized that
the relationship is probably not linear over the entire range. They
limited the curve to traffic variations of 1/3 more or less than
the base period.

The major weakness of the model is the determination of IlA" in the formula.
The explanation of the model as adopted by the 1936 AREA convention states,
liThe relation of maintenance expense to use is incapable of exact determin
ation, but can be approximated by studying in detail properties as a whole
and consists simply in separating maintenance charges not affected by use
from those that are affected by use." Therefore each maintenance of way
and structures account must be examined, and a rule-of-thumb estimate of
the portion of each account affected by use must be made. The example
shown in the AREA manual (based on ICC records of all Class I railways for
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the three year period ending June 30, 1917) indicated that expenses vary
33.13 percent with traffic. The .Y~er group suggested that each railroad
modify this percentage to account for local conditions, especially tie
costs. The model makes the unlikely assumption that similar mainte
nance methods and priorities will prevail over the test period.

The formula requires that traffic density be computed in Equated
Gross Ton Miles/Equated Track Miles. To compute EGTM, the following
weighting of ton miles was suggested:

• • • 1.00
• 1.00

2.00
• 3.00

Freight car gross ton miles •
Passenger car gross ton miles
Freight locomotives gross ton miles
Passenger locomotives gross ton miles •

The computation of equated track miles utilized a similar weighting
scheme:

1 mile of first main track . . . . .
1 mile of each additional main traek
1 mile of sidings . • . • . • .

1.00 mile
•• 0.80 mile

• 0.50 mile

The Yager Formula also provides allowances for increased investments. In
vestments are divided into two categories, way and structures. Increased
investment in way will require additional maintenance costs in direct pro
portion to the equated track miles added, provided that traffic density
remains equal. The user is cautioned, however, to correct for varying
price levels and changes in maintenance practices.

Increased investments in structures is handled in a similar manner. The
Yager group assumed that the cost of construction material and labor will
vary from year to year at the same rate as the labor and material used in
maintenance. Thus once a relationship between the reproduction cost of
base period property and maintenance is determined, the additional mainte
nance costs for a given level of increased investment will be proportional
to the increased reproduction value of the property. However, since
additions to the property are unlikely to be distributed between classes
of structures in the same proportion as they were during the base period,
the relationship between reproduction value and maintenance should be esti
mated for each of the ICC primary accounts. The user is warned that some
investments may have no effect upon maintenance and should be eliminated
froffi.consideration. Further, when an intensive betterment program is
involved, the new facilities may differ greatly in their relationship to
maintenance costs than the facilities they replaced. All costs used in
this procedure must be adjusted for changes in price levels.

After some misleading projections, the model was deleted from the AREA
Manual in 1955. Discussion by Committee 16 seemed to indicate that these
errors were primarily due to misinterpretation of the requirements of the
model than any other single reason. However, the determination of "A"
offers a broad possibility for error.
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Summary of AREA Involvement in MofW&S Costing (to 1971)2

Committee 16 of AREA (Economics of Plant, Equipment and Operations) has
been concerned with track. maintenance ., costs. sincE! 1936 when the Yager
formula was accepted and included in the .Manual after much investigation
and consideration.

Continued use of the Yager formula brought out its deficiencies, espe
cially its composite example that' cited expense varied 1/3 with traffic.;
which by test, varied 1/2 with traffic. It was in 1948 that Committee 16
started revision of the ba.sic formula. The experience of a heavy increase
in traffic during and subsequent to World War II indicated that mainte
nance expense was affected, to a greater extent by usage than by mileage.
Four revisions of the forn~la were drafted and tested; none was found
satisfactory. In June 19~5, Committee 16 joined Committee ll~-Engineering
and Valuation Records (no,\\' Engineering Records and Property Accounting),
to "Remove Yager Formula from Manual of Recommended Practice."

By this action Committees 11 and 16 were committed to the development of.
a new formula or model .that could answer the basic needs, as follows:

a. A budget for management to allocate funds in future periods for men,
material, and equipment to produce adequate track for definite usage.

b. Development and division of rates to yield adequate revenues.

c.' Analysis of railroad networks and routes to determine means and meth
ods for simplification and modification for merger and consolidation.

Using the above as a goal, Committee 16 proceeded to seek out all existing
data, past research, and availability of new tools to further the develop
ment of a new model. Over the years several studies had been made on the
economical size of rail for different traffic conditions. This introduced
two principal considerations: (1) the characteristics of the traffic and
(2) the characteristics of the track structure. Considering first the
characteristics of the many types of rail car traffic, there are several
that have an influence on track maintenance requirements. Some of these
are: poorly lubricated center plate, tight side bearings, wheel condition,
eccentric wheels, wheels with flat spots, ratio of loaded cars to empty
cars, etc. However, it was felt that all of these would not have any
great direct significance and would average out over a year's time; there
fore, considering the track structure only was deemed necessary. Of
course, a doUble track ore line or similar operation would be an exception
to the above.

Collecting of data had been started and a considerable amount collected from
twenty.,.six Class I railroads. Finally, in 1954, the Formula Y=O.9995+0.38l0X
(X and Y are defined below), 'was developed using the data collected. Then in
1956, using the least squares method to analyze this data of twenty-six
railroads collected over the 8-year period, the Formula Y = 1.1876 +
o.4045X was developed. This then evolved further to other work b~ing done;
and in 1957 Committee 16 issued a progress report proposing a "traight

2. Extracted from AREA Proceedings, Volume 72 - Bulletin 635, 1971.
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line formula to measure the changes in cost .with the changes in traffic
volume by:

Y -= a + bx

Where Y -= maintenance per mile of track excluding depreciation and
amortization. . .

x = density in ~otal gross ton miles per mile of track,' freight
and passenger

a = a constant to be determined, or the maintenance cost if no
traffic

b = the rate of change in maintenance cost with changes in
traffic density'

Foliowing, in 1958, 'a regression analysis was made of the 1956 formulas
which yielded the following:

.Not Weighted • •• • • • • • • •
Weighted on'GTM •••••
Weighted on Miles Track • ~

Y = 1.3190 + 0.4800x
Y = 1.4229 + 0.4496X
Y =1.3009 + 0.4723X

All of these formulas in4icate a uniform constant plus a variable linear
with density. However, cost studies being made found that a parabola fits
an empirical cross-section and time-series data better than it does a
straight line. Another aspect of this concept is given in the form of a
parabolic curve as follows·:

x =0.48 (y + 1)1.7

Again the subcommittee submitted a progress report which was included in
AREA Bulletin, Vol. 64, No. 574, pages 113 through 115, and introduced a
formula that had been derived from cost information collected over a
period of years. The formula proposed was:

A =F (0.5 + nO. 435 )

Where A = amount of annual track maintenance cost per mile "of track
F = constant based on labor' costs, productivity and material. .

prices
D =traffic density in millions of gross tons per year
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In 1961 funds were authorized by the AAR Board for a research project
investigating maintenance of way costs. A contract was entered into for
analysis and development of a cost formula. The problem of constructing
an econometric model for track maintenance requirements was studied during
the early years of the project. As a result of this investigation it was
proposed to study 42 test sections on the C&O Railway. The work plan
involved analysis of the relationship of track characteristics to mainte
nance costs. The C&O was to forward monthly expense reports' of mainte
nance performed on the test sections. Each expense report used C&O's 151
classification roadway accounting system. The 42 one-mile test sections
varied widely in their geographical location, traffic density, curvature,
grade and track material. The original plan anticipated applying these
figures to empirical formulas developed elsewhere around the world.

Analysis procedures deviated from the above plan. A preliminary report
outlined the following research procedures. Each test mile was categorized
according'to the following characteristics: average weighted curvature,
absolute average weighted gradient, gross tons/year, year the rail was
laid, and rail weight. A computer program was then used to derive simple
correlation coefficients between these characteristics and total mainte
nance expenditures for each test mile. AkrlA Committee 10 was very critical
of the report and suggested that a number of changes be made. First it was
felt that more than the five "independentll variables selected. should have
been studied. Train speed, W'lbalanced superelevation, moment of inertia of
the rail and track modulus were some of the addition~ variables suggested
for consideration. Secondly, members of the Committee felt the simple
correlation analysis was not adequate; nonlinear aspects of the problem
should have been considered. The averaging of curve and grade data was
thought to obscure the real effect of these very important factors. The
curvature is thought to have been determined simply by averaging the
degrees of curvature. Finally, the lack of application of the data to any
existing hypothesis was severely criticized. \

Later some of the suggested changes were incorporated in a report entitled,
"Preliminary Econometric Modeling for Track Maintenance, 11 which was
intended as a final report. A multiple regression computer program was
applied to six track characteristics to correlate .them to eight categories
of maintenance costs. The six track characteristics considered were:
curvature, gradient, traffic density, rail moment of inertia, train speed,
and surfacing age. Transformations of these characteristics (i.e., char
acteristics and/or squared products of two characteristics) were also con
sidered. The eight cost categories considered were tie costs, rail costs,
surface and ballast costs, miscellaneous maintenance costs, other costs,
a combination of tie rail and ballast costs, a combination of miscellaneous
and other costs, and total maintenance costs. Committee 16 again criti
cized the report for the Ilindepenlient ll variables chosen, for the curvature
and gradient computation procedure, for' looking only at the first and
second power of the track characteristics, and again for ignoring existing
hypotheses. Finally, some of the test sections were found to have data
missing for surfacing costs, but these sections were not eliminated from
consideration. As a result, Committee 16 rejected the report.
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Committee 16 hoped that the data alreaay collected and work already dqne
could provide a useful basis for further studies. Therefore, the research
was continued. The AAR research center was given the task of estimating
the missing maintenance costs.

The final consultants' report actually varied little from the previous
reports. In this report 5 track characteristics-~maximumtrain speed,
traffic density', rail weight, weighted average curvature, and rail type
(jointedor'welded)--were related to maintenance expenditures for material,
labor, and total costs. A "stepwise regression" computer program was used
to obtain second order and multiplicative regression equations for the 5
track characteri"stics and their transformations. The expenditure figures
were the expected annual expenses as determined by the AAR. Again, because
the C&O data was not used to test existing hypotheses, the Committee re
jected the report.

AAR Research 'Center Costing Procedure

In connection with the research conducted on maintenance of way costs on
42 one-mile test sections established on the C&O Railway, maintenance ex
penditures on these sections were to be reported on a monthly basis. After
almost two years of data collection, it was discovered that some expendi
tures had gone unreported and others were reported incorrectly. The AAR Re
search Center was given the task of correcting the C&O data. A report of
the methods used to correct this data was published in AREA Bulletin 615,
September/October 1968, pp. 75-94, under the title "Preliminary Study of
Mainten6.!lce of Way Costs. 11

The first step in determining the expected annual maintenance costs in
volved a personal inspection of each of the test miles by a member of the
AAR staff. A local maintenance officer was contacted and data was ob
tained concerning work normally scheduled and performed on each test mile
each year. Those operations which applied directly to track maintenance
only were considered. Early in the study it was planned to separate
regular or day-to-day maintenance from cyclic or periodic type maintenance.
It was found. however, that in many cases the dividing line between the
two types was hard to define and many operations could be interpreted as
either type.

A number of different methods were used to estimate maintenance expense,
each category of expense receiving a different treatment. Many of the
estimates are simple rule-or-thumb jUdgments combined with some cost data.
Others involve some rather sophisticated adjustments for track conditions.
Each general type of estimating procedure will be reviewed along with the
expenditure classes for which they are used.

The first general class was simply to set forth an annual cost for certain
types of maintenance on a per-year basis. Costs were usually average
costs reported in areas where the maintenance work was performed. This
was used for estimating the costs of ditch cleaning and rail-end build-up.

V-9



The next level of sophistication was to establish costs for certain mainte
nance procedures and to use the field survey data to estimate the fre
quency of occurrence of this procedure. The method was applied to weed
control costs where standard costs were developed for three types of weed
control. The frequency of occurrence of each of the three types was based
on the judgment of maintenance officers familiar with each track mile.

The next higher category of estimation took one track characteristic into
account. This procedure was applied to ballast cleaning costs. It was
assumed that the frequency of ballast cleaning would depend on traffic
density. From one representative cost figure it was assumed that $5/mileftn.illion
gross tons would represent a realistic cost. A similar procedure was used for
supervision costs •. A base cost of $27 per track mile per year with no
traffic was derived from the average foreman's salary and track miles super
vised. The average costs for supervision were then plotted against traffic
density. The expression y = 27 + 19.8 (x)0.3 was fitted by the least
squares method.

For other estimates, two track characteristics were considered. A per-mile
cost was computed for detector car rental, track patrols, and bolt tight
ening operations. The frequency of these operations was then estimated on
the basis of train speed and annual. traffic density for each test section.
The cost of curve lubricator maintenance also used two characteristics but
in a different manner. Two test lubricators showed an annual cost of
$0.025 per MGT per degree of central angle~

Annual tie costs were also related to two track characteristics. Average
tie life was related to horizontal alignment and traffic density. No
mention was made of. how the tie life was estimated. Tie costs were then
simply.the average .number of ties required annually, mUltiplied by the
conts of purchase~ handling and placing each tie.

Rail costs were computed in a manner not too dissimilar from those used to
determine tie costs. Annual costs are simply the cost of rail replacement
divided by the life of the rail in years. Rail life is determined by the
following formula:

T = O.545WDO.565

Where T = rail life in MGT
W= rail weight (lbs/yd)
'D = traffic density in MGT per year
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Rail life and cost is further adjusted for the effects of curvature.
Cost figures are furtper affected by assumptions made concerning the value
of usable and scrap material released and the proportion of each.

The highest level of sophistication was reached in estimating the cost of
ballast and labor costs of cyclic lining and surfacing. Estimates were
made of the number of major and minor ballast lifts required in one cycle
for traffic densities of 3, 5, 10, 15, 20, and 25 million gross tons
annually. Secondly, an estimation of the number of years in the mainte
nance cycle was made for each traffic density yielding an annual cost for
ballast and lining and surfacing labor. Next the estimates were adjusted
to represent costs for a standard 115 lb. rail section and standard speed
of 50 mph. The rail section adjustment is made by multiplying the annual
cost estimate by the following ratio:

Where Ix is the moment of inertia of the rail section corresponding to a
given traffic density and 1115 is the moment of inertia of a 115 lb. rail.
This is then further adjusted to 50 miles per hour train speed by multi
plying annual cost estimates by 100 over the speed adjustment for the
speed corresponding to a given traffic density. No mention was made of
the assumed rail sections and train speed for each traffic density. The
source of the data on the relative effects of speed is not cited either.
The report does state, however, the speed factor assumes 100 percent cost
at 50 mphfor a tr~ffic density of 20 MGT, and that the expression
y = 64eO.00937 (x) was developed by the method of averages. (y=$/Mi1e/Year).

The normalized costs for ballast and surfacing labor were then plotted. A
regression curve was fitted to each figure by the method of least squares
yielding the following results:

Ballast Material: y = 60 + 25.47 (x) 0.586

Lining and Surfacing Labor: y = 240 + 286 (x) 0.3

The actual estimates of costs for the test sections were then made by
adjusting a cost from the above equations by the rail and speed character
istics on that section. The same methods were used to compensate for
tnese characteristics as previously used in setting up standard costs.
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AAR Costing Work Under Phase II of the Railroad Cost Research Program3

a. Background. The AAR's cost research program had its inception in 1961.
Phase I of the program led to a policy statement by a group of renowned
economists regarding the relevant concepts in determining costs for
ratemaking. The conclusions to which this entire panel subscribed are
as follows:

1. In the determination of cost floors as a guide to the prlclng of
particular railroad services, or the services of any other trans
port mode, incremental costs of each particular service are the
only relevant costs.

2. Rates for particular railroad services should be set at such
amounts (subject to regulation of maximum rates and to legal rules
against unjust discrimination) as will make the greatest total con
tribution to net income. Clearly, such maximizing rates would
never fall below incremental costs.

3. Pricing which is not restricted by any minimum other than incre
mental cost can foster more efficient use of railroad resources
and capacity and can therefore encourage lower costs and rates.
This same principle applies to other modes of transportation.

4. The presence of large amounts of fixed costs and unused capacity
in railroad facilities makes it especially important that railroad
rates encourage a large volume of traffic.

5. Reduced rates which more than cover incremental costs and are
designed by management to maximize contribution to net income do
not constitute proof of predatory competition.

6. "Fully distributed" costs derived by apportioning unallocable costs
have no economic significance in determining rate floors for par
ticular railroad services. The application of such a criterion
would arbitrarily force the railroads to maintain rates above the
level which would yield maximum contribution to net income and
would deprive them of much traffic for which they can compete
economically. For similar reasons, restriction of railroad mini
mum rates according to the "full cost of the low-cost carrier" is
economically unsound. 4

With the completion of Phase I of the cost research program, the Board
of Directors of the Association of American Railroads authorized the
study described herein, designated as Phase II, to apply the principles
of the Phase I statement in improving methods of railroad cost analysis.

3. Extracted from A Guide to Railroad Cost Analysis, Bureau of Railway
Economics, Association of American Railroads, Washington, D.C., December
1964.

4. Wm. J. Baumol and others, "The Role of Cost in the Minimum Pricing of
Railroad Services," The Journal of Business of the University of Chicago,
Vol. XXXV, No.4, October 1962, pp. 357-366.
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The paramount need was and is for specific analysis of railroad costs
in relation to conpensatory rates. Accordingly, the primary purpose
of the study was to foster cost analysis and estimation which could
serve as a significant floor in the pricing of specific railroad ser
vices. Such analysis was focused on the extent to which costs vary
as a consequence of changes in volume of output. It was not the pur
pose of the study to provide cost answers for general application to
differing situations.

Maintenance of Way and Structures Costs A summary of the treatment
of these costs and findings under Phase II of the cost study.

Since maintenance of way and structures accounts exhibit (as do many
others also) different proportions of fixity and variability, they
require analysis separately or by reasonably homogeneous groups. The
cost characteristics may range from relatively high variability in
some of the track accounts to almost total fixity, e.g., depreciation,
retirement, and snow removal.

Statistical analysis indicated the following general conclusions:
(1) fixed maintenance of way cost per mile of track is about the same
regardless of the number" of track miles owned, (2) use-related variable
unit costs (per gross ton~ile and per switching locomotive-mile) are

"higher on the average for smaller roads (short mileage) than for larger
roads, and (3) estimated incremental cost as computed for demonstration
purposes reflects a much lower cost variability than densities, it
was expected that variability would be even lower, i.e., more a func
tion of time and natural conditions and less a function of traffic vol
ume (use).

A study of cost variability was made limiting the analysis to joint
track arrangements. This approach localized the area of study and
thereby attempted to hold constant the effect of non-traffic factors
such as weather, grades, etc. It was felt that use of this technique
would permit more accurate estimation of the variability of maintenance
costs with traffic volume.

The reader is directed to Chapter Five of footnoted Reference No. 3 on
page V-12 for a complete description of the M!W&S costing work of the
Phase II Cost Study.

Current ICC Form A Maintenance of Way and Structures Costing Procedures

a) The ICC Uniform System of Accounts

The currently prescribed system for accounting for railroad main
tenance of Way Expenditures contains the following structure of
accounts:
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AccoWlt No.

201
202
206
208
210
212
214
216
218
220
221
221
229
231
235
237
239
241
243
244
241
249
253
251
265
266
261
269
210
211
212
213
274
275
216
277
218
219
280
281
282

Account Description

Superintendance
Roadvay Haintenance
Tunnels and Subvays
Bridges, Trestles and Culverts
Elevated structures
Ties
Rails
other Track Material
Ballast
Track Laying and Surfacing
Fences, Snowsheds and Signs
Stations and Office Buildings
Roadway Buildings
Water Stations
Shops and Engine Houses
Grain Elevators
Storage Warehouses
Wharves and Docks
Coal and are Wharves
TOFC!COFC Terminals
Communication Systems
Signals and Interlockers
Pover Plants
Pover Transmission Systems
Miscellaneous Structures
Road Property; Depreciation
Retirements; Road
Roadway Machines
Dismantling Retired Road Property
Small Tools and Supplies
Removing Snov, Ice and Sand
Public Improvements; Maintenance
Inquiries to Persons
Insurance
Stationary and Printing
Employee Health and Welfare Benefits
Maintaining Joint Tracks,Yards and Other Facilities-Dr
Maintaining Joint Tracks,Ya~ds and Other Facilities-Cr
Equalization; Way and Structures
Right-of-Way Expenses
Other Expenses
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In the replacement of track structure assets which include ties,
rail, other track material, ballast and track laying and surfacing,
retirement accounting is not observed but rather operating expenses
are charged with the cost of labor and material used to replace the
track structure in kind and allowed credit for value of secondhand
or scap material recovered. In this process the asset accounts re
main undisturbed. except improvements in the rail or track struc
ture which cost more than direct replacement. In such case the
asset account is debited with the value of upgraded improvement
only and funds used in replacement are charged to operating expenses.
Concurrently. when lighter rail is laid in replacement, the asset
account is credited with the retirement representing the difference
in cost from the heavier replaced rail.

Depreciation is computed by applying to the cost of the property
such percentage rates as will distribute the service value by the
straight-line method in equal annual charges during the estimated
life of the property.

b. Costing Procedures

Results of the most recent ICC study of maintenance of way and
structures costs are published in 1970 Carload Cost Scales,
ICC Statement No. ICI-70.

Percent variability factors for maintenance of way and struc
tures expenses were developed from second degree curvilinear
regression equations of the form:

y = a + bx + cx?-

where:

y

x

=

=

expense per mile of road

output per mile of road
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The percent variable factors were computed for a 5-year average of
1966-1910 Form A-reported expenses and outputs using the mean output level
in the expression for elasticity:

b + 2cx
a/x + b + cx

Maintenance of way expenses per mile of road for running tracks, Accounts
202 through 221, were found to be 51 percent variable (on average) with
gross ton miles deflated by road miles. Percent variability ranged from
49 percent to 62 percent during the 5-year period. Coefficients of deter
mination (~) ranged from .291 to .484.

Maintenance expenses of yard and way switching tracks, Accounts 202
through 221, were found to be 55 percent variable (on average) with yard
and train switching hours. Percent variability ranged from 20 percent to
96 percent during the 5-year period. Coefficients of determination ranged
from .682 to .818.

Superintendence and all other way and structures expenses, Accounts 201
and 221 through 219, as a group, were found to be 60 percent variable (on
average) with tons of revenue freight. Percent variability ranged from
55 percent to 64 percent during the 5-year period. Coefficients of deter
mination ranged from .665 to .116.

Although the analyses were conducted separately for large and small roads,
results were grouped together for use in 1910 Carload Cost Scales, ICC
Statement No. lCl-70.

Current Roadway Costing Procedures of Five Railroads

The following are summary reports on reviews held during October 2 through
5, 1913, with the Costing groups of the Southern, Chessie System, Canadian
National, and Canadian Pacific railroads. The purpose of these reviews
was to ascertain the primary techniques currently in use in the industry
to develop roadway costs for internal costing purposes. In addition, in
formation was obtained regarding current efforts within these railroads to
develop refined roadway costs. Also presented is a-sUllDllB1"'Y' description of
present roadway costing methods of the Southern Pacific Transportation Co.
(vrior to completion of this study).

o Southern Railroad. The Southern's current roadway costing procedures
utilize the ICC Form A techniques in use prior to the Commission's June,·
1973, revisions. Southern is currently evaluating the revised Form A
procedures (percent variable factors) for application on the Southern system.
It was indicated that the Southern's future cost system would eventually

. be tied to cost center data captured at the section gang level, with
roadway maintenance expense ultimately related to train crew district to
coincide with other train operating expenses. Maintenance cycles and
related costs for new line 6~gment5 would be developed from the
extensive engineering and maintenance data base accumulated by Southern's
program of track inspection and defect recording.

The Southern is currently conducting a study to develop surfacing and
tie renewal costs for main and branch lines by specific track segment.
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These would eventually lead to substantial refinement of traffic
related costs for segments of different traffic densities on the
Southern system.

o Chessie System. As a result of an engineering study to determine the
economical rail section for use on .the C&O/B&O system, relationships
(based on empirical formulas and engineering judgment) between rail
renewal, cyclic maintenance t and spot maintenance costs and economic
service life of track. were established for a range of "speed-tonnage"
densities relevant to the C&O!B&O system. System average gradient
and curve factors are used. Cost multipliers were developed to adjust
incremental renewal costs for the effects of heavy axle loads. These
were also the results of a special engineering stUdy. For Chessie
System internal costing purposes, only rail, tie t ballast, and other
track. material costs are considered variable with traffic.

Internal branch line studies on the Chessie include all relevant op
portunity costs. Required incremental roadway investment is not considered
in the pricing of its services.

a Canadian National Railway. One or more of three costing techniques
are used for proceedings before the CTC (Canadian Transport Commis
sion). These are: (1) direct assignment, (2) direct analysis, and/
or (3) regression analysis. Direct assignment is the process of
assigning to an operation an amount of expense which corresponds to
that recorded on an accounting document. Direct analysis is used when
the expense under study is or is assumed to be 100 percent variable
with some service unit or units. Regression analysis is used when an
item of expense is not known to be 100 percent variable with the
service units and/or when the item of expense is related to more than
one variable. The data used are the expenses and service units for
each of the 18 operating areas or 5 regions of the eN system. The
regression method-consists essentially of observing actual variations
in traffic and concomitant variations in expenses to determine whether
variations in expense accompany variations in traffic with such con
sistency that they cannot be ascribed to chance. If so, an equation
relating expenses to service units is developed based on the actual
experience contained in historical data.

Roadway maintenance unit costs are developed by regressing the sum of
expense dollars contained in the track, tie t rail, OTM, ballast, road
way buildings, roadway machines, small tools, public improvements, and
right-Of-way expense accounts on the independent variables of miles of
road t gross ton miles, yard and train switching miles, and gradient
index. Five-year data are used in the development of regression models.

The gradient index is developed as follows:

The gradient index is used as a substitute for curvature and
ruling grade until an index for the latter can be obtained.
It is developed as follows: the operating timetables show,
for each direction of each subdivision, the maximum tonnage
which can be hauled by an 1800 H.P. locomotive. The lower
tonnage in either direction serves as a rating of the grad
ient characteristics of the sUbdivision t in the sense that
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it is high when the maximum grade on the subdivision is low,
and low when the maximum grade on the subdivision is high.
For each area, the reciprocal of the weighted average of
all subdivision ratings is calculated. This yields a vari
able which increases with grade.

The coefficient of the gross ton-mile variable is not
applied directly to locomotive and caboose gross ton-miles,
but is converted to costs per locomotive-mile and a cost
per caboose-mile, on the basis of the average weight of the
equipment.

Both the road mileage and gradient factor are considered IIfixed ll in the
regression equation for each region, and hence such expenses are treated as
plant-related, and not traffic-related. Thus the CN/CP costing procedure
(see below) is essentially a two-variable correlation based on normalized
regional expense data. The effects of speed, axle loads, and unit trains
upon roadway maintenance costs have not been quantified by eN at this time.
Maintenance of tunnels, bridges, fences, snowsheds, and several other fa
cilities are not considered in variable cost calculations.

In all actual loss calculations relative to branch line abandonment and
subsidy applications, the on-line portion of roadway maintenance expenses is
obtained by direct assignment.

With respect to allocations between capital and expense monies, procedures
differ from those prescribed by the Interstate Commerce Commission. For
example, all rail and ties laid in excess of 1,000 feet are capitalized on
Canadian lines. On the theory that every line is susceptible to an increase
in traffic, CN believes that costing should be conducted in anticipation of
the necessity to increase capacity, e.g., the marginal cost of road property
investment above a minimum line should be charged to the traffic on that
line.

o Canadian Pacific Railway. CP roadway costing procedures are essentially
identical to those of CN, as CP is also under CTC jurisdiction. No distinc
tion is made between yard and running track maintenance expense for those
procedures. Roadway variable costs are calculated on a system basis only,
with no attempt made to utilize division or subdivision costs for internal
pricing purposes. Under CTC procedures, the cost of capital appropriate to
CP is also applied to CN in matters before the Commission.

o Roadway Costing Procedures of the Bureau of Transportation Research,
Southern Pacific Transportation Company

Overview. Most rail cost calculations made by the Bureau of
Transportation Research are variable costs. Thus, for decision-
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making purposes, the attempt is made to identify only the change
in'total cost which would result from a particular change in traf
fic volume.

Specifically. the so-called "directly assigned and unit cost"
method is used to determine variable costs. This method has six
categories of costs:

(a) Directly assigned to engine districts (train and enginemen,
road fuel).

(b) Directly assigned on a car count, car mile, or car day basis
(car rents, joint terminals).

(c ) DirecUy assigned on a shipment basis (loss and damage, pro
tective service. LCL service).

(d) Payroll additives assigned on a labor basis (health and wel
fare, payroll t~s, injuries to employees).

(e) MofW&S, MofE, and Transportation expenses assigned on a unit
cost basis.

(r) Overhead expenses assigned on a percent additive basis (traf
fic, general, use taxes, etc.).

Train and enginemen wages, fuel, etc. are associated with or
"directly assigned" to the specific engine districts over which
traffic under study moves. Certain other costs, such as rents of
privately-owned freight cars, joint yard expenses, and 1055 and
damage are also directly assigned to the particular traffic move
ment under study. In special cases, such as unit train studies
or freight car studies, a greater amount of direct assignment is
used than in ordinary traffic studies.

The bulk of the remaining variable costs associated with a traffic
movement fall into a category called unit costs. These are costs
which can only be allocated at the system level. The allocation
is made on a unit basis in accordance with the amount of work done.
The service units are the following: gross ton miles, locomotive
ton miles. gallons of fuel consumed, yard or train switching hours,
train miles, car miles, and carloads.

The final group of variable costs can neither be directly assigned
nor allocated to service units. These include traffic and general
eXJlense, use taxes, and haul of company materials. These costs
are applied to a specific traffic movement as a percentage markup
on the other variable costs.

SFT freight expense accounts and service units, as reported to
the Interstate Commerce Commission,form the basis for the BTR cost
calculations. Direct expenses billed to Amtrak are not contained
in 8FT accounts, and uncompensated Amtrak expenses are not charged
to freight service. Suburban service expenses are based on spe
cially maintained records and are not allocations based on ICC
Rules of Separation. Suburban service expenses are deducted from
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total expenses to obtain freight service expenses.

Although total variable expenses in the BTR's Freight Formula are
about 78 percent of total operating expenses, taxes, and rents,
the application of these variable expenses to individual traffic
movements often results in a lower variability ratio.

Maintenance of Way and Structures Costing. Given this overview
of current BTR costing procedures, the following discussion will
describe the current derivation of the M/W&S ~ost element, the
me~hod by which M/W&8 costs are allocated teappropriate york or traf
fic units, and the theoretical rationale underlying the procedures.

Total, yearly, direct Mofif&S expenses for freight service for
8PT Co. (including IfWP) are derived by subtracting the following
indirect expenses from the total charges to Account 200: TOFC
packer and crane repairs, road property depreciation, retirements,
dismantling of retired property, pUblic projects, injuries to
persons, health and welfare, joint yards, extraordinary damages,
and storm damage. The total direct freight service expenses thus
determined are then apportioned to (1) running tracks, (2) yard
and way tracks, and (3) all other expenses (structures, signals,
etc.). Each of these three categories is assigned a percent vari
ability factor representing the degree to which each expense
category is felt to vary with a measure of traffic volume. Run
ning track expenses are ~onsidered to be 80 percent variable with
traffic volume which is expressed in gross ton miles. Yard and
way tracks are considered to be 20 percent variable with yard and
train switching hours. "All other" expenses are considered to
be 20 percent variable, and are then apportioned to road and yard
on the basis of the track accounts.

Variable MofW&S expenses for running tracks are allocated to
traffic on a gross ton mile basis. Variable MofW&S expenses for
yard and way tracks are allocated to traffic on a yard and train
switching hour basis. Gross ton miles and yard and train switch
ing hour statistics are taken from Fonn OS-A reports. The result
ing unit costs are used on components of linehaul gross ton mile
costs and yard switching hour costs.

Basic to the development of variable MofW&S costing is the assump
tion that some portion of total direct MofW&S expenses vary with
(measures of) traffic volume. Until 1971, the percent variability
of MofW&S expenses for running track was determined by regression
the total of such expenses (per mile of track) for 23 Class I
railroads (including-8PT) on-total gross ton miles (per mile of
track) and total miles of track operated for these roads. The
level of variability of SPT f~ofW&S running track expenses was
taken from the res1uting regression line based on the 8FT level
of operation (GTM) for a given year. Percent variability of
structures, signals, and all other expenses was assumed to be the
same as for running tracks. Percent variability of yard and way
tracks was estimated at 20 percent based on a 1954 regression
analysis using yard and train switching hours.
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Since 1971 the variable portion of MofW&S running track expenses
has been estimated based on judgment resulting from a combination
of regression studies and joint track studies, while the variable
portion of "all other expenses" is based on the conclusion that
it cannot be more variable than yard track maintenance.

Underlying the application of these variability factors (admittedly
inadequate for any purposes other than correlation of system
average of MofW&S costs with traffic factors) has been the problem
of relating accounting data to specific units of rail service out
~ut and their respective roadway maintenance expenses.

Service Units for Individual Variable Cost Calculations. The cal
culation of an estimated variable cost requires the determination
of those service units (or work units as they are sometimes called)
associated with the carload movement and which represent the same
service units used in the calculation of the formula unit costs.
Determination of the proper service units requires knowledge of
the particular operating pattern to be followed. Service units
are items such as gross ton miles, train miles, car miles, gallons
of fuel consumption, and yard and train switching hours.

There are two types of gross ton miles (GTM's), total and trailing.
The two differ in that total gross ton miles include the locomo
tive and caboose, while trailing GTM's include only cars and their
contents. Total GTM's are used in connection with the maintenance
of way MGTM unit cost and fuel costs. Trailing GTM's are used as
a divisor in connection with composite linehaul MGTM costs, so

. that revenue carloads will reflect total train costs.

Ton miles are a function of weight and distance whether a train or
a single car is involved. In the case of the movement of a car,
the empty return must be considered as well as the loaded move.

The unit weights of locomotives and cars are available through
various lists provided by the Mechanical Department, AAR and ICC.
The weights of the car's lading come from actual waybill informa
tion, Traffic Department projection, or commodity density tables.

Switching for specific moves is divided between origination,
intermediate yard, en route, and destination switching. The time
estimates for these functions are based on BTR switching studies
of varying complexity and sophistication. These studies usually
covered one week of activity in a particular terminal. The study
procedure distributes all the engine time during that week to
elements constituting the various types of moves a switch engine
can make; for example, the total yard engine time during the
sample week spent classifying cars is determined. Other elements
or "building blocks" include transfer moves, industry switching,
interchanges t weighing cars, switching to repair tracks, etc.
The car movements through the yard during the sample week, based
on terminal records, are converted into element counts and divided
into the corresponding time for each element. The resultant times
per element are combined into complete car cycles through the yard.
Similar studies, combined with judgment, are used to develop esti-
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mates of the remaining components of yard and train switching
hours.

The previously established unit MofW&S costs ($/GTM and $/switch
ing hour) are then applied to the estimated service units, deter
mining the MofW&S contribution to the total variable cost of a
specific carload or train movement.

Review of an Internal Study of the Canadian Pacific Railway to Deteroine
Roadway Costs for BUdgetary Purposes

The purpose of this review was to investigate the costing methodology and
procedures developed and employed by the CP study team during a recently
completed lS-month study of roadway ~osts on the Canadian Pacific system.

The CP study was initiated to accomplish three basic objectives: (1) to
determine an adequate level of roadway expenditure to meet current and
future traffic and operating requirements, (2) to recommend the required
allocation of total system expenditures by operating region, and (3) to
determine the effect(s) of capital investment on roadway maintenance ex
pense. The study proceeded under the two bamc precepts that roadway
expenditures can be predicted by considering levels of traffic and other
cost-causal factors and that capital and maintenance expenditures must be
considered jointly.

Because of the historic dollar significance of the track labor account,
the budgetary system was initially developed for a track labor account
"model" . For this and sUbsequent expenditure models, four basic tasks
were accomplished: (1) significant expenses were identified, (2) similar
work areas (roadway segments) were classified according to their basic
physical and operating characteristics, (3) work activities were cate
gorized relating to the significant expense items previously identified,
and (4) the frequency and cost of work activities (maintenance functions)
was estimated based on the judgment of CP engineers as to "What should be
donel! for a given classification of roadway. The CP system was broken
into four classifications requiring differing levels of maintenance.
These classifications were developed by considering four basic associated
factors or characteristics: (1) gross tons handled, (2) train speed,
(3) physical characteristics of the track, and (4) service characteristics
of the traffic. The resulting classifications to be applied to system
lines for cost estimating purposes were designated in equated tonnage
terms, i.e., CP Class I lines are all those with a minimum of 12 MGT/yr +
2 HGT/yr, depending on the "effect" of the remaining factors. Class III
lines are those with a maximum of 2 MGT/yr ± 1 MGT/yr, depending on the
extent of passenger operations. Class II lines are those with tonnages
falling in a range between those mentioned. Class IV lines are those
lines with minimum traffic--those which are candidates for abandonment.
An inventory of system lines was conducted to develop the necessary cri
teria for cost estimates by CP engineers.

Cross sectional analyses of the cost estimate responses were performed;
the results were reviewed with regional engineers; and final adjustments
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were made as necessary. This process, with some variations, was carried
out for the remainder of accounts (track material, buildings, bridges,
signals, snow removal, joint facilities, etc.). As a resul~, a system
measure of what the economic roadway costs "should be" was inductively
developed essentially independent of historic accounting data.

Overall results pinpointed regional deficiencies, or in some cases,
overexpenditures for each major maintenance and renewal function. A res
ponsibility accounting system is currently being designed to capture
roadway expenditures in a manner which will allow future comparisons with
the judgemental cost estimates developed by'the current study.

The overall results of the,budgetary study will eventually be used to
develop maintenance programs more closely tailored to regional operating

-plans and will serve as the basis for refined internal costing procedures.

The basic techniques applicable to the analysis of roadway costs together
with the ~omplexities inherent in roadway cost analysis are described be
low.

Cost Analysis Techniques. Without quest~on, statistical analysis has.
b.een the most widely utilized analytical technique applied to the deter
mination of roadway cost functions. Such analysis has almost always taken
the form~f recorded measures of expense regressed on one or more recorded
measures of service output. In addition, such techniques are applied at
the "micro level," in the development of engineering production functions
which attempt- to describe the physical behavior of various components of
theroadway.based on empirical research data. Setting aside, for the mo
ment, the ~iad of prpblems associated with statistical analysis of rail
road roadway costs, there are several.intrinsic-limitations to statistical
analyses in general which should be mentioned.

Statistical cross sectional cost analyses (relationships determined from
a nUmber of observations at a fixed point in time) do not reflect the
behavior of firms under long-run equilibrium conditions. In addition,
costs which are cur~ently observed have been biased by past decisions,
policies, and operating conditions. Conversely, time· series analyses

. (relationships determined by observation of a single operating entity
over a specified span of time) yield results which combine the effects
of the independent variables with those of policy changes, improved tech

- nology, price changes, or other "structural" modifications in a manner
which often defies further separation.
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In addition to these basic ,pitfalls in statistical anlyses, there exists
the problem of specifying the form of a cost function before the function
can be estimated. In many cases, the data will not predetermine .which
form is correct. Given the sensitivity of estimated ~ariable costs to
the form of the equation or cost function, this may prove to be a serious
drawback in the use of statistical techniques in cost analysis.

In summarY,the function estimated by statistical means is likely to be
quite aggregate in nature and a description of current operations. Where
no structural change is involved, and where there is no neea for really
detailed costs, it has major advantages. In addition, it provides es~

timates of. indirect costs, those, for instance, which are not·actually a
part of the provision, operation, or maintenance of the roadway. per se.

A second widely used costing technique involves the derivation of cost
functions from engineering production functions. The data on which
these production functions are based consist either of technological in
formation from scientific theory or from empirical analyses of control
led experiments. This represents the so-called "engineering" .approach
to costing.

There are several advantages to estimating production functions from
engineering data and principles. The range of applicability of the
function is known in advance; it is not subject, in general, to data li
mitations. Unlike the information used in cross-section and time series
statistical analyses, engineering data may be available over a wide range
of observations. Moreover, the results of production investigations do
not depend on the pattern of plant investment. For these reasons, en
gineering production functions conform more closely to the production
functions of economic theory. The co~t functions derived from such pro
duction functions also better approximate their theoretical counterparts
than do statistical cost functions.
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These engineering cost functions also have disadvantages. Since they are
theoretical, there is no assurance they could be realized in an actual oper
ation. Other difficulties also arise for the estimation of the production
function. This function is typically represented as the sum of functions
describing incividual processes. Unless these processes are additive and
independent, estimation may be extremely difficult. This problem can be
avoided. however. if interaction effects are aealt with in the specifica
tion. of individual process functions. In addition. it may be difficult
or impossible to include non-technical processes. which result in indirect
costs, in an engineering production func~ion.

A third method of deriving or estimating cost functions involves the use
of what some may term. "guesswork" and others "informed judgment."
Where there is an immediate need.to determine cost functions in the absence
of existing statistical analyses or ernpiricaldata. this may indeed be the
onl~ means to include many items or categories of relevant cost. This
"judgment methodology" may vary widely in credibility for a number of
rather obvious reasons. However, if judgments are thoughtfully formed,.
reviewed and perhaps modified by wider domains of expertise, and then
tested to the extent possible aga:i.nst actual experience or "field condi
tions," they may become valuable analytical tools •. No single costing
technique may be applicable to a broad cost area, such as railroad road
way costs. However, the techniques described above may be used in combina
tion to develop. the total roadway cost function if the inherent strengths
and limitations of each are clearly realized, if all relevant costs are
i~cluded in the analysis, and if each relevant co~is included only once.

Complexities and Constraints in Roadway Cost Analysis

Using Reported Expenses and Output Units in the Development of Roadway
Costs .for Pricing PUrposes. It is generally conventional railroad account-
ing practice to maintain the accounts of a company in total for reporting
in the ICC's Form A annual reports. Expenses recorded in .ICC accounts
are aggregated over large areas within which the. factors influencing road
yay costs may vary substantially. The individual ICC accoUnts themselves
represent such broad areas of roadway expense that almost any effort to
determine specific service, work activity, or functional costs therefrom
is futile, especially because they are also rarely refined to divisions
or districts below the system level. Measures of service output, such as
gross ton-miles or switching hours .are also aggregated under reporting .pro
cedures in a similar manner. Thus, calculated. results for any procedure,
either statistical or arithmetical, which utilize the expense and output
data as reported in Form A reports, can at best.reflect only national or
system average unit.expenses for broad categories of roadway maintenance
and operation. This problem is further compounded by the flexibility which
exists in the manner in which expenses are reco~ded. The.treatment of vari
ous expenses, i.e., as to which accounts are affected by various types of
expenditures, may differ from railroad to railroad and even within indivi
dual railroads at different periods of time.
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While the conditions described above represent significant obstacles to ser
vice-specific roadway cost analysis using reported expenses, there are other
problems with such data.

Any meaningful analysis relating cause to effect requires that the data mea
suring cause and effect are matched with reasonable accuracy. While the ex
penditures recorded in the accounts are a fair reflection of the monies ac
tually spent for maintenance during a given year, there may be some question
that the traffic factor service unit figures reported for the year reasonably
reflect the levels of traffic which caused the traffic-related maintenance
expenditure. This occurs because a substantial portion of roadway expenses
are incurred on a cyclical program basis and the tonnage, for example, which
caused the traffic-related expenses may have been moving over the road for
long periods of time. Wher~ substantial year to year changes in traffic vol
ume are experienced, the use of a year's maintenance expense and its measure
of traffic volume raises the probability that the'data are not matched. This
problem can be reduced to some extent by averaging data for a term of years.
However, if there were not only normal cyclical fluctuations of traffic but
also secular increases or decreases in volume, averaging of several years's
data probably does not c,orrect for errors introduced by the long-term trend.

Finally, although railroad accounting systems can and shoUld be devised to
record roadway expenses on a basis more applicable to service-specific costing,
such systems can only, at best, provide a more precise and useful record of
monies actually spent. However, the increasing budgetary constraints facing
railroads today have rendered the operating expenses recorded for deferrable

, roadway investment and maintenance functions inadequate for cost analysis pur
poses. The notion that this condition can be taken into account by averaging
expense data over some extended period of time is becoming less and less true
as thesedeferrals'continue. American railroads are today often forced to de
plete their fixed plant resources in order to reduce expenses, and in same cases
in order to merely survive. The true economic costs associated with service-'
related deterioration of roadway may thus not be visible in the railroad charts
of account. A report on national rail system deficiencies in annual track and

'roadway renewals has estimated that an additional annual expenditure of nearly
$270 million for rail and tie programs alone will be needed to help restore the
nation's rail roadway system to a level adequate for current and forecast de- ,
mands. 6 A more recent study conducted for the Federal Railroad Administration
resulted in an estimate of nearly $5.3 billion in track structures and signal
maintenance deferrals for 25 selected Class I railroads. 7 When the compound
effect of a deficiency of this magnitude is considered, there would appear to
be little doubt that an economic analysis of rail roadway for pricing purposes
which relies totally on records of current and past expenditures may fall far
short of a determination of true costs.

Inadequate Empirical Data and Other Scientific Information. As stated previous
ly, there is less researCh-supported data describing the physical and economic
behavior of railroad roadway under the wide spectrum of day-to-day operating con
ditions than exists for the IIf ixed plant II of other transport modes.. Important
research is underway or planned in the areas

6. Decade of Decision, A Report on Railroad Track and Roadway. Task Force II,
Labor and Management Committee, Federal Railroad Administration, U.S. Depart
ment of Transportation, April 1971.

7. Maintenance of Way Studies. ,T. K. Dyer and Associates, Lexington, Mass.
1975.
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of vehicle-track interaction BDd roadbed stabUit1" which should lend
considerable refinement to the methodologies curren:tJ.;y used to estimate
the cost effects of these factors. While "the importance of this and
other research cannot be emphasized too stronglys i.t must be realized
that there are s and vil.l continue to be s roadVEq cost factors t.he analysis
of' which must proceed without even "the scientific theory necessary to
derive hypothetical reJ.atiOllships. I:f the cost analyst is to quantif'y the
eff'ects of these factors s some of which include cl.imatic/atmospheric
conditioIlS s the areal. nature (urban, suburbans or rural) of the roadva;y in
question~ traffic interference nth roadv~ maintenance programs s and the
accelerating effects of deferred maintenance on roadv~ cost s they umst
ei:ther be set to zero or estimated out through the use of the best judge
ment available.

In1"l.uences or Railroad Management t s Policies. The discretionary policies
of individual railroad's managements ~ severeJ.y inhibit the accurate
determination of UBit roadirq costs based on analyses of aggregated data
for several rail.roads. The effects of differing policies upon roadw8jy
costs can be seen acting in severa.l vB¥S. Management perception of' the
"levellt or "st.andard" of maintenance required for various system lines
Yill obviously have a marked eff'ect on roadw8¥ system costs. Inherent
in this perception of required level of maintenance effort is "tbe risk
to which individual managements are willing to be exposed as "the result of
roadw8¥ related defects or failures ~ the degree of coordination between
maintenance and operations planning fUnctions» and the extent of manage
ment '5 knowledge of the existing condition of the roadv~.

Another important aspect of management policy relates to the programs of
individual. railroads to optimize the tradeoff's between track condition and
total. cost through the use of various rail rel.8iY or "cascade" alterna"tives.
These policies determine the effective service lives of many elements of
the roadwa.y and cannot be ignored in a comprehensive cost anal.ysis.

