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EXECUTIVE SUMMARY

Within the last 20 years, the railroad industry generally has not
been known for its development and introduction of dramatic or revolu-
tionary changes in technology. Instead, there has been an evolutionary
development of new technology largely based on, compatible with, and
not too dissimilar from existing technology. Such a pattern of techno-
logical change is considered typical in mature industries. It has been
postulated that, as an industry matures, it develops features that
resist change. There are certainly a number of characteristics that the
railroads share with other mature industries, including relatively low
profit levels, large fixed investment, and a strong highly organized
labor force. These characteristics represent significant constraints to
the process of technological change. The railroad industry, however, has
many other unique characteristics, such as the large extent of government
regulation, that can also constrain technological change.

If past railroad research and development trends continue, as ex-
pected, it is anticipated that few revolutionary changes in technology
will diffuse throughout the industry within the next 10 to 20 years.

It is expected that, despite increasing competitive pressures from other
transportation technologies, the railroads will be even more reluctant
than in the past to fund research and development and to foster techno-
logical change within the industry. This reluctance to change will be
caused primarily by a shortage of financial resources that will adversely
affect all stages of the process of technological change.

It appears, therefore, that some definite opportunities and require-
ments for railroad research will not be fulfilled within the industry
itself. This implies that government-sponsored R&D should be welcomed
by the railroad industry. This is supported by the railroads' ASTRO
report which requested a ten-year, $100 million, federally funded, rail-
research program.

To aid in structuring the research program, FRA has initiated a
study of switchyard technology that was conducted by SRI through TSC.
The objectives of the project are to evaluate the magnitude of the
problems occurring at classification yards and to determine the extent
to which these problems can be reduced through the development and/or
implementation of appropriate technology. Based on these analyses, SRI
has identified those areas that would benefit most from an advancement
in the state of the art in yard technology or from the deployment of
additional hardware, policy, or procedures.
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The Research Program

The research was performed in four principal task areas that were
concerned with:
Classification yard operations.
State of the art in classification yard technology.

Impact of the interactions between classification yard
and rail system operations.

Means of improvement.

Classification Yard Operations

This task analyzed and described the extent of classification yard
operations within the United States. The SRI project team developed a
national inventory of railroad classification and industrial yards: The
inventory identified 4161 yards within the coterminous United States.
Classification yards, which build and break down road trains, accounted
for 1229 of the yards; the remainder were industrial yards that serve
as collection or distribution points for cars going to or from industrial
customers. Other characteristics of the yards, such as location, owner,
arnd method of classification (flat switching or gravity), were also
noted in the inventory.

The remainder of the project work was directed at the examination
of the 1229 classification yards identified in the inventory. SRI
conducted a questionnaire survey of yard operators, examined field sites,
and held technical discussions with a variety of railroad personnel to
define six categories of classification yards. These categories were
defined in terms of the type of yard design (hump or flat) and the
volume of classification activity (cars classified per day) which we
had previously determined to be among the most important yard-
characterization parameters. These categories of classification yards
were then further characterized by deriving nominal values for number
of employees, number of switch-engine shifts, average car delays, and
other factors. These nominal descriptors were subsequently used to de-
scribe and represent all of the yards within each category. Future clas-
sification yard requirements until the year 2000 were also evaluated as
part of this task area. Because of the uncertainty associated with the
economic and institutional environment within which the railroads will
have to operate, three scenarilos were developed to describe conditions
that may occur which could produce variations in switchyard-construction
activities, These include a '"present-trends" scenario (or extrapolation
of current level of operation and rates of change), a "super-rationalization’
scenario wherein proposals for industry and institutional changes are im-
plemented to the maximum extent possible, and an "energy-crisis' scenario
that describes activity in a fuel-short depressed economy with many govern-
mental controls on transportation,



The analysis included a projection of traffic that indicated an
increase in ton-miles of approximately 50 percent by the year 2000 for
both the present-trends and super-rationalization scenarios, while trends
toward longer hauls and larger freight cars resulted in a 20 percent
increase in carloadings over that period. Improvements in system opera-
tions caused an increase of only 5 percent in the number of cars switched
in the present-trends scenario and a reduction of 30 percent in the
super-rationalization scenario. Reduction of demand, but with more truck
traffic being carried by the railroads in the energy-crisis scenario,
resulted in only a 10 to 12 percent increase in cars switched in that
scenario. As a consequence, overall switching capacity requirements
will not require substantial new yard construction. On the other hand,
expected consolidations of networks, relocation of urban yards so as to
sell valuable property, modification of urban land use, and the wearout
and obsolescence of yards and yard equipment will all contribute to the
need to retire yards, expand capacity in other places, and reequip old
yards. A summary of the projected yard abandonments or downgradings and
new construction, expansion, or rehabilitation are shown below:

Yards abandoned or downgraded 1975-1985 1986-2000
Present trends 200 230
Super rationalization 290 310
Energy crisis 0 0

Yards constructed, expanded, or

rehabilitated

Present trends 87 85
Super rationalization 102 100
Energy crunch 33 29

State of the Art in Classification Yard Technology

The term '"classification yard technology" was defined broadly and
included five principal categories--yard facility equipment and hardware,
yard computer, communications and control technology; rolling stock tech-
nology; operational processes and procedures; and yard design. Informa-
tion regarding the performance and operational characteristics of current
yard technology was obtained from railroad personnel, railroad equipment
suppliers, and published literature. Information concerning the cost
characteristics and current deployment of the various elements of classi-
fication yard technology was obtained, as available. To complement the
information gained relating to the state of the art in classification
yard technology, we also examined the process of technological change
within the railroad industry and the factors that influence this process.

The survey and analysis indicated that, with a few exceptions, the
state of the art in classification yard technology within the United
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States is fairly stable. The recent trend has been to implement techno-
logical improvements in a small number of yards while most of the yards
have remained relatively unchanged. This trend is, to a large degree,

the result of a number of factors that have influenced the process of
technological change within the railroad industry. Some of the major
factors are the structure of the industry, structure of the transporta-
tion service market, impact of government regulation, capital availability
and requirements, labor agreements, and the relationship between the
railroads and their suppliers. Capital availability and requirements,

and labor agreements have had the most substantial influence on the
implementation of new technology within this time period and will probably
continue to have the greatest influence on technological change within

the next 10 to 15 years.

Impact of Railroad System/Classification Yard Interactions

A case study was performed, based on car movements in a portion of
a rail system operated by a United States Class-I railroad. The analysis
made use of SRI's railroad network simulation model to compare the
impacts that three different system operating policies would have on yard
operations. The results of this study and other related SRI work Ssupport
the widespread feeling that changes in railroad systemwide operational
policies can significantly affect yard operations. Scheduling of inbound
and outbound trains, train length, and other factors generally determine
the efficiency of the yard operation and the car detention time in yards,
This work, however, indicates that it is probably not possible to develop
any standard operational policies or procedures that will reduce the impact
of system/yard interactions in all cases. The specific rail-network topol-
ogy, demand patterns, individual yard capacities, and other factors can
cause each such system to exhibit individual characteristics that should
be accounted for when developing systemwide operating policies,

Means of Improvement

The first portion of this task involved the determination of the
magnitude and impact of the problems associated with classification
yard operations. Using available ICC and AAR information, we estimated
that the cost of all yard operations during 1973 was nearly $4 billion
(1973 dollars). Information collected during the yard-questionnaire sur-
vey was used to estimate that the cost associated with ¢lagsification yards
alone during 1973 was approximately $3 billion (1973 dollars), or 75 per-
cent of the total yard cost and 25 to 26 percent of the total railroad
expenses during that year. We then estimated that the national costs
associated with classification yard operations from 1980 to the year
2000 would be over $75 billion (1975 dollars). This estimate was
based on the projections of future switching and yard requirements
developed in the present-trends scenario.
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A breakdown of this cost projection reveals that the major expense
in operating classification yards is labor-related. The cost breakdown
associated with our present-trends projections indicate that labor-
related classification yard expenses would be nearly $50 billion or two-
thirds of the total costs associated with classification yards. The
next most expensive item is related to the amount of car time spent in
yards; these costs will amount to approximately $11.8 billion over the
20-year study period, thereby accounting for nearly 16 percent of the
total classification yard costs. The remaining 18 percent of yard costs
is related to materials, property taxes, lading loss and damage, and
others.

A detailed breakdown of the elements of the yard-cost projections
roughly identified and isolated those operational areas where techno-
logical changes would reduce classification yard costs. Engineering
analysis was used to define these areas more precisely and to examine
their sensitivity to change. Selected elements of existing and proposed
yard technologies were then evaluated to estimate the potential savings
that would accrue over the 1980 to 2000 time period if that technological
element can be completely developed and implemented by 1980. The deriva-
tion of these cost estimates required that certain assumptions be made
regarding the operational and technical characteristics and feasibility
of the postualted items of technology. These estimates were then used
as first-order indicators of the relative cost-savings impact of the
various technological features. Examination of these estimates indicates
that the most significant class yard cost reductions would be achieved
through the implementation of less labor-intensive technology. Such
elements would typically reduce the size or number of yard switch-engine
crews, inspection crews, or clerical personnel. Although a number of
the technologies examined did reduce manpower requirements, the most
significant savings tended to occur in the areas of freight-car and
switch-engine technology, yard hardware technology, and yard computer,
communications, and control technology. The second major area of cost
savings was found to result from a reduction of car time spent in yards.
In many cases, the labor-reduction technologies also reduced car time
expenses; however, car delays in yards can also be reduced through the
implementation of new yard and network operating procedures. The cost
reductions associated with less consumption of materials (such as
switch-engine fuel) and other savings were found to be less spectacular
that the estimated cost saving associated with labor and car time reduc-
tions, although in some cases they may be more attainable.

Another incentive for introducing new technology is the improvement
of the quality of transportation service offered to the shipper. Seven
major elements of service quality were examined to determine areas where
technology would be most effective in improving quality, These areas were
0-D transit time, O-D transit time reliability, equipment availability,
schedule adaptability, correct delivery of cars, lading loss and damage,
and availability of car and load status information. Tt was not feasi-
ble, within the scope of this project, to associate costs with improve-
ments in these areas of service quality. Instead, a relative rating
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procedure was developed and used to indicate generally how service
improvements could be made.

Conclusions and Recommendations

The actual development of any federally sponsored research program
is heavily based on policies that may have been established for broader
reasons at higher levels of government. Our research, however, indicates
that the development of R&D plans related to classification yard tech-
nology should take account of the basic comsiderations described below.

e Railroad-related R&D should, at least in the near future,
be applications oriented. It is clear to us, from both
our technology survey and discussions with railroad personnel,
that much basic research and technological knowledge are
available; however, they must be developed or transformed
to the point where they can be successfully introduced by
the railroads.

e Future rail-oriented R&D programs should extend beyond the
actual stages of research, invention, and development. The
major benefits of research and development are generally
achieved only after the newly developed technology has
diffused throughout the industry. An important stage in
the process of technological change is innovation, or the
initial introduction of new technology into operational
use. Innovation essentially involves testing and evaluating
the operational effectiveness of previously unused tech-
nology. Because innovation often requires a large financial
commitment and may also entail a high risk of failure,
it is often an effective barrier to technological change.

As a result, government-sponsored testing and evaluation
of new technology in an operational environment may signif-

icantly improve its changes of acceptance by the railroad
industry, thereby improving the effectiveness of the original
research and development,

e The relatively high proportion of railroad expenses
attributed to classification yard operations, which are
typically nonrevenue-producing, indicates that the develop-
ment and implementation of cost-reducing yard technology
should be highly emphasized. 1In particular, technology
designed to reduce the labor intensiveness of yard opera-
tions would have the greatest impact on reducing yard
costs although there are constraints that may significantly
reduce the feasibility of this approach. For this reason,
it may be that research related to these labor-reducing
technologies should be limited to feasibility analyses,
pending the relaxation of factors that would constraln their
implementation. The development of technologies that will
substantially reduce car delays in yards would also signif-
icantly reduce yard costs. With the exception of yard and

xxiv



network operating procedures, however, the technologies
that successfully reduce car delays, also tend to reduce
yard labor requirements as well,

® Railroad-related research and development, at least in
the near term, should place more emphasis on operational
improvements which usually can be implemented more easily
and quickly than hardware improvements. Operational
improvements characteristically require much smaller
capital investment and, therefore, much less financial
risk is involved in their implementation. Additiomally,
because of the smaller initial investment, operational
improvements have much shorter payback periods and achieve
tangible returns more rapidly.

Based on our analyses, we believe that examination of feasibility
design and implementation of the following types of technologies would
be worthwhile on the basis of their potential for reducing classifica-
tion yard costs and/or improving the quality of service offered to the
railroad shipper.

Rolling Stock Technology

Remote-controlled switch engines
Advanced car coupler and brake systems
Switch-engine sizing design
Switch-engine energy efficiency

Car-cushioning devices

Yard Hardware and Facilities

Automatic air-hose connection device
Switch design and control
Track and roadbed design and maintenance

Improved car-—inspection devices and facilities

Yard Computer, Communications, and Control Technology

Automatic car-identification systems
Computer-based yard-inventory systems

Computer-based operations monitoring and planning systems

Yard/Network Operational Procedures

Empty-car distribution system

Systemwide blocking and train-formation strategies
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Train scheduling and dispatching

Dynamic assignment of class tracks, crews, and other yard
resources

Yard Design

Yard geometric layout
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1. INTRODUCTION

1.1 OBJECTIVE

The objective of this research has been to assess the state of the
art in classification yard technology. In particular, we have attempted
to estimate the economic costs associated with classification yard opera-
tions and the savings that may result from the development and/or imple-
mentation of various yard technologies. We have also developed a relative
ranking of yard technologies, based on the improvement of the quality
of service offered by the railroads.

1.2  BACKGROUND AND SCOPE

This report documents SRI's work under Contract DOT-TSC-268. This
research was principally directed toward the construction of an informa-
tion base to be used for the evaluation of research and development plans
and activities in the area of classification yard technology.

Separate work areas included:

@ Collection of background information concerning the rail-
road yard population within the United States, categorized
by functional, technological, and operational characteristics.

e Estimation of the demands likely to be placed on the nation's
network of switchyards during the next 25 years.

e Survey of the current state of the art and the degree of
deployment of rail freight-car classification yard tech-
nology, including a detailed description of the hardware,
costs, performance characteristics, and operational practices
of existing yards.

e Formulation and examination of general yard-network
interaction concepts.

e Assessment and prioritization of those areas of classifi-
cation yard operations that warrant further technological
research or development.

1.3 METHOD OF APPROACH

The project structure is organized by the following four major tasks
defined in the statement of work:



Task I--Classification Yard Functional Analysis

Task II--Survey of the State of the Art in Classification Yard
Technology

Task III--Impact of Train-Terminal Interactions

Task IV--Means of Improvement

During the course of the work, however, the SRI project staff modified
the structure and interrelationships of these task areas so as to meet
more closely the project requirements. The organizational structure of
the research approach is depicted in Figure 1, and each of the major
task and subtask areas are described below.

Task I--Classification Yard Functional Analysis. This task was
designed to obtain background information on the individual yards that
comprise the national population of railroad yards. As shown in Figure
1, this task is divided into a number of interrelated subtasks.

Selection of Yard-Characterization Parameters. This subtask
entailed the selection of parameters that would be most useful in
describing or categorizing yards in support of project requirements.
The initial selection process was based on discussions with FRA, USRA,
and railroad personnel, previous SRI railroad-related project work, and
examination of available literature. The princigal output of this sub-
task was SRI's initial survey and sampling plan. Unanticipated condi-
tions and factors forced SRI to subsequently modify this original plan,
however, although most of the basic concepts remained the same. The
survey and sampling plan that resulted was composed of the following
elements or phases.

Inventory of U.S. Railroad Yards. SRI interviewed FRA
personnel to develop a comprehensive and accurate
inventory of U.S. railroad yards. In the inventory,
the yards were uniquely identified by location, name,
and owning railroad. Each was further described by

a number of functional characteristics such as whether
its performs classification or industrial-distribution
work and whether it is an interchange point, junction
'‘point, repair point, or an end of line. The inventéry
also includes other related information concerning
land use, demographic characteristics, and yard type
(either hump or flat).

Questionnaire Distribution. Using the informa-
tion obtained from the yard inventory, SRI sent

*B. Conrad, S. Petracek, and R. Ratner, "Railroad Classification Yard
Survey and Sampling Plan,'" SRI Project 3983, 4 March 1975.
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questionnaires to a selected sample of the classifi-
cation yards identified in the inventory. The sample
was selected so as to be .representative of the entire
population of railroad classification yards. The
responses enabled us to gain more detailed informa-
tion concerning individual yards so that we could
characterize all yards more thoroughly.

Yard Visits and Technical Discussions. Yards that
represent a distinct or unusual level of design,
technology, or operation were then examined. They
were identified from literature sources and question-
naire returns. Visits were also made to yards that
were judged to represent a significant number of the
railroad yards in the inventory, and these sites

were also identified through information gathered

from FRA and railroad personnel and from the question-
naire returns. In addition to the actual yard
inspections, SRI engaged in technical discusssions
with a wide variety of railroad personnel. The purpose
of these visits and discussions was to obtain more
precise, first-hand information concerning the type
and magnitude of the problems occurring in classifi-
cation yards and the different approaches (whether
technological or operational changes) developed to
reduce or eliminate these problems.

Categorization of Classification Yards. This subtask used
the results of the three phases of the SRI survey process to categorize
the U.S. classification yard population. Six major categories were
established, based on what were determined to be the most significant
functional, operational, and technological features. Variations among
the yards in any one group were also examined and quantified.

Future Yard Requirements. This subtask developed three
scenarios of how railroads and railroad yards are likely to be operated
during the next 25 years. The first is a present-trends scenario,
based on an extrapolation of recently observed trends, and incorporates
some current proposals for government and industry action. The second
scenario is based on an accelerated and aggressive implementation of
proposals to restructure the railroad industry and its operations. The
third scenario assumes a major energy shortage that could cause depressed
economic activity, with the government acting to maintain production with
minimal energy usage.

Task II--The State of the Art in Classification Yard Technology.
The primary work in Task II was to conduct a survey of existing yard




technologies. The information gathered included performance and opera-
tional capabilities, cost characteristics of the.individual hardware
elements, and the current deployment of the various elements of yard
technology to complement the -data gained from the yard-survey process.

Factors Influencing Technological Change. This subtask
examined those factors that influence technological change within the
railway industry.

Task ITIT--Impact of Train-Terminal Interactions. The primary out-
put of this task was an assessment of how and to what extent railroad-
system operations interact with classification yard operations.

Task IV--Means of Improvement. This task used the information
obtained from the other three tasks to identify the areas of yard
operations that would benefit most from an advance in the state of the
art in yard technology or from the implementation of additional hardware,
policy, or procedures. This phase involved two subtasks.

Magnitude and Impact of Yard Problems. This subtask was
designed to identify the magnitude and impact of the problems associated
with classification yard operations. By quantifying the magnitude of
these problem areas, the relative importance of developine and implement-
ing solutions could be determined.

Potential Solutions to Yard Problems. SRI used the information
gained from the yard survey to develop potential solutions to yard
problems. In areas where existing technology can solve the problem, we
attempted to identify the factors that constrain the implementation of
this technology and to determine whether additional research, development,
testing, and evaluation could eliminate or reduce these constraints. We
also pinpointed those problem areas where, at present, no technical
solution exists. An attempt was also made to identify problems that can
be circumvented-by changing operational procedures rather than by intro-
ducing additional automation.

1.4 ORGANIZATION OF THE REPORT

The remainder of this report describes in detail the research
approach and findings. This description is separated into the major
functional task areas. Section II reviews the work accomplished in
support of most of the Classification Yard Functional Analysis task. Sec-
tion IIT describes the Future Yard Requirements subtask. Section IV is
a summary of the state of the art in classification yard technology.
Section V documents the work performed on the examination of the



interactions between railroad-system and classification yard operations.
Section VI presents the results of the Means of Improvements task. Fur-~
ther information is included in the appendices.



2, FUNCTIONAL ANALYSIS OF CLASSIFICATION YARDS

2.1 ROLE OF YARDS IN RATLROAD OPERATIONS
1

Railroad operations are responsible for more than 38 percent of
the total intercity freight transportation in this country. A
significant portion of these operations takes place in railroad yards.
A rallroad yard is simply a set of tracks that is used as a point for
accumulating cars that have been collected or are going to be dis-
tributed and for sorting, assembling, and disassembling groups of cars.
The number, length, and precise layout of the tracks depend on such
factors as the number of cars it is intended to handle during any given
period, the amount of sorting and distribution work to be performed,
and the terrain features of the yard location.

The magnitude of the role of yards in railroad operations should
be made evident by the following overview description of the railroad
freight-transportation process. This process begins when a shipper
places an order for a certain type of freight car. On receiving that
order, railroad personnel attempt to locate and select an available car
that will meet the shipper's requirements; empty cars may be stored on
sidings or in other yards or storage locations. After inspection to
ensure that it meets the shipper's needs and is in good mechanical
condition, the car is then delivered to the shipper's loading facilit-
ies by an industrial switch engine whose function is to distribute
groups of cars from a yard to the various industries located within a
specific area. The industrial switch engine generally delivers the
cars in one of two ways. They may be placed on public team tracks
where the shipper is given access to load his goods, or they may be
placed on private loading sidings beside the shipper's establishment.
Delivery of cars onto these industrial sidings is the obligation of
the railroad, and extra charges are not permitted if the service is a
substitute for comparable team-track delivery. Although this delivery
obligation is usually fulfilled when the car is switched onto the
industrial siding, most railroads will provide the extra service of
spotting the cars in the appropriate position for loading or unloading.
A notable exception occurs in larger industrial plants that have com-
plex track systems and switching requirements; cars are then often
delivered to a specified location, and the industry itself will dis-
tribute them throughout the plant.

After the car has been placed on the appropriate team track or
industrial siding, the shipper is given a certain amount of time to
load the car. He is charged a demurrage fee for the amount of time
required over an allotted period of '"free time." The shipper then
notifies the railroad that the car is loaded and is ready to be picked



up. The loaded car, along with others, is picked up by an industrial
switch engine. These cars may be taken to an industry yard where they
are accumulated -until they are picked up by a local train or until
enough of them have been gathered to make up a drag of cars to a larger
yard. Instead of being taken to an industry yard, they may be delivered
by the industrial switch engine directly to a classification yard.

At the classification yard, the car is sorted along with others
into groups of cars called blocks consisting of cars whose next
destination is generally similar. These blocks are then assembled into
trains that travel to other yards. At such yards, the train makeup may
be modified by setting off cars, picking up additional ones, or being
completely resorted so as to make up other trains. A car, therefore,
may actually travel on a number of trains and be processed through many
intermediate yards before reaching the final classification yard.

After reaching the final classification yard, the train on which
the car has been traveling is usually disaggregated and :the ears are
sorted according to which industrial areas they are to he distributed.
Some cars may be delivered directly to the appropriate industrial sidings
or team tracks for unloading. Others, however, may first be transferred
to an industry yard, from which industrial switch eéngines will deliver
them to the consignee's unloading tracks. After receiving a loaded car,
the consignee has a certain period of free time in which to unload and
then notify the railroad that the car is available for other uses. TIf
this period of free time is exceeded, the railroads are entitled to
charge a demurrage fee. After the car has been unloaded and released
to the railroad, it may be distributed to other locations requiring
empty freight cars or it may be stored until a need arises. If the car
belongs to another railroad, it will be sent back to that railroad even
if it has not yet been loaded. Figure 2 depicts this car-movement
process.

This ‘rather generalized description of the movement of railroad cars
and freight should demonstrate that yard operations are ‘an integral part
of the.overall freight-transportation operations of the railroads. The
importance and impact of yard operations on railroad operations are
further emphasized in Figure 3, from a 1974 Department of Transportation
(DOT) study.2 This study shows that, out of a 25.6-day car cycle, a
typical freight car will spend an average of 7.3 days (29 percent of
the average .cycle .time) in terminal yards and another 8.5 days .(33
percent wof idits ‘time) in intermediate yards. According to the DOT study,
therefore, a typical car spends a total of 15.8 days per car cycle (or
62 percent of its time) in switchyards. In contrast, only 14 percent
of its time is spent in line~haul operations; of this, only ‘two days
(less than 8 percent of its time) is spent in hauling freight in revenue-
producing operations. These statistics are particularly distressing
because yard operations, although representing a significant railroad
cost, do not :generally produce revenue. Instead, yard operations are
only a necessary phase of the total railroad transportation process.
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2.2 TYPES OF RAILROAD YARDS

This study is primarily concerned with classification yards;
however, industrial yards, passenger terminals, TOFC/COFC yards,
storage yards, and interchange yards are also maintained by railroads
for their operations. In this section, these yards are classified and
described by the functions they perform.
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2,2.1 Classification Yards

Classification yards are used primarily for the assembly and/
or disassembly of road-haul trains. Such yards will perform at least one
and generally all three of the following operations:

® Receive outbound cars from local industries,
industrial yards, or interchange, sort into
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groups of cars with similar destinations or
according to a given blocking (car grouping)
strategy, and make up outbound road-haul trains
to other classification yards.

® Receive inbound road-haul trains from other
classification yards, disassemble the trains and
sort the cars into groups destined for local
industries, industrial yards, or interchange,
and distribute the cars to the appropriate tracks,
sidings, or yards.

® Receive inbound road-haul trains from other
classification yards, disassemble the trains, and
sort and assemble the cars into outbound blocks
and road-haul trains.

Many other activities that support railroad operations are also per-
formed at classification yards. For example, most classification yards
are capable of servicing locomotives, freight cars, and cabooses,
inspecting cars for mechanical defects, and weighing cars for revenue
purposes. Several major classification yards also have facilities for
major repairs on freight cars and locomotives.

2.2.2 Industrial Yards

Industrial yards are used as central points for the collection
and distribution of freight cars. Local destinztion cars are often
transferred from a classification yard to a local industrial yard for
final delivery. 1In these yards, the cars are resorted (as required),
made up into local or industrial switch trains, and then dispatched for
placement and spotting at industrial sidings, team tracks, interchange
sidings, or other industrial yards.

Industrial yards will also receive outbound cars from the
returning switch trains. These cars may or may not be sorted prior to
being forwarded to the appropriate classification yard. Many industrial
yards are used to perform the switching in specific industrial areas
such as ports, steel mills, mines, or large industrial plant complexes.
Others are used to collect and distribute cars to many diverse areas
within cities and towns.

Although local branchline trains are often assembled in
industrial yards, there is little large-scale classification activity
involving the makeup or breakup of road-haul trains., Industrial yards
are also used for other support activities such as storing empty cars
untill required or inspecting, repairing, weighing, or cleaning them.
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Most industrial yards are constructed as flat yards and,
generally, are smaller and less complex than the flat yards used for
clagsification; however, a few have been constructed as hump yards.

2.2.3 Passenger Terminals

Major railroad passenger terminals resemble other railroad
yards because of the close grouping of tracks for receiving and dis-
patching passenger trains. Their function and operation, however, is
quite different from freight switchyards. The major difference is that
trains operate into and out of these terminals as units and very little
switching of cars 1s necessary; instead, the commodity (the passengers)
is responsible for classifying itself; that is, selecting the correct
outbound train’ or transferring from one train to another. These terminals
are generally also single points of origin or destination, and the
passengers are responsible for movement to or from the terminals.

Passenger terminals represent a large capital investment
which, at present, generates little or no return. Because, in the past,
intercity rail-passenger operations were conducted by many railroads,
some cities have a number of passenger terminals. With the consolidation
and reduction of passenger operations by Amtrak, many of these terminals
may become available for other, more profitable, uses.

2.2.4 TOFC/COFC Yards

Recently, many yards have been constructed to handle trailer-
on-flatcar (TOFC) or container-on-flatcar (COFC) loading or unloading.
The actual design of such yards can vary widely, depending on volume,
type of traffic, or railroad operating practices. Yards that load
trailers exclusively can use ramps to drive the trallers onto or off
the flatcars; however, this method is time-consuming when loading or
unloading an entire train and is becoming rarer at high-volume facilities.
At yards that process a large number of trailers and containers, overhead
cranes and/or specialized tractor equipment are used for loading and un-
loading. '

The operational use of TOFC/COFC yards depends, to a large
extent, on each railroad's procedure for handling TOFC/COFC traffic. If
the railroad segregates this type of traffic on special TOFC or COFC
trains, it may bypass a number of intermediate classification yards. If,
however, TOFC/COFC traffic is handled like other carload traffic and
placed on mixed trains, it must be processed through classification
yards the same as regular freight. 1In either case, based on SRI site
inspections, it appears that TOFC/COFC yards are generally colocated
with other railroad freight yards and are not isolated facilities.
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Because of the rapid growth of TOFC/COFC traffic, it is con-
ceivable that the design and operation of TOFC/COFC yards may change
radically over the next 25 years. It has been suggested that future
TOFC/COFC yards may be operated in a manner analogous to passenger
terminals. The TOFC/COFC trains would be operated as units and the
flatcars should not be disaggregated and classified; instead, it is
proposed that the containers and trailers should be unloaded, sorted or
classified, and reloaded on other trains. New equipment technology may
be required to operate efficiently in this manner.

2.2.5 Storage Yards

Storage yards are used to store rolling stock (generally,
empty cars) not currently required or usable. Such conditions often
occur because of seasonal variations in the demand for certain special-
ized equipment such as autoracks or refrigerator cars or because of
general downturns in traffic. At times, even loaded cars are stored--
such as grain, ore, or coal cars waiting for in-transit milling or pro-
cessing or waiting to be unloaded onto ships or elevators. Storage
yards are also used to store cabooses, outmoded or unused locomotives,
cars in disrepair and special-purpose rolling stock such as snow
plows, wrecking equipment, and maintenance-of-way equipment.

2.2.6 Interchange Yards

Many of the above yards are also used as points for the inter-
change of cars between connecting railroads. There are many yards, how-
ever, that are used exclusively for interchange movements and operations.
Generally, these are small yards, consisting of only a few tracks. Cars
are brought from one classification or industrial yard and placed on a
track in the interchange yard, as specified in an interchange agree-
ment. A switch engine from a connecting railroad will then pull the
cars from the track and transfer them to another classification or
industrial yard to be sorted. Depending on agreements and operating
practices, the interchange yard may be used as a point of interchange
between a number of railroads.

2.3 DESCRIPTION OF CLASSIFICATION YARD OPERATIONS

Railroad yards can be described and characterized by a large number
of descriptive factors. Because this study is specifically oriented
toward railroad yards that perform classification work, however, a
moderately detailed description of the operations and processes at
classification yards may be of value to the remainder of this report.

The design and physical track layout of classification yards vary

widely. The two major categories, however, are flat yards and hump
yards.
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A flat yard generally consists of a series of tracks connected by
a ladder track and switching lead, as shown in Figure 4. Most flat
yards use the same tracks for receiving, classifying, and dispatching
trains although many such yards do have separate receiving and/or
departure tracks. The car-sorting process requires that a group of
cars be pulled out to the switch lead where the switch engine will
accelerate quickly toward the yard and then decelerate. Just prior to
deceleration, a car or group of cars will be uncoupled and the de-
celeration of the switch engine and the cars coupled to it will cause
one or more of the uncoupled cars to separate from the rest. This
procedure is called giving the cars a '"kick." The switch engine generally
continues kicking cars toward the classification tracks until reaching
the ladder track, at which point it will pull the remaining cars back
along the switch lead and resume the process. The cars and groups of
cars that have been kicked will travel along the switch lead and
ladder track until being switched onto the appropriate classification
track. Switches in most flat yards are generally manually thrown. To
improve operations, flat yards are often somewhat saucer-shaped so that
the cars will tend to accumulate in the center of the yard. Such
gradients also reduce the frequency of cars stopping short on the switch
lead, ladder track, or classification track.