Vbile individual management policies can significantly affect unit cost
development based on roadvay aggregate industry data~ vben developing
costs for a given railroads these policies mq be reasonably discernable
and their ef'fects reasonably vell quantified.

I .

Roadva.y Capacity Costing. Much economic and competitive signif'icance is
accorded t.o the excess plant ca.-pscity which the railroads maintain» and
the utilization of' that capacity clearly has a major im:paC"t on railroad.
profitability. Hmrever s little e:ffective costing of railroad plant
capacity has been completed" probably because capacity costs are infiu
enced by a number of f'actors s and their precise identification thus becomes
dif"ficult. In genera.l» bovever~ the extent to which the total cost of
providing capacity changes with the provision of an additional block of
service will largely determine the importance of the various factors.•

&. Roadway Capacity and Utilization. Capital intensive industries ~ such
as public: utilities or railroads» have substantial funds invested in
providing the capacity to serve their customers. For a. railroad»
roadvay capacity is a measurement of' a facility's capability to produce
output. A number of fact.ors determine production capability. Some
of these include: .
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1. Availability of rolling stock and motive power.

2. Policies concerning scheduling and operation of trains in yard and
linehaul movements.

3. Delays caused by equipment and plant failures, weather conditions,
and maintenance.

4. Plant and equipment restraints limiting train speeds, length and loading.

5. The desired level of service.

The costs of providing capacity to serve include income and property taxes,
depreciation, insurance, rents, and return on investment. The problem a
rises in efficiently generating revenues to cover these costs. If revenues
do not cover costs, including a reasonable rate of return on investment,
then a rational firm will shift its resources to more promising enterprises.

Closely related to the capacity cost concept is roadway utilization. A
roadway utilization factor can be determin~d by calculating the relation
ship of average output to peak or capacity output.

Present ICC cost data do not include measurements of the degree of utili
zation of a firm's facilities. Because ICC costs are basically average
costs, no accurate conclusions can be drawn concerning the effects of
changes in a railroad's pricing, equipment, or service policies.

A difference exists between absolute physical capacity and economic capa
city of rail roadway facilities. At the extreme limit, the saturation
point of physical capacity on a given route would be the condition where
each train is directly adjacent to the train ahead of it, or more realisti
cally, for say, single directional movement on a double track line, when
each train is spaced for minimum headway.

Economic capacity, on the other hand, is based on the law of diminishing
marginal returns, and is the point at which additions to traffic bring
about increasing marginal costs. As congestion develops dU~ to increasing
traffic volume, the productiVity of additional facilities increases at a
decreasing rate. Costs, in this case, increase at an increasing rate. The
optimal position would be some level of traffic where the marginal cost of
adding traffic is equal to the marginal revenue received from the added
traffic. Where marginal cost is greater than marginal revenue, traffic
should either be cut back or additional capacity added. From a profitabi
lity standpoint, it is this economic capacity which is the relevant capacity
to consider.

b. Investment in Capacity. The appropriate level of investment in capacity
is difficult to determine. A number of problems arise. First, rail manage
ment must determine the appropriate track segment to consider when invest
ing in roadway. Is one mile of track, a route, or the entire system the
proper length?
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Second, a determination of the proper investment time period must
also be made. This time period vill depend on the route and the
traf'f'ie expectations on that route. Consideration of the dollar
amount as well as the timing of the expenditures on capacity need
be considered when projecting what c~acity will be needed in the
ruture. Three basic possibilities arise: one may expect traffic
growth, stability, or decline. ThuS, a route expected to realize
rapid· increases in traffic will have a shorter relevant investment
time period than a route where traffic is expected to remain stable.

A hypothetical example may help clarify this concept.· Assume a par
ticular railroad route presently handling 20 trains per day has an
economic capacity of 30 trains per d837. Traffic has been increasing
rapidly on this route and is expected to triple in the next 5 years.
Even though this route is under-utilized at the present time, the
promise of a great increase in traffic would justify the addition of
capacity to this route. Thus, the time period relevant for investment

. iD capacity is relatively short in this instance.

Conversely, if we examine another route, once again handling 20 out of a
possible 30 trains per day, and expecting little traffic increase in
the future, then the relevant investment time period to consider may
be 20 to 25 years. In this situation, very little if any addition to
capacity would be justified. In the case of a route where traffic is
expected to decline, capacity may be reduced. One could envision the
elimination of CTC, closing stations, etc., as traffic declined.

e. Capacity Costing Theory. The economic theory of capacity costing is
relatively clear. If a particular type of service or capacity serves
all users, capacity charges should be levied only on those users of
peak period utilization. Those responsible for the incurrence of
capacity costs should pay for them. Economic efficiency requires that
users P8iY for the expansion costs which they cause. In this way,
users 'Will veigh their demand for additional capacity against the cost
of that additional capacity. Unless a charge is assessed against
this demand for capacity~ resources used in providing that capacity
Yill not be used efficiently. Off-peak users should not have to pay
for these costs. This principle stems from the concept of true joint
costs. Even in a perfectly competitive environment, the existence of
true joint costs justifies differential pricing. Concerning the rail
roads, the same capacity is available to provide separate services.
Theoretically. every height car ,locomotive, mile of traek ,ete. avail
able for service in June is also available in February. In the case
of true joint costs, prices are based on the varying elasticities of
demand for each type of service rather than solely on the cost of pro
viding the service.

The joint supply theory provides a relevant prJ.cmg range (minimmn
and maxi.mam) rather than specific charges. The minimum rate floor
would be rates that cover at least the variablr costs of providing the
service. This minjnnllD rate would apply to off-peak users generally
possessing an elastic or price-sensitive demand for rail service. At
any rate above this minimum, the user vill be contributing tovard the
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payment of joint capacity costs.

The maximum price may be viewed as essentially a two-part price. The
first part would cover the variable costs such as off-peak users ,pay.
The second part would be a demand or capacity charge. This is a charge
for the railroad's readiness to serve on demand. This ~eadiness is made
possible only by the installation of capacity. The price then distri
butes the cost of capacity among the buyers of that capacity. The mag
nitude of the charge will be dependent on the degree of inelasticity
of demand for transportation service as well as the shippers' use of
capacity at peak traffic times.

One must keep in mind the real world complexities of capacity costing
and pricing. If too low off-peak charges are assessed, the demand may
drift to the point where congestion and shortages occur at the formerly
off-peak period. Capacity costing also presupposes flexibility of
rates. Such flexibility may be very difficult to obtain. Nonetheless,
the principle remains sound; differential pricing should be employed
for peak and off-peak use of capacity.

Based on this Joint capacity concept, off-peak users will contribute
little toward paying capacity costs. Peak users, however, as dictated
by their respective demands for rail service, will pay for the capacity.
Combined revenues received from peak and off-peak users (total) revenue
must cover the costs of providing the service (total cost), inclUding
required profits.
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VI. STRUCTURING THE APPROACH TO ROADWAY COST ANALYSIS - - OBJECTIVES,
RATIONALE. PRIMARY CONSIDERATIONS. METHODS

Cost Analysis Objectives

This study was conducted with the following set of obJect~ves in developing
railroad roadway costing procedures for pricing purposes.

o The procedures should yield relevant, accurate and service-specific
economic costs of providing, operating and maintaining railroad road-,
way; costs which can serve as the basis for evaluating rail service
profitability •

o The procedures must have the capability to be modified to meet the'
specific needs of individual'railroads, i.e., .the procedures must be
flexible enough to assimilate different policy assumptions, roadway
maintenance standards and practices, and levels of resources •

. 0 Resulting specific roadway costs shoUld relate, to the extent possible,
to the basis upon which other railroad operating costs are calculated,
e.g., linehaul costs for a specific movement should reflect the 'costs
of the specific linehaul trackage associated with that movement.

o The procedures should be developed with an understanding of overall
costing system application, i.e., calculation and assignment of road
way costs developed from these procedures should be. manageable when
considered in the context of the overall costing effort required for
each traffic movement.

o Roadway costs derived ,under these procedures should exist, to the ex
tent possible, in.a format which can eventually be compared with ac
tual service-specific expenses as recorded under refined accounting
procedures.

o The procedures should have the capability to reflect changes in road
way costs brought about by changes in ,operating requirements or road
way capacity and should in fact be the vehicle for insuring that the
full impacts of such changes are clearly recognized.

o 'The procedures should have the capability for refinement based on re
sults of current and future research into the physical behavior of the
various elements of the roadway.

o The costs associated with the implementation and continued utilization
of the cost analysis procedures must generate adequate returns for
doing so.
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These objectives have served both as the guidelines for. and the principal
constraints to the work 'reported here.

Primary Improvements Sought

Current procedures for analyzing roadway expenditures assumes that economic
depletion of ~he roadway under service conditions will be adequately reflec
ted in the maintenance charges reported. This would be true, on a system
average basis, if renewals (treated as maintenance expenses) were always per
formed at an adequate level. Where these renewals have been deferred, or
where other than system or regional costs are needed, these reported mai~

tenance expenses cannot reflect the actual consumption of railroad fixed
plant. On a route and service-specific level, roadway renewal/replacement
costs developed from expenditure records can never be expected to adequately
reflect the cause and effect, relationship between current types and volumes
of traffic and the depletion of long-lived components of the roadway, i.e.,
the true economic and "variable" costs of providing r.ail service. It is
this deficiency in current roadway cost analyses which receives predominant
attention in'this study. It will be seen that applicatio~ of procedures de
veloped herein yield results which indicate that cost levels determined uti
lizing system average historical expenses may have understated, or overstated,
the Wlit variable roadway costs associated with specific types of railroad
service by as much as 300 percent.

Beyond the competitive implications of such variations in roadway service
costs, it can be seen that cost informe.tion of this nature can and must be
gin to playa more prominant role in the coordination of railroad marketing,
equipment acquisition, and operations and engineering planning decisions.

As important as relevant roadway investment, operating, and maintenance cost
information may be for improving pricing decis~ons, it is felt that such in
formation must serve these other areas of management control and, in fact,
can be made to be one of the mechanisms to insure proper coordination of rail
road service planni~g on a consistent basis.

Notions 'About Roadway Cost "Variability"

What is a "variable" cost with respect to railroad roadway? Which of these
costs'are "variable" in the "short':'run," the "long-run?" Indeed, what is
the "Short-run," the "long-run?" Which of these costs are "continuously
variable" vs. those which ,change only at some specific level(s) of output
service? What are the different types of service output "units" which cause
roadway costs to vary? Which roadway costs are theoretically "variable" but
never seem to exhibit this behavior? Does the phrase "% variable" have any
meaning whatsoever? How can a specific type of roadway cost be proved to be
"variable?" In short, just what is the "reality'" of roadway cost behavior
and how does it affect roadway co~t analysis?
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These are all difficult 'questions arising from the complexities surrounding
road:way cost analysis discussed' earl'ier. They have all: 'been asked: before.
They are also questions for which there are no single, universally correct
answers which would apply to all railroads.

, ,

How, then. should this problem of: determning and allocating variable road-'
way costs in a systematic manner be approached in order to, provide the best
generally attainable measures of such costs for'rail service profitability
analy,sis?

\je believe that suchan approach must consiSt of the, fol~0W:ing 'basi,c elements:

1. Separation of railroad roadway into categories genera.ll~ descrip
tive of the differing functional service areas provided or per
formed by the roadway, hence the development of the five roadway
"servicetUn~tions" previously described.' , '

2. Separation and description' of all the activities 'and resources at
tendant to the, provision, maintenance, and opera:tion of these road
way ,service functions down to a level facilitating adequate manage
rial control over such activities. This means being able,to attairi
adequate knOWledge' of the expenditures required for these differing

"activities, using a v;a.riety of differing method's, on a ba.sis suf
ficientlYI refined,topermit the development and'allocation of ser
'v',ice~specific variations' in roadway economic (varia.ble) ~osts by
being abl~toclearly recognize or at least reasonably hypothesize
which of these activities are wholly dependent upon type and volume
of rail traffic. This means describing these' activities in
sufficient detail to substantially increase our ability. to treat

,relate~ costs ',by direct analysis wherever possible, i.e~, to deter
mine or reasonably assume that either all or'none of the costs re- '

, lated to a particular activity are traffic, tn>e and volume dependent.

3. Analysis of the,resulting roadway cost control structure to select
for allocation to traffic those' activity costs caused by the pro-

I d~ction of ,incremental rail service ~utput, regardless of when such
costs are actually felt or give rise'to additional cash outlays, i.e.,
act~vity~related costs constituting a sacrifice of ~urrent or future
value or 'a, ,current or future reali-zation of higher costs., In most
cases" statistical test of the relationships betw~eri observed ·or
predicted costs for these activities and the output measures alleg
edly relating to them are never attempted. We believe ~hat such
an~lyses can never be adequately freed or the deficiencies noted
earlier surrounding the development of, specific, reliable, 'statis
tically derived roadway cost functions.
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Ke'thods. Basis ~or Aoal,ysis of Specific Roa.diw!q Costs

i'vo principl.e bases are utiliz,ec! "to determine and alloea:te variable road
eeonomIic costs. ' '

1.. ftose roadva;y 'track~en costs wbich in reali:ty cons'ti:tUite 'the cos'ts
o,r reDeViDg or repl&ciDg Ute railroad' 'track st~1D'e are prectic:tecl, using
eDgi.DeeriDg FOlbICticm f'uiII1c'tions assem.b1led or developed.. in this study. 'these
produc,1;i01ll tlmc'ticms describe 'the pb;Jsical behavi.or of various elemeDts of'
'the roadtn.Y 'C;raCk struc'tm-e as dletermimed by volume SlId 'type of' rail 'tra.:ffic.
'lb1s res1l1:tf.Dg ph7sical behavior is expressed as 'the portion of' the 'track '
struc'ture consumed. in remderiDg eaeh lncremen:t&i. uDi:t of' rail OU'tput service
of' a specific 'type and is ~ued.VI 1'or" costing purposes at. tbe c:wrent cost
of repJ.aciDg tha:t portion of' 'the track' consumed.

JUS'tificaticm for, t1D'D1Dg to the use of~ relationships (prod1!1Ction
f'1m.C'timlS) q.s the basis" f'or track cost EUlBJ.y'sis may be 1'olIDd in 'the need to
(1 )accOUD'tJf'01r track ~emmce deferrals which alm.oS't certainly" in'troduce
dOWllVU'd biases in a1molrt 8ZJi7 expense-baSed ecoacmic ana.lysis of railroad
roadtn.Y, (2) allow f'or ll1lBD'tificatiem. off the eff'ects of' specific types of
rail. U'aff'ic CD specific types and cOll1ctition of track s-truc:'ture for 'the pur
pose of serv1ce-speeific costing. (3) to btroduee iDto the Bnalysis of road
'¥&7 b"ack c:osts the ca.pa'bili'ty 'to u:tilizei;he resw:ts of' cUJ"'I"el!1't, and future
't:raek st.ruc1owe :research 'to continua.lly improve the quantification, of servi.ce
related 'track cos'ts, and (II) iD1'tiate the syStematic analysis ot :railroad mar
ke1;1Dg, equipment planning, operating~, aDd en81 n eering decisions in terms
which will iDsure 'that 'the fUll. economic consequences of. these decisions, in
el.ad1Dg 'the economic impacts U!JIOD ~lroad roadvay, are taken m'to acCOWlt.

JUB'tificatiom. t'or 'the use of' current replacement. costs as the proper measure
of value of 'the .track strm:~ Reomnmled.R by current tr8£fic (regardless of
the cbnmoJ.ogical DageR of' 'the traclt structure" or its individua1 camponen"ts)
is foUlld in the need to aeeurateJ.y :reflec:'t the sacrifice of future value or
tJJe fUture reallZa'ticm ot' Mgher ..costs causa] ly a't'tribu"table 1;0 "the cmren"t
t.raf'fic if it is determined that the nature of' 'the rail. service is such as
to ~ve rise to COJlJit1lmed (susta:ined) operation and even'tual rep.la.cemeD't of"
'tbe roadvq traclt s'true'ture. It ImV' be said that cwrent t:rea'tmeD:t of the
rep.lacement./reneval of roadva¥ U'ack s:tnctm-e by 'the IDstersta:te Commerce
Commission, i.e. ~ ccmside:ration ot' both replacement cOst.~ lmd routine main
'teDaIlce costs as &Dma1. operatiDg expenses, also gives rise 'to the. valua:tion
of curren't ccmsumpt;ion of 'the 'track structure a't preseDt-day" costs.

'l'he specific :road1inIlY 'trac:klJ'trw:tUll"e costs 'trea'ted Ol!l this produc"ticm f'UnC"tion
basis are as follows:

Ra:U :renewal. costs
Tie remeval costs
T!'aek SlIJIl'faciDg Imd bel bstiDg eosts
other 'track mate:ria1 (om) ·cos"ts



, !

Specific procedures for analyzing these cost areas are contained in
Section VII.

2. The analysis of the remainder of 'roadway variable costs is accounting-system
~ased, i.e., it·is based on the examination of expenditure records for cost
areas other than track structure renewal/replacement. ·T.here are four prin
ciple reasons for structuring the analysis of the remainder ot roadvay costs
on this basis:. ' I

, ."

a The incidence of expendit~e deferrals in. other roadway cost areas
is generally not as extensive. nor the resulting economic discrepancies
nearly as severe as with the shortfalls associated with deferred re
placement/reneval of the track st~ucture.

o The capability does not exist to adequately develop production functions
describing the varying behavior of many of these other components, faci
lities, systems arid activities in the manner undertaken for track struc
ture-related costs.

o In several cases, the system or regional average costs resulting from
. this type of analysis are both adequate and/or appropriat.e for evalua
tion of rail service profitability.

a In several other cases, there is simply no better.data available nor
would the development of such. data prove feasible.

/

Engineering Aspects and Requirements

The procedures for determining and allocating roadway variable costs as de
veloped in this study have several sUbst~tial implications for railroad en
gineering departments and forces.

In the case of procedures developed for analyzing variable track structure
replacement/renewal costs, there are requirements for the integration.of
track characteristics and condition data into a data base for the purpose of
predicting the economic behavior of track. Today many railroads are ldevelo
ping nev techniques for assembling and utilizing such data for track struc
ture analysis and maintenance planning purposes. Many of these railroads

. have developed methods of "classifying" or categorizing differing types of track
structure and operating conditions similar to those contained herein. These
are finding increasing use in rail defect and failure analyses. track geome-
try analysis, and maintenance policy formulation. More arid more information
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is being developed regarding the effects of different equipment types and
configurations ,and service levels on program track requirements. These re
sulting expanded track and. traffic data bases are proving to be invaluable
tools for the optimum allocation of scarce maintenance funds. l ,2,3 Implied
throughout this study is the contention that this expanded and refined en~

gineering-based data can and should be utilized for the economic· analysis
of railroad track strUcture for rail service profitability analyses. While
requirements and resources' may vary fi'om raili'oad to railroad, the develop
ment and utilization of such data for both engineering planning and. service
pricing will serve to improve the coordination between rail ~ervice planning,
pricing, and operating and engineering planning activities.

In addition, the proposed requirements f'ormore specific and service-z:elated
roadway maintenance expense data. will have varying implications upon engi:",.
neering expenditure reporting and control systems. lolhile procedures and sys
tems similar to those described here may represent complex and costly refine
ments to some railroad engineering and accounting organizations, others have
gone f'ar beyond the levels of detail and sophistication described here. There
can be no doubt" however, that refinements in expenditure and production re
porting and control vi.l.l impact engineering forces. While these impacts should
be clearly recognized, they should be evaluated in light of potential improve
ments in many other areas of rail ·service planning and cost analysis as well.

Accounting system Aspects and Reguirements

Detailed development of an accounting system to facilitate improved roadway
cost analysis is not an objective of this study. Hovever, no comprehensive
investigation of the requirements attendant to analysis of roadway costs on
a service-specific basis can proceed without recognizing that substantial
changes II1USt be made to both the ICC Uniform sYstem of Accounts and to some
conventional railroad responsibility accounting systems in order to improve
both cost s.nalysis capability and financial control. For this reason, a re
vised roadway cost accounting structure is presented herein, not as a proposed
industrf standard, but as a representative framework for the application of

1. "Computers, Track Recorder Car Team Up in Battle Against Derailments."
Railway Age, March 10,1975.

2. IIcp Rail Projects New Uses for Track Geometry Car, II Railway Age.
April 14~ 1975.

3. "Computers -on-Track," . Progressive Railroading. August 1915.
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proposed procedures for analyzing the economic costs of railroad roadway.
The accounting structure described in Appendix F contains the following
basic information elements:

, ,

Incurring Responsibility (Cost Center)

System, operating division and maintenance district allocation of,
roadway Illaintenance operating, and investment expenditures is de
lineated.

Roadway Service Function

1inehaul, yard, miscellaneous trackage, service-specific facilities
and systems and other facilities and sys~ems expenditures represen

,tative of the fun9tional service rendered by the roadway.

Loca.tion

Line, (yard) track and milepost identification for all track structure
related expenditures (rail laying, tie renewal, surfacing, turnout
renewal, ballast cleaning). ' ,

Expense Identification

Specific roa.dway work activity designation.

Expense Description

Nature of expenditure (labor. material, supplies. services. etc.)
designation for each Expense Identification.' '

Expense Classification

Designation of investment, program operating, ordinary operating.
recollectible. and joint expenses, for reporting and control.

Expense,Group

Aggregation of work activity expenses (Expense Identifications)
under major operations cost groups for platming 'and control.

Production Output

Output statistics for program track structure renewal/maintenance
activities f.or unit production cost development, analysis and/control •

. Costing System Aspeats and. Requirements

The impactor resulting procedures for. analyzing railroad roadway costs upon
the internal costing methods and systems of railroad costing departments has
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__ CDe o~ 'the primaZ'ycODSidera'tions in 'this study. The .additlOD&1 re
qu1remeD'ts haposed by 'these procedures 1lp)D the ac'tirities aDdresOID'Ces o~

1m41ric1Dal raU:!'oad COR &Da1ysis groups~ be weighed against the pateD'tia1
1Mmentis accra1Dg f'.rClJl.the r~. cost re:f'inements and. 1JIIproved da1;& bases
resu1:LiDs f'rCID. application or the procedures. AmaDg"the significaut effects
o~ ~ 1JII.pll!llllelltaUOD o~ 'these or simU..ar procedures are the ~ollovi.Dg:

o Bequ:1re:meJIt for specif'ica"tiOll of' curreut or potential. b'af'tic move
JDe1l'ts in "terms re1Ammt tor quaDtita"tive proti'tabUi."t7 &D&l.yBis. \.
Roa.dw8¥ cost &D&l.7sis nillziDg procedures dev'el.oped here depeDds
CD. current or forecast Imovledge of freight traf'f'ic movement
eharac:teristics as to:

-'traiD. service tne(collVeDtiODal IId.xed cOlllsist or UDi't "train
serrice)

~ 't7Pe and car veip1;
-net load1ag , .
-VaiD or carload movemeut speed poteuti&1 (horsePower/ton

uupmmti)' , I

-specif'1c~ alcmg t.ratfic route.. .

o Comm:tDent 'to obJec-tiYeS of route and service-specific cost eD~:is.
Caplllti ltv is 4evelopecl aDd 4emoDSVa'ted 1;0 calcllla'ter~~1

able costs ODaD operat1.ag diS'tric:1; basis, i.e., 1;0 rela"te roadvair
variable costs 1;0 1ira1D crew age. and fUel. cODSUlllptian costs 't7Pi~

17 calcula'ted OD a 10raiD crew district basis and to aggrega1;e resul
'tut costs over traf'tic routes.

o Requ:i..remeDt"for periodic~ cost reeval:ua1;ion given aipif'icBD't
c:haD8es ill ro1Re speeiftc 'track 1;ype a.D4 com4i'tion or 'traf't'ic vol1D11e.
Sutnc1ea1i 1;ies 1;0 eng:IneeriDg and-1ora:f'f'ic movement cla1ia bases DIII8t
be maintaiDed to iDsure ti.Bleq recogzai'tion of sb"w::'tural chaDgea ill
either da'ta 'base 8I2d.'to ef'feet required. road.~ COR rerlsicms. .

o Requirement for cainpu1oer-based c:os'tiDg. Ref'1Demeuta in roadv8iT cost
~s utillziDg procedures proposed herein are 'to'tall7 iDf'easi.b1.e
vithou1i access 100 COll'ftu:LiOD&1 :a:mchiDe proc:essiDg QBtems.. Soft-.re
requ:1remeDta are well wi:thiD 10he capabUi'tyot 'todq-'s Clus I raU-
roads. . . . .

........at IDt01'lll&1;lcm SzsteDI Requirements

!!lese proceclures require ~e c:apabiliV -to cletend..ne or recoga1ze sigaif'iCflll1;
cllanc:'teristic:s o£ 'b'afl'ic lIIO'I'emeut. ill .'tenr1s which bear on !'oad1rair "VlIrlabl.e
coRa. Vilether coduc-ted pumpa11 Y or vi.'th 'the aid Qr caaplterized 1ora:f"f'ic
1af'onB'L1Cl1l BJr&tems, stmties of 'tratf'ic: .charac'teristics aDd yeu1Jme are reqUired.

J.
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Sufficient information must be accumulated to present a realistic picture
of actual traffic tonnages, traffic wheel loading, and train .service type mix
on roadway segments designated for costing purposes. This information requires
the matching of train and car movement statistics to determine the actual
characteristics of service on each roadway segment. This.is a difficult under
taking (regardless of whether-inanual or computer-based information is avail-
able) if adequate data integrity is to be obtained. /Y

)

\
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VII. PROPOSED ROADWAY MAINTENANCE COSTING PROCEDURES

Introduction

As stated previously,'the approach to roadway cost analysis pursued in this
study has as its basis two fundamental precepts:

a Meaningful economic cost analysis of the railroad roadway
cannot have as its sole basis the examination of actual
past expenditures.

o Relevant economic costs of maintaining the roadway track
structure - those costs which should be used in evaluating
rail service profitability - must be ascertained by analyzing
the specific roadway segments under consideration.

-,

The objective of, roadway cost analysis for pricing purposes must be the
determination of those costs which should be expected to be incurred given
current track and traffic ~onditions. or rather, those costs which reflect
the actual consumption of the roadway resulting from the provision of specific
rail services.

The roadway costing procedures set forth here and in Sections VIII and IX are
organized to treat the costs of each roadway service function described in
Section IV. .

'\
, • Linehaul Maintenance' Costs

Linehaul maintenance costs consist of those associated with the renewal/
replacement of the linehaul track structure, routine track maintenance,
maintenance of linehaul signal systems and structures, ,plus allocations or
other variable road~ay systems and facility costs. equipment. and overhead.
costs.
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1. Linehaul. Track structure Renewal. Costs

These costs are associated with the continual replacement of the primary
elements ot the track structure or periodic restoration of track quality on a
program basis. They account for varying portions or-the expenses currently
founl1 in the following ICC r·iaintenance Accounts:

212 - Ties
214 - Rails
216 - other Track t<1aterial
218 - Ballast
220 - Track Laying and Surt'acing
269 - Roadway Machines
211 Small Tools and Supplies
326 - Work Equipment Repairs

Under the accounting structure described in Appendix F. these expenses
correspond with the following Expense Groups (Operations Cost Accounts) and
Expense Identifications:

056 -' small Tools (part)
057 - Roadway and Track Supplies (part)

058 - Repair Roadway Machines (part)
059 - Work Equipment Lease or Rentals

(part)
087 - Repair Trucks and Autos (part)

c -- "

Operations Cost Account

liO - Curve Rail Program,
III - t4a.in Line Rail Program
112 - Branch Line Rail Program
115 - other Track Maintenance

116 - Transposing.Rail

120 - Cross Tie Program.

122 Surfacing

157 - Tools, Supplies

158 - Work Equipment

Expense Identification

, -
007- Replacing Frogs
008 - Replacing Switch ~oints

002 - Transposing Rail, Adzing and
Setting up Track

005 - Rep1.acing Cross Ties:

Oil - Surface Track Out-of-Face
012 - Ballast Cleaning and Plowing

\

(It should be noted tha.t roadway machines, tools and supplies, and work
equipment have been mcluded under track structure renewal costs because these
items are contained in program production unit costs used later to determine
measures of' total economic, consumption o'fthe track structure. These costs
-could ha.ve been excluded and merely all.ocated on some other appropriate ,basis.)
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As described in Section VI, procedures for: deterinining' 'and 'allocating variable
track structure costs are based on engineering production functions developed to
qescribe the varying behavior of the track structure as a function of varying
physical and traffic conditions. These procedures require ,the synthesized
application of existing relevant empirical research data, along with several as
yet empiricallyunva1idated engineering hypotheses, to the various track-traffic
environments existing across any given railroad's 'linehaul system. The procedures
consist of the primary steps or tasks described below.

Task ,I. , Determination of factors, both track-related and traffic-related
which significantly affect, the physical and economic behavior
of the track structure

Task 2. 'Inventory and categorize the linehaul trackage UIider :study in
terms of the' cost...causal characteristics listed in (1) above

Task 3. Develop relationships which adequately describe the phYsical and
economic behavior of the track structure as determined by the specific
nature of the track/traffic environment )

Task 4. Develop techniques for determining and allocating the track
structure costs associated with the varying physical behavior of
any type of track under any traffic conditions

These tasks are described in detail to complete the treatment of Linehaul Track
Structure 'Costs.

Task'l.Determination of Factors. both Track-Related and Traffic-Related
Which SignificantlY Affect the Physical and Economic Behavior
of the Track 'Structure

Track-related factors which have a significant effect upon
track structure costs were described in Section IV: The proper

'measures or ranges of values for these factors (characteristics
of the track structure) must be specified in order to, relate
the analysis to relevant conditions prevailing ona given rail
road.' The specification of certain parameter classes used in
this study reflect to some extent conditions germane to the
Southern Pacific Trackage selected fo~ study. In addition,
application and test of the costing procedures as conducted here
does not necessarily provide data for all parameter classes.
The track-related parameters and asso~iated classes used are
as follows

Track....Related
_. . '

(Physical) Factors
Parameter

oWeigbt of Rail (lbs.!yd.),
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Parameter Classes
> 136 ,lbs ./y'd.

1,3,6 lbs. /yd~'
'125-135lbs.!yd.
111-124 lbs./yd.
90-110 lbs.!yd.
80-89 lbs./yd.

< 80 lbs .!yd.



Track-Related (Physical) Factors (Cont.)

Parameter Parameter Classes

Rail. weight affects section modulus and stif't'ness of the
rail., which affects in turn the deflection of the rail and the
life and stability of track~ Larger rail.s also have a longer
abrasive wear life. Since an attempt to identify and analyze
each weight of rail. would lead to an unmanageable number of '

I

dif~ererit weights, the rail. weight groups shown above are pro-
posed. These groupings reflect the rail steel chemistry group
ings in the specifications of the AREA. They also generally
correspond to breaks in'the section modulus groupings (stiff
ness measure) of the several available sections. Individual
railroads may choose to consider finer groupings where in
ternal data has been developed to reflect distinctions between
rail weights and sections grouped together above.

o Type of Rail Continuous Welded Rail
18 1 Welded Rail
39 1 Jointed Rail

Rails should be identified as to type, i.e., jointed or contin
uous welded (CWR). Jointed rail is subject to rail-end batter,
bolt hole breaks, and, joint bar renewal.; also to bonding in
track circuit territory. Continuous welded rail eliminates all.,
or a major portion of, rail joint costs, but poses speci8l. problems
in transport, I.aP.ng and maintaining.

o Rail 14eta.llurgy Plain, Uncontrolled Cooled
'Control Cooled
Special Metallurgy

Metallurgy of rail~ be a significant cost factor. Included
in the category of special metallurgy are the following:

Flame hardened rail
Electric induction hardened rail
Heat treated rail.

. High silicon rail
End hardened rail
Vacuum degassed rail
All oth~r metallurgies

o Condition of Rail When
Laid

Hew
Secondhand

Condition laid rill. have an obvious bearing on remal.IlJ.ng
e:ff'ective service life of rail and hence uPOn rail. costs for
8DY' giyen ~rack' segment. r'
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'I Track-Related ;~( Physical) Factors (Cont.)

Parameter

o Type of. 'Tie (material)

o Tie Treatment .

o Condition or Tie
Installed' .

'0 Tie Spacing

Parameter-Classes

Wood
Concrete
Steel

Treated
Untreated

New
Secondhand

19.5 in.
22.5 in. 
25.62 in.

The four par~eters listed
tie cost'factors.which are
analysis.

above repres~nt those, signficarit
feasible for inclusion in the

o Turnouts and Crossings Main Track Turnouts
. Yard and 'SideTrack Turnouts

Track Crossings
• c" ,i .J

Main track turnouts occur with variable f·requency. Turnouts
can be grouped roughly by diversion number (the ratio between
unit spread and distance to the frog point from vhich unit
spread is measured):

No. 8 and lower for slow-speed main line (branches), '--

yard and' spur tracks
No. 9 - No. 12 for main line turnouts to sidings and

spur tracks
No. 15 - No. 20 for high~speed main line movements,

crossovers, and diversions

The turnout number will,however, have less' effect oncosts
than merely groupingthese as main track turnouts and yard and
side track turnouts. Number and type of track crossings will
also be a significant factor in linehaul track structure cost'
analysis~ " '

o other Linehaul Track Structure Material
. Classification Based on Weight

of Rail and Curvature

For the linehaul track structure, these items typically cover
rail fastening - joint bars, track bolts, tie plates, tie

~, plugs, spikes, rail anchors, gauge rods, and derai'ls.
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Track-Related (Physical) Factors (Cant.)

Parameter

a Effective Ballast Type

Parameter Classes

Crushed Rock
Crushed Slag
Prepared Gravels
Chat
Cinders
Other

Inchesa Ballast Depth

A depth of ballast equal approximately to the center-to-center
spacing of ties (± l~ - 22 inches) is generally ,considered
necessary to' assure the uniform distribution" of tie load pres
sures. This depth need not be entirely of high-grade material.
A sub-ballast section composed of lower grade mat'erials may be
used for 30 to 50 percent of the required ballast depth. It
should be emphasized, however, that the ballast/sub-ballast
combination must be sufficient to reduce the load distribution
to a level commensurate with the bearing capacity of the
subgracie.

o Subgrade Stability Stable (no excess maintenance
required)

Fairly Stable (excess maintenance
required, routine force
assignment). .

Unstable (excess maintenance
required, special force
ass ignment )

The great variations in soil types and conditions render a
detailed identific.ation of soil conditions impracticable. It
viII be sufficient to identify subgrades as stable eilo excess
maintenance required), fairl~ stable (some excess maintenance
required, but no slow orders ,and unstable (considerable ex
cess maintenance and/or slow orders and operating problems).

Subgrade and ballast sections are interdependent. A strong
subgrade needs a minimum amount of ballast to bear and distri
bute traffic loadings. If the subgrade is weak, a greater
depth of ballast is required. For these reasons, the subgrade
and ballast section may be stated together as stable, fairly
stable, or unstable.
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Track-Related (Physi cal) Factors (Cont •. )

Parameter Parameter Classes

1°30'
- 2°30'
- 3°30'

4°30',
5°30'
6°30'

- 7°30'
8°30'

- 9°30'

° Degree of Curvature Tangent ta(0030' .
0°30'
1°30'
2°30'
3°30'
4°30'
5°30'
6°30'
7°30'
8°30'

>9°30'

Curvature is a signifcant characteristic of the track struc
ture environment. Rail wear varies aimost directly with the
degree of curve. Ties, OTM and ballast life are affected
although to a lesser degree. Track laying and surfacing
costs are also affected. I

° Gradient Level to < .5%
.5%

1.0%
1.5%
2.0%

>2. 5lb

- 1.0%
-1.5%

2.0%
- 2.5%

Gradient. like curvature. is an environmental factor. It has
a signficant. effect on rail life and costs and a lesser effect
on ties. ballast and OTM life and costs; also on man hours and
machine hours for track laying and surfacing.

o Precipitation Annual rainfall
Annual snowfall

The impact of rainfall upon roadway cOsts varies widely as
previously descirbed. Primary effects are upon roadbed drain
age.and stability and vegetation control. Annual rainfall is
seen as proposed indication of rainfall effects upon routine
roadway mainte~ance. -The severity of snow removal problems and
attendant costs are functions not only of the amount of fall, but
of wind, cut and drifting conditions.

° Temperature Maximum
Minimum

Temperature extremes have an effect on labor productivity,work
equipment utilization and the track structure itself.
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Track-Related (Physical) Factors (Cont.)

Parameter

o Icing/Frost Heaving
Damage Exposure

Parameter Classes

None
Light
Heavy

Icing conditions, particularly those associated with ice storms,
may have significant impact on .local roadway costs, including
impending roadway maintenance work and damaging individual
components of the roadway system, such as pole lines for signal,
power and communications transmission. Yet another costly
effected related to low temperatures is frost heaving.

o Storm/Flood Damage
Exposure

none
Yearly
1 to 10 years
10 .to 25 years
25 to 50 years

> 50 years

o Areal Nature of Roadway Segment
Urban
Suburban
Rural

The nature and activities of areal governmental operations
may influence specific roadway costs, particularly with respect
to sanitary and drainage requirements, grade crossing pro
tection, sidewalks, lighting, fences, etc. Additional cost

. effects of this "parameter 'I may be found in the degree of ac
cess to work areas and in interference with roadway work by
the day-to-day activities associated with these areas.

o Condition or "Age ll of the Track Structure

While no finite IIclasses II for thi s variable have been developed,
there can be llttle doubt as to its signficance in predicting
specific line segment costs. Experience has' shown that as
track deteriorates, mapy maintenance-of-way work functions
(spot tamping, joint maintenance, repair of failed rails, etc.)
must be. performed more frequently and/or intensively, thus
introducing an important IItime" variable into any roadway
maintenance cost function.

It will be shown that ballast condition plays an important role
in the quality \of track support and will affect the eventual
classifications of track support conditions used to analyze the
effects of traffic on the track structure.
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Track-Related (Physical) Factors (Cont.)

Parameter Parameter Classes

a Maintenance of Way Work Methods and Efficiency

/This factor exists as both a physical and traffic-related
parameter (see pp. 12-13) incident to the development of
specific roadway costs. As a physical factor, work methods
employed (force'sizes, equipment types, procedures, etc.)

I

will have a marked effect upon variations in unit "production II

costs from railroad to railroad, or within different maintenance
jurisdictions of a single railroad.

The parameters described above represent the environment of physical
characteristics or factors which influence track structure costs.
If the·individual effects of each of these factors are ever to be
isolated (or if the aggregate effect of any or all of these factors
acting in combination is to be predicted) with reasonable accuracy,
these parameters should be analyzed on a basis similar to thatdes~

cribed, i.e., the physical parameters should be described in terms
of reasonably detailed "classes II as shown. It will be seen that
specific cost effects for several of these parameters, particularly
those associated with climatic conditions have not been successfully
determined in this study, but await the types and quantities of
data which' can be aClluired through development of data bases
recommended in the study.

Traffic-Related Factors

Traffic-related characteristics (parameters) and relevant parameter
classes are described below. These characteristics represent the
significant cost-causal factors affecting the physical and
economic behavior of railroad track structure. The parameter
classes indicated are felt to adequately ~scribe the basic
variations in these factors necessary to differentiate between and
evaluate the various effects of these factors. -It will be seen
that "con'sumption" of the track structure under varying service
conditions is more nearly represented by continuous functional
relationships derived from an analysis of the behavior of track
structure, the traffic environment of which has been described
in terms of these or similar parameter classes.
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Traffic-Related Factors (Cant. )

Parameter

a Annual Tonnage Density
(Millions of gross tons)

Parameter Classes

0-5 MGT (in one MGT increments,
Le., 1,2,3,4, & .5 MGT)

5-75 MGT (in five MGT increments)

The amount of traffic is intuitively recognized as a prime
cost factor., It should be measured by millions of gross tons
c;:arried, since it is the weight of traffic that has the wearing
effect. Track material life should be measured in 'terms of
the annual gross tonnage carried. Gross tonnage includes the,
effects of car weight (including empty movements) as well as
contents and should also include locomotive and caboose weight.

Levels of maintenance ,tend to vary more at low tonnage than
at higher rates, i.e., the same level of, maintenance for 20
MGT may not differ much from that for 30 MGT, but there can
be cpnsiderable difference between that for one MGT and five
MGT. Therefore, the annual gross tonnage classes shown above
are proposed.

o Train Speed - MPH 80 - 110 mph and over
(by direction and service-type) 60 80 mph

40 - 60 mph
25 - 40 mph
10 - 25 mph
o - 10 mph

Speed effects, are found in the increasing severity of dynamic
impacts given to the track, as speedincrea~es. Higher levels,
of maintenance are required (for the same annual, tonnage) to
assure smooth and safe passage of trains as speed increases.

Slow speeds are cost-suspect as well as high. Speeds of 15,
to 20 mph have been observed to cause severe rock. and roll and
derailing tendencies, while the impact effects of flat spots
on wheels and low spots in the track are a maximum at speeds
of 8 to 12 mph~.

Speed ranges for the classification of trackage should be
,based on maximum authorized speeds as set forth in the oper
ating timetables because that is the speed for which main
tenance levels are sup~osedly established. Actual maximum
and actual average train speeds, by service-type, by direction
will be important in determining and allocating service-speci
fic costs, particularly where there are large speed differences
between the slowest and fastest trains on a given line segment.
If a significant portion of a track segment is covered by a slow
order, the state of maintenance in th~ portion of track so
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Traffic-Related Factors (Cont.)

Parameter Parameter Classes

covered is thereby reflected. Because it will. have an ex~

tended use and be un.iversally known, however, the speed ranges
for the FHA I strack .classification are recommended for use in 0

helping to categorize different linehaul track segments as to
.relative track structure cost.'

o Wheel Loads (lbs./wheel)
,.

ti5,000 lbs.
15,000-26,0001bs.
26,000-30,000 lbs.
30,000-33,060 lbs.
33,000-35,000 lbs.
35,000-37,0001bs.

>37,500lbs.

The total weight a wheel pl~ces on a rail (related by a factor
of two to the axle load) has a critical but not clearly de
fined effect on all aspects of the track structure. A prime
effect is on rail ,life.· Excessive wheel loads are recognized
as contributory to the formation of plastic flow 'that lefids
in turn to· battered rail ends, corrugations, shelly defects,
headchecks, and to the growth of transverse fissures, detail
fractures, horizontal fissures, vertical split heads and other
defects related to the contact stresses developed immediately
beneath the point of wheel load application.

Railroad engineers have generally accepted that wheel loads
of 26,000 lbs. or 'less on 33-inch (nominal diameter) wheels
create shearing stresses in the rail head low enough to permit
an indefinitely long rail life, considering only contact pres
sure. Loads over 26,000 lbs. increase shearing stresses to a
point that the ,life of rail (in terms of ,cycles of load appli
cation before failure) is definitely reduced. Some (relatively
minor) amelioration of the "effect occurs with the use of 36
and 38-inch wheels. Above 34,000 lbs. excessive stressing
occurs, accompanied by rail head mashing and other aspects of
plastic flow. It represents a type of rail "abuse" but is not
an uncommon'loading~ Its significance is a function of the
numbers of cars so operated.

, '

The parameter classes listed contain more distinctions between
wheel loads than the three described above~ This is to,allow
the eventual comParison and use of predictive data for a num-'
ber of different car sizes and types.. Although some data of
this type currently exists. much more will be forthcoming from
research into this aspect of the tra:ck/train environment and
from the data being accumu.l:-ated on individual: railroads.
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Traffic-Related Factors (Cont.)

Parameter

o Train Service Type

Parameter Classes

Mixed consist trains
Unit trains
Intercity passenger trains
Commuter trains

The cost effects of various types of service is an item for
significant debate. An initial grouping might be that of .
freight and passenger service based on the lighter axle loads,
higher speeds, and need for safety peculiar to passenger ser
vice. However,wheel lOads have been accounted for as a sep
arate factor, and many freight trains equal or exceed passenger
train speeds. Nevertheless,the presence of even one passen-
ger train introduces the need fora higher standard of maintenance
(for the same speed) than would be required for freight only.
This is dictated by consideration of safety and ride quality.

Train length is of some importance~- especially with unit trains.
Unit trains are of uniform consist and usually equipped with
roller bearings. Each car in the train follows a repetitive
pattern with respect to track geometry. Each track irregular-
ity will be impacted by each car in a train ofiuniform consist
in _exactly the same way. This may account for the formation
and growth of some corrugations, shells and detail fractures.
The effect is fUrther intensified by the use of roller bearings
which are "stiff," not having the lateral play found in, friction
bearings. Any lateral movement of th~ trucks or car body is .
delivered to the rails with the full force of the entire truck
car bod~ system.'

Another effect of Unit t-rains about which little is known is'
a "deterioration" in the resilient return of the tra~k. to its
unloaded condition between the pas~age of the trucks at each
end of the' car as the final l/3+·of J the train passes.' The
track is in effect "beaten down" by the repetitive application
of wheel loads. The effect is most pronounced in trains of
over 80 cars and is probably less pronouncedin~trainsof
mixed c,onsi'st where there is nonuniformity in load application.

The Association of American Railroads is presently engaged in
a Track/Train Dynamics Research Program that shoula eventually
shed more light on the effects of service types. Until more
definitive data is available, use_of the categories of servic~

types shown is proposed.

o Maintenance of Way Work.Methods ann Efficiency

To the extent that traffic may interfere with planned main
tenance activities, the resulting higher unit "production"

I,'
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costs associated with such work activities may be said to be
a function of the amount and type of traffic • While daily
train volume may be an indication of potential interference
with roadway maintenance York (decreased work efficiency),
only the analysis of specific schedules and/or actual move
ments will determine the extent of such interference.. '

The track and traffic characteristics (parameters') described above
together with their associated parameter classes, ~e considered ade
quate, considering the current body of knowledge relevant to the be
havior of. the railroad track structure, to facilitate an analysis of
the track structure to determine significant causal relationships
and to adequately determine and allocate resulting track costs. "

Task 2. orize the Linehaul Track
Characteristics Listed. in

e'Under Stud in Terms
I Above

The true cost of owning and operating the roadway track structure
associated with Specific rail service can never be accurately de
veloped and assigned unless the actual characteristics of such ser
vice are known. An inventory to "define" a specific'roadway track"
system in terms of the parameters listed under (1) must be conducted
to eventually determine and assign the actual cost influences of these
parameters for a given roadway segment. The track and traffic inven
tory system presented here was developed a.nd implemented on, 5,000
miles of Southern Pacific mainline trackage. The specific purposes
of the inventories are to:

a). Define the track and traffic characteristics of" any segment of
roadway trackage.

b). Serve as an .information base for investigation',of the effects
of various types and volumes of rail traffic on various types
of tra.ck structure.

c). Provide the basis for classification of roadway trackage into
segments Yith homogeneous characteristics. for use in calc~ating

and assigning variable' track structure costs.

d). Create a system of track/traffic information which can readily
reflect periodic changes in either. the natUre of the track sys
tem or in the service demands being placed on it.

e) . Provide the data ,base necessary for determining roadway costs
on a route, train service or product line basis to facilitate
profitability analyses.
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The basic concepts; methods and data sources used in conducting
the track and,traffic inventories are described below.