Hump yards are used to classify more efficiently a large number of
cars. The geometric characterisitcs and typically large volume
throughput of most hump yards dictate that separate subyards be con-
structed for receiving, classifying, and dispatching trains. A typical
arrangement of these subyards is illustrated in Figure 5. Generally, an
inbound train is placed on one of the tracks in the receiving yard, and
certain operations (such as inspecting the cars' mechanical systems and
bleeding the air from the brakes) are performed. The car-sorting pro-
cess requires a switch engine to push a group of cars to be sorted along
the hump lead and over a raised portion of trackage called the
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hump crest. Cars are uncoupled just prior to reaching the hump crest

and begin to accelerate down the incline on the other side of the hump

crest, thereby separating from the switch engine and the remaining cars.
The crest of the hump is 12 to 20 ft above the level of the classifica-
tion tracks. As can be seen in Figure 6, the geometric track pattern of
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FIGURE 6 GEOMETRIC PATTERN OF CLASSIFICATION TRACKS IN A HUMP YARD
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the classification tracks differs significantly from that of flat yards.
Instead of all tracks branching off a single lead or ladder, they are
organized into groups of tracks where each group generally consists of
six to nine individual classification tracks. This pattern is used
because it requires fewer retarders for speed control and reduces the
frequency of occurrence of catch-ups.

The operations in a classification yard are keyed to the processes
involved in receiving and breaking up inbound trains, classifying or
sorting cars, and making up outbound trains. Most of the major pro-
cesses involved in moving a car through a classification yard are
depicted in Figure 7. Referring to this flowchart, it can be seen that
the individual freight cars usually arrive with other cars on road-haul
trains, transfer trains, or industrial drags, and they are placed on one
of the yard tracks, if available. Most hump yards and a number of flat
yards will dedicate certain tracks or groups of tracks for receiving
inbound trains. If a yard does not have a track available for yarding
the inbound train, it will be held on the mainline. If the incoming
train is too long to be yarded on one track, it will be broken up and
yarded on two tracks. This "doubling'" process requires between 10 and
20 minutes and can often be performed by the road-haul crew, depending
on labor agreements and other considerations. After an incoming road-
haul train has been yarded, the locomotive units and caboose are de-
tached and moved to a service area. In some yards, however, the
caboose is not detached but is actually humped (or switched) and sorted
at the same time as the rest of the cars on the train.

After the incoming train or drag of cars has been yarded and the
engines and caboose have been detached, the air-brake systems on the
cars are ready for bleeding. This process is required because, after
the engines are uncoupled (thereby breaking the air-hose connection),
the individual car brakes are automatically activated by air in the
compressed-air reservoir. Car bleeders must release this reservoir air
to deactivate the brake system so that switch engines can freely push
cars to the hump or along the switch lead. The air brakes are bled by
carmen who walk along one side of the train and stop at each car to
open angle cocks that release the air. Often, however, the release rod
may be broken on the carman's side and he must climb or crawl between
cars to use the release rod on the other side.

Generally, while the air-brake reservoir is being bled, the indi-
vidual cars will be inspected for mechanical or physical defects. Some
common defects include dragging equipment, mechanical failure of the
air-brake system, cracked or broken wheels, bearings, and journals,
broken couplers, door and seal problems, and car structural damage;
other defects, such as damaged or shifted loads, are also identified.
After the "bad order" cars are identified they are sorted out from the
others during the normal switching or classification process. Car
identification and train consist information are also checked during
this walk-by inspection.
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The switching or classification process is the central activity in
classification yards. It involves sorting the cars that have arrived
grouped together on a train or industrial drag into appropriately
assigned classification (or 'class') tracks. The assignment of these
cars to the class tracks is generally based on the car's destination
and the sorting policy of the yard. For example, in one yard, all cars
bound for Chicago may be placed on Track 9 and all cars bound for
Buffalo and Boston may be shunted to and grouped together on Track 4.
Other track assignments may be based on car condition (such as whether
it needs to be cleaned or repaired). Cars in transit through a yard
often must be reswitched or rehumped for a number or reasons. For
example, cars that require special processing (such as cleaning or
repairing) usually must be reswitched after such processing has been
completed. 1In addition, many yards do not have enough tracks to assign
dedicated tracks to each of the blocks being made up in the yard. This
forces yard personnel to mix blocks together on a track and then reswitch
these cars when a track becomes available.

After being switched onto the correct class track, the cars gen-
erally wait while others are being sorted among the various class tracks.
The time spent on a classification track waiting for enough other sim-
ilarly bound cars to make a train is referred to as "accumulation time."

After enough cars have been accumulated to make a train, or accord-
ing to a departure schedule, they will be assembled into a train or
industrial drag. In this process, the blocks of cars that are on a
number of different tracks are joined together on a departure track that
is long enough to hold all the cars for the train; lacking that, many
yards use the mainline for making up trains. After the cars and blocks
have been coupled, carmen will connect the air-brake hoses, turn the
brake valves and inspect for bad-order or misswitched cars that must be
switched out of the train. After the cars and air-brake hoses have been
connected, the train's air-brake system is charged. There are three
methods for charging the air lines. The first, and generally the
fastest and most desirable, is to use sources of compressed air that
are located near the makeup tracks. When such facilities are not
available, the airing can be done by a switch engine or by the road-haul
engines after they have been attached. The air-brake system is then
checked for leaks.

At this time, the power units and caboose are attached, and the
train is physically ready to depart. There are a number of factors
however, that can delay departure such as lack of road-haul crew or
power, lack of paper work, or interference within the yard or on the
mainline).

This description of the major car-handling processes that take
Place in classification yards has been general in scope and only
describes major classification yard operations. Although this descrip-
tion has been organized in a step-by-step operational sequence, it is
important to note that, in most classification yards, these operations
are performed simultaneously on different :cars and trains. While one
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train is being received into a yard, another train or group of cars may
be in the process of being classified while still other cars are being
assembled into an outbound train.

The actual movement of cars through a classification yard is
usually paralleled by the processing of information and paperwork
within the yard. 1In fact, the transference and processing of informa-
tion is an essential supportive part of the car-classification and
train-makeup processes. The purpose of these activities is to obtain
a timely and accurate inventory of which cars are located on what tracks.
Without such information, these processes could not be adequately con-
trolled.

The handling of yard information and paperwork is generally related
to the movement of trains and cars through the yard. For reasons of
clarity and continuity, the following description of information-
handling processes tends to follow that form.

The first information received by a yard concerning an inbound
train is its inbound consist which is a description of the makeup of
the train. At most large and moderate-size yards within modernized
railroad networks, this consist information is received before the
actual arrival of the train. Although this may allow the yardmaster
some advance operational planning, this capability is often limited by
the quality of the information or the amount of confidence the yard-
master has in it. The advance inbound consist is composed of the out-
bound consist of the last yard at which the train had stopped, and
this yard has the capability of revising that consist information. If
the train picked up or set out any cars or blocks of cars after passing
that terminal, the advance consist would be in error.

Additional information is obtained with the actual arrival of the
train. The identification numbers of the cars in the train are noted
and recorded using closed-circuit television and video tape, audio tape,
or by pencil and paper. These numbers can be checked against the advance
consist information, and corrections can be made on an exXception basis.
Waybills and/or bills of lading also arrive with the train. A bill of
lading is the agreement between the shipper and the railroad concerning
the transportation of the shipper's goods. A waybill is a receipt that
details the shipment and routing inventories. Locally originated
traffic is often accompanied only by bills of lading, thereby requiring
the preparation of waybills; inbound road-haul traffic is generally
accompanied only by waybills. All of this paper work is the responsi-
bility of the train conductor until reaching the yard, at which time
it is turned over to a yard office clerk. Waybills are then prepared
from bills of lading for those cars that require them and, in some
yards, IBM cards are also prepared. The waybill and the other recorded
information are then used to update the advance consist information.
From this enhanced information, class tracks are assigned and the switch
lists are prepared. A switch list (also known as a cut list or hump
list in hump yards) assigns a classification track for each car or cut
of cars. From this procedure, it can be seen that the actual switching
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of a train cannot begin until all of the above information processing
has been accomplished. There is a potential for delay, therefore, if
the information processing takes longer than the brake bleeding and car
inspection; it also would tend to limit the speed of processing high-
priority trains. Slow rates of information processing may also limit
the effectiveness of certain automation features such as high-speed car-
inspection systems or automatic coupler and brake systems.

After the switch lists have been completed, they are distributed to
the yardmasters, hump foremen, retarder operators, switchmen, and the
switch-engine crews. Any changes are then manually recorded on them;
an example of such a change would be the reassignment of a car fvom a
specific class track to a bad-order track because of deficiencies dis-
covered during the initial car inspection. After all cars in a partic-
ular inbound train have been classified, the final edited switch list
and waybills are received by an outbound clerk who uses the edited switch
list to "rack'" the waybills into an array of pigeonholes so that they
accurately represent the contents and sequence of cars in each class-—
ification track.

The next step in the classification yard procedure is the assembling
of cars from different class tracks into an outbound train. In an
analogous manner, the waybills for the cars from each of these class
tracks are also assembled. The car numbers and waybills are then
compared by an outbound check, and the necessary corrections to the
consist are completed. The waybills are then transferred to the out-
bound train conductor. When the train departs, the outbound consist
is transmitted to a central processing location or to the next yard
where it becomes the advance inbound consist for that train.

This has been a general overview of the information flow relating
to the movement of freight cars through a typical classification yard.
Certain operational details may vary significantly between yards, and
other details, such as the processing of information related to mis-—
switched cars have not been addressed. Part of this variance is the
result of the differences in the systemwide information-processing pro-
cedures used by the various railroad companies. There can even be
dramatic differences in the information-processing procedures in other
yards operated by the same railroad company. One factor that can
account for these differences, for example, is that some information-
processing systems exhibit economies of scale that preclude their
installation at smaller classification yards.

SRI's examination of different classification yard facilities
revealed that there are three major categories of yard information-
processing systems currently in use (however, we have found large
variations in system hardware and procedures even within these cate-
gories). The first is a manual system in which track inventory and
car-location information is initiated and updated by hand. The arrival,
movement, and departure of all cars are accounted for in a handwritten
bookkeeping or accounting system where each car's number is recorded
in a large table or ledger to correspond with its location in the yard.
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Other information, such as car placement time, may also be noted. Yards
that process their information manually often have a limited interyard
communication system and do not have access to high quality or detailed
advance consist information.

The next major category is a mechanized system that has facilities
for data and voice communication between other yards plus such basic
data processing equipment as accounting machines. The operational
processes of a typical mechanized information-processing system are
described more fully in Appendix A. The third major category is a
computer-based system which has much more data-processing and information-
storage capability and flexibility than the mechanized systems. They
also require less manual support because of the direct processing of
information received from and sent to other yards and facilities.

Although most of these systems have been implemented only within
the last five years, it is becoming evident that computer-based inform-
ation systems offer many advantages over other types of information-
processing systems under certain conditions. The design of such systems,
however, has not yet stabilized and will continue to evolve within the
foreseeable future.

2.4 SRI INVENTORY OF U.S. RAILROAD YARDS

It was recognized by both SRI and the contracting agency that a
valid assessment of the national impact of the deployment of various
technological and yard automation features would require an accurate
inventory of U.S. classification yards. After much investigative
work, SRI found that an up-to-date inventory was not accessible although
discussions with several people indicated that such information would
be desirable. Because of this lack of reliable information, SRI
developed a survey plan that included the identification and initial
characterization of all U.S. railroad yards that perform classification
and/or industrial distribution work. This section presents a description
and summary of that inventory.

2.4.1 Information Sources

The most direct approach for obtaining a small amount of key
information concerning all U.S. railroad yards would have been to request
this data directly from the railroads. This was not considered to be
the most desirable technique, however, for a number of reasons. First,
this approach would have required contacting almost every U.S. railroad
so as to include all existing classification and industrial distribution
yards in the inventory, and many major (and minor) yards are owned and
operated by railroads other than Class-I line-haul roads. Such a
massive inventory effort was not considered feasible within the con-
straints and objectives of the project. In addition, cooperation from
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the financially troubled railroad community, during this economically
depressed period, was not expected to be sufficient to establish a
comprehensive inventory.

As a result, SRI explored the possibilities of utilizing
information from government regulatory agencies, including the Inter-
state Commerce Commission and the Federal Railroad Administration (FRA).
Investigation revealed that the FRA did catalog a number of facilities
in the U.S. railroad system as a part of their safety-inspection
process. This catalog included all yards that were of interest to
this study in addition to a number of other rail facilities. SRI per-
sonnel then interviewed FRA regional supervisors and inspectors who
were familiar with local inspection points to identify and categorize
the classification and industrial distribution yards on the inspection
lists.* The interviews with the supervisors were conducted in person
at each of the eight regional offices of the FRA. In a number of
regions, however, it was found that the safety supervisors were un-
familiar with yards in certain parts of the region or that their
familiarity was based on inspection visits that had taken place many
years ago. In these cases, the safety inspectors were questioned about
the inspection points in their areas of responsibility. Some of them
were interviewed in person at FRA regional offices in the same manner
as were the regional supervisors; however, because most of them work
from offices that are remote from the regional headquarters and because
they are generally out on inspections, it was impractical to interview
all of them in person. Instead, SRI developed and distributed a short
questionnaire to these inspectors plus a cover letter with detailed
instructions (Appendix B). The inspectors were requested to answer
on special coding forms that were returned to SRI. After receiving the
completed forms, SRI reviewed the answers and contacted individual in-
spectors by telephone to resolve any further questions or problems.

All of the collected data concerning the yards identified and character-—
ized during the FRA survey were then transferred to a computer readable
form to ease the subsequent data-reduction work (see Appendix C).

2.4.2 Inventory Methodology

One of the most important steps in the yard-inventory process
was to uniquely identify each railroad yard included in the inventory.
This identification was accomplished by collecting information concern-
ing their location in relation to political and other jurisdiction
boundaries, individual yard names, and the owning railroad. The location
is described in terms of which FRA region is responsible for its inspec-
tion and the city and state in which it is located; this regional
information is probably of little future value although it was useful
during the development and editing of the yard inventory. For example,
it was very helpful when checking for yards that were listed on more

*Safety Inspector's Assignment List, FRA Form F6180-26.
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than one region's inspection lists. The city and state information
further describes the yard location and was found to be quite reliable.

We also collected information concerning individual yard
names and the owning railroad to differentiate .among the railroad yards
located in any one city because, in many cities, a railroad may own
a number of yards. To specify a particular yard it is generally desig-
nated by a specific name. The assignment of individual yard names can
be based on such factors as location (12th Street Yard, City Yard,
Bayshore Yard), nearby landmarks (Tunnel Yard, Bridge Yard, Park Yard),
principal yard commodity (Coal Yard, Produce Yard), major yard function
(Classification Yard, Storage Yard, Industry Yard), or even names of
persons (Perlman Yard, R.R. Young Yard, Brosman Yard). Because of SRI's
reliance on the FRA as the source of yard-inventory information, the
yard names listed on FRA safety inspection lists were used. Subsequent
SRI work to edit and validate the collected yard information indicated
that the majority of FRA yard names corresponds to the yard names used
by the owning railroads; in some cases, the name was similar (34th Street
Yard instead of 33rd Street Yard). Unfortunately, in a number of cases,
the FRA yard name bore no relationship to the owning railroad's desig-
nation for the yard; however, the railroad could almost always identify
the yard when given its location and name.

Information concerning the owning railroad is often required
to uniquely specify a certain yard because yards owned by different
railroads in the same city can be designated by the same yard name.

For example, a number of railroads may own and operate separate yards
located near the dock area in a particular city. It would not be
unusual for each one to be called the Dock Yard by the owning railroad
and its employees. In the compilation of this inventory , we used the
railroad designated by the FRA as the owning railroad. We also attempted
to make corrections for major changes in yard ownership resulting from
mergers or acquisitions, such as the Lehigh-Valley takeover of the
Central of New Jersey's lines and terminal in Pennsylvania. It is
anticipated, however, that the restructuring of the Northeast railroad
system with the beginning of ConRail operations and the potential
restructuring of the Midwest rail system will cause significant changes
in the yard-ownership information listed in this inventory. In a number
of cases, the FRA inspection lists indicated that a yard was jointly
owned by more than one railroad, and the term "JOINT" was used in place
of the abbreviation of the owning railroad. It should be noted, however,
that this term was applied only to those yards that the FRA had class-
ified as being jointly owned and may not truly reflect the actual

number of jointly owned yards.

The information obtained from the FRA included more than was
required for the identification of yards within the inventory. Other
information was collected that could be used to categorize the yards
according to certain functional characteristics. Four functional yard
groups were developed, and FRA personnel was asked to determine to which
group each individual yard belongs. The first two included all yards
that perform classification work (yards that sort and group outgoing
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cars into the correct blocks for road-haul trains, assemble outbound
road-haul trains, and/or disassemble inbound road-haul trains). These
yards were further grouped according to whether the local and industrial
distribution and collection work comprises a significant portion of
their function. As a result, these facilities were categorized as
"classification/industrial" yards if they were used to:

Sort inbound cars into groups that were then distrib-
uted to local industries or to industrial or inter-
change yards.

Collect and/or receive cars from local industries or
from industrial and interchange yards.

Yards that did not perform a significant amount of this industrial
distribution work were categorized as ''classification" yards, used
principally for resorting and reblocking cars and groups of cars
received from inbound road-haul trains and then reassembling them into
outbound road-haul trains.

The other two groups were composed of those yards that are
used primarily for local switching associated with the collection and
distribution of freight cars. These were categorized as "industrial"
yards 1f they were worked by as least one assigned switches or by road
switchers whose total time spent working the yard averaged one or more
tricks per day. Those worked by road switchers less than one trick per
day were categorized as '"small industrial' yards. There is no large-
scale classification activity involving the makeup or breakup of road-
haul trains in these yards.

These definitions of functional yard categories eliminated
from the inventory a number of FRA inspection points whose functional
characteristics did not match those of any of the defined groups. Among
those omitted were points that operated only as passenger stations,
storage yards, repair and shop facilities, and interchange yards.

Another functional characteristic developed from FRA inform-
ation was whether the yard was a part of a multiyard complex which is
defined as a group of two or more yards operated interdependently by the
same railroad. Generally, these yards are located in urbanized areas
within a few miles of one another, and the complex does both classifi-
cation and industrial work. Typical multiyard operations include pre-
and postclassification of cuts of cars for one or more classification
yards. 1In these complexes, one yard may recelve and break up all
inbound trains and distribute the cars to industries, industrial yards,
and interchange points, and the other yard will collect cars from these
locations and then classify and assemble them into outbound trains.

SRI also attempted to collect information concerning whether
an interchange point is located within the yard and to determine whether
the yard is able to perform major repairs on freight cars or locomotives.
The information on yard interchange points was found to be acceptably
reliable; however, the responses to repair.capabilities were inconsistent,
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probably as the result of our failure to define explicitly what was
considered to be a major repair effort, and the question was omitted
during the later stages of the survey.

In addition to the functional characteristics described above,
SRI also attempted to identify whether a yard was a hump yard or a flat
yard. This information allows differentiation between the two major
types of physical yard configurations in use in the United States today.

SRI also obtained information from the FRA regarding the type
of area in which each yard is located. The respondent was asked to
select one of five land uses to best describe the predominant land use
of the area adjacent to and surrounding the yard. The answers were
somewhat subjective because a yard may be surrounded by several different
types of land uses, and the FRA respondents were not trained city or
regional planners. The five possible land uses included:

Industrial --Land used for manufacturing or processing
products and materials.

Commercial --Land used for the conduct of trade and
business, including merchandizing, business
offices, amusement, and personal service.

Residential —--Land used for single or multiple family
dwellings.

Agricultural--Land used to raise crops or livestock.

Undeveloped --Forest and desert areas are examples.

To complement this information, we also tabulated population data con-
cerning the cities in which each yard was located, based on the 1970
census.

We also gathered information concerning the physical location
of the yard within the railroad's system. Yards located at the end or at
a junction of a railroad's mainline were so designated. This information
was assembled through the use of railroad maps, the Rand McNally Railroad
Atlas of the United States, and the Official Railray Guide, and much of
it was subsequently verified through questions directed to the FRA super-
visors and inspectors.

2.4.3 Summary of Yard Inventory

This section summarizes the information gathered in the in-
ventory. It should be noted that the U.S. yard population is not static;
new yards are constructed and others are shut down or relocated. Perhaps
the most significant changes will occur in yard ownership and function
because of the reorganization and consolidation of the northeast rail
system. SRI believes, however, that this inventory (see Table 1) offers
the most reliable and current information available concerning the U.S.
yard population.
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The inventory includes 4169 yards. FRA safety-inspection
personnel also identified 199 multiyard systems. This study is primarily
interested in those yards that classify road-haul freight. The SRI
survey of FRA safety supervisors and inspectors identified 1229 such
yards; 1028 of these (or approximately 25 percent of all yards in the
inventory) were described as "classification/industrial" yards because
they perform both road-haul classification and industrial-distribution
work. The survey identified 930 of these as flat yards and 98 as hump
yards, and 527 in this group are used as interchange points. In de-
scribing the location of these yards in relation to the owning rail-
road's system, 116 are located at end of lines and 274 are located at
mainline junctions. The distribution of yard location in relation to
adjacent land use and city population is listed in Table 2.

The remaining 201 yards that perform classification work were
described as doing little or no industrial distribution. These were
labeled ''classification" yards, and they comprise approximately 5 percent
of all yards in the inventory; 183 of them were identified as flat yards
and 18 as hump yards. Of these, 81 are used as interchange points, 21
are located at end of lines, and 41 are located at mainline junctions.
Table 3 details their distribution in relation to adjacent land use and
city population.

The industrial yards in the inventory were divided into two
categories. The yards in one group were labeled "industrial' and are
worked by at least one assigned switcher or by road switchers whose total
time in the yard averages one or more tricks per day. The survey iden-
tified 1389 such yards in the inventory, out of which 1381 were iden-
tified as flat yards and 8 as hump yards. Of these, 513 are used as
interchange points, 156 are located at end of lines, and 179 are located
at mainline junctions. The distribution of these yards in relation to
types of adjacent land use city population is presented in Table 4.

The remaining 1551 yards have been categorized as 'small
industrial" yards, worked by road switchers whose total time in the yard
averages less than one trick per day. These are all flat yards; 452 of
them are used as interchange points, 190 are located at end of lines,
and 159 are located at mainline junctions. Table 5 shows their dis-
tribution in relation to adjacent land use and population.

Many interesting speculations and comparisons can be made when
examining the entire yard inventory and the differences between groups.
For example, as shown in Figure 8, there is a significant variation in
the location of interchange points. More than 50 percent of the
classification/industrial yards have interchanges located at the yard,
which is nearly double the 29 percent of the small industrial yards
with interchanges.

The location of yards in relation to mainline junctions (Figure

9) reveals a variation similar to that of the location of interchange
points. Although 27 percent of the classification/industrial yards and
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20 percent of the classification yards are at mainline junctions, only
11 to 13 percent of the industrial yards are so located. In sharp con-
trast, the distribution of the different categories of yards at end-of-

lines (Figure 10) remains fairly constant at approximately 11 percent,
irregardless of yard group.
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The relationship between the operation of railroad facilities
(such as yards) and other community activities is often characterized
by conflict. Although railroads were necessary for the establishment
and growth of many communities and are still required for continued
sustenance, their operations frequently have a negative impact on other
community activities. One major undesirable impact is the large land
requirements. In a sample of cities with railroads within their bound-
aries (Table 6), railroad operations require nearly 5 percent of the
total developed area; in some cites, such as Kansas City, these oper-
ations require more than 10 percent of the total developed areas.
Other examples of undesirable railroad impact on communities include
congested street traffic caused by interference at grade crossings,
noise intrusion, and air and water pollution. For these reasons, it
was determined necessary to include information concerning land use
and population characteristics of the areas surrounding railroad yards.
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Table 6

RAILROAD LAND USE IN AMERICAN CITIES

Railroad Property
Number Population Percentage of Total Acres Per
of Cities Group Developed Area 100 People
28 less than 50,000 4.99 0.50
13 50,000 to 100,000 4.85 0.39
7 100,001 to 250,000 5.39 0.43
5 more than 250,000 4,38 0.22

Source: Reference 3.

Table 7 lists the results, and Figure 11 is intended to facilitate com-
parisons of the distributions of the adjacent land uses and the pop-
ulations of the yard groups.

2.4.4 Reliability of Inventory Information

An accurate assessment of the impact of railroad yard tech-
nology is dependent on the accuracy of the yard inventory. Although
the SRI project team had confidence in the reliability of the inventory
information obtained from the FRA interviews and questionnaire returns,
it was deemed necéssary to verify the accuracy of the data base through
an information source independent of the FRA. To accomplish this ver-
ification, we enlisted the assistance of Mr. Lou Hill, Manager of
Terminal Operations of the USRA, who has a vast range of knowledge
concerning the operations of many of the yards located on the proposed
ConRail system. Members of the SRI team reviewed with him the inventory
information obtained from the FRA regarding 120 yards located on the
Penn Central system. The extensive Penn Central system which comprises
the bulk of the proposed ConRail system, extends into the inspection
areas of five FRA regions. It was believed that using this multiregional
system would tend to minimize the effects of local biases in survey
accuracy and would provide a good check on the overall reliability of
the yard inventory.

With Mr. Hill's assistance, SRI checked the accuracy of the
inventory information related to land use, yard type (hump or flat),
yard group, yard interchange, and multiyard systems. The results were
very encouraging. Out of 600 possible errors (5 times 120), only 12
were identified, thereby indicating an overall survey accuracy of 98.0
percent. The lowest accuracy was associated with land-use information.
Five errors were identified out of the 120 yards in the sample, thus
producing an accuracy of 95.8 percent.
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Subsequent SRI surveys and discussions with members of the rail
community indicate that the overall accuracy of the yard inventory may be
somewhat less that the above 98.0 percent; however, none of the additional
checks has resulted in accuracy levels less than 95 percent. It should
be remembered, however, that although this inventory is a static entity,
the actual yard population is dynamic and continually conforming to a
new and developing railroad environment based on changing traffic patterns
and switching requirement. A yard that is heavily used to service indus-
try during peak economic periods, therefore, may be only lightly used
during periods of economic decline. Normal seasonal variations in the
shipment of many commodities by rail can also cause very substantial
differences in the operation of individual yards throughout the year.
Perhaps the greatest change in the reliability of the inventory inform-
ation within the next five years will be caused by railroad mergers and
consolidations, which would certainly produce errors in the yard-ownership
data. Of greater importance is that mergers and consolidations of
railroad systems may dramatically change the role of the yard within the
railroad's system. The current pattern of end-to-end mergers (with the
exception of ConRail), however, should not change the functional roles
of a significant number of yards. We estimate that, by 1980, the in-
ventory information regarding yard functions will still be 85 to 95
percent reliable although the reliability of the ownership data will
probably drop to between 70 and 75 percent.

2.5 SRI SURVEY OF U.S. RATILROAD-YARD OPERATORS

The development of the national inventory of railroad yards enabled
us to identify those yards that perform classification work and to
obtain additional information concerning each of these yards. During
the FRA interviews, SRI also collected information about the daily number
of cars classified and number of switch engines operating in a large
sample of yards.“ To assess the magnitude of yard-related problems on a
national scale, however, more detailed information was required regarding
a number of functionmal, operational, and technological yard descriptive
parameters. We gained most of this data through a survey of U.S. rail-
road yard operators, based on questionnaires sent to a small number of
Class-1 line-haul railroads.

2.5.1 Questionnaire Distribution

The questionnaire formats were developed by the SRI project
staff after consulting with railroad operating, planning, and management
staffs. They were then pretested through the cooperation of USRA per-
sonnel., Samples are presented in Appendix B.

The classification yard questionnaire packets were sent to
each railroad's Vice President of Operations or to his designated
representative. Each questionnaire was prominently labeled with the
appropriate yard name and location, and a cover letter explained the
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purpose and sponsorship of the survey and enclosed detailed instructions
for the completion and return of the questionnaires.

The decision as to which level of railroad operations should
be responsible for the completion of the questionnaires was left up to
the individual railroads. Some of the questionnaires were filled out by
division or main-office personnel, and others were completed by the yard
operational personnel; most railroads relied on a mix of operating and
planning staffs., After receipt of the completed questionnaires the
SRI project team checked their accuracy and completeness and called the
respondents when necessary to resolve any queries, descrepancies, and/or
omigssions. The results were then coded and reproduced in computer-
readable format to facilitate subsequent data reduction and analysis.

The railroads undergoing financial reorganization in the
Northeast were not included because of the small likelihood of their
participation. It was desired, however, to receive information from
some of the yards operated by these railroads so that the selected
sample would be more representative of the total population. For this
reason SRI obtained as much relevant information as possible from USRA
yard questionnaires whose format was, in fact, more detailed that the
SRI forms.

Figure 12 is a map of the actual geographic distribution of
the yards to which SRI sent questionnaires (including USRA data). We
requested information from 284 individual classification yards (207
flat yards and 77 hump yards) and received responses from 233 (170 flat
yards and 63 hump yards). After reviewing the questionnaire returns,
we used the information obtained from 214 yards (153 flat yards and 61
hump yards). This yard sample represents approximately 14 percent of
the flat and 52 percent of the hump classification yards identified in
the inventory.

2.5.2 Yard Visits and Technical Discussions

The third phase of the SRI survey and sampling plan involved
field inspections of switchyards, including a large number of hump and
flat classificatien yards and a smaller number of industrial yards. The
primary purpose of these inspections was to obtain information not re-
quested in the questionnaires. These visits also gave the project team
a better understanding of the operational differences among classification
yards.

During this phase of the survey, the SRI project staff exam-
ined several yards that represented a distinct or unusual level of
design, technology, or operation. These yards were identified from
literature sources, conversations with railroad personnel, and question-
naire returns. Visits were also made to sites that were judged to
represent a significant number of yards in the U.S. inventory. These
yards were also identified through information gained from FRA and rail-
road personnel and from the questionnaire returns.
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In addition to the actual yard inspections, SRI engaged in
technical discussions with a wide variety of railroad personnel. The
purpose of these discussions was to obtain additional information con-
cerning yard operations, type and magnitude of the problems occurring
in classification yards, and the different approaches (whether techno-
logical or operational changes) used to reduce or eliminate these problems

2.6 CATEGORIZATION OF CLASSIFICATION YARDS

We used the information obtained from the questionnaire returns,
yard inspections, and technical discussions to categorize the 1229
classification yards identified in the SRI national yard inventory.
This process involved defining yard groupings on the basis of a few
important parameters selected so as to ensure as much homogeneity as
possible within each category. Each yard group was then further char-
acterized by a more detailed list of parameters or descriptors which
were then used to describe a composite or nominal yard that would
represent all of the yards within each category. The number of yards
in each group were estimated, and the extent of the variations between
yards in each category was examined.

A fundamental problem encountered when attempting to select the
parameters used to define the various yard categories is the many vari-
ables and factors in the yard-categorization process. The definition
of yard categories by any more than a few selected factors can lead to
a large combinational number of categories to be examined. For example,
assume each category is to be defined in terms of three factors (such
as degree of automation, number of persons working in the yard, and
average car detention time) and assume further that each descriptive
factor has three levels or groupings (such as for retarder control in
hump yards where the three levels of automation have been described as
manual, semiautomatic, and fully automatic). From these descriptive
factors, 27 distinct yard categories could be defined. The addition of
another three-level factor would increase the number of categories to
81; the disuse of one of the factors would reduce the categories to
nine, certainly a more manageable number.

The definition of many yard categories would dramatically increase
the analysis and evaluation effort. 1In addition, the establishment
of a large number of yard categories would tend to lessen the accuracy
of any SRI use of survey data to make national estimates because the
size and statistical significance of the survey sample associated with
each category would be reduced. For these reasons, we attempted to
define a minimal number of yard categories while, at the same time,
trying to achieve a large degree of homogeneity between the yards
within each category. These objectives required the identification of
those factors most responsible for the variations between classification
yards. Our criterion for assessing the differences was the cost of
individual yard operations (although, in many cases, surrogate measures
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of such yard costs as daily switch-engine assignments were used). Based
on numerous discussions with railroad personnel and on a limited amount
of data analysis, we determined that yard geometric design and switching
volumes were probably two of the most significant factors influencing
yard costs. Using these two factors, we developed the following
categories.

® Low-volume flat yard (less than 501 cars classified per
day)

¢ Medium-volume flat yard (between 501 to 1000 cars clas-
sified per day)

e High-volume flat yard (more than 1000 cars classified
per day)

® Low-volume hump yard (less than 1001 cars classified
per day)

e Medium-volume hump yard (between 1001 to 2000 cars
classified per day)

e High-volume hump yard (more than 2000 cars classified
per day).

We then estimated the number of yards within each category through
the use of the SRI inventory and survey data. These estimates are
shown in Table 8.

Table 8

SRI ESTIMATES OF NUMBER OF YARDS IN EACH YARD CATEGORY

Daily

Yard

Volume
Yard Low Medium High
Type Volume Volume Volume Total
Flat yards 564 361 188 1113
Hump yards 42 40 34 116
Total 1229

The yards within each of these categories were further characterized
by other technological, functional, and operational descriptors. The
average values of these factors defined a nominal yard that represented
all yards within each group. The values of some of the descriptors
used in developing these representative yards are listed in Tables
9 and 10.
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Table 9

SAMPLES OF CHARACTERIZATION DESCRIPTORS FOR FLAT YARDS

Less than More than
Descriptors 500 500 to 1000 1000
Cars/Day Cars/Day Cars/Day

Number of classification

tracks : 14, 20 25
Standing capacity of

classification yard 653 983 1185
Cars classified/day 288 711 1344
Local cars dispatched/day 72 93 182
Industrial cars dispatched/day 47 69 121
Road-haul cars dispatched/day 218 472 942
Cars reclassified/day 60 196 348
Cars weighed/day 14 21 16
Cars repaired/day 13 28 31
Trailers and containers loaded

or unloaded/day 22 22 76
Average time in yards (hours) 19 19 18
Inbound road-haul trains/day 3 6 10
Outbound road-haul trains/day 3 7 11
Local trains dispatched/day 2 3 2
Switch-engine tricks/day 4 7 10
Industrial-engine tricks/day 2 3 4
Roustabout-engine tricks/day 0 1
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Table 10

SAMPLES OF CHARACTERIZATION DESCRIPTORS FOR HUMP YARDS

Less than

More than

Descriptors 1000 1001 to 2000 2000
Cars/Day Cars/Day Cars/Day

Number of classification

tracks 26 43 57
Receiving tracks 11 11 13
Departure tracks 9 12 14
Standing capacity of

classification yard 1447 1519 2443
Standing capacity of

receiving yard 977 1111 1545
Standing capacity of

departure yard 862 969 1594
Cars classified/day 689 1468 2386
Local cars dispatched/day 86 250 315
Industrial cars dispatched/day 74 86 220
Road-haul cars dispatched/day 632 1050 2297
Cars reclassified/day 94 195 275
Cars weighed/day 74 42 149
Cars repaired/day 38 43 153
Trailers and containers loaded

or unloaded/day 36 30 39
Average time in yard (hours) 21 22 22
Inbound road-haul trains/day 8 14 27
Outbound road-haul trains/day 8 14 25
Local trains dispatched/day 2 3 5
Hump-engine tricks/day 3 5 6
Makeup-engine tricks-day 3 6 11
Industrial-engine tricks/day 2 2 10
Roustabout-engine tricks-day 2 1 4
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Because of the project's reliance on information gained from
questionnaire returns, a major concern of the SRI team was the accuracy
of this data. For this reason, we attempted to verify the questionnaire
results by comparing them to information obtained from other sources.
Most of these comparisons confirmed the accuracy and usability of this
information. For example, Figure 13 plots the cumulative distribution
of hump-yard and flat-yard ages as developed from the SRI survey, plus
the distribution of hump-yard ages developed from the WABCO list. Very
good agreement can be seen between the two hump-yard age distributions
for the last 25 to 30 years. Beyond that time, the divergence can be
explained by the fact that the SRI distribution is based on the time
since the original yard construction while the WABCO age distribution
is based on the time since the original installation of speed-control
equipment. In the early hump yards, the retarders were often installed
many years after the yard was built.
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FIGURE 13 AGE DISTRIBUTION OF CLASSIFICATION YARDS

A comparison of perhaps more useful information can be made between
estimates of yard switching volumes. A breakdown of switching volumes,
as estimated from SRI questionnaire data, is shown in Table 11. The
average national daily switching volume is estimated to be 1,080,000 cars
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per day. This compares favorably with a previous estimate of 1,040,000,
based on a survey of FRA inspectors.

The project team also evaluated the variations of a large number of
factors within each yard category. The results of these evaluations
were used to better understand the differences between individual yatrds
within each group and to make adjustments to the values selected to
define the representative yards.
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3. FUTURE SWITCHYARD CONSTRUCTION

Decisions by railroad companies to rebuild, upgrade, or construct
new switchyards will depend on the capacity required to classify cars on
their system and on the expected cost savings that will result from the
construction investment. Factors that will affect capacity are overall
volume of freight shipment, routing of these shipments, and the require-
ments for classification in particular locations along those routings.
Economic conditions will govern the general level of freight shipments,
and changes in the structure of the railroad network as a result of
mergers or cooperative arrangements will affect routings. The number of
cars switched will also depend on policies related to light-density line
abandonment and on decisions to promote services such as container-on-
flatcar (COFC) or trailer-on-flatcar (TOFC) intermodal operations.
Expected cost savings include relocation of urban switchyards and shops
80 as to sell the land for more intensive land use, refurbishment of old
yards to increase their efficiency, or the development of new technology.

Other highly interrelated factors that bear on these decisions are
governmental policies and economic conditions. The economic conditions
affect the levels of traffic and the availability of funds for invest-
ment. Some of the interrelationships are indicated in Figure 14 where
the primary factors are near the righthand side, and the factors that
influence these conditions are developed toward the left,

The complex interactions of governmental policy, national economic
action, and railroad-industry operations can be analyzed most effec-
tively through the use of scenarios in which a mutually consistent path
of development is depicted, with alternative scenarios to derive the
impact of differing assumptions concerning future growth. For this
analysis, we have created the following scenarios:

a) Present trends—-An extrapolation of the recent past and a
modest incorporation of current proposals for governmental
and industrial action

b) Super rationalization--An economic scene similar to the
present-trends scenario, but with accelerated and
aggressive implementation of proposals to restructure the
rallroad industry and its operationms

¢) Energy crisis--An economically depressed scene, with
governmental activity directed toward maintaining
production with minimal energy outlays.
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In this chapter, each scenario will be developed, and the resulting
switchyard construction will be estimated.

3.1 PRESENT-TRENDS SCENARIO

3.1.1 Economic Conditions

After the difficulties in the early 1970s that resulted from
the scarcity of raw materials and energy, the economy of the United
States will resume its steady growth through the 1980s and 1990s.
Figure 15 shows the historical points and projected annual growth rate
of goods and services (the Gross National Product) at 3.5 percent
annually which corresponds to the rate achieved during the late 1960s
and early 1970s. It is estimated that, by 1980, the total production
of poods and services will have grown from an average of approximately
$830 billion (1958 dollars) in the 1973-1974 era to $1020 billion by
1980 and $2030 billion by the year 2000. Although these are average
trend values, continued boom and recession years will make certain years
higher or lower than the trend value.

Underlying the assumption of a 3.5 percent growth rate is an
assumed annual population growth of 0.85 percent to 1990, 0.65 percent
thereafter, and declining to zero sometime during the 21st century.
Unemployment is projected at a low 4 percent, productivity per hour
worked will be in the 2.9 to 3.0 percent range, and average hours worked
will decline approximately 25 percent.

3.1.2 Demand for Railroad Transportation

With production rising faster than population, the nation will
enjoy unprecedented prosperity by the year 2000. The railroads will
share in that prosperity although the mix of products will mean that
railroad growth rates will lag those of the economy as a whole.

A projection of railroad freight traffic was made for the
Department of Transportation in 1973,% based on a model calibrated with
1965 and 1968 data and on 1967 tables of the input and output of the
economy. Despite the somewhat changed conditions and the resulting
variation in the product mix, these projections are used to interpret
railroad demand implied in the growth of production. The points plotted
in Figure 16 are the results of Class-I railroad operations,! and the
line is the projection based on this study. The original analysis
extended only to 1980 and has been extrapolated to the year 2000 by
maintaining the same growth rate.

The projection of freight growth assumes that growth in the
transportation of certain commodities will continue at its historical
rate. Changing conditions, however, may alter the rail carriage of
some commodities. For example, since the base years of the forecast,
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grain export and coal utilization have risen rapidly--both commodities
are hauled extensively by rail. It will be shown later that such
departures from the projections do not seriously affect the number of
cars switched.

The projection also implies stability in the competitive
position of the railroads with respect to other modes of transportation.
In fact, several changes in policy or regulation are being considered
that would significantly change the competitive structure of trans-
porting some commodities in certain regions. Proposals for levying
user charges for waterway freight carriage will raise the cost of
inland water transportation and improve the railroad's competitive
position in those markets. On the other hand, proposals for larger
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trucks, especially for operation on interstate highways, will inevitably
increase their size, thereby making them highly competitive with the
railroads.

3.1.3 Length of Haul

The length of haul determines how many tons are carried to
provide the ton-miles of service that are forecast. The length of haul
is obtained by the pattern of origins and destinations of the freight
tendered to the railroads. Economic studies are under way that will
identify freight flows between major metropolitan areas in the United
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States, but the project schedule does not allow time for processing the
data required for this study. Instead, we note that the trend over the
past two decades has been for a steady increase in the length of rail-
road freight carried. The historical length of haul in Figure 17 is
taken from data published by the Association of American Railroads.!
The broken line is an extrapoliation of the recent rate of increase in
length of haul and is used to project the tons of freight carried by
the railroads in future years.

3.1.4 Freight Tons Originated

By applying the factor for average length of haul to the total
ton-miles of demand, the number of tons originated can be projected.
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Historical data and the results of the projection are illustrated in
Figure 18. Historical data are reported by AAR.!
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3.1.5 Tons per Carload

The next step in estimating the number of carloads originated
and, subsequently, the number of cars switched is the estimation of tons
per carload. The size of a carload shipment has risen dramatically over
the past decade, from an average of approximately 45 tons per car in
1960 to 55 toms in 1970, an increase of 22 percent. Further increases
at this rate will depend on new car-suspension techniques and new track
structures (this research is now under way) and major construction
programs to implement the research findings. Because this implementa-
tion is likely to consume a large part of the next 25 years, increases
in car size and load should slow down from the recent fast pace. The
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historical carload size and the projection for the next 25 years are
The historical data are reported by the AAR.!

shown by Figure 19.
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) By applying the projections of future railroad ton-miles of
demand, length of haul, and tons per carload, the number of carloads

originated can be estimated.

This number has been in a downtrend since

the early 1960s primarily because the sizes of loads have increased

faster than ton-miles.

The historical record of carloads originated

and the projection developed from the foregoing analysis are displayed

in Figure 20.

Because the projection is for a slower growth in load

size, the number of cars originated increases to the year 2000.
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3.1.7 Switching Operations

Initially, we assume that each loaded car is switched six
times in transit (once at origin, once at destination, twice at inter-
changes, and twice at intermediate yards) and that their operations
represent 45 percent of total operations. Each load, therefore, would
generate 13 switching operations. Unit and solid trains would need
less handing; a load in a unit train would require no switchings, and a
load in a solid train would generate seven switching operations
(similar to any other empty).
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3.1.8 Unit Trains

According to estimates published by the Bureau of Mines,
approximately one-third of the coal mined from 1969 through 1971 was
shipped by a unit train. Some of these unit trains are dedicated to
shipping and have no switching operations; others are involved in
returning the cars in the freight system through normal channels with
the consequent number of switching operations performed on the cars as
they are returned.

Table 12 tabulates the commodities carried by unit trains,
the estimated fraction in pure unit trains, and the estimated fraction
in solid trains that are broken up for the return trip. This traffic
in commodities for 1973 is listed in Table 13 which also tabulates
total switching generated by the commodity and total switchings per
year.

Table 12

ESTIMATES OF COMMODITY MOVEMENTS BY UNIT TRAINS

Commodity % Unit % Solid Total 7% Unit
Coal 15 15 30
Grain 5 5 10
Food products 5 0 5
Lumber 5 0 5
Metallic ores 5 5 10
Motor vehicles 0 10 10
Sand and gravel 0 5 5

A comparable number of carloads (26,727,459) were originated
in 1974. 1In 1973, it was estimated that 1,040,000 cars were handled
daily.% The total handlings, when reduced to a daily average (using a
360 day year), were 930,680 which is well within the range of the
estimate derived from the inventory. As a result, the assumption for
the number of switchings per car appears reasonable. The projected
number of cars switched will be proportional to the number of cars
loaded if the commodity mix and the characteristics of the system remain
the same.

Grain and coal movements are likely to increase over those
that are projected in their proportion of the traffic-growth estimate
(17 percent for coal and 5 percent for grain), based on 1972. We
assume, however, that increases in shipments of these commodities will
not result in additional car handlings because they will be offset by
an equivalent increase in unit trains. Cars in the unit trains will
not required switching.
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Table 13

ESTIMATES OF ANNUAL SWITCHING OPERATIONS BY COMMODITY--1973

Thousands Thousands of

Commodity of Carloads Total Switchings
Coal 4,487 45,319
Grain 1,682 20,268
Food products 1,176 14,524
Lumber and forest products 2,107 26,021
Metallic ores 1,930 23,257
Motor vehicles 1,355 16,802
Sand and gravel 1,476 18,229
All others 13,125 170,625

Total 27,338 335,045

Source: Reference 1.

3.1.9 Ownership and Cooperative Changes

Changes in railroad ownership may affect the number of cars
switched by eliminating the need for interchange switching, as would
result from series or end-to-end mergers. They could also result in
network reconfigurations that would alter the role of certain yards and
perhaps create the need for new yards in different locations to meet
the requirements of the revised networks.

Cooperative changes include operational arrangements such as
preblocking and run-through trains and the joint use of facilities.
Because run-through trains and preblocking would eliminate interchange
switching, the total number of cars switched would be reduced. Joint
use of facilities means that underutilized yards may be the sites for
combined operations, thereby eliminating the need for new yards.

In a run-through operation, an entire train, including power,
is turned over from the crews of one railroad to the continuing one to
avoid delay and additional handling to send the cars on their way toward
their final destination. Switching is eliminated at intermediate points
because the cars are usually classified for their final destination at
the originating point of the train. Several premium freight trains
travel from coast to coast without being uncoupled.

Preblocking allows the delivery of cars at the interchange in
such an order that further classification by the receiving railroad at
the interchange point is unnecessary; the blocks of cars are coupled
into outbound trains as if they had been switched at the yard.
Preblocking is done on a reciprocal basis--the railroads preblock for
the receiver of the interchange freight in exchange for similar
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consideration for cars traveling in the reverse direction. Preblocking
makes switching operations unnecessary by eliminating classification at
the interchange because a sufficient enough volume of cars originates
at points along the road to permit blocking beyond the original rail-
road's territory. The reduction is comparable to that achieved by
merged operations.

3.1.10 Mergers

Table 14 lists the affiliations of some of the 68 Class-I1
railroads and the 1974 gross operating earnings of the companies. It
can be seen that there was substantial centralization among these rail-
roads, and the asterisks indicate that the CONRAIL proposal will further
centralize operations.

When substantial control is exercised, these groupings tend
to emerge eventually and to rationalize operations of the merged rail-
roads over a long period of time. The 22 groups of railroads with
1974 revenue exceeding $100 million covered 44 of the 68 Class-I rail-
roads. Of those not now in a group, the Rock Island is in bankruptcy
and the Milwaukee is feeling financial pressures. ConRail will result
in a further grouping of three in the $100 million groups and will
include several of the smaller railroads. The total number of "railroad
entities," therefore, is expected to decline. Figure 21 indicates how
such a trend might continue.
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Table 14

RAILROADS UNDER COMMON CONTROL AND
1974 GROSS OPERATION REVENUES

Railroad

1974 Operation
Revenue
($ Millionms)

Group Total
Revenue
($ Millions)

Penn Central

PRS
PLE
DTI
AA

SP

SSW
SCL

L&N

A&WP
Clinchfield
GA

WRRALA

BN

c&C
FW&D
OE

Chessie System

C&0
B&0
WM

AT&SF
N&W

D&H
ACY

51
Sou

2247

12
53
48

9

1323

12
184

680

607
8
50
15
8

1291

36
35
1

569
648
74

1072
983
53

989

909

2369

1519

1368

1363

1291

1072

1045

996
909
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Table 14 (Concluded)

1974 Operation
Revenue

Group Total
Revenue

Railroad ($ Millioms) ($ Millions)
MO PAC 634 845

C&EI 54

Mo-I11 8

TP 149
ICG 578 578
C&NW 485 485
CMSP 395 395
CRIP 367 367
*EL 323 323
SLSF 284 284
S00 180 180
U.S. Steel 175 175

B&LE 66

DMIR 6

EJE 103
READING 150 150
RIO GRANDE 141 141
KCS 132 132
WP 105 105

This merger activity will have some effect on the number of
switching operations because interchange switching will be reduced.
Based on an USRA analysis of the Northeast where substantial rationali-
zation takes place, an estimated 4 percent of switching operations will
be eliminated as a result of the merger trend described above.

3.1.11 Line, Branch, and Terminal Rationalization

Rationalization of the system and operations affects both the
network and, in turn, the need for and location of switchyards; it also
affects the level of traffic and the need for switching operations.
These latter reductions in switching are the result of branchline
abandonment, better blocking strategies, improvement of car utilization

and intermodal operation.
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3.1.11.1 Mainline Rationalization

Elimination of unnecessary mainline trackage will
probably change not only the number but also the location of switchyards
required to service a different network. Estimates made several years
ago indicate that, of the 82,000 miles of signalized mainline trackage,
no more than 30,000 miles of high-density mainline is needed to carry
the traffic. These 30,000 miles would still only be utilized at a
30 percent level by 1980, and the remaining 50,000 would be downgraded
to feeder status. The pattern of travel over this reduced network
would be such that the loads on switchyards would be altered to the
point of needing new yards or significant expansion of existing yards to
handle the traffic flows.

This process will not happen all at once, however, and
the degree to which the rationalization of the mainline network will
occur is one of the variables that distinguishes the present-trends
scenario from that of the super-rationalization scenario. 1In the
present-trends scenario, a measure of the degree of mainline rationali-
zation might be the reduction of mainline miles to 10,000 by 1990 and
another 10,000 by the year 2000. This 25-percent nationwide reduction
compares to a 40 percent reduction by the ConRail system and is esti-
mated to be less because of the lack of duplication in other parts of
the country.

3.1.11.2 Branchline Abandonment

The national railroad network has been shrinking for a
number of years because of the abandonment of light-density lines,
usually branch lines serving remote locations. A study by the Federal
Railroad Administration revealed that 96 percent of the freight traffic
in the 17-state northeast and midwestern regions affected by the
Regional Railroad Reorganization Act of 1973 originated on 75 percent of
the railroad mileage, leaving potentially 25 percent of the trackage as
excess.? A less drastic reduction of route mileage actually resulted
because all of the carriers were not involved in the reorganization,
and states agreed to subsidize some low-density lines that the railroad
companies believed could not be operated prefitably. A slow process of
branchline abandonment is seen in the present-trends scenario, there-
fore, with a total reduction of traffic of approximately 2 percent
resulting from an estimated 10 percent reduction in mileage by the year
2000. 1In this scenario, none of this traffic is captured by TOFC or
COFC service.

3.1.11.3 Better Blocking Strategies

As part of a systems plan for restructuring the bankrupt
northeastern railroads, the USRA sponsored the development of a precess
for analyzing blocking and train-scheduling strategies. The process
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uses a historical traffic data base to aid in the structuring of a
blocking strategy and to analyze the strategy in terms of number of
cars switched and size of loads at critical points. This blocking
strategy resulted in an 8 percent reduction in the number of cars
switched when compared to the classification instructions currently in
force at the Penn Central Company. Use of the planning tool nationwide
is estimated to result in an improvement of approximately 4 percent
because the process will only be partially used and other networks are
not as complex as the ConRail system under consideration in the study.

3.1.11.4 Improved Car Utilization

Improved car utilization will reduce the need to switch
empty cars because the railroad will have a plan for their disposition
before they are unloaded. It will no longer be necessary to shuttle
cars from yard to yard. The improved utilization of cars is not expected
to affect the present-trends scenario but will have a significant impact
on the super-rationalization scenario.

3.1.11.5 Intermodal Operations

Intermodal operations have a potential for greatly
altering the operations of the railroads. Instead of the costly need
for spotting cars on customer sidings, the loads would be trucked in
containers from the shipper to a terminal where they would then be
loaded onto railroad cars. The cost of owning and maintaining switching
leads could be eliminated, as could many grade crossings. The equipment
and manpower requirements for pickup and setout of small numbers of cars
by truck are much less than by train.

By offering the flexibility of highway delivery and
pickup, intermodal operations can substantially reduce the amount of
switching required to deliver a load at the consignee's dock, 1In
addition, many trailer and container trains are solid trainms with run-
through operations.

Growth of intermodal operations is estimated to be small
and will have a negligible effect on the number of switching operations.
In this scenario, it will be at the expense of truckers, will offer
premium service, and will not contribute to the switching load.

3.1.12 Number of Cars to Be Switched

The net effect of the traffic forecasts and the line, branch,
and terminal rationalization is a negligible increase in the number of
cars to be switched over the next 25 years despite the assumed rise in
production and growth in economy. Table 15 summarizes the results of
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the above discussion regarding the number of cars to be switched in the
present-trends scenario.
Table 15

PROJECTED NUMBER OF CARS TO BE SWITCHED FOR
THE PRESENT-TRENDS SCENARIO

1974 1985 2000
Freight carloads originated (000)
annually 26,727 29,063 30,729
Projected daily switching
operations 909,867 989,392 1,046,107
Less:
Light-density line
abandonments - (%) 9,894 | (2%) 20,922
Reduction of interchange -— (2%) 19,788 (47) 41,844
Improved blocking e (2%) 19,788 | (4%) 41,844
Total improvements - 49,470 104,610
Number of daily switching
operations 909,867 939,922 941,497

It is believed that new switchyards will not be necessary to
meet traffic growth because the existing ones are generally capable of
handling the average 4 percent increase shown in the analysis. There
may be localized bottlenecks, however, because of a shift in traffic
patterns or when yards are loaded at current traffic levels and the
work cannot be performed at some other location. Under these conditions,
a modest estimate of ten yards requiring expansion because of traffic
growth by 1985 would be made, and this capacity should be sufficient up
to the year 2000.

3.1.13 Network Changes

The line, branch, and terminal rationalization process will
have some influence on network configuration which, in turn, will affect
the desired location for switchyards. Changes in the network,
especially those that involve consolidation of mainline trackage and/or
new routing, will require switchyard relocations; otherwise, traffic
may have to be hauled to existing switchyards. The demand for new and
expanded switchyards as a result of these network changes is likely to
have a profound effect. The cumulative 25 percent reduction in mainline
trackage forecast by the year 2000 may mean that a comparable number of
classification yards could be abandoned or downgraded to industrial
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yards. Of the 1200 classification yards in the inventory, therefore,
approximately 300 of them would be downgraded to industrial yards.
Other yards would then have to be expanded to handle the rerouted and
growing traffic. We estimate that 50 to 75 yards would be required
for this purpose.

3.1.14 Relocation of Urban Railroads

A survey of urban-planning department heads in all American
cities with populations greater than 100,000 was made as part of a
study of Urban Railroad Relocation.’ The results indicated that 167
urban yards in these areas are located on land that could be better
used for other purposes. The pressure for these relocations stems from
community complaints regarding noise, zoning changes, and other con-
flicts and from the fact that the land is more valuable as real estate
than as railroad property.

The project team estimated that approximately 80 (or one-half)
of these yards could be moved. The rate at which they could be replaced
would depend on forecasted future traffic levels, degree of rationali-
zation that could be achieved, and availability of investment funds to
finance such relocation projects. In the present-trends scenario, it
is assumed that 65 of these 80 projects will be undertaken by the year
2000. Approximately 15 of them are estimated to be among the 300
that will be downgraded because of network changes.

3.1.15 Operating Company Finances

In the present-trends scenario, operating company finances will
be limited, as they are today, when an estimated $3 to $4 billion is
required to restore the railroad plant, and the 1974 cash flow was only
$1.7 billion. Because of this shortage and the relatively long payout
of yard investments, this deficiency will be the most significant
deterrent in the upgrading and construction of yards over the forecast
period. Although federal financing is available as a result of recent
legislation, the amount is small compared to the amount needed. The
financial considerations have been taken into account in estimating the
speed at which mainline rationalization and urban yard relocation would
take place.

3.1.16 Switchyard Age and Condition

The equipment installed in flat yards is durable and long
lasting; however, the equipment in hump yards tends to wear out and
become obsolescent faster, and these yards are likely to need major
reequipping over the next 25 years. It can be seen in Figure 22 that,
by 1985, 54 of the hump yards will be more than 30 years old and that
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another 51 will enter the "over 30" status by 2000. Because of financial

limitations, approximately one-half of these yards will be upgraded at
that point.

Technological advances in computing equipment and retarders
will contribute to the obsolescence. Improved yard layout procedures
and yard-analysis capabilities will also pressure the upgrading of
existing yards to meet added system requirements.

3.1.17 Yard Construction under Present-Trends Scenario

Switching activity, network changes, urban railroad relo-
cation, wearout, and obsolescence all contribute to the construction of
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yards. Table 16 summarizes the abandonment or downgrading of classifi-
cation yards and the construction of new ones.

Table 16

YARD REQUIREMENTS UNDER PRESENT-TRENDS SCENARIO

1975-1985 1985-2000
Cause Hump Flat Hump Flat

Yards Downgraded or Abandoned

Network changes 5 145 5 145

Urban railroad
relocation 0 50 0 80

Reequipped Yards Expanded, Reconfigured, or Constructed New

Switching capacity 1 9 0 0
Network changes 15 15 15 15

Urban railroad
relocation sites 5 15 5 25

Worn out or
obsolescent 27 —= 25 -

Total Construction 48 39 45 40

The project team estimates that most of the new construction
wi1ll occur at existing yard sites because there is no new trackage in
the forecast. The number of yards built from the ground up will be on
the order of three to five by the end of the century.

3.2 SUPER-RATIONALIZATION SCENARIO

In this scenario, the economic growth of the country is the same as
in the present-trends scenario, as is the number of carloads originated
except for some changes caused by diversion from other modes to railways.
In this scenario, however, all of the proposals for improving the rail-
roads are incorporated, and a means for financing them is found so that
there 1s a fully rationalized network of operationms.

3.2.1 Ownership and Cooperative Changes

In this scenario, the number of railroad entities is further
reduced to two competitive lines serving each region. The model for
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this configuration is the southeastern part of the United States where
the Southern Railway and the Seaboard Coast Line Railway dominate but
compete for the rail service in the region. End-to-end mergers between
reglons also reduce the number of major railroads to between 5 and 12.
The major effects of this configuration are to drastically lessen the
amount of interchange switching and to make possible high-order network
rationalization.

By eliminating one-half of the interchange switching,
approximately one-sixth of the total switching will be eliminated.
This will also account for improvements achieved by preblocking and run-
through trains.

3.2.2 Line, Branch and Terminal Rationalization

Mainline rationalization, branchline abandonment, improvements
in blocking strategies and car utilization, and an effective intermodal
system will greatly affect both the number of switching operations and
the configuration of the railroad network in this scenario.

3.2.2.1 Mainline Rationalization

In this scenario, the full potential for consolidating
mainlines is achieved, and the total mainline mileage is reduced to
approximately 35,000 miles of high-density railroad. The remainder of
the mainline system 1s either downgraded to branchline or abandoned.

3.2.2.2 Branchline Abandonment

Branchline abandonment will be accelerated in this
scenario so that the full 4 percent of traffic from light-density lines
is achieved. It is assumed, however, that half of the lost branchline
traffic is regained as a result of an effective intermodal system.

3.2.2.3 Improved Blocking Strategies

In this scenario, a 6 percent reduction in the number of
cars switched 1s expected because all railroads will operate to reduce
car handling as much as possible. This reduction, however, will occur
only after other changes have been made.

3.2.2.4 Improved Car Utilization

An improved car-utilization system will reduce the empty-
car handlings to the same number as the loaded cars.
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3.2.2.5 Improved Intermodal System

In this scenario, an improved intermodal system is
expected. Its principal advantage is high-speed nonstop service between
designated city pairs, with no intermediate switching in the primary
service mode. Increases in traffic diverted from other modes by the
system, therefore, will not add to the switching load; however, a
significant amount of rail carload traffic would be diverted from carload
freight. The Federal Railroad Administration contracted for a major
study of a national intermodal system,8 with a detailed analysis of .
traffic, routes, and schedules that would produce competitive services.
Using data from the study, the SRI project team estimates that approxi-
mately 2.5 million 40-ft container equivalents would be diverted from
carload freight by 1980 and that as many as six million containers
would be diverted from carload to intermodal freight by the year 2000.

Assuming that this containerizable traffic has a lower
density than the average freight carload (such that two 40-ft containers
are approximately equivalent to a freight car), the diversion would be
1.25 million carloads in 1980 and three million by the year 2000. These
carloads will directly reduce the need to switch cars by 4.3 percent in
1985 and 9.7 percent in the year 2000.

3.2.3 Number of Cars to Be Switched

The effect of ownership changes and line, branch, and terminal
rationalization is a decrease in the number of cars switched by the year
2000. Table 17 tabulates the impact of the events described in the
super-rationalization scenario on the number of cars to be switched.

The reductions in switching operations indicate that there will be
very little pressure to build or expand yard capacity if the railroads
are successful in instituting the changes described in this super-
rationalization scenario.

3.2.4 Network Changes

The reduction in mainline track mileage will potentially
affect 60 percent of the 1200 classification yards that now serve the
mainline track to be downgraded; however, many of the yards may be
located close enough to the new system to be usable. It is assumed,
therefore, that approximately 500 yards would be downgraded in this
scenario. Because the nationwide switching load is only 60 percent of
that now being experienced, the expansion of only 150 yards will
handle localized capacity bottlenecks.
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Table 17

PROJECTED NUMBER OF CARS TO BE SWITCHED FOR THE
SUPER-RATIONALIZATION SCENARIO

Item 1974 1985 2000
1. Projected daily switching operations 909,867 989,392 1,046,107
2. Reductions
a. Light-density line == 2% 4%
abandonment (% of line 1) - 19,788 41,844
b. Diversion to intermodal 4.3% 9.7%
system (% of line 1) - 42,544 101,472
c. Subtotal (line 1 net of 927.060
2a and 2b) * 902,791
d. Blocking improvements e 47 67
(% of line 2¢) 37,082 54,167
e. Interchange reduction . 8% 17%
(Z of line 2 c) 74,165 153,474
f. Car utilization . 5.0% 7.6%
(% of line 2c) 46,353 68,612
g. Net reduction (total of
lines 2a-f) o 219,932 419,569
769,460 626,538
.2.5 Urban Railroad Relocation

they will have to be relocated close to urbanized areas.