Track Characteristics Inventory

The track inventory effort conducted here sought to record the phy
sical characteristics of the actual track structure under study. Pro
visions were developed for recording informa~ion on each of the phy
sical parameters in (1) above, although certain of this information
was found either impractical to obtain from conventional railroad
engineering source documents or was not used directly in the analysis.
Additional infprmation was sometimes recorded to'demonstrate the use
fulness of the track inventory system as an automated engineering
track data base. Inf~rmation recorded, source documents used, and file
format references are described below. Track inventory input file for
mats are included in Appendix A. All input files contain line segment,
milepost, and track designati9n locater data •

Rail Data . . Information Source File Format Reference

Cumulative Ton~age

Rail Laid

i....

Rail Input File 
Figure A-l
Same
Same
Same

Same

Same

Same
Same
Same
Same
Same

Standard Engineering
r

Track Charts
Same'
Same
Same

(multiple
Same
Same
Same
Same
Same
Railroad Gross Tonnage
Statistics

Since
Same

Rail \veight

Rail Metallurgy.
Rail Type .
Condition Laid
Track Designation
track territory)
Manufacturer
Year Rolled,
Yea.r~Laid

Year Transposed
Current Annual Tonnage

Tie Data Information Source File Format Reference

Same
Same
Same

Track Designation

Tie Material
Tie Spacing
Tie Treatment

No information source Tie Input File 
available. Input File Figure A-2
Format developed to pro-
vide the basis for inclu-
ding tie data in·a track
inventory system where
accumulated.
Same.-
Same
Same

.J
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Same Same
&me Same
Curve Parameter Classes Same
Field-maintained curve ~

characteristic data Same
Same Same
Same Same

Type (cross, bridge,
switch)'
Tie Size
Last Program Renewal
No-;~Ties Renewed

Curvature Data

Curve Number (unique
identification) .
Compound Curve Designa
tion
Degree of Curvature
Curvature Class
Superelevation

Spiral Length
Curve Length
Curve Rail Lubricator
Indicator (

Gradient Data

Same
Same
Same
Same

(

Information Source

Field-maintained curve
characteristic data

Same

Information Source

Same
Same
Same
Same

~ File Format Reference

Curvature Input File 
Figure A-3

Same

File Format Reference

Direction Code

.Milepost From-To
. Elevation at Milepost

From-To .
Percent Grade

Gradient Class

Detail Engineering Line Gradient Input File .-
Profile Drawings Figure A-4
Same Same

Same Same
Calculated from
Elevation Data Same
Gradient Parameter
Classes Same

Track Support Data Information Source File Format Reference

Track Support Class Combination of tie Track Support File -
spacing, general tie Figure A-5
condition, ballast type~

ballast depth and bal-
last condition used .to
differentiate levels of
track support quality.
See pps. VII-33,34.

Track Support Modulus Estimated from separate
research data. ~ee pp.
VII-35.
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Turnout and Track
Crossing Data

Turnout liumber

Location

Climatic/Atmospheric
Da.ta

Tempe~ature Ranges

Precipitation
Areal Nature

Atmospheric Corrosion
Conditions
Icing Conditions
Storm/Flooding Condi
tions

Information Source

Siding Charts

Siding Charts

Information Source

Climatological Data 
U.S. Department of
Commerce, Environmen
tal Data Service
Same
Engineering Department
Assigned Estimates

Same
Same

Same

File Format Reference

, ~~

r~scellaneous Object File -
Figure A-6

Miscellaneous Object File 
Figure A-6

File Format Reference

Subdirectory File ~

Figure A-7

Same

Same

Same
Same

Same

This file also serves as a master track designation and location file.
Each record carries a "sequence number" unique to each line code to·
serve as reference to the particular track segment location, track
designation (multiple track territory), Engineering Division (main
tenance jurisdiction) and railroad ownership (joint trackage terri
tory). These records also reflect ~y equated milepost conditions
("equations") resulting from track alignment changes·.

Individual track characteristic files are merged and homogeneous track
segments are identified (based on the track parameter ~lasses described
previously). The resulting file-is a track master directory file
(Figure 1) containing all trackage in the study segmented by the li
mits of characteristic (class) homogeneity, i.'e., between the milepost
li~its for each track segment shown, all track characteristics (classes)
remain constant. This results in each segment being identifiable as
a unique class or~ of track. Each class of track may exist in
varying amounts in locations across the ,track network under studY.
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Traffic Characteristics Inventory

The traffic inventory for this study was conducted using data from
the Total Operations Processing System (TOPS) in use on the Southern
Pacific. Similar data can be developed from other computer 't:ased
railroad management information systems or by manual sampling and
analysis of train sheets or conductors wheel reports~ This informa
tion was developed to demonstrate how cost-causal traffic character
istics can be identified for any track segment under study to facili
tate the analysis of the effects on specific track structures of vari
ous types and volumes of rail traffic and to serve as the basis for
actual calculation and assignment of service-specific track structure
variable costs. The inventory was constructed by matching all train
and car movement records for four one-week sample periods to deter
mine the characteristics of the freight traffic moving over all the
linehaul trackage under study during the year 1974. The resulting
data (See Figure 2, Traffic Characteristics Inventory) indicates the
percentage of the gross tonnage on the line segment in each wheel
load, speed potential, equipment type and train service type IIc l ass ."
These are the traffic parameter classes described previously in this
section. Data shown in Figure 6 is to be interpreted as follows:

Basic Traffic Segment Data

Segment ID This is a unique numeric identifier for the
line segment, track designation, milepost
limits and directionality of the traffic IIpro_
file ll shown in the report, i.e., there are
two such reports (Seg.ID's) for single track
territory with traffic in both directions.

Annual GTON Annual Gross Tonnage on this traffic lllink"

Annual TTON Annual Trailing Tonnage (cars and contents)
on the link

Annual GTM Annual Gross Ton-Miles on the link

Annual Trains Number of identified trains on the link

Annual Cars Number of cars on the link

AVCARWT Average Car Weight of all cars on the link
(loads and empties)

Detailed Traffic Characteristic Data
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Train Service-Type Data

All freight traffic is categorized as either mixed-consist train
service or unit train service. Unit trains are not deter-
mined on the basis of a special identifier but rather on a
car weight/car length criteria, i.e., if at least 80% of the
cars ina train have a car weight within +5% of the average
car weight in the train and have a car length within +5% of
the average car length of the cars in the train, the train
is considered a unit train. The percentage of total tonnage
moving in each train service-type (mixed/unit) is then deter
mined.

Wheel Load Class

The percentage of total car and locomotive tonnage is shown
segregated by wheel load class and equipment type within
each train service-type. Class headings should be interpre
ted as follows:

'150'

'26o'

'2X'
300

= Percent of tonnage moving in cars/
locomotives with wheel loads less
than 15,000 Ibs.

= Percent of tonnage moving in cars/
locomotives with wheel loads between
15,000 and 26,000 Ibs.

= Percent of tonnage moving in cars/
locomotives with wheel loads between
26,000 and 30,000 lbs. in equipment
with three-axle trucks.

The same equipment-type designations apply to the rest of
the wheel load classes, i.e.:

'330' = Percent of tonnage moving in cars/
locomotives with wheel loads between
30,000 and 33,000 lbs.

'350' = Percent of tonnage moving in cars/
locomotives with wheel loads between
33,000 and 35,000 lbs.

'375' = Percent of tonnage moving in cars/
locomotives with wheel loads between
35,000 and 37,500 Ibs.

VII-20
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'GTR' • Percent of tonnage moving in cars/
locomotives with wheel loads greater

, than 37,500 Ibs.

Speed Potential Class

The percentage of car and locomotive tonnage moving in vari- ,
ous train 'horsepower/gross ,ton classes is ,shown for each
train service-type and wheel load class within train serv1ce
type. This results in the matrix format. shown, where speed
potential (HP/GTON) by wheel load class, by :train service
type is displayed. Speed potential (HP/GTON) classes are:

HP/GTON

'1' =, Percent of car and locomotive ton
nage moving in trains with less than
one horsepower assigned per gross ton.

'2' = ,Percent of car and locomotive ton
nage moving in trains with between
one and two horsepower assjgned per
gross ton. ",

'3' = Percent of car and locomotive ton
nage moving in 'trains/with between
two and three horsepower assigned
per gross ton.

'4' = Percent of car'.and locomotive'ton
nage moving in trains with between
three and four horsepower assigned
per gross ton.

'5' = Percent of car and/locomotive ton
nage mOTtng in trains ¥ith more than
four horsepower assigned per gross
ton.

"
iThe(Traffic Characteristics Inventory shown in Figure 2 is used to
produce the Final Traffic Inventory Report shown in Figure 3. In
this report, the'traffic speed potential noted by the HP/GTON ranges
tn Figure 2 is converted to the actual speed classes shoW. in the "
final inventory report. This is done by first converting horsepower/
ton ranges into specific hp/t6n values. This is accomplished ,by·...
analyzing both actual past and recommended power assignments on -e,ac:h'; .
traffic link under analysis. Where otherwise unavailable, mid-range:, '
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hp/ton values were used. These resulting horsepower assignments, '
together with estimates of. other relevant train and track character
istics were then used with a train performance simulation'model to,
predict ~ctU&l average train speeds for each horesepower assignment,
for each traffic link. .The resulting inventorY, then, i~ a traffic
characterisitics profile (tonnages, speeds, wheel loads, train service
types) for each traffic link. It should be noted that traffic link
identifiers (SEG m) are also carried in the Master Track. Directory
File to establish ali relevant track and traffic conditions. on any
track segment.

As stated, the Traffic Characteristics Inventory will serve both the
analysis of the effect of different types and volumes of traffic on
various types 'of tr~ckstructure and also the calculation and assign
ment of resulting variable track structure costs ..

Task 3. Develop Relationships Which Adequately Describe .the Physical and
Economic. Behavior of the Track Structure as Determined by the Specific
Nature of the Track/Traffic Environment

This task is, of course,crucial. to the application of any predictive
approach to track structure costing~ The implications here are that
enough data and information ,can be accumulated or that engineering
opinion is sufficiently solidified to facilitate the accurate predic
tion.oftrack structure performance as a function of various types
~d vol,umes of traffic. There is no question that the general lack
of relevant and well-documented track research data treating a wide ,
range of track/traffic conditions makes this presently the most dif
ficult and tentative aspect of the analysis. There is also no doubt,
however, that economic analyses of railroad track structure must seek
to. utilize the ,results of new and expanded research activities cur
rently in progress or planned for the future, and that, the methods
and procedures employed in such analyses should be structured to take
advantage of the more recent and better data forthcoming.

This .task, then, has concentrated on developing the most adequate set
, of predictive 'tools' which can be formulated from existing data and
drawing upon the judgement and experience of Southern Pacific engin
eering forces. There will, of course, be potential for wide differ
ences of opinion between railroads as to the most appropriate measures
of track structure performance to be. expected under varying track!
traffic conditions. 'While many,of these.differences may arise as a

'reSUlt of differing maintenance policies and practices, individual
,railroads may perhaps possess better internally-developed data /
for application to specific. conditions. One of the most important
aspects, then, of predictive procedures used to analyze the economic

LJ",
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costs of the railroad track structure is that such procedures be
capable of reflecting differing assumptions as to maintenance poli
cies and practices, and of accepting variations in track structure
performance data.

The approach to the effort· embodied in this task has been to 1) develop a
preliminary set of factors, equations, estimates,' etc. for predicting
track structure behavior substantially based on relevant existing re
search data or hypotheses 2) test these relationships both against
specific sample track and traffic conditions on the study trackage
and against the judgement and opinions of experienced track
personnel and 3) modify the initial data where substantial justifi
cation results from the analysis of sample trackage and the judgement
of engineering forces. 1 These thr~e processes and resulting data are
described below.

I. Development of· Initial Predictions of Track Structure
Behavior

Working with industry research data including that of the
American Railway Engineering Association (AREA) and avail
able information developed by several individual railroads,
and also using several as yet untested hyPOtheses in areas
where relevant data could be found, initial-track struc-
ture performance estimates were developed. This data was e

superimposed on the basic track maintenance policies and,
practices applicable to the sample trackage und'er study.
Treatment of each of the major elements of the track struc
ture is described in the following sections. Underlying
these'analyses is the basic assumption that track structure
behavior can be established for a set of "base ll track/traffic
conditions and that variations from these base conditions
can be reflected by a'process of factor analysis, i.e~, that
basic track structure performance can be IIfactored ll to pre
dict the relative effects of differing track/traffic environ
ments.

o Rail Life

The analysis evaluates rail life as a function of these
track and traffic characteristics:

- Annual tonnage density - MGT
'- Composite of rail type, weight, metallurgy and condition

Actual average train speeds, by train service~type,

by traffic wheel load class
- Track gradient
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- CurVature and use of curve oilers
- Wheel loads. by train service-type. by train speed

class
- Train service-type. by wheel load class. by train

speed class

Policy Assumptions

o No rail cascading program is in effect, i,e •• study
trackage'rail is not removed fran track at some
'specified point short, of its normal physical
(lst position) life in order'to meet requirements for
branchline/yard track rail or to reduce the amout of
jo~nted rail in main tracks.

'0 All rail on curves greater than three degrees will
be assumed as eligible for transposition. Trans
posed rail is assumed to have a life 33% greater
than curve rail which is not transposed. Transpo
sition is assumed at 50% of this new (greater) life.

o Rail removal criteria is based on total service con;..
dition of the rail. 1.e., when head wear, surface ,
defects and incidence of internal defects noted by
rail detector car inspections render the rail uri
usable or unsafe at present tonnage and speed con
ditions, its service-life in main track is consi
dered used up. This is felt to represent normal
practice rather than establishing strict removal
criteria based on any single wear or defect para
meter.

The factors/formulas assembled for preliminary use in
predicting ~ail life are as follows:

1) .As a function of annual tonnage density

T = KWD,565

where: T =life of rail in .main track (MGT)
K = composite constant reflecting level

of ,track maintenance and type/con
dition of track structure

W =weight of rail (lbs./yd.)
D = annual tonnage density (MGT)

The basic equation currently accepted by the
AREA is used here. The equation vas developed
from surveys of industry experience and vas felt
to generally represent a predictive measure of
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rail life in. tangent , level, jointed track
under mainline speed conditions (here assumed
to be 50 mph).

2) As a function of
wei ht metallur
or secondhand

e,
new

The following "K~' factors (for use in equation
1) were considered initially applicable

\ .to rail of the types found ~n the study trackage.

Rail type, Metailurgy , Condition Rail Weight (Lbs./Yd.)

<:111 111-123 )123
Jointed,Plain (C6ntrol-~ooled), New .545 ~545 .545
Jointed, Plain (Control-cooled), SH .545 .545 .545
CWR, Plain (Control-cooled), New N/A .774 .964
CWR, Plain (Control-cooled), SH N/A .774 .964
78 1

, Plain (Control-cooled), New .545 .545 .545
78' , Plain (Control~cooled), SH .545 .545 .545
78 1

, Flame-Hardened, New N/A· .545 .545
72 1

, Flam~-Hardened, SH N/A .545 .545
78 1

, High Silicon, New N/A .812 .567

These preliminary values were developed based
on AREA r~commendation and upon rail resrarch
conducted.at the University of Illinois.

3) As a function of actual train speed

The early work of Professor Talbot ~onducted

under the auspices of the AREA, American Society
of Civil Engineers (ASCE) and the American Rail
way Assoc iation- (now AAR) has served as the
basis for constructing estimates of the relative
dynamic effects of train speed on the track struc
ture. This work resulted in predicting. increase's
in dynamic impact on the track structure of 1%
per mile-per-hour increase in train speed for
speeds in excess of five mph. This resulted in
the use of the following relative K factors (for
use in equation (1)) for initial estimation of

1. Evaluation of Rail Section, Civil Engineering Studies Transportation
Series No.9, University of Illinois Project No., 44-22-~0-332, Urbana,
Illinois, May 1973.
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.While no research data vas found to substantiate
initial estimates of the effects of track gra
dient, preliminary factors vere developed based
.upon a limited review'of Southern Pacific ex
perie~ce with rail relay in. relatively steep
gradient, tangent track territory. The relative
loss in rail life estimated to occur in such
territory (resulting 'K' factor, again applied
to equation (1) above) is:

Gradient Class

o - 5%grades . ,
.5 - 1% grades

1.0 - 1.5% grades
1.5 -2.0% grades

>2% grades

K Factor

l.0
1.-0

.9

.8

.7·

5) As a function of curvature and use of curve oilers

The following factors, based on data from the
AREA,l were initially assigned.

1. Area Bulletin 615, Volume la, September-October1968.
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Curve
Class K K-Oilers

o - .5 1.0 1.00
.5 - 1.5 .87 1.00

1.5 - 2.5 .74 .88
2.5 - 3.5 .61 .79
3.5 - 4.5 .49 .70
4.5 - 5.5 .38 .62
5.5 - 6.5 .30 .55

. 6.5 7.5 .22 .48
7.5 - 8.5 .16 .44
8.5 - 9.5 .12 .40

9.5 .10 .37

6) As a function of wheel loads

The initial estimations of wheel load effects
on rail life draw upon the recent work by Robert
E. Ahlf of the Illinois Central Gulf Railroad
as reported in ARR~ Proceedings.1 This work
related rail life and rail 'life-related main
tenance costs to relative variations in contact
pressure associated with varying wheel loads
(car capacities). The relative factors for i
nitial estimates of wheel load effects were de
rived from Figure 4, using average tare weights
for the car sizes 5hown.

,
j

....

1. "Heavy Four-Axle Cars and Their Maintenance of Way Costs, II AREA Bulletin'
No. 653 t Proceedings Volume 76, June-July 1975.
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H

c2

0.2% 0.2% .3% .3% 5.0' 4.3% 2.0 .0%

50 0 70 0 90 100 110 120 130

NOMINAL CAR SIZE, TONS CAPACITY
(36 11 Wheels)

Figure 4. Percent Increase in Rail Life. Cost
Per One Percent Increase in Car
Capacity _

Rail Life Factors

Wheel Load Range Factor

:515,0001bs. 1.1534
>15,0001bs. ~26,000 lbs. .8617
>26,000 lbs. ~30,000 lbs. .8409
>30,000 Ibs. $33,000 Ibs. .5454
>33,000 lbs. ~35,00O lbs. .4390
>35,000 lbs. "'37,500 Ibs.' .3808
>37,500 lbs. .3254
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7) As a function of train service-type

a) Unit Trains

No initial estimates were available to ade
quately predict rail life effects possibly
resulting from the operation of uniform con
sist trains.

b) Passenger Trains

Unless specific instances of unbalanced super
elevation are identified t there are felt to be
no unique effects on rail life due to the pre
sence of passenger train operation. Passenger
train tonnage and speed would, of course, be
treated as contributory factors in the loss of
rail life as described previously.

Tie Life

,The analysis evaluates tie life as a function of the
following track and traffic characteristics:

-'Annual tonnage density
- Track curvature

Rail weight (tie plate size)
Type of rEd 1
Track gradient
Wheel load and track support
Train speed
Train service-type

Policy/Maintenance Practice Assumptions

1. Cross ties in the trackage under study are main
track standard (7" X 9" X 9 1

) creosoted wooden ties
on l~z-inch centers.

2. Tie conditions at least meet FHA m~n~mum standards
for adequate track support in each FHA track class.

The factors/formulas/estimates intended for initial
use in predicting cross tie life are as follows:

1) As a function of annual tonnage density and
curvature
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Main track tie lives reflected in AREA datal
can be predicted with good accuracy with the
following equation:

. _ ~.0925 - .06077(0<)) .816872
Life (MGT ) = e . D

where: D:: Annual Gross Tonnage (MGT)
0( = Degree of curvature-

This equation will be adjusted for specific var
iations in the remaining track and traffic charac
teristics by the factors developed in items (2)
through· (7) below. ' The equation, While probably
also representative of ~rack conditions other
than those described as "base" conditions (level,
jointed rail, main track territory, subject to
average speeds approxima.:ting 50 mph) was felt
to provide the-most reasonable basis for pre
liminary tie life prediction~

-'2) As a function of rail weight (tie plate size)

Using 18" tie plates ,as .the "standard" o:t . "ba.se"
condition, relative factors were developed to
reflect the effects of tie 'plate cutting by"
using the ratio of. other tie plate area.s to the
standard. For the study trackage, these are:

, ' _J

I' Rail Weight Class

>132 lb.
<132 lb.

K

1..0
.925

,3) As a function', of tyPe of rail'

Initial relative tie life factors for ties in
continuous welded r'ail (CWR) or 78' welded rail
(wa) territory are:

Rail TyPe

Jointed

CWR

K

1.00
"

1.03=1'1 + JTS/mi(CWR»)
\: J,TS/mi (JT)

1. AREA Bulletin No. 615, Proceedings Volume 70, September-October 1968.
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Preliminary,factors for tie life are based upon
Talbot I s rail deflection equation (3) and the
previously cited work of Robert E. Ahlf.

'Yo = - -r,,-;:::=P=:;--- = -0.5 P 4 ./ u
4 f 'u vm

' '" 64Elu
3

where:

Y =rail deflection (inches)

P =dynamic wheel load (pounds)

u =modulus of elasticity of rail support(lbs./in~)

E =modulus of elasticity of rail steel(30xl06lbs./in?)
- ,

I =moment of inertia of rail section

This york assumes that tie cost/life is directly
proportional to deflection. Holding this to be
true, relative life factors were deter~ined based
upon relative deflection. The base case used was:

1. W'Peel load = 19'~385 lbs.

2. Track support modulus = 3500

3. Rail weight = 132 lb. /yd. ,

Relative factors for wheel load were determined
fram the relative deflections holding u, I con
stant (equation 4).

= =

0.5
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Resulting initial relative wheel load factors
for application to equation (2) and the specific
wheel loading used in the factor calculator for
each wheel load class are shown below. Specific
wheel loadings are based on an analysis of car
capacities and respective tare weights of Southern
Pacific system freight cars.

Wheel Load (lbs.)

Wheel Load Class Wheel Load Used in Calculation Factor

~15 ,000 (7.900) 2.4541
>15.000 ~26 .000 (25.400) 0.7632
>26.000 ~30.000 (27.500) 0.1049
:=>'30,000 ~33,OOO (32,700) 0.5928
:>33.000 ::::35.000 (34.500) 0.5619
:>35,000 ~37 ,000 (36.000) 0.5385
:=>'37,500 (40.000) 0.4B46

Initial relative factors for predicting the
effects of track support quality on tie life
were determined from relative deflections holding
p. I 'constant (equation 5).

Yo 0.5 -p- \!-Uo u' 4[:;
Uo 4EI =Y' =

4-1":;
0.5 p 4J u· uo-u-'- 4EI

(5)

For this work. it was necessary to develop and
describe the various "classes" of track support
quality (and to estimate associated values of
track support modulus, u.) existing on the track
age under study. Classes were constructed based
on type, condition, and depth of ballast, ade
quacy of drainage and general stability of sub
grade. These are shown below.

Track Support Class Descriptions

1. Good ballast, good drainage, stable subgrade
2 ~ Good ballast, good drainage, unstable subgrade
3. Good ballast, poor drainage, stable subgrade
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4. Foul ballast, poor drainage, fair sUbgrade
5. Foul ballast, poor drainage. poor or unstable

subgrade
6. Foul ballast (due to sand). good drainage.

stable subgrade

Ballast Depth

A. Eight inches or more
B. Six to eight inches
C. Less than six inches

These ballast sections refer to depth of primary
ballast and do not include depth of sub-ballast,
generally taken to be 811 _12" on the study track~ge.

Track support class is defined by one of each .of
the above factors, for example:

l-B: Six to eight inches of good ballast with'
good drainage and a stable subgrade.

These track support descriptions are necessarily
general, although the following guidelines have
been applied in order to consistently treat the
trackage under stUdy:

- "Good ll ballast is taken to be clean, dry
ballast material with high shearing strength,
good internal friction, lateral stability.
with high resistance to abrasion and weathering.

- "Good ll drainage is taken to be territory with
adequate runoff. with little or no accumula
tion of standing water.

- "Stable ll subgrade is taken to be territory
which has either been permanently stabilized
or where no such work is contemplated or re
quired. Occasional or infrequent minor sta
bilization by section forces would not cate
gorize track as "unstable."

- lIFoul" ballast (classes four and five) is
mud or oil contaminated ballast section.

Estimated values for associated track support
moduli were also based primarily on the pre
viously cited work, although general modifica
tions resulted from reviewing relative track
support quality with Southern Pacifi.c track
maintenance personnel.
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Resulting initial tie life factors and associ
ated track support moduli for the track support
classes described above are as follows:

6) As a function of train speed

Preliminary relative factors developed for dy
namic impact effects on rail life are also ap
plied to tie life.

7) As a function of train service-tyPe

a) Presence of passenger trains -- no effect

b) Unit trains - no factors or data initially
available.

Surfacing Cycle Requirements

The analysis treats surfacing requirements (considered
here to be the periodic program or out-of-face restor
ation of track line and surface with a major ballast
raise and track lining) as a function of the following
parameters:

- Annual tonnage (MGT)
- Train speed
- Wheel loads and track support quality
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- Train service-type
- Gradient
- Type of rail
- Weight of rail

The factors/formulas/estimates developed for initial use
in predicting surfacing requirements are as follows:

1) As a function of Annual Gross Tonnage (MGT)

Initial predictions of major cycle length will
be estimated by the equation developed from
review of AREA surveys of industry practice.

IT - A)
Cycle length (years) = 10 \ B

where:
(6 )

T = annual tonnage density(MGT)
A =a constant =121.31
B = a constant =-149.5

2) As a function of train speed

Preliminary relative factors developed for dy
namic impact effects on rail and tie life are
also applied to surfacing cycle length.

3) As a function of wheel loads and track support
quality

Preliminary relative factors based on track deflec
tion developed for wheel load and track support
effects on tie life are also applied to surfacing
cycle length.

4) As a function of train service-type

a) Passenger trains -- Preliminary cycle lengths
are initially decreased by 20% in passenger
train territory~ solely related to the need
to maintain ride quality superior to that
generally required for freight traffic. This
factor is based on methodology developed from
Chessie System experience! and found gen
erally applicable by Southern Pacific track
maintenance personnel.

1. "Maintenance Costs of Jointly Operated Tracks," Chessie System Monograph,
March 1974.
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b) Unit trains ~- no factors or specific data
initially available.

5) As a function of gradient

No factors or surfacing data initially available.

6) As a function of tyPe of rail

Based on limited data accumulated by the Uni
versity of Illinois and preliminary findings on
Southern Pacific, preliminary surfacing cycles
are extended by one year in continuous welded
rail (CWR) territory.

7) As a function of .weight of rail

Initial relative factors for pr~dicting effects
of various rail weights on surfacing cycle re
quirements were determined by comparing relative
deflections as computed from equation (4) holding
P (dynamic wheel load) and (track support mo
dulus) constant. The resulting equation becomes:

0.5
p '4~ JFYo u . 4EIo

yt = = 4 --1
0

P 4J;i;0..5 -
. 4~I'u (7)

Relative factors determined from this equation
are as follows:

Rail Weight

136
132
119
il3

90

VII-37

K

1.01
1. 00
0.96
0.95
0.88 .



OTM (Other Track Material) Life

Life of other track material was initially related to
and st~ted as a percentage of resulting rail' life (L),
based on review of existing AREA data and limited data
available at the University of Illinois and on the
Southern Pacific. Resulting initial relative OTM lives
are shown below. ' '

Open Track
OTM

Joint Bar Life = .5L
Track Bolts = ,25L
Tie Plates = L
Spikes = .25L
Tie Plugs = .25L
Rail Anchors = L
Nut.Locks = .25L

Turnouts/Track
Crossings

Frogs
Switch points
Guard rails
Stock rails
Turnout OTM

except
Swit'ch Plates
Rail (closure)

= ~ life of rail in each location
= ~ life of rail in each location
= .5L
= ~ life of rail in each location
= same life cycles as for open track

= ~ life of rail in each location
= Based on turnout curvature and annual

gross tonnage (as for rail in open track)

The initial factors and relationships described above for predicting
track structure performance must all be combined in an analysis which
estimates track structure component life under varying track and traf
fic conditions. Methodology for analyzing any specific track/traffic
environment given data of the type previously described is presented
in the following section. The example is carried out for the develop
ment of resultant rail life and the allocation of specific loss in rail
life to traffic on a causal basis. Similar component life equations
are developed for tie life and surfacing cycle determinations.

Rail Life Determination

As stated previously, physical conditions which affect rail
life include the weight, type and metallurgy of the rail,
as well as curvature and gradient. Traffic characteristics
that affect rail life include annual tonnage, wheel loadings,
train speed and train service type. Assuming the effects of
these traffic and physical characteristics to be independent,
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~he pertinent variables may be defined as follows:

T

D

w

K

=

=

=
=

=

=

Total mainline track rail life in million gross tons

Total annual tonnage in million gross tons (includes
locomotive tonnage)

Weight of rail in pounds per yard

Factor which reflects the physical conditions as
sociated with the roadbed. For level tangent track
maintained at an adequate level, it is assumed to
be 0.545. This can be modified to reflect other
physical conditions such as curvature, gradient,
rail metallurgy and/or continuous welded rail, as
previously described.

Multiplier which relates the effect upon rail life
of type i wheel loads carried at class j speeds in
train service-type k. This multiplier· is the re
sultant product of rail life factors for type i
wheel loads, class j speeds and train service-type
k.

Annual tonnage carried in type i wheel loads, at
class j speeds, in train service-type k.

Using the initial basic relationship for rail life in main
track shown in equation (1) of the prev1cus section: T:::KWD·565,
and assuming for this example the multiplier (Fijk) for the
traffic characteristics during the periods for wnich the equ
ation was developed has a value of 1.0, consider the case where
all traffic over a given roadway segment is carried in type
a wheel loads at class b speeds in train service-type c. For
the purpose of an example, assume thatF ::: 1.0. Under these
condit~ons the estimated rail life vouldaBg given by (l.a)
(KWD·5 5). Now consider the case where all traffic over the
same roadway segment is carried in type x wheel loads at class
y speeds in train service-type z, and Fxyz ::: 0.5. Under these
conditions the estimated rail life would be given by (0.5)
(KWD.565).

If the life of a rail under xyz traffic conditions is one
half the life of rail under abc traffic conditions, then each
ton of xyz traffic wears (or uses up) twice as much rail as
each ton of type abc traffic. With this concept it is pos
sible to estimate rail life for the situation where one half
the annual tonnage over a given segment has type abc charac
teristics and the other half has type xyz characteristics.
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For each ton of abc traffic moved over the segment, there is
a ton of xyz traffic. However, each ton of xyz traffic
wears twice as much rail as each ton of abc traffic. There
fore, over the life of the rail, one third of the rail will
be worn by type abc traffic and two thirds by xyz traffic.
This indicates that the tonnage of type abc traffic moved
during the life of the rail would be (0.333) (KWD.565). The
total tonnage (type abc and xyz) which would move over the
segment during the life of the rail would be (2) (.33) (KWD·565).
This is the estimated rail life in terms of the actual tonnage
which moves over the rail.

Rail life may be determined for the general case where sev
eral different types of traffic move over the same segment of
roadway. If Dabc is the annual tonnage with type abc charac
teristics, then the proportion of the rail worn out by this
traffic is given by:

Dabc
Fabc

m n r

~;~~ :;E :2-
i=l j=l k=l (8)

The total tonnage this proportion represents is determined
by equation (9).

The product of the first two terms represents the tonnage with
a traffic mUltiplier (Fijk ) of 1.0 which would use the given
proportion of the rail. Multiplying this product by the traf
fic converts this into tons of type abc traffic. This tonnage
is a specified proportion (Dabc ~ D) of the total. Therefore
the total tonnage can be determined by equation (10).

Dabc

T
Fabc

=
m n r

L~J:E :E :E Fijk
i=l j=l k=l (10)
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This simplifies to:

T = 1.565
m n r Dijk

£ ~ ~ Fijki=l j=l k=l (11)

It can easily be shown that this equation yields the estimated
rail life expected in the special cases discussed previously
(page 41).

Case 1: All the traffic has a multiplier of 1.0.

T = KWDl·565 = KWD·565
D
1

Case 2: All the traffic has a multiplier of 0.5.

T =
KWD1 •565

= 0.5 KWD· 565
D

0.5

Case 3: One half of the traffic has a multiplier of 1.0.

T = KWD1.565 = KWDl •S6S = .667 KWD· 565

0.5D + 0.50 1. 5D
0.5 1.0 1.0

The three basic track structure component life equations
then, based on the preliminary relationships provided earlier,
can be stated as follows:

Component Life Equations

Rail:

T = KWDl. 565

~~~~
where:

(12)

T = Total mainline track rail life in million
gross tons

D = Total annual tonnage in million gross tons
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w =
K =

=

Weight of rail in pounds per yard

Relative life factor which reflects the
physical conditions associated with the
track structure. For level, tangent,
jointed track maintained at an adequate
level, K is initially assumed to be 0.545.
This is modified by the factors for curva
ture, gradient, rail metallurgy and/or con
tinuous welded rail to reflect other phy
sical conditions.

Multiplier which relates the effect upon
rail life of type i wheel loads carried at
class j speeds, in train service-type k.
Fijk = (Fi){Fj)(Fk).

Annual tonnage carried in type i wheel
loads, at class j speeds, in train service
type k.

Ties:

H = LDeffi.0925 - .06077(~il

:E ~ ~ Dij~l
i=l j=l k=l FijkJ (13 )

where:

H = Tie life in years

L = Relative life factor which relates the
effects of tie plate size, rail type
(CWR, jointed) and gradient, and track
support quality on tie life.

~ = Track curvature in degrees

D and Dijk

=

=

Multiplier which relates the effect upon
tie life of type i wheel loads carried
at class j speeds, in train service-type
k.

Defined the same as for the rail life
equation.
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Surfacing:

J = MD-------:---
(14)

where:

J = Surfacing cycle length in years

M = Relative cycle length factor which re
lates the effects of gradient, track
support quality, rail weight and rail
type (CWR, jointed) on surfacing cycle length.

A = 121. 31

F
ijk = Multiplier which relates the effect upon

surfacing cycle length of typei wheel loads,
carried at class j speeds in train service
type k.

= Defined the same as for the rail life equation.

The preceding equations, together with the preliminary track and traffic
factors previously described, were used to develop initial predicted
track structure component lives/cycles for the study trackage and
associated traffic conditions as deter,mined by the track and traffic
characteristics inventories. .

II. Test of Initial Relationships

In order to complete the next phase in the eventual development of
relationships which adequately describe the physical and economic be
havior of the track structure, the initial factors, equations, esti
mates and resulting track component service lives were tested both
against sample track/traffic environments from the study trackage and
the judgements and opinions of experienced track maintenance personnel.

In'order to accomplish this effort, all trackage in the Master Track
Directory (see Figure 1 ) was "classified" to develop homogeneous
groups or classes of track, i.e., all track segments with identical
track and traffic characteristics were grouped together so that sample
trackage could be selected for a broad range of track "classes." An
example of result:1:ag track "classes" is shown in Figure 5.
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It should be n~ted that, when all ,relevant track and traffic charac
teristics are considered, the number of possible permutations or dif
ferent track classes can b~ quite large (several hundred classes re
sulted soley from consideration of the physical track characteristics
existing on the study trackage). Hence the total track miles existing
in anyone class may be relatively few. For purposes of this study,
trackage in over forty separate "c-Iasses" was selected for analysis,
based primarily on total frequency of occuiance (by mileage).. '

Engineering est~tes of track structure component performance were
prepared for each of the sample track segments selected fram each of
the track classes. These estimates were prepared by the track main
tenance (Roadmaster) personnel responsible for maintaining eachspe
cific sample track segment. In addition, comparative estimates of
the relative effects of varying track and traffic conditions were ob
tained fram these personnel, division-level engineering officers and
headquarters engineering staff. AIl'of thi~ information was accumu
lated through an Engineering Field Survey Questionnaire developed
for this stUdy. The questionnaire, together with the mean ~alue res
ponses of engineering forces is contained in Appendix B. These sur
veys were completed after thorough briefing sessions with personnel
involved to help insure consistent interpretations.

Subsequent analysis of the field survey data was conducted with the
following objectives:

1. Test the aggregate predictive utility of preltminary
relationships, factors, and methodology.

2. For as many track and traffic conditions as were feasible
to ,isolate within the scope of the study, test the indi
vidual factors ~nd assumptions previously developed
against actual specific requirements as specified by
track maintenance forces.

3. Use the resulting data to modify any or all previously
developed information to develop the best attainable
predictive "tOOlS" for appli'cation to the study trackage
and economic cost determination.

There are, of course, several significant aspects of such a procedure
which weigh heavily on the utility of final results.

1. Neither statistical significance nor scientific accuracy
is implied. Where collective estimates 'and opinlons of
engineering forces differed substantially from prelimi
nary relationships and provided results more closely re
lated to observed (but not empirically measured) conditions,
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these estimates and opinions were used to modify the
predictive measures finally used in the analysis. Re
sulting relationships thus essentially meet only a test
of reasonability at this point, pending indepth research
into-these areas of track/traffic environment.

2. Single-railroad bias may have been introduced to
too great an extent. Vlhere utilized, resultant data
reflect the training, experience and competence of the
track maintenance forces participating in this study.
The point has been previously made, however, that the
procedures employed in this analysis retain the
capability to utilize newer, better, or simply lIother ll data.

With these aspects of the TOPS field survey in context, the following
section contains the resultant data/relationships used in the costing
phase of linehaul track structure analysis.

III. Final Predictions of Track Structure Behavior

Equations for predicting track structure component lives as well as
unit and annual costs are described in de~ail in Appendix E. However,
the general forms of the life equations are noted in this section.

o Rail Life

The factors/formulas for predicting rail life which resulted from
the field survey are as follows:

1) As a function of annual tonnage density

T = KWD· 565 ( 1)

No change was made in this basic equation. For the ranges
of traffic densities and specific rail weights/sections
investigated, 'a curvilinear relationship very similar to that
resulting from the use of the basic AREA equation was found.
As will be shown, however, substantial variations in values
for the factor IIK

II (as compared with""the value of 0.545
typically used with the AREA equation) were determined from
the survey.

2) As a function of the com
metallurgy and condition

The following factors resulted from tl:e survey to determine
the first-position life in million gross tons which should be
expected from the ~ypes and condition of rails noted. These
factors represent the constant "K" to be used with equation
1) above for predicting the service life of rail under
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conditions of tangent, }evel track with track support quality
reflecting good ballast and drainage and stable subgrades.
The traffic conditions attendant to these "K" factors reflect
average train speeds of 50 mph, with average wheel loads of
20,000 Ibs. It must be emphasized that these resultant
factors also refle.ct the policies and practices of Southern
Pacific track maintenance forces and may not agree with the
data or judgments of ~ther railroads.

Rail TYPe, Metallurgy, Condition
Rail Weight (Lbs./Yd.)

"K" Factor

Jointed, Plain (Control-cooled),New
Jointed, Plain (Control-cooied),SH
CWR, Plain (Control-cooled), New
CWR, Plain (Control-cooled), SH

·78' , Plain (Control-cooled), New
78', Plain (Control-cooled), SH
78', Flame-Hardened, i'iew
72', Flame-Hardened, SH

. 78', High Silicon, New

3) As a function of train speed

<111
1.2808
1.2808

N/A
a/A

1.2808
1.2808
a/A
a/A
N/A

111-123
.9810
.9810

1. 3930
1. 3930

.9810

.9810

.9810

.9810
1.4616

>123
.9538
.9538

1.3544
1.3544

.9538

.9538

.9538

.9538
1.4210

Actual Assumed K
Speed Range Speed Factor

67.5 - 72.5 70 .80
62.5 - 67.5 65 .85
57.5 62.5 60 .90
52.5 - 57.5 55 .95
47.5 - 52.5 50 1.00
42.5 - 47.5 45 1.05
37.5 - 42.5 40 1.10
32.5 - 37.5 35 1.15
27.5 32.5 30 1.20
22.5 - 27.5 25 1.25
17.5 - 22.5 20 1.30
12.5 - 17.5 15 1. 35
7.5 - 12.5 10 1. 40

No changes were made to these initial factors. When judgmental
responses of track forces were related to specific experience
with train speed effects on main line trackage (excluding
branch lines, yard, and miscellaneous tracks), reasonably close
agreement with the dynamic impact factors developed by A. N. Talbot
was obtained.
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4) As a function of track gradient

Gradient Class

a - .5%
.5 - 1.0%

1.0 - 1.5%
1. 5 - 2. O~~

2.0 - 2.5%
> 2.5%

K Factor

1.0
.9655
.9029
.8010
.1326
.6821

5) As a function of curvature and use of oilers

Curve Class K K-Oilers

o - .5 1.0 1.00
.5 - 1.5 .87 1.00

1.5 - 2.5 .74 .• 88
2.5 - 3.5 .61 .79
3.5 - 4.5 .49 .70
4.5 - 5.5 .38 .E>2·
5.5 - 6.5 .30 .55
6.5 -,7.5 .22 .48
7.5 - 8.5 .16 .44
8.5 - 9.5 .12 .40

9.5 .10 .37

6) As ,a function of wheel loads

'Wheel' Load Range

<15,000
>15,000~26,00o

>26 ,000 ~ 30,000
>30,000 ~ 33,000
>33 ,000 ~ 35 ,000
>35 ,000 ~ 37 ,500

> 37,500

Factor

1.1534
.8617
.8409
.5454
.4390
.3808
.3254

A comparison of Wheel load factors based on the previously
cited work of Robert E. Ahlf (Illinois Central Gulf),
Imre Reiner (Chessie System), and the TOPS Field Survey is
shown in Figure 6. There is little doubt that wheel load
effects remain an area of considerable SUbjectivity, pending
additional research.
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7) As a function of train service type

a) Unit Trains - K = .91

b) Passenger Trains

The field survey confirmed the initial indication that
unless specific instances of unbalanced superelevation
are identified, there are no unique effects on rail
life due to the presence of ,passenger train operation.

Summary - Rail Life Predictions

Individual track/traffic effects on rail life are predicted
utilizing factor analysis incorporating the resultant factors or
values given above. Several specific cases were evaluated by
Thomas K. Dyer, Inc., Engineering Consultants, and comparisons
were made between resultant TOPS data and the data/formulas
resulting from the ~nvestigations made by Dyer Inc. Generally
close agreement was obtained for the prediction of first-position
rail life, with Dyer data tending to show slightly longer life for

'tangent track and slightly shorter life for curved track. In
addition, estimated effects of track support quality on rail life
are expressly treated by the Dyer data where no individual
treatment of this factor was developed in this study.

o Tie Life,

The factors/formulas for predicting tie -life which resulted from
the field survey are as follows:

As a function of annual tonnage density (D) 'and degree of
curvature (co()

Life (MGT) = (e [4.5881 - 0.06077(o(~ ) (1.181) (Do.60825)

2) As a function of rail weight (tie plate size)

Rail Weight Class K

>132 lb. 1.0
<132 lb. .925

Ho changes were 'made to these initial factors.

3) As a function of type of rail

Rail Type

Jointed
CWR
wn

K

1.0

rlo changes were made tQ these initial factors.
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4) As a function of gradient

Gradient Class

o - .5%
.5 - 1.0%

1.0 -1.5%·
1.5 - 2.0%

. 2.0 - 2.5%
2.5%

Factor

1.0
.9655
.9029
.8010·
.7326
.6821

5) As a. function of "heel load and track support

. Wheel Load Class

~lS .QOO
>15,000~26,ooo

'> 26 .000 :=30 .000
~30 ,000~33 ,000
'733,000 ~35,000

735.000 -:: 37. 500
::>37.500

Factor

1.0
0.89
o..8S
0.76
0.13

. 0.70
0.63

Factors for Track:Support Class

Track Support Class Ballast Depth Class
ABC-- ----

1
2
'3
4
5.
6

1.1056
.8910

.. 8'228
.7533
.5295
.8910

1.0000
.8228
.7533
.5946
.4620
.8228

.8910

.7533

.6512

.5295
'.3907
.7533

6) As a function of train speed

Actual Assumed
Speed Range. Speed Factor

67.5 - 72.5 70 .80
62.5 - 67.5 65 .85
57.5 - 62.5 60 .90
52.5 -57.5 55 .95
47.5 - 52.5 50 1.00
42.5 - 47.5 45 1.05
37.5 - 42.5 40 1.10
32.5 - 37.5 35 /

1.15
27.5 - 32.5 30 1.20
22.5 - 27.5 25 1.25
17.5 - 22.5 20 1.30
12.? - 17.5 ' 15 1. 35
7.5 - 12.5 10 1.40
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7) As a function of train service type

a) Presence of passenger trains - no effect
\

b) Unit trains - no effect

Summary - Tie Life Predictions

Tie lives are predicted using the basic equation (15), again taken
to represent conditions of tangent, level track; good track
support, average train speeds of 50 mph, and avera~e wheel loads
of 20,000 Ibs. ~quation (15) is factored to reflect specific
variant conditions using the factors shown in items 2 through
7 above.

Representative resultant tie lives and the imputed effects of
the various track and traffic conditions were reviewed and
evaluated by Thomas K. Dyer, Inc. ~ie life data as developed and
utilized by the Dyer firm reflected their u?e of published infor
mation, interviews with maintenance departments on several
railroads, inspections of many miles of track throughout the
country, and actual tie life information from ten tie renewal
projects of three railroads.

Basic tie life formulas of TOPS and Dyer were somewhat similar,
including the effects of curvature, gradient, and type of rail.
Dyer data indicated more of an effect of annual tonnage density in
higher tonnage ranges (above 21 :<1G'l'). A much greater impact of
track support quality on tie life. is evident in the TOPS data.
Dyer data also indicated a separate weight-or-rail effect in
addition to effects ascribed to tie plate size. No.such separate
effect was noted or developed in the TOPS survey. A portion of the
Dyer data (two tie renewal projects) indicated predominance of
the number of wheel load cycles over annual tonnage density as
contributory to tie life degradation.

Additional documented and controlled tie data is required to isolate
and substantiate the effect of various track/traffic environments
on cross tie life.

o Surfacing Cycle ~equirements

The factors/formulas for predicting surfacing cycle requirements
which resulted from the field survey are as follows:

1) As a function of annual tonnage density (D)

Cycle Length (years) = (D-O.36302)(e3.2451)

VII-52

(16)



2) As a function of train speed

Actual Assumed K
Speed Range Speed' Factor

67.5 - 72.5 70 .80
62.5 - 67.5 65 .85
57.5 - 62.5 60 .90
52.5 - 57.5 55 .95
47.5 - 52.5 50 1.00
42.5 - 47.5 45 1.05

.37.5 - 42.5 40 1.10'
32.5 - 37.5 35 i.15
27.5 - 32.5 30 1.20.
22.5- 27.5 25 1.25
17.5 - 22.5 20 1.30
12.5 - 17.5 15 1.35

7.5 - 12.5 10 1.40

No changes were made to these initial factors.

3) As a function of wheel loads and track support
quality

Wheel Load Class (lbs.)

~5.000

>15.000 s26,ooo
~6.000 ~30.000

>30.000 ~33.aOO

~33.000 535,000
>35,000 '::37,500
>37,500

Factor

l.00
.89
.85
.76
.73
.70
.63

Factors for Track Support Class

Ballast Depth Class

Tra.ck Su;pport Ciass A B C

1 1.1056 1.0000 .8910
2 .8910. .8228 '.7533
3 .8228 .7533 .6572
4 .7533 .5946 .5295
5 .. 5295 .4620 .3907
6 .8910 .8228 .7533,
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4) As a function of· train service-type

a) Passenger trains - Cycle lengths are decreased
by 20% in passenger train territory, solely
related to the need to maintain ride quality
superior to that generally required for freight
traffic.

b) Unit trains Factor = 0.90

5) . As a function of gradient

Gradient Class

o - .5%
.5 - 1.0%

1.0 - 1.5%
1.5 - 2,.0%
2.0 - 2.5%

>2.5%

Factor

1.00
.9655
.9029
.8010
.7326
.6821

6) As a function of type of rail

Type of Rail

Jointed
WR
CWR

Factor

1.0
1.0
1.2

7) As a f~ction of weight of rail

Rail Weight Class

~132

>119 ~132

~1l5 '::=119
~1l0 ~115

5110

Factor

1.01
LaO

.96

.95

.88

Summary - Surfacing Cycle Predictions

The basic surfacing cycle equation (16) was developed to reflect
the same track/traffic conditions attendant to the basic equations
previously cited for rail and ties. Additionally, this basic
equation specifically relates to requirements for a major (3 inch)
ballast lift, accompanied by two smoothing operations (each
including a minor 1 inch lift) within the duration of the basic
cycle. As with the basic rail and tie life equations, specific
variants as to track/traffic conditions are evaluated with the
factors given in items 2 through 7, above. Surfacing cycles
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developed in this manner, based in part on track deflection
considerations, were compared with cycles which would be
associated with carrying out normal tie renewals (20-25% ,tie
renewal on a program basis) given previously calculated tie lives.
Resulting cycles were generally 'close to those resulting from
application of the basic surfacing cycle equaltion with adjustments
for specific track/traffic conditions. '

o OTM (Other Track Material) Life

Results of the field survey provided the following estimates
of other track material life relative to rail life (1).

Open Track OTM

Joint Ba.r Life ;:: L07L
Track Bolts = ~70L

Tie Pla.tes = 1.73L
Spikes ,= .88L
Tie Plugs = .90L
Rail Anchors = 1.17L
Hut Locks = L09L

Turnouts/Track Crossings

Frogs = . TiL
Switch Points = .761
Guard Rails = 1.20L
Stock Rails = .701
Closure Rail = 1.I1L
Turnout OTN = 1. 431
Switch Plates = 1.35L

Results of the TOPS field survey indicated substantial variance
or scatter in terms of perceived r.ail-OTlvl life relationships.
Sufficient justification for deviating from initially developed
estimates of relative OTM component lives was not found,
particularly for those components whose life would no'rmally
correspond exactly to the life of rail for economic reasons rather
than exhibiting the same service life given wear or defect
considerations.

Track Component Economic Service 1ife

TOPS predicted economic service lives for rail, ties and surfacing cycle
under various track conditions are shown in Figures 7 - 16. The esti
mation of these lives is based upon 1) the average speed on the track
segment being 50 mph, 2) average wheel load being 20,000 Ibs. and 3)
track support quality being described by good ballast, good drainage,
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and a stable sUbgrade. It should be noted that little data has
been accumulated for tonnage densities greater than 50" MGT/year and
thus less accuracy can perhaps be expected for trackage in this density
range.

Rail life as a function of annual tonnage, rail weight, rail type t

curvature and gradient is shown in Figures 7 - 12. Cross tie life
as a function of annual tonnage and curvature is shown in Figures
13 - 14. Major surfacing cycle length as a function of gradient
and annual tonnage is shown in Figures 15 - 16.

It must again be emphasized that to the extent that resulting factors/
formulas" have been developed based on results of the TOPS field
survey, they reflect the practices, experl~nce, and judgm,ent of
Southern Pacific track maintenance personnel.

Figures 17 through 22 compare initial vs. final predictions of rail
and tie lives and major surfacing cycles for various selected track
conditions. These graphs show the extent to which initial
assumptions/formulas were modified to reflect the results of the
TOPS field survey and subsequent analyses.

A single portion of resulting track component data for specific track
segments in the Master Track File is reproduced as Appendix C.
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Task 4.

From here, the analysis uses resulting track structure data to ac
complish the costing of linehaul trackage as described below.

,
Develop Techniques for Determining and Allocating the Track Struc
ture Costs Associated with the Varying Physical Behavior of any
TYpe of Track Under any Traffic Conditions

This work utilizes the previously developed track renewal/main
tenance factors to construct unit (gross ton mile) and total annual
program-related costs for any track/traffic environment.

The following section describes the development and allocation of
unit costs using rail costing in the example.

Determination of a Unit Rail Cost

The rail cost incurred during a given year can be determined 'from
equation (17).

~
n r

~
E Eo

Annual Cost Per Mile = (C).JL = j=l k=l Fijk (C)T KWD·565
t 17)

where:

C = the cost of renewi~g one mile of rail (for a par
ticular type of track) and the other terms are as
previously described in the rail life evaluation
procedure (pp. 38-42 ) •

The annual cost is assignable to the various traffic types on the
basis of the proportion of rail wear each contributes. This is
shown in equation (18) for type abc traffic.

m
e
i=l

n r
E "E
=1 k=l

m

==i=l

n r
~ :E
j=l k=l

(C)
(Dabc ) (C)

Annual Rail Cost for abc Traffic
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A unit cost per gross ton mile of type abc traffic is determined
by dividing the annual cost from equation (17) by the annual tonnage
of this(equation 19) traffic.

(Dabc ) (C) 1
=

(c)
Rail cost per

= 'GTM of type
abc traffic

"

The rail cost associated with a given Shipment may be thought of as
having two parts. There 1s a cost directly attributable to the
characteristics of the shipment, and a cost due to rail wear by
locomotives and cabooses. The first part is the product of the
shipment's gross veight times the appropriate unit cost as developed
in equation (19). Rail cost associated with locomotives and ca
booses is developed by determining the total cost associated with
carload traffic, subtracting it from the total cost, and assigning
the difference equally to all traffic. This is shown in equation
(20)' where ncijk is the annual carload tonnage with type i wheel
loads, operated at class j speeds in train service-type k, and CL
is the number of cars moved over the segment.

m n r
~(C)

m n r ~~jkJC):E :E: e ~ E :E:
i=l .1=1 k=l FiJk i=l J=l·, k=l Fijk =

(KWD.565) (CL) . (100).565) (CL)

c
(CLl l~ n r

~~
m n r

~~(KWD·565) ~ ~ ::e: E .!£
.1=1 k=l Fijk 1=1 .1=1 k=l Fijk . ~ =

Rail cost per car mile due to' locomotive and caboose caused wear. (20)

Similar procedures are used to develop functions for tie and sur
facing costs based on respective component life/cycle equations
and renewal/replacement costs.

Track Structure Renewal/Replacement Costs

The determination of the' appropriate value of IC' used in the pre
ceding equations presents complexities akin to those to be encoun
tered in the development of service-specific track structure com
popent lives and maintenance cycles. Once the required frequency
of component renewal or replacement has been established,vhat is
the appropriate renewal/replacement cost associated with that specific
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work activity? It has previously been proposed that the appropriate
value to be associated with the incremental loss in track structure
life or quality associated with a particular type and volume of rail
traffic should be the current cost of replacing that incremental loss,
in kind, no matter when the actual replacement/renewal of the total
track structure component takes place.

What, then, are these "replacement" costs? Ho'W do they vary for
different track/traffic environments? Where should the data came
from? Is "average" cost data sufficient for these purposes? These
are all questions which require definitive answers before cost data
suitable for the analysis ,is developed.

The costs in question here may be termed "unit production costs,"
i.e., those costs incurred in the program replacement of a "unit"
(track mile) of track structure components (rail, ties, track sur
face quality). The ini~ial point to be made is that these are of
necessity railroad-specific costs. No llindustry-average" costs of
these 'Work activities have relevance to cost analysis of the nature
described in this study. Maintenance policies, methods, production
work equipment, labor and material costs -- all the components of
these unit production costs combine to render potentiallly wide
variations in these costs from railroad to railroad. For this rea
son , unit production cost data for· use in the analyses described
herein must be internally developed by each railroad.

Unit Production Cost "Variability"

The basic nature of these costs is that they are, of course, af
fected by many of the track/traffic, "parameters" previously
described. Material costs vary with the "type" of track
structure being replaced. Equipment costs vary with the type and
extent of equipment employed, maintenance practices and equipment
efficiency as determined by factors such as 'Work interference from
train traffic or from the areal nature of the particular work en
vironment. Labor costs vary with these and other factors, including
climatic conditions, productivity of individual track forces, dif
ferences in prevailing wage rates, etc. Unit production costs,
then, to be entirely accurate, must account for all significant
variations reSUlting from these and other factors.

Sources of Unit Production Cost Data

An accounting structure, inclUding the type and extent of expenditure
reporting, described in Appendix F can and does provide production
cost data of the type needed, for application to these procedures.
The important question in terms of production cost data acquisition
and application is - what level of cost information is sufficient
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and economically justified for use in economic analysis of trac~

structure costs? Are there cases vhere certain "system-level"
costs are adequate given potential variations across an individual
railroad's tra.c~ system, or, given the unique nature of a particu
lar maintenance district and its potential effect on unit production
cost levels, must cost data specific to that district be utilized?
For the present, of course, existing cost accounting systems vill
determine what type (if any) cost data is available for individuaJ.
railroads.

The unit production cost data used in this study was not produced
exclusively from accounting system data. Specific adjustments were
made to reflect certain variations in unit production cost not
ascertainable from available accounting records for the study tD6Ck
age. These included estimated variations in labor and equipment
work efficiency as a function of available on-track working time
(traffic interference), development of the economic value of salvage
able material and costs of replacements in kind where actual data
was not available due to track upgrading policies on the study track
age. Resulting estimated unit production costs applied to the study
trackage are averages to the extent that they reflect average labor
and equipment productivity with respect to items such as the fol
lowing:

1. Movement of forces and equipment from site to site
2. Breakdown or inefficient operation of equipment
3. Inadequate availability of york forces and equipment
4. Inadequate availability of work train and supplies
5. Undesirable weather conditions
6. Poor accessibility of work site
7. Population-related interference or interruption
8. Late arrival of trains for which track has been cleared

Resulting costs also reflect average labor rates and material costs
(except ballast costs) over the study trackage territories.

There is no question that averaging of production cost data to the
extent described generally renders the resulting costs less precise
than desirable, although for the mainline trackage under study, sig
nificant errors are not considered to be introduced and more refined
data vas not available.

Complete unit production costs developed for this study are contained
in Appendix C.

Task 5. Develop Aggregate Route Segment Track Structure Maintenance Costs
Which can be Combined ·with Other Variable Roadw&. Costs to
Establish Unit Gross Ton Mile Costs SUitable for Use in Pricing
Decisions
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The resulting equations for predicting both the unit (gross ton
mile) costs and the total annual track structure program maintenance
costs associated with any type of traffic on any specific track seg
ment are presented in Appendix D. Work under this task utilizes
the previously developed "Tr?ock Classification" system to calculate
the program track structure costs for each "class" of track existing
on each traffic "link" segment. Track "class" costs are weighted
by respective mileages of each class occuring within each traffic
link to develop aggregate "link" unit and annual costs. These link
costs are in turn aggregated over specific train crew districts to
develop resultant "crew district"-related track structure maintenance
costs. This method of structuring the resulting track costs allows
for the uniform calculation of most traffic-related operating costs
(train crew wages, train fuel, roadway, etc.) on a consistent basis
for use in day-to-day traffic costing. It also prOVides for mea
sures of the total annual economic depletion of the track structure
for specific train operating territories and associates this econo
mic loss with specific types and volumes of traffic in those terri
tories. Figure 23 depicts the interrelationship of all relevant
data files in the cost calculation and assignment process.

Resulting cost reports obtainable from these procedures are.shown
in Figures 24 - 32. These depict link costs for each track
structure component, unit costs for each traffic type on each crew
district and annual variable track structure costs associated with
sp~cific-types and volumes of traffic in each operating district. These
costs, which may be either manually maintained or stored on computer,
facilitate periodic updating through the use of appropriate cost
indexes. Specific cost results are discussed in Section X of
this report.

The track structure cost system developed here, including the
track and traffic inventory systems previously described, provides
the capability for periodic review of current physical and traffic
conditions assoc~tedwith any or all of the roadway system and per
mit the reevaluation of roadway track structure costs whenever sig
nificant changes occur in either the nature of the track structure
or the nature of the operating demands being placed upon it.
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2. Ordinary/Routine Track Maintenance Costs

Introduction

The previous section described procedures for determining and allocating
variable linehaul trackage costs associated with the major "program"
elements of the track structure, i.e., those which could reasonably be
viewed as functions of track component service lives or maintenance/re
newal cycles. This section deals with the costs of those track-related
work activities normally performed on a routine or as-required basis
which are also properly related to traffic type and volume.

As differentiated from the predictive methodology applied to rail and
OTM renewal, tie renewal, track surfacing and ballast cleaning/reneval,
the costs associated with ordinary or routine track maintenance presently
cannot be adequately determined by a track performance "model." The track
maintenance activities under consideration here primarily include the fol
lowing:

- spot tamping and lining
- spot tie replacement
- gauging and adjusting anchors
- repairing insulated joints
- weld grinding
- driving down spikes
- joint lubrication
- install new or reformed joint bar
- renew/tighten track bolts
- repair wheel burns
- ultrasonic inspection
- replace defective/failed rails
- rail-end welding
- rail-surface grinding
- track shimming
- welding points and frogs
- renewing other OTM

Neither the frequency with which these activities must be performed, nor
the "unit costs" associated with their performance can at this point be
satisfactorily related to the track/traffic parameters discussed earlier,
Le., they do not exhibit readily discernible "production functions."
These costs, affected by all such parameters, are also significantly af
fected by the level and quality of program maintenance/renewal being
carried out. (The reverse is, of course, also true). For these reasons,
and while recognizing that the observed levels of expenses associated
With these routine track maintenance activities are subject to the same
distortions due to maintenance deferrals cited earlier, it is believed
that such expenses can presently be more adequately determined by exami
nation of recorded expenses in the various maintenance accounts.

Affected Accounts

Referring to the expense items in the Accounting Structure outlined in
Appendix F, the following items constitute the ordinary or routine track
maintenance costs described above (those not treated as "program-type"
costs.
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Item No.

001
003
004

006
009
010
013
015
016
OlbA
017
023
111

Description

Spot Rail/Stock Rail Renewals
Welding and Track Grinding
Operating Detector Cars and Ultrasonic Test
Equipment
Replacing Switch Ties
Replacing Switches and Other Material
Replacing Insulated Joints
Ordinary Ballast Repairs
Miscellaneous Roadway Repairs
Miscellaneous Track Repairs
Extraordinary Track Repairs - Washouts
Extraordinary Track Repairs - Derailments
Renew Bridge Ties
Spot Surface Track

Of these expense items, the following is excluded as being entirely or
predominately unaffected by type and volume of traffic:

016A Extraordinary Track Repairs - Washouts

In addition, Item 015, Miscellaneous Roadway Repairs should more properly
be further subdivided to separate Roadbed Stabilization and Patroling
Track from the remainder of the track maintenance activities included
under Item 015, as these two are most appropriately considered traffic
related. This may be accomplished either by estimating the proportion
of these activities to the total of expenditures for Miscellaneous Road
way Repairs or, of course, by constructing and maintaining additional
expense item categories.

While it can be argued that portions of these routine maintenance acti
vities are not materially affected by traffic-type and volume, e.g.,
Track Shimming, or have some relatively "fixed" element associated with
their behavior, e.g. rusting or corrosion of OTM, weathering of bridge
ties, etc., these portions are felt to be minimal in comparison with the truly
traffic-related expenses associated with these activities. For these
reasons, all the expenses found in the accounting items listed above are
considered""variable ll with traffic. Further refinements can, of course,
be undertaken. However, these must be evaluated in light of the complex
ities in expenditure reporting they are likely to cause.

Level of Expense Differentiation and Assignnent

While it is recognized that' expenses associated with the routine track
maintenance activities will potentially vary from maintenance district
to maintenance district (if indeed not from track mile to track mile
within a given maintenance district), it is proposed that these expenses
be aggregated at the division level and assigned as division-average
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(gross ton mile) variable costs for prlclng purposes. This aggregation
is felt to be a necessary present co~pramise between costing accuracy
and cost system complexity. Resulting division-average routine track
maintenance costs can now be converted to crew-district unit (GTM) costs
by weighting the linehaul track miles of each division which exist in a
given crew district. This is illustrated below:

$TMI
Kl

'l'M:2_
~

$THn K--- + +UC = GTMI
G'I~~~, GT~ nCDA "

Kl + K2 + Kn

Hhere:
UCCDA

=

=

=

=

Routine linehaul track maintenance unit (~TI1)

costs for crew district A

Total linehaul routine track maintenance ex
penses for division n

Total division gross ton miles for division n

Total linehaul track miles of division n
existing in crew district A

It f'hould be noted that these expenses are also maintained on a "labor 
material - other" basis consistent with the treatment of all other road
way maintenance costs (See Appendix F).

Effects of Heavy Wheel Loads

As with the unit costs developed for the categories of "p'ogram" track
maintenance/renewal described previously, reasonable distinctions between
the effects of various wheel load categories can be obtained for routine
track maintenance expenses as well. This can be accomplished as follows.

Prior to summing all routine track maintenance expense items at the di
vision level, individual items may be grouped according to which areas
of track maintenance each item is most nearly "related" to. This is
demonstrated below.

Routine Track Maintenance Items
Related to Rail Life

001
003
004
009

Routine Track Maintenance Items
Related to Rail Bending Stress or

Traek Deflection

006
010
013
015 (Part)
016
orr
023
111
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Division-average gross ton mile costs are then obtained for each of these
two groups of expense items. Using the average wheel load determined in
the: analysis of program-related track costs (see pp.VII-33), the same rela
tive wheel load factors previously developed are applied as follows:

UCRR = division-average rail-related unit(gtm) cost

ueBS/ TD = division-average bending stress/track deflection
related unit (gtm) cost

Wheel Load
Class (lbs)

Rail-Related
Costs (UCER )

Bending Stress/
Track Deflection
Related Costs(UCBStTD) TOTAL

<15,000
15-26,000
26-30,000
30-33,000
33-35,000
35-31,500
>31,500

.8670
1.1605
1.1892
1.8335
2.?719
2.6261
3~0731

1.000
1.1236
1.1765
1.3158
1.3699
1.4286
1.5873

.8610(UCRR)+ 1.OOO(UCBS/TD)
1.1605 (UCRR)+1.1236(uCBS/TD)
1.1892(UCRR)+1.1765(UCBS!TD)
1~8335(UCRR)+1.3158(UCBS/TD)

2.2779(UCRR)+1.3699(UCBS/TD)
2. 6261(UCRR)+1.4286(uCBS/TD)
3.0731(UCRR)+1.5813(UCBS/TD)

The relative wheel load factors shown above are the mathematical recipro
cals of the linehaul rail, and tie and surfacing life factors for wheel
loads developed previonsly. These factors are based upon and average
loaded car weight of 100 tons. If the average loaded car weight on a
given division is significantly different from 100 tons, these factors
must be modified by multiplying each factor shown by 100 ~ the average
loaded car weight on the division. For example, if the average loaded
car weight on the division is 125 tons, all cost factors should be mul
tiplied by 0.800 (100 ; 125 = .800).

The resulting wheel load-factored routine track maintenance costs (division
average) are then apportioned to crew districts as described on page 05 .

Although theoretically possible, no similar weighting factors are developed
to distinguish the effects of train speed and train service-type on these
routine linehaul track maintenance costs. Such distinctions would be
essentially meaningless for division-level costs.
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It should be noted. that while division-level or crew district routine
track maintenance costs may prove adequate for pricing purposes.
knowledge of the behavior of these expenses at the maintenance district
level is required for adequate maintenance planning and control.

It has been previously stated that routine track maintenance costs are
most certainly a function of specific track/traffic conditions and that
given the nature of associated maintenance activities. these costs
do not readily lend themselves to "modeling" or other development through
the use of definite "prOduction functions." This does not. however,
prevent their estimation for specific line segments. Thomas K. Dyer, Inc.,
Engineering Consultants, have recently estimated these other main track
costs based on their review of specific lines. The Dyer cost estimates
are presented below and also include costs of vegetation control, ditching.
and cleaning tracks and right of way. which are excluded from the
traffic-related routine track costs as utilized in this study (it will
be seen that there is in fact a "fixed" component of the Dyer formula
for estimating such costs). The resulting formulas for estimating the
annual costs per track mile (1974 dollars) are:

Single track:

Double track:

765 + 28G

645 + 24G

Where G is the annual gross tonnage in millions, and reflects a measure
of the number of trains operated (based on freight-only track).

3. Structures Maintenance Costs

Introduction·

Cost analysts have traditionally treated structures maintenance costs
as "fixed ll with respect to volume and type of traffic •. The general
rationale has always been that unless the design limits of the structure
are exceeded. most annual maintenance would be attributable to the elements,
accidents. etc. While it is recognized that structures or their specific
components do wear out, the service lives involved are long enough to have
precluded quantifying any specific effects which annual tonnage, train
speeds or wheel loads may have on structure life/cost.
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A portion of the field investigation conducted in this study (See Appendix
B) was directed at determining whether structures maintenance personnel
(bridge inspectors and maintenance supervisors) felt that significant
variations in structure component life or maintenance were attributable
to annual tonnage density, heavy wheel loadings or train speeds. While
results of this survey were necessarily qualitative, the following con
clusions were drawn:

a. The maintenance activities associated with tunnels, culverts,
fences, snowsheds, signs, stations and office buildings and
concrete bridges are essentially independent of tonnages, wheel
loads and speeds. The only perceptible effects of traffic on

, the costs associated with the maintenance of these items were
those resulting from train traffic interfering with the efficient
performance of structures maintenance. This was currently felt to
be a ~inor aspect of the ~aintenance costs of these items.

b. The maintenance of steel bridges and trestles was felt to be
traffic-dependent to the following extent:

1) Effects of Heavy Wheel Loads

- increased incidence of fatigue fnactures
- substantial increase in incidence of loose and sheared rivits

2) Effects of High Annual Tonnages

- overall decreased member life due to accelerated fatigue
- more frequent tightening of decks and floor beam conne~tions

3) Effects of Trai.n Speeds

- increased wear in stringer to floor beam connections on
higher speed structures

- loosening of rivets due to increased vibratior. at higher
speeds.
increased slack in lateral and diagonal bracing due to sway

c. The maintenance of timber bridges and trestles was felt to be
traffic-dependent as follows:
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1) Effects of Heavy Wheel Loads

- increased incidence of split or broken stringers, requiring
more helper stringers

- increased lateral movement in higher bents

2) Effects of High Annual Tonnages

- accelerated wear between stringers, caps and ties
- increased loosening of line, chord and anchor bolts
- more maintenance required on pilings and br~cings

3) Effects of Train Speeds

- increased wear on caps, bracing and stringers for higher
speed structures

- increased loosening of deck bolts

Analysis

While effects of traffic type and volume on structures maintenance cost have
not been specifically determined, sufficient evidence was accumulated to
consider the bulk of bridge and trestle maintenance activities included
under Expense Item 022 (Minor Bridge, Trestle and Culvert Repairs) as appro
priate variable maintenance items the cost of which should be considered
traffic-dependent. For the Southern Pacific, bridge and trestle maintenance
under this expense item is currently felt to constitute approximately 70%
of the total expenditures under Item 022.

For purposes of cost analysis for pricing, these costs can be used at the
division level, i.e., division-average minor bridge and trestle maintenance
gross ton mile costs can be constructed ina manner identical to that des
cribed .for routine track maintenance activities. Further refinement to re
flect variations in these structure costs as a function of heavy wheel loads
can similarly be accomplished as demonstrated belQW,

Wheel Load Class (lbs)

~15,000

l5,OQO - 26,000
26~000 - 30,000
30,00G - 33,000
33,000 - 35,000
35,000 - 37,500

>37,500

Bending Strees/Track
Deflection-Related Costs (UCBTM~

1.000
1.1236
1.1765
1.3158
1.3699
1.4286
1.5873

The factors shown are the same as those for track structure bending stress/
deflection-related costs. Similarly, distinctions in division-average
structures maintenance costs for train speed and train service-type are felt
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to be essentially meaningless and are not developed here.

These resulting division-average structures maintenance costs may be
assigned on a crew district basis either by arbitrarily assigning the
division cost based on which division predominates in the crew district
based on relative track miles or more appropriately, by considering which
division has more timber and steel structures on the crew district line
haul trackage.

It is clear that far more precise analyses of different types of struc
tures under varying traffic conditions can be accomplished to refine the
nature of the cost treatment given herein. Such analyses can be completed
by special studies with sufficient structures records reflecting the fol
lowing information:

- location of structure (milepost designation)
- type of structure (timber, steel or concrete, open deck or

ballast deck)
- single or multiple track structure
- structure length
- year built
- condition records of each bent, pile, cap and stringer

(periodic inspection reports)
- height of bents
- type, spacing, condition of bridge ties
- record of major maintenance received
- annual repair expenses associated with the structure (obtained

by special work order or other project records)

The information described above, when combined with the specific traffic
characteristics attendant to particular structures, will yield much more
precise data for evaluating the economic behavior of railroad structures.

4. Signal t-faintenance Costs

While the cost finding procedures of both the Interstate Commerce Com
mission (ICC) and the Canadian Transport Commission (CTC) consider sig
nal maintenance costs as partially traffic-related, studies by the AARl,
as well as other recent work2 have considered these costs to be largely
fixed by the size and type of plant.

1. A Guide to Railroad Cost Analysis, Bureau of RailWay Economics, Associ
ation of American Railroads, December 1964.

2. Analysis of Track and Roadbed Maintenance Cost Variability, Rail Systems
Research Associates, December 1973.
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ICC procedures include signal maintenance expenses (Account 249) in a
group of accounts":' 201 (Super,intendence) and 227 through 279 - 'Which
is regressed against tons of revenue freight. CTC procedures group sig
nal maintenance expenses 'With dispatching and signal' operations and re
gress the sum of these expenses against train-miles.'

Given the nature of railway signaling sY,stems l Le., generally being
composed of components (relays, switch machines. interlockers. detectors.
etc.) which function or are activated with the passage of trains , it is

. intuitive to expect at least a,portion of. signal maintenance expenses to,
vary with train movement-related statistics, e.g., train-miles; There
are, of course, other signal lamaintenanc E: " exper,ses that would be expected to
be relatively fixed over some broad ranges of traffic output, e.g., sig-
nal inspection expenses incurred on a periodic basis ,as reQuired by the
Federal Railroad Administration, and still other expEfnses, e.g., cable
and line replacements which are almost soleY a function of'time and the
size and type of signal system. There are, of course, portions of all
three potential categories (variable. "step-variable" and fixed) of sig-
nal maintenance costs that will reflect factors not capable of specific
inclusion in any analysis. These include climatic conditions. difficulty
in reaching remote areas to perform signal repairs, vandalism •. etc.

In an attempt to establish the nature of the relationship (if any) between
signal maintenance expenses and train movement-related statist~cs (in
this case train-miles L thefollmdng analysis was performed •.

a) The signal system-across the trackage under study was.inventoried
'in terms of the total .amount of signal system complexity (measured
by the presence of all the various types of signal components or
devices on each division in th~ study trackage area). This was
accomplished by recording the quantity of each type 'of device
and veightingby the number of·AAR Relative Signal Units
contained in each device. The. description of signal devices/com
ponents analyzed and their associated relative values iz given in
Table I.

b) Train mile statizti.cs at the division leyel were recorded for
use in a "regression analysis. Gigri8l. maintenance expenses were·
developed from Expense Items Oll3-Repair of Signal Systems, 044
Repair Hot nox Detector Systems and 206-Maintenance of Hot Box
Carrier Equipmerlt.for .. ~ach divi sion.

\ .
\

. .

c) Signal Maintenance expenses per siGnal unit and expenses per,sig
nal unit value were tested against traffic output as measured by
train-miles. No· inMcation 01' relationshj.~ to traffic output
was found i.n each of the three analyses, i.e' .• results indicated
almost total randomness.
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From this analysis, three possible conclusions can be drawn:

Signal maintenance expenses are essentially plant size and
type-related,

- Any existing variability of such expenses with traffic output
is o~ersha~owed by expenses arising from adverse climatic
conditions, access conditions, vandalism, etc.

- Single-year data is perhaps not representative .of a:ny defini:
tive trend in signal maintenance expense behavior.

While there is no concrete justification for claiming that other rail
roads would obtain similar results from such analyses. there developed
no basis for consideration of signal maintenance expenses as other than
fixed for the system un4er study here.

There is obviously room for refinement in the analysis of signal main
tenance costs. Signal expenses .and signal inventory data can be anal
yzed in special studies conducted at the Section Maintainers level. (See
Figure 33) .. Analyses of this type may isolate several of the above
mentioned factors which tend to obscure the behavior of signal mainte
nance costs and lead to different conclusions regarding cost variability.

5. Other Linehaul Maintenance Costs

There are elements of variable cost which are indirect in nature a:nd
Which can be reasonably allocated among the: different roadway service
functions developed herein. These "overhead" type costs are treated in
two later sections of the study. (See pp. 123-124).

For purposes of this study, Expense Items G58-Repair of Roadway Machines
and 059-Work Equipment Lease or Rentals are considered entirely variable
as the incurrence of costs in these areas is predominantly a function of
the level of roadway maintenance activity occasioned by traffic-related
deterioration of roadway track and structures. These items are factored
to exclude the estimated portion of such expenses associated with line
haul program track structure maintena:nce and the remaining amounts are
allocated entirely to 1inehaul maintenance based on the presumption that
a majority of roadway equipment is devoted to linehaul-related maintenance
activities.
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HAINTAINERS SECTION DATA
SECTION _

DATE _

DIVISION _

FROM _