Because the high-density mainlines created by the rationali-
zation will intensify conflicts between the railroads and communities,

In this

scenario, however, most of the switchyards associated with these lines
are among those to be abandoned, and the new construction can take

place in the estimated 150 expanded yards.
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3.2.6 Operating Company Finances

Changes to the railroad industry that are part of the super-
rationalization scenario depend largely on the availability of funds.
These include the upgrading of track, roadbed, signaling, and grade
separation of the high-density lines, installation of computers and
communications to achieve the needed freight-car utilization, provision
for terminal facilities and management of intermodal operations, new
containers for the system, and upgrading of switchyards when needed.
Because this scenario is assumed to be feasible, it must also be
assumed that these changes can be financed, most likely from a combi-
nation of public and private sources. After they are completed, the
railroad industry should be very profitable as a result of less
switching of cars, elimination of light-density lines, and better
freight—car utilization.

3.2.7 Yard Construction under Super-Rationalization Scenario

Obsolescence and technological changes in the super-
rationalization scenario will require the rehabilitation of approxi-
mately the same number of yards. Because half of these yards are
abandoned, it will be assumed that half of the hump yards needing
rehabilitation will also be among this number. In this scenario, how-
ever, it will be assumed that all yards over 30 years old will be
reequipped if they are to be used. Table 18 summarizes the switchyard
activity implied in the super-rationalization scenario. It follows from
this analysis, therefore, that switchyard work will be greater under the
super-rationalization scenario than under the present-trends scenario,
primarily because of the need to switch cars in differxent locations.

3.3 ENERGY-CRISIS SCENARIO

Two effects that a severe energy shortage would have on railroad
operations and switchyards are:

e Economic depression while the economy adjusts to new pat-
terns of consumption, distribution, and manufacture of
goods.

@ “Probable legal requirements that all shipments between
cities be made over railroads (rather than by truck)

because they use only one=sixth of the energy of a
truck.

3.3.1 Economic Conditions

It is not possible to forecast the extent of the economic
impact of a severe energy shortage or the locations and industries that
would be affected; however, railroad traffic would decline significantly,
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Table 18

YARD REQUIREMENTS FOR SUPER-RATIONALIZATION SCENARTO

c 1975 to 1985 1986 to 2000
auss Hump Flat Hump Flat
Yards Downgraded or Abandoned
Network changes 25 225 25 225

Urban railroad
relocation - 40 - 60

Yards Expanded, Reconfigured, Reequipped, or Constructed New

Switching capacity 0 0 0 0
Network changes 35 40 40 35

Urban railroad
relocation sites 0 0 0 0

Worn out or
obsolescent 27

o
N
w
o

Total construction 62 40 65 35

Whether the economy will continue to operate at a stable low level or
whether the continued low level of activity will cause it to decline
further are open questions. In this analysis, however, it will be
assumed that the economy will not rise under these conditions.

3.3.2 Railroad Carloadings

Because of the depressed economy in 1975, projected carloads
are 22.9 million, linearly extrapolated from a 34-week cumulative report
in Railway Age which is less than the estimated 27.5 million used in the
base case. Carloads in 1974 approximated this 27.5 million figure. To
analyze the effects of an energy shortage, this 22.9 million carloads
will serve as the basis of a forecast of switchyard activities.
Additional carloads of coal will certainly take place in this scenario,
but they will not generate additional switching activity.

3.3.3 Transfer of Truck Traffic

It is assumed that there will be rulings and legislation that
will prohibit all intercity truck hauls over 200 miles and that there
will be a railroad substitute for all of these. Woehlcke® breaks down
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the projections for 1970 into distance classifications, showing the
following distribution of truck traffic over 200 miles:

(tons x 106)

For Hire Private
200 to 399 130 31
400 to 599 52 11
over 600 65 9
247 51

Because the 1970 level of 300 million tons is assumed to
approximate the depressed 1975 level, these distributions will be used
in the forecast. The truck traffic may be taken by the railroads
either as carloads or trailerloads. Two assumptions will be made; the
first is that one-third of the traffic will be captured in carloads and
two—-thirds in trailerloads, and the second is that two-thirds of the
traffic will be taken in carloads and only one-third in trailerloads.
We will further assume that the average carload equivalent of this
traffic is 50 tons, compared to the railroad average load of 55 tons.
This results in six million carload equivalents that are diverted.
Between two and four million carloads of traffic will be added to the
railroad carloadings in conventional service, and 100 million and 200
million tons will be added as TOFC/COFC traffic.

The requirement that all shipments between cities be carried
by railroads would result in a surge in both traffic and switching
operations. Instead of the flexibility of trucking used in developing
the national container system (when trucks are used to deliver the
load to an appropriate point in the system where switching would be
eliminated), hauling the load to the nearest point will mean an
increase in the number of switching operations as small numbers of
loads destined for remote locations are placed in the system. This type
of traffic generates the greatest amount of switching because it cannot
be blocked for long-distance moves as a result of its diverse originating
and terminating points.

In the present-trends analysis, it was assumed that the 1974
level of 26,727,000 carloads per year would result in 909,867 switching
operations per day. The railroad traffic of 22.9 million carloads will
be switched at the same rate. The carload traffic converted from
trucking, however, will have a 10 percent higher switching rate because
of the remoteness of the delivery points, and the TOFC/COFC traffic
will result in approximately half as many as the normal switchings
because it is assumed that half of the intermodal traffic will move in
unit trains. These carloading factors are summarized in Table 19.
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Table 19

IMPACT OF TRUCK-TRAFFIC DIVERSION ON SWITCHING ACTIVITY

Carloads/Year Daily Switching
Cause (millions) Factor Operations (000)
Railroad base 22.9 1/29.4 780

Diverted from truck

to carload

Low TOFC/COFC 4.0 1/32.3 124
High TOFC/COFC 2.0 1/32.3 62
to TOFC/COFC
Low TOFC/COFC 3.3 1/39.2 84
High TOFC/COFC 6.7 1/39.2 171
Total
Low TOFC 30.2 988
High TOFC 31.6 1,013
3.3.4 Financial Condition of Operating Railroads

The level of traffic that results from the addition of truck
traffic will mean that the railroads will enjoy relatively high gross
revenues, probably enough to offset the rise in fuel costs, and these
factors plus increased coal traffic will mean that most of the railroads
will be relatively profitable. The mix of traffic, however, will vary
such that some railroads may be badly hurt. This unevenness 1is
illustrated by the effects of the recession of 1974-1975 which affected
some western carriers adversely and some eastern coal-hauling railroads
to a much lesser degree. This will mean that some of the more prosperous
roads may merge with some of the less profitable ones and that services
will be cut back on the unprofitable roads.

3.3.5 Rationalization and Cooperation

Over a long period of time the effects of the mergers will
be some rationalization above that predicted for the base case. A
decline to 30 Class-I railroads by 2000 (ten less than the present-
trends scenario) is predicted. This rationalization will produce an
additional 2 percent reduction in switching activity in 1985 and 4 per-
cent in 2000.

The profits generated by the railroads will probably first

be invested in upgrading tracks and facilities to handle coal in higher
volumes and perhaps at higher speeds. 1In the event of a surge in
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merchandise traffic, yards will be modernized to handle the increased
loads.

The energy shortage will bring pressures to reduce circuitry,
probably resulting in more interchanges as regulators attempt to transfer
freight over the shortest route, regardless of railroad ownership. This
practice will hurt some railroads and help others. An additional 5 per-
cent switching is estimated to result from this increase interchange.

3.3.6 Number of Cars to Be Switched

The diversion of truck traffic, increased interchange, and
mergers will result in a level of switching activity not significantly
different from that at the present time. Table 20 lists the results of
the analysis.

Table 20

PROJECTED NUMBER OF CARS TO BE SWITCHED FOR
THE ENERGY-SHORTAGE SCENARIO

Cars Switched
(thousands per day)
Item
1974 1985 2000
Basic switching requirement
(including diverted truck
traffic) 910 1000 1000
Added interchange to reduce
circuity . =7 ==
Percent change 5 3
Switchings 50 50
Reductions caused by rationalization -
Percent change 2 4
Switchings =20 =40
Total switching operations 910 1030 1010

As in the other scenarios, the number of switching operations
demanded by the system will not exceed the total capacity of the
switchyards. Localized bottlenecks will probably develop, however,
because of the different transportation patterns created by the assumed
diversion of truck traffic. The judgment of the project team is that
only ten yards will requilre expansion because of the added loads.
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3.3.7 Network Changes

In the energy-crisis scenario, only minimal downgrading of
the mainline network is assumed because of the desire to make it appear
that circuity is being minimized. Light-density line abandonment is
also at a standstill because of a widespread assumption that all rail
traffic is more efficient than other modes. The result is that switch-
yard activity brought about by network changes is minimal.

3.3.8 Urban Railroad Relocation

The depressed economy will remove a major impetus to railroad
location--namely, the potential profit in switchyard land for more
profitable and better uses. Unless a public works program is initiated
not many of these relocations will be accomplished.

3.3.9 Wearout and Obsolescence

In this scenario, it will be assumed that the upgrading of
0ld and obsolescent yards will continue at the same pace as in the
present-trends scenarlo; that is, half of the yards that are 30 years
old or more will be reequipped. New technology will not be incorporated
to a large extent, however, because of the general pessimistic outlook
concerning the future.

3.3.10 Switchyard Construction in the Energy-Crisis Scenario

The economic, political, and social unrest in the energy-
crisis scenario combine to minimize the amount of switchyard activity
in this environment. Table 21 tabulates the results. No yards are
downgraded or abandoned in this scenario.

Table 21

YARDS EXPANDED, RECONFIGURED, REEQUIPPED, OR CONSTRUCTED NEW

Cause 1975 to 1985 1986 to 2000
Hump Flat Hump Flat
Switching requirements 1 5 1 3
Wearout and obsolescence 27 25
Total construction 28 5 26 3
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4. SURVEY OF CLASSIFICATION YARD EQUIPMENT AND HARDWARE

This section is a summary of SRI's survey of equipment, hardware,
systems, and operational practices used in classification yards. It
describes generalized technologies which have been or are being developed
that have or may have significant impact on classification yard opera-
tions. These descriptions are based on information acquired from rail-
road operators, suppliers, and published literature. Some of the de-
scriptions that rely extensively on published literature as an informa-
tion source may be incomplete or out of date due to lack of more recent
technical literature on the subject. Any references to equipment sup-
pliers and specific devices are included only as examples and are not
intended to imply a recommendation or endorsement, Particular hardware
items were not extensively analyzed, although the performance character-
istics advantages, disadvantages, and potential drawbacks, as reported
by the information sources, are included without necessarily implying
SRI concurrence or validation. This section is not intended to serve as
a definitive discussion of each device, but rather represents a general
overview of equipment types and their uses,

4.1 YARD-FACILITY HARDWARE

4,1.1 Weigh Scales

An accurate knowledge of the weight of each car is essential
to any railroad operation because commodities shipped by railroad are
usually tilled by their weight, detection of overloaded cars is directly
related to safety, and proper matching of locomotive horsepower to train
tonnage is important to operations over grades.

A railroad weigh scale consists of a pit that lies underneath
a section of a track that has been severed, a weigh bridge that serves
as a floating platform of the severed section, and load cells that sup-
port the weigh bridge and perform the weighing. The commonly used load
cells utilize strain gauges as the sensing elements. The electrical
output of the strain gauges are amplified and processed electronically
to give the weight of each car. Scale output in the form of an elec~
trical signal facilitates visual display and interfacing with other
electronic devices such as an automatic car identification (ACI) system
or a computer. A permanent record of the weight can also be provided by
a teletype printer.

The following three types of weigh scales are commonly used
in classification yards.
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The conventional static-weight scale-- This scale
requires a car to be uncoupled and placed at rest

on the scale. -If the weilgh bridge is shorter than
the car, the two ends of the car are weighed
separately and the two weights are then added to
produce a total car weight. This two-stage process
requires additional time (three to four minutes

per car)? and introduces the potential for arithme-
tic errors. The cars to be weighed usually must be
sorted out before weighing and this often means that
they must be reclassified, thereby causing extra work.
In some yards that use conventional scales, an entire
engine crew may be dedicated to weighing cars. De-=
spite these disadvantages, however, conventional
static-weighing scales have certain advantages. They
are much cheaper than in-motion scales and are, there-
fore, potentially more suitable for low-volume appli-
cations. They are also more accurate than in-motion
scales and, in fact, are used as the basis for cali-
brating other types of scales, 10

Uncoupled in-motion scale--With this scale, a car
must be uncoupled but is allowed to drift across
the weigh bridge at a speed less than some maximum.
This scale can be either single draft or two draft.
The length of the weigh bridge can vary from 20 ft
for a two-draft scale to 100 ft for a single-draft
scale, which can accommodate an entire car on the
weigh bridge. Uncoupled in-motion systems that use
two-draft scales eliminate potential arithmetic
errors by automatically summing and recording the
weights of each end of the car, A major advantage
of these systems is that they can be built by
modifying conventional scales and at substantially
lower cost than that associated with the installa-
tion of coupled in-motion systems.

Coupled in-motion scale-- This is the most advanced
scale and can be constructed to operate entirely
automatically and unattended. It permits the rapid
weighing of individual cars, even when coupled to-
gether. Cars can be drawn or pushed over the weigh
bridge at 5 to 6 mph. The coupled in-motion scale,
therefore, is particularly applicable for use on a
hump lead where speeds are generally slower. Be-
cause the speed of the scale allows it to be used
during normal yard operations, individual cars need
not be sorted before being weighed. The length of
the weigh scale is approximately 5 ft. Generally,
the load on each axle of the car is weighed separa-
tely, and gross car weights are obtained by summing
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the individual axle loads. Two-draft scales can
also be used for coupled in-motion weighing.

In the more advanced in-motion scale systems, the effects of
ambient temperature variations are automatically compensated for; bi-
directional weighing can also be designed. Another important feature
is an improved algorithm that can perform reverse detection and count,
which allows the system to keep track of the cars already weighed if a
train should stop and back up before the last car is weighed.

Although in-motion scales are a major improvement over the con-
ventional scales, they do have limitations. One of the major limitations,
as explained by Stein, !l is that the up and down oscillations of cars
and trucks moving along a less than perfect roadbed have the overall
effect of varying the force exerted by the axles on the road surface.

At times, dynamic forces can be as high as 30 to 40 percent of the static
load. One solution to this problem is to make the approach track to the
scale and the junction between the scale and the adjoining track as even
as possible. Another solution is to measure the weight of an axle over
a time period that encompasses several cycles of the oscillations and

to average the result. In other words, the accuracy of the scale could
be improved if the length of the weigh bridge is increased, or the speed
of the drifting car is decreased, or both. For a scale that weighs one
axle at a time, the length of the weigh bridge is limited by the wheel
base of a truck. Improvement in accuracy, therefore, can be made only
by slowing down the car. Most manufacturers of in-motion scales recom-
mend a maximum speed of 5 mph; an overspeed indicator is usually incor-
porated into the system. The accuracy figures claimed by the manufac-
turers are impressive, provided that the in-motion weighing is domne be-
low the specified speed limit and without excessive slack action in the
couplers. Typical accuracy figures of a coupled in-motion scale are:

0.2% for 80% of the cars
0.3% for 90% of the cars
0.5% for 100% of the cars.

We do not know whether these figures have been substantiated; however,
they probably represent accuracy achievable under nearly ideal condi-
tions. In the event of a poorly maintained track and heavily loaded
cars with worn wheels (which lowers the natural frequency of the oscil-
lations), it appears that the weights measured by in-motion scales could
involve a large percentage of error.

4,1.2 Weigh Rails

Unlike a weigh scale which requires substantial track modifi-
cation for installation, a weigh rail is a relatively simple device
that replaces a short section of a rumning rail. A weigh rail, however,
does not produce as accurate weight figures as does a weigh scale; in-
stead, it is designed to differentiate a few weight ranges.
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In a Westinghouse Air Brake Company (WABCO) unit, the weigh
rail is a rectangular cross-sectioned steel beam in which a horizontal
slot has been milled. The weight of a passing wheel deflects a portion
of the weigh rail. This deflection then activates a set of levers which,
in turn, closes different electrical contacts to signify the weight class
of the passing car. The four weight classes detected by the WABCO unit
cover the following weight ranges:

Light 14 to 35 toms
Medium 35 to 52 toms
Heavy 52 to 110 tomns
Extra heavy 110 tons and over

Because a weigh rail is a weigh-in-motion device, it is used in automatic
classification yards to determine weight classes of cars about to be
retarded by computer-controlled retarders.

4.1.3 Automatic Car-Identification Systems

One of the major problems historically associated with railroad
operations is the inefficient utilization of rolling stock. The magnitude
of this problem becomes apparent when one considers the large number and
high mobility of the railroads' rolling stock. In the 1960s, numerous
computer systems were developed to assist in maintaining accurate up-to-
date car location and inventory information files. These systems, how-
ever, were often found to be somewhat limited by the lack of precise and
timely input of information regarding car location and identification.
The conventional method typically required recording the identification
number of each vehicle by hand and then entering the data into the com-
puter system. Such processes are time consuming, labor intensive, and
often inaccurate because of human error. Consequently, there was a
great incentive for the development of a system to identify automatically
cars that pass by certain key locations and to input these data into
railroad computer systems where they could be used to improve railroad
operations. Many applications of automatic car identification (ACI) in
railroad yards and terminals have been identified or developed.

4.1.3.1 Association of American Railroads Standards

Recognizing the need for a standard ACI system, the rail-
roads in the United States began investigating such systems during the
early 1960s. In October 1967, the Association of American Railroads
(AAR) chose the Sylvania Kar-Trak as the industry's ACI standard. This
system is an optical system where light reflected from especially designed
identification labels on cars is interpreted by a roadside scanner. The
U.S. railroads were already somewhat accustomed to the Sylvania optical
ACI system because the Duluth, Missabe and Iron Range Railroad and the
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Boston and Maine Railroad had already been using it. The basic ACI sys-
tem is composed of the following components,

(1) Label--The standard label contains a series of multi-
colored strips, each measuring 1 x 5-3/4 inches. These strips are made
of retroreflective material that reflects incident light back to the
direction of incidence. Red, blue, white, and black are used in the
Sylvania system. Coded information on the label includes cues for infor-
mation start and stop, an equipment code for identifying the type of
vehicle (such as freight car, locomotive, caboose), owner identification,
vehicle identification number, and a validity check digit that ensures
the integrity of the information acquired by the scanner.

The ACI labels can be quickly and easily applied by rail-
road shop personnel and are relatively inexpensive. A set of ACI labels,
consisting of one for each side of the car, can be applied at an estimated
cost of $25 to $50.12 Although the lifetime of the labels may vary, it
has been estimated that they may last 7 to 15 years.12

A limiting performance characteristic encountered with
this system has been the accumulation of dirt on the surface of the ACI
labels, which reduces reflectivity and thereby lessens label readability.
The scanners on the U.S. railroads are typically reading approximately
80 percent of the labels.!? To improve readability, labels are being
cleaned at regular intervals, but the cleaning process can also damage
them. This problem is now being solved by treating the surface of the
label with a thin coating of Teflon which protects the colored strip
components. The Teflon film resists chemicals and abrasions but does
not reduce reflectivity, thereby promoting better cleaning without damage
to the labels.

The problem of dirt accumulation is particularly acute on
those labels mounted close to the ground-—on flatcars and other low-
riding cars, for example, where their design does not facilitate the
mounting of labels at a higher position. It also has been found that,
even on low-riding cars, dirt accumulates principally on the bottom por-
tion of the label. Servo Corporation of America, therefore, has devel-
oped a smaller label that uses standard-size ACI colored strip compo-
nents.!3 These labels can be mounted so that the bottom of the label is
6 to 6-1/2 inches above the point where the bottom of a standard label
would be located.

(2) Scanner--The ACI scanner is usually located in a way-
side box. It produces an intense beam of white light that is swept across
the passing label by rotating mirrors. The white light is then reflected
back from the label, received by the scanner unit, filtered (for color
separation), and converted into electrical signals. The rotational
speed of the mirror allows the scanner to recognize information on a
label even when a freight car passes at speeds of up to 80 mph. Because
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the location of the label on individual cars or vehicles varies widely,
the AAR specifications require that the scanner be able to scan up to a
height of 9 ft and have a depth of field of 3 ft. Additional research
is being gerformed to improve the design and operation of the scan-
ners. 141

The cost of an ACI scanner is approximately $25,000. 16
It can also be leased, and it has been reported that the eight ACI scan-
ners used in Norfolk and Western's (N&W) Roanoke Yard are leased at a
cost of $4800 per month.!7 Annual maintenance (either by the railroads
or contractors) can vary between $900 and $1800, depending on the com-
plexity of the installation.

(3) Wheel Detectors—-Wheel detectors activate and deacti-
vate the scanner as trains or cars approach and depart, establish train
direction, account for motion reversal, and help to identify unlabeled
cars.

(4) Decoder--This unit is housed separately and is con-
nected to the scanner by a special cable to receive and process the
electrical signals from the scanner. Processing involves decoding, veri-
fication, logic decision, and information storage and transmission.

(5) Utilization of the ACI System--The above described
ACI system used by American railroads has not achieved the degree of
success that was originally forecast primarily because of the readability
problems. Although some railroads report that label readability is
approaching 90 percent, other railroads report percentages in the low
80s. These figures tend to discourage the use of ACI in many applications
where a more accurate and reliable form of automatic car identification
would be desirable. Future developments in scanner and label technology
and changes in maintenance practices, however, may eventually increase
readability to such a point that the current ACI system can be better
utilized. In addition, automatic data—enhancement features used by cer-
tain railroads provide acceptably accurate and reliable operating infor-
mation. This is essentially a software package that matches raw scanner
data with advance consist information. In one case, this automatic
double-checking process improved data accuracy to 99.6 percent after
using raw scanner data that was only 87 percent accurate.l8

Another reason why the U.S. ACI system has not achieved
the levels of success originally forecast is that, although essentially
all U.S. freight cars have labels, the fixed-scanner portion of the
system has not been widely deployed. It was originally estimated that
the railroad industry might require as many as 10,000 scanner units;!?
a more recent estimate is 4000 units.?® At the beginning of 1976, how-
ever, there were less than 500 scanners in use; readability problems
associated with the ACI system probably account for this small number.
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The capital-investment requirements may also severely constrain their
purchase and installation.,

The railroad industry's reaction to the present ACI system,
is divided. Some railroads, such as Grand Trunk Western (GTIW) and N&W,
have expressed belief and commitment, others have resisted 1ts continued
use, and still others have adopted a ''wait-and-see" approach,

4.1.3.2 Other ACI Systems

A number of other ACI systems have been developed or pro-
posed. None have been extensively tested in U.S. rail service, and cost
estimates are therefore highly uncertain, The operations of some of these
systems2172% are described below.

(1) Optical Systems--Other optical ACI systems have been
developed. Their basic principle of operation 1s similar to the standard
ACI system; light is reflected from car identification labels and inter-
preted by a roadside scanner. They also have the advantage of using
rather inexpensive car-identification units. The roadside units may be
fairly expensive, however, and the accuracy of the system can be dimin~
ished by dirt, smoke, ice, or snow.

(2) Microwave Systems--Microwave ACI systems have been
developed and tested in both the United States and Germany. A microwave
transmitter and receiver unit is used as the roadside element instead of
the current ACI scanner, They transmit microwave electromagnetic radia-
tion to the car unit which is a transponder unit instead of a light reflec-
tive identification label. Depending on the system, the transponder can
be designed in either of two ways. In the German system, it takes the form
of a number of resonant cavities that can be tuned to absorb any frequency
within a designated frequency range. Other frequencies are reflected to
the trackside receiver unit to identify the car. In certain types of
U.S. systems, the transponder contains circuitry powered by the interro-
gator signal that retransmits a coded signal,

The developers of both types of transponders, claim that
the operation of their system is not appreciably affected by dirt or ice
accumulation. The production price is estimated to be $20 to $40 for
the U.S. system and $30 for the German system.16 While the total installed
cost of these units cannot be stated with certainty it undoubtedly will be
higher than the present optical label,

(3) Ultrasonic Systems—-The ultrasonic system requires
that several ultrasonic reflectors and absorbers be arranged on the cars
in accordance with the car code. Accuracy problems may be caused by
interference from external noise and wind.
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(4) Permanent Magnet Systems——In this system, small
permanent magnets representing numbers are fastened to the cars. To be
effective, however, the magnetic reader must pass within a fraction of
an inch of the magnets. Such small spacings or tolerances generally are
not practical in railroad operatioms.

(5) Piezoelectric Responder System—--A piezoelectric
responder system has been developed in the United States. The roadside
element is a transmitting and receiving unit with an aerial mounted on
the track between the rails even with the railhead. The car unit is a
piezoelectric responder mounted approximately 5 in. above the rails. The
responder contains one or two piezoelectric crystals for each decimal
digit within the car's identification number. The trackside oscillator
produces a variable frequency output for the transmitting aerial. The
transmitted signal sweeps through the range of frequencies to which all
the piezoelectric crystals in the responder could be sensitive. As the
varying frequency corresponds to each crystal frequency, a pulse of
energy is transmitted back to the aerial on the track.

4.1.4 Detectors

4.1.4.1 Wheel Detectors

Wheel detectors are indispensable in the performance of
a number of automated functions in a yard. They are an integral part
of an ACI system, in-motion scale, power switch, or hot-box detection
system. They are also installed to perform car-velocity measurement and
many other tasks.

The operation principle of a wheel detector is simple.
The passage of a ferric wheel will alter the magnetic field that exists
in the neighborhood of a rail section. The change in magnetic field
will then induce a current in a nearby coil, and electronic detection of
this induced current signifies a passing wheel. In a wheel detector made
by General Railway Signal Company (GRS), the magnetic field is supplied
by a permanent magnet. The pickup coil and the permanent magnet are
enclosed in a single package mounted on one side of a rail. The WABCO
wheel detector features an electromagnet. It has a transmitter section
that houses a field-generating coil and a receiver section that contains
the pickup coil(s). The two sections are bolted on opposite sides of a
rail. Two pickup coils are embedded in the receiver section in WABCO's
directional wheel detector.

The simplicity of the magnetic wheel detector should make
it a very rugged and reliable instrument. Surprisingly, however, the SRI
project team has heard a number of complaints about its frequent failures.
Although the statistics of the breakdown frequency and the nature of these
failures are unknown, we suspect that they may be the result of physical
damage such as that caused by dragging equipment. Another common com-
plaint is excessive initial cost.
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4.1.4.2 Hot-Box Detectors

A hot-box detector is a thermal sensing device that detects
impending failures in wheel bearings. Because a bad bearing has to be in
normal operating condition for some time before it will show signs of
overheating, hot-box detectors are usually installed on a running track
miles away from a classification yard. Because most yards have computers
and data-processing facilities, however, it is a common practice to in-
stall hot-box detectors in the periphery of a yard and to monitor their
outputs 1in the yard.

The operation principle of a GRS hot-box detector (called
a "wheel thermo-scanner unit" by GRS) is that infrared radiation from a
hot-box detector is focused onto a small photoconductive crystal that
changes its resistance when exposed to electromagnetic radiations. Elec-
tronies in the system senses this change and transforms it into a voltage
signal that then drives the pen of a strip-chart recorder. To produce a
practical device, the following features must be incorporated into the
detector:

a) Alignment such that the scanner always senses
radiation from the identical spot of each wheel
bearing.

b) Automatic ambient temperature compensation so
that the detector can operate under a wide range
of ambient temperatures, typically from -20° to
140°F.

c¢) Accomodation of train speeds from 5 to 85 mph,
accomplished by using a short-time window for
sensing, typically a couple of milliseconds.

d) Sensing of train approach, accomplished by wheel
detectors., Additional wheel detectors facilitate
bidirectional sensing.

e) Snow removal.

f) Lightning protection.
g) Lens cleaning.

. The technology of the hot-box detector is well developed
and its reliability has been proven. Its only shortcoming is its inability
to distinguish between a journal bearing and a roller bearing. Because
a roller bearing under normal operation rumns hotter than a journal bear-
ing, it is difficult to determine the alarm-threshold setting. If a low-
level alarm setting for early detection of an overheated journal bearing
is employed, too many false alarms will be encountered on the roller
bearing. A higher setting consistent with the roller-bearing operating
temperature would allow the failing journal bearing to go undetected.
Servo Corporation of America, another major manufacturer of hot-box detec~-
tive systems, recently announced a solution to this problem. The
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heat-transfer characteristics of journal and roller bearings produce
different radiation signatures. By using split-wave analysis, the detec-
tive system is able to distinguish between a roller and a journal bearing.
Two different thresholds, therefore, can be employed.

4.1.4.3 Dragging-Equipment Detectors

This detector consists of a set of vertically standing
steel plates, called "blades," which span the track from the field side
of one rail to another. The blades are spring loaded to maintain their
vertical standing but are pivoted near their roots so that they will be
deflected when any dragging equipment comes along. The deflected blade
closes an electrical contact and sends a warning signal. The detector
is bidirectional and self-restoring and has an adjustable torque to
minimize accidental tripping (such as by wind pressure) and an adjustable
blade height to accommodate different sizes of rail. When installed on
the mainline, the two outer blades are adjusted to the same height as
the railhead, and the inner blades (usually four in number) are set at
1 in. below the railhead. In classification yards, the two blades flank-
ing each rail are set at 2 in. above the railhead, and the middle blade(s)
remains at 1 in. below the railhead.

Although the dragging-equipment detector will detect any
low-hanging equipment on either side of each rail, any object dragged
along the top of the rail (such as a dangling brake shoe) will go
undetected. Wheel Checkers of Denver, Colorado, has marketed a patented
electronic dragging-equipment detector which, in addition to the deflect-
able blades of a conventional detector, is equipped with two infrared
beams scanning the top of each rail. When the two beams are intercepted
simultaneously, such as by the two wheels of one axle, no alarm is
sounded; if one beam is intercepted, the alarm is triggered.

The new detector, with its top-of-the-rail detection,
undoubtedly contributes significantly to the state of the art. The
additional feature, however, greatly increases its cost. Unless the
cost-benefit can be demonstrated, its wide acceptance by the railroad
industry is in doubt.

4.1.4.4 Broken-Flange and Loose-Wheel Detectors

A broken-flange and loose-wheel detector, available from
Wheel Checkers, was first marketed 22 years ago. Its configuration and
function were described by Gary Leadley of AAR, 25

The sensor system consists of a series of 124 spring loaded
detector fingers oriented normal to a slightly offset section
of rail. The opposite rail section is fitted with a guard
rail to keep passing vehicles tight against it, establishing
the necessary clearance between the inspected wheel and the
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offset rail. The operation of the detector fingers is illus-
trated schematically in Figure 23. The approach of a train
triggers the application of an electrical potential between
the detector fingers and the rail. A normal wheel of proper
gage will ride down the rail with the flange depressing the
fingers sequentially by contacting the insulated wear plates.
Since the flange prevents the finger points from touching the
tread, the circuit remains open and no signal is generated.
Should one of the fingers contact the wheel where the flange
is missing its point would touch the tread and close the alarm
circuit. When a wheel set that is out of gage, due to wheel
looseness, improper mounting or excessive flange wear, passes
over the detector finger, contact is made with either the
finger point or the 1A03 spring depending on the direction of
gage error. In either case, the circuit is closed and an
alarm signal is generated.

Although the basic effectiveness of this sensor has been
proven, the following two factors are thought to be responsible for its
limited usage. (1) Broken flanges and loose wheels are relatively rare
and do not constitute a major problem, and (2) because the sensor is an
intricate device, it is susceptible to failures cause by insufficient
maintenance and physical damage.

4.1.4.5 Presence Monitors

This is an electronic device designed to detect the pres-
ence of railroad cars and locomotives on a short length of track (30 to
100 ft). The operation principle of the WABCO device is that a wire
loop in a figure-eight configuration is an inductive element that controls
the frequency of an oscillator. The presence of a car, or any metallic
mass, over this wire loop reduces the inductance of the loop, thereby
increasing the frequency of the oscillator.

The amount of frequency shift is typically 1 to 2 percent.
This small frequency shift is more easily detected by a heterodyne process
that capitalizes on the phenomenon of beat frequency.

The figure-eight loop is fastened to the ties. Unlike a
track circuit, it requires no electric connection to the track. Common
applications of the presence monitor are electric switch locking, switch-
lock release, and track-occupancy or track-clearance indication.

4.1.4.6 Wheel-Flaw Detectors

Railroad freight-car wheels often undergo severe stresses
and heating. As a consequence, after a period of service, flaws can
develop in a wheel that, if undetected, could lead to catastrophies. The
wheel and axle manual of the AAR lists more than 20 wheel defects; among
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the most common are burnt or shattered rim, shelled thread, thermal crack,
broken flange, cracked or broken plate, and various subsurface flaws.
Wheel defects have always been detected by visual inspection, supplemented
at times by magnetic particle tests. Over the years, a number of wheel-
flaw detectors have been developed but they are still in the experimental
stage; some may eventually find their way into automated yards. Four
wheel-flaw detection techniques are described below; for further details,
see Reference 25.

(1) Ultrasonic Inspection--This technique is used primar-
ily for the detection of cracks in wheels. The underlying principle is
that cracks in an otherwise homogeneous medium would diffract stress
waves, and these waves can be detected electronically. As a general rule,
the shorter the wavelength or, equivalently, the higher the frequency,
the better the resolution. This is why ultrasonic frequencies are used.
Ultrasonic waves, however, have a fundamental shortcoming, they attenuate
quickly in air. For this reason, in all in-motion ultrasonic detectors,
a fluid-filled transducer boot (made of rubberized material) is needed
to couple the ultrasonic-wave generator to the steel wheel. It is our
opinion that such a fragile component cannot survive for long in a rugged
railroad environment. In addition to the detection of cracks, ultrasonic
waves also have been used to detect adverse stress conditions. Such
detection relies on the fact that the propagation speed of waves is a
function of stress. By a simple measurement of the transit time of a
wave, therefore, the average stress level in the propagating medium can
be inferred.

(2) Barkhausen Noise Analysis--The phenomenon that forms
the basis of this technique is that the magnetization hysteresis loop of
a magnetic material (such as steel) is not a smooth curve but is super-
imposed with noise. This Barkhausen noise level is a function of the
stress within the material. By using an electromagnet and pickup coil,
the feasibility of detecting residual surface stress in an overheated
wheel has been demonstrated.

(3) Acoustic Signature Analysis--This technique is an
attempt to transform the age-old method of listening to wheel ringing
into a more scientific detection system. The experimental device con-
sists of a trackside impactor and a microphone. The acoustic sound
picked up by the microphone is spectrally analyzed to differentiate
between a good wheel and a defective one. To develop this device into a
practical detector, it is necessary to use an impactor, which can deliver
uniform excitation, and a real-time sound analyzer.

(4) Magnetic Perturbation--This is a patented device
offered by Wheel Checkers. It is analogous to a giant magnetic tape
recorder. A continuous loop of magnetic steel tape comes in contact with
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a magnetized rolling wheel that serves as an erasing head. Any nonuni-
formity in the wheel erases the signal recorded on the magnetic tape.

4,1.5 Speed-Control Devices

Most major hump yards in the United States and abroad use
devices to control the speed of free-rolling freight cars within the
switching and classification areas of the yards. There are two principal
reasons for using speed-control devices. The first is to create and
maintain sufficient separation (generally 50 ft) between consecutive cars
in the switching area. This 50-ft separation requirement is a function
of switch length, time required to move the switch, velocity of cars
over the switch, and a safety factor. If the 50-ft separation is not
achieved, the switch cannot be thrown for the following car, which causes
that car to be switched to the wrong classification track. The second
reason for speed control is to minimize the impacts between cars when
they couple on the classification tracks. Impacts between cars with a
velocity difference of 4 mph or more is undesirable because of potential
damage to lading or to the cars themselves. The control of freight-car
speeds is further compounded by a number of other factors, such as
differences between the rolling characteristics of individual cars.

Most speed-control devices in classification yards used to
slow freight-car speeds are called 'retarders.'" Others are used to
accelerate speed. These speed-retarding and speed-accelerating systems
can be classified into clasp~type and nonclasp-type devices.?2°

4,1.5.1 Clasp-Type Devices

Clasp-type devices are retarders that consist of two long
steel beams or rails that flank the track rails and rely on friction to
dissipate the kinetic energy of a rolling car. As a car rolls down the
track, the steel beams are forced toward each other to compress the
lower portion of each wheel. The friction between the contacting surfaces
of the wheel and the beams causes retardation. Figure 24 shows the
basic principle of retardation in clasp-type devices. The braking force
achieved by these devices 1s proportional to the height h of the brake
shoe (the steel-retarding beam) divided by the wheel radius r. The retar-
dation force can be increased by either raising the height of the brake
shoe or decreasing the wheel diameter of the car. The retardation force
also varies directly with the contact pressure between the retarder shoes
and the wheel rims.

The clasp-type device is fairly simple and is not as
expensive as other speed-control devices. Lt can be purchased off-the-
shelf from a number of major railroad suppliers. It is widely used
throughout the world, and its operational capabilities have been thor-
oughly tested.
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FIGURE 24 PRINCIPLE OF RETARDATION

Nonetheless, they do have some limitations and disadvan-~
tages. They can be used only to retard or stop cars, not to accelerate
them. Because these devices are dependent on friction, slippery sub-
stances can contaminate the friction surfaces and reduce the effective-
ness of the retarders. The consequence of this is overspeed cars that
can and do cause damage. In fact, the National Transportation and Safety
Board (NTSB) stated that contaminated wheels were responsible for the
overspeed accident in the Southern Pacific's (SP) Englewood Yard that
resulted in $13 million worth of damages. Another limitation of clasp-
type devices is their tendency to excite piercing wheel squeals. In
recent years, many studies have been undertaken to understand the nature
of retarder-induced noise and to investigate means for reducing the noise
level and frequency of occurrence.2’"3% Promising solutions and their
shortcomings are listed below:

a) Use ductile iron shoes instead of cast-steel
shoes. The higher rate of wear of the softer
iron shoes requires more frequent shoe replace-
ment.

b) Set up sound barriers on either side of a
retarder. The 8-ft high barrier cuts off
visual contact between the retarder and its
operator.

¢) Apply controlled lubrication between the wheels
and retarder. Lubrication reduces the effective-
ness of the retarder.

Because these solutions are not 100-percent effective in eliminating

squeal noise, better solutions may be found when more stringent noise
standards are legislated.
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Several clasp-type retarder devices are described
below.

(1) Electropneumatic Retarder--The electropneumatic
retarder is so named because its actuating mechanism is in part electri-
cally controlled and in part pneumatically controlled. The actuating
mechanism consists of air cylinders that actuate the long retarder beams,
pipes, hoses, and electrically controlled valves that provide high-pressure
air to the cylinders and restoring springs. Because the compressive force
is supplied by fixed-diameter air cylinders, the contact pressure between
the retarder and the wheel rims is a function of the air pressure and is
independent of the width of the wheel. Graduated retardation is achieved
by controlling the air pressure in the cylinders.

Electropneumatic retarders are found in most major hump
yards and are commonly used for heavy-duty jobs. Some of them are designed
to handle cars in excess of 160 tons. Heavy use means fast wear and, as
a result, most of these retarders are equipped with replaceable shoes
usually made of a softer grade of steel. Recently, to reduce the wheel-
squeal noise caused by wheel-clamping devices, ductile iron shoes were
installed on the gauge side of the retarder beam at the SP West Colton
Yard. This appears to be the least awkward way of reducing retarder
noise.

Because the control system on an electropneumatic retarder
is electrical, it allows remote operation and an easy interface with
automatic operation. In some new yards, such as the West Colton Yard,
these retarders are controlled by a computer. Parameters, such as cut
length, weight of cut, rollability, distance to couple, instantaneous
speed, are input to the computer. The computer then calculates a target
retarder exit speed and commands appropriate retarder action to achieve
the exit speed. An electropneumatic retarder is sufficiently responsive
and versatile to play such a role.

(2) Electric Retarder--This has the external appearance
of an electropneumatic retarder but without the conspicuous air cylinders,
The beams are actuated by mechanical linkages which, in turn, are driven
by an electric motor. Low-power consumption is claimed because energy
is converted directly from electrical to mechanical. Like the electro-
pneumatic retarders, these devices are used for heavy-duty jobs and are
adaptable to automatic operations.

(3) Spring-Loaded Retarder--This is the simplest of all
retarders. The beams are biased in a closed position by mechanical
springs and are forced open by approaching wheels. Because the squeezing
force results from compressed springs, retardation is proportional to
wheel width. To keep spring-loaded retarders as simple and inexpensive
as possible, "abrasion" rails are used as retarder beams and no separate
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shoes are necessary. The spring-loaded retarders are usually installed
at the ends of classification tracks in a hump yard to bring the rolling
cars to a stop and to prevent further movement caused by the impact of
succeeding cars. This eliminates skates and skatemen previously used for
this purpose.

(4) Spring-Loaded Retarder with Hydraulic Release--
Although a spring-loaded retarder does a satisfactory job of stopping
the rolling cars at the end of a classification track, it nevertheless
has a few shortcomings resulting from the fact that it is permanently
biased in its closed position. As a result, when it is time to pull the
train away after it has been assembled, one has to work against the force
of the closed retarder. This creates:

Excitation of wheel-squeal noise
Excessive wear on the abrasion rails of the retarder

The need for extra power from the locomotive to
overcome retardation force.

To eliminate these problems a spring-loaded retarder is furnished with
a hydraulic system that forces open the retarder on command. Kits are
available for converting to retarders with hydraulic releases.

(5) Weight-Responsive Retarder--A weight-responsive
retarder is designed to provide retardation proportional to the weight
of each car. The operation principle is shown in Figure 25. Because
the device is symmetrical about a vertical plane, one needs to examine
only one-half of the retarder.

RETARDER BEAM

VA
w

FIGURE 25 PRINCIPLE OF WEIGHT-RESPONSIVE RETARDER
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The running rail is supported on the lower fork of a pivoted yoke; the
upper fork bears the retarder beam. The compression force F is related
to the weight W by

st
F=JW

Because F is proportional to W, so is the retardation force. Hydraulic
release can be added to a weight-~responsive retarder so that it can be
opened when the car is ready to be pulled out or when the speed has been
reduced to a desired level.

4.1.5.2 Non-Clasp-Type

Non-clasp-type speed-control devices use hydraulic resis-
tance and eddy current (among other principles) to dissipate the kinetic
energy of a car. Most of these devices are still in the experimental
stage. Development work is being carried out almost exclusively in
foreign countires, such as Japan, Germany, and England. Many of these
devices do not have the drawbacks of clasp-type devices; however, their
cost effectiveness and technical suitability have not been determined.
With appropriate modifications, many of them will be able to accelerate
as well as decelerate cars.

Non-clasp-type speed-control devices are described below.

(1) Dowty System--This is a non-clasp-type device first
devised by Dowty Mining Equipment, Limited of England. It is also called
an "oil pressure'" retarder. It consists of a series of hydraulic cylinders
bolted to the gauge side of the rail. A sliding piston in each cylinder
contacts the approaching wheel flange. As the piston is depressed by
the moving flange, oil is forced to flow from one chamber to another
within the cylinder unit, resembling the action of a shock absorber.

A unique feature of this device is that it has a speed-
sensing capability that allows presetting of an adjustable threshold.
If the car speed is below this threshold, the piston will depress with
virtually no resistance; otherwise, an internal valve is automatically
closed and o0il is forced to flow through small orifices, thereby creating
resistance to motion. These two operations are illustrated in Figure 26
which is a simplified drawing of the cylinder unit to show the principle
of operation. As the piston is depressed slowly, oil flows from the
cylinder to the cavity in the piston via the speed-control valve openings.
These openings are large enough so that there is virtually no resistance
to the oil flow. If the piston is depressed at a speed above the thresh-
old, which is determined by the loading of the calibrated spring and the
openings of the speed-control valve, these openings will be closed. Fur-
ther deﬁression of the piston increases the oil pressure in the cylinder,
which raises the pressure-relief valve. Exposure of the orifices allows
0oil to flow again to the cavity in the piston but with increased resistance.
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FIGURE 26 DOWTY CYLINDER UNIT

The Dowty unit illustrated in Figure 26 acts only as a
retarder. With a modified unit called a "booster" retarder, cars can be
propelled as well as retarded,35’36 and such a system has full control
over car speed. A high-pressure hydraulic pump is required. This is
demonstrated at Tinsley Yard near Sheffield, England, 7538 yhich consists
of a main yard and a secondary yard with its own hump 3300 ft away from
the main yard. Cars are moved from the first hump to and over the second
hump without locomotive assistance. The Dowty booster-retarder system
installed at Tinsley, however, has developed many problems related to the
leakage of hydraulic fluid, and the newer yard installations generally
do not use these units.

The Dowty system has been installed in classification
yards in England, Australia, South Africa, and Japan.39’l+0 The Burlington
Northern (BN) has also experimented with these retarders on test tracks
in flatyards at Spokane and Denver. Their operational use has led to
some modifications and improvements in the design and specifications, and
these have reportedly increased the service life and reduced the mainte-
nance cost of the units. The special features and merits of the Dowty
system are that it:
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a)
b)
c)
d)
e)

(2)

Is non-clasping

Is uninfluenced by wheel contamination
Emits no wheel-squeal noise

Has adjustable threshold speed

Can boost as well as retard speed with the addi-
tion of a booster-retarder.

Hydraulic Retarder--This retarder, shown in Figure

27, was designed by ASEA (Allmanna Svenska Elektriska Atiegolager) of
Sweden. It employs a rotating cylinder with a spiral cam along its peri-
phery, which engages the passing wheel flange. Like the Dowty unit, this
retarder measures the car speed at the beginning of its operating cylinder.
If the speed is below a threshold, little resistance is developed; other-
wise, rotation of the cylinder forces internal oil to flow through the
restricting orifices, thereby converting the kinetic energy of the car

into heat.

SOURCE: Reference 28.

FIGURE 27 HYDRAULIC RETARDER

In the Swedish design, the retarder cylinder is forced to
rotate one revolution for each wheel passage. The rated capacity is
7240 ft-1b per wheel, roughly ten times that of a Dowty unit, but its
high degree of complexity probably makes it difficult to compete with
the cost-effectiveness of the Dowty system. It also does not have the
flexibility for easy conversion into a booster retarder.

96



(3) Cable Device—-Because the hydraulic retarder cannot
propel cars, ASEA has developed a cable device to augment the hydraulic
retarder.3® This device is an endless cable looped between two driving
capstans placed in pits under the track. The cable runs along the inner
webs of the running rails. A carriage is attached to the cable and is
equipped with retractable arms that contact the wheel flange with a pair
of rollers. When a wheel overtakes the arm, the arm is pushed into its
retracted position, thereby allowing the wheel to roll over the carriage.

Similar cable devices, capable of accelerating as well as
decelerating cars, were built in Germany. It is our opinion that these
cable devices are too complex, fragile, and expensive to become practical
hardware in a railroad yard.

(4) Electrodynamic Retarder—-The electrodynamic retarder
was first developed in England in 1930,2° and later in Germany37:3% and
Japan.39_L+ Its principle of operation is a basic electrodynamic phenom-
enon. As shown in Figure 28, when a disk of conducting material is made
to rotate in a perpendicular magnetic field, eddy current is induced in
the disk in such a way as to oppose the motion.

N w
I —_—

T

5 CONDUCTING DISC

FIGURE 28 PRINCIPLE OF ELECTRODYNAMIC
RETARDER

As a result, such a retarder is sometimes called an electromagnetic or
"eddy current" retarder.

Among the various configurations of this retarder, a simple
one developed by the Japanese is shown in Figure 29. Insulated conductors
carrying direct current create a strong electromagnetic field. The wheel,
modified rail, channel, and brake beam (all made of ferric material) con-
centrate the magnetic field so that a maximum field strength is achieved.
As the rolling wheel cuts across the magnetic field, eddy current is
induced and the wheel motion is retarded. This retardation is propor-
tional to the current and the wheel speed. The only moving part in the
retarder is the brake beam brought in contact with the wheel rim to
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FIGURE 29 SIMPLIFIED CONFIGURATION OF AN ELECTRODYNAMIC
RETARDER

ensure continuity of the magnetic circuit. Only 20 percent of the retar-
dation comes from friction between the brake beam and the wheel. As a
result, brake wear is minimal, contaminants on wheel rims have a negli-
gible effect on retardation, and no wheel squeal is excited. The brake
beam can also be segmented so that a retarder installable on a curved
track can be designed. Electrodynamic retarders have been installed at
the Basel-Muttenz Yard in Germany and the Takasaki Yard in Japan.

(5) Linear-Motor Booster Retarder--Since 1967, the Japa-
nese have been developing a booster-retarder system utilizing the princi-
ple of the linear-induction motor.*2»>43 The main component of the system
is a low-profile motorcar or carriage which constitutes the primary side
of the linear-motor system. The carriage runs on an aluminum-clad reac-
tion rail. The entire device is located in a bowl track in between the
two running rails. As a humped car goes over this device, the carriage
engages its wheels and the car will be either retarded or accelerated to
the desired speed. The carriage then disengages itself from the car and
returns to the starting point, ready to handle another car. This system
is relatively complicated. Carriage return limits the number of cars
one unit can handle within a given period of time. It is doubtful that
this device can be developed into a practical booster retarder for yard
operation in the near future.

(6) Rubber Retarder--Another non-clasp-type device is
the rubber retarder.>’ The freight car moves on a rubber rail to effect
retardation, and braking force is based on the elastic deformation energy
of the rail. Retardation is controlled by hydraulically moving the
rubber rail up or down. When it is in the down position, the car rolls
normally on a steel rail; when it is in the up position, it contacts the
wheel and causes retardation.
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A major advantage of the rubber retarder is its noise-free
operation. At the present time, however, it is believed to be impractical
for U.S. applications because of the characteristically high wheel loads
in this country.

4.1.6 Skates

A skate is a sturdy steel frame that fits and slides on top of
the rails to stop a slow-rolling car on a track. There is no moving
part. After a pair of wheels rolls onto a standing skate, their rota-
tional motion is stopped and forward mementum of the wheels is transferred
to the skate, causing it to slide along the rails. Because the wheels
sit on top of the skate as it slides, the load carried by the wheels
acts as a downward normal force. The frictional force between the skate
and the rails produces retardation.

Before intercepting a moving car, the skate is positioned manu-
ally on the track. The consumption of manpower and the potential hazard
to the skate operator have made them nearly obsolete. They have been
replaced in most hump yards by spring-loaded retarders, weight-responsive
retarders with or without hydraulic release, or by remote-controlled
skate retarders.

4.1.7 Radar Speedometers

In a manually operated yard, retarder operators make visual
estimates of car speeds and act accordingly to control the flow of traffic
within the yard. As yards are converted into automatic operatiom, it is
necessary for car speeds at various locations to be in the form of elec-
trical inputs to the computer. In some instances, car speed is indirectly
measured by a pair of wheel detectors. More reliable and continuous
information can be obtained, however, by the use of a radar speedometer
which sends out a beam of radio waves and measures the reflection of the
waves from a moving target (utilizing the principle of doppler frequency
shift). Radar speedometers are relatively simple devices; some of the
smaller models can be hand held and are operated on batteries although
these types are not used for yard process-control applications.

4,1.8 Turnouts

They are used at the branching or merging of two tracks to
permit the movement of railroad cars, engines, or other track-mounted
vehicles from one track to another. Because the major function of
classification yards involves the movement of cars from one track to
another, turnouts are an indispensible element in yard design and opera-
tion,
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Although a number of turnout designs have been developed, the
split switch is by far the most widely used."™ This type of turnout
switches cars from one track to another by moving a tapered switch rail
(called the switch point) up against a stock rail on the track from
which the car is to be switched. The railvehicle wheel flange is thereby
diverted away from the stock rail as it passes along the turnout assembly
and onto the route established by the switch point.

In the past, all turnouts were manually operated, generally by
throwing a switch lever that was mechanically linked to the turnout
assembly. Today, however, many turnouts, referred to as power switches,
are remotely controlled either by electrical or electropneumatic linkages.
One of the most important design and performance specifications of a
power switch is its response time because this directly determines the
allowable spacing between consecutive cars or cuts of cars. Most modern
power switches have response times on the order of 1/2 second.

Almost all hump yards use remotely controlled power switches
between the hump crest and the tangent points of the class tracks. In
many modern hump yards, the operation of these switches in the switching
areas is controlled by analog or digital computers. In a number of yards,
the turnouts located in areas other than the switching are also remotely
controlled power switches. Nearly all of the turnouts located in flat
yards, however, are still manaually operated at the switch location.

Although turnouts are necessary elements in a yard, they are
expensive to buy, install, and maintain. The adjustment of the movement
(or throw) of the switch point is sensitive, and misadjustments can cause
misroutings and derailings. The various parts of the turnout are also
susceptible to breakage or other damage that may render the turnout
unusable.

4.1.9 Distance-To-Couple Measurement Systems

A major element of most automatic retardation systems is the
determination of how far a car must travel before coupling with another
car on its designated classification track. This information is used to
calculate a retarder let-out speed, which will ensure that coupling speeds
are below an appropriate level and, at the same time, will minimize the
number of cars that stop short before coupling.

The earliest distance-to-couple (DTC) systems would count the
cars entering each classification track and would then update the track
inventory as an indication of how much space was still available on the
track. This method, however, had a number of disadvantages primarily
because the distance to couple was not actually measured. For example,
the earliest systems could not detect when a car stopped short of coupling,
which reduces the distance to couple for the next car. Additionally,
some value of car length is required to convert car counts to a measure
of the length of track occupied.
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To overcome these and other problems, a number of yards have
installed systems that actually measure the distance to couple, based
on track circuits on the classification tracks. One method for deter-
mining the distance to couple is to measure the impedance of a classifi-
cation track from the clearance point to the nearest axle of the car that
last entered the track (the axle acts as a shunt across the track circuit).
Because the impedance of the rails varies directly with the distance from
the circuit origin to the nearest shunt, it is possible to correlate
impedance with distance to couple. Variations and elaborations of DTC
measurement systems can be found at individual yards.

4,1,10 Safety-Derail Devices

A safety-derail device can be installed at any point on a
track where the intrusion of an unwanted rolling car can cause substantial
damage. When activated remotely, it can cause an approaching car to
derail, thereby avoiding a more serious consequence. This device is not
a new design; it is simply a one-sided power switch.

4.1.11 Pin-Pulling Devices

In hump yards, uncoupling cars or cuts of cars at the crest of
the hump is performed manually. The operator is called a pin puller.
Pin pullers walk alongside a slow-moving train that is being humped and
uncouples cars by lifting a long-handled lever bar that sticks out from
between two coupled cars. The uncoupling action must occur before there
is any tension in the coupling devices between the two cars; that is,
uncoupling must be performed before the leading car is over the crest
of the hump and begins to accelerate,

There are many problems associated with the pin-pulling opera-
tion. For example, in some of the newer yards, the speed at which the
train is humped is limited by the performance of the pin puller because
its speed must not exceed the walking pace of the pin puller. Experience
at SP's West Colton Yard indicates that this speed is approximately 3,5
mph, or 6 cars per minute (based on 50-ft cars), although humping rates
of eight to ten cars per minute (roughly 4.5 to 5.75 mph) are possible.
Another problem associated with manual pin pulling is the inability of
pin pullers to uncouple all cars successfully. This may occur for any
of a number of reasons; some of the longer railroad cars are particularly
susceptible to this problem. Other operational problems have been cited,
and the safety level of manual pin-pulling operations has been critized.

A number of devices have been suggested to reduce the problems
associated with the pin-pulling operation. One such device, installed
at the West Colton Yard, is an automatic pin-pulling unit that used
rotating brushes, similar to those on street sweepers, to lift the
uncoupling levers to uncouple the cars. This prototype system was manu-
ally activated and controlled. It appears, however, that the system could
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be controlled automatically by the existing process-control computer
located at the yard. After the original tests were performed, this
prototype was dismantled and is not in operationm.

The reliability, or successful uncoupling rate, of a single
device was found to be 97 percent. The installation of another such
device would allow those couplings not broken from one side to be
uncoupled from the other side. Using such a system, the probability of
successfully uncoupling a car would be 99.91 percent, implying several
unsuccessful attempts per day at a large hump yard.

4.1.12 Closed-Circuit Television

Closed-circuit television (CCTV) systems are being used to
assist in the performance of many functions in railroad classification
yards. The major advantage of CCTV is that it is a relatively inexpen-
sive means of inspecting and monitoring diverse and physically remote
yard operations from a central location. This can save time and elimi-
nate redundant intrayard transportation or cummunication of information.

Closed-circuit television is most commonly used in railroad
classification yards to check car identification against consist informa-
tion during inbound and outbound train movements. This procedure is
meant to eliminate or reduce the need for walk-by inspections, thereby
reducing manpower requirements, It has been postulated that ACI systems
will eventually eliminate this particular use of CCTV, At this time,
however, the readability (as low as 80 percent) of ACI labels is considered
by a number of railroads to be too low to be useful in the performance of
this function, Other surveys indicate that CCTV systems also may suffer
from readability problems, Southern Railway, using CCTV to read car
stenciling, found that, of 2569 cars surveyed, 8.8 percent had stenciling
that was unreadable.l8

Besides checking inbound and outbound consist information, CCTV
systems can be used for the remote inspection of freight cars approaching
the hump in retarxder classification yards. Cameras can be mounted to
view tops, sides, and undersides of passing cars. Outbound trains could
be inspected by CCIV to ensure that cargo has been properly loaded. The
CCIV cameras could also enable yardmasters to exercise general surveil-
lance of the freight yard to facilitate identification, assessment, and
correction of problem situations. The capability of monitoring operations
in all parts of the yard is extremely valuable, especially when portions
of the yard are not visible from the tower. A general yard-surveillance
system could also be useful in controlling theft and vandalism although,
in many cases, elements of CCTV systems have themselves been stolen or
damaged. Many other freight-yard applications of CCIV have been suggested.
The major problem encountered is limited usefulness during periods of
reduced visibility.
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4,1.13 Concrete Ties

The concept of using concrete ties in railroad construction was
initially developed more than 50 years ago. Since that time, the devel-
opment and testing of different tie and tie-fastening designs has made
sporadic progress. A major reason for the continued development and
testing of concrete ties is the desire for a more durable track structure
capable of handling the increased stress caused by larger axle loads and
faster train speeds. These factors can result in accelerated and exces-
sive wear, crushing of wood ties under tie plates, widening of track
gauge, and general misalignments of the track. Other reasons for the
continued development of concrete-tie technology are the unavailability
and increased cost of wood ties.

A number of concrete-tie and tie-fastener designs have been
installed by U.S. railroads.“5™%9 Most of these installations are being
used to test and evaluate different designs under various operating con-
ditions although certain large-scale applications have been attempted.
The majority of these test installations have been on mainlines; however,
some have been installed in yard areas in an effort to determine their
effectiveness in type of application.

At this time, the suitability of concrete ties in yard areas
has not been conclusively demonstrated. Although it has been postulated
that the life of concrete ties will eventually exceed 50 years, many
have had to be replaced in less that five years because of various types
of failures or problems. The most common problems associated with con-
crete ties include poor initial concrete, concrete deterioration, hair-
line expansion cracks, and breakage and pullout of the tie-fastener
devices. Concrete ties are also more expensive to purchase than wood
ties, and their heavier weight increases the labor and machinery costs
associated with their installation and maintenance.

4,1.14 Continuous Welded Rail

One of the most significant advances in railroad-track design
has been the introduction of the continuous-welded-rail (CWR) process
where individual standard 39-ft rails are welded together, thereby elimi-
nating the requirements for joint bars or rail joints. The cost of this
rail-welding process is reduced through the use of specially built rail-
welding complexes in which individual rails are welded together to form
single rails that can be hundreds or even thousands of feet in length
(1440-ft lengths have become fairly standard). The rails are generally
joined together by means of an electric flash butt-welding method
although oxyacetylene butt-welding is also employed. Thermit welding is
generally only used when making field welds.

After the rails have been welded into the appropriate lengths,

special trains and equipment transport and lay these rails in remote
locations. Ideally, to reduce expansion or contraction problems, CWR
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should be laid at the average temperature within the range of measured
or expected temperatures at the site. It has been claimed that CWR is
much less expensive to install than normal jointed track.

The use of CWR minimizes the physical discontinuities at rail
joints, thereby eleminating the familiar clicking sound associated with
rail travel and providing a smother ride. The major advantages associated
with CWR are longer track-service life and lower track-maintenance costs
because it dramatically reduces rail-end batter and abrasive wear. The
elimination or large reduction of rail joints also reduces rail-joint
maintenance such as tamping joint ties, replacing or tightening bolts,
renewing joint bars, and renewing insulated joints and/or insulation.

Such activities are said to account for 50 percent of track maintenance.'
Railroads estimate that CWR reduces annual maintenance expenditures by
at least $200 to as much as $1200 per track mile.

4.2 YARD COMPUTER SYSTEMS

The use of computer systems has become a major area of yard tech-
nology. Computers are used to perform two principal functions in switch-
yards: process control and information processing.

4,2.1 Process Control

The three basic processes that have been computer controlled
in hump yards are switch operation, retarder operation, and hump engine
speed. Switch operation is controlled by manual inputs, as an operator
keys in the track assignments for cars, or by a punched paper-tape list.
Retarder operation is controlled by the computer to assure a high enough
impact speed for positive coupling but a low enough speed to avoid impact
damage. Computer systems compute the retarder let-out speed from such
inputs as car weight, car rollability, weather conditions, distance to
couple, and the required time-spacing between cars. Computer control of
hump engine speed is more precise and flexible than manual control.

Computers in hump yards installed before the mid-1960s were
analog computers that used signal input quantities represented by voltage
levels in the circuit. Analog computers use gears, motors, potentio-
meters, switches, and relays to perform the necessary computations on
the input voltages and to actuate the switches and retarders. Analog
systems have several disadvantages, however; they are sensitive to noise
and have limited ability to store data in an easily accessible form.
This can severely limit their effectiveness in hump yard applications.
For example, analog-~computer yards can often detect that a car has been
misswitched but cannot identify the misswitched car. Additionally, much
desirable statistical information about yard operations and control can-
not be stored and retrieved. Therefore, corrections to the yard control
system must be made without accurate knowledge regarding the historic
performance of the existing yard control system. Another significant
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drawback associated with the use of analog computers in hump yards is
their inability to maintain the inventory of cars within a yard.

The development and refinement of digital computers during the
1960s dramatically increased their speed, reliability, computing capa-
bilities, and storage capacities. At the same time, the price of storing
a bit of information and executing an instruction was significantly
reduced. During this period, U.S. industries found many diverse uses
for digital computers. One of their numerous uses by the railroad
industry was in the operation of freight-car classification yards. The
first hump yard controlled by a digital computer was the Gateway Yard
in East St. Louis, which began operation in 1964.

Since 1964, digital computers have usually been used instead
of analog computers to provide process control in classification yards
for reasons. For example, digital computers can control processes more
precisely that can analog computers. Because they are also more reliable,
maintenance requirements are reduced. In addition digital computers
used in classification yards are general purpose, while analog computers
are designed for specific purposes or applications. Related to this
factor is the greater flexibility of digital computers; changes to the
control system or strategies require only software modification rather
that the redesign and/or modification of the hardware unit.