MILES, ROAD
MILES, TRACK
rULES, TRACK
CONTROLLER
CIRCUITS
DETECTOR
DETECTOR
DETECTOR
Dft..'TECTOR
DETECTOR

DETECTOR
DETECTOR
INDICATORS

LINE
LOCK
MACHINE
PREDICTOR
SIGNALS
SIGNALS

SWITCH
SWITCH

SWITCH

TO _

MAIN
MAIN BO~DED (JOINT)
MAIN BONDED (CaNT. WELDED)
SWITCH CIRCUIT (HAND THROW)
TRACK AND OVERLAY
HOT BOX - YARD
HOT BOX - AUTO - SINGLE
HOT BOX - AUTO - BIDIRECTIONAL
HOT BOX (BI-DIR.) DIG. OR SPRAY
DRAGGING EQUIPMENT, BARRICADE,
FLOOD, HIGH LOAD, ETC.
SLIDE AND ROCK
FIRE
SWITCH & MOTOR CAR SUBJECT TO
VANDALISM
POLE
SWITCH, ELECTRIC OR MECHM~ICAL

INTERLOCKING
GRADE CROSSING
SErJl.. OR SL
NO. OF CROSSINGS PROTECTED BY:

WIGWAGS
FL & FLRD
GATES

SPRI]G WITH OIL BUFFER & MFPL
SPRING WITH OIL BUFFER
lolITHOUT iv1FPL
POWER MACHINE ELECTRIC OR
PNEUMATIC

TOrrAL

MOTOR CAR
MI.
MI.
MI.
EA.
EA.
EA.
EA.
EA.
EA.
EA.

M. F'l'.
M.FT.

MI.
EA.
NO.LEVERS
EA.
EA.

EA.·
EA.
EA.
EA.

EA.

EA.

TRUCK

AVERAGE NUMBER OF HOURS P~R MONTH _
BRAl'JCH LINES ~

Figure 33
. SIGNAL HAIHTAINERS SECTIOi~ DA1'A
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.. Roadway Maintenance in Classification Yards

The classification yard represents the second roadway
11 service function II as treated in this study.
A classification yard may be defined as one or more of vari-
ous types of trackage and facilities combined in the operations·

:of train break-up and distribution, sorting and classification
of cars, and make-up of· trains for road movement.· Auxiliary
facilities such'as locomotive terminals, repair tracks and .
car shops may also be associated with a given yard. A great
variety of classification yards exist. ,This is due to yard
design, size, location and primary classification function.·
However"within this wide variation there exist three basic
classes of yards: fully automated hump yards, economatic
hump yards and flat switching yards.

Fully Automated Hump Yards

These yards utilize a rise or hump in the lead to the sorting
unit. Cars are pushed over the hump, cut off from the initial
string of cars, and allowed to roll by gravity through switches
in the ladder tracks to designated sorting unit ·tracks. Auto
matic or semi-automatic retarders control speed. There are
generally group retarders on the ladder leads and a master re
tarder immediately after the hump. Switch alignment may be
controlled by computer or manually operated from the crest
control tower. The primary purpose of these yards is the
break-up/make-up of through trains.,

EconQroatic Hump Yards

These yards, often called "poor man hump yardS," are basic8.lly
smaller, less expensive versions of fully "automated h~p yards.
AlthOUgh the operations are similar, the yards have some dis
tinct differences. Economatic hump yards generally have only
tangent point retarders rather than master and group retarders.
The height of the hump is usually only about five to six feet,
and the distance from the crest to the clear point, which.may
be as much as 1800 feet in a fully automated hump yard, is
~ept to a minimum (generally less than 550 feet). The number
of. sorting unit tracks is usually less than 24, .and the yard
is designed such that a hard rolling car will reach the tan
gent point at a speed of about four miles per hour, and the
easy rolling car at a speed of about 9.5 miles per hour. Econ
omatic hump yards are generally used for make-up/break-up of
trains arriving/departing a major terminal area. These yards
usually function to decrease the classification load at a.
major yard which may also serve the same area.
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Flat Switching Yards

-These yards are placed on a relatively constant grade (gener
ally nearly level). Cars are sorted as a locomotive pushes
a string of cars onto first one track and then another. The
cars appropriate to a particular track are cut off and allowed
to drift along the track against cars already there.

Maintenance Costs in Yards

The cost of maintaining a yard facility occurs in five basic
areas:

1 - Track Structure
2 - Car Retarder System
3 - Communication System
4 - Signal System
5 - StructUres (Culverts, Bridges, Buildings, etc.)

Track Structure

This area includes the cost of maintaining and replacing
rail, ties, ballast, turnouts and other track material.
Several different groups of tracks exist within yards.
These may include yard lead tracks, ladder lead tracks,
running tracks, body tracks (arrival and departure yards),
hump leads, sorting unit tracks and pull-down tracks.
Different activities are associated with eac~ of these
types of track.

The same traffic characteristics and physical conditions
which affect track maintenance .costs in linehaul service
also affect yard track maintenance costs. However, the
operating demands placed 'upon the track structure differ
significantly between the two situations. For example,
ladder lead tracks may be subjected to the braking and
accelerating of switch engines and bowl tracks are sub
jected to the static loading effect of standing cars.
Furthermore, time related effects on rail wear such as
corrosion become more significant determinants of total
cost due to the typically low annual tonnages moving a
cross individual bowl tracks. -

Drainage problems in yards are often more severe than
those associated with most linehaul trackage. This is
partially a result of standing locomotives leaking sand
and oil. However, it should also be noted that the loca
tion of a yard is generally a function of many parameters
other than quality/stability of subgrade. This clearly
affects tie life and ballast condition as well as track
line and surface. Speeds in yards are well within the
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the range. of 12 to 18 mph where dynamic track-train forces
are most likely to induce rqck-and-roll. Th:l.s intensifies
the problems of low and/or pumping joints. L~ing con
tinuous welded rail in yards tends to decrease these pro-
blems. \

A large portion of maintenance expense in yards m~ be the
result of operating damages. The "J:[lost costly of these is
the repair or replacement of run-through switches~ Fur
thermore, the high utilization of yard switch machines
often results in an average life of only three years be
fore reconditioning. The cleaning and oiling of switches
is a major activity in yards.. However, in the present

," analysis this is considered an expense of "operating" the
roadway and is discussed in a following section.

Car Retarder System

These systems may be completely electric or the control
may be electric with the retarder shoes 'applied pneuma
tically. In. either case, the maintenance expense is due
to replacement of retarder shoes and'maintenance of the
control system. The average cost of retarder shoe: replace
ment may range from $3500 to $7000 per year for each re
tarder. _ The cost of the control system involves main
tenance of speed sensors, tra.ck occupancy sensorEl; compu
ters, power supply and compressed air lines.

Communication System

The .system of communications and data collection in a
yard can vary from a simple series of telephones to'elab
orate electronic data collection, processing and communi~

cations systems ~ied in with closed circuit television
monitors and/or automatic car identification sensors.
Teletype may be used to transmit train consists and svitch
lists 'between major terminals and to various sub-units of
a classif:l.cation yard complex. Computer printouts may
also be used for the same purpqse.' Car movements may be
recorded in one or more computer centers established in
yard offices to permit inquiry regarding car location
and movement. :;

Various yard elements (yard office, receiving/departure
yard offices, hump office, etc.) may be interconnected
vith pneumatic tube systems to permit interchange ofphy
sical memoranda such as waybill,train consists and switch
lists. Radio and/or "squawk" boxes are used to place yard
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masters in voice contact with all yard forces and others
including the ,crews on yard engines, switch runs, trans
fers and crews on arriving and departing trains.

The cost of maintaining these systems includes such items
as mainten~ce ~f communication channels, power supply,
and standby equipment as well as the repair and replace
ment of relays, transistors, transformers and tubes., The
magn~tude of these costs will vary greatly with the com-
plexity of the system. '

Signal System'

Costs in this area involve maintenance of the hump signals,
yard signals, insulated joints, as well as any interlocker

_ system. Most of these expense items are probably relatively
fixed with respect to traffic volume.

Structures

Includeq in this cost area is the expense of repa~r1ng all
yard buildings (including hump office, arrival and depar
ture yard offices), fences and roads. Maintenance of
track scales is also considered in this category. These
expenses may be totally fixed with respect to traffic.

Current Yard Costin~ Procedures

Interstate Commerce Commission (ICC)

The ICC Rail Form A Costing Procedures base yard mainte
nance of way costs only on expenses reported in Accounts ~

202 - 221. Expenses reported in these accounts for yard
and way-switching tracks (as well as running tracks) are
estimates based upon total expenditures in each account
and equated track mileage. Equated track mileage is de
termined from the values for labor distribution shown in
Table 1. This allocation procedure (requested by the
railroads) was first allowed by the ICG ~n.1935. The in
tent was to eliminate the necessity of compiling detailed
expense reoords for yard and way-switching tracks. The
proportion of total expenses (Accounts 202 - 221) assigned
to yard switching tracks is given by the ratio of equated
yard switching track mileage (miles of yard switching
tracks multiplied by 0.32) to total system equated mileage.
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Track Class

First Main Track, Mile
Second Main Track, Mile
Branchline .Track, Mile
Yard and Side Track, Mile

American Railway
Engineering Association

(AREA) Factor

1.00
0.83
0.49
0.32

Table 1 Equated Values for Labor Distribution

The estimated expenses for yard and w~-switching tracks
are regressed against yard and train-switching hours in
an equation of the form:

Y = a +bx + cX2
where:

'Y =
x =

expense per mile of road
output per mile of road

, ,

"Percent variable" factors are computed for reported ex
penses and output for five years using the mean output
level in the expression for elasticity:

b = 2ci
a/f+ b + cx

For the years 1966 -,1970 the percent variable determined
ranged from 20 -96 percent. An average of these five
years was taken yielding a 55 percent variable factor. A
unit variable cost is determined by dividing total vari
able expense (percent variable times total expenses) by:
yard output (total yard and train-switching hours).

Canadian Transport Commission (CTC)

The CTCmethod for analyzing yard maintenance costs does
not utilize a separation or allocation of yard expenses.
This method regresses the sum of the accounts for all
track and roadway maintenance, ties, rail, OTM, ballast,
roadway buildings, small tools and supplies, public im
provements and right-or-way expenses against the indepen
dent variables of miles of road, gradient index, gross
ton miles and yard and train-svitching miles. The unit
variable cost for yards is determined from the coefficient
of the yard and train-switching miles variable. Variable
overhead for roadway maintenance is determined by re
gressing the sum of expenses (exclUding administrative
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expenses and health and welfare expenses) against the
the sum of accounts for track and roadway maintenance,
tunnels, bridges and culverts, ties, rail, OTM, ballast
fences, snowsheds and signs,. stations and office buildings,
roadway buildings, water and fuel stations, shops and en
gine houses, power plant systems, other structures, road
way machines, small tools and supplies, removing snow, ice
and sand, public improvements and right-o'f-way expenses,
(excluding material stores expenses, direct shop general
operating expenses, administrative expenses and power
plant machinery expense). The variable overhead cost is
applied to all variable expenses.

Proposed Yard Costing Procedures

The proposed yard costing procedures are based on the following
premises:

1 - The costs associated with yards should, inmost cases,
be based upon actual rather than upon estimated or
predicted expenses.

2 - Yard output for maintenance of way costing may be more
appropriately measured in terms other than yard-engine
hours.

Cost Determination

It should be clear that "expense records" (reflecting stan
dardized allocations and also any existing bUdgetary con
straints) do not necessarily reflect the true economic costs
associated with traffic in yards. However, although condi
tions of deferred maintenance may exist in yards, exactly
what constitutes a deferral is not easily defined. Even
during periods of relatively high earnings, there generally
are not definite program maintenance or r~newal cycles in
yards. For example, rail laid in yards is usually secondhand
rail. The economic life of such rail in yard applications is
based in part on factors other than the physical and traffic

/ characteristics associated with the rail, such as the conse
quences of a broken rail, and the time necessary to. replace
a rail.

Serious maintenance deferrals have occurred in the yards of
some of the financially troubled and bankrupt railroads. It
cannot be argued that the expenses reported by these roads
for yard maintenance reflected the economic costs of main
taining their yards. In these cases special treatment must
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be given to yard rehabilitation costs to develop annual
yard costs for pricing and other purposes. However, in
general, the procedures necessary to develop predictive mea
sures of yard costs for pricing purposes based on estimated
component service lives may not be justified given the rela
tive magnitude of yard costs and the costs of such procedures
themselves. This is explored in further detail later.

The conditions described above point to the need to refine
yard maintenance costs used for pricing by use of more precise
accounting procedures. Such a determination of yard mainte
nance of way expenses from accounting records necessitates
treatment of yards as cost centers. However, this can usually
be accomPlished within th~ structure of existing responsibi
lity accounting systems by assigning work.order numbers or
other cost control documentation to specific yards. Labor ex
pense for maintenance work done in yards can then be determined
by·having field engineering and maintenance forces report their
time against these documents. If material is expensed at some
time other than when it is used (such as when it is charged
out of system or division stores - a normal procedure), then
it will still be necessary to apportion this expense between
the various service functions (linehaul, yards).

Specific expense areas which occur in yards and are considered
to be variable with traffic include the following:

Spot Rail and Stock Rail Renewals
Welding and Track Grinding
Replacing Cross Ties
Replacing Switch Ties
Replacing Frogs
Replacing Switch Points
Replacing Switches- Other Material
Replacing Insulated Joints
Ballast Cleaning and Plowing
Ordinary Ballast Repairs
Miscellaneous Roadw~ Repairs
Miscellaneous Track Repairs
Extraordinary Track Repairs - Derailments
Minor Bridge, Trestle and Culvert Repairs
Repair Car Retarder Systems
Renew Bridge Ties
Spot Surface Track

Specific expense areas which occur in yards and are virtually
fixed with re.pect to traffic includ~ the following:

Repair Stations and Office Buildings
Repair Svitching,Yard Floodlights
Extraordinary Track Repairs- Washouts
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Repair RoadwaYc Buildings
Repair Diesel Servicing Facilities
Repair Power Plants
Repair Electrical Power Transmission Systems
Repair Steam and Air Power Transmission Systems
Repair Fences and Signs
Repair Signal System
Repair Communication System Facilities
Controlling Vegetation

For this cost accounting system to be reasonably accurate,
a yard must be defin~d in terms that provide reporting ease
for field forces. Such a definition could specify all tracks
(excluding main tracks) within yard limits or which originate
from a turnout within yard limits to be considered yard tracks.
Defining a yard in th~se terms could include more trackage
than that directly associated with a classification yard,
however. Before instituting such a reporting system, it would
be useful to interview field engineering personnel to determine
the following:

I - What is the most useful definition of a yard for
field personnel?

2 - What effort will be involved on the part of field
forces to report expenses for yards?

3 - Will refined maintenance expenses 'in yards be useful
to personnel charged with maintaining those facilities?

4- Will refined yard maintenance expenses yield the cost
analyst more accurate expense information than an
allocation based upon track miles and equated track
mile factors?

Discussions with Southern Pacific Transportation Company per
sonnel indicate-that the previously stated definition of a yard
is reasonable. Furthermore, responses from field personnel
indicated that if proper reporting documents are provided, it
would be possible to report expenses in yards, and that this
information would be useful to engineering personnel. The
regression analysis (p. VII-I09) of yard expenses and track miles
shows that expenses and track miles are correl&ted (correlation
coefficient ~ .603, R2 = 6.364). However, this correlation
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is not good enough to accurately estimat.e yard expenses on
the.basis of track miles.

!

!

Measuring Yard Output

Yard output. for determining/assigning maintenance of way
costs may be measured in several ways - yard-engine hours,
yard tonnage throughput', carco'Wlt, "slI'itch count" or "switch tons."

Yard"'engine hours is. a readily available measure of yard out
put. However_,some -points concerning ; its use should be noted.

-1 - Total yard-engine hours
engines are operating.
amount of ,time actually

reflect only the time switbh
This is not necessarily the
spent, moving cars.

\

2 - Yard-engine time is not a causal factor of roadway
_expense, nor is it necessarily directly related to
these factors.

3 - The amount of switching activity which takes place
within a given time period is a function of many
'factors, including yard crew efficiency, yard layout;
etc. '

However, these. points do not eliminate the possibility that. a
meaningful statistical relationship may exist between actual
yard maintenance of way expense and switch-engine hours.

.' .
Tonnage handled through, a yard may be a fairly good Dieasure
of output for those cost areas where tonnage is the primary
expense-caus ing factor ~ However, throughput tonnage'· also
<toes not reflect the 'SWitching activity which takes. place
within a yard. This can resuit in understating the total ton
nage which moves over the sorting unit tracks. The number of
cars handled through a yard (car count) may be a fairly simple
output measure for yard costs resulting from operating damage.
However, it- is probably ,less /related to those expenses' in-

. cui-red as a result of tonnage. .-.

Amore sophisticated measure of yard output can be develope~

,based upon the number of srit,ch-engine movements (switch
count) required to move cars through a yard •.This tally of
switch..,;engine movements is illustrated best by examIlle~ A

.given car enters a flat yard in a train. At this 'point there
have'been no sritch-e~gine moves, there:fore, the "switch ll

count is zero. If the car now leaves in a train without being
moved to another track, the switch count remains zero. Other
wise, when it is moved to another track, the switch count be-

,comes one. Should it be moved again, the switch count increases
by one. This continues every time a car is moved from one track

",\
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to another until it departs in a train. It should be noted
that a car movement within a train both arriving and de
parting a yard does not increase the switch count as this
count is only a tally of switch-engine moves. Adding one
to this switch couqt accounts for this movement.

A system which uses this switch count requires a basis for
tabulating the count. This can be done on the basis of
arriving train and departing train pairs, although this would
involve a large number of combinations. 'It ~hould be possible
to greatly simplify this by only considering local and through
trains. In this way only four possible combinations would be
considered: arriving and departing on a local train, arriving
and departing ona through train, arriving on a local and de
parting on a through train, arriving on a through train and
departing on a local train. Although this simplification
does not accurately reflect every car move, it should'ade
quately reflect (for roadway costing purposes) a significantly
large portion of them.

This switch count is useful in areas other than maintenance
of way costing, such as terminal management. A tabulation
of switch counts for the various activity centers within a
terminal can give the terminal superintendent a measure of
the physical activity that took place in each area. This in
formation,when combined with switCh-engine time for each
activity center prOVides him with the capa~ility to discer~
problem areas and monitor changes in the performance of any
part of. the terminal. The value of the switch count is that
it reflects the physical movement and activity taking place
within a yard rather than the time ,or number of cars involved.

The switch coUnt only measures the movement of cars within
a yard. Adding one to ,a given car I s sritc.hcoUnt (to reflect
the move entering or departing the yard) and multiplying this
count by car weight yields an effective measure ("swit~h tons II)
of the total yard output relative to that car. Basically,
this is an approximation of the tonnage going directly through
a yard (no switching) which would have an effect on yard road
way components equivalent to that of the actual tonnage that
goes through the yard ,and is switched.

Yard output may also be measured by a combination of output
measurements such as tons and yard-engine minutes. Although
this increases the complexity of the. statistical analysis,
it is a feasible alternative.
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Statistical Analysis

A statistical analysis should be undertaken to determine the
measure of output best related to variable yard maintenance
expenses ,for each type of yard. The measure which best cor-'
relates with expense data can then be used for costing pur
poses. Several points should be, made concerning these re
gression analyses:

I - Due to dependence of maintenance expenditures on net
revenue, the average annual expense over several years
(for example, a five-year running average indexed on a
constant dollar basis) should be used as the expense
data.

2 - The yards used in the analysis should be a good repre
sentation of yards, across the system. Furthermore,

--they should be yards in which the limits of the yard
for accounting purposes do not include excessive a
mounts of industry switching trackage. The purpose of
the analysis is to estimate costs for classification
yards. Therefore, those expenses associated with in
dustry. house. team'and other trackage, should be ex
cluded from the anafysis to the extent this is feasible.

3 - The resulting relationships between expenses and output
are not necessarily cause and effect relationships and
should not be interpreted as such.

An analysis vas undertaken for ten classification yards on
the Southern Pacific system. Yard output data collected in
cluded switch engine hours, sWitch count. car count. tonnage
throughput and svitch tons. Expense information for the
analysis was, based upon reported annual expenses (calendar
year 1974) and field personnel estimates of the amount of
time spent maintaining yard facilities.

Expenses allocated to yards on this basis included the fol
lowing:

Spot Rail/Stock Rail Renewals
Welding and Track Grinding ,
Replacing Cross Ties
Replacing Switch Tie
Replacing Frogs
Replacing Switch Points
Replacing Switches - Other Material
Replacing Insulated Joints
Ballast Cleaning and Ploving
Ordinary Ballast Repairs
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Miscellaneous Track Repairs
Spot Surface Track

The size of yards ranged from 9.35 to 90.04 track miles and
estimated annual expenses varied from a low of $53.330 to
a high of $412.890. Six flat switching yards, three fully
automated hump yards and one economatic hump yard were in
cluded in the analysis.

Regression analyses were performed using the data in Table
II The results of those regressions are displayed in

Tables III. IV,. V, and VI. Before discussing the results of
the regressions, two points should be noted.

1 - The expense information is for only one year.
An anal~sis using five years expense information
could yield different results.

2 - Expenses incurred in these yards are a function
of Southern Pacific yard maintenance policies
and the existing condition of these yards.
Other railroadS could obtain different results
using a similar analysis on its yards.

The results of ~he regression analyses indicate that the two
measures of yard output best correlated with flat yard ex
penses are switch count and switch tons. It is interesting
to note that these same two measures of output appear the
best when the analysis included both hump and flat yards.
However, the correlation was significantly higher in the
latter case. Due to the high correlation between switch
count, switch tons and track miles, a regression using more
than one output variable improves the correlation but re
duces the significance of the regression coefficients as
measured by the partial F-ratio (t-statistic). When flat
yard expenses were regressed against switch count and track
miles, the resulting equation was:

y = 25678 + O.05946x + 1728.9z

where:
y
x
z

=
=
=

annual yard maintenance expense-dollars
annual yard output measured by switch count
yard track miles

The partial F-ratio associated with the switch count co
efficient dropped to 0.2418.
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Correlation Index of Partial
Output Coefficient Determination (R2) F...Ratio Regression Equation

Car Count -0.40136 0.16109 0.7681 y = 214666 - (0.166720)x

Switch Count 0.35241 0.12419 0.5672 y = 32186 + (0.1l4729)x

Tonnage -0.34104 0.1l631 0.5265 y = 200646 - (0.002375)x

Switch Engine -0.01517 0.00023 0.0009 y = 133403 - (0.001208)x
Minutes

Switch Tons 0.10687 0.01142 0.0462 y = 99440 + (.000403)x

Table III Regression Analysis of Flat Yard Expenses (y)
Against Measures of Yard Output(x)

Correlation Index of Partial
Output Coefficient Determination (R2 ) F-Ratio Regression Equation

Car Count 0.53540 0.286665 3.2147 y = 17750 + (0.22045)x

Switch Count 0.74268 0.55158 9.8405 y = 26780 + (0.096499)x

Tonnage 0.56407 0.31818 3.7333 y = 17260 + (0.003765)x

Switch Engine 0.59489 0.35389 4.3819 y = 59575 + (0.042053)x
Minutes

Switch Tons 0.74445 0.55421 9.9457 y =10614 + (0.001255)x

Table IV Regression Analysis of Flat Yard and
Hump Yard Expenses(y) Against Measures of
Yard Output(x)
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Switch
Car Switch En~ine ' Svitch Track

Expenses Count Count Tonnage Minutes !em!. ~

Expenses 1.000 0.535 0.743 0.564 0.595 0.744 0.603

Car Count 0.535 1.000 0.782 0.997 0.692 0.873 0.658

Switch Count 0.743 0.782 1.000 0.787 0.852 0.985 0.748

Tonnage 0.564 0.997 0.787 1.000 0.673 0.879' 0.663

Switch Engine 0.595 0.692 0.852 0.673 1.000 0.833 0.732
Minutes

Switch Tons 0.744 0.873 0.985 0.879 0.833 1.000 0.756
,.

0.603 0.658 0.748 0.663Track Miles 0.732 0.756 1.000

Table V Correlation Coefficients for Measures
of Yard Output and Yard Expenses (Hump
Yards and Flat Yards)

Switch
Car Switcb Engine Switch Track

Expenses Count Count Tonnage Minutes Tons Miles

Expenses 1.000 -0.401 0.352 -0.341 -0.015 0.107 0.760

Car Count -0.401 l.000 0.094 0.985 -0.361 0.602 -0.092

Switch Count 0.352 0.094 1.000 00.190 -0.600 0.835 0.237

Tonnage -0.341 0.985 0.190 1.000 -0.511 0.692 -0.038

Switch Engine -0.015 -0.361 -0.600 -0.511 1.000 -0.770 -0.117
Minutes

Switch Tons 0.107 0.602 0.835 0.692 -0.770 1.000 0.181

Trac;:k Miles 0.760 -0.092 0.237 -0.038 -0.117 0.181 1.Q90

Table VI Correlation Coefficients for Measures
of Yard Output and Yard Expeoses(Flat Yards)
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Costs for Pricing Purposes

The variable yard maintenance cost for rate-making purposes
is determined by directly assigning variable yard expenses
on the basis of the best correlated measure of output de
termined from the statistical analysis. Based on the pre
vious analysis, the cost for a given flat yard would be de
termined by dividing total annual variable expenses for the
yard by to1lal annual switch count. Similarly, the cost for
a given hump yard 'Would be determined using total annual
variable expenses for the yard and total annual output in
terms of the best correlated measure of output.

It may be argued that these costs should not be considered
100 percent variable with traffic. However, even though
time-related deterioration of the roadway does occur in
yards, the maintenance expense incurred is of the same basic
type as variable routine roadway maintenance in linehaul ser
vice. These costs are incurred in a yard as a direct result
of the traffic moving in the yard.

Heavy Wheel Load Effects

The effect of wheel loads on yard costs can be costed using
both an aggregation of accounts procedure and the relative
life/cost factors developed for use in costing linehaul track
age. Two categories of variable cost can be designated based
upon the relative effect of wheel loading.

1. Costs affected by wheel loading in the same way
wheel loading affects rail life (contact pressure
related costs). Included in this category are:

Spot Rail and Stock Rail Renewals
Welding and Track Grinding

2. Costs related to rail bending stress and track de
flection. Included. in this categar,y are:

Replacing Frogs, Switch Points, Switches and
Other Material

Rep~acing Insulated Joints
Replacing Cross Ties, Switch Ties, Bridge Ties
Ballast Cleaning and Plowing
Ordinary Ballast Repairs
Spot Track Surfacing
~tiscellaneous Roadway Repairs (Stabiliaation)
Miscellaneous Track Repairs (Derailments)
Minor Bridge, Trestle and Culvert Repairs
Repair Car Retarder Systems
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The variation in costs related to track deflection
and rail bending stress is directly related to car
weight. For this reason car retarder costs are in
cluded in this category.

Unit costs are determined for both of these categories in
the same manner as described in the previous section. These
costs are then multiplied by the appropriate wheel load fac
tor shown in Table VII. The sum of the two factored unit
variable costs is the total unit variable cost for the speci
fic wheel load class.

Rail Life- Rail Bending and Stress
Wheel Load elbs) Related Cost Track Deflection-Related Costs

<15,000 0.8670 1.000
15,000-25,999 1.1605 1.1236
26,000-29,999 1.1892 1.1765
30,000-32,999 1.8335 1. 3158
33,000-34,999 2.2779 1.3699
35,000-37,500 2.6261 1.4286

>37,500 3.0731 1.5873

Table VII.
Wheel Load Cost Factors for Yard Maintenance Costs

The cost factors in Table VII are the mathematical recipro~als

of the linehaul rail, and tie and surfacing life factors for
wheel loads. These factors are based upon an average l,oaded
car weight of 100 tons. If the average loaded car w~ight

in a given yard issi~ificantly different from 100 tons, then
these factors should be modified. This can be accomplished
by multiplying each factor in Table QY 100 ; by the average
loaded car weight in the yard. For example. if the average
loaded car veight in the yard is 125 tons, then all the cost
factors in Table VII should be multiplied by 0.800 ( 100 .;
125 = 0.800).

Cost Determination Under Conditions of Severe Maintenance
Deferral

In some cases yard maintena.nce has been deferred to such an
extent that a complete reconstruction of the track structure
is necessary. Under these conditions, accounting records
should not be used to determine the variable cost of maintaining
the roadva:y. For these costs it is probably necessary to base
the a.nnual variable cost level on the annualized cost of the
necelsary track work. It is possible to base the track costs



on predicted service lives of the various components. How
ever, this requires analyzing each class of yard track se
parately and developing unit costs for each component in each
track type based upon the traffic activity and physical charac
teristics of the track. Yard expenses (as estimated) for the
track accounts (202, 212, 214, 216, 218, and 220) typically
constitute less than 10% of total track account expenses.
The magnitude of these expenses probably does not justify
developing yard costs on the basis of predicted service lives
of components.

Additional Methods for Determining Yard Track Costs

Thomas K. Dyer, Inc. Engineering Consultants, have recently
developed predictive formulas for several classes of yard
and switching tracks. These formulas relate estimated track
costs (annual cost of accounts 202, 212, 214, 216, 218 and 220)
to the size and type of yard, with implied levels of yard/switch
ing activity (output) associated with each class of yard or
switching track. These formulas for annual yard/switching
track costs (1974 dollars) are presented below.

Class of Yard/Switching Track

Heavy Duty Classification Yard
Industrial Switching Yard
Equipment Servicing Tracks
Storage Tracks

Cost Formula

4,270M + 720N
3,630M + 600N
3,OOOM + 470N
2,580M + 350N

Where M equals miles of track and N equals number of turnouts.
These costs, taken as appropriate measures of variable yard/
switching track costs would be allocated to the freight car
in order to estimate route-specific costs.
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.. Miscellaneous Trackage Maintenance

Introduction
\

The trackage considered under this roadw~ service function includes
all trackage involved in tbegathering,storage, and distribution of'
rail carloadftrain lead traffic, and that associated with the servicing
or ~epair of railroad rolling stock~ This roadway service function ex
cludes yard trackage and linehau"l trackage as defined above. This
includes the following different types of trackage:

1. " industrial sidings
2. drill tracks, ,
3". spur tracks
4. "team tracks
5. car repair (rip) tracks
6. storage tracks "
7. sUppOrt tracks for shops, intermodal facilities,. etc.

While it is recognized that the service environments associated with each
of these types of track can be sUbstantially different from one another,
it is felt there is sUffICient homogeneity to warrant treatment of these
type of tracKs and any related structures items ~s a single roadwaY ser-
vice function~. '

Analysis

Utilizing the accounting structure described in Appendix F, all vari
able Expense Items preViously developed are recorded at the division
level. This anal7sis proposes the "segmenting of all non-recollectible
labor associated with tbe miscellaneous trackage service function in a
manner similar to that developed for the'linehaul and yard service func
tions. Applicable 'Exlense Items for this service function are listed
belovo

Item No.

001
003
005
006
001
008.
009
010
all
012

, " Description

Spot Rail/Stock Rail Renewals
Welding and,. Track Grinding
Replacing Cross Ties
Replacing Switch Ties
Replacing Frogs
Replacing Switch Points
Replaqing Switches - Other Material
Replacing Insulated Joints ,
Surface Track-Out-of-Face
Ballast Cleaning and Plowing "
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Item No.

013
015 (Part)
016
017
022 (Part)··
023

Description

Ordinary Ballast Repairs
Miscellaneous Roadway Repairs
Miscellaneous Track Repairs
Extraordinary Track Repairs - Derailments
Minor Bridge, Trestle and Culvert Repairs
Renew Bridge Ties

Subsequent to determining the track labor associated with the miscellaneous
trackage service function, material costs found in the basic Expense,Items
may be allocated to each service function based on the resulting track
labor distribution (linehaul, yard, miscellaneous trackage). While some
distortions in material costs of each service function are likely to re
sult from this 'procedure, without the ability to routinely record material
applications on a service function basis, there would seem to be no other
appropriate allocation procedure available without special study.

Cost Assignment

Division-average miscellaneous trackage variable costs must be assigned
to traffic units on a basis appropriate to the nature of the roadway ser
vice provided. It is proposed that the number of originating or termi
nating carloads most adequately represents the basis on which these costs
should be assigned, since it is this measure of traffic which most nearly
rep~esents the level of gathering/distribution activity., This cost de
termination and assignment process is illustrated below.

Where:
UCMl' = Average Unit Miscellaneous Trackage

1 Cost on Divisiop 1.

$VMr1
.- Total Var~able Miscellaneous Track-

age Expenses on Division 1.

Co = Number of Originating Carloads on
1 I)ivision 1.

CT = Number of Terminating Carloads on
1 Division 1.
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Refinements may ·be made to these resulting; division-average unit costs
to reflect distinctions in Miscelle.l!eous Trackage Costs associated with
the various wheel load categories, as described previou~ly (or routine
linehaul track" maintenance and yard track maintenance costs. It should
be noted that the additional effort required to group these r1iscellaneous
Trackage EXpense Items ~ccording to those which are raii life-related vs.
those which are bending stress/deflection-related in order to properly
assign the developed wheeel load factors may not prove cost effective
given the relative magnitude of these Miscellaneous Trackage Costs com
pared to total variable service function costs.
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• Roadway Facility/System Maintenance

1. Service-Related Facility Maintenance

Service-related facilities are the strUctures, machinery,
and associated terminal areas which are used to provide a
particular type of service or to handle a particular type
of commodity. These facilities include~ but are not neces~

sarily limited to TOFC/COFC terminals, docks and wharves,
'grain elevators, storage warehouses and automobile loadingl
unloading facilities. The type and number of these facili
,ties which exist on a given railroad is a function of the
region served, traffic commodity mix and marketing policies.
A railroad that predominately serves a major grain cultivating
region such as the Midwestern United States Will be likely
to have significantly more grain handling facilities than a
railroad serving the Southwest. Similarly, a railroad which
serves several major ports will be likely to have major in
termodal facilities associated with them.

Cost Areas

To the extent that there are railroad tracks at, these faci
lities, there are costs associated with the maintenance of
the track structure. These variable costs include the'fol
loVing:

Spot Rail and Stock Rail Renewals
Welding and Track Grinding
Replacing Cross Ties, Bridge Ties, Switch Ties
Replacing Frogs, Switch Points, Switches-other Material
Replacing Insulated Joints
Ballast Cleaning and Plowi,ng
Ordinary Ballast Repairs '
Miscellaneous Roadway Repairs (Stabilization)
Miscellaneous Track Repairs
Extraordinary Track Repairs - Derailments
Minor Bridge, Trestle and Culvert' Repairs
Spot Surface Track

Other costs of maintaining these facilities will vary with
both the type and ,size of the facility. As an example, the
maintenance costs associated with a maaor TOrC/COFC terminal
may involve the following areas:

Structures
Overhead Cranes and Lifts
Ramp Tractors
Piggy Packers
Parking Areas
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Current 8ervice-Specific Facility Maintenance Costing
Procedures -,

I~~ers~a~e Commerce Commission (ICC)

The ICC Rail Form A Costing Procedures base service-specific
faci1i~y maintenance costs on expenses reported in Accounts
237, 239,241,243, 244 and 265 (Grain Elevators, Storage
Warehouses 9 Wharves and Docks, Coal and Ore Wharves, TOFCI
COFC Terminals, Miscellaneous. Struct:ures). Expenses in .
Accounts 201 and 221 through 279 were found to be 60 percent

/' variable (on the average) with tons of reJrenua freight. This
vas developed using second degree curvilinear regression e~

quations of the form:

y = a + bx + cx2

Where: '

y = expense per mile of road
X :: output ·pe.r mile, of' road

The percent variable factors were co~uted for a five~year

average of 1966-1970 FOTom A reported expenses usingtne mean
output level in the express1ont'or el~stic1ty:

b + 2cx
a/x + b + cx

(
\

; ,

Canadian Transport Commission (CTC) . .J

There 'are two costing techniques, used by the Canadian Na
tion&l Railway to an&1.yze service specific facility cost for
proceedings before the CTC. These are direct assignment and

, direct analysis. Direct assignment is the process of assigning
to an operation an aJIlOunt of expense which corresponds to
that recorded on an accounting document. Direct assignment

. is used when the traffic under study requires the use of Ca
nadian National grain elevators. Direct analysis is used

'when the expense under study is or is assumed to be 100 per
cent variable with some service unit or units. This technique
is used for wharve maintenance costs using cars handJ,ed as the
service unit and one year expense data.

Proposed Service-Specific Facility Maintenance Costing Procedures
• J • •

The track-related costs associated viththe facilities are casted
using the procedures described formdseellaneous trackage. Th&~'



is, the track used within these facilities or in gaining access
to these facilities is included in the category of miscellaneous

. t~ckage. Therefore, the track maintenance cost associated with
any given shipment utilizing such a facility is determined from
the Unit cost for miscellaneous trackage maintenance on the di
vision which the facility is located.

- ,
Other maintenance costs associated with the specific type of
facility are: ~

Repair TOFC/COFC Terminals

Labor and material to repair TOFC/COFC facilities including
structures, fixtures, machinery, platforms, roads and walks
serving these facilities and other appurtenances.

Repairing Docks and Wharves

Labor, material and other expenses to r~pair docks, wharves
and ferry slips; dredging waterways to approaches and around
such structures; cribwork,' rocks, caissons, guards, pilings "
and other protection.

Repair Grain Elevators

Labor, material and other expenses to repair grain storage
facilities including st'ructures, on loading and off loading.
equipment, fixtures and roads and walks serving Ithese faci
lities.

Repair Storage Warehouses

'I
Labor, material and other expenses to repair storage ware-
houses including structures, fixtures and machinery.

Repair Automobile Loading/Unloading Facilities

Labor, material and other expenses to repair automobile
loading and unloading facilities including structures, fix
tures, machinery and roads and walks serving these facilities
and other appurtenances. .

Expenses incurred in each of these areas.should generally be ag
gregated at the division level and a unit cost determined by di
Viding total expenses by carloads or containers/trailers 'origin
ating and/or terminating at these facilities on the division.
The exception to this is a major facility which should have sepa
rately maintained expenses and traffic statistics. Expenses can
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be determined by assigning work order numbers or other cost
,control documentation to,those specific major facilities. For
,example, a railroad may have tvo major intermodal facilities lo-
cated at po:;-ts ,which it serves and several minor ramps· (fixed or
movable)located elsewhere throughout its system. The unit main
tenance cost associated ~ith either of the major facilities is
determined by direct analysis using total annual maintenance ex-

'penses incurred in the facility and the total annual number of
containers/trailers originating or terminating at the facility.
Unit'maintenance costs for the minor ramps are determined using
total annual costs incurred for these facilities on each diVision
and the annual number of containers/trailers originating or ter
minating at these facilities on the d.ivision.

The accounting system presented in this report does not allow
for the separation of maintenance expenses within a service spe
cific facility. That is, those maintenance expenses which may
be relatively fixed with respect to traffic as well as those
which may be totally variable with traffic are reported under
the same detail expense identification number. Intermodal terminal
maintenance expenses which are most likely variable.with traffic include
ramp maintenance, crane maintenance, tractor maintenance and
parking area (pavement) maintenance. Relatively fixed expenses
(with respect to traffic) will include maintenance of fences,
offices and oth~r fixed structUres. It should be clear that the
variable expenses will generally represent the major portion of
the maintenance expenses in such a facility. If a railroad should
consider it desirable to determine the variable expenses associ-
ated with service specific facilities, it can be accomplished by
reporting expenses against two detail expense identification num-
bers for each type of, facility. One detail expense identification
would include the expenses considered fixed with respect to traf- '
fic and the other would include the expenses considered variable
with respect to traffic. Unless this information is needed
for purposes' other than the determination of the variable cost
for pricing purposes, it does not seem likely that the magnitude
of these expenses ~ustifies·their separation in the accounting

\ ,

system.
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2. Maintenance of Nonservice-Related Roadway Facilities and
Systems

Introduction

Maintenance costs associated with roadway facilities and.
systems not related, or only very indirectly related, to
particular roadway services or service functions are gene
rally categorized as a portion of Maintenance of Way "Over~

head.'" These facilities and systems. identified by Inter
state Commerce Commission Accounts are:

ICC Account No.

227
229
231
233
235
247
253
257
265

Description

Station and Office Buildings.
Roadway Buildings
Water Stations
Fuel Stations
Shops and Engine Houses
Communications Systems
Power Plants
Power Transmission Systems
Miscellaneous Structures

It can be seen that several of the above accounts are in.
reality not Maintenance of Way or Roadway-related but relate
more closely as overhead items to Equipment Maintenance
(Account 235). Transportation (Accounts 231 and 233) or Ge
neral Overhead (Account 247).

Current Procedures '

The Interstate Commerce Commission finds .these expenses (as
a group and including Account 201, Superintendance) to be
60 percent variable with tons of revenue freight. 1

Procedures used under Canadian Transport Commission juris- \
dictions attempt to statistically determine the relationships
between these expenses and various other expenses to which

. they relate. These relationships are described below.

Dependent Variable Independent Variable(s)

Account 227 Sum of the labor portions of Account
272, Station Employees and 376, Station
Supplies and Expenses.

1. 1970 Carload Cost Scales, Interstate Commerce Commission Statement No.
lel-70.
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Dependent Variable

Account 229 (as a
group an"d" including
the Road Maintenance
Accounts)

231 and 233

Independent Variable(s)

. Miles of roadway, Gross Ton-Miles,
-yard and train switching-miles, gra-
dient index. :

S~ of Accounts 382-Yard Fuel, 384
Yard Power, 394-Train Fuel, 396 Train
Power.

Account 235

Account 247 (as a
group and including
Account 407-Communi
cations System Opera
tions)

Sum of labor portions .of AccoUnts 31l~
Locomotive Repairs, 314-Freight Car
Repairs, 3l7-Passenger Car Repairs,
326-Work EqUipment Repairs, 386-Yard
Locomotive Other Supplies (CTC Ac·count)"

, 388~Yard Engine House Expenses (CTC
Account), 398-Train Locomotive Other
Supplies (CTC Account) and 400-Train
Engi.ne House. Expenses (CTC -Account).

Considered 70% variable with total _
labor dollars. .

Account 253 and 257 Sum of the labor portions of the ac
counts used inth~ analysis of Account
235, above, and-including Account 373
Station Employees and 376-Station Ex~
penses.

Account 265

Discussion

Considered fixed.
1 (

Consistent with the principle of determining variable cost
from the change in output over some relevant time period and
range of volume, those portions, if any, of "overhead" which
can be identified with specific changes in output are a vari
able cost.

"B,y their nature, however, overhead costs ,are not generally
traceable to particular segments of output • The term "over
head cost" implies a commonness to all or large segments of
output arid operations, rather than a causal relationship to
smaller segments. Routine statisti~al apportionments of non
traeeable overheads that do not vary with volume changes have
the same basic infirmity as'arbitrary apportionments of any
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fixed costs and computations of llfully-distributed" -costs.

No uniform prescription as to the covariation of these
associated overheads with volume changes can be made, for
ci~stances may differ substantially among the various
overhead items, as well as from one railroad to another.
Nor can it be assumed that the variability of the associated
overheads. with volume change is the same as that for the
expense groups to which these overheads pertain. To the
contrary, the nature of these overheads indicates a much
lower degree of variability with volume (i.e., a higher
degree of constancy) than for their related operating ex
pense groups.

Statistical correlations mayor may not be useful in indi-'
eating the extent of variability in the associated overhead
expenses. Overheads m~ be significantly affected by bud
getary considerations .and constraints', or by measures, de
signed to improve efficiency rather than by volume change.
For this reason, superficial statistical correlations should
not bet8.ken at face value, but should be checked against
the jUdgment of those in management who are intimately in
formed as to the factors influencing the costs.

Those remaining items of "Roadw~ Overhead," (those accounts
discussed above which are not deemed to be more properly
considered as portions of' Equipment, Transportation or Ge- _
neral Overhead) and the portions of these items individually
determined to be "variable" may be allocated to respective

. roadway service functions either on the basis of total vari
able direct cost distribution or on more refined bases as
appropriate.
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,. Other, Variable Ro&dway Maintenance Overhead and Additives

Introduction

Additional overhead andadditi~e expense items must be considered in
the deterDdnation and allocation of variable roadwa~ maintenance for
pricing.

Add1tiona~ ov~rhead and additive items, all or portions of which ~
v~ with traffic output, may be categorized (b~ ICC Accounts) as
follows: I

,-ICC Account
201
271
274
275
276
277
457
532

No. Description
Superintendance
Small Tobls 'and Supplies
Injuries to Persons.
Insurance
StationSry,and Printing
Health and Welfare Benefits
Pensions
Payroll Taxes c

Adequate anal~sis of the variabilit~ of several of these categories
of expenses requires that their indiVidual components be described'
with a structure of accounts and expense identifications of the nature