The digital computer, like the analog computers that preceded
it, has been used to control the classification processes of speed re-
tardation and switch operation. Beginning in the late 1960s, comput-
erized control of hump-engine speed was also implemented at many yards.

The control of yard car retarders by digital computers does
not differ substantially from the control by analog computers although
the methods vary significantly. Car rollability characteristics are
obtained from the measurement of such variables as weight, speed, and
acceleration. Because some of these measurements are made by analog
devices, it is often necessary to install analog-to-digital conversion
equipment that accepts the analog signals and converts them to digital
form so that the data can be processed by the digital computer. The
characteristics of the individual classification tracks (gradient, cur-
vature, and turnout configuration) can be permanently stored for use
by the computer. Information concerning car rollability and track
characteristics plus such factors as wind, cut length, and distance-to-
couple is then utilized to determine the proper retarder exit speed.

The control of yard switches by digital computers is usually
limited to the switching area between the hump and the classification
tracks. To control the switching process, the computer must have access
to information regarding the classification (or 'class'") track to which
each car or cut of cars is assigned. This information can be input by
an operator, using conventional pushbuttons corresponding to specific
tracks, through the use of paper tape, or the information can be stored
in the form of a switch list. Additional hardware elements required
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for automatic switching are wheel detectors, presence detectors, and
switch machines, all of which are track mounted. These devices allow
individual cars or cuts of cars to be tracked through the switching area
and switches to be automatically thrown when appropriate. The software’
associated with the automatic switching process determines when indivi-
dual turnouts must be thrown to shunt the cars to the appropriate class
tracks. The software also provides switch protection against fouling
and catch-up. The computer switching software can also be designed to
perform other functions, such as automatically swinging class tracks as
they fill up or switching overweight or oversized cars to a specified
track.

Automatic control of hump-engine speed was developed in the
late 1960s in an effort to improve throughput over the hump.50 Requested
hump-engine speeds are compared to actual speeds measured by axle tach-
ometers to provide control commands for locomotive propulsion, brake,
and emergency systems. In this system, a desired speed is maintained
accurately even while the number of cars being pushed is progressively
reduced. Although most yards use a standard speed as the requested
hump speed, some yards permit the requested speed to vary, depending on
the tracks to which the remaining cars are going. If cars are going to
the same or adjacent tracks the requested speed is lowered; if not, the
speed 1s increased. This procedure allows higher overall hump rates
because the speed is not always set to minimize catch-ups in the worst
case (where cars are going to adjacent tracks in the same group). Vari-
able humping speed can also be used to take advantage of the differences
in cut size.

A simulation comparing the effects of variable humping speeds
to those of constant humping speeds has been performed at various hump
speeds by the Japanese National Railways.51 Some of the results of this
simulation are plotted in Figures 30 and 31. Overall results indicate
that the total time saved by using variable humping speeds is approxi-
mately one-third to one-half of the time required using a constant
humping speed. These benefits appear to be substantially greater that
those observed by SRI staff in a U.S. yard that utilizes variable speed
humping.

In addition to controlling switch operation, retarder operation,
and hump-engine speed, digital computers can be used as process control-
lers. For example, at Burlington Northern's Northtown Yard, the computer
controls the spray of a solution of emulsified oil and water at the
retarders. This emulsion, intended to inhibit retarder screech, is
sprayed on the retarders just before the car enters the retarder section.

The flexibility of control offered by digital computers is

likely to influence the development of other specialized process—control
applications in railroad classification yards.
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4.2.2 Information Processing

Digital computers can perform an information-processing func-
tion. The design of computer-based information-processing systems varies
widely between yards. Generally, however, the primary function of such
systems 1s to provide a perpetual yard inventory identifying which cars
are located on what tracks or in what yard areas or zones. Inventories
of most newer yards are kept in standing track order, at least for the
classification yard, and often for the receiving and departure yard and
the shop and industrial areas. Besides car identification and location,
the inventory can also include information regarding load status, car
length, tonnage, car processing, and event times.
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The actual yard and track inventories change with the arrival
or departures of trains from the yard or the movement of cars and cuts
of cars within the yard. The process and procedures for updating the
computerized yard-inventory data to represent accurately the actual
yard inventory varies significantly between yards. Many yards utilize
advanced consist information to establish the foundation of their in-
ventory data base; however, because a train consist is subject to change
caused by the pickup and setout of cars, the advanced consist can be in
error. When made up in the previous yard, it may also be incorrect.
For these reasons, advance consist information is usually updated on an
exception basis on train arrival. Typically, this correction process
requires inspection through direct observation of the actual train
arrival. This may require a walk-by or pull-by inspection or may be
done remotely via closed-circuit television.

In most cases, the introduction of ACI has not eliminated the
consist inspection and correction process. The error rate of ACI input
may be greater than the error rate of the advance consist information.
The low-readability rate discourages the use of ACI scanner data in the
input process; however, this problem has been reduced at GTW's Elsdon
yard in Chicago and Kansas City Southern's (KCS) Deramus Yard in
Shreveport.!8:52 Data~enhancement procedures have been developed that
enable the yard computer to utilize both train consist and ACI input to
develop acceptably accurate inventory information, thereby significantly
reducing manual inspection and correction processes.

The procedures described above, or some variant of them, are
fairly successful in capturing information concerning car arrivals and
updating yard inventory. After the car is established in the inventory,
however, information regarding its movement to other tracks or yard areas
is entered manually into the information system to update the inventory.
Manual updating can introduce errors into the inventory data base in
two primary ways. First, the majority of errors result from mistakes in
the manual data-entry process; although the error rate will vary be-
cause of the complexity of the input procedures and other factors,
error rates as high as 15 percent have been reported.53 Second, errors
can be introduced as a result of the incorrect movement of cars within
the yard, including such actions as moving too many or too few cars,
taking cars from the wrong tracks, and switching them over to the wrong
track. The error rate caused by these problems is generally around
1 to 2 percent in most flat-switching operations.

In newer hump yards, given the sequence of cars to be humped
(the hump list), the computer automatically updates the classification-
track inventories. This process generally uses information from the
process—control computer that follows individual cars through the
switching area. The class—track inventory produced through this method
will accurately account for misswitched cars.

Another process designed to update yard inventory information
automatically is being implemented at the KCS's Deramus Yard in
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Shreveport and at a number of GIW flatyards.52 This procedure requires

that the yard have wheel detectors at the entrance and exit of every
class track and along the switch lead. By detecting and counting the
number of cars taken from or added to specific tracks, the track inven-
tories can be adjusted. This requires the initialization of track inven-
tories in standing track order and fairly complex software and processing
capabilities. Because neither the KCS nor the GIW system has been fully
implemented, their effectiveness remains unproven.

With the availability of accurate inventory information, the
digital computer can perform other functions that assist railroad and
yard management. One of the principal functions is the generation of
yard-performance evaluation and operational reports. These reports pro-
vide management with such data as the cost of various types of car move-
ments, the time required to process cars through the yard, and the
reliability of cars in meeting schedule commitments. From this informa-
tion, management is able to evaluate yard performance and analyze the
effect of change in yard or system operations. Accurate computerized
inventory information also facilitates intercomputer communications and
rapid processing and exchange of data related to billing, demurrage,
and car interchange. One railroad has reported that the additiomal
income gained from more accurate and rapid processing of billing, demur-
rage, and interchange information has more than covered the cost of the
data-processing equipment used to perform this function.

Digital computers can also be used to plan yard operations and
assist management in making operational decisions. Some of the possible
functions of such computer—augmented planning and control systems could
include selection of receiving tracks to be used, sequence of trains to
be classified, dynamic assignment of classification tracks, selection
of departure tracks, scheduling of outbound train makeup and departure,
and optimal assignment of road power. Most computer-augmented yard-
planning systems are in the developmental stages, and the overall effec-
tiveness of such systems has not yet been proven.

4,2.3 Computer-System Configurations

The use of digital computers to perform yard control functions
and to store and process operational data and management information has
been widely accepted throughout the railroad industry. HNo standard
computer-system configuration to accomplish these functions, however,
has yet been widely adopted. Even separate yards operated by the same
railroad have radically different computer-system configurations.

One reason for these differences is that not all yards utilize
their computers to perform the same functions. For example, in a number
of flat yards, digital computers are used for information processing in
support of operations and management functions but are not used to con-
trol yard processes. Even among similar hump yards, the tasks performed
by digital computers vary significantly. For example, in nearly
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one-fourth of U.S. digital-computer-controlled hump yards, the computer
does not perform inventory functions, and these hump yards use ACI input
for inventory processing.

A more significant factor that has influenced the development
of different computer-system configurations is the dramatic advance in
computer technology since the first digital-computer hump yard in the
United States was completed in 1964 (Gateway Yard in East St. Louis).
This advancement is partially illustrated by the dramatic decrease in
minicomputer prices since 1964. As shown in Figure 32, the cost of a
functional 16-bit word machine with 4096 words of memory has decreased
over the past decade at an annual rate of approximately 20 percent.5”’55
The general decrease in hardware costs over this period brought many
more machines with greater computing capabilities into a price range that
was acceptable for yard applications. This increasingly wider choice
of machines and computer capabilities facilitated more sophisticated
data processing and control at recently constructed or modified yards
than at the earlier digital-computer hump yards.

During the past decade, digital computers have been installed
in U.S. hump yards at the rate of approximately two per year (see Figure
33). According to a survey by the American Railway Engineering Associa-
tion (AREA), more than half of these installations utilize a single com-
puter with a relay backup that can be used to restart and maintain semi-
automatic yard operations after failure of the computer.56

The AREA survey also indicates that two yards have only one
computer. In both yards, the computer is primarily used for process
control; it does not perform yard inventory functions. A major disadvan-
tage of such systems is that the operation must revert to a completely
manual mode in the event of a computer failure. The other yards have
some variation of a multiple-processor systems. One example of such a
system is when two or more processor units share the total processing
load until one of the machines fails. It one processor fails, the other
will perform as much of the processing load as possible. If the single
processor is capable of performing all required tasks, the system is
essentially a '"fail safe" system. If the single processor is not capable
of performing all required tasks, certain of the less essential tasks
may have to be performed manually, and this system is referred to as a
"fail soft" system. Another example is when backup processors operate
in "hot standby," in which a secondary processor actually duplicates the
work of the primary processor. The secondary processor is not used for
offline processing. If the primary processor fails, therefore, the
secondary processor 1s capable of continuing yard operations with little
delay. When both processors are functioning, additional error checks
can be performed. The SP West Colton Yard uses this type of system for
its process-control system.>’

In still other types of computer systems, the backup computer

is used for off-line processing when the primary computer is operating
normally., If the primary computer fails, however, such off-line processing
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is discontinued and the backup computer starts performing the functions
of the primary computer after only a slight delay caused by the switch-
over process.

Another variation of a multiple-processor system is the dis-
tributed computer system in which each processor is dedicated to the
performance of a limited number of functions.%855% The failure of any
one processor, therefore, does not interfere with the tasks or functions
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performed by the others. Backup processors can also be included. South-
ern's Sheffield Yard is a good example of a yard that uses a distributed
computer system.60 This system is composed of five minicomputers that
perform the following functions:

Operational Information System (0IS)

- One computer for inventory control

- One for OIS backup. v
Process Control System (PCS)

~ One computer for automatic retardation and hump-
engine speed control
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- One for automatic switch operation

- One for PCS backup.

A more detailed summary of yard computer-system configurations is pre-
sented in Table 22.

Another aspect of computer-system configurations that varies
among yards is the relationship between yard computers and the railroad's
centralized computing system. It is generally not practical to use a
remotely located centralized computing system to perform such process-
control functions as retarder control, switching control, or hump-engine
speed control. Computer systems at many yards, however, often share
the processing of management and operations information with a centralized
computer system that is not located within the yard and may even be
hundreds of miles away. In other yards, nearly all information processing
is done by computers located at the yard. The design of the processing
interface between the yard computer system and the railroad's central
computer facility will depend on many factors, such as whether the central
computer is currently underutilized or whether data links already exist.

The type of digital equipment selected for yard computer
installations is influenced by the type of tasks or functions the computer
system is to perform and by the performance capabilities of equipment
within an acceptable cost range. Historically, the price of yard comput-
ing systems has been a fairly small portion of the total yard cost. The
decreasing cost of computers and improved technology have greatly
increased the capabilities of those computers within a price range that
is acceptable for most yard applications.

The types of digital computers selected for the early digital-
computer hump yards were designed principally for process-~control applica-
tions. Early models, such as the Honeywell X16 series, were characterized
by a large number of I/0 channels, small-to-medium size memory (12 to
24K) words, small word size (generally 8- to 16-bit words) to allow
faster memory access, and limited software capabilities. In the more
recently constructed hump yards (in service since 1972), there is a
definite trend toward the newer minicomputers that are more capable of
performing inventory processing and other operational and management
information-system functions. These machines tend to have larger memories
(typically 32K) than their predecessors and a larger word size (up to
32-bit words) to allow more accuracy in the storage and processing of
information. They are also generally faster. These minicomputers can
be mounted in racks or even on desk tops, whereas the older process-
control machines are large and must be housed in a freestanding enclosure.
The newer minicomputers can also be connected with a wide variety of
peripherals that can be used in support of yard operations. Most of the
relatively few flat yards that utilize digital computers for information
processing have installed these more powerful minicomputer systems.

The trend in classification yard computer hardware tends to be
toward faster, more powerful, and more flexible machines. The yard
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computer systems installed during the next few years should be capable of
performing more of the operations-planning, decision-making, and analyses
functions than are currently performed. The software packages (such as
yard simulation, train scheduling, and power and crew assignment programs)
required to support these functions, however, will also become more com-
plex and possibly more yard specific. The development of this supportive
software will probably require an increasingly larger share of the total
computer-system development cost.
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4.3 ROLLING-STOCK TECHNOLOGY

The principal operations performed in railroad switchyards generally
involve some processing of rolling stock. For this reason, certain
technology associated with railroad rolling stock can influence signifi-
cantly in the design and operation of switchyards. This chapter describes
rolling-stock technology that may have significant influence on the
operation of railroad switchyards.

4.3.1 Freight Cars

Freight-car design often has an impact on the difficulty or
ease with which cars are handled in a switchyard. For example, freight
cars that approach or exceed the accepted design limits of length, height,
or width or especially equipped freight cars often require special and/or
additional hand'ing within a yard.

4.,3.1.1 Design Limit Cars

To reduce costs and to provide good customer services,
railroads are using cars that equal or exceed the limits specified for
interchange operation.61 Long cars and those with high centers of
gravity must be carefully positioned in relation to other heavy or long
cars within a train, thereby necessitating switching in addition to that
required when all cars for a single destination are blocked in random
order.,

Long cars occupy more space as they roll through a hump
yard and take up further space on the classification tracks. The truck
location on long cars results in a significant overhang. This overhang
results in a displacement of the car end if it comes to rest on a
curved section of track and makes coupling to a conventional car impos-
sible. As a result, additional foresight, effort, and time are required
to handle cars that approach or exceed the design limits.

4.3.1.2 Equipment That Minimizes Impact—Related Lading Damage

Two devices designed to minimize lading damage resulting
from high-speed coupling impacts in yards and impacts and vibrations
along the road are:

Car cushioning

Internal bracing and restraint.
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An experimental unit, called "Sonicar," also protects lading by preventing
high-speed impacts in yards.

(1) Car Cushioning--Two types of car-cushioning devices
designed to absorb impacts that result from a car striking or being
struck by another car during the switching process are the sliding sill
and end-of-car cushions.

In sliding-sill cushioning, the couplers at both ends
of the car are attached to a single sliding member that travels inside
the center-sill member of the car for its entire length. This movable
device is restrained to the main body of the car by means of sliding
friction plates, hydraulic dampers, and springs members. The impact on
the couplers initially results in a displacement of the sliding sill,
which is gradually transmitted to the car. The installation of this
device is relatively costly because the undercarriage of the car must be
designed to accommodate it. The sliding action also affects the longi-
tudinal characteristics of load handling on the road, especially on
rolling terrain.

End-of-car cushioning devices constrain the travel of
the coupler in the draft-gear pocket by means of friction plates and
rubber springing that will absorb a limited degree of impact on the
coupler. Variations on end-of-car cushioning include a device that
provides more coupler travel by means of a specifically designed draft-
gear pocket and a device that utilizes hydraulic snubbers that extend
from the end of the car for a sufficient distance to contact the body

of the oncoming (or stationary) car, thereby providing a shock-absorbing
action.

The widespread use of sliding-sill and end-of-car cushion-
ing would lessen the damage caused by high-speed impacts and thus give
* switchyard operations wider latitude in controlling the speed of cars.
Acceptance of higher speed impacts would also enlarge the capacity of
hump yards by allowing faster humping rates. The high cost of sliding
sills, however, discourages their uses, and the end-of-car devices are
not completely effective because of their limited travel. At this time,
only a small fraction of the boxcar fleet has any cushioning. As a
result, switchyard operations are conducted as if cushioned cars were as
sensitive to high-speed impact as those not so equipped.

(2) Internal Bracing and Restraint---Effects of shocks
incurred during switching impacts are amplified if there is free space
in or around lading, which allows individual units (such as cartons of
canned goods) to gain considerable velocity before impacting adjacent
units. Several approaches are used to minimize free space--internal
bracing, inflatable dunnage, and movable car partitions.
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Internal bracing dates back to wooden boxcars, when
wooden bracing could be nailed crosswise to the sides of the cars to
prevent the loaded cartons or barrels from moving. Modern steel boxcars
are sometimes equipped with special "nailable™ floor sections that can
serve as anchor points for the bracing.

Inflatable dunnage consists of airtight bags of paper,
plastic, or rubber that can be inflated between endwalls and lading or
in open spaces near the center of the load. Inflation of these bags
forces lading snugly against adjacent lading or the endwalls to minimize
excessive clearances.

So-called dunnage-free (DF) cars include movable doors or
bulkheads that can be positioned across the car to segment the load and
minimize free play. The bulkheads operate on their own tracks and
jacking devices apply additional force for installation.

Other restraint devices include straps or bars anchored
to points permanently installed in the car to restrain lading movement.
Some lading, particularly newsprint rolls and coiled steel, are carried
on special racks to provide restraint and support that will reduce the
effect of impact. These items are particulary susceptible to damage
in transit; damage to the rolls or coils will badly unbalance them, and
they will not be able to be fed into high-speed processing machines.

Racks and other restraint devices allow normal, but not
abnormal, handling of the cars. That is, without the restraint, a car
might not be able to be humped or kicked, but would have to be ridden by
a brakeman or shoved to rest or to couple by the engine.

(3) Sonicar--A different and unique approach to the
prevention of high-speed impacts in freight yards was utilized in an
experimental device called the Sonicar,62 based on an additional air-brake
reservoir to provide braking power after the angle cocks are opened. A
sonic unit measures the distance to the stationary car, and a wheel-
connected alternator produces power and measures car speed. These signals
are connected to logic circuitry that operates the air brakes in such a
way as to bring the car to a position about 25 ft behind a stationary
car at a speed of approximately 3 mph, at which point the unit disengages
and the car rolls to a positive and reliable coupling. Economic consid-
erations have prevented widespread use of the Sonicar.

4.3.2 Automatic Coupler Systems

4,3.2.1 Existing Coupler System

The current system of coupling cars together to make up a
train consists of a mechanical connection that transmits drawbar forces
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throughout the train and an air-brake connection that controls the brakes
on each car.

The air-brake system 1s charged to a pressure of approx-
imately 901bs and is maintained by a reservoir in each car. After the
reservoirs are charged, reduction of the pressure in the supply line
would actuate the brakes on the cars by the force of the alr stored in
the reservoir. If the train becomes disconnected on the road, the open
air line immediately causes the pressure in the line to drop, and the
brakes on the uncoupled cars will be applied. The air-line attachment
between cars is a fitting that connects with a rotation between the two
parts but is disconnected by the separation of the cars. When cars must
be classified, the reservoirs must be emptied, or ''bled," an operation
accomplished by manually opening angle cocks at the end of each car.
The trainman must step between cars to perform this operation.

Cars can be connected mechanically by a yoke pivoted on
each coupler and locked into place by a pin. The coupler usually remains
in an open position until it is mated with that of another car, at which
time the pin drops into place. Cars are uncoupled by operating a lever
at the side of the car that 1ifts the pin from one of the couplers.

In the current system of car coupling, an inbound train
must wait for some time on a receiving track while a crew opens the angle
cocks on each car. The train is then broken up after classification,
either by flat switching or on a hump. In either case, the pins must
be pulled by manually operating a lever to separate the cars as needed.
(The air hoses are pulled apart when the cars separate.) When blocks of
cars are made into a train, the angle cocks must be closed and the air
hoses coupled together in an operation that train crews call "lacing the
air." Then the reservoirs are charged by connecting the train to a
supply of air. After charging, air flow is measured to assure that there
are no leaks in the system.

The bleeding, charging, and testing of the air-brake

system consume not only time but also labor, performed under dangerous
conditions to open and close angle cocks, lace air, and pull pins,

4.3.2.2 Proposed Coupler System

To alleviate some of the problems inherent in the existing
coupler system, automatic couplers have been proposed. The most
rudimentary system would provide for the automatic connection of the air
lines at the same time that the mechanical connection is being made.

The air connection would be affixed to the couplers, and guides would
direct the couplers to a positive mating of the air lines while the
couplers were being mated. European passenger trains and rapid-transit
cars in the United States have used such systems for many years although
coupling and uncoupling does not occur frequently in these applications.
Automatic air coupling and the saving of air in the reservoirs would
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eliminate the labor and ‘time involved in bleeding, lacing the air, and
charging the brake system.

After the concept of making an automatic air connection
was well established, engineers began to consider the potential for
making automatic electrical connections between cars.®3 These con-
nections are about as complex as air coupling.

With an electrical connection, several new control concepts
are possible, such as an electric rather than a pneumatic brake signal,
The electrical brake signal would act almost instantaneously on all cars,
rather than having to control the train that has a signal lag for brake
application between the engine and the point of application. A 100-car
train, the brakes on the last car are not fully applied until 93 seconds
after the command is given by the engineer.6l+ With suitable sensors,
more electical signals could be transmitted between car and engine to
describe the condition of the load, the condition of bearings and wheels,
or the quality of ride. These signals may augment an engineer's
feel of train handling and allow him to handle the train better and
prevent damage to lading.

When electrical control of braking becomes possible, such
a system could be adapted to operations in the yard. Ditmeyer and Lang63
proposed that the angle cocks be rigged to store the air in reservoirs
in a "yard" position of the cock that would allow the car to roll
freely with the air connection unfastened. At the same time, the elec-
trical control of the brakes could be actuated remotely to act as a
retarder to control the impact velocity of the cars in much the same
way as in the Sonicar. If electrical control signals were provided for
each car, an operator on the train could remotely pull the pin on any
coupler in the train and the need for manual pin-pulling operations
would be eliminated.

The implementations of any of these concepts would change
significantly, the operation of a switchyard; the amount of labor, costs,
and delay time would be reduced, and the complexity of the yard and its
equipment would increase. If only part of the car fleet is equipped
with automatic couplers or remote control of pins or brakes, it may
be necessary to set up separate yards to handle trains with equipped
and nonequipped cars, and this would add operational and financial
complications to railroad systems. The FRA and AAR are studying
advanced concepts in coupling and braking systems

4.3.3 Switch Engines

Switch engines are an integral part of the operation of freight-
car classification yards. Because they are the principal power used to
move cars from one portion of the yard to another, they are an important
element in the sorting and classification of railroad cars within the
yard and in the movement of cars to and from industries located nearby.
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It is highly unlikely that stationary devices within the yard, (such as
hydraulic boosters, cable devices, or linear-motor booster) will eliminate
the need for motive yard power before the end of this century.

4,3.3,1 Motive-Power Technology

The majority of the U.S. switch-engine fleet is composed
of diesel-electric locomotives although some electric switch engines are
in operation. Any future changes in motive-power technology used in
yard switching operations will come about through improved operating
economies (such as decreased fuel or manpower requirements), service,
and availability, lower maintenance costs, decreases in damage to track
structure, higher power output per unit weight, and better adhesion
qualities. Some alternative motive-power technologies that may be
applicable to switchyard operations are described in the following
sections. It is unlikely that the introduction of any motive-—power
technology radically different from the diesel-electric unit will be
widely adopted before the year 2000. There are many constraints to the
replacement of tried and proven motive-power technology. This is partly
evidenced by the amount of time that was required by the railroads to
become fully dieselized (see Figure 34). Changes in switch-engine motive-
power technology will be an evolutionary process over at least the next
10 to 20 years.
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4.3.3.2 Diesel-Electric Switching Units

Virtually all switching activity in the United States is
performed by diesel-electric locomotives. In these units, a diesel
engine drives an alternator that provides electric power to electric
traction motors on the wheels. The engine is controlled by a throttle
that selects the ranges of power and speed. Exciter controls govern the
power fed to the traction motors, and they control current and slip in
addition to maximum power draft from the diesel to prevent stalling.

The first diesel-electric locomotive manufactured in the
Unitec States was a switching unit built for the Central BRailway of New
Jersey in 1925. Until the advent of the streamliners in the mid-1930s,
most diesel-electric locomotives were used for yard switching only,
primarily because of their low horsepower-to-weight ratios and slow
speeds.65 Their advantages over steam locomotives for switching activi-
ties, however, included greater thermal efficiency, ‘cleanliness, one-man
operation, less frequent maintenance and repair, and smaller consumption
of water. Continued development of diesel-engine technology has also
dramatically improved their horsepower-to-weight ratios and speed
characteristics. Currently, switching units are commonly in the 1000
to 1500 horsepower range although remotely controlled "B" units are
often used in conjunction with controlled units to provide extra power.

The size of the diesel switching fleet has been declining
over the past several years (see Table 23). Reduction in carloadings
caused by the use of larger cars and the bypassing of switchyards by unit
trains probably account for this decline. The fleet was primarily
procured in the 1950s (Table 24). Because the useful life of diesel-
electric engines might be estimated at approximately 20 to 25 years,
there will probably be considerable replacements within the next few
years. Most of these engine replacements will be either new or rebuilt
diesel-electric locomotives, thereby assuring the continued high reliance
on diesel-electric switching units at least into the 1990s.

4.3.3.3 Diesel-Hydraulic Locomotive

Many European railroads are using diesel-hydraulic units
for both switching and roadhauling. In this motive-power unit, the
diesel engine is coupled to the driving wheels by a hydraulic transmis-
sion similar in concept to automatic transmissions in automobiles.

These hydraulic transmissions use combinations of fluid torque converters
and gearboxes to allow wide variation in the tractive effort and speed
produced by a locomotive. Some of the more well-known tyges of hydraulic
transmissions are Mekhydro, Voith, SRM, and Rolls Royce.6

At least three U.S. railroads have recently tested

European-built 1250-hp diesel-hydraulic units in both yard switching
and road-haul environments. Approximately 1100 such units are in
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Table 23

DIESEL-ELECTRIC SWITCH ENGINES IN THE UNITED STATES
(Class I Railroads)

Unit Balance at End
Year | Type | Additions | Retirements of Year
1971 A 147 397 5,495
B 6 49 48
1970 A 152 352 5,756
B 4 1 91
1969 A 210 1,019 5,961
B 3 4 88
1968 | -~ -- -- -
1967 A 311 679 6,980
B 5 6 81
1966 A 379 650 7,347
B -- -- 84
1965 A 382 421 7,624
B 6 1 84
Source: Reference 66.
Table 24

AGE OF SWITCH ENGINES IN 1967 FLEET

Date Originally
Built Number of Units
1967 63
1966 120
1965 94
1960-64 158
1955-59 1,161
1950-54 2,725
1945-49 1,724
1940-44 810
Before 1940 125
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service in Europe.®® It is reported that the 1250-hp diesel-hydraulic
locomotive uses about nine gallons of fuel per working hour.

Some of the claimed advantages of the diesel-hydraulic
locomotive include:®9,70

a) Continuous low-speed operation at full load with-
out overheating.

b) The high-torque conversion ratio available with
the hydraulic transmission produces the high
starting tractive effort required in many
locomotive applications.

c) Ease of maintenance and repair and a reduction
in repair costs.

d) Ability to exert full tractive effort at stand-
still without damage or overheating.

e) Shut-off and quick-start capabilities that
avoid long idling periods, thereby reducing
fuel consumption, noise intrusion, and air
pollution.

f) Lower unsprung weight on axles than the electric-
drive.

g) Hydraulic braking to reduce wear and other
problems connected with the normal locomotive
braking system.

A number of U.S railroads tested diesel-hydraulic locomo-
tives during the early 1960s (a European-built 3600-hp unit and an
American-built 4000-hp unit):; however, neither was ever adopted by a
major U.S. railroad on a large or even moderate scale. This early
rejection of diesel-hydraulic locomotives may lend some credence to the
theory that diesel-hydraulic engines rated over 1500 hp are not competi-
tive with diesel-electric engines of similar horsepower. This small
penetration into the U.S. market may also be the result of other factors,
such as the U.S. railroads' desire to maintain some uniformity within
their motive-power, fleets or their reluctance to rely on overseas sup-
pliers.

4.3.3.4 Electric Switch Engines

An electric switch engine has characteristics that make
it superior to other engines when high power i1s required for such inter-
mittent applications as kicking cars in flat switching. During these
brief periods, the unit has the almost unlimited power of the central
station from which to draw. The traction motors and associated equipment
need only be sized for the average power that they will generate; the
heat dissipation limits the length of time that they can be overloaded.
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The disadvantage of the electric switch engine is that it must follow the
source of electrical power. This means that either the entire terminal
area and yard must be equipped with catenaries or electrified rails.

An additional drawback is that the electric unit must hand over its

cars to a diesel-electric or other self-powered unit if a move is to be
made outside the electrified area. Both af these types of electrical
distribution systems are costly and pose safety problems. Electrified
rails can be particularly hazardous to yard workers who walk along the
tracks to examine cars and loads. For these reasons, only 13 electric
switch engines were reported in service in the U.S. at the end of 1971.

4.3.3.5 Gas-Turbine Locomotive

Perhaps the most frequently considered alternative to the
diesel-electric engine is the gas-turbine locomotive. The gas-turbine
could have many advantages over a diesel-electric in that it is smaller,
lighter in weight, and mechanically simpler to operate.’® It requires
no cooling water and is much easier to lubricate than diesel locomotives.
Another advantage is that they can be designed to burn various types
of fuel such as o0il, kerosene, and propane; even the use of coal as a
fuel has been researched.

The gas-turbine locomotive also exhibits many adverse
features, however, that tend to make its use less attrative than diesel
locomotives. 1Its principal disadvantage is high fuel consumption.
Primarily because of this factor, a 6000-hp gas-turbine locomotive
developed by Electro-Motive Division (EMD) of General Motors was
considered by the manufacturer to be not economically competitive with
diesel-electric locomotives. The idling fuel-consumption rate of the
EMD gas-~turbine was apgroximately 30 to 35 percent of its full-load
fuel-consumption rate,’! which would be highly undesirable in a yard
switch engine because of the great variation in loads. In addition to
poor efficiency at low power, the gas-turbine also loses much power
when operated during warm weather and at high altitudes.®"

Because of these efficiency characteristics, the gas-
turbine engines will probably not be used within our study period to
power switchyard locomotives. The stop-and-go low power/full power
characteristics of switch-engine operations are perhaps the worst type
of operating conditions for gas—turbine locomotives. One possible
exception that may allow the efficient operation of gas-turbine engines
to power switchyard locomotives is the use of relatively small gas-
turbines in conjunction with energy-storage flywheel devices. It is
more likely that gas-turbine locomotives will be used on long-distance
freight and passenger trains. Gas-turbine locomotives are already
operating on passenger trains both here and abroad and have found
limited use in hauling heavy long-distance freight trains in this
country (on the Union Pacific Railroad).
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4.3.3.6 Energy-Storage Flywheel Switch Engines

The duty cycle on a switch engine is highly variable, It
has been estimated that an average yard switch engine works under load
only ten out of 24 hours. The diesel engine does not operate extremely
efficiently under low or no-load conditions and, in fact, a substantial
fraction of the full-load fuel-consumption rate occurs during engine
idle. One possibility for increasing switch-engine efficiency is the
inclusion of an energy-storage flywheel 68,69 to store energy generated
by the engine during what would normally be low or no-load conditions,
This energy would be in the form of kinetic energy and could be employed.
to provide additional power under full-load conditions. In addition,
the use of regenerative braking, where braking requirements could be
used to recharge flywheel energy, would greatly improve the efficiency of
such a power unit in switchyard operations. In this regenerative braking
application, the flywheel can be used to recycle energy as a result of a
repetitive duty cycle of high accelerations and decelerations needed to
classify freight cars in a flat yard. 1In cooperation with the manufacturer
of a flywheel energy-storage device and several railroads, the FRA is
considering an investigation of the practicality of such units in the
regenerative braking application for switch engines.

The feasibility of using flywheels as energy-storage
devices has been demonstrated recently in the operation of rapid-transit
vehicles. In addition, flywheel-type locomotives of slightly different
designs have been used for mining and industrial switching work in
England, France, Belgium, and South Africa.89

4.3.3.7 Switching Mules

A "mule" is a prime mover that, with limited tractive
effort, can move one loaded car or a few empty cars at very low speeds.
Mules are normally used in rail-customer facility where operations may
require moving loaded cars or spotting empties and when an industrial
user does not want to invest in a switch engine that may cost on the
order of a quarter of a million dollars. Instead, a gasoline or diesel-
powered mule, operated by one person at a cost of approximately $10,000
or less, is used for thils operation. Some of these units are able to
apply an upward force against the coupler of the car they are handling,
thereby borrowing weight from the load to increase their tractive work.

Although mules have several applications in a switchyard,
they are infrequently used. They could handle single cars, such as at
scales, or move bad-order cars to the rip tracks. Both applications
require the movement of only one car at a time and over small distances.
A larger mule may deliver single or empty cars to industrial customers
to reduce engine and crew costs, and the transfer could be made at a
cost comparable to that of motor trucks.
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4.3.4 Switch Engine Control Technology

In addition to motive~power technology, other technologles
related to the control of yard switch engines have been developed. This
section describes some of this switch-engine control technology.

4.3.4.1 Remote Speed Control of Hump Engines

Precise control of hump-engine speeds is important to
ensure the proper spacing of cars as they roll down the hump through
the yard switching area and to ensure that the pin-puller speed is not
exceeded. The accurate maintenance of a constant speed requires contin-
uous throttle adjustments to compensate for the fact that the number of
cars being pushed is progressively reduced. The throttles of hump
engines, therefore, are often supplemented with a rheostat that gives a
fine control of excitation on the generator, thereby providing vernier
control within the throttle positions.

Remote control of the excitation 1is also possible when an
appropriate hump-speed request is sent by radio to the locomotive. The
requested engine speeds (either manually or automatically by a computer)
are compared to actual rates measured by axle tachometers to achieve
accurate control of the hump-engine propulsion system. The locomotive
brake and emergency system can also be remotely controlled. At present,
the locomotive operator remains aboard the hump engine to observe
abnormalities, perform coarse throttle settings, and back the engine
when necessary. The cost of modifying existing hump engines to include
remote speed control has been estimated at approximately $30,000.67

4.3.4.2 Remote Control of Switch Engines

Equipment is availlable to perform all operations necessary
for the remote control of switch engines. Multiple-channel radio
controllers allow the operator to perform switching activities and to
move cars from a remote location. Rallroads are not using this equipment
for switching, however, because of the possible danger to men and
equipment and because of labor-management agreements. Applications are
limited to several installations in mining operations and in a steel mill
where the switcher moves cars around in a limited area, in a routine
pattern, and where access can be controlled.

4.3.4.3 Dead-Man Control

The dead-man control is an air-operated device installed
on some of the newer switch engines used in yard. It is an on-board
safety system that automatically stops a moving locomotive when the
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engine is not attended after a certain period of time. The engineer
aboard such a locomotive must periodically reactivate a switch to keep
the locomotive in motion.

4.3.4.4 Automatic Wheel-Slip Control

The large amount of sand typically found around switchyard
tracks attests to the tractive-effort requirements of yard switch engines.
To suppress locomotive wheel-slip and thereby increase tractive effort
capabilities, various wheel-slip control systems have been developed by
both locomotive manufacturers and individual railroads. One such system,
recently developed by Canadian National Railways, has been found to
produce a consistent 20 percent increase in tractive effort over a
locomotive's speed range because of better utilization of available
adhesion.”’2 1In this unit, an axle generator on each axle provides the
basic wheel-slip input. Electronic circuits then develop individual
wheel speeds and accelerations. Circuits also detect wheel slip, based
on absolute acceleration, absolute wheel speed (overspeed), and relative
wheel speed. The corrective action is dependent on the magnitude of the
slip and the number of slipping axles. Power to the traction motors is
reduced only enough to eliminate the slip without reducing drawbar pull
more than necessary.

The advantages of improved wheel-slip control systems
include increased tractive effort, reduced slack action, and the improved
lifetime of wheels and traction motors.

4.4 OPERATING PROCEDURES AND PROCESSES

Railroad classification yards and terminals often represent large
investments of time and capital. Once built, they generally are not
easily modified unless provisions for change were incorporated into the
original design. Traffic demand at a yard can vary significantly over
time. For example, the construction of new plants and/dr the abandonment
of older ones can cause a radical change not only in the amount of traffic
handled in a yard but also in the distribution patterns associated with
the traffic. Railroad mergers, market fluctuations, new services,
revisions in system-operating strategies, and other factors can also
change the demand for switching services at individual yards. Although
some changes may develop over many years, others occur rapidly; even
seasonal variations in the amount and distribution of a yard's traffic
can be significant.

A yard's capabilities can be exceeded by changes in traffic demand
and distribution patterns. For example, system operations may require
that a yard switch and classify more cars than it is able to, or that
it sort cars into more blocks than the number of available class tracks.
One solution to this problem is to modify yard design to handle the
additional processing requirements. Building more class tracks,
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converting a flat yard to a hump yard) or adding better signaling and
communication systems can increase yard capabilities although such changes
are expensive. Many railroads have avoided the expense associated with
yard modifications by using different operating procedures that can be
structured to alleviate specific problems. It has been stated that the
modification of yard operating procedures could increase classification
yard productivity by 50 percent without any additional capital invest-
ment.’3 In this section, some of the processes specifically related to
yard operations are discussed.

4.4.1 Dynamic Assignment of Classification Tracks

Railroad classification yards are used for disassembling in-
coming trains into individual cars and groups of cars, sorting these
cars to form blocks of cars to distinct destinations, and sequencing
and assembling these blocks into outgoing trains. In the past, the
sorting process required that cars be switched to a track dedicated to
the accumulation of cars slated for a certain destination or purpose.
For example, a yard might reserve one track for the accumulation of
those destined for Chicago, another for Detroit, and others for cars
requiring special processing, such as repairs or weighing. Because
the pairing of class tracks and destinations does not vary from day to
day or within a given day, it is referred to as a '"static assignment of
classification tracks." The major problems associated with this process
are that the number of cTassifications or blocks made up by the yard
cannot exceed the number of class tracks, changes to the systemwide
blocking strategy may be difficult to implement rapidly, and the utiliza-
tion of the class tracks may be inefficient.

To overcome these problems, most of the newer hump yards and
many older ones are dynamically assigning or "swinging" class tracks based
on switching and train-service requirements. For example, if a train
is scheduled to depart at 8 P.M., class tracks may not be assigned to
the blocks that make up the train until 11 A.M. so that they can be used
for making up other blocks during the rest of the day. As a result, the
dynamic assignment of class tracks can effectively increase not only
the number of blocks or classifications but also the utilization of those
tracks. It is also an integral part of such other yard processes as
multistage switching.

The implementation and operation of the dynamic class-track
assignment process varies among yards because its efficient use depends
on many yard-specific factors. Among these factors are the availability
and reliability of advance consist information, train arrival and

departure patterns, and the distribution of the traffic processed through
the yard.
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4.4,2 Multistage Switching

Multistage switching describes the process of sorting and
sequencing cars and groups of cars by more than one classification
operation per care s Multistage switching allows a given yard to
make up many more classifications than for which it has tracks. Many
U.S. railroads have used some form of multistage switching to increase
the classification capabilities of various yards. Most of the yards
in the United States that use multistage switching techniques are either
hump yards or flat yards with standard geometric features. The construc-
tion of new yards specifically designed to facilitate multistage switch-
ing, however, has been advocated. A portion of the Sante Fe hump yard
at Barstow, California, has been so designed.78-‘79

Four strategies for sorting and sequencing cars by multistage
switching are described below. Throughout most of our description we
use the following definitions and symbols, which are keyed to individual
outbound trains that are to be formed and dispatched from the yard.
Uppercase letters (such as A, B, C, ...) denote specific outbound
trains. Each outbound train is made up of cars that have been sorted
and grouped into blocks that are then sequenced to form the train.
These blocks are identified by subscripted uppercase letters that denote
which outbound train the block of cars is to depart with, and the
subscript specifies the sequence or location of the block within the
train; thus, A} refers to the first block from the head end of out-
bound Train A, and D3 refers to the third block of cars from the head
end of outbound Train D. Subscripted lowercase letters denote individual
cars that will utimately be formed into the correspondingly labeled blocks;
thus, b3 is a car that will be grouped with other bj3 cars to make up
the third block from the head end of outbound Train B. Subscripted
lowercase letters enclosed in parentheses indicate that the cars are
randomly mixed.

4.4,2.1 1Initial Sorting by Block Sequence

In the first stage of the multistage-switching strategy,
all cars with the same block-sequence number, or subscript, are grouped
together on the'same track, irrespective of outbound-train designations.
As a result, all cars that will ultimately make up the first (or head
end) block on all outbound trains will be grouped together in random
fashion on a common track, cars that will make up the second blocks will
be assigned to another track, and so on. After the initial switching
has been completed, the individual tracks may contain cars as shown in
Figure 35. At this point, the first stage of the switching process has
been completed.

The groups of cars are pulled back onto the switch or

hump lead so that those having lowest subscript precedes the group with
the next lowest, as shown in Figue 36. The cars are then reswitched
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FIGURE 35 STRATEGY 1: CAR GROUPING
AFTER FIRST-STAGE SWITCHING
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FIGURE 36 STRATEGY 1: ARRANGEMENT OF GROUPS
FOR SECOND SWITCHING

according to eutbound-train order. All cars for Train A will be grouped
in correct block order on one track, cars for Train B on another track,
and so on, as shown in Figure 37.
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FIGURE 37 STRATEGY 1: BLOCK ORDER
AFTER SECOND-STAGE
SWITCHING
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The second stage of the switching process can be performed
alternately on a track-by-track basis if enough tracks are available for
the reswitched cars. Some of the characteristics of this switching
strategy are:

a) Each car is switched twice.

b) The blocks of cars are placed in the correct
sequence for the outbound trains after the
second-stage switching.

c) All of the outbound trains are formed
simultaneously.

d) The number of classification tracks required
during the initial sorting or switching process
is equal to the maximum number of blocks in any
outbound train.

e) The number of empty tracks used during the second-
stage switching is equal to the number of trains
being formed.

f) The length of the sorting tracks used during
the initial switching should be long enough
to adequately hold the groups of cars as
sorted by block sequence number. If they
are not long enough, additional tracks can
be used. The length of the tracks required
for the second-stage switching should be
long enough to hold the assigned and assembled
outbound train.

This strategy may be useful when the number of blocks
of cars on each train is roughly equal to the number of trains to be
made up. Because this strategy can simultaneously form a number of
trains, it may also be of value to those yards in which interference
and other problems are caused by peaks in the outbound-train schedule.

4,4.,2.2 1Initial Sorting by Outbound Trains

This is perhaps the most widely used multistage-switching
strategy in the United States. It is a two-stage process referred to
as "geometric switching'" by railroad operating personnel. Although we
do not know the origin of this term, we suspect it was mistakenly applied
to this strategy through confusion with another switching strategy that
was more appropriately labeled as geometric switching. Extreme care
must be taken to avoid confusing the two strategies because their charac-
teristics differ significantly.
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In the initial-sorting-by-outbound-train strategy, cars
that are to be dispatched in the same train are initially grouped together
on the same track; thus, all cars for Train A would be grouped on one
track, all cars for Train B on another track, and so forth. (In a varia-
tion of this strategy, cars for two outbound trains may be grouped on
one track--cars for Trains A and B on one track, cars for Trains C and D
on another track, and so on. Because this variation subsequently requires
more avallable class tracks during the second stage or additional switch-
ing and sorting, it is not generally used). As shown in Figure 38,
the cars, although sorted by outbound trains, are randomly mixed and are
not separted or sequenced in blotrk order.

(a1, 8, 85 . ..

¢
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FIGURE 38 STRATEGY 2: CAR GROUPING
AFTER FIRST-STAGE
SWITCHING

In the second stage of this switching process, cars are
pulled from one track onto the switch lead and are then reswitched by
blocks; that is, all cars in the first block are grouped together, all
cars in the second block are grouped together, etc. The cars for one
outbound train are now grouped as shown in Figure 39, and the cars for
the other outbound trains remain in somewhat random order on their
originally assigned tracks. Train A can now be formed by either
doubling or transferring Blocks A1, A2, and A3 in the correct sequence to a
makeup or departure track. Trains B and C can similarly be reswitched
and made up.

The most prominent characteristics of this particular
sorting strategy are:
a) Each car 1s switched twice.

b) Blocks of cars are formed on separate
tracks, thus requiring additional transfer
and coupling of the blocks to make up trains.
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FIGURE 39 STRATEGY 2: CAR GROUPING AFTER
RESWITCHING ONE TRACK

c) Trains can be formed at different times
and in different sequences.

d) The minimum number of available tracks required
during the first stage of switching depends
on the number of outbound trains to be formed
and how they are grouped.

e) The number of available tracks required when
reswitching any one track is equal to the
number of blocks contained on that track.

f) Insufficient track length is a problem encoun-
tered more often in the first than in the
second stage of the switching process.

This switching strategy is useful when outbound trains
do not have to be formed simultaneously or when time priorities have
been established for making up outbound trains. It is also of value
when the number of blocks in the outbound trains does not exceed the
number of available tracks or when the number of tracks initially
available is small.

4.4.2.3 Triangular Switching

Triangular switching is a multistage process frequently
used in European classification yards. Unlike the above two strategies,
this is more than a two-stage process and many cars may require three
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or more switching operations. Triangular switching involves initially
sorting cars according to car subscripts arranged in the following pat-
terns:

1 3 5 8 12
2 6 9 13

4 10 14

7 15

11

In this switching process, the definitions of block subscripts are changed
somewhat. Although the first block in the first train (say Train A). is
still labeled A1, the first block in the second train (Train B) is

labled By, and the remaining blocks continue to be numbered in an ordered
sequence (B3, By, Bs, ...). The first block in Train C is C4»> and the
first block in Train D is D7; the remaining blocks in both trains are
labeled in ascending ordered (Cs5, Cg, C7, ... and Dg, Dg, ...). The
numbers used to label, or subscript, the first blocks of the different
trains (1, 2, 4, and 7) are the numbers that appear in the first column
of the sorting pattern. If a fifth outbound train was to be formed,

its first block would be subscripted by an 11 (Ejj). The advantage of
modifying the block labeling should become apparent during the discus-
sion of this strategy.

The following example illustrates how the triangular
strategy is used to make up four outbound trains (A, B, C, and D)
that have, respectively, 10, 9, 7, and 4 blocks each. Train A4,
therefore, is made up of blocks Ay, Aj, <.+, Ajg, Train B is made up
of blocks By, B3, ..., B1g, Train C is made up of blocks Chs C55 oy
C10, and Train D is made up of blocks Dy, D8, ..., DigQ-

The first stage of triangular switching involves group-
ing together all cars whose subscripts are located on the same row of
the sorting pattern. All cars having the subscripts 1, 3, 5, or 8 (the
first row of subscripts) are grouped on one track; cars with the subs~
scripts 2, 6, or 9 (the second row of subscripts) are grouped together
on another track. Cars with subscripts 4 or 10 are gathered on a third
track, and cars having subscript 7 are collected on a fourth track.
After this first stage has been completed, the cars are grouped as
shown in Figure 40.

In the second stage of triangular switching, cars on
Track 1 are pulled back and reswitched. The aj cars are directed to
Track 1. The a3, b3 cars are collected on Track 2 and the ag, bs, cj5
cars are collected on Track 3 behind the existing cars. The ag, bg,
cg, dg cars are switched to Track 4. Figure 41 shows the grouping of
cars within the yard after reswitching Track 1.
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FIGURE 40 STRATEGY 3: CAR GROUPING AFTER FIRST-STAGE
SWITCHING
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FIGURE 41 STRATEGY 3: CAR GROUPING AFTER RESWITCHING
TRACK 1

Track 2 cars are now pulled back and reswitched. The a»
cars are directed to Track 1, the b2 cars are directed to Track 2, and
the ag, bg, cg cars are switched to Track 3. The ag, Cg, d9 cars are
collected on Track 4. The ay cars are collected behind the ap cars on
Track 1, and the by cars are collected behind the b2 cars on Track 2.
Figure 42 shows the groupings of cars after reswitching Track 2.

The cars in Track 3 are now pulled back and reswitched.
The ay, ag, ag cars are switched in sequence behind the A, block on Track
1 and the b,s bg, bg cars are grouped in block order behind the B3 block
on Track 2. The ¢4, cg, Cg cars are collected in correct block sequence
on Track 3. The remaining cars (alo, blO’ C10s le) are switched to
Track 4. The resulting distribution is shown in Figure 43.

Cars on Track 4, already grouped by subscripts, are next
pulled back and reswitched with all a-cars going to Track 1, all b-cars
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FIGURE 42 STRATEGY 3: CAR GROUPING AFTER RESWITCHING TRACK 2
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FIGURE 43 STRATEGY 3: CAR GROUPING AFTER RESWITCHING TRACK 3

Cars on Track 4, already grouped by subscripts, are next

pulled back and reswitched with all a-cars going to Track 1, all b-cars
to Track 2, all c-cars to Track 3, and all d-cars to track 4. The four

outbound trains have now been formed, using only four classification
tracks.

4.4.2.4 Geometric Switching

triangular switching.

Geometric switching is a car-sorting strategy similar to
The principal difference between the two strategies

1s the following sorting pattern:
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1 3 5 7 9 11
2 6 10

4 12 |

8

The numbers in each column form a geometric series which is the basis
for the name of this strategey.

Geometric switching is described by the same example used
to explain triangular switching. The first blocks of Trains A, B, C,
and D are subscripted with the appropriate numbers found in the first
column of the sorting pattern. The first blocks of Trains A, B, and C
are designated as Ay, By, and C4, respectively. The first block of
Train D, however, is labeled Dg instead of Dy, and its remaining three
blocks are Dg, Dy, and Di1.

The initial switching of cars is analogous to that in
triangular switching. All cars labeled with subscripts that are listed
in the first horizontal row of the sorting pattern are assigned to one
common track, cars labeled with the subscripts listed in the second
horizontal row are assigned to a second track, and so on. Figure 44

shows the grouping of cars in the yard after the initial switching has
been completed.

(a). ag 7+ 8g g, b, b, by, g, € ey, dg. dy )
TRACK 1

(a,,a., a,,, b, b.,b ., c.c ., d )
86 810" ©2' %6 P10 C6' C10¢ Y10
///////// 26 TRACK 2

TRACK 3

85,8

TRACK 4

FIGURE 44 STRATEGY 4: CAR GROUPING AFTER FIRST-STAGE SWITCHING

The subsequent reswitching of Tracks 1, 2, 3, 4, is
again analogous to the reswitching in the triangular strategy. The
groupings of cars and blocks of cars on the class tracks after re-
switching are shown in Figures 45-48.
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FIGURE 45 STRATEGY 4: CAR GROUPING AFTER RESWITCHING TRACK 1
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FIGURE 46 STRATEGY 4: CAR GROUPING AFTER RESWITCHING TRACK 2
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FIGURE 47 STRATEGY 4: CAR GROUPING AFTER RESWITCHING TRACK 3
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FIGURE 48 STRATEGY 4: CAR GROUPING AFTER
RESWITCHING TRACK 4

The characteristics of triangular and geometric switching
are similar. In both strategies, all cars are switched at least twice
and many cars may be switched three or more times, depending on the
maximum number of blocks in the outbound trains; all outbound trains
are formed simultaneously with the correct block order: the number
of classification tracks required is small compared to the number of
blocks that are sorted (for example, in the sample sorting and train-
formation problem, only four tracks were required to sort 30 blocks of
cars and to make up four trains); the length of the classification
tracks must be long enough to store adequately the lengthy groupings
of cars that are made up when using either of these two strategies.

Both strategies are particularly suitable in situations
where a large number of blocks must be sorted and where the available
classification tracks are few but long. Generally, triangular switching
is preferred over geometric switching because it requires less re-
switching.

4.4.3 Preblocking

Preblocking is a process whereby one yard makes up trains from
cars that have been sorted and grouped into blocks that correspond to
the classification strategy used in a subsequent yard. When the pre-
blocked train arrives at the yard where it is to be reclassified, the
cars can be switched and handled as blocks rather than as individual
cars. Although this process dramatically reduces the amount of switch-
ing work required in subsequent yards, it increases the amount of
switching work performed by the yard that preblocks the train.

The benefits of preblocking are not always easily defined
or discerned at the yard level because of the trade-off of switching
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work and costs between yard facilities. Preblocking could be advan-
tageous, however, in those situations where it reallocated the switching
and classification work load from inefficient high-cost switchyards to
more efficient yards having lower costs per switch.

An additional factor that must be considered is the relative
operating characteristics of different yards and types of yards. 1In a
hump yard, for example, the switching rate (hump speed) is generally
constant and is not normally dependent on the sequence or grouping of
cars being humped. In a flat yard, however, the switching rate is
related to the number of cuts within the group of cars being switched.
Because preblocking can significantly reduce the number of cuts, it can
reduce the switching time and work in flat yards. Preblocking, there-
fore, should generally be performed at hump yards because these yards
can switch and classify single car cuts nearly as efficiently as they
classify pregrouped multicar cuts. On the other hand, preblocking should
generally be done for subsequent flat yards rather than for subsequent

hump yards because of its potential for decreasing switching time and
effort in flat-yard switching facilities.

4.5 YARD GEOMETRIC DESIGN

Within the United States, the two fundamentally different geometric
track patterns used in the design of railroad classification yards are
the flat yard and the hump yard.

4.5.1 Flat Yards

The flat yard is composed of a series of tracks joined together
by a ladder track and a switching lead (Figure 49). Cars are sorted by

LADDER / \
TRACK \/ \
/ CLASSIFICATION TRACKS \

e .Y
SWITCHING LEAD / \

FIGURE 49 TYPICAL FLAT-YARD TRACK CONFIGURATION
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being pushed generally by a switch engine until reaching a certain

speed and then uncoupled and allowed to roll freely into the correct
classification track. To prevent premature car stoppages on switching
leads, ladder tracks, or classification tracks, flat-yard ‘tracks are
constructed with slight grades to improve rollability. Flat yards are
designed and constructed to be somewhat saucer shaped, a shape that

tends to cause free-rolling cars to accumulate in the middle of the yard.

In most flat yards, classification tracks are used not only
for sorting cars but also for receiving inbound trains and making up out-
bound trains. This mixing of track functions can cause considerable in-
terference within the yard and much operational inefficiency when
operating near capacity.

4.5.2 Hump Yards

Figure 50 is a stylized track configuration of the classification
portion of a hump yard. The hump lead (analogous to the switching lead
in a flat yard) usually slopes gently up from the receiving yard to the
crest of the hump. The trackage then slopes sharply downward through
the yard switching area and the classification tracks. The crest of
the hump is generally 12 to 20 ft above the level of the classification
tracks. In many yards, the slope of the lower segment of the tracks
changes to a slight positive grade to prevent free-rolling cars from
rolling out of the classification yard. (For a more complete discussion
of the design of track gradients in classification yards, see the AREA
Manual for Railway Engineering, Chapter 14.)

From the overhead view of a typical hump-yard layout (Figure
50), it can be seen that the geometric track pattern of hump yards
differs significantly from that of flat yards. Instead of all classifi-
cation tracks branching off a single lead or ladder track, they are or-
ganized in groups generally consisting of six to nine individual
classification tracks. Although early hump yards were built in the
traditional flat-yard pattern, the group arrangement was adopted as
the standard track configuration because it required fewer retarders and
reduced the magnitude of the catch-up problem.

Most hump yards are composed of a number of separate subyards
within which specific funtions are performed. In addition to the clas-
sification yard described above, hump yards generally have a receiving
yard to store inbound trains until they are ready to be classified
and a departure (or make-up) yard for the formation of outbound trains.
A much-used arrangement in which the receiving yard is followed by the
classification yard and then the departure yard (Figure 51) is called
a '"tandem" or "inline'" arrangement. Other alternatives include
the wrap-around yard where the receiving and departure yards are placed
next to the classification yard, thereby sandwiching or wrapping around
the classification yard. Other variations of the basic tandem and
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wrap-around configurations have been used, and the selection of the
geometric design is often dictated by factors other than operational re-
quirements (such as the size and shape of the parcel of available land).

The actual geometric arrangement of subyards within a yard and
the design of the trackage used to connect separate subyards can signifi-
cantly affect yard operations. For example, the construction of a
second hump lead between the receiving and classification yards can
often greatly decrease interference and improve utilization and through-
put of the hump. Our inspection of a number of different hump yards,
however, revealed that major interferences and operational problems
or bottlenecks generally occur not at the hump, but between the lower
end of the classification yard and the make-up yard. Several other
track configurations have been used in attempts to alleviate this
problem, including a '"key" track arrangement at SP's Colton Yard, where
certain groups of class tracks are extended into the departure yard
situated in tandem with the classification yard.

Many other features of a geometric design can also be re-
sponsible for major operational inefficiencies within the yard (such as
insufficient length or number of tracks in any of the subyards).

Despite the fact that the geometric configuration of a freight-
car classification yard can significantly affect yard operations, geo-
metric design appears to be based primarly on intuitive judgement and
previous experience rather than on engineering methodologies. Aside
from a few attempts to use computer simulation to assist the design
process, no determined analytical effort has been expended to improve
yard design. Even the variations in existing yard designs have not
been examined and evaluated in detail. It is not surprising, therefore,
that the geometric design of new yards does not vary significantly
from the design of other recently constructed yards. With few exceptions,
changzes in the geometric design of yards have been evolutionary rather

than revoluntionary. Some of the more radical changes are described
below.
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4,5.3 Minihump Yards

In the past, it has been generally accepted that flat yards were
more economically attractive than hump yards for handling traffic up to
about 900 cars per day. For traffic levels between 900 and 1300 cars
per day, the historical economic differences between flat and hump yards
have been somewhat marginal; for levels above 1300 cars per day, the
hump yard has clear advantages.

The minihump is a recently introduced variation of the hump
yard. Also known as poor-man's hump yards, pint-sized gravity yards,
or economatic hump yards, these minihumps can perform yard switching
more economically, in many cases, than either flat or major hump yards
at traffic levels between 500 and 1500 cars per day. Some of these
yvards are used as indutrial yards, and others are used to perform a
substantial amount of classification work.

The overall configuration of the minihump yard is similar to
that of a major hump yard except for size. The crest of a minihump yard
is much lower than that of a regular hump yard, normally between 5
and 10 ft. The distance from the crest to the clear point is generally
less than 550 ft. as opposed to as much as 1800 ft. in a large hump yard.
Minihumps generally have less than 20 classification tracks, while some
conventional hump yards have over 60 such tracks.

The location and control of retarders in minihump yards vary
significantly. Some yards have only a master retarder; others have
group retarders as well. Some minihumps use tangent point retarders.

The control of the retarders and the switches can be manual or automatic.
Most of the minihump yards use hydraulically actuated clasp-type
retarders, and the leakage of hydraulic fluid has been reported as a
major problem.

The cost of such yards is generally much lower than that of
conventional hump yards and does not greatly exceed the cost of a
comparable flat yard. Minihumps are capable of achieving humping rates
of 2.5 to 3 cars per minute which does not differ substantially from
the humping rates of many major hump yards and is approximately two
times faster than switching operations in flat yards.

4.5.4 Multistage Classification Yards

Many railroads are using multistage switching techniques to
increase yard capabilities for classifying cars for more destinations
than the number of available classification tracks. (Multistage
switching strategies were described in the previous chapter.) The
increasing popularity of multistage switching has led to the advocacy
of reducing or eliminating the pull-back operation generally associated
with reswitching or rehumping78‘81 in the design of future classifica-
tion of yards.
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Although it is not inconceivable that future flat yards could
be constructed as multistage classification yards, emphasis has been
placed on the design of multistage hump yards. Several of the two-stage
hump-yard configurations suggested by Christianson’’ are described below.

The first such configuration is,illustrated in Figure 52. 1t
consists of four sets of tracks (or subyards) situated in an in-line or
tandem arrangement. The receiving tracks are used to yard incoming
trains. Each train is humped and sorted according to the first-stage
of the sorting strategy. Each train in the first stage yard is then
rehumped over the second hump and sorted into the second-stage yard where
the cars are then pulled into the departure yard for the formation of
outbound trains.

ARRIVAL DEPARTURE
YARD 1st STAGE 2nd STAGE YARD

HUMP HUMP

FIGURE 52 TWO-STAGE HUMP YARD (CONFIGURATION 1)

A variation of this configuration (Figure 53) uses the second-
stage yard for departure. Many existing hump yards have similar con-
figurations that, with certain modifications, could be used as two-stage
hump yards.

2nd STAGE AND
DEPARTURE
ARRIVAL
YARD 15t STAGE YARD

HUMP HUMP

FIGURE 53 TWO-STAGE HUMP YARD (CONFIGURATION 2)

Still another two-stage hump-yard configuration is the folded
two-stage hump yard (Figure 54) in which the first group of tracks is
used for receiving and departing trains and for the second stage of
sorting cars and the second group is used for the first stage of sorting.
The two groups of tracks, or subyards, are connected by a bidirectional
hump (an untried and unproven concept). If found to be operationally
feasible and efficient, this configuration would require the least
amount of land area, trackage, and hardware.
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The design of an actual yard configuration should be based on
planned sorting strategy, network blocking requirements, arrival and
departure schedules, and traffic-distribution patterns. The design of
yards on the basis of the current traffic environments, however, can
severely limit operationalbflexibility. It should be noted that changes
in one or more of these and other factors can cause the selected multi-
stage yard configuration to become inappropriate, ineffective, and
inefficient. To minimize these adverse effects, future large class-
ification yards probably should not be constructed solely as multi-
stage switching yards. Instead, multistage {(predominantly two-stage)
switching should be performed on appropriate track areas operating
as a small integrated portion of the entire classification yard. This,
in fact, appears to have been the philosophy behind the design of Santa
Fe's Barstow Yard, the first U.S. yard constructed specifically for
multistage switching.

4.5.5 Herringbone Tracks

The major traffic bottleneck in most hump yards generally
occurs in those portions of the yards used for the makeup and departure
of outbound trains. The process of making up outbound trains often
causes substantial interference and congestion in the departure yard,
thereby lowering the efficiency of train-makeup operations. To elim-
inate or reduce such problems, the Japanese National Railways have
utilized a pattern of track layout known as the herringbone.ez‘s”

Trains are made up in block order, and cars are classified in a simul-
taneous process during the first stage of switching, thereby eliminating
reswitching or rehandling.