described in Appendix F in general, these expenses may be separa-
ted,into a system of roadway maintenance overhead items and labor o~

payroll additives which must be applied to the different classes of
roadwa~ maintenance labor associated with the Expense Items represen-
ted in Appendix F. ' . ,

With' respect to I·overhead" items, the following guidelin~s should
apply: .

Superintendance

The labor, supplies, and expenses associated with this category
roadway cost must be scrutinized in terms of which specific super-.
vis'ory positions on the roadway system (and associated supplies and
expenses) are generally totally or predominately unaffected by
traffic levels or the 'amount of roadway maintenance work associated
with' increases or decreases ~n traffic levels. This is necessarily
an analytical task specific to individual railroads and'one which
should be conducted in recognition of the effects of budgetary and
~ersonnel policy constraints. Resulting variable superintendance
expenses may be accumulated on a division or regional reporting .
basis and. allocated to service functions based on the distribution
of total direct variable service function costs within each division.

/
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Linehaul costs on a crew district basis would then reflect weighted
division gross ton mile costs as described previously, including al
located supervision costs.

Small Tool and Supplies (Including Applicable Allowances)

While individual components of this cost category. can be analyzed
to determine statistical relationships with traffic output levels,
it is felt that the vast majority of these expenses are incurred as
a result of the traffic-related maintenance and renewal acti,vities ,
described previously and therefore should appropriately b~ considered
entirely variable with traffic. These expenses may be accwmulated
at the division or regional level and allocated to servic,e functions
in a manner similar to that described above for superintendance costs.

Persons (Other ThanStation and Printin
Employees

Expenses recorded 'for these cost categories can be statistically
examined for potential relationship to traffic output levels or to
other roadw~ expenses so related. Any resulting variable portions
may be allocated to service functions as described previously. Judge
mental determinations of portions of these costs as variable may also
be undertaken.

The addi~on~overhead or additive items, Injuries to Employees, Health
and Welfare Benefits and Pensions may be combined with other appropriate
expense items a8 listed in Appendix F to contruct labor or payroll addi-

, ' )

tives/appropriate to separate classes of roadway labor. Specific items of
expense appropriate for inclusion on ~ labor additive basis would include
the following:

- Injuries to Employees'"
~ Time Paid For But Not Worked: Vacation, Sick Pay, Holiday Pay

Pensions and Stock Contributions
- Payroll Taxes (Railroad Retirement, Unemployment, Supplemental,

Annuity Taxes)
- Health and Welfare Benefits

These expenses may be calculated as a percentage of all labor (~traight

time and overtime), by labor class, and applied on an additive basis to
all variable roadway labor.

Summary - Roadway Maintenance Costs- '

The resulting roadway maintenance costing procedures may be viewed merely
as a module or sub-system of a total railroad costing system for prlclng pur
poses. The elements of these roadway maintenance costing procedures may be
summarized schematically as shown in Figure 34, representative of the elements
of roadway maintenance costs which must be cons~der-ed for pricing decisions.
There would seem to be little question that roadway maint'enance costs calcu
lated on a specific service~ function basis, particularly when viewed as
costs which must be periodically updated to reflect inflationary trends as
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well as structural changes in roadway track and trQff~econditions,-
should be progra.miD.ed for computer storag~andapplica~1ori•. Wit~-such a.
costing system, costing refinements of the natUr'e prOPOfied, and demOnstrated
here remove roadwa.y cost analys~B for pricing from the re81m of simplified
system-average cost assigninent and places such analysis more properly in a
framework ooth reflective of and responsive to the variant nature of
railroad, roadway service.
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VIII -ROADWAY OPERATING COSTS

Current methods of railroad cost analysis generally consider ro~way costs
as either investment or maintenance. However t there are costs :which are a -l
function of operatin'g ,the roadway. RoadV&.y operating costs are those costs
which do not result from a c~ange in the physical properties or condition
of individual roadway components, but which are incurred if the roadway is
utilized. In other words, these costs are incurred due to utilization of
the roadwa;y rather than capacity requirements or time end traffic-related
deteriora.tion of the roa.dway.

In accordance with this definition, the following should be consid~red

roadw~ operating costs: I

Signal and Interlocker SerVice and Operation

Labor and other expenses to operate and service signal facilities
including the costs' of testing systems an'd cleaning signal roundels,

,lenses, reflectors, lamp bulbs and contacts,•.

Labor and other'expenses to operate interlocker facilities.

Switch/Turnout Cleaning and Service

Labor and other' expenses' to service Bwitch lamps including the cost
of refueling founts and cleaning and replacing lenses.

Labor e.nd other expenses to cle,an ,and oil switch plates and other
moving aw1tch part s •

-,
Communication System Summary

Labor and other expenses to service communications facilities in~

eluding expenses incidental to the operation of inside'communica
tions facilities, renta.lof telephone and telegraph circuits, ren
tal ,of space or facilities occupied by radio microwave and servicing
of fuel tanks, batteries and tubes •.

Derailment Costs

Labor and services required to rerail locomotives and cars.

Labor and other eXpenses required to clear ri~ht-of-vay of spilled
freight. ,

Removal of Snow, Ice ,and Sand
'\

Labor and other charges necessary for snow,· sand and ice removal
including train crew wages for, snow service •. ,
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Crossing Protection Operation _

Labor and other expenses to service grade crossing protection faci
lities including the cost of eleaning lenses. reflectors. lamp bulbs.
contacts and electronic track circuits.

Labor expense of crossing gatekeepers and. flagmen.

Drawbridge Operation

Labor and other expenses to service drawbridge control facilities
such as electric motors, airlines. control systems and lUbricating
systems.

Labor expense of drawbridge operation.

Hot Box Detector Operation

Labor and material to service hot box detectors including the cost
of cleaning and testing scanners. bolometers, shutters. tranSducers,
carriers. locators and pumps.

Automatic Car Identification (ACI) System

Labor and other expenses to test electronic equipment associated
with and incidental to the operation of the ACI System.

Car Retarder Systems

Labor and other expenses to service automatic car retarder systems
including the cost to clean and oil electronic equipment and ser
vice hydraulic lines and pumps.

Disposal of Dead Livestock

Labor and other expenses to remove and dispose of dead livestock
from right-Of-way •.

It may be argued that other costs such as train dispatching should also be
considered roadway operating costs. However, it seems valid to consider
these to be train movement costs,rather·than roadway operating costs.

Current Costing Procedures for Analyzing Roadway operating Costs

Interstate Commerce Commis~ion (ICC)

Current ICC Rail Form A costing procedures separate roadway operating
costs into three cost categories - other maintenance of way and
structures expense. yard expense and other transportation expenses.
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The maintenance of ,way and structures expenses include those ex
penses, reported in Accounts 247, 249, and 272 (Co~unication Systems,
Signals and .Interlockers, Removing Snow, Ice and Sand). Roadway
operating expenses reported in Account 379 (Yard Switch and Signal
Tenders) are considered.yardexpenses and those expenses reported.
in Accounts 404-407, 415, 417 and 418 (Signal and Interlocker Oper-

'ation, Crossing Protection,; Drawbridge Operation~ Communication
System Operation, Clearing Wrecks~ Damage to Livestock on Right-of
Way and Loss and Damage of Freight) are considered other transporta
tion expenses.

Percent variability factors .for each category of expense were de
veloped from second degree curvilinear regression eQuations of
the form:

y = a+bx+cx2

where:

y = expense per mile of road

x = output per mile of road

The percent variable fact~rs were computed for a five-year average
of 1966-1970 Form A - reported expenses and output level in the.ex
pression for elasticity:

b + 2cx
a/x + b + eX

Maintenance of way expenses in Accounts 201 and 227-282 were found
to be 60 percent variable (on average) with tons of revenue freight.·
Yard expenses in Accounts 377-389 were found to be 96.percent vari- .
able (on average) with yard switching hours and other transportation
expenses in Accounts 371-376 (except 373), 390, 391, 403-420 yere
found to be 44 percent variable (on average) with tons of revenue
freight.

Canadian Transport Commission (CTC)

One or more of three costing techniques are used to determine vari-.
able costs before the eTC. These are: (1) direct assignment,
(2) direct analysis,and/or (3) regression analysis. Direct assign
ment is the process of assigning to an operation an amount of ex
pense which corresponds to' that recorded on an accounting.document.
Direct analysis is used when the expense under study is or is as
sumed to be 100 percent variable with some service unit or units.
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Regression analysis is used when an item of expense is not known
to be 100 percent variable with the service units and/or when the
item of expense is related to more than one variable.

Roadway operating expenses aot considered variable with traffic
level include those reported in U.C.A. Accounts 272, 405, and 406
(Removing Snow, Ice and Sand, Crossing Protection, Drawbridge Opera
tions). These expenses are not a part of the variable cost used be
fore the CTC.

Direct analysis is used for expenses reported in U.C.A. Accounts 247
and 407 ("Rail Communications Systems, Rail Communications System
Operation). These expenses are charged against all system variable
expenses for U.C.A. Accounts 201-446 excluding 247 and 407, 351-359
(Traffic), 266, 305 and 331 (Depreciation), 275, 333, and 414 (In
surance) and 278, 279, 336, 337, 390, 391, 412 and 413 (Joint Faci
lities). Direct analysis is also used for expenses reported in U.C.A.
Accounts 379 (Yard Switchmen) and 418 (Loss and Damage of Freight)
with yard SWitching-miles and carloads (by commodity) as the respec
tive independent variables.

Expenses reported in U.C.A. Accounts 249 (Signals) and 404 (Signal
Operation) are .regressed against train-hours and yard and train
switching-miles. Expenses and output units are averaged for the
three most recent years. Separate regression equations are deve
loped for labor and material. For costing purposes, the yard and
train switching-minute coefficient is converted to a switching-minute
coefficient by a factor of six miles per hour.

Proposed Procedures for Analyzing Roadway Operating Costs

The basic premise underlying these procedures is that the economic cost of
operating the railroad roadWay is adequately reflected by the expenses re
ported in those cost areas. The rationale for this is twofold.

1. These costs are generally non-deferrable.

2. It is reasonable to consider the roadway operating expense
reported during a given year to be associated with the traffic
moved during that year.

Although operating costs can occur in each of the readway output service
blocks, they predominately occur'inlinehaul and yard service. The cost ac
counting system should be structured to maintain separate expenses for these
various service functions. An exception to this are communication system
expenses. These expenses cannot be accurately identified with a specific
service. .
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Roadway Operating Costs Relevant
For Pricing Purposes

Roadway operating costs are generaIly related to the traffic level
as reflected by train movements. These costs are relatively inde
pendent of train length, weight and,service-type. As the number of
train movements increases, these costs'will tend to increase. -How
ever, on a given route segment they may remain relatively constant
over vide ranges in the traffic level.- In spite of this, the road
way operating costs associated with signals and interlockers, the
communication system"derailments, car retarder systems, turnouts
and the removal of dead livestock are sufficiently' variable with
traffic level to warrant inclusion in the variable cost for rate-
making. '

The remaining costs, although traffic-related, are primarily influ
enced by non-traffic factors.' Costs of hot box detector operation
and service to the ACI System are more closely related to railroad
plant size than to traffic level. The annual costs ofsnoy, ice and
sand removal are more significantly influenced 'by weather conditions'
than traffic level. Similarly, it should be clear that traffic le~

v~l will influence the annual costs of grade crossing protection to
a much lesser extent than highway traffic levels and the political
Jurisdictions through which a railroad operates. -Finally,_ drawbridge
operation costs will be significantly affected by train scheduling.
If there are three trains a day over a given drawbridge, the opera
tion costs can vary from the cost of One operator to three operators
depending on whether all three trains arrive during one shift or
three shifts. These five cost areas, although traffic-related, should
not be included in the, variable cost for pricing purposes.

Linehaul Service

Roadw~ operating costs incurred in the provision of linehaul service
are those associated with signals and interlockers, switches and
turnouts, removal of dead livestock, de~ailments and the communica
tion system. Annual main track expenses for each of these cost areas
can be aggregated at the division level. Although most of-the track
related expenses are assignable at the roadmaster district level, many
other expenses can only be reported at the division level. These ex
penses would include those for which the division signal supervisor
and the division electrical supervisor have responsibility.

Roadway operating expenses (except co~unication system expenses)
can then be regressed against train-miles for each division. Annual
communication system expense for ,each division should be regressed
against division train-miles and yard and- train svitching-hours. This
is necessitated by the inability to segregate communication system ex
penses by output service block. The sum of the resulting train-mile
regression coefficients is the variable roadway operating cost per
train-mile.
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Yard Service

Roadway operating costs occurring in yards are the same as in line
haul service with the addition of car retarder system expenses.
These expenses should be reported for yards in ,the same manner as
it is proposed to report maintenance expenses. Yard roadway oper~

ating expenses should then be regressed against yard switching
hours. The resulting yard switch engine hour regression coefficient
is added to the yard and train switching hour coefficient determined
for communication system expenses. This total is the variable road
way operating cost per yard awitching hour.

Service Specific Facilities

Roadway operating costs which may occur in these facilities (TOFC/
COFe, auto loading/unloading, wharves, passenger terminals, grain
elevators) are the same as in linehaul service. The yard and train
switching hour regression coefficient determined previously for com
munication system expense is used for these facilities as well. '
Other roadway operating expenses should be maintained for specific
facilities and directly assigned on an appropriate basis. For ex
ample, roadway operating. expenses arising from an intermodal t,ermi
nal, auto loading/unloading facility,. wharf, or grain elevator
should be assigned on a per carload/container basis.

Miscellaneous Trackage

The roadwayoperatlng costs associated with these tracks is likely
to include only costs of tbe communication system, switches and turn
outs, removing dead livestock and derailments. Costs other than
the communication system should be aggregated at the division level
and regressed against carloads originating and terminating on the
division.

Summary and Overview

Four ~Jor points have been made concerning roadway operating costs.

,). There exist costs associated with the roadway which re
sultfrom utilization of the roadway rather than time
and traffic deterioration or capacity requirements •.

2. Roadway operating costs are related to traffic although
they may not be continuously variable with traffic level.

VIII- 6



3•. The roadway operating costs associated with signals
and interlockers, communication system, derailments,
car retarder systems, switches and turnouts and the re
moval of dead livestock from the right-or-way should be
included as part of the variable cost for pricing purposes.

4. The costs and proper basis on which to assign these costs
vary with roadway output service function.
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rx - ROADWAY INVESTMENT COSTS

Introduction

The purpose of this sec Hon is to provide a me thodology Jor the' ,determina-{lon of
those roadway inv.estment costs which are relevant ,to long-run .va.ri~ble cost cal-
culations for pricing purpose~. '

The term "investment" 1'5. interpreted to mean'·those .assets or roadway components
having a life greater than one year. Asso~iated with ~he cost of such inv~st

ments 'must be the cost of capital incurred in their financing. Thus," the ques
tion :addressed by this. section is: uTo what e,.xtent should the recovery of the
cost of capital b~ inclu~ed in the calculation.of l6ng-run variable costs?"

. ,

This section explores current regulatory procedures for calculating roadway in
vestment costs as·praetieed by. the Interstate Commerce Commission and the
Canadian Tunsport Commission. Proposed procedures are tben presented for cal
culating those roadway investmentcosts

l
which are relev.ant for inclusion in

long-run variable cost ~alculations. "

;-

(
I

,["~
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CURRENT REGULATORY PROCEDURES FOR CALCULATING ROADWAY INVESTMENT COSTS

A. Procedures'of the Interstate Commerce Commission:

1. Caletilations for Priei~g ~urposes

The eosting procedures utilized by the Interstate Commerce Commission
as described- in its Rail Form A assume that roadway investment is par:
tially vari~ble with volume. Investment costs are calculated by apply
ing the eaTTieT'~ cdst of capital (~alculated by the ICG as .the cost
of, embedded debt) to 50 percent of the total amount in the system road
way, net investment accounts. These costs are then distributed to each
carlo~d on the basis of gross ton miles (GTM). The specific amount to
be charged is thus calculated' as shown in the following equation:

RI
j

= (GTM
j

) X (I' X (SRI/GTMs ) X (50'7.)

where: RI
j

= roadway investment variaole with carload j.

GTM
j

=gross ton miles generated by carload j.

i = carrier's cost of capital.

SRI a amount· in System Roadway Investment Accounts.

GTM == systemwide gross ton miles.
s

50% .. the percentage of roadway investment considered
to be variable.

For separate assumptions underly the above equation:

(L) Roadway investment is incrementally variable with volume
and at a 50 percent rate for all volume levels;

(2) The amounts ~n the roadway investment atcounts accurately
reflec t the expec ted cos t of addi tions to Roadway inves t
ment;

(3) Roadway investment requiremenets are a function of ton
miles; and

(4) The carrers' cost o~ capital js identical to their average
cost of long-term debt.

Investment-Incrementally Variable

The Commission's procedures purport to measure the amount of roadway
investment occasioned by an added piece of traffic. They imply that
the investment will vary with each ton and mile of service generated;
this is a crude measure of output, at best. It suggests that the .
amount of roadway investment will be mea~urably different when the
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added traffic is (a) one carload with 80 tons moving 100 miles than
when the added traffic is (b) one carload with 79 tons moving 95
miles.

But roadway investment is not, made in i~cremental1y small amounts.
It is made in large lump-sums because' it is' more economical (less
costly) to make one large investment than it is to make numerous
small investments. The resul t is a discontinuous investment function
that is fixed over ranges of output,' then variable, then fixed again,
etc. This gives rise to periods of "unused" capacity during which
volume may substantially increase with no change in roadway invest
ment. Therefore, .the Commission's conclusion that investment is in
crementally variable ignores the possibility of unused capacity. as
well as the possibility of overtaxed capacity. .

The Fifty Percent Variability Assumption

We have been unable to determine that the fifty percent variability
figure is' supported by a rigorous study. Even w~re this figure ade-

'quately supported, however. we believe the' application of such an
unchanging percent variable presents. mathematical difficulties which
affect the formula's validity. Thus, the presumption that plant is
fifty percent variable and fifty percent fixed. "wi th respec t to traf
fic volume" translates into the following mathematical function:

y ·x + ,.5'X [V';~

where: X = original plant investment

Y = the plant investment after changes in volume

v = some non-zero original volume

VI • ending volume

It is the case that for different successions of changes in ,volume,
V', - V, with a final volume that is equal for all successions.,: dif- .
ferent y's will result. In other words, this,formula produces non
unique results for different sets o~ ~olume changes even thou~h all
may lead ~o the identical ending volume.

Roadway Investment Accounts Reflect Historic. Non-constant Dollars

In calculating the variable roadway investment cost Qf handling traf
fic~ the Commission'lsprocedures utilize the net investment accounts
for roadway. These accounts are maintained on an original cost basis.
As such, they do not reflect present-day investment costs, nor do they

, contain any constaht dollar adjustments designed to eliminate the ef-
fects of infl~ti~n. '

Yet investment variability (if it exists) suggests a forward-looking
cost concept must be utilized in order to calculate the costs of
handling added .traffic at s~me fu~ure time. Considering the rapid
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Fate of inflationJaccounts unadjusted for price level changes can
not provide an economically sound result.

To illustrate, assume rail is a variable investment: A line is
built with 75~lb. rail costing $27/ton in 1914. 30 years later it
is 'replaced with ll2-lb. rail at $56/ton. 25 years later it is re
placed with 136-lb. rail CWR at $170/ton. Today, the cost of 136
lb. CWR is $250/ton. The investment cost recorded in the carrier's
accounts for this line is calculated as:

75/136th of the rail is carried in the rail investment account at
1$27/ton,

,(112-75)/136th of the rail is carried at $56/ton, and

(136-112)/136th of the rail is carried at $170/ton.,

Thu's, the average investment in the 136-lb. CWR is not $27/ton or
$170/ton or $250/ton, but

(.ll.... X $27) +[(l12-75)x $56)J+[036-112) X $170J = $60.13/ton'.
136' 136 '136

The, cause of thi.s rather meaningless result is that railroads are re
quired to keep accounts on an original cost basis plus "additions
and betterments" despite continuing inflation in price levels.

Output Variables

The Commission's procedures assume'that plant investment is a function
of gross ton-miles. This is obviously a simplifying assumption. How
ever, certain other key factors influencing the dimensions of plant
capacity should also ,be considered.

·For example, line capacity on a single track, eTC railroad is a function
of the number of trains, their length and speed, and siding length and
spacing. Thus, although gross tonnage (times miles) does partially
explain the amount of capacity required, it is clearly a crude and
incomplete measure of plant output.

Cost of Capital

The Commission's procedures (as applied to plant investment) calculate
a carrier's cost of capital using the average cost of outstanding
debt by region. This procedure has several weaknesses.

First, the cost of equity is assumed by the Commission to equal the
cost of outstanding debt. The Commission's calculated cost of out
standing debt is about five percent before allowance for income taxes;
yet many carriers consider their cost of equity to be approximately
fifteen percent after income taxes, or 30 percent before taxes at a
fifty percent tax rate.

Second, the use of a.five percent cost of embedded debt as the basis
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for calculating a forward-looking cost of variable 'investment again
understates even a carrier's current cost of debt. Today, the cur-

\
rent cost'of debt is between 9 and 11 percent. Thus, to use an his-
toric five percent cost of debt to calculate the cost of required,
future plant additions is clea~ly incorrect.

In. Ex Parte 271, '~Net Investment - Railroad~ Rate Base and Rate of
Return,i1 the Commission is expected to determine the railroad in
dustry's .fair rate of return. In that proceeding, the industiy has
argued. that it's market cost of capital is 10 percent after taxes;
again, .at a SO-percent tax rate~ this translates into a 20 percent
before tax cost of capital. However, until a final decision 'is is
sued in.Ex Patte 271, the Commission's only available cost of capital
calculation is that prescribed by Rail torm A procedures.

2. Calculation for Abandonment Studies

The Interstate Commerce Commission's treatment of roadway investment
forabandonmentptirposes.is somewhat different. Plant Investment is
divided into off- and on-branch investment. Off-branch plant may be
treated using Form A costing as described above: , more commonly, in
vestment costs. are included in the costs calculatea using', the "50'7.
of-revenue" rule of thumb employed in abandonment proceedings. The
degree of ambiguity assumed by this "50'7. rule," as to which costs

. are really costs much, less which costs :are variable costs, renders
it difficult to explore usefully.

On-branch investment is treated as fixed. This treatment rests on
the assumption that volume will not ch,ange'appreciably, and that any
volume change will not require plant changes. However, when consider-'
ing.the abandonment of a branch line, the concern is not with an in
vestment response to increases in tnffic· volume. On the contrary,
total dis-investment due to a loss operatlonis being considered.
Thus, no roadway investment costs are fi.xed, and they should be con
sidered 100 percent variable~

, B., Procedures of the Canadian Transport Commission (CTC)

1. Calculations for Pricing Purposes

The costing methodology analyzed here is described in the GTC's
"Reasons for Order No. R-6313 Concerning Cost Regulations" (Augus·t
1969). Like the ICC Rail Form A, this approach assumes that' some
roadway investment costs vary with 'traffic volume, with the remainder

,.fixed over the time span employed for analysts. Variable i terns in
clude' the tracks tructure (composed' of total expend! tures for rail
and ties in Canada; ballast; and arM), grading, signals, and main
tem~ncefacilities, such ,as Toadway buildings, machinery and tools.

Fixed items, which do not vary 'with the volu~e of traffic,' inc1u~e
mostly land and structures such as" bridges, tunnels, culverts, fen
ces, sheds, etc.
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The funetional cost relationships are:

Investment cost = f (Investment), and

Investment = a + b + c (GTH) + d(TH)

where: a and b = fixed costs associated with plant size as ex
pressed by gradient indexes and route miles.

c and d coefficients for gross ton-miles and train/
yard hours, respectively. c and d'may be of
~ form that expresses curvilinearity.

As expressed by the functional cost relationships, the investment
in track, grading and several other items equals a fixed amount
that. is determined by the length and physical nature of tre route,
plus. a variable amount that is dependent upon gross ton niiles and
train/yard hours.

Investment additions ovet' a three or five-year period (depending
on the account) are regressed against the output variables to de
termine the values for a, b, c, and d. These coefficients are
then applied to the ratio of net to gross investment times the cost
of capital.

There are at least four assumptions upon which the validity of the
eTC procedures rest:

\'-.-

(1)

(3)

(4)

the amount in the asset accounts accurately reflects the
value of the roadway investments;

\

four parameters sufficiently explain the magnitude of and
variations in investment;

investment items excluded, such as structures, do not vary
with service output; and

roadway investment varies in small increments.

Accounting Aspects

The amounts recorded in the investment accounts as presented by the
CTC, represent the historic valuation of the dollars invested. The
failure to reflect thes,e investments in constant dollars leads to a
distortion when applying regression analysis to explain the invest
ment response to changes in traffic volume similar to that discussed
above with respect to the ICC's procedures. It is improper to 'mix
dollars of different value and relate them to output. To illustrate,·
in 1975 it might cost 50% more to add the same capacity as it did in
1970. Yet, by ignoring these price changes, the predictive equation
is weighted with historical dollars. This leads to an understatement
of investment needs occasioned by current and expected traffic volumes.

Even if the relationship between gross investment and output were re."
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,stated in ,tenns of constant doUars, the net investment relation
ship to output would still be obscured unless net investment were

'also, res tated. In addition, the -introduction ,of technologIcal im
provements may distort current'-day reality-of' the net investment
~ccountamounts. , For example, an investment in modern signaling
may, add the same' ca?aci ty as a largerinves tmerl.t in additional
mainline,had previously added.

Appropriateness of Input Variables'

Both the ICe and eTC costing methods employ two, independent vari
ables (the other two parameters under eTC procedures are constants).
,One of these variables, gross ton mi les ,is common to both metho- '

, dologies. With regard to the second variable, the ICC uses carloads
while the CTe employs train/yard hours~

The CTC use of train/yard hotirs presents ,a problem: It can be argued
that plant configuration is a func tion of train/yard hours'; however,
it may also be argued that train/yard hours are a'function ~f plant
configuration. A heavy investment in long s'idlllg.or sophisticated
signals and communcations or good surface a,nd low grades will act to
reduce train hours. A similar case can be'made for yard hours. A
large investment in a hump yard can easily reduce total switching
hours needed for a high volume of business.

Investment Items: Fixed or Variable

There is no apparent justification for the, treatment of track,and
grading as variable investment and structures as fixed investment.
We understand, however, that this tt-eatment is more the result of
legislative fiat than special analysis. '

Roadway lnves tment as a Continuous Func don

The treatment of roadway investm~nt as continuously variable!s the
result of applying regression techniq'ues to the investment accounts.
The use of regression analysis leads to an equ~tion that purports to
identify the change in roadway investment occasioned by added traffic
within the rerevant volume range. However, many of these investments

, would be required simply due to the passage of time; and as we shall
discuss, the capital changes assoCiated with others of these invest-

/
ments would actually be reduced were added traffic handled.

2. Calculations faT Abandonment Studies'

,Treatment of roadway investment costs for branch line abandonments
and subsidies by the eTC resembles that of the' ICC. Costs are di
vided into on-branch and off-branch costs. On-branch costs are a

,function'of the plant directly assignable to the branch in question.
Off-branch costs are determined by the methodology described above
for pricing purposes.

On-branch investment costs are equal to the cost of capital (expressed
as a percentage) times the salvage value of alli terns in the plant ac-
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,counts, in an amount not to exceed net book invesbnentcomputed
on system-wide depreCiation basis. In other words, roadway in
vestment in branch lines is considered by the eTC to be equal to
the salvage value or depreciated ledger value, whichever is lower.

We faU to see any justification fo,r this valuation procedure un
less it is simply a means to arrive at the lowest possible number
in order to reduce branch line subsidies. Inasmuch as the costing
system was developed through an essentially pol! tical process
whereby users of branch nnes presented arguments for the preser
vation of their line, one may legitimately question whether such
a definition of branch line investment bases has economic validity
or ,is instead primarily the result of this political process.

,

From our point of view, however, it seems the choice of capital
values ought to be the other way around, with the highest value
being chosen. The value of capital is determined bythe'nature
of. the Income it can produ~e. If some asset can produce more
'income when employed elsewhere than as a component of a branch
line, then its value should be measured in that employment. Even
if the asset were returning some income to the railroad as part of
a marginal branch, it still would have an additional cost equal to
the difference between what it Is earning now and what it could be
earning if utilized elsewhere. Therefore,the highest valuation,
,not the lowest, ought to be the one chosen.

C. Conclusion as to Current Regulatory Procedures

Both the ICC Form and the eTC costing methodologies are deficient in
their treatment of roadway investment costs. They assume the invest
ment accounts properly reflect current prices, they assume investment
is a function of one or two variables, and they assume a cost of capi
tal equal to the average iriterest rate on all debt. The resulting
treatment is both inaccurate and distorting. Thus, if costing, for
pricing purposes, is to be improved, an alternative methodology must
be employed.

IX - 8



,.

-;-'~ ~

PROPOSED PROCEDURES FOR CALCULATING ROADWAY INVESTMENT'COSTS
FOR PRICING PURPOSES

Having consi~e,r.e.d current reg\Jlatory procedures, this section develops our
proposed .;p~~c,e.d':lr~s fO;r: calculating roaitway investment costs.

/ ..
A. Terminol~gy Differences

\
To begin, certa1nte~inol~gydiffer.ences mus t be explained. The InteT-
stateCoramerce Cot!Dnlssion definet. roadway "investment" in terms of the
road pr~perty asset accounts. In accordance _ith ICC accounting pro- '
c~durl!s, such assets are segregated into two groups: one group of ac
counts is designated as depreciable and the other as non-depreciable.
The followi~g assets are cons~dered non-depreciable for ICC accounting
purposes:

ICC Account Asse t

2 Land

8 Ties
9 . Rail,

.10 Other Track Material

. 11 . Ballast·

. 12 T~ack Laying ,and Surfacing

38 Roadway Small Tools
.I

Our approach to calculating the "wear-out rate" or "consumption" of the
track structure as a function of certain traffic factors does Bel adh~re

to ICC accounting procedures. Thus, in a preceding section, we have pro
vided a methodology for the calculation of traffic ·related consumption'
of track~structure components. This procedure applies specifically to
ties, rail, oth~r track material, ballast, and track laying and surfacing,
all of which are. considered "non-depreciable" asse'ts by the ICC. ,For ex-
ample, we treat rail life as a function of: '

(1) .Annual tonnage dens~ty

(2) Composite of rall type, weight, metallurgy and condition

(3) Actual train speed

(4) Gradient

(5) 'Curvature and use of curve. oilers

(6) Wheel loads and,wheel diameter

(7) Train service type

/'

I
\
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In effect, then', we are treating all assets except land as "depreciable"
or as being consumed as a function of specific traffic factors or time.
As provided in our procedures, such consumption of the physical compo
nents according to their variability with traffic ,factors is then trans
lated into a capital consumption allowance based on the current cost of

, replacing each track component in kind. This procedure provides for the
~inclusion of ~he r~covery 2! capital expended for all roadway components
,except land which does not deteriorate with use.

Thus, our procedures for determining roadway investment costs address
only the relevance of including the cost of capital a's applied to road
way investment items in the long-run variable cost calculation.

B. Variability of the Cost of Roadway Capital

All capital outlays or investments in roadway incur a cost of financing
that capital outlay. Whether the aotual funds expended are provided
from the issuance of debt, retained income, or some other source, a
cost of the money used,to finance the outlay is incurred. We will not
develop a methodology for calculating a carrier's cosLof capital. How
ever, any cost of capital calculation should include an allowance for
the cost of debt and the cost of equity capital, weighted according to
these components' presence in a company's normal capital structure. The
question is whether and to what extent this cost of capital should be
included in the long-run variable cost calculation.

It is well established that variable costs properly describe the pricing
floor below which no rate should be set. However, there is considerable
~ebate surrounding the definition of variable roadway investment cos~s.

What costs are variabh!7 The answer to ,this question begs the issue of
short-run versus long-run~ Short-run ~ariable costs are generally des-
cribed as those costs which change when volume increases within a fixed
productive capacity. Long-run applies to changes in operating costs
and to investment decisions (broadly defined as "the acquisition of fixed
'factors of production") which give rise to costs that do not vary as the
capacity thus created is more or less fully utilized. ,It is the appli
cation of these rwo cost levels that we shall discuss.

Economic theory is quite clear with respect to which costs ate relevant
for making pricing decisions. If the traffic in question can be served
with existing "unused capacity," the pertinent costs are the short-run
marginal costs (SRMC) which do not include any amount for the investment
in plant capacity.

On the other hand, if the traffic in question cannot be handled efficiently
with the existing capacity, and new capacity 1s demanded, the appropriate
cost would be the long-run marginal cost (LRMC). LRMC differs from SRMC
in that it includes the capital costs associated with making the investment
in added capacity, as veIl as any cost savings resulting fro~ the investment.

In discussing whether roadway investment costs at the LRMC or SRMC level
are proper for inclusion in the rang-run vg~iable cost ~alculation for,
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pricing decisions,. let us consider a route. The route may be thought
of as composing a number of separate, continuous segments, ·which may
be infinitely small, if one prefers to view them as such. A route may
be defined as the railroad facility between whose end-points all traffic
will tra~el. Theref~re A to B to·C is only a route if a~l traffic from
A.to B travels also from B to C and vice versa; The route here is
therefore A to C. ~.

We 'assert that for any such route, there is a. finite amount of. traffic,
of a given mix and using a given "above the Tail" technology, that can
be moved per unit of time. To assert the opposite is also to. claim
that traf.fic can move, infinitely fast, since throughput/un~t time. =
velocity/unft time x K, so infinite throughput implies infinite velo
city.

I
The limit of throughput for the route is given by the segment that has
the smallest throughpJ,1t; l.e., the capacity is determined by the wo.rst
"bottleneck".,! ThE!refore, unless all segments have an equal capacity,
those segments with capacity greater -than that with the smallest capa
city wi.ll have capacity that 'is e~cess and unusable. The only route
that can have no excess capacity is one whose segments all have equal
capacity. ~

Consider such an .ideally constructed route. The only way to change
capacity without having unusabl" excess capacity, is to change equally
the capacity of all segments. ! The rational firm will endeavor to
construct or modify routes so that these routes are ideal, ideal mean
ing no ut,1usable, excess capaci ty, although this is usually, impossible --
to accomplish in practice. '

If the capacity of an ideal route can be cha~ged in such a manner as' to
permit the addition of just one more unit of throughput, or of a very
small percentage change in throughput, then we may conclude that road
way investment is at least paTtially variable. It must be emphasized,
however, that even if it were physically possible to change capacity
by one "small "unit at a time, it may also be very ~neconomical to do so.

Consider that this route has no excess, unu~able capaci ty, and is ·there
fore operating at capacity. One additional bit of buSiness appears.
Examine, how one can incrementally "vary"' roadway plant toaccommoc:iate
this additional increment of business. First, one could increase speed
by jus t 8 small amount, say five percent. Or if it is a Single track
operation,. sidings ,could be extended by a small amount, say one car,
length., If another bit of business appears, this incremental investment

,~

11 Actually, one aspect of traffic carrying cap~city can be varied without
increasing the physical capacity of the entire route. This is
throughput time. -While total throughput cannot be ,increas.ed, the
time it takes for a unit to travel through can be improved.

In addition,ii'~hroughput time can ,be reduced, then'meet/pa~s de
lays are also reduced, thereby increasing, although on a small
scale,the capacity of a single track line (theoretically).
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could be repeated, although possibly at a different rate.

While it is certainly possible to extend a siding by sixty or so feet
at a time, andloT to increase speed by small/amounts, it is not eco
nomical to do so~ It is n~~ economical' (i.e., least costly) to add
sixty feet to a siding every week for four months and then tear it up
by these small increments when volume declines. It is not economical
to raise speed by five percent at a time every month, say from 40 MPH
to 42 to 44.1 to 46.3 and so on. Neither is it economical to let the
speed deteriorate when volume drops off and then raise it again when;
volume picks up. It may well be very possible to vary these .plant
components, but it is clearly not economical.

,
!

Some other plant items, as mentioned, are (completely fixed over wide
ranges of output and are impossible to vary. These include such items
as bridges and ,other structures, grading, and signalling. Changes in
these items' ability to accommodate traffic typically involves a re
sult suitable ftir a wid~~range of traffic volume.

One may be able to recan where small additions to the plant were made,
and these additions made perfect economic sense. No doubt they did.
However, such a project is invariably a step to bring a route into
capacity balance. Small signalling projects for example, are often
implemented to relieve bottlenecks. Bridge reconstruction is under
taken to remove a weight restriction. But no one would claim that it
made economic sense to increase the axle loading of a sound structure
from a Cooper's E-80 rating to E-130, if all the other~ctures on
the route were still rated IE-80 and would remain so for a very long ~ime

to come.
", "

Based on this analysis, we conclude that roadway investment should be
treated as fixed over ranges of traffic volume for which plant configur
ation is fixed. To do otherwise would prevent more complete utilization
of the roadway investment and the resulting reduction in average costs
which would flow from the contribution of added traffic.

As an illustration of this concept, assume a singl~ track line equipped
with CTC has a capacity of 30 trains per day, that current volume on the
line is 15 trains per day, and that capacity will 'not be reached for
several .years into the future. Application of our thesis means that
the capital cos.ts associated with the investment in this line should be
considered fixed until additional capacity is required, and that the
capital costs should therefore be e~cluded from the long-run variable
cost calculation for pricing purposes. Until 15 additional trains per
day have been 'attracted to the route, the card",,' s econemic position
wO\lld indeed be improved so long as the 'added traffic more than covered
all long-riln vadab.le, costs excluding the cost of capital associated
with the roadway i~tments. .

But we have advocated a "component-specific" approach to calculating
roadway "consumpti9n" costs because, as we have shown, the lives of
roadway components differ significantly as a function both of the speci
fic component and of the characteristics of the tTaffic moving over a
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part:Lc.ulAr line segment. ,Thus, the question should be riihed as t,o
whe~lier dis~aggregation of the roadway into its individu81c01IIponents
;iiobld pf6vld'e a, dfnt!rent conclusion as to the variability Of roadwiy ,
,.oI'j"''';'"''{>- 1:1'" ,.," ~,~,:-.!;;. ,,- •• ,t',.', . .{, ':',' •.. ~ ~'", '~:' ." ,." -',,-'-,~ ~II I, - 'c'i, .,'

co's'~s'i)f c'aplt'aL ,'~uch 8,questiC?o, should assume _toc~ti'ori.,;sp'ecfHcin..
~:s t1i~rl t '~'O~ i:~ wou hlb'!! deve 16pe'd tn a manner SlmllaT to oUT 'proposed
~d~W~l~pril~Kt '6ft6'idwiy ,mAin tetlance costs.

," -' "•. 1 c.' ';('''''' -~ "':,,-:" :~. r<~~"':~ oJ -

tit, u's -ipplysuch 'arihypothesis to Tail, ,which we have previously shown
t~ b~ ~~ m~Qh a~ 100% variable with traffic,factors.

(i)A~suifte:

Current coSt of replacing one mile of 136-lb. rail; all
charged to expense

507. = C~rr1er's matgitial tax rate (t)

107... Citrier's cost of capital

10i. ::: lttvestiilen t Tax Cred it (ITC)

99.6% .. VaTiabilityof Rail with Traffic

300 Miliiort Cros~ Tons Is Rail Life

(2) After-tax Cost of Average Variable Investment

$60,000 Ill" Cdst Per MUe

24,000 '" After-tax Cost of 'Rail:, ($60,000 x 50"1.) .. ($6,000
for lTC)

24,000/2 x 99.6'7.'= $11,952 co AverageVariabie Investment
Over Life of Rail

(3) Annual Variable Investment Cost (AVIC):

AVIC '" Average Variable Investment x (Cost of Capital)
1 - t

$11,952 x 0.10
(l-(),~ 50)

'" $2,390

(4a) Case 1: L1lw Volume Line

@ 30 Million Gross Tons per year annua.l volume" Rail Life
is 10 years

Capital CoSt =($2,390 x 10)/300 "" $79.7/Mil. G.T.

,(4b) Case 2: Htgh Volume Line

@ 60 Million Gross Tons per yeaT annual volume, Rail Life
, is 5 years

Capital Cost"" ($2,390 x 5)/300 '" $39.8/Mll.G.T.
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As shown, the investment cost of rail for the low volume line is double
that of the high volume line per unit of traffic. Thus, we again con
clude that roadway investment costs should be treated as fixed over a
particular range of traffic because their unit cost declines as the asset
becomes more fully utilized. And although this discussio.n has been in
terms of rail, we believe all other roadway assets.. which we have identi
fied as variable with traffic volume as well as those "fixed" will be
have in a similar manner.

c. Considering Roadway Capital Costs In Investment Decisions

Of course, there is a certain danger in excluding roadway capital costs
from the long-run variable cost calculation. Even though such costs are
fixed over ranges of traffic volume as we have shown, volume will reach
the upper limit of capacity on certain routes in time. At that time,
the investment required to increase route capacity is variable as is the
associated cost of capital.

And it is at this time, therefore, that the cost of the proposed invest
ment shouid be included in the long-run variable cost calculated for hand
ling the required traffic volume. Of course, this projected long-run vari
able cost should also include any cost reductions from operating efficien
cies which would be derived from the proposed capacity expansion.

All traffic then, which would utilize .the expanded capacity should be tested
for a positive contribution at the projected long-run variable cost l~vel.

If certain traffic segments produce a negative contribution,a determ'lna
tion should be made as to whether the added capacity would still be required
if the negative contribution traffic were no longer handled. And, if the'
capacity expansion could be thus avoided, the negative contribution traffic
should be eliminated. Given the slowness in rate-making procedures, this
analysis and the upward rate proposed should probably be made about a year
before the capacity limit will be reached in order that the capacity limit
will not be exceeded.

'(. . .

On the other hand, if the capacity addition;~oul!d still be required even
were the negative contribution traffic nO,Lto move, that traffic should
not be eliminated so long as it producesa:positive contribution before
considering the cost of-the capital assocfated with the proposed addition
to capacity. This is so because the capac;'ity addition will have to be
made anyway; the cost of capital to finap~e the outlay will be incurred
anyway; and if the traffic makes a posi~iye contribution to this sunk,
cost of capital, the carrier's economic,.p:osition will be improved.

I ;,j

In making the investment analysis describe'd above, care should be t~ken
that such an analysis avoids incremental'reasoning. This can be accom
plished by including allexpec ted capaci iy add i tions which wi 11 be re
quired to handle the marginal traffic o~er the planning horizon.

For example, if a short portion of a single track line is initially being
proposed for expansion to double track o~~r.a heavy grade, but the re
maining portion of the line will also req61re double track within a short

.,'j";
'"
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period of time, then the ,marginal traffi~ analysis, should cover .both
proposed capacity 'additions.' . Otherwise, each double tracking project,

~may be sepaTately'determlned to be desirable ~hile in-actuality, both
are l,Ir:ld~~ir~bl~ when tl1e marginal traffic isellminat"ed." . .. ,

The qu,s~iQn of wl1ieh tr~ffic should be 'subjected to -the m~r8inal analy
sis Is ~lso imp~rtant. We'believe the appropriate traffic is that which
",ill u!le the added capac~ty.

'The_ crea:tion of capad ty gives rise to the phenomenon of joint supply.
Thi.s phenomenon occurs whe~ two services are created as the result of

v one indivisible pr~cess. In the case of an investment, the dedsion
\to ..dd capacity to serve our July customers (service A)automa,tically
"results in the provision of the'capaci~y to serve our January customers

(service B)'. It is impossible to increase or decr.ease the amount of
\ "

~~~aei ty avail-able for sale in July without changing in the same pro-
.pot.~"ion and in the same di rec tion the capacity, available for. sale in
Janu\ry. When looking at the cos.t of this capacity alone, there 'is no
objec'Uve way to attribute causal responsibili ty to anyone group of
eust~~rs.• ' Without' ex~mining 'the demand'side of the equation, we can
not determine who caused the investment, and any capital cost allocation
would be\entirely arbi trary. " .

~¥~Pit~ t~many difficulties inherent to conditions of joint supply,. the
p~oblem of determining cost responsibility is not impossible. Econom1C

. - -, .' \
th,eor.Y.:dictate~sthat costs'shoul4 be assigned on the basis of causal re-
sponsibility. Thus, to the extent that a given customer or a given ser
v).:~e(, results in specific costs, that customer or service is directly
~~~ponsibLe for t~ose costs. When a group of shippers demands service

,.t:h~t cannot be eff\eiently provided with the existing pLant, an invest~

)oeDt 'in new capacity. must be made. At the time the investment is made,
.'-the investment costs\are variable as we have stated, and they are then
c'directly attributable \to those customers requiring the investment.
Therefore. thevaTiabl~costof serving these customers necessarily in
cludes the capital cos~s\associatedwi,th the add.ed investment. l,t now
remains only to identify,these "responsible" customers.

. \ . .
, \ ' , .

If a plant were designed to carry exactly 20 carloads of traffic per
month, it could handle mOTe fraffic but only at the expense of increasing
the costs fOT alr carloads hancHed. When the traffic volume grows to 21
carloads per. month, therailTo~'c: may still operate ~ith its original
plant, but the cost per unitwoul,.' be higher. ' The original plant is
operated at an inefficient ra,te be~aus.e investments are generally made
i,n lump-sums for economic reasO,ns. \50, the plant capacity will not be
~xpande.d until the growth in traffic~an cost justify the lump-sum in-
ves tment. . .

. , .

If we'~ssume the railroad will not make an investment in capacity until
the voiume grows to 26 carloads per month\ who is responsible for the
i~vestment?' Is it the shipper who adds th~\ 26th caT? Is it the group
of shippers who add cars 21-26? Or, are all~hiPpers responsible?

. The test of "causal responsibility" is to ask the qu~stio~,''Would the
plant requirements be different if a given tu,\r reduce~ or eUmina'

\







In Diagram I, the horizontal line A describes the original plant invest
ment of $20,000. The point Ac identifies the point assoelated with the
most efficient'operation as 20 carloads per month. In Diagr~ II the curve
AVe. describes the average variable costs associated with the original
plant. As seen, the AVe curve declines as the plant becomes increasingly
utilized, reaches a minimum point where the plant is operating at optimum
efficiency, and rises as the output approaches the limits of capacity.

\
When customers A & B expand their shipping volume from five to eight cars,
the total monthly volume ehanges from 20 to 26 cars per month. In the
short run,.we would meet this demand with the original plant and the
average variable cost per ear would increase from $85 to $87. However,
if we expected to sustain the new volume, we would invest in new capacity.

The addition to plant eapaeity is illustrated with Une B in Diagram' I.
The point Be describes the new level of capacity at 30 carloads per month.
In Diagram II, we have the curve AVC2 describing the average variable costs
after the capaeity has been added. This curve does not represent the
ave;;ge variable eosts at the time of the investment; rather it describe.
a static situation with plant capacity fhced at the new level. This cost
curve is ·short-ruft in nature and applhs to all eUlitomers equally.

Let us now turn our iH@nHon to H" auignm@nt of th@ ClIpttal eost, n"
3u1Hn8 from the $10,000 inveatmeflt:.

The tftveltment tft new capacity was caus@d by the eh@fI~e in volume from 20
cafa pef month to 26 C@fl pef month. If we cQnttftue to illume a yfttfo~

flow fOf all aUltomef. fOf all montha, then, !ll cystom@fl af@ caYlllly
relponllble for the Inv@ltment. Even thoY8h @uatom@fa C, D Ind i did not

,lnueue thehi' d@mlmds en the Iystem, they !lUn muri!t be hlld luoufttabh
for the plant addition, If they had reduced their monthly demand by a
total of alx carlolda, the lnveatment would not hive been nec@§~lfY,

In. most cases, capacity 18 expanded to serve the period of peaK demand.
As long as peak demand 1s the cause of the expansion, only the peaK uaers
are responsible, and capacity costs should be assigned to all peak users
according to the degree to which eaeh eontributes to the peak.

Every cost system should be deslgnedto meet the needs of its users. .If
the costs will be used as a rate-makinJ! tool, the system should be closely
tailored to the needs of the rate maker. Up to this point, the alloca
tion of capacity costs have been at the customer level. Howeve~ most
rates aTe applied at the commodity level where "customer-related costs"
are not very useful. Since commodity Tates dominate the rate structure,
the allocation of capaeity costs should be based on commodity and not cus
tomer. This would be accomplished by dividing the total number of Car
loads of each commodity by the total number of carloads, of all commodities
and applying the Tespective percentages to the capital costs. When the in
vestments are peak-related, the numeratoTs and denominators would be deteT
mined by the peak month only.

If' the investment expands capacity to meet a futuTe need, the "for whom"
question is more difficult to answer. We cannot rely on histOTic traffic
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~dat,~ H)id~,nU.fy t~J!! ,~~~,poqsible customers; In!i,t~a,~,wet'nust·,pr.oj,lj!ct
the vpl1Jmefor.e.ac'h cust~lDer and assign thee~padty costs Jkcordlngly.

, :~1~~,~ ~b~ ¥TIY·e~i~m.~pt ~~SI}~stH~.~d on'th!! bas'ill'~(f'u~.~~e. growt'h, ~he
,pr:ole:c~~'~'.V~..lu,~e:S~£)~l!! ,b~ ayaH!ible fro!D OlJr fot;~cast.. "

,~:, .

,:r!1,qu~e~p~rie9.~~" .t~~~sual pe.k period is ,a month., That is to say,
§g~t ,c:.'~i:(a~i.ty~~p~,ns~op:sarepr,oposed in ot:der, to .meet tJle traffi~
'd,emands ~f.a J),e:!!t1ll9n~h~ ,However, the,. selection of an appropr~ate,

,pe,ak PH1!3d.9h()pl:dr~flec,t, e,acJ:1 carrier I s ownpoBcy.

Since v'~ri~b'i"!! .c·~s:~s fde~tHy .the ,priein,g floor, .i.t is im~ortant for
these coststl? h.e. ~~ \precis~ ~s possible~ If roadway investment costs
w~re lumped together and allo~ated on the bas~s of "system" service
units, we woul,d f~il 'to meet this objective. tra~fic moves over specific
routes andno~ avert:tge rout:~s.lf we assume the latter, we overstate
'Sotae costs andundei~tate oth~rs. The only remedy is to identify in
vestment .by route and locatIon and determIne the causal factors. Since
it 'i's vlrtifa:lly f.nipp~:sf,~le tc>'e:xamine each investment individually, we
must do someaggrega;tIon~ , .

All investments should be classiI1ed into Hn.~haul, yard, or terminal
investm·ents. 1)hetermln~l cl'assification might be furthe·r segregated
in ti)TOFC!COFC ,~ridreglJ\l~r ,~~rtoad. '

In the interest of practic:aH.ty, -the Hnehaul investment data would
have to be aggregated. 'The ~~t usieful,fot:]i of aggregation would iden
tify spec'ific rqute seginents."fhi~e it would be advantageous to make
these .segments'as large as possible, their length would be dictated by
traffic flows. Soine segments .might be as short as 20 miles while others
areas longa~ 300 miles.

If a route segment represents the distance between two points, the
majority of trafHc ~hould f~ow 'through the end",points of the segment.
For example,i t would be ~mpr()p'erto def'~tl~ ,8 route as all points from
"A toO" if a substantial voll.l'ine ·of trafUctetmiilated at points B Qr C.

, One consequence

A
lil

B c
,,'.~

D

of the "A to 0" definition would be the allocation of capacity costs in
curred on theB to Dportion to traffic not even using this segment.. In
other words,a route 'mus t 'bedefin~d narrowly enough to encompass "like
traffic," .yet' broad enough to be manageable from the accounting standpoint.

D. Coriclusion

. We have shown that the cost of capital incurred to finan~e roadway invest
ments is fixed o~er ranges of volume. T~erefore, we conclude such costs
should not be ineludedin the calculat,ionof long-run variable costs for
the pricing floor •.

IX - 19



( ,

However, when capacity additions are requir~d, a contribution analysis
of traffic c~using the additions should be made. At this point, the
entire cost of proposed capacity is variable, including the associated
cost of capital. Thus ,ifspecific traffic segments cannot generate a
positive contribution and the proposed capacity would not otherwise be
required, then these negative contribution segments should be eliminated.
As we have stated, the relevant traffic to subject to this marginal ana
lysis is that which causes the requirement for added capacity. Finally,
capacity- replacements affecting the continuity- of a network should be 
viewed as abandonment decisions which are, discussed below.
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. 'PROPOSED PROCEDURES FOR CALCULATING ROADWAY INVESTMENT COSTS
FOR ABANDONMENT' DECIS ;;..W;..;N..;S"-'- _

~ In an abandonment analysis, all roadway investment costs which will occur
, if the line is removed should pe considered v~riable~ Jhus, the trans la- '

tion of the ~otal value of the,inv~stment in the line into realizable,'
current dollars is the principal analytic task.

In addition, if the line were continued in operation, any required
b1litation of the line would require .the expenditure of capital.
rehabilitation must be recovEred ove,r, the expected future life of
and must include an allowanc~ for the cost' of capital incurred to
such a rehabilitation expenditure.

\"

reha
Any such
a line,
fund

'If abandonment occurs. land ",ill be released for other use (I.e., sale or
leaserwhose after-tax value can be determined by land appraisals with ad-

/ justment for taxes. However, if the line were continued in operation,'re
ceipt of this value would be deferred over the expect~d future lif~ of the
branch line. The cost of this foregone· value can be obtained, by comparing
the difference in net presert value at time zero to the net preserit value
at the·end of th~ branch's L~pected futur~ l~fe. using the carrier's cost

,of capital as a di~count factor. '

Salvage value, after the cost of removing the track structure components p

should be calculated. If the line were continued in operation, these net
salvage benefits would be foregone over the expected life of the line.
Again. the cost of foregoing these net salvage benefits can be calculated
by comparing net. present values.'

Finally, abandonment of a line usually results in a tax reduc~ion. because
net salvage receipts are less than the book valbe of the line. Again
continued operation of the line wi II cause this benefi t to be foregone.·
This oppo.rtunity cost also should be calculated by compaTing net present
values. i

Taken together, these investment costs should be annualized and compared
to the net contribution of revenues (less operating expenses) generated
by traffic which would be lost if the line were abandoned.

/

)
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x - COMPARISON OF COSTING PROCEDURES Al1D COST RESULTS

Introduction ..

The exte'nt' of departure from "conventional" roadway costing procedures evi
dent' in. the procedures developed in this study necessarily makes any compar
ison of resulting costs extremely difficult and thus essentially prevents
significant conclusipns from being drawn•. Several rough cost comparisons
were made however, and are presented here together with comparisons of sev
eral other aspects of the procedures themselves.

-Cost Levels

Only two cOmparisons. were made between costs calculated from'the procedures
developed herein and those resulting from other procedures.

Li~ehaul unit (GTM) cost for only the major program elements of the study
area' track structure were calculated as described in Section VII. Resulting
costs (considering ali ranges of track and traffic conditions) ranged from
$0.10 to $1.31 per 1000 GTM. The roughly comparable system average variable
unit cost, based on 1974 running track expenses of the Southern Pacific ~ans
portati~n Company as reported to the Interstate Commerce Commission and cal
culated'using the Commission assumption of 57% average variability, was $0.25
per 1000 GTM. Previously utilized Southern Pacific~ variable maintenance
of way unit costs, as calculated using the procedures described in Section
V, resulted in a system'average unit cost of. $0.45 per 1000,GTM.

Obviously, the only significant conclusion which can be drawn from these
comparisons is not that resultant cost:levels are similar or dissimilar,
but that system average costs cannot begin to describe the "variability" of
"variable" rC)adway costs at the operating district level.

Relative Cbst Behavior for High Density Vs. Low Density Lines
~. 1 .." I_ -

A compariso,n, of Figures 27 And 31 indicates that the cost per gross ton mile
for program maintenance items (rail, ties, surfacing, ballasting, turnouts,
and tr.ack.cross~ngs) is lower for high density lines than for low density
lines., The explanation for this can be drawn from Figures 7, 9" 12, and 13.
As annual tonnage on a given line increases', the lives of the respective track
components, decrease. in terms of years put increase in terms of gross tonnage.

Decreases in available on-track time for maintenance forces, which generally
occur with increases in annual tonnage cleariy increase the cost of performing
program track renewal work. However, as long as the percentage increase in
these costs is less than the percentage increase in tonnage which moves over
the track during the respective component lives, the cost per gross ton'mile
will be less •. '
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Accounting Systems

Here also, there can be no comparisons between accounting structures inherent
in the type of system utilized in these procedures and those of either the
Interstate Commerce Commission or the Canadian Transport Commission. These
latter systems are simply Dot designed or intended to provide the degree of
management control and cost analysis capability inherent in the more exten
sive and complex accountiD~ systems in use in the industry today.

Uses for Internal Costing

There is no question that costing procedures developed here provide the capa
bility to refine roadway cost analysis to a route and service-specific basis.
The advantages ,of such a system, given the pervasive competition faced by the
railroad industry in marketing its transportation services, can be substantial.
The qualifier is needed to reflect the continuing requirementto improve the 
quality of data relating to the physical and economic behavior of railroad
roadway and to recognize that ,added complexity and cost are associated with
the procedures developed here~ Recognizing these factors, internal carload!
train load costing can, utilizing these or similar procedures, distinguish '
the varying roadway costs associated with specific rail services. These pro
cedures also have application to the economic evaluation of epeeific proposed
trackage'rehabilitation projects.

Uses for Regulatory Costing

Costing procedures described here and the resultant roadway costs will have
application to regulatory proceedings when such proceedings are conducted in
recognition of probable distinctions between economic and incurred costs. The
use of predictive methodologies for analyzing roadway economic costs must be
brought to bear on proceedings relating to specific types of rail service.
Such methodologies will almost certainly find increasing acceptance as the
body of relevant knowledge of the behavior of railroad track structure in
creases and specific relationships between the roadway and its service environ
ment become more clearly defined and universally accepted. The influence of
such data and similar costing procedures upon the determination of releva.nt
roadway. costs in proceedings related to cost sharing between different rail
services is already apparent. l

Finally, these procedures, and particularly the accounting structure implied,
will almost certainly also find application in actual loss calculations in
abandonment or subsidy proceedings.

L "A Methodology for Service Cost Sharing," Report of a Study for the Trustees
of the Penn-Central Transportation Company, DeLeuw, Cather and Company, (ICC
Finance Docket 27353) December 1972. '
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XI - GUIDELINES FOR IMP~~TATION OF ROADWAY COSTING PROCEDURES

. Introduction

This 'section describes the decisions, considerations and requirements for the
fmpl~mentatlon of roadway costing procedures akin to those developed in this
study. It is intended to be a general statement of the implications surroun...
ding the attainment of refined roadway costs to an extent, and with techni-
ques and procedures proposed an~' utilized throughout this effort. The ma
terial in this section presupposes that committments exist to'develop rail
road roadway costs· which are service-specific in nature and which reflect the
economic roadway costs 'of providing.railroad service. )

Organizational Requirements
,I

(

Costing procedures as described in this study will most assuredly require
the assemplance of a projec<team or special study group. While the size
and composition, of stich a staff will depend to some extent on the relative
si,ze and complexity of the roadway network being analyzed as well as upon
the current level of cost finding capability, as a minimum, such a staff
should include the following: I'

I Engineering Department Representative - This individual would
ideally be possessed of substantial .engineering field experience,
perhaps as Division,Engineer,Assistant Division Engineer or
General Track Supervisor.' In addition, this team member sh0"tld
have substantial knowledge of current procedures relative to the
reporting and control of ,engineering expenditures~

I Cost Analyst - This team'member should be thoroughly familiar
with procedures currently used by ,the railroad for analyzing
railroad costs for pricing purposes, including existing data
sources such as accounting reports and traffic statistics as
well as'data handling systems.

. \1 Intermediate Level Programmer - This individual should be pro-
ficient in both COBOL and FORTRAN language and should be thoroughly
familiar with existing management information systems, including
individual data files and reporting capabilities.

2 Clerical Personnel - These indiv:iduals must be capable of in
terpreting both Engineering Department ,"and Accounting Department
records and reports including engineering track 'charts , line pro-, , ,

file drawings, periodi9 budget reports, etc.

In addition it will be most important to assign specific Uason
persoDJ:lel in 'both the Accounting and Management Systems organiza- /
tions of the railroad.
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Significant Considerations-

Of utmost importance to the scope and level of eff~rt entailed in developing
roadway costing procedures of the type described herein is the nature of
existing data. Specifi~ly, the following areas will be paramount.

1. Engin~ering Da~,~
~.

The existing amount, format, timeliness and integrity of track phy-'
sical characteristics data will be a significant determinant of the
level ,of project effort. In addition, the extent of existing infor
mation (either internally developed .or accumulated from other sources)
relevant to the prediction of the physical behavior of roadway track
structure of the type existing on the specific railroad under study
will be of prime importance in determining the level of additional
effort required in this area. / It is likely that at least some rail
roads possess substantial amounts of internal data for estimating
the performance of various types of, their specific roadway tr~ck struc
ture under varying trafficconditionsand would be able to substan
tially reduce the level of field investigation effort reported herein.

I

2. Accounting System Data

The nature and sophistication of existing accounting and expenditure
control systems will'also playa significant role in the development
of roadway costs on a basis similar to that described here. To the
extent that decentralized service-related responsibility accounting is
not in use or under development, substantial effort must be directed
toward structurally altering existing systems to provide data of the
type proposed for use in/roadway cost ana.lysis~

3.. Traffic Characteristics Data

Development of service-specific traffic data at the levei demonstrated
in this work represents a siz~able undertaking. As described pre
viOUSly, such data may either be manually developed from sample train
movement reports or extracted from the several types of computerized
traffic/operations control and information systems existing in the
industry. Once formulated however, procedures for acquiring such
traffic data can result in the routine periodic accumulation and anal
ysis of data vitally important to performagce requirements attendant

.to the roadway track structure. Such data is a prime requisite for
eventual development of service-specific or product line-based road
way costs.

Perhaps more basic to the successful development of refined roadway costs
than 'any of the data or systems constraints outlined_above is the necessity
for coordination and communication of the far reaching impacts of ~pecific



marketing, opera.ting and engineering decisi.:ms /3.5 t.hey t>.ffect the eventual
economic behavior of the roadway system. When the need to recognize xhe in
terrelationships and common data requiL"Cments of the various railroad depart
mental functions has been firmly established, the necessary infrastructure
for refined cost analysis will have been deYeloped.' Cost analysis and costing
procedures of the type proposed and demonstrated here cannot be successfully
undertaken without this basic infrastructure.

'"
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Track Structure Research

XII - CONCLUSIONS AND RECOMVIEIIDATIOIlS

While individual railroads must each determine thei~ specific needs for
refined roadway costs, the proce,dures developed in this study provide a
basis for the determination and allocation of variable roadway costs incurred
in providing specific rail services on specific portions of a railr9ad '
roadway network. To imply, however, that sufficient information cu;rently
exists, or has been developed in this study for the exact assessment of the
direct or relative roadway cQsts associated with rail service provided under
varying track/traffic ~onditions would be seriously remi~s. .1

~

While the body of relevant, well-documented'track research data is expanding,
it is still insufficient to provide railroad management with adequate decision
making capability, not only for tne establishment of rail ser~ic~"prices
but arso for effective operations and maintenance planning and .control.

Althdugh this study has made use of much of tne existing dat~purpo~tingto
describe the'physical beh~vior of the primary elements of the roadway track
structure, the areas s,till open to subje'ctive evaluation, i. e. , engineering
judgment" are numerous. In fact, the performance cap~bility of every' element
in the subgrade-ballast~tracksystem warrants further study and probable
revi sion. ,For example, much more study should be devoted to the enti,re

. subject 'of rail'life and the development of procedures to eyaluate it, including
methods wpich take into account specific removal criteria and reuse policies
as well as the identification of the effect~'of al~ significant physical and
traffic characteristics.

Track g'eometry performance represents another major area where ouch additional
research is warranted: Perhap,s required here is thedeveloproent of a
serviceability index based on the amount of wear and deterioration to "be per
mitted in trac,k: before surfacing and lining or reconstruction must, be" performed.
Condemning limits for rail wear should. be, a part of such an index. Th.is
index would likely be a: function 'of long-term dynamic response to physical
change rather than:to traffic volume alone. That is; t~eway tonnage is
applied in terms of wheel loads, frequency of load application, train service
type, and speed may be just as significant as the actual nULlber of tons carried.
Various attributes might be attached to the track index levels including
permissable track deflections and specific 'moduli' of track elasticity. '
Bearing 'capacity of subgrade's arid depths of ballast would be additional
factor,s. The relation of subgrad'e and ballast to trac'k' moQulus ' and.:to' .
deflection should also be included. These factors arid related indi'ces could
be further related to speeds, wheel loads, or other train' servic'e effects ~'

In summary, the problem with practically all current engineering data of the
type required for use in roadway economic cost analyses is the almost complete
lack of control and comparability with which it was derived. No two sets
of data are obtained under exactly the same set of conditions. ThUS, it is
extremely difficult to isolate the effects of any one element or factor. The
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solution ~ then ~ a.nd the recommended nature of future research ~ is to a;::alyze
each of the primary track structure elements~ item by item) de~erminine

their physical and resultant economic behavior ur.der a series of' caref'..1l1;y
controlled conditions and environments.

The costing procedures developed here~ then~ are seenns both a means to begin
to utilize presently available types of roadway performance infornation in
the costing of rail services for pricing purposes~ and as an infrastructure
capable of incorporating future. more relevant roadway research data to help
insure that adequate consideration of all the economic consequences of rail
service and operating decisions upon the railroad fixed plant is undertaken.

Significant Aspects of Roadway Costs

Results ,of the study .have indicated the potentially widely variant nature of
roadway costs~ particUlarly unit (GTM) variable costs as determined by the
type and volume of traffic carried on a specific route or line segment.
The nature of variable and total unit cost behavior, particUlarly as affected
by route traffic density, is obviously vital to an accurate assessment of
overall product-line or route-specific profitability and the estl:iblisbment of
optimum pricing and service planning policies. Unit variable linehaul
roadw~y costs developed in the stUdy ranged frOLl less than 20¢/1000 GTM to well
over :j;'3/1000 GTM, depending on route and service conditions. Given variations
of this magnitude in unit yariable cost, and recognizing the impact upon
associated (route-specific or allocated) unit fixed costs occasioned by
structural ~hanges in traffic volume, the importance of refi~ed fixed plant
costing .capability becomes clearly evident. The implications of such cost
behavior indeed go far beyond the issue of improved cost information for
internal pricing decisions.

Significant refinements in railroad cost-finding capability and particularly
those in the. area of railroad roadway costs will not be achieved.witnout
commitment of substantial resources. Whether in the area of expenditure
reporting and~ contr?l or in the area of scientific research into the nature
of the track-train environment. meaningful improvements in roadway costins
capability will result only when the significant variants of th~s complex and
vital aspect of railroad servicear~ much I:lor~ thoroughly und~rstood and evaluated.

!

Ivhile the potential costs and benefits of. such refinements must enter into
any decision to more thoroughly investigate the economic behavior of specific
railroad roadway '''service, " it should be recognized that the consech:ences of
incorrect or inadequate information become more and more s~vere as ~he:financia~
.resources of individual railrQads or the industry become more scarce. The
potential cost-effectiveness of refined roadway cost analysiG procedures'
must be viewed in light of Just such conditions.
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PROJECT DOT-FR-30028

- M of W Economic Analysis Project 
Field Survey

APPENDIX B

The purpose of this survey is to .obtain the benefit of field engineering
experience and judgment regarding both progrwm and ordinary M of W activity
requirements for providing and properly maintaining various types of trackage
under varying traffic conditions. The survey is neither a test of knowledge
nor an attempt to evaluate performance in any way.

The survey consists of five sections. Section I should be completed by
Roadmasters. This section deals with providing estimates as to program and
other major trackwork requirements for specific track segments in each Roadmaster's
district (although some districts may ndt be represented, as a result of the
track segment selection procedure employed). This section should be fairly
self-e>~lanatory as to instructions for completion.

Section II should be completed by both Roadmas~er and Division Office
personnel. This section deals in more general terms with the effects of various
track and traffic characteristics on track maintenance and renewal requirements
and also seeks to identify potential impacts resulting from a number of possible
changes in reporting requirements.

Section III should be compJ.~ted by the Division Engineer's Office. This
section relates to force level and equipment requirements for ordinary track and
other maintenance requirements, assuming adequate level of program maintenance.

Section IV should be completed by the Division B & B Supervisor and deals
~ith the potential establishment of r~lationships between structures maintenance
efforts and different levels/types of traffic.

Section V can be completed by either the Division Office, Hoadmasters, or
both. This section deals vit~ estimates of available on-track time for rail
laying, tie, and surfacing operations in main track territory.
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- M of W Economic Analysis Project 
Field Survey

Section I

Program/l~jor Trackwork Requirements
Sample Track Segments

General:

This section of the survey involves completing FORM RECM-l for the track
segments specified. Responses should reflect each Roadmaster's JUdgment as to
adequate and economic track maintenance and rene~al for each segment. The following
general guidelines apply:

1) The "line" code in coluInns 5-8 is the Circular 4 line designation.

2} The "track" code in column 32 (E,W,or S) indicates whether eastbound,
westbound, or single track.

3} If the weight of rail in track does not match that indicated in columns
39-41 or if the condition (New or Secondhand) does not match that shown
in col~ 43, ignore this track segment and go on to the next line.

Please follow the instructions given below in completing the form. In
responding to the items requested~ assume that currpnt traffic conditio~5 (en~ual

tonnage, amount of unit train traffic, amount of traffic moving in jumbo cars,
Amtrak, etc.) will remain unchanged, and also that current speed limits viII stay
the same (unless track is temporarily slow ordered). If current traffic levels are
substantially less than normal t assume vhat you would consider to be a more
typical tonnage density.

1) Colwnns 45-48: "YEAR RAIL REPL."

Based on the current age and condition of the rail t

what year do you estimate that relay should be accomplished?
e.g. 1978, etc.

2) ColUlllIls 50-52: "EST. TIE LIFE II
•

IF POSSIBLE, estimate the average life (in years) vhich you
feel could be obtained from cross ties in the track segment.
If you feel no estimate is possible, leave blank.

3) Columns 54-56: "MAJ. SURF. CYCLE ll
•

What major surfacing cycle, in years, (tie renewal and
at least fI. 3" raise) would you establish for the track
segment? e.g. 6, etc.



~) Columns 58-60: liND. INT. SURF.".

Considering the major surfacing cycle previously 'specified,
how many (if any) intermediate surfac1ngs would you specify
between major lifts? Put the number of intermediate surfacings
in column 60.

5) Columns 62.;.64" "TYPE INT. SURFACING".

IF intermediate surfacings are called for, how extensive
should they be? Indicate by putting one of the following,
codes in column 64:

A = minor (1") lift

B = major (3") lift

6) Columns 66-68: "%TIE MAJ. SURF."

What %of cross ties should be renewed at each major
.surfacing?

7) Columna 70-72: "BAL. TYPE".

Wbat type of ballast is used? Indicate by putting
one of the following codes in column 72.

A = crushed rock

B = Slag

C = Cinders

d = Other

8) Columns 74-80: "CUMULATIVE TONNAGE".

Leave Blank.
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- M of WEconomic Analysis Project 
Field Survey

Section II·
Effects of Track and Traffic Characteristics
on M of tl Reqtdrements

This section of the survey will require that District/Division personnel,
based on their experience and judgment, supply answers to a number of questions
relating to the physical behavior of track as affected by traffic conditions.
Some of these questions are admittedly very generalized, however, responses
should be as brief as possible.

1) Considering only the factors of rail weight and annual tonnage,
(assuming all other factors affecting rail life are constant), if we
assign a life of 1.0 to 132 lb. rail, what is your estimate of the
relative lives of the other weights of rail for the annual tonnage
densities shown.

Rail Wt.
Annual Tonnage

10 MGT

20 I-1GT

30 MGT

40 MGT

50 MGT

136# 132# 119# 112# 90#

/.,1/ 1.0 .'1 ·8'1' ,,116

/.13 1.0 ·8'1 ·SD ,,"0
,./"1. 1.0 .83 ~1" .511-
/·/0 1.0 ,,'18 -"8 .'1'
/.D1 l.0 ·13 -'3 .3'1

2) Considering only Jointed track vs. CWR, and assigning a life of 1.0
to CWR, what is your estimate of the relative life of jointed rail?

Would this depend also on the annual tonnage?
If 50, what is your estimate of the relative life of jointed for
the tonnage densities shown below?

JT

: CWR

10 MGT 20 MGT 30 MGT 40 MGT 50 MGT

.857 .8D7 .7n. ./'9S -/'2.1
1.0 1.0 1.0 1.0 1.0

Considering only the effects of freight train speeds, (all other
factors being constant), and assigning a life of 1.0 to rail in
50 MPH territory, what is your estimate of relative rail life for
the. speeds shovn below? -------

10 20 30 40 50 60 70

2.SS 2." /.'5 1"z'S l.0 .88 .'11



4) Considering only tangent track, have yeu experienced cases
where rail life was foreshortened on steep grades?

If so, and assigning a life of 1.0 to rail in level territory,
what is your estimate of the relative life of rail for the
gredes shown below?

LEVEL
TRA.CK +1% +1.5% +2% +2.5% -1% -1.5% -2% -2.5%

1.0 ,,4 .81# ~1h .•s- .,. .'0 ,,8/ ,11

~) , Considering only the effects of track curvature, and assigning a
life of 1.0 to rail in tangent track, what is your estimate of the
relative life of rail in the curvature ranges shown below?

TANGENT
TRACK 10 _30 30 _60 6°_10 0

without rail
lubricators 1.0 ·ID .S, .35'
with rail
lubricators 1.0 .8' .71- .5'/

6) Considering only the effects of special metallurgy or heat treatment,
and assigning a life of 1.0 to ordinary carboll, control-cooled curve rail,
what is your estimate of the relative lives of these different type
rnil~?

j I

carbon rail 1.0

High Silicon Rail /.4'1

Heat tI"1!eted '.3'1

7) If the life of rail in tangent main tracks (in terms of total millions of
gross tons) is expressed as 'X', what is your general estimate of the
remaining life of that rail in relay applications? e.g .•SX, etc.
Briefly explain.

8) If the life of rail in tangent main track (MGT)is expressea as 'X'. what !s
your estimate of the lives of associated other track materials
listed below? (e.g•. 5X et~.).

Open Track OTM Turnouts/Track Crossings

ars l"rogs .'71
Switch points .Jf6
Guard Rails I.U)
Stock rails .'1"
Switch Plates 1.'5
Closure Rail 1./1
Other 'l'urnout OTM Jt~1
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9) Have you encountered specific cases where you felt that the incidence
of traffic hauled in heavier cars (say 90-ton cars or heavier), with
the associated increase.6 in 'Wheel/rail contact pressure, has shortened
rail life over what you have been experiencing in territories without
much heavy-car traffic? Briefly explain.

If you have had such experience with heavy-car territory, try to
estimate the effects of heavy cars on rail life as follows: If the
total life of rail in territory where only 50-ton cars operate ,ras
assigned a value of 1.0, what is your estimate of the relative
rail life if the same traffic were hauled only in the car sizes shown1

50-Ton 70-Ton lOa-Ton l25-Ton
Cars Cars Cars Cars

LO .81 .7'1 .61

10) If you have experience maintaining track in territory where unit trains
operate, do you feel that such traffic has any separate or unique
effect on rail life? Briefly explain.

If so, and assigning a value of 1.0 to the life of rail in territory where
only mixed consist trains operate, what is your estimate of the relative '
rail life in the same territory if the same traffic were moved only
in unit trains?

mixed consist
trains 1.0

unit trains .'J

Do you feel that operation of 6-axle locomotives is having any
appreciable effect on rail life? c==J
Briefly explain. Try to estimate the relative effect t if any •

.... : ..

11) Considering only the effect of annual tonnage, estimate the service
life (years) of standard treated crossties in tangent track territories
having the annual tonnages shown.

B-7



12) Considering only the. effects of track curvature, and assigning a life
of 1.0 to crossties in tangent track, what is your estimate of the
relative tie life for the curvature ranges shown below?

Tangent
Track 10_30 -.J~Q-6° 6°-100

1.0 -88 .11 .S2.

13) If the life of crossties in CWR territory or in mid- rail positions
in Jointed territory is assigned a value,ot 1. 0, ,,'hat is your
estimate of the relative life of Joint ties?

CHR or
Mid-Rail 1.0

Joint .S57Ties

14) Considering tangent track, have you experienced cases where tie life
was foreshortened on steep grades?

If so, and assigning a life of 1.0 to ti$in level territory,
what is your estimate of the relative life of tie for the grades
shown below?

LEVEL
-1 ~ i -1. 5% j -2% ~TRACK +J.% +1.5% +2% +2.51-

1.0 .92- .83 .7'1- -10 .,,," J .88 I .80 l1fJ
15) Considering only the effects of freight train speeds, (all other

factors being constant), and assigning a life of 1.0 to ties in
50 MPH territory, what is your estimate of relative tie life for
the speeds shown below?

10 20 30 40 50 60 70

1.01 I.'D / .." /of) 1.0 .", -891

16) Have you encountered specific cases where you felt that the incidence
of traffic pauled in heavier cars (say 90-ton cars or heavier), with the
associatedfncrease in track deflection, has shortened tic life over
what you have been experiencing in territories without much heavy-car
traffic? Briefly explain.
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16) cont.

If you have had such experience with heavy-car territory, try to
estimate the effects of heavy cars on tie life as follows: If the
total life of ties in territory where only 50-ton cars operate was
assigned a value of 1.0, what is your estimate of the relative
tie life if the same traffic vere hauled only in the car sizes shown?

50-Ton 70-Ton laO-Ton l25-Ton
Cars Cars Cars Cars

1.0 .S, .7" .,1/-
Do you feel that operation of 6-axlelocomotives is having any
appreciable effect on tie life? c::J
Briefly explain. Try to estimate the relative effect. if any.

18) For the six categories of track support listed below, and assigning a
value of 1.0 to the life of crossties in the territory described by
the first category, estimate the relative life of crossties in the
remaining categories.

Class Lift

1 Good Ballast. Good Drain~e. Stable Subgrade 1.0

2 Good Ballast. Good Drainage, Unstable Sub~rade .sZ
3 Good Ballast. Poor Drainage, Stable Sub~ade ·11/
4 Foul Ballast. Poor Drainage. Fair SUbgrade "U
5 Foul Ballast, Poor Drainage, Poor/Unstable Subgrade ,,~,

6 Foul Ballast (due to sand), Good DrainB4l:e, Stable SubgradE ."
19) Considering only the effects of annual tonnage, estimate the majo~

surfacing cycle (in years) required in territories with the ranges
of annual tonnage shown below.

5-10 10-20. 20-30 30-40 40-50 50-60
MGT MGT MGT MGT MGT MGT

Cycle Lenf:l:'th in.or 11.S8 9.69 B.13 '.1'1 ~,S'
Number of interme-

/·81 2.() J,tf~ l,tll j.BJdiate surfaein~s 1.90
Type of interme- IJ 8 B 8 B Bdiate surfacin~s
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19) cont.

If you feel that intermedia.te surfacings are required, tndicate the
number of such surfacings between each major surfacing and the type
of intermediate surfacing.

"

Type A = full (3") lift

TJrpe B = minor (1") lift

20) Considering onll- the effects of rail weight (all other factors being
constant) and assigning a surfacing cycle length of 1.0 to 132 LB
territory, estimate the relative surfacing cycle lengths for the rail
weights shown below.

R '1 "It~~ .
136# 132# 119f1 112# 90,

1_03 1.0 ,,·S' -1' ·5"'8Cycle lCOg.l

21) IF the majOl' surfacing cycle in jointed re.il territory is expressed
as 'X' years, what is your estimate of cycle length in eWE
territory, e.g. 1.25 X, etc. Briefly explain.

/.'10

22) Considering tangent track, have you experienced cases where surfacing
cycle length life was foreshortened on steep grades?

If so, and assigning a life of 1.0 to surfacing cycle length in
level territory, what is your estimate of the relative
surfacing cycle length for the grades shown below?

LEVEL I I
TRACK +1% +1. 5% +2% +2.5% -1% -1.5J{ , -~% ! -2.5J~

1.0 ·9'1 d BS' .1'1 .6'1 .. '1' .S' I .77 1.12-
23) Have you encountered snecific cases where you felt that the incidence

of traffic hauled in heavi.er cars (say 90-ton cars or heavier), with
the associated increase in track deflection, has shortened surfacing
cycles over what you have been experiencing i~ territories without
much heavy-car traffic? Briefly explain.

24) For the six categories of track support listed on the next page
and assigning a value of 1.0 to the major surfacing cycle length
in the territory described by the first category, estimate the relative
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24) couto

major surfacing cycle length in the remaining categories.

Class Life

1 Good Ballast. Good Draina~e, Stable Sub~ade l.0

2 Good J3allast, Good Drain~e, Unstable Sub~rade -7D

3 Good Ballast. Poor Drainage. Stable Sub~rade ·13
4 Foul Ballast, Poor Draina~e, Fair Subgrade -GIJ
5 Foul Ballast, Poor Draina~e. Poor/Unstable Subp-;rade .Ij()

6 Foul Ballast (due to sand), Good Dra.inage. Stable Sub/?;rade ·'8
25) Considering only the effects of freight train speeds, (all other

factors being constant), and assigning a surfacing cycle length of 1.0
in 50 MPH territory, what is your estimate of relative surfacing.
cycle length for the speeds shown below?

10 20 30 40 50 60 70

2.11 '·1S /-'1D /.1'1 1.0 •• -7(-

26) If you have experience maintaining track in territory where unit trains
oper~te, do you feel that such traffic has any separate or unique
effect on surfa,cing cycle length? Briefly 6:...-pla.in.

If so, and assigning a value of 1.0 to 'cycle length in territory
where only mixed consist trains operate, what is your estimate of the
relative surfacing cycle length in the same territory if the same traffic
were moved only in unit trains?

mixed consist
trains 1.0

unit trains .'0
Do you feel that operation of 6-axle locomotives is having any
appreciable effect on surfacing cycle length?

Briefly explain. Try to estimate the relative effect, if any.
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In territory where passenger trains operate, are sur~cing cycles
different than if no passenger trains were present? ~

If so, do you feel this is because of higher passenger speeds
(if any)? ~ Briefly explain.

If passenger and freight speeds are the ~~ would there still be
a difference in surfacing reqUirements? ~ Briefly explain.

RIDt.~ C:'>t.lrL;'ry

28) Are there main track territories in your district where undercutting
or plowing/sledding should be accomplished (along with ballast
cleaning/replacement) on a relatively definite cycle? r==l
If so, please indicate below.

FREQUENCY OF j
~_.....:MP;:.::....:.F:.::.R:.::O:.:.::r.r~-....:MP~....:T:::O:"'-__ l.~UITD::.::;l~Ert::.:.:::CU'l'..:;.;:;.l...:A1:.::·;;.;~::.....::ST..J:.:::m:.:.:..:...F.:..:A.=.Cr::;.:'_JPLOiffiW /SLEDDIRG 8;
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Division _

M of WEconomic Analysis Project
Field Survey

Section III

Date ---------

- Ordinary Track Maintenance and Other Requirements -

General

Ordinary or Routine maintenance may generally be divided into two categories:
'£rack maintenance and non-track maintenance. Non-track costs would include items
such as clearing ditches and culverts, fence repairs, weed control, removal of snow,
ice, and sand, and various other routine (housekeeping) activities.

Track-related routine ma.intenance would include the items listed below.

- spot tamping and lining

- spot tie replacement

- gauging & adjusting anchors

- reparing insulated joints

- weld grinding

- driving down spikes

- Joint lubrication

- install new or reformed joint bar

- renew/tighten track bolts

- repair wheel burns

- ultrasonic inspection

- replace defective/failed rails

- rail end ",elding

- rail surface grinding

Questions

l} Approximately how many track miles in each of the following categories
exist on your division?

A. Primary main

B. Secondary main

c. Branch tracks

D. Yard tracks (see Section II responses)

E. Remaining "siding ll trackage

,
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2) Considering the mileage and traffic conditions currently existing
on your division, and assuming that adequate "program II track maintenance
(rail relay, tie renewal, major ond intermediate surfacing and ballasting)
is being carried out. What is your estimate of the labor force required
to handle only the routine track maintenance activities described above.
You may present this in the best way you see fit, however, your response
should describe the organization and levels of necessary manpower. You
should also, if possible, "state these requirements on a man hr. per track
mile basis (for each labor cate~ory) for the track categories above.

H_l4



3) The concept of so-called "fixedll costs has presented some difficult
problems'in Mof Wcost ana.lysis over the years. Cost analysts seek to
identify these costs (those which are esscntiallyindependent of changes in
traffic volume) in order to provide rate makers with infor~tion about the
degree of profitability of a particular service at a particular price.
Theoretica.lly,- if we would incur these IIfixed ll costs whether we hauled
an additional carload of traffic or not, ve vould be better off taking the
traffic even if it contributed only marginally to covering its portion
or fixed costs. Many other factors of course enter into such a decision,
however, the 'concept of II f ixed" andllvaria.ble ll costs nevertheless p~a.ys an
important part in railroad pricing decisions •. Some obvious examples of
essentially 1ixed costs might be: propertyta~es, some types of interest
charges, some portion of depreciation expenses, some inspection costs
incurred as a result of.legal.requirements, etc.

In the M of Warea, there vould seem to be two definitions of fixed cost
which might apply. (with perhaps very different implications). We vould like
you t.o attempt to specify which costs yO'l would consider a.s fixed using both
definitions. To describe. cost areas, you should use PACE EIN'S (just the
number will do), or if you feel that perhaps only some porti~ of costs
covered by a particular EIN are fixed, please give a short explanation.

Defintion I: "Fixed M of Wcosts are those Which would have to be
incurred if any traffic is to be moved".

/

-.

)
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3) cont.

Definition II: "If there were no traffic today) but we must be
prepared to support our typical volume of traffic at any
,time) the M of Wcosts incurred would be considered
our "r ixed ll costs". . < .
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· Division _

B Be B Supervisor _

- Mof WEconomic Analysis Project 
Field Survey

Section IV

- Structures Costs -

General:

Date:· _

Cost analysts have traditionally treated structures maintenance costs as
"fixed" with respect to volume aDd type of traffic. The general rationale has always
been ~hat unless the design limits of the structure. are exceeded, most annual
maintenance would be attributable to the elements, 'accidents, etc. \fuile it is
recognized that structures or their specific components do wear out, the service
lives involved are long enough to ha.ve precluded quantifying nhy specific effects
Which, for instance, annual tonnage may have' on structure life/cost. This section
of the survey is an attempt to draw upon the experience and judgment of the B &B
Supervisor to help determine if refinements in structures costing can be made and,
if' so, vhat procedures vould be required.

Questions:

1) Have you been able to observe changes .in wear and stress pattj~jn structures
which you believe can be attributed to,heavier wheel loads?

If' 50, please explain. Consider concrete, s,teel, and timber structures.

B-H



2) In the same way, has the 1Fer:Jion of 6-axle locomotives materially
changed structural wear?

If so, please explain. Consider concrC(te. steel. and timber structures.

3) Do you feel that maintenance of structures is materially affected by the
presence of passenger train traffic? c====J
If so, please explain.

4) For structures of the same type. size, condition, and climatic environment,
do you believe there is a relationship between annual maintenance and annual
tonnage?

If so. describe which areas of structures maintenance you believe to be
affected by annual tonnage volume.

n



5) If you feel that, all other factors 'being equal, annual tonnage does
have' an effect on a.nnual maintenance or on actual life. and if ve assign a
value of 1..0 to the maintenance requirementG or life of structures in
territory .with 20-}0 mlliion gross tons of traffic annlially, can you cst imate
how the specific areas of maintenance which you described in (4) above
would be relatively affected by the different tonnage volumes shown below.

Concrete Timber Steel
Specific 5- 10-. 20- 30- 40- 5- 10- 20- 30- 40- 5- 10- 20- 30- 40-

Maintenance 10 20 30 40 50 10 20 30 40 50 1'0 20 30 40 . 50
Area NGT MGT MGT MGT MGT MG'T MGT MGT MGT MGT MG' MGT MGT MGT MGT

1.0 1.0 1.0

1.0 1.0 1.0

,

l.0 1.0 1.0

1.0 l.0 l.0
.
"

I
, l.0 l.0 l.0 ,

6) For struct~cs of the s~c tJ~c, size, condition, end cl~atic enviranment,
do you believe there is a relationship between annual maintenance and train
speed? .

If 50, describe which areas of structures maintena~ce you believe to be
affect~dby annual tonnage volume.

7) If you feel that a.ll other .factors being equal, tr:ain speed does have an
effect on annual maintenance or on actual life, and if we assign a value of
1.0 to the maintenance requirements 'or life of structures in territory
with 50 mph train speeds can you estimate how the specific areas of _maintenance
which you described in (4) above would be relatively affected by the different
speeds shown belovo
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7) cont.

Specific Concrete Tir.tber Steel
50 ,60 70 -~Mainten- ,10 20 30 ~O 50 60 70 lO 20 30 1'0 50 60 .70 lO 20 30 40

ance Are<J MPl MPH MPH HPF. MPH MPH MPH MPH HPH H?J! HPl MPI MPH MPH MPI HPJ t1PH J-1PI MPH MPJi r-1Pn._

LO LC 1.0

1.0 I.e 1.0
, ,

-
1.0 1.0 1.0

l.O
/

~ 1.0 l.0

1.0 1.0 1.0

If so, explain briefly.

8) Do you feel that traffic conditions (speed,
affect maintenance of any of the following:

Tunnels' 0
"

tonnage. Hheel' loads) materially \

Culverts If so, explain briefly.

Fences, snowsheds. signs

Stations, office buildings

D

o
If so, explain briefly.

If so, explain briefly.
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Section V

- Available On-Track Time Estimates -

On the attached Division Map, indicate general variations in available
on-track time for main line rail laying, surfacing, and tie renewal operations
a.s follows:

1) For surfacing and tie renewal operations, indicate approximate changes
in available on-track time ~~th a~ line using:

Red pencil for territory where available on track time
is approximately 6 I hrs. per day.

Yellow pencil for territory where available on track time
is approximately 5 hrs. per day.

Blue pencil

Green pencil

for territory where available on-track time is
approximately 4 hrs. per day.

for territory where available on-track time is
approximately 3 hrs. per day.

2) For rail laying operations, indicate approximate changes in available
on-track time with a dashed line using: Black pencil and indicating
variations as shown in the example below.

Elmhurst Junet.

~,
y'\J

·0

0..,~ Ha.yward, "-" "-,
'"

\, .""\..
" ," "",,-

"\, "" "'''-.
\?..~ '"••-J. "'"r"'\ Nile s

0...... '--'

---0/
In the example 1-6:00 would mean tha.t approximately one continuous
6-hour period of on-track time was generally available for rail laying
operations between Elmhurst Jct. and Ha~ward, and that two separate 2-hr.
30 minute periods of on-track time were av'ailable for operations between
Hayward and Niles. Of course other variations may apply in any particular
territory.
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APPENDIX C

TRACK COHP01LENT LIFE REPOR'rS
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Appendix D.

UNIT PRODUCTION COSTS.

A."' General Material Cost Assumptions

The following assumptions have been applied to calculate material costs
in the study trackage area:

,( 1) For material costing purposes, rail will be considered as being one
of only three types: New, relay or scrap. This is of course a sim
plification in the valuation of second-hand rail given that such
rail may have a variety of uses (values), depending on its type,
weight, condition, etc. However, given the inability to accurately
predict the end use of specific rail suitable for relay, this broad
categori2ation is necessary.

(2) All rail to be laid in the main line trackage under study will be
new rail.

(3) On picking up jointed rail which was laid new, 75% will be credited
as relay rail and 25% (includes a cropping allowance) will be credited
as scrap. For CWR laid new, 95% will be credited as relay and 5% as
scrap.

(4) On picking up rail which to,as laid second hand, 50'70 will be credited
as relay rail and 50% will be credited as scrap.

B. Valuation of Salvageable Rail

The value of rail at any time is a function of its remalnlng life (in terms
of million gross tons), and the value of new as well as scrap rail. New rail
and scrap rail have values (dollars per ton based on "pattern weight") deter
mined by prices on their respective markets. However, the value of relay rail
is not easily determined because there is not a large market for it. This is
due primarily to the fact that each railroad tends to generate enough relay
rail to satisfy its own requirements.

New rail is laid in main line service. Its life under these conditions
is a function of many factors including the rail section, annual tonnage oper
ated over it, physical conditions such as curvature, gradient, and rail metal
lurgy. and traffic conditions such as wheel loads and speeds. When rail wear
deteriorates the quality of rail sufficiently, it is removed from high speed,
heavy annual tonnage main line service and relaid in low speed, low annual ton
nage branch line service. The Southern Pacific decision to remove rail from
main line service is based primarily upon the probability of a rail failure.
This generally occurs when about 30% to 50% of the rail life is remaining (i.e.
50% to 70% of the life of the rail is used up in main line service).

'Not all rail removed from main line service is usable as relay rail. The
portion which can be relaid is ordinarily cropped and welded eJther into welded
or continuous welded rail (72-1440'). Cropping results in about 10% of the
rail being scrap. Rail defects result in another 5% of the rail being scrap.
Due to excessive wear (curve rail), about 10% of the rail is suitab~e for use
only in yard and industry tracks ("back track"). The result is that of a

D-l



- 2 -

mile of rail removed from main line service about 75% is usable in branch
line service. These estimates are based upon the judgment of Southern
Pacific engineering personnel.

With this information it is possible to estimate a value for rail laid
in branch lines based upon its expected remaining life. The value of rail
suitable for use in branch line service is given by equation (1).

(l) B = (X) (N - O. 9S) + O. 9S

where B = value of rail usable for branch line service
($ per ton, based on pattern weight")

X fraction of total r~il life remaining when rail
I

is laid in branch lines

N price of new rail ($ per ton, based on "pattern
weight")

S = price of scrap rail ($ per ton, based on "pattern
weight")

The "0.9" factor applied to the scrap price is to account for the dif
ference between the "pattern, weight" and actual weight of the scrap rail.
Based on the judgment that X has a value between 0.3 and 0.5, it seems rea
sonable to assign it a value of 0.4 for this analysis. This is done in
equation (2).

(2) B = 0.4 (N - 0.9S) + 0.9S

When rail is removed from branch line service, about 50% is usable
in "back tracks". The remaining 501. is scrap. The value of rail
suitable for use in "back tracks" is given by equation (3).

(3) c = Y (N = 0.9S) + 0.9S

where C = value of rail usable for "back tracks" ($ per ton,
based on "pattern weight")

Y fraction of total rail life remaining when rail
is laid in "back tracks"

N,S = are defined the same as in equation (1)

The nature of rail laid in "back tracks" makes determination of the
value of Y difficult. During times when there is a large need for this
class of rail, some rail which may be sold for scrap during periods of less
demand may be used in "back tracks". However, under most circumstances it
is unlikely that the fraction of life remaining in this rail would exceed
10% of the total life of the rail (in terms of tonnage). Based on this,
equation (3) becomes:
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(4) C = 0.1 (N - 0.9S) + 0.9S

The class of rail called "relay rail" is composed of both rail laid
in branch lines and rail laid in "back tracks". The value of relay rail
must be based on the value of these two classes of rail (i.e. usable in
branch lines, and usable in "back tracks") and the proportion of total
relay rail each constitutes. When one mile of rail is taken up from main
line service, 0.75 mile is usable in branch lines, and 0.10 mile .is usable
in "back tracks". Of the 0.75 mile of branch line rail released, 507. or
0.375 mile is usable in "back tracks". In other words, when one mile of
rail is taken out of main line service, an eventual 1.225 miles of relay
rail is released. This 1.225 miles is composed of 0.75 mile for use in
branch lines, and 0.475 mile for use in "back tracks" (0.100 mile released
from main line service plus 0.375 mile released from branch line service).
Based on this, the value of relay rail can be determined from equation (5).

(5) v = 0.75
1.225

B + 0.475 C = 0.61B + 0.39C
1. 225

When the values for Band C [from equations (2) and (4) respectively]
are substituted into equation (5), the result is:

(6) V 0.61 [0.4 (N - 0.9S) + 0.9SJ + 0.39 [0.1 (N -0.9S) + 0.9SJ

= 0.2830 (N - 0.95) + 0.9S

Current (J~ly 1, 1975) prices for new and scrap rail are substituted
into equation (1) to determine an average economic value for salvageable
rail in the study. This value is $144.50/ton.

C. Price Levels

All costs (labor, material, equipment rentals) reflect prices/rates at
the July I, 1975 level.

D. Basis of Estimated Costs

1. Maintenance of Equipment

The cost of in-field and shop repairs of automotive, work and
boarding equipment is included in the daily rental rate of that
equipment. The rental rates include expense of traveling mechan
ics that may be assigned to specific work forces.

2. Handling Cost of Materials And Supplies

Purchase expense, foreign line freight included. Transportation
and handling from nearest Terminal to/at work site included.
Handling and Transportation on S.P. Lines to Terminal nearest
work site not included.
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3. Move Work Force And Equipment

From On-duty point to on-duty point (end of one proj~ct to- start
of new project) not included.
From on-duty point to work site (on current project) included.

4. Rail Relay Labor

Labor applied to relay vs. rail is performed by a 50-man System
Rail Gang using its assigned roadway machines, tools, automotive
and boarding equipment. Labor applied to welding is performed by
a 7-man system Welding Gang that accompanies the System Rail Gang.
Welding Gang uses its own assigned tools and equipment.

All other labor and equipment, except CWR train cars are drawn
from local assignments.

5. Rail Relay Costs

Costs for rail relay include the following:

a. Unloading rail (14 men, train crew, equipment rental CWR train)
b. Unloading OTM (6 men, train crew, equipment rental, work train)
c. Relaying rail (50 men, equipment rental)
d. Sorting OTM released (8 men, equipment rental)
e. Loading Rail [OTM released (7 men, train crew, equipment rental,

work train)]
f. Field Weld Rail (7 men, equipment rental)
g. Repair Track Circuits (signalmen, equipment rental)
h. Electrical/Sanitary/Water service (labor, equipment rental)
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6. Estimated Work Equipment Rental-Rail Relay

Type of Equipment

Speed swings (2)

Camp Car Electric Generators (2)

Track Work Machines:
Spike Puller, Power Wrench,
Vibrator, Anchor Applicators,
Rail Gager

Air Compressor

Track Work Machines:
Adzer, Crib Reduce T , Tie
Sprayer, Track Drills, Rail
Saw, Spike Driver

Rail Welding Equipment:
Rail Heater, Pre-heaters,
Rail Pullers, Utility Grinder,
Surface Grinder, Rail Saw

Automotive Equipment:
Truck j
Bus Trackmen
Pick-up Truck
Truck (welding. force)

Life
Exp.

(Years )

12

10

8

8

6

6

8
6
6
8

Estimated
Cost To
Replace

$80,000

10,070

63,215

8,500

58,040

25,950

8,000
16,000
4,000

10,000

Estimated
Daily
Maint.

$76.92

9.67

40.76

8.17

55.85

24.80

7.69
15.38

3.84
9.61

Deprn.
Interest

Prop. Tax

$72.12

68.96

9.27

74.31

33.22

8.73
20.48
5.12

10.91

Daily
8-Hr.

Rate

$149.04

19.51

109.72

17.44

130.16

58.02 *

16.42
35.86
8.96

20.52 *

Total Daily Rate

Hourly Rate

* Welding force equipment hourly rate
Track force equipment hourly rate

Deprn. rate = replace cost + life expo + 220 work days.

Interest rate 10% + prop. tax rate 1.5% x replace cost + 220 work days.

D-5
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7. Estimat@d Work Eguipm@ot Rental-Ti@ R@n@wals-Surfacing

Estimated Es tima ted Estimated Deprn. , Daily Hourly
Cost To Service Da ity Ma in t • Interest, Rental Rental

Type of Eguipm@nt Replac@ Life Cos t Prop. Tax Rate Rate

1 2~-Truck $15,000 8 $ 9.67 $16.36 $26.00 $ 5.25
1 Passenger Van 15.400 6 11.65 19.72 31. 37 3.92
2 Tie Cranes 38,430 10 22.20 37.56 59.76 7.47
2 Spike PuLLers 7,694 8 4.96 8.39 13.35 1. 67
2 Tie Removers 20,064 8 16.46 21. 89 38.35 4.79
1 Tie Scarafier-

Remover 25,420 12 17.23 22.92 40.14 5.01
2 Rail Lifters 7.840 6 5.94 10.04 15.93 2.00
2 Spike Drivers 12, 780 8 8.25 13.95 22.20 2.78
1 Ballast Regulator 40,010 12 38.47 36.07 74.54 9.32
1 Spot Tamper 53,780 12 29.98 28.11 58.09 7.26
2 Forman Trailers 12,000 8 3.60 13.09 16.69 2.09
5 4-man Trailers 27,500 6 6.00 35.21 41, 21 5.15

Equipment Rental-Replace Cross Ties $437.68 $54.71

1 Burro Crane 84.16 10.52
Diesel Locomotive 315.00 39.33

3 Flatcars 12.00 1. 50

Equipment Rental-Unload Cross Ties $411.16 $51. 40

Tamper/Jack/Leveler 60,035 6 33.46
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'8:"':' Estiniated"R'~rital Rates Of House Trailers And Rolling Equipment

Type of Equipment Daily Rate HourLy Rate

House Trailers (3) $ 20.82 * $ 2.60 *
Roadway Boarding Cars (11) L74.79 2L.85

Roadway Tank, Tool, Flatcars (13) 8.84 1.11

Totals $204.45 $25.56

* Total Welding Force Equipment $ 20.82 $ 2.60

Total Track Force Equipment $L83.63 ~22.95

Estimated Cost Of Hand Tool Rental

Daily Rate

Welders Hand Tools

Trackmens Hand Tools

$ 15.00

85.00

Hourly Ra te

$ 1. 88

10.62

Summary Of Work/Camp Equipment & Hand Tool Rental

Daily Rate Hourly Rate

Welding Forces

Track Forces

Total

$114.36

755.74

$870.10

D-7
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TABLE D-5. 'l'URNOUT RmEWAL COSTS
(July 1, 1975 Level)

1-1AIN LINE S1HTCH {,; FROG RENEWAL
REPLACE 136# SWITCH POINTS, #14 FROG, STOCKRAILS

I.e.c. COST
HR~3 • RATE ACe'l' . NO. LABOH HATL. OTHER

TRACK FORCE ( 5 MEN)

'I'MvEL '1' WE 1.5 17.45 220 26.
REMOVE/REPLACE SW.

POIN'rs, FROG, STK.
RAILS 4.5 17.45 220 79.

;:3HrrCH POINTS
(2), NEW 216 780.

FriOG 1114 RS ,NIDl 216 2609.
~)ii'OCKRAILS (2) ,NEW 214 847.
SFIKES/OTl~, HEW 216 49.
EQUIPl·1EN'l' RENTAL 30.

SIGNAL FORCE 2 r.lliN)

TR/\.VEL THm 1.5 11.43 249 17.
REBOND RAIL,
R.El~OVE/REPLACE

SW.HOD & ADJUST 6 .."i 249 75.
MISCL. MATL. 249 15.
EQUIPMENT RENTAL 249 30.

197. ~
7";:-

bOo

TOTAL- PERFORM WORK 1~5 57

SALVAGE

SCRAP RAIL 214 161-
SCRAP OTH 216 -1.1.!l:.. ..

SALVAGE CRED f'I' ~ )

LJET COST 4122
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Appendix E.

~K COMPONENT LIFE AND COST EQUATIONS

(I + T)

(c) [1 - (0.004) (%)] (l + T)

(l000) (KWD .565)

(Y) ( F ) (U ) (1000)
T T

=U
I'

1.565
G = ~K;;.;.WD~__

F
I'

Life:

Unit Cost:

Annual Cost;A
r

1. Rail

Where - G = Rail life in million gross tons.

K = Composite relative physical wear factor (rail) for
specific track segment.

W = Weight of rail (lbs./yd.)

o = Annual tonnage in million gross tons

F =
I'

Composite relative traffic wear factor

<iiIDi jk) for specific track segment.
F
ijk

(rail )

U = Cost in dollars per thousand gross ton miles.
r

C = Appropriate rail cost (dollars per mile)

T = Fraction (decimal) of total tonnage carried in loco-
motives.

A = Annual cost in dollars per year.
r

Y = Length of specific track segment.

II. Ties

Life: H =(1.181) (L) (DO.60875) (e [4.5881 - 0.06077 (~)J)
F

t

Annual Cost: At

Unit Cost: U
t

= iS2-l1 - (0.02) (H)] (1 + T)
(l.IBl) (1000) (L) (0 .60825) (e [4.5881 - .06077 (C()J)

(y) eFt) (U
t

) (lOOO)

(1 .+ T)

E-1



- 2 -

Where - H =Tie life in years.

L = Composite physical wear factor (ties) for specific track
segment.

D = Annual tonnage in million gross tons.

Q( = Degree of curvature.

F =
t

Composite relative traffic wear factor
o

cIr.r=.!.~) for specific track segment.
Fijk

(ties)
"

III. Surfacing

Life:

U = Cost in dollars per thousand gross ton miles.
t

C Appropriate tie cost (dollars per mile).

T = Fraction (decimal) of total tonnage carried in locomotives.

At = Annual cost in dollars per year.

Y = Length of specific track segment.

= (M) (0 0.6369B) (e 3.2451)
J F

s

Unit Cost: U
s

Annual Cos t:A.
s

(3) (C) [l - (0.039) (J)J (l + T)

(1000) (M) (0 0.63698) (e 3.2451)

(Y) (F ) (U ) (1000)
s s
(1 + T)

Where - J = Major surfacing cycle in years.

M = Composite relative physical wear factor (surfacing) for
specific track segment.

o Annual tonnage in million gross tons.

F Composite relative traffic wear factor (surfacing).
s

U = Cost in dollars per thousand gross ton miles.
s

C Appropriate surfacing cost (dollars per mile)

T Fraction (decimal) of total tonnage carried in loco
motives.

A = Annual cost in dollars per year.
s

Y = Length of specific track segment.



- 3 -

IV. Undercutting, and Plowing/Sledding

(C) (l + T)
Ub = (1000) (D) (p)

A
b

= (y) (P
b

) U
b

) (1000)

(l + T)

Unit Cost:

Annual Cost:

Where - Ub= Unit cost in dollars per thousand gross ton miles.

C = Appropriate undercutting or plowing/sledding eost
(dollars per mile).

T = Fraction (decimal) of" total tonnage carried in loco
motives.

D = Annual tonnage in million gross tons.

P = Undercutting or plowing/sledding cycle.

A
b
= Annual cost in dollars per year.

y = Length of specific track segment (miles).

Fb= Composite traffic wear factor (ballasting) for specific
track segment.

V. Turnouts and Track Crossings

Unit Cost: u
o

( C) (l + T) ( N)
=

(KWD .565) (1000)

Annual Cost: A
o

(y) (F ) (U ) (1000)
r 0

(l + T)

Where - U
o

Cost in dollars per thousand gross ton miles.

C = Appropriate turnout/track crossing cost in dollars per
turnout/track crossing.

T Fraction (decimal) of total tonnage carried in locomotives.

N = Number of turnouts/track crossings in track segment.

K Composite relative physical wear factor (rail) fOT specific
track segment.

E-3
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W = Weight of rail (lbs./yd.) in track segment.

D = Annual tonnage in million gross tons.

A Annual turnout/track crossing cost in dollars per year.
a

Y = Length of specific track segment.

F = Compo.ite relative traffic wear factor (rail) for
r specific track segment.

VI. Time-related Deterioration Of The Track Structure

Time-related deterioration Qf the track structure is treated in the rail,

tie and surfacing unit cost equations. The factors in the equations which ac·

count for this ,are as follows:

1. Rail:

2. Ties: [1 - (0.02) (H)]

3. Surfacing: [1 - (0.039) (J)J

The rail factor is based upon i fixed loss due to corrosion of 0.4 percent

per year. 11 Estimated rail life in years is multiplied times 0.004 and sub-

tracted from 1.0 to determine the fraction of total rail cost which is not due

to corrosion. For example, if the estimated rail life in a gi~en track segment

is 20 years, then 92 percent [1 - (0.004) (20) = 0.92J of the rail replacement

cost is due to traffic moving over the rail. Similarily, if the estimated rail

life is ten years, then 96 percent of the rail is due to traffic.

The tie factor is based upon an annual loss of the two percent 11 due to

time-related deterioration. The surfacing factor assumes a fixed cost of 3.9

percent per year. This percent loss is determined from a major surfacing

11 Rail Systems Research Associates. and L. E. Peabody and Associates, Inc.
Analysis of Track and Roadbed Maintenance Cost Variability. December 14,
1973, p. 43.

1/ Ibid p. 49.
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cycle of 25.6 years at a very low annual tonnage. Based on this estimated

life, 3.9 percent (1.0 ~ 25.6 = 0.039) of the total major surfacing cycle

costs are fixed with respect to traffic. Turnout, track crossing and bal

lasting costs are considered 100% variable with traffic.

E-5





AN ACCOUNTING SYSTEM STRUCTURE

Introduction

There is little doubt that significant improvements in railroad roadvay cost
analysis for pricing, "maintenance planning and financial control purposes cannot
be attained 'Without the development of an accounting infrastructure substan
tially more refined than that vhich currently exists with the ICC Uniform
System of Accounts. Many railroads, of course, have succeeded in developing
parallel responsibility accounting systems for internal managerial control and
deci sian-making. .

The purpose of this section is not to introduce a new, proposed industry stan
dard set of accounting procedures and system of accounts, but to briefly des
cribe the basic elements required in the structure of such procedures and sys
tems and to illustrate the use of these elements in this particular study.

Basic Elements of An Accounting System Structure

A. Detail Expense Identification

The identification of roadway expenses at a level sufficient to per
mit analysis and control of roadway work activities and their related
costs is a prime requisite of any accounting structure. The identi
fication of normal roadway expense items shown here, cross-referenced
to ICC Accounts, is divided into four sections:

- Ordinary (non-project/program) expense items. (Refered to
herein as non-GMO expense items).

- Expense items resulting from the planning and control of expen
ditures on a project or program basis.

- Universal expense items - those which are common to other de
partments or organizations in the railroad (principally overhead
items) •

Superintendence expense items.

F-1



NON PROJECT (GMO)
1. ENGINEERING EXPENSE IDENTIFICATION ITEMS

Expense
Identification

No. (ErN) ICC Account pescription

001

002

003

004

005

006

007

008

220(La.bor)
214 (Material )

220

214

220

220 (Labor)
212 (Material)

220(Labor)
212 (Material)

220 (Labor)
216 (Material )

220(Labor)
216(Material)

Spot Rail/Stock Renewals: Labor, rail and ser
vices for replacement of new and secondhand rail
for minor repairs; costs for repairs and replace
ment of rail due to failures detected by detector
cars or other ultrasonic test equipment; bonding
and underground signal circuit costs in connection
therewith.

Transposing Rail: Adzing and Setting Up Track:
Labor, material and work train expense for trans
posing rail on curves, adzing and setting up rail.

Welding and Track Grinding: Operation of cross
cut rail grinders; on track, rail-top grinding
trains; (not covered by GMO). Operating costs of
continuous rail welding facilities are charges to
EIN 192.

Operating Detector Cars and Ultrasonic Test Equip
ment:

Replacing Cross Ties: Labor, cross ties and work
train costs to replace, install and re-space cross
ties. Includes ballast deck and open-deck trestle
ties.

Replacing Switch Ties: Labor, switch ties and
work train costs to replace and install switch
ties not included in special work order projects.

Replacing Frogs: Labor, frog material and services
to replace switch frogs not included in rail renew
al or other special work order projects.

Replacing Switch Points: Labor, switch point ma
terial and services to replace switch points not
included in rail renewal or other special work
order projects.

F-2
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Expense
Identification

No. (ErN) ICC ACCOWlt Description

,',

~' "

009

010

011

012

013

015

220(Labor)
216(Materfal)

220(Labor)
I, 216(Material)

220(Labor)
2l8(Material ),

220(Labor)
.218 (Material)

220(Labor)
218 (Material)

202

Replacing Svitches - Other Material: Labor, IDa- ,

terial and other expenses for replacement 'of turn
out material excepting switch ties (ErN 006'), frogs
(EIN 001 ), switch points (ErN 008 ), not inciuded in
program rail renewal or other special work or4er
projects. Stock rails viII be charged to EINOOI.
Material such as:

1. Connecting rods and tie rods •
2. Switch stands, keys and locks.
3. GaUge plates, svitch slide plates and

switch plates.
4. Heel fillers and -floating heel blocks.
5~ Braces.

"Replacing Insulated Joints: Labor and material ex
penses for replacement of and repairs to insulated
joints not included in program rail renewal or other
special work order projects.

Surface Track Out-of-Face: 'Labor. material and
work train used with out-of-face surfacing asso
ciated vithprogram rai,l renewal preconditioning.

/

Ballast Cleaning and Plowing: Cost of operating
ballast cleaning and under track equipment inclu
ding ballast work train. Includes ballast material.

Ordinary: Ballast Repairs:: ' Cost of ballast and la
bor and work train for Wlloading this ba.llast for

. ordinary track repairs. Loading of ballast at .~

quarries will be charged., to .EIN 190 ; Stockpiling
'ballast at quarries will be charged to EIN 191 .

Miscellaneous Roadway Repairs: Labor., material
and,other expenses for repairs to roadway (not in
cluded in special work order authorities) such as:

1. Cleaning ditches.
2. Restoring embankments and bank protection

devices.
3. Cleaningright-of,:"way, clearing right-of

way of spilled freight fro~'revenue cars·
charge to EIN 168 •

4. Trimming trees. ,
5. Driving stock off right-of-way (Disposing

of' dead stock charge to EIN 168). .
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Expense
Identification

No. (ErN) ICC Account

6.

7.

8. '
9.

10.
11.

Description

Grouting and other methods of roadbed
stabilization (non-program).
Patrolling tracks and right-of-way not
covered by storm damage work order.
Oiling roadway. .
Fighting fires on right-of-way.
Correct footing conditions (toe paths).
Servicing fire protection ';;ank cars and

'pumps.

016

016A

220(Labor)
216 (Ma.terial)

220(Labor)

Cutting grass and weeds, cutting fireguards and
other fire prevention work will be charged to ErN 052.

Miscellaneous Track Repairs: Labor, on~ material
and other costs for miscellaneous repairs to track
(not included in other special work order projects)
such as:

1. Inspecting tracks.
2. Installing and repairing rail lubricators.
3. Painting switch targets.
4. track crossing (bOlt, bars, including

,plates, etc.).
5. Labor to relocate and rearrange insulated

joints (repairs to insulated joints charge
to Em 010,).

6. Gauging track.
7. ,Replacing bolts, anti-creeper, angle bars.
8. Closing open joints.
9. Movement of track gangs and their housing

where no GMO involved.
10. Repairs to bumping posts.
11. Material such as:

a. Spikes, bolts and nut locks.
b. Angle bars, tie plates and tie pads,

inclUding abrasion plates.
c.' Tie plugs, anti-creepers.
d. Guard rail and guard rail trim.

12. Creosote or pentachlorophenol for applying
to ties before replacing plates.

Extraordinary Track Repairs-Derailments: Labor
and services to repair and restore track damaged
by minor derailments (not covered by GMO). Material
used' for repair will be charged to appropriate EIN.
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Expense
Identification

No. (EIN) ICC Account

017 220 (Labor)
2l6(MateriaJ.)

018 273
019

Description

Extraordinary Track Repairs-Washouts: Labor and
services to repair and restore track damaged by
washouts (not covered by GMO). Material used for
repair will be charged to appropriate EIN.

Crossing at Grade and Other Public Improvements:
Labor and material costs for repairs to following:

1. Crossings at grade.
2. Paving in public streets.
3. Public sidewalks.
4. Curbing in pUblic streets.
5. Gutters in public streets.
6. Drainage in public street area.

Repairs on lines serving exclusively freight faci
lities to ErN 018, and those on lines serving both
passenger and freight to be charged to EIN 019
(ties and rail to charged to EIN 005 and 001
respectively).

022

023

024

025

026

027
028
029

208

220(Labor)
212 (Material)

208

206

221

227

Minor Bridge. Trestle and Culvert Repairs: Labor,
material and other expenses for minor repairs to
individual structures when not covered by GMO.

Renew Bridge Ties: Labor and material costs to
cover ordinary renewal of bridge ties. Specially
framed and dapped bridge ties should be reported
to GMO work order covering.

Painting Bridges: Labor and material costs for
painting steel bridges if not covered by GMO.

Repair Tunnels: Labor and material costs to make
minor repairs when no GMO to cover and for routine
inspection of tunnels.

Repair Snowsheds: Labor and material costs to make
minor repairs vhen no GMO to cover and for routine
inspection. Waterline repairs from source to snow
shed if for fire protection.

Re air Stations and Office Buildin s: Labor and
material costs to repair including painting) of
stations and office buildings.
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Expense
Identification

No. (EIN) ICC Account Description

1. Passenger station buildings
2. Freight station buildings.
3. Pas senger plat forms
4. Yard offices and buildings.
5. Roads and walks serving facilities herein

listed
6. Ice machines for drinking water in facili-

ties listed herein
7. Air conditioners in buildings listed herein
8. Mail dock conveyors and machinery
9. Station building signs

10. Sewer, water, gas, electric facilities,
serving facilities listed herein

11. Fences around buildings listed herein
12. Freight platforms and ramps
13. Stock corrals
14. Freight cranes and derricks (fixed)
15. Track scales
16. Pneumatic tube to communication lines
17. Moving gangs and their housing when not

covered by GMO
18. Pavement vi thin ground limits

Repairs to structures listed above serving exclu
sively freight facilities to be charged to EIN027.
To exclusively passenger and baggage facilities to
be charged to EIN 028. Those serving both freight
and passenger facilities to be charged to EIN 029.

030

031

032
033

265

244

229

Repair Switching Yard Floodlights: Labor and ma
terial costs to repair floodlights and floodlight
poles and towers in yards.

Repairing TOFC/COFC Terminals: Labor and materials
to repair TOFC/COFC facilities including structures,
fixtures, machinery, platforms, roads and walks
serving these facilities and other appurtenances.

Repair Roadway Buildings: Labor and material for
repair (including painting) of M/W shops and road
way buildings:

1. Maintenance of Way Repair Shops
2. M/W Shop Building Offices
3. M/W Employee Housing (except trailer houses

charge EIN087 )
4. Mobile house trailer parking facilities
5. Domestic water supply including housing,

pump, motor and distribution facilities
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Expense
Identification

No. (EIN) ICC AccoUnt Description

6. Tool houses, garages, setoffs
7. Sidewalks, driveways and fences serving

facilities listed herein
8. Sewer, water, gas, electric lines serving

facilities listed herein
9. M/W Shop Machinery and Equipment

10. Pavement within ground limits

Repairs to structures listed above on lines serving
exclusively freight facilities to be charged to EIN
032. To lines serving both passenger and freight
to be charged to EIN 033.

o~

035

03G
037

235

235

Repair Diesel Servicing Facilities: Labor, material
and other expenses to repair diesel watering, fueling
and sanding facilities.

1. Fuel and water pumps
2. Storage tanks
3. Servicing platforms
4. Boilers for heating lUbricating oils
5. Fuel and vater lines
6. Steam lines
7. Sewer, water, gas and electrical lines

serving facilities herein
8. Fences around facilities included herein
9. Inspection pits

10. Pavement within ground limits

Repairs to structures listed above for se!'v~c~ng

exclusively freight locomotives to be charged to
EIN034 • Repairs to structures for servicing
both passenger and freight to be charged to EIN 035.

Repair Mechanical Department Shops: Labor, ma
terial and other expenses to repair Mechanical
Department shop buildings.

1. Car repair shops and sheds
2. Diesel repair shops
3. Storehouses
4. Paint shops
5. Test rooms and laboratories
6. Material and equipment platforms
7. Upholstering shops
8. Shop offices
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Expense
Identification

No. (EIN) ICC Aceount Description

9. One spot car repair buildings
10. Turntable repair
li. Pavement within ground limits
12. Sewer. water. gas and electrical lines

serving facilities herein

Repairs to structures tor repairs to freight locomo
tives and cars only are to be charged to EIN 036 •
Repairs to structures tor repairs to both passenger
and freight to be charged to EIN 037 •

038

039

040

041

241

253

257

257

Repair Docks and Wharves: Labor. material and other
expenses to repair docks. wharves and ferry slips;
dredging waterways to approaches and around such
structures; cribwork, rocks, caissons, guards, piling
and other protection.

Repair Power Plants: Labor. material and other expen~

ses to repair power plants and accessories devoted
to utilization ot water for power, including fixtures
for lighting and heating and utilities serving such
facilities.

1. Fuel tanks
2. Furn!ture
3. Hose and appliances for fire protection
4. Service platforms
5. Foundations except special for machines and

other apparatus
6. Pavement within ground limits
7. Fences other than right-at-way fences
8. Wells (but not pumps)

Repair Electrical Power Transmission Systems: Labor,
material and other expenses to repair systems for con
veying electricity from producing plants to place or
building where used including those for lighting sys
tems for general lighting purposes. Movement of Elec
trical Gang and their housing when not covered by GMO.

Repair Steam and Air Power Transmission Systems:
Labor, material and other expenses to repair systems
for conveying steam and compressed air from producing
plants to place or building where used.
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Expense
Identification

No. (EIN) ICC Account

042 221

043 '

044

047

048

Description

Repair Fences and Signs: Labor t material and
other expenses to repair fences and signs:

1. Right-of-way boundary fences
2. Snow and sand fences including trees or

shrubs and associated maintenance services
used to control drifting sand or snow

3. Farm gates t cattleguards, wing fences and
aprons

4. Signs other than those used for identifying
bridges t stations, signals or other struc
tures and signs used in flagging.

Repair Signal System: Labor, material and other
expenses to repair signals, signal bridges, inter
lockers t signal towers t and other buildings (if used
exclusively for housing signal facilities),furniture
fixtures, machinery in connection therewith; also
buildings and machinery of power plants used pri
marily for production of power for operation of
signal system. Miscellaneous signalling facilities
such as:

1. Dragging equipment detectors
2. Centralized traffic control systems
3. Train order signals
4. Switch heaters when operated as part of

signal system
5. Crossing protection
6. Blue light signal at car repair facility
7. Hi-wide load detector
8. Movement of Signal gang and housing when

not covered by GMO.

Repair Hot Box Detector Systems: Labor, material
and other expenses for repair of hot box detectors.

Repair Car Retarder Systems: Labor, material and
other expenses including brake shoes for repair of
Car Retarder Systems.

Repair Communications Facilities: Labor, material
and other expenses for repair of telephone, tele
graph. microwave. radio. radar inductive train com
munications, pneumatic tube systems in yards. etc.
Tube systems in buildings charge to appropriate EIN
for building involved.
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Expense
Identification

No. (ElN) ICC Account

052 202

Description

Controlling Vegetation: Labor, material and
other expenses incurred in connection with vegeta
tion control measures:

1. Cutting fireguards
2. Plowing or discing weeds
3. Burning vegetation to reduce fire danger
4. Chemical vegetation control application

when not covered by GMO

053

054

056

057

058

202

272

271

271

269

Repairs due to Storm Damage: Extraordinary charges
for labor, material and other expenses necessary
to restore and maintain traffic, when not covered
by GHO.

Removing Snow, Ice and Sand: Labor and other charges
necessary for snoy, sand and ice removal, including
repairs, maintenance and supplies for switch heaters
when not covered by GMO.

Small Tools: Cost for repairs and replacement of
small roadway and track tools except identifiable
signal tools.

Roadway and Track Supplies: Cost of supplies con
sumed in connection with roadway maintenance which
are not assignable to a specific work function such
as:

1. Fuel for heating
2. Fuel and lubricants for operation of motor

cars and work equipment (non-highway use
only). (When used for both highway and non
highway use EIN 90».

3. Ice for drinking water
4. Oil and wicks used in lanterns and for

lighting of M/W tool houses and quarters.
5. Torpedoes, fUses and other train flagging

equipment used by M/W & S forces.
6. Hard hats, rain gear, safety goggles, etc.
7. Utilities (water and electric, etc.) for

M/W & S quarters and shops.

Repair Roadway Machines: Labor, material and other
expenses incurred (fuel and lubricants excepted) for
repair to M/W roadway machines used for repairs to
roadway and structures."
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Expense
Identification

No. (EIN)

059

070

071

072

073

080

ICC Account

220

201

282

274

274

Description

Work E ui ment Lease or Rentals: Cost of long
term leases of MWwork equipment. Rentals of
equipment for special work order projects will be
charged to those projects.

Repair of M/W Office Furniture and EqUipment:
Labor, material and services required for repairs
to M/W office furniture and equipment such as:

1. Desks
2. Cabinets
3. Blue printers
4. Copy machines
5. Desk lamps

Repairs to typewriters, adding machines, desk top
calculators and desk top computers charge to EIN80~

Miscellaneous M/W & S Expenses: Labor and other
expenses such as:

1. Attend meetings or courses for instruction
(sa.fety meetings EIN 870 )

2. Preparation of reports
3. Court attendance for the company

Injuries to Persons: Personal injury charges.

Damages bYUnknovn Parties: Not to be used by field
forces. Includes uncollectable damages.

On Call: Paid for but not worked (Electrical and
Communications only).
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Expense
Identification

No. (ErN)

082

083

084

085

086

ICC Account

485

302

302

Description

Service Mechanical Department Facilities: Labor
and materials to service Mecanical Department faci
lities such as: Fire extinguishers, oil sumps and
pumps, mechanical car washers, air tank traps, fire
hydrants, air conditioners, air compressors, car
cleaning facilities, industrial waste separator,
filter washing facilities, electric motors, turn
table motors, oil separator and sump, sludge traps,
storage tanks, clean-up motive power refuse, clean
sewers, clean lighting fixtures, and replace lamps.

Repair Mechanical Department Shop Machinery: Labor
and materials to repair Mechanical Department shop
machinery and equipment such as: platform jacks,
filter washers, steam cleaners, drop tables, air
compressors, battery chargers, pumps, electric mo
tors, overhead or Gantry cranes.

Repair Mechanical Department Mechanized Work Equip
ment: Labor and material to repair portable equip
ment such as: shop compressors, platform tractors,
fork lifts, personnel carriers (unlicensed), welding
machines, ship sweeping machines, mobile ~raines,

material handling equipment.

Vacation Pay Other Than M/W Accounts:

Operation of signals (A/c 404)
Bridge tending (Ale 406)
Operation of communications (A!e 407)
Automotive (Ale 328)

Holiday Pay Other Than M/W Accounts:

Operation of signals (Ale 404)
Bridge tending (A!e 406)
Operation of communications (Ale 407)
Automotive (Ale 328)
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Expense
Identification

No. (EIN) ICC Account

087 328

088 326

089 404

111

Description

Repairs to Trucks, Autos, House Trailers: Labor
and material to repair automotive equipment such
as: automobiles, trucks, material handling trailers,
house trailers, licensed mobile cranes, licensed
personnel carriers.

Repairs to Work Equipment (Rolling Stock): Labor
and material to repair on-track rolling stock work
equipment such as: pile driver (which can be moved
in train service), Jordan spreader, locomotive
cranes.

Operation of Hot Box Detectors: Labor and materi
als to service hot box detectors. Work consists
of cleaning and testing scanners,bolometers, shut
ters, transducers, carriers, locators, pumps, etc.
Supplies include such items as: recorder paper,
lamp bulbs ,tubes , fuses and pens.

Spot Surface Track: Labor and material (except
ballast) used for spot surfacing of track.

'a.,'

150

151

152

153

154

155

379

379

404

373

373

314

Attend Switch Lamps: Labor covers refueling fount
and cleaning and replacing of lenses.

Clean and Oil Switches: Labor involves cleaning and
oiling switch plates and other moving switch parts
(switch machines excepted).

Clean Freight Cars: Labor, material and other
expenses for cleaning freight cars, cleaning and
bedding stock cars and removal of debris. (Cleaning
of debris from right-of-way will be charged to
ErN 015.)

Clean Inside Station Buildings: Labor and materials
for janitorial work in station buildings: passenger
depots, shelter sheds, freight stations, freight
sheds.

Clean Inside Yard Buildings: Labor and materials
for janitorial work in yard buildings; yard offices,
switch shanties, yardmaster towers.

Cleaning Debris After Car Repairs by Mechanical
Department at Rip Track.
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Expense
Identification

No. (EIN) ICC Acccount

156 415

157 415

158 373

159 373

160 373

Description .

Rerail Locomotives and Cars and Clearing Derail
ments: Labor and services required to rerail
~otives and cars, also charges for reloading
or transferring freight. Materials required for
repairs to be charged to appropriate ElN.

Construct Track Panels: Labor and services re
quired to construct track panels to be charged
to this ElN. Materials used to be charged to
appropriate ElN.

Service Freight Stations and Freight Offices:
Labor, material and other expenses to service
freight station and office facilities and equip
ment such as: air conditioners, heating equipment,
plumbing, fire extinguishers and hydrants, steam
generators. air compressors, roof exhaust fans,
clean severs, clean light fixtures and replace
lamp.

Service Passenger Stations and Passenger Offices:
Labor, material and other expenses to service pas
senger stations and office facilities. Facilities
same as those listed under ElN l58except those
added such as mail docks and conveyors.

Service Freight and Passenger Stations and Offices:
Labor. material and other expenses to serve facili
ties common to both freight and passenger service.
See ElN 158 and 159.

161

162

389

400

Service Yark Facilities: Labor, material and other
expenses to service yard facilities such as: air
conditioners, heating equipment. plumbing. fire
extinguishers and hydrants, steam generators. air
compressors, electric motors, sumps. pumps. exhaust
fans. s....s. water facilities, replacement of
lamps and cleaning of light fixtures.

Service Freight Locomotive Facilities: Labor. ma
terial and other expenses to service freight loco
motive facilities such as: sumps, oil separator,
filter cleaner, severs and plumbing, engine washer,
lube oil facility, fire extinguisher and hydrants,
light fixtures including replacement of lamps,
sanding facilities and watering facilities.
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Expense
Identification

No. (ErN) ICC Account

163 400

164 400

165 402

166 376

167 227

··168 417

169 418

Description

Service Passenger Locomotive Facilities: Labor,
material and other expenses to service passenger
locomotive facilities, see EIN Ib2

Service Freight and Passenger Locomotive Facili
ties: Labor, material and other expenses to ser
vice facilities common to freight and passenger
locomotives, see EIN 162.

Service Trains and Cars in Commercial Service:
Labor, material and other expenses to service fa
cilities used io servicing trains anu cars in
commercial service such as: mechanical car washers,
car cleaning pumps, asphalt car heating, watering
facilities, trainmen lockerroom and club house
faciIi ties.

Repair Baggage Handling Equipment: Labor, material
and other expenses used to repair baggage handling
equipment such as: platform tractors, lift trucks,
baggage carts, "Mary Anns," cranes and conveyors.

Repair Freight Handling Equipment: Labor, material
and other expenses used to repair freight handling
equipment such as: portable unloading ramps,
"piggy-packer," lift trucks, portable cranes, plat
form tractors, freight station trailers, hand trucks,
towveyor system.

Disposal of Dead Livestock: Labor and other ex
penses to remove and dispose of dead livestock
from right-of-way.

Clear Right-or-Way of Spilled ~'reight from Revenue
Cars: Labor and other expenses required to clear
right-of-way of spilled commercial freight.

170 404 Operating and Servicing Signal FaciEties: Labor
and other expenses to operate and service signal
facilities. Work consists of testing systems and
cleaning signal rOlmdels, lenses, reflectors, lamp
bulbs, contacts, etc. Supplies include lamps,
primary batteries, cleaning materials, CTC carrier
tubes and fuses.
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Expense
Identification

No. (ErN) ICC Account

171 404

172 405

·173 406

. Description

Mesgering and Sliding Relays: Labor and other
expenses to megger cables and wires and sliding
relays.

Service Crossing Protection Facilities: Labor
and other expenses to service grade crossing pro
tection facilities. Work consist of cleaning lenses,
reflectors, lamp bulbs, contacts, electronic track
circuits, etc. Supplies include lamps, primary
batteries, cleaning materials, fuses.

Service Drawbridge Facilities: Labor, material and
other expenses to service drawbridge control faci
lities such as: electric motors, air lines, control
systems, lUbricating systems.

174

175

176

177

178

406

407

404

404

421

Operate Drawbridge: Labor and other expenses to
operate facilities.

Service Communications Facilities:

1. Expenses incidential to operation of inside
communication facilities.

2. Rental of telgraph and telephone circuits,
i.e., conductors, pole lines.

3. Rental of space or facilities occupied by
radio microwave, etc.

4. Service, fuel tanks, batteries, tubes, etc.

Service Car Retarders: Labor and other expenses to
service automatic car retarders. Clean and oil
electronic equipment, service hydraulic lines and
pumps, clean and oil switch machines in retarder
system.

Sernce ACI Equipment: Test electronic eqiLipment
associated and incidentlal to the operation of
ACI System.

Service TOFC/COrC Terminals: Labor, material and
other expenses to service TOFC/COFC facilities.
Buildings, equipment such as: air conditioners,
plumbing, heating, fire e.tinguishers, machinery,
light fixtures, etc.
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Expense
Identification

No. (ErN) ICC Account

181 743

182 712

190 472

Description

Repair Purchases and Materials Department Equipment:
Labor, material and other expenses used in repair
of Purchases and Materials Department equipment such
as: unlicensed mobile cranes, platform tractors,
hand trucks, fork lifts, personnel carriers (un
licensed) ,. etc.

Service Purchases and Materials Department Facili
~: Labor and other expenses to service Purchases
and Materials Department facilities such as: air
conditioners, fire extinguishers and hyrants,
plumbing and severs, heating facilities, light fix
tures. Change out light globes.

Service Diesel Fueling Facilities: Labor and other
expenses to service diesel fueling facilities. Fuel'
pumps, storage tanks, contactors, fueling equipment,
fuel heating equipment, electric motors, light fix
tures, fire extinguishers and hyrants. Unload fuel
oil. Change lamps.

Operate Company Pits and Quarries: Labor, equip
ment and supplies in connection with quarrying and
loading, current month poduction shipped from pits,
such as:

1. operating crusher
2. loading ballast, rock or riprap
3. repairs to rock crusher
4. operate quarry
5. repairs to machinery and building in pit
6. cost of maintaining and shifting tracks

and signals
7. operate shovels and end loaders to load rock
8. rental of equipment and outside rental

•

191

192

472

712

Stockpile Company Pits and Quarries: Labor, sup
plies and equipment in connection with stockpiling,
blasting down and knocking down ballast, riprap,
rock, etc •

Operate Continuous Welded-Rail Facilities: Labor
and other expenses required to operate and service
continuous welded-rail facilities. Includes all
labor and supplies used to produce and handle rail
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Expense
Identification

No. (ElM) ICC Account Description

through continuous welding process. Also includes
servicing of all eq~ent. aU conditioners.
welding·maehines, mobile cranes, electric motors,
grinders, electronic test equipment, index tables.
transfer tables and convefOr systemS. Supplies
used such as: rael. lUbricating oil. abrasi,ve belts
and wheels. cutting wheels .and thermite welding
materials (for producing comprolllise rails). Labor
and material used in connection with repairs is
charged to EIN 033.

193

201

202

203

204

205

471

227

235

247

247

Service Automatic Sand Dryer: Labor and other
expenses to service automatic sad dryers.

COMMUNICATIONS DEPARTMENT

Maintain Public Address System. Stations. Yards.
Offices: Maintenance of amplifiers. control con
sole. speakers, cables and associated equipment
incidental to the operation of speaker system with
in station limits.

Maintain Public Address System Mechanical Depart
ment. Shops and Offices: Maintenance of amplifiers.
control console. speakers. cables and associated
equipment incidental to the operation of speaker
system within shop limits.

Maintain Radios: Labor and material used in con
nection with the maintenance and repair of two
way VHF radios ~ hs,., walkie-talkies, base station
and mobile units.

Maintain Microwave: Labor and material connected
with the maintenance and repair of microwave ter
miD&ls and ,repeaters.

Maintain Bable. Office Equipment. TeletyPe and
Carrier Equipment: Labor and material for the
maintenance and repair of all office equipment.
i.e. teletype. wire line carrier. multiplex equip
ment and data equipment:

1. communications<otfiees
2. cable pole bridle vires
3. inspecting communications offices
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Expense
Identification

No. (EIN) ICC Account

206

Description

4. rectifiers
5. rewire office
6. checking, packing, shipping, receiving,

unpacking and storing switcbboard lateral
conduit, cable boxes, office cable and of
fice wire

7. renewal, maintenance and installation of
telephones and associated equipment, such
as that used on train dispatching' and mes
sage telphone circuits, and yard or pony
circuits, and all drops serving telephones
in booths, boxes, way stations, section
houses, yard offices and other buildings

8. repairing wire trouble in and caused by
defective office equipment

9. Testing yard telephone circuits
10. cutting wires in and out of buildings
11. checking, sharpening, cleaning, repairing,

shipping, receiving and storing all tools.

Maintain Hot Box Carrier Equipment: Labor and ma
terials used for the maintenance of and repair of
carrier equipment used in connection with hot box_
detectors.

•

207

208

247 Maintain Poles and Appurtenances: Labor and ma
terial expense to:

1. apply or replace crossarms, anchors, guys
and braces

2. move, reset, stUb, straighten and set poles
3. store, load, unload and ship poles
4. frame poles

Maintain Wires and Appurtenances: Labor and ma.
terial expense to:

1. change brackets
2. install, replace and transfer pins
3. adjust slack
4. straighten single circuit, point type or

phantom transportation brackets
5. renew, transfer, untie and retie wires
6. clear wire interruptions
7. test and locate trouble on circuits, except

testing yard telephone circuits
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Expense
Identification

NO. (BIW) ICC Account Description

8. check, pack, ship, receive, unpack and
store line wire materials

9 ~ check foreign line wire attachments
10. clear rubbish, bark, limbs or refuse from

wires
11. locate and check elevation of wires over

tracks reported as having impaired clear
ance and reporting such trouble to mmers

209

221

222

240

049

050

051

202

282

407

237

239

265

Clearing and Trimming Brush and Trees: Labor and
other expenses to trim brush or trees and to remove
undergrowth; also to place guys on trees to permit
trimming of them by highway authorities or property
owner if off right-of-way.

Travel Time: All time spent traveling between
points for the purpose of maintaining communica
tions facilities, except travel time on recollect
able or specific work order jobs.

RepOrts. Correspondence. MeetingS: All time spent
writing reports and correspondence, attending
safety meetings, writing requisitions, etc.

. Pay of Employees: Accounting for telephone opera
tor.

Repair Grain Elevators: Labor, material and other
expenses to repair grain storage facilities in
clUding structures, on loading and off loading
equipment, fixtures and roads and walks serving
these facilities.

Repair Storage Warehouses: Labor, material and
other expenses to repair storage warehouses inclu
ding structures. machinery and fixtures.

Repair Automobile Loading/Unloading Facilities:
Labor, material and other expenses to repair auto
mobile loading and unloading facilities including
structures, fixtures, machinery and roads and walks
serving these facilities and other appurtenances.
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PROJECT (GMO)
2. ENGINEERING EXPENSE IDENTIFICATION ITEMS

Item No.

lOOP

IOlP

l02P

103P

D03P

ICC Account

220(Labor)
214 (Material)

220(Labor)
214(Material)

220(Labor)
214 (Material)

220(Labor)
214 (Material)

214

Description

Program Renewal-Curves: Labor, rail and services
for replacement of curve-worn rail.

Program Rail Renewal-Mainlines: Labor, rail and
services for program mainline rail renewal.

Program Rail Renewal-Branchlines: Labor. rail
and services for program branchline rail renewal.

Program Rail Renewal-Repair Rail: Labor. rail and
services for program rail relays to make repair
rail.

Program Welding and Track Grinding: See 003.

DD6p 220(Labor) Program Switch Tie Replacement: See 006.
212(Material)

D07P 220(Labor) Program Frog Replacement: See 007.
2l6(Material)

DoBp 220(Labor) Program Switch Point Replacement: See 008.
216 (Material)

009P

OlOP

220(Labor)
216(Material)

220(Labor
216(Material)

Program Replacement of Switches-Other Material:
See 009.

Program(Project) Replacement of Insulated Joints:
See 010.

OlGp 220(Labor) Pro ect) Miscellaneous Track He airs:
216( Material) ~Se;;"e~"";;;';;'::";;';~~"';;":""";";;;;";;;"';;;===';;;'''';;;';';'''''';;';;~';;;;''';~o;..;;;.;;;.=..;;..

Ol6AP 220 Pro ect Extraordina
See 01 A.

,.
017P

D22P

220(Labor)
216(Material)

208

Project Extraordinary Track Repairs-Washouts:
See 017.

Program Minor Bridge, Trestle, Culvert Repairs:
See 022.

023P 220(Labor) Program Bridge Tie Renewal: See 023.
212 (Material)
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Item No.

o24p

025P

026p

040p

052P

053P

054p

ICC Account

208

206

221

257

202

202

272

Description

Program Bridge Painting: See 024

Program Tunnel Repair: See 025.

Program SnoYsheds Repair: See 026.

Program Electrical Power Transmission Systems
Repairt See 040.

Program Vegetation Control: See 052.

Project Storm Damage Repair: See 053.

Program Snow. Ice and Sand Removal: See 054.
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3. EXPENSE IDENTIFICATION - UNIVERSAL

Item No. Description

..

803
804
805
807
810
811
812
813
814

816

817
818
820
821
822
823
824
825
828
829
830
831
838
839
840

850
851
852
853

854
860
869
870
881

Office Expenses and Supplies
Office Furniture
Office Machines
Insurance
Depreciation
Joint Facility - Debit (M/W and Gen'l Accts Only)
Joint Facility - Credit (M/W and Gen'l Accts Only)
Rents and Leases, Including Office Machines
Time Share Computer

Personnel Expenses Paid Direct by Company, other
Than Relocation Expenses of Agreement Personnel
Health and Welfare
Club or Association Dues
Fidelity Bonds
Business Car Expense - Officers
AAR Assessments
Automotive Licenses and Fees
Express Charges
Legal Fees
Recollectible Credit
Material Sales
Vacation Pay
Holiday Pay
Performing Jury Duty
Fees, Dues, Memberhips (Force)
Home Sale Loss, Moving Expenses and Transportation
Charges for Relocation of Non Agreement Personnel
Adj. Vacation and Paid Holiday Additives
Additives - Supervision
Workmen's Compensation
Meal and Lodging - Force (Other Than Train, Engine
and Yard Employees - See EIN 751.
Employee Personal Injury Payments
Accruals - Wages
Physical Examination Fees
Safety Meetings
Salaried Payroll Variance
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Item lio.

902
904
905
906
909
910
911
912
913
914
915
918

Description

Material Store Expense
Gasoline and Oil
Direct Charge Material Less than $50.00
Ice
Leased Automotive Equipment
Stationery and Printing (Except Tariffs) 358-1
Freight Charges Direct Charge Material
Utility Bills
Personal Expense
Freight Charges Other Than Direct Charge
General Office - Maintenance
General Office - Operation
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4~· ENGINEERING EXPENSE IDENTIFICATION - SUPERINTENDANCE

Item No. ICC Account Description

113-119 201 Pay of Officers
(Incl.)

120-132 201 Pay of Supervisors
(Incl. )

136-139 201 Pay of Administrative Supervisors
(Incl. )

140-142 201 Pay of Technical Employees
(Incl. )

143 201 Pay of Clerical Exempt Employees

144-148 201 Pay of Clerical Employees
(Incl. )

149 201 Pay of Salaried Mechanics
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B. Incurring Responsibility (Cost Center)

Representative cost center/responsibility designation for engin
eering forces at division and maintenance district levels may be
represented by the organizational breakdown shown below.

Expense Allocation - Cost Centers

CODE

x400
X40l
X402
X403
x404-4l0
X41l
X4l2

Description

Division Engineer
Division Automotive and Work Equipment Shop
Division Structures Supervisor
Division Electrical Supervisor
District Roadmasters
Division Signal Supervisor
Division Water and Fuel Supervisor

Whether it is necessary or desirable to provide further cost
center distinction by refinement say. to the work crew or gang
level depends on the degree of control deemed necessary by the
individual railroad.

C. Expense Groups

Detailed expense items may be grouped into major operations
cost accounts and such accounts can be further aggregated into
major engineering expense groups for managerial analysis and con
trol. These groupings are shown in the following two sections.
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1. Operations Cost Accounts

OCA NO. OVERHEAD

100

101

ADMINISTRATIVE

EIN NO.
070 - REPAIR OF MofW OFFICE FURNITURE AND EQUIPMENT
113-119 INCL. - PAY OF OFFICERS
120-132 INCL. - PAY OF SUPERVISORS
136-139 INCL. - PAY OF ADMINISTRATIVE SUPERVISORS
140-142 INCL. - PAY OF TECHNICAL EMPLOYEES
143 - PAY OF CLERICAL EXEMPT EMPLOYEES
144-148 INCL. ~ PAY OF CLERICAL EMPLOYEES
149 - PAY OF MECHANICS (SALARIED PAYROLL)
851 - ADDITIVES - SUPERVISION
860 - ACCRUALS - WAGES
881 - SALARIED PAYROLL VARIANCE

BENEFITS

085 - VACATION PAY - OTHER THAN MofV ACCOUNTS
OPERATION OF SIGNALS
BRIDGE TENDING
OPERATION OF COMMUNICATIONS
AUTOMOTIVE

086 - HOLIDAY PAY - OTHER THAN MofW ACCOUNTS
OPERATION OF SIGNALS
BRIDGE TENDING
OPERATION OF COMMUNICATIONS
AUTOMOTIVE

819 - WAGE DISPUTES
830 - VACATION PAY
831 - HOLIDAY PAY
852 - WORKHENS COMPENSATION
853 - MEALS AND LODGING - FORCE

F-27



OCA NO.

102

103

OVERHEAD

ADMINISTRATION SERVICES

EIN NO.
071 - MISCELLANEOUS MofW EXPENSES
802 - OFFICE SUPPLIES
803 - OFFICE EXPENSES
804 - OFFICE FURNITURE
805 - OFFICE MACHINES
807 - INSURANCE
813 - RENTS AND LEASES, INCLUDING OFFICE MACHINES
814 - TIME SHARE COMPUTER
816 - PERSONAL EXPENSES - OFFICERS
818 - FEES, DUES, MEMBERSHIPS (OFFICERS)
820 - FIDELITY BONDS
821 - BUSINESS CAR EXPENSES - OFFICERS
822 - A.A.R. ASSESSMENTS
823 - AUTOMOTIVE LICENSES AND FEES
824 - EXPRESS CHARGES
825 - LEGAL FEES
838 - PERFORMING JURY DUTY
839 - FEES, DUES, MEMBERSHIPS (FORCE)
840 - HOME SALES LOSS - MOVING EXPENSE
869 - PHYSICAL EXAMINATION FEES
870 - SAFETY MEETINGS
902 - MATERIAL STORE EXPENSE
904 - GASOLINE AND OIL
905 - DIRECT CHARGE MATERIAL LESS THAN $50
906 - ICE
909 - LEASED AUTOMOTIVE EQUIPMENT
910 - STATIONERY AND PRINTING
911 - FREIGHT CHARGES DIRECT CHARGE MATERIAL
912 - UTILITY BILLS
913 - PERSONAL EXPENSE
'914 - FREIGHT CHARGES OTHER THAN DIRECT CHARGE MATERIAL
915 - GENERAL OFFICE - MAINTENANCE
918 - GENERAL OFFICE - OPERATION

CHANGE IN ASSETS

EIN NO.
828 - RECOLLECTIBLE CREDITS
829 - MATERIAL SALES
850 - ADJ,VAC,AND PAID HOLIDAY ADDITIVES
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OCA NO.

104

105

106

107

OVERHEAD

DEPRECIATION - ROAD

810 - DEPRECIATION - ACCT. 266

JOINT FACILITIES'

811 - JOINT FACILITY - DR.
812 - JOINT FACILITY - CR.

HEALTH & WELFARE

817 - HEALTH & WELFARE BENEFITS - ACCT. 277

PERSONAL INJURIES

072 - INJURIES TO PERSONS - ACCT. 274
854 - EMPLOYEE PERSONAL INJURY PAYMENTS - ACCT. 274
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DCA NO.

no

III

113

n4

11)

lib

117

118

MAINTENANCE

CURVE RAIL PROGRAM .
lOOP PROGRAM RAIL l{Er,jE"iAL _. CIJRVE;S

~ffiINLINE RAIL PROGRA}1
101P PROGRAM RAIL RENEWAL - MAINI.DlE

BRANCHLINE PROGRM~

102P PROGRAM RAIL RENEWAL - BRANCHLINE

RELAYS TO HAKE REPAIR RAIL
103P PROGRAM RAIL RENEl-lAL - REPAIR RAIL

REPAIR RAIL

001 - REN~d RAIL - STOCK RAIL

OTHER TRACK M.t\.INTENANCE

007 - REPLACING FROGS
008 - REPLACING SWITCH POINTS
009 - REPLACING SWITCHES - OTHER MATERIAL
010 - HEPLACIHG INSULATED JOIlnS
016 - HISCELLANEOUS TRACK REPAIRS
095 - FORM 203 BALANCING - TRACK - ACCT. 220-10 50%
150 - ATTEND SWITCH LAMPS
151 - CLEAN fu1D OIL SWITCHES
016p - MISCELLANEOUS TRACK REPAIRS - PROGRM~

o16AP - ETRAORDINARY T&~CK REPAIR3 - DERAILMENTS-PROJECT
007P - REPLACING FROGS - PROJECT
008p - REPLACING SWITCH POINTS - PROJECT
009P - REPLACING SWITCHES - OTHER MATERIAL - PROJECT
OIOP - REPLACING INSULATED JOINTS - PROJECT

TRANSPOSIliG FJI.IL; ADZING AND SETTING UP TRACK

002 - TRANSPOSING RAIL, ADZING AND S1'TTING UP TRACK

WELDING AlfD TRACK GRINDING

003 - WELDING fuljD TRACK GRINDING
003P - WELDING AND TRACK GRINDING - PROGRAM

CROSSING AT GRADE AND OTHER PUBLIC IMPROVEMENTS

018,019 - CROSSIUG AT GRADE AND OTHER PUBLIC lliiPROVEMENTS
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OCA NO.

120

, 121

122

124

125

126

128

129

130

131

MAINTENANCE

CROSS TIE PROGRAM

EIN NO.
005 - REPLACING CROSS TIES

SWITCH TIE PROGRA}!

006 - REPLACING SWITCH TIES
006P - REPLACING SWITCH TIES - PROJECT

SURFACING

all - SURFACE TRACK - OUT OF FACE
012 - BALLAST CLEANING AND PLOWING
013 - ORDINARY BALLAST REPAIRS
011 - SPOT SURFACE TRACK
190 - OPERATE COMPANY PITS AND QUARRIES
191 - STOCKPILE COMPANY PITS AND QUARRIES

ROADWAY MAINTENANCE AND REPAIRS

093 - FORM 203 BALANCING - TRACK - ACCT. 202-10 50%
015 - MISCELLANEOUS ROADWAY REPAIRS
168 - DISPOSAL OF DEAD LIVESTOCK
169 - CLEAR RIGHT-OF-WAY OF SPILLED FREIGHT FROM REVENUE CARS

ROADWAY PROTECTION

042 - REPAIR FENCES AND SIGNS

CONTROLLING VEGETATION

052 - CONTROLLING VEGETATION
209 - CLEARING AND TRIMMING BRUSH AND TREES
052P - CONTROLLING VEGETATION - PROJECT

PAINTING BRIDGES
024 - PAINTING BRIDGES
024P - PAINTING BRIDGES - PROJECT
MINOR BRIDGE, TRESTLE AND CULVERT REPAIRS

022 - MINOR BRIDGE, TRESTLE AND CULVERT REPAIRS
094 - B&B WATER SERVICE, ELECT. SIGNAL - ACCT. 208 25%
023P - MINOR BRIDGE, TRESTLE AND CULVERT REPAIRS - PROJECT

BRIDGE, TRESTLE AND CULVERT

023 - RENEW BRIDGE TIES
173 - SERVICE DRAWBRIDGE FACILITIES
174 - OPERATE DRAWBRIDGE
023P - RENEW BRIDGE TIES - PROJECT

TUNNEL MAINTENANCE

025 - REPAIR TUNNELS
025P - REPAIR TUNNELS - PROJECT
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OCA NO.

132

133

135

136

137

138

139

140

141

142

MAIN"fENANCE

ROADWAY BUILDING MAINTENANCE

EIN NO.
032-033 - REPAIR ROADWAY BUILDINGS

SNOWSHED MAINTENANCE

026 - REPAIR SNOWSHEDS
026P - REPAIR SNOWSHEDS - PROJECT

CAR RETARDERS

047 - REPAIR CAR RETARDER SYSTEMS
176 - SERVICE CAR RETARDERS

SIGNAL SYSTEM MAINTENANCE

098 - FORM 203 BALANCING - B&B, WATER SERVICE, ELECT.,
SIGNAL - ACCT. 249 25%

043 - REPAIR SIGNAL SYSTEM
170 - SERVICE SIGNAL FACILITIES
171 - MEGGARING AND SLIDING RELAYS
172 - SERVICING CROSSING PROTECTION FACILITIES

OPERATING DETECTOR CARS

004 - OPERATING DETECTOR CARS AND ULTRASONIC TEST EQUIPMENT

SAFETY DETECTION MAINTENANCE

044 - REPAIR HOT BOX DETECTOR SYSTEMS
089 - OPERATION OF HOT BOX DETECTORS
206 - MAINTAIN HOT BOX CARRIER EQUIPMENT

ELECTRICAL MAINTENANCE, FIELD

STORM DAMAGE

053 - REPAIRS DUE TO STORM DAMAGE
054 - REMOVING SNOW, ICE AND SAND
OS3P - REPAIRS DUE TO STORM DAMAGE - PROJECT
054P - REMOVING SNOW, ICE AND SAND - PROJECT

DERAILMENTS

156 - RERAIL LOCOMOTIVES AND CARS
157 - CONSTRUCT TRACK PANELS

FIRE SUPPRESSION AND SPECIAL DAMAGES
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OCA NO.

145

146

147

148

149

MAINTENANCE

STATION, OFFICE AND OTHER BUILDINGS

EIN NO.
096 - B&B, WATER SERVICE, ELECT., SIGNAL - ACCT. 22; 25%
027-028-~29 - REPAIR STATIONS AND OFFICE BUILDINGS
030 - REPAIR SWITCHING YARD FLOODLIGHTS
031 - REPAIRING TOFC/COFC TERMINALS
153 - CLEAN INSIDE STATION BUILDINGS
154 - CLEAN INSIDE YARD BUILDINGS
158 - SERVICE STATIONS AND OFFICES-FRT.
159 - SERVICE STATIONS AND OFFICES-PASS.
160 - SERVICE STATIONS AND OFFICES-FRT. & PASS.
161 - SERVICE YARD FACILITIES
178 - SERVICE TOFC/COFC TERMINALS
181 - SERVICE PURCHASING & STORE DEPT. FAC.
167 - REPAIR FREIGHT & HANDLING EQUIPMENT

MECHANICAL DEPARTMENT BUILDING MAINTENANCE

036-037 - REPAIR MECHANICAL DEPARTMENT SHOPS
097 - B&B, WATER SERVICE, ELECT., SIGNAL - ACCT. 235 25%

ELECTRICAL SYSTEMS

WATER SYSTEMS

MECHANICAL DEPARTMENT FACILITIY MAINTENANCE

034-035 - REPAIR DIESEL SERVICING FACII.ITIES
162 
163
164
182
193

SERVICE LOCOMOTIVE FACILITIES - FRT.
SERVICE LOCOMOTIVE FACILITIES - PASS.
SERVICE LOCOMOTIVE FACILITIES - FRT. &
SERVICE DIESEL FUELING FACILITIES
SERVICE AUTOMATIC SAND DRYER

PASS.

150

151

152

STEAM AND AIR POWER TRANSMISSION LINE MAINTENANCE

041 - REPAIR STEAM AND AIR POWER TRANS. SYSTEMS
039 - REPAIR POWER PLANTS

ELECTRICAL POWER LINE MAINTENANCE

040 - REPAIR ELECTRICAL POWER TRANS. SYSTEMS
040P - REPAIR ELECTRICAL POWER TRANS. SYSTEMS

WHARF AND DOCK MAINTENANCE

038 - REPAIR DOCKS AND WHARVES
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OCA NO. SERVICES

153 COMMUNICATIONS SYSTEM MAINTENANCE

- REPAIR COMMUNICATION FA(:ILITlES
- SERVICE COMMUNICATION FACILITIES
- ~1AINT. PUBLIC ADDRESS SYSTEtl, STATION. YARDS. OFFICES

MAINT. PUBLIC ADDRESS SYSTEM. MECH. DEPT,. SHOPS
AND OFFICES

HAINTAIN RADIOS
MAINTAIN MICROWAVE
MAINTAIN CABLE. OFFICE EQUIPMENT, TELETYPE

AND CARRIER EQUIP~ffiNT

MAINTAIN POLES AND APPURTENANCES
MAINTAIN WIRES AND APPURTENANCES
TRAVEL TIME
COMMUNICATIONS - VOUCHER CODE

203 
204
205

207 
208 
221 
908 -

EIN NO.
048
175
201
202

COMMUNICATIONS SYSTEH ADDITIONS

157 TOOLS. SUPPLIES

056 - SHALL TOOLS
057 - ROADWAY AND TRACK SUPPLIES

158 WORK EQUIPHEN'I' AND TRUCKS (RETU.E - REPLACE)

058 - REPAIR ROADWAY MACHINES
059 - WORK EQUIPMENT LEASE OR RENTALS
087 - REPAIR TRUCKS AND AUTOS
907 - AUTOMOTIVE AND WORK EQUIPMENT

159 RAIL WELDING

192 - OPERATE CONTINUOUS WELDED RAIL FACILITIES

J.60 OTHER DEPARr~ffiNT FACILITIES AND EQUIPMENT

082 - SERVICE MECHANICAL DEPARTMENT FACII.1TIES
083 - REPAIR MECH. DEPT. SHOP FACILITIES
084 - REPAIR MECH. DEi'!. MECHANIZED WORK EQUIPMENT
088 - REPAIRS TO WORK EQUIPMENT (ROLLING STOCK)
152 - CLEAN FREIGHT CARS
155 - CLEARING DEBRIS AFTER CAR REPAIRS BY MECHANICAL

DEPARTMENT AT RIP TRACK
165 - SERVICE TRAINS AND CARS IN COMMERCIAL SERVICE
166 - REPAIR BAGGAGE HANDLING EQUIP!~NT

180 - REPAIR PURCHASING AND MATERIALS DEPT. EQUIPT.
FOR USE OF COMMUNICATIONS DEPARTMENT qNLY.
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OCA NO. OPERATING IMPROVEMENTS

ROADWAY

165 MAIN LINE

166 BRANCHES

167 YARDS

168 SIDINGS

STRUCTURES

170 BRIDGES, TRESTLES AND CULVERTS

171 TUNNELS AND SNOWSHEDS

174 BANK PROTECTIONS AND JETTIES

175 FENCES AND SIGNS

BUILDINGS

176 STATIONS, OFFICES AND OTHER ROADWAY
#177 - SERVICE ACI EQUIPMENT

177 MECHANICAL DEPARTMENT FACILITIES

178 PURCHASE OF ROADWAY EQUIPMENT

179 PURCHASE OF HAND TOOLS

180 DIESEL SERVICING FACILITIES

181 WHARVES AND DOCKS

182 POWER PLANTS AND ELECTRIC POWER TRANSMISSION LINES

183 SIGNAL SYSTEMS

INDUSTRIAL IMPROVEMENTS

185 TRACK

" 186 FACILITIES

187 BUILDINGS
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DCA NO.

189

190

191

192

193

194

195

196

197

198

OPERATING IHPROVEMENTS

PUBLIC HlPROVEMENTS

PUBLIC IMPROVEMENTS OTHER THAN STS. (CANALS, ETC.)

GRADE CROSSINGS

SEPARATIONS

ASSESSMENTS

'STREET IMPROVEMENTS, LONGrfUDUiAL" occurliNCY

RETIREMENTS

TRACK

BUILDINGS

FAC"iLlTTES - INCLe BT&C, SIGNALS, TOOL~;

EQUIPMEHT

LAND
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D. Expense Descriptions

Each expense item must be indicated as to "nature" of the expen
diture. Expense descriptions designations are shown below:

Expense Descriptions

CODE

1000
2000
3000
4000
5000
6000
7000
8000
9000

Description

Payroll
Material
Supplies
Services
Rentals
Insurance, Losses, Damage and Injury
Administration
Depreciation, Retirements, PUrchases and Sales
General

E. EXpense Classification

Expense items must be further distinguished as to "type" of
expenditure as represented by the following categories:

Expense Classes

CODE

1

2

3

4

5

6

7

8

9

Description and ICC Accounts

Investment
Property Accounts 01-90, 480, 481

Project/Program Operating
Operating Expense Accounts 201-462

Ordinary Operating
Operating Expense Accounts 201-462

Income Accounts
500 Series Accounts

100% Recollectib1e
475, 477, 478

Joint Investment
Property Accounts 01-90, 480, 481

Joint Project/Program
Operating Expense Accounts 201-462

Joint Ordinary Operating
Operating Expense Accounts 201-462

Revenue
100 Series Accounts
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F. Location, Service Function and Production Output

For analysis and control purposes, production track work should
be identified by track segment and milepost identifiers. Service
function identification can be readily accomplished for all track
labor, production track material, track-related structures repair
labor and portions of signal labor. Major service-specific fa
cilities may have all maintenance labor accumulated by special
work order or project number. Production output reports for pro
gram rail renewal, tie renewal, surfacing and ballast cleaningl
renewal can be used as inputs for engineering data bases (track

i~ characteristics files), for production material costing, and for
program unit production cost development when matched with ap
propriate labor distribution reports. Service function identi
fication of non-production track and other material costs is
ordinarily not obtained since these materials typically are not
expensed when applied, but rather when charged out of material
stores. While theoretically possible to obtain all track labor
costs by specific location in addition to obtaining it by service
function designation, reporting complexity usually does not Jus
tify the routine capture of ordinary track labor in this fashion.
Exceptions may be made where specific track segments are the sub
Ject of special test or analyses and are designated by special
work order or project number.

Elements described above are incorporated into the sample labor
and production material reports shown in Figures Fl through F4.
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