Two variations of the herringbone track configuration are the
double (D-type) herringbone and the single (S-type) herringbone. The
double herringbone, shown in Figure 55, involves the construction of
classification tracks in groups of three. The middle track is used
only by cars in motion to pass other cars stored on the two outside
tracks; the outside tracks are used to store cars that have been
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classified for the trains being made up on these tracks. Crossovers
from the middle track to the two outside tracks are constructed at
intervals along the running track. There are additional crossovers from
the two outside tracks to the middle track. The track sections (or
pockets) formed on the outside tracks by the crossovers from the middle
track correspond to the position of blocks of cars within the trains
being made up on the outside tracks.

The double herringbone can be used to classify cars and make up
trains in the following manner: Cars destined for the various blocks
or classifications are switched to travel along the appropriate passing
track. Retarders regulate the speed of cars or cuts of cars rolling
down the passing track to prevent catch-ups on the passing track and to
reduce coupling impact. As the cars approach the pocket where cars
are stored according to thelr destination, they are switched to cross
over to the appropriate outside track after having passed other cars
that will ultimately be behind them on the outbound train. The cars
are restrained from rolling out of the appropriate pocket by car stoppers
located as shown in Figure 55. When the classification process has
been completed, all cars have been sorted into the correct blocks and
the blocks of cars have been correctly sequenced for the outbound train.
The formation of the outbound train merely requires coupling the blocks
of cars together and attaching the caboose and motive power. This pro-
cess eliminates the need for a separate departure track and the addi-
tional switching generally associated with the makeup of outbound
trains. In addition to facilitating train-makeup operations, the double
herringbone track allows any block of cars or any ordered group of
blocks to be taken out of the outside tracks.
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The single herringbone, shown in Figure 56, is distinguished
from the double herringbone by having only single crossover sets. This
configuration can be used to sort cars and sequence blocks in the same
manner as the double herringbone pattern. The single herringhouse,
however, limits the flexibility associated with pulling individual
blocks of cars because they can only be pulled in one direction.

The concept of the herringbone tracks dates back to 1912 and
was strongly advocated in the United States by George Billmeyer in 1957.
Only recently, however, has the design been constructed and tested in an
operating classification yard, the Koriyama hump yard of the Japanese
National Railways completed in late 1968. The two groups of double
herringbone tracks in the Kariyama yard are used for the classification
and formation of road-haul trains, and they are installed among the
standard.classification tracks in the main portion of the yard. These
double herringbones are composed of eight pockets in each direction.
The single herringbone tracks in the Koriyama yard are used to make up
local trains in destination-ordered sequence. These single herringbones
are composed of ten track sections or pockets.
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FIGURE 56  SINGLE HERRINGBONE TRACKS

Herringbone track layouts eliminate much of the switching
work generally required to make up outbound trains. They also enable
a yard to make up smaller blocks of cars (8 to 10 cars) efficiently.
The minimum block size in most U.S. yards is currently 20 to 30 cars.
This capability allows a finer sort or classification of cars, thereby
reducing the need for subsequent reclassification.

A major disadvantage of the herringbone track design is that
successive cars must travel greater distances on the same passing track
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to form long trains., For this reason catch-up between cars on the same
track can become a significant problem.

4,6 TECHNOLOGICAL CHANGE IN THE RATLROAD INDUSTRY

It is widely believed, both inside and outside the railroad industry,
that U.S. railroad companies are unduly reluctant and overly cautious
about introducing or adopting new technology. After surveying existing
yard technology, much of which has been introduced on only a limited
basis by the railroad industry, we have found that product research
and development do not ensure that technological change will occur.

We believe that an essential prerequisite for R&D priorities, plans,
and programs is a general understanding of the major factors that
influence the development and utilization of new railroad technology.
For this reason a simple generalized discussion of the process of
technological change is presented and some of the major factors that
influence technology in the railroad industry are examined.

4.6.1 Process of Technological Change

In this section, technological change is defined as any change
in the factors of production that alters the cost, quantity, or quality
of production output.85 In the railroad industry, these factors include
materials, equipment, production or operating processes, labor, and

organizations. The principal reasons for changing these factors are
to improve:

Capacity
Capital and labor productivity (reduce production costs)
Product quality (the quality of freight service)

Safety and the general working environment.

Technological change should not be viewed as a single event
but rather as a continuous process of interrelated progressive
actions.86788 Figure 57 is a simplified framework of the process of
technological change. Although it is somewhat incomplete because it
does not account for the communication or feedback mechanisms
between the different stages of the process, this framework can serve as
a basis for a general discussion of technological change.

4,6,1.1 Research

In the context of thils discussion of technological change,
the term research refers primarily to applied research--that is, to
investigations principally directed toward the application of known
scientific and technological principles and developments to the solution
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of problems. This stage of the process is often characterized by tur-
moil, reexamination and reappraisal of the research approach, misdirected
efforts, and a great deal of frustration.

4.6.1.2 TInvention

The second stage of technological change is invention.
This is the point at which the concepts, ideas, and information developed
during the research stage coalesce into a plan or design for a new
product or process. The term invention, as used herein, describes an
act of insight whereby the creative human-thought processes break
through the barriers encountered during the research stage and establish
a technically feasible approach to solving a problem.

4.6.1.3 Development

Development is that stage in the process of technological
change where the basic plan or design is developed into an actual pro-
duct, process, or technique that can be used as a potential solution to
a problem.

4.,6.1.4 Innovation

Innovation is an initial adoption of a technology that is
different from the current technologies used in an industry. It is
perhaps the most important stage in the process of technological change.
Innovation by individual firms within a competitive multifirm industry
is usually characterized by a certain hoped-for potential for increasing
profits or improving operations in some respect. Because it entails a
certain amount of risk of failure, however, this stage also involves the
initial testing and evaluation of the new technology. Innovation, as
the term is used in this report, does not specifically imply a full-
scale adoption of a new technology by any individual firm; instead, the
term denotes a general pioneering effort in its utilization.

4.6.1.5 Diffusion

Diffusion of the new technology throughout the industry
is the next stage of the process of technological change. Diffusion is
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actually composed of two separate elements-—imitation of the new technol-
ogy by other firms within the industry and its penetration within
individual firms (the degree to which individual firms substitute an
innovation for current technology).

The rate of imitation of one firm's innovations by other
firms can vary significantly, depending on such factors as the nature
of the industry, type of innovation and intraindustry communication
levels. Generally, however, the rate of imitation tends to be higher
for more profitable innovations and for those that require relatively
small capital investments. As the number of firms in an industry using
an innovation increases, the probability of its adoption by a nonuser
also increases, in part because, as experience and information regarding
an 1lnnovation accumulate, the risks associated with its introduction
become less and competitive pressures rise.

The penetration of an innovation throughout individual
firms depends on firm size, management and organizational structure,
and the expected profitability of the innovation. The substitution of
new technology for current technology often starts slowly and increases
with the firm's experience and confidence in it. The rate of penetration
of an innovation can be much greater if the new technology exhibits
potentially large positive economics of scale.

The time required for the diffusion of new technology
throughout an industry is determined to a large degree by (1) its eco-
nomic advantages over current technology, (2) the uncertainty associated
with using it, and (3) the commitment required to introduce and adopt it.

The objective of solving problems can motivate the process
of techmological change in two ways. The first is the "demand-pull"
approach.89 This entails working with the knowledge of the problem and
searching for a technology that could be developed or adapted to yield
a solution. This could also be labeled the ''mecessity is the mother of
invention" approach to problem solving. An example of this approach in
the railroad industry is the development of the current ACI system,
where a problem was fairly well defined and a search was made to deter-
mine the most appropriate techmology. The second type of motivation for
technological change can be called the "supply push' approach. 1In this
approach, a technological property, process, or mechanism has been
discovered or developed and a search is made to find a problem that can
be solved by applying the new discovery or development; in other words,
one starts with a tool and then looks for an appropriate application.

An example of this approach to problem solving, which motivated tech-
nological change within the railroad industry, is the conversion from
steam to diesel-electric motive power.
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4.6.2 Factors Influencing Technological Change

The U.S. railroad system represents the first use of modern
transportation technology in this country. This form of transportation
technology dominated the intercity freight-transportation market for
more than 100 years. This dominance has been greatly diminished in
recent years, however, through the development of other competing trans-
portation technologies such as motorized highway carriers, air carriers,
inland-waterway carriers, and pipelines. These competing technologies
have successfully diverted more than half of the intercity freight
traffic (in terms of ton-miles) from the railroads. Although the rail-
road industry has introduced certain technological changes, the rate of
change has been much lower than that of competing modes. 1In this sec-
tion, some of the more important factors that influence the process of
technological change within the U.S. railway industry are identified
and examined.

4.6.,2.1 Industry Structure

The structure of the U.S. railroad industry can signifi-
cantly influence the process of tehcnological change. The railway
system within the United States is composed of approximately 200,000
miles of roadway, 328,000 miles of track, 1.7 million freight cars,
27,000 locomotive units, and over one-half million employees.1 Unlike
nearly all of the world's other large railway systems, the U.S. rail
system is not owned and operated by the government. Instead, it is a
conglomeration of about 350 privately owned and operated railroad com-
panies.90 Although some of these companies own and operate extensive
rail networks that serve large sections of the country, the majority
serve only small regional or local areas.

(1) System Compatibility--Because of the aggregate
structure of the U.S. railway system and the long-distance
freight-transportation demand patterns, a large portion of the freight
shipped by railroad travels over the lines of more than one railroad.
The efficient handling of such shipments requires that individual rail
companies use compatible rail technology. The necessity for such com-
patibility is demonstrated by the problems and inefficiencies encountered
by those rail systems that are made up of incompatible components. For
example, a system that contains track sections of different gauges will
waste a large amount of manpower and time in the additional handling of
freight during the interchange process.

The requirements to maintain rail-system compatibility
can severely constrain the introduction of new technology that is not
compatible with existing rail technology. A major reason for this con-
straint is the railroad industry's large investment in current technol-
ogy associated with its fixed plant and rolling stock, and thé
introduction of incompatible new technology would require large-scale
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replacement of the existing plant and equipment. This, in turn, would
require a massive investment of capital and the writeoff of a substantial
amount of railroad investment in fixed plant and/or equipment because of
the typically long life of rail technology.

The integrity and compatibility of the U.S. railroad sys-
tem was initially developed, with some difficulty, during the late
1800s. The continued maintenance and ensurance of this compatibility
is accomplished through organized programs of self-regulation within
the industry in such areas as equipment standards, safety standards, and
car movements. The coordination of these programs is one of the func-
tions of the AAR which was organized in 1934 through the consolidation
of other railroad industrial organizations to represent the common
interests of the railroad industry. Within the United States, 116
line-haul railroads, 72 switching and terminal railroads, and one leased
line belong to the AAR; five Canadian and five Mexican railroads also
belong to the AAR.

The AAR attempts to maintain the compatibility of the
railroad system by establishing equipment standards. Because AAR member
railroads operate approximately 95 percent of the U.S. railway mileage
and carry 99 percent of U.S. freight ton-miles, any regulation or
standard adopted by the AAR generally becomes an industry standard.?!
Through its regulatory and standard-setting activities, therefore, the
AAR significantly influences the process of technological change in the
railroad industry. It is generally believed that the AAR promulgation
of regulations and standards has had a positive effect on the introduc-
tion and diffusion of new technology throughout the industry. For
example, AAR regulations accelerated the conversion from journal bearings
to roller bearings, and the rapid industry-wide application of ACI labels
on freight cars may not have been possible without AAR action. Having
established a standard, however, AAR regulations can also inhibit the
development, testing, and adoption of new and different technologies.

For example, the AAR national code of weighing rules was established in
1914 and prohibited weighing freight cars while coupled or in motion.
This code of rules has been cited as a major factor in delaying the

introduction of coupled weigh-in-motion scale technology into the rail-
road industry.

Not only can equipment standards delay or inhibit the
development and introduction of new technology, but they also can cause
the introduction of technology that does not perform as well as required.
For example, many railroads still do not believe that the present
optical-scanning ACI system 1s accurate and reliable enough to be used
to perform many desirable ACI functions. Conceivably, some ather type

of ACI technology would have provided a more appropriate industrial
standard.

154



As can be seen, the need for rail-system compatibility and
the resultant industrywide standards used to achieve this compatibility
can greatly influence the introduction of new railroad technology.

(2) Interfirm Relationships--The relationships among the
different railroads within the industry can be contradictory. On one
hand, all railroads are elements of a common system and, therefore, tend
to complement the services of each other. For this reason, a high degree
of cooperation is often evident in the relationship between separate
rail carriers. On the other hand, railroads frequently compete with
each other for rail traffic between certain market areas. This competi-
tion generally is not based on prices because of the regulation of
railroad rates; instead, it is largely based on quality of service. The
quality of railroad service is difficult to define quantitatively but
includes such factors as freight-car availability, transit time, service
reliability, and prevention of lading damage. The nature of the compe-
tition between railroads is such that there may be certailn incentilves
for introducing technology that will improve the quality of an individ-
ual railroad's service.

Relationships between railroad companies can affect the
process of technological change in another way. Historic patterns of
the introduction of new tehcnology within the railroad industry indi-
cate that, during the diffusion stage, some railroads serve as leaders
while others become followers; that is, after the initial technological
innovation, some railroads will rapidly adopt the new technology, at
least on a trial basis, while other railroads will tend to delay adop-
tion until the leading railroads have had a chance to test and evaluate
the new technology. After the initial risks have been reduced, other
railroads imitate the leaders and introduce the new technology. The
patterns of technological imitation within the railroad industry are
plotted in Figure 58 for three separate and distinct technological
changes. It can be seen that, after the initial technological innova-
tion, approximately 40 percent of the major railroads will rapidly
imitate the innovative company and introduce the new technology. The
rate of technological imitation then reaches a plateau where it requires
considerable time for the next 10 to 20 percent of the firms to adopt
the new technology. After reaching about 60 percent introduction,
however, the remaining firms tend to accept it at a more rapid rate.

Previous research indicated that companies with certain
characteristics tend to lead in the introduction of new technology.
Mansfield8>286 reports that the speed at which a firm introduces a new
technology 1s directly related to its size and the expected or perceived
profitability of its investment. It would be expected that large rail-
roads would be more progressive and would introduce new technology more
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rapidly because of their greater financial resources, larger research
and engineering departments, better experimental facilities, and closer
economically stronger ties with equipment suppliers. Another important
factor is the expected profitability of the new technology or, in effect,
how its adoption is expected to influence profits. Small railroads,
therefore, may adopt a new technology more quickly than larger roads if
their expected return on investment is greater. This may partially
explain why many small railroads that perform a large amount of
switching, classification, and interchange work, such as GIW, KCS, and
the railroads operating in the Chicago terminal area, have adopted the
current ACI technology while other larger, more line-haul-oriented rail-
roads have not. This factor also explains why railroads that lead the
industry in introducing one type of technology may be reluctant to intro-
duce other types as rapidly.

Surprisingly, Mansfield also concludes that the financial
prosperity of a firm, as measured by its profitability, liquidity, and
growth rate, is not closely related to the speed with which it adopts
new technology.ss’86 This conclusion implies that, if a new technology
is clearly profitable, the capital required for investment will be
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obtained. Although this may have been true in the past, it is certainly
questionable, under present conditions, whether many railroads can
obtain capital so easily.

(3) Utilization of Facility Capacity--In a number of
industries, one of the primary reasons for indroducing new technology
is to increase productive capacity in the most cost-effective manner
as a result of encountering a production stage of decreasing returns to
scale. It has been suggested, however, that the U.S. railway industry
suffers from overcapacity rather than undercapacity in its fixed facili-
ties. This is supported by statistics such as those in Table 25, which
shows typical mainline capacity utilization of trackage located in
various parts of the country.92 These figures indicate that there is
little need for the development and implementation of new technology
designed to increase the capacity of railroad facilities. The data in
Table 25, however, describe only the capacity utilization of mainline
trackage; they do not reflect the utilization of the capacity of rail-
road terminals.

Table 25

MAINLINE CAPACITY UTILIZATION IN SELECTED AREAS

Estimated
Typical
Utilization
Selected Area (Percent)
Eastern Seaboard to the Alleghenies (Harrisburg/
Cumberland) 25%
Mainlines through the Alleghenies to Pittsburgh 40
New York and New England to Buffalo 20
East-West mainlines in central Ohio 30
North-South mainlines in central Ohio and
central Indiana 25
Mainlines into St. Louis 25
Mainlines into Chicago 30
Mainlines through Rocky Mountains 45
Los Angeles to the North 40
Los Angeles to the East 45
Source: Reference 92.
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In fact, results fo the SRI survey indicate that the average daily uti-
lization of railroad classification yards is between 60 and 80 percent
of capacity.

Because near-term increases in rail traffic probably will
not be constrained by the lack of mainline capacity, there is little
incentive to increase it. Such near-term rail-traffic increases may
overload numerous railroad classification yards. Development of tech-
nology to expand terminal capacity may avert widespread yard congestion
and its associated problems. Other potential solutions include con-
structing more yards (an expensive and perhaps self-defeating approach)
or modifying rail-network operating strategies to take advantage of
increased traffic volumes by running more direct trains and improving
system blocking.

4.6.2.2 Market Structure

The structure and intermodal relationships of the trans-
portation service market have changed dramatically during the last 50
years. Fifty years ago, essentially no other form of intercity transpor-
tation could compete effectively with railroads for the bulk transpor-
tation of goods, a factor that caused the railroads to dominate the
intercity freight-transportation market. This can be seen in Table 26,
which shows that, in 1929, the railroads accounted for 75 percent of all
U.S. intercity freight ton-miles. Since that time, however, transpor-
tation technology in other modes has developed rapidly. A large portion
of this technology was made possible by financial support from the
federal government as part of a long-standing national policy to support
the development and establishment of new modes of transportation.
Competing transportation technologies and such factors as economic
regulation, demographic variations, and changes in the nature and loca-
tion of industries have caused the railroads to lose their overwhelming
dominance of the intercity freight-~transportation market. Although the
total volume of U.S. intercity freight transportation rose approxi-
mately 266 percent from 1929 to 1973, railroad intercity freight volume
increased only 89 percent during that same period. In 1973, therefore,
the railroads carried only about 39 percent of the total intercity
freight volume.

Because the intercity freight transportation market is
highly competitive in nature, there is substantial incentive to intro-
duce new technology that would enhance the competitive position of the
railroads within that market. Competition may be in the areas of
(1) price competition where the low-cost carrier has the advantage and
(2) quality of service competition where the speediest, most reliable
and flexible, and least damage-prone carrier has the advantage.
Although the railroads have been shown to be the low-cost producers of
intercity transportation services, rate regulation by the Interstate
Commerce Commission does not allow the railroads to compete freely with
other modes on the basis of price; instead, they have been forced to
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compete largely on a quality-of-service basils for certain traffic. For
this reason, it is believed that future emphasis will be focused on
introducing new technology that will increase the quality of railroad
transportation services, thereby enhancing their competitive position
in the market.

4.6.2.3 Government Regulation

The self-regulation of the railroads through the AAR is
only one aspect of the regulation of this industry. The railroad indus-
try is also regulated by various federal, state, and local government
agencies; in fact, it is one of the most heavily government-regulated
industries in the United States. The two major areas of government
regulatory activity that most influence technological change are eco-
nomic and safety regulations. Other types of government regulation also
influence technological change to a somewhat lesser extent.

(1) Economic Regulation--The government agency principal-
ly responsible for economic regulation of the railroad industry is the
ICC. State regulatory commissions also have been established in 47 of
the 50 states and in certain local areas. The regulatory authority of
these state and local agencies, however, is limited because of the
interstate nature of most railway operations, and they have less effect
on technological change than does the ICC.

The ICC is composed of a chairperson and ten members, all
appointed by the president, with the consent of the Senate, for
seven-year terms. The commission was set up through the enactment of
the Interstate Commerce Act in 1887 and was the first major regulatory
agency established by the federal government. The charter and -powers
of the ICC have been modified several times since its establishment,
most notably by the Elkins Act in 1903, the Hepburn Act in 1910, the
Emergency Transportation Act of 1933, and the Transportation Acts of
1920, 1940 and 1958.%3 At present, railroads are regulated by the ICC
primarily in the areas of rates, market entry and exit, and utilization
of plants and equipment. Economic regulation in all of these areas can
significantly influence the direction, amount, and rate of technological
change within the railroad industry.

The highly regulated rate structure of the railroads has
been cited as a major barrier to the innovative process within this
industry. The regulatory policy currently used by the ICC to establish
shipment rates is heavily committed to maintaining stability within the
U.S. surface freight-transportation system. The commission is extremely
adverse to establishing rates that may foster a dramatic reallocation
of traffic between competing railroad companies or between railroads
and other competing modes of transportation. For example, the ICC
attempts to maintain the present distribution of traffic among competing
carriers and modes through such techniques as umbrella rate making and
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by setting rates that approximately compensate for the differences in
the quality of the service offered by competing regulated modes.

Such rate-making policies and techniques tend to inhibit
innovations within the railroad industry because one of the major reasons
for encouraging railroad innovation is the attraction of additional
traffic to improve the utilization of a railroad's fixed plant. An
example of the impact of ICC regulatory procedures upon technological
innovation is the "Big John" rate case of Southern Railways. In 1961,
Southern attempted to ship, inexpensively, large quantities of grain
through the use of newly designed 100-ton aluminum-covered hopper (Big
John) cars. Southern proposed to utilize these unconventional
light-weight cars in a manner that would reduce rallroad grain rates to
approximately 60 percent. To qualify for the lower rates, the shipper
could not request transit privileges and had to make larger shipments
than required for the normal boxcar load rate. The free-time period
associated with the newer cars was reduced from 48 to 24 hours. Southern
believed that this service would regain a large portion of the grain
traffic they had lost to barge and truck operators. The regulatory
review and final approval of the Big John rates lasted until 1965, and
extensive legal efforts by Southern were required to reverse an earlier
ICC disapproval of the rates. This is one example of the difficulties
involved in obtaining ICC approval of innovations that reallocate
traffic among carriers and modes. It also shows the amount of delay
that the regulatory review process can cause between the conception and
implementation of an innovation that requires rate approval. Because
regulatory review can result in a significant time lag before an inno-
vation can be implemented, the attractiveness of the innovation is
reduced when competing firms have time to devise strategies that would
counter the effectiveness of the innovation. Although this is probably
not an influential factor in the competition among railroads, it can
affect competition between railroads and other modes.

Another aspect of ICC rate regulation that has often been
criticized is its methodology for evaluating costs. In general, ICC
formulas for determining costs are based heavily on historical data
concerning average costs, and the use of such data for determining costs
can often inhibit the introduction of new technology for which no his-
torical cost data are available. The actual operating economies or
diseconomies associated with new technology often are not fully recog-
nized or understood until long after such technology has been introduced.
This occurred in the airline industry after the introduction of jet
aircraft; the introduction of diesel locomotives offers a similar
example in the railroad industry where the overall economic advantages

of diesels were not recognized until long after their initial use in
1925.

Tt also has been argued that ICC cost formulas can, under
certain circumstances, represent an inappropriate method or procedure
for correctly evaluating the costs associated with new technology. For
example, a number of persons have felt that in many cases the use of a
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methodology based on marginal costs rather than average costs would

result in a better allocation of investment resources in new technology.
Gellman details an example about the introduction of double-length piggy-
back equipment that supports his contention that ICC cost formulas, in
particular Rail Form A, not only inhibit or delay the introduction of

new technology but also often cause the adoption of inefficent technology.®"

The ICC also regulates and establishes other railroad rates
besides actual shipment rates. Among these are the per diem rates paid
by one railroad for the use of another road's cars and the demurrage
fees that shippers pay for the excessive retention of a car for loading
or unloading.%? The setting of per diem or demurrage rates that do not
accurately reflect the worth of modern or technologically advanced cars
provides little incentive for any individual railroad to upgrade its
rolling stock.

The regulation by the ICC of railroad entry and exit of
market areas can also affect technological change within the railroad
industry. The three principal methods of market entry or exit that are
fully regulated by the ICC are:

Entry or exit through carrier expansion and
contraction.

Entry through the merger or acquisition of
carriers within the same mode.

Entry through the merger or acquisition of
carriers in different modes.

The regulation of market entry through the expansion of a railroad's
network probably has little impact on tehcnological change. The regu-
lation of a railroad's desire to exit a market by abandoning its trackage
and right-of-way can force a railroad to continue an unprofitable
service and lessen the availability of capital for investment in new
technology. The regulation of mergers and acquisitions within the
railroad industry probably does not greatly affect the pattern of tech-
nological change in the railroad industry although ICC disapproval of
such mergers or acquisitions may limit the introduction of certain
operating and marketing innovations. Technolongical change is more
restricted by ICC regulation of intermodal mergers and acquisitions
than by the other methods of regulating market entry or exit. This is
supported by the fact that far more innovations in intermodal transpor-
tation have been attempted by the Canadian railroads than by the United
States rail industry, despite the relatively small Canadian market for
transportation services.

Besides the regulation of rail rates and rail mergers and

acquisitions, the ICC regulates, to a certain degree, the utilization
of railroad plants and equipment. The commission, when necessary, can:
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Suspend railroad car service rules

Require pooling of equipment

Require joint use of terminals

Route rail traffic to avoid congestion
Establish embargoes and commodity priorities

Establish car supply requirements.92

These regulatory powers of the ICC can have a severe impact on the
railroad's capability or desire to introduce new technology. For ex-
ample, the establishment of car supply requirements by the ICC can
force railroads to invest in existing rather than new car technology
that may, in fact, better serve the needs of both railroads and
shippers.

(2) Safety Regulation--One of the major constraints on
any transportation system is the achievement and maintenance of a fairly
high level of safety. To ensure that an acceptably high level of safety
is maintained, various government agencies have been given the responsi-
bility to regulate the safety of the different transportation modes.
Railroad safety 1s regulated principally by the FRA which exercises juris-
diction over such areas of railway safety as track maintenance, inspec-
tion standards, equipment standards, locomotives, signals, safety appli-
ances, and power brakes. The FRA has the authority to require that
railroads install and utilize equipment designed to increase or enhance
safety, and such safety regulations certainly can influence the pattern
of technological change within the railroad industry.

This influence can be quite direct and overwhelming
because it forces the introduction and diffusion of new equipment
throughout the rail industry. If the new equipment fosters more effi-
ciency in addition to greater safety, the regulations can have a posi-
tive impact on technological change. Because FRA safety regulations
generally specify the equipment required to enhance safety, however,
they do tend to inhibit the development of other possibly more efficient
equipment or techniques to achieve the same end. (For example, many
people within the railroad industry believed that equipment other than
head shields could have been developed to resolve more efficiently the
tank-car safety problem.) The requirement for safe railroad operations
and the consequent need for FRA safety regulations may cause the develop-
ment and utilization of nonoptimal equipment technology. The use of
scarce railroad capital to introduce the required safety technology can
also limit the capability of the railroads to invest in other desired
technologies not required by FRA safety regulations.

The FRA can also require the railroads to change or

modify operating procedures considered by the agency to be unsafe or
can require that new procedures be adopted. The regulation of railroad
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operating procedures by the FRA may encourage or discourage efficient
railroad operations while increasing safety. The general opinion within
the railroad industry, however, appears to be that safety regulations
have tended to impede efficient operatiomns, For example, many persons
feel that the FRA car-inspection requirements have had significant impacts
on yard operations.

(3) Other Forms of Government Regulation--There are a
number of other areas besides economics and safety where the activities
of government regulatory agencies other than the ICC and FRA can influ-
ence the process of technological change in the railroad industry.

Government regulation can influence technological change
in the investment and capital-generation activities of railroads. Sev-
eral laws have been enacted that are specifically oriented toward
regulating railroad activities in these areas. Because the availability
of capital is often important to the introduction of new technology,
regulation of investment and capital-generation activities can greatly
influence whether new technology will be introduced and how rapidly it
will diffuse throughout the industry,

The emerging public concern over the environment has
caused the development of numerous regulations that impact technological
change within the railroad industry. The principal regulatory agency
in this area is the federal Environmental Protection Agency (EPA).

Other federal, state, regional, and local agencies are also involved

in regulating activities that affect environmental quality. The form

of environmental protection regulations generally differs from the FRA
railroad-safety regulations in that individual hardware items and operat-
ing procedures are not specified. Instead, environmental protection
regulations usually specify an acceptable standard level of performance
that must be achieved, and the means for achieving this standard is
often the responsibility of the regulated firm or industry.

This type of regulation often spurs the development of
numerous competing designs and technological improvements. There is
thus a smaller chance of "freezing" technology at a less than optimal
level. For example, the problem of retarder screech has been encoun-
tered in a number of railroad classification yards located in noise-
sensitive areas. The noise levels generated by friction retarders often
do not comply with local noise-~abatement ordinances or noise-exposure
levels allowed by the Occupational Safety and Health Act (OSHA). To
comply with these ordinances, a number of technical approaches to resolv-
ing the retarder noilse problem have been tested. Some yards have issued
special earplugs to yard employees to comply with OSHA. One yard
attempted to resolve the problem through the use of special noise bar-
riers placed next to the retarder. Another approach is the use of
different materials in the construction of the retarders; another
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is to spray the retarder with an oil and water emulsion that modifies
its friction characteristics. This example demonstrates how the estab-
lishment of a level of acceptable performance by a regulatory agency
can induce the development of alternative and competing technologies.

There are other areas where government regulation can
influence railroad technological change. Regulations in the areas of
economics, safety, investment and capital-generation activities, and
environmental protection, however, probably have the most pervasive
influence on the process of technological change in the railroad
industry.

4.6.2.4 Capital-Investment Requirements

The prospective user of a technological innovation
usually must make an investment--an outlay of funds made in anticipation
of receiving increased income or reduced operating costs from the use
of the innovation. The prospective user, therefore, must have invest-
ment funds available if he 1s to receive the benefits of the innovation.
The rallroads, like many other industries, have multiple sources of
funds and many demands on their use. Relatively long capital turnover
times (the ratio of capital to revenues), low earnings on investment,
deferred maintenance, and inflation are placing a squeeze on railroads
and their ability to generate the capital necessary for their opera-
tions. It is likely that the railroads will have to discover new
methods for financing if a large-scale technological change is to be
inaugurated in a brief period of time. Funds for railroad investments
come from the following sources:

Internally generated funds

Borrowing and leasing

Sale of equity.

(1) Internally Generated Funds—-The net income after
taxes earned by the railroad, noncash charges against income, disposi-
tion of assets, and reductions of working capital requirements are the
sources of internally generated funds.

The net income of a company is its revenues minus ex-
penses, including interest and taxes. 1In 1974 (12 months ending Sep-
tember 30), railroad net income was approximately $798 million for all
Class—I line-haul railroads, up from $559 million for a comparable
period in 1973.%%5 Within the industry, however, the profitability of
lines varies widely.
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Noncash charges against income include depreciation and
reserve additions, such as deposits against freight and damage losses
and net of actual charges against the loss and damage account. These
items are charged as expenses when computing net income but constitute
an additional source of cash to the company because they are not actually
spent. For the 12 months ending 30 September 1974, these charges were
$358 million, compared to $405 million for calendar year 1973.°%5

The sum of net profit and noncash charges, frequently
referred to as cash flow, is the total of the internally generated funds.
The net cash flow of Class-I line-haul railroads in the 12 months ending
30 September 1974 was approximately $1.7 billion, up from $1.4 billion
in 1973.°% The cash flow for 1974 was the highest since 1966.

Sale of land, scrap, or equipment that is no longer
needed is a potential source of funds. Generally, however, the railroads
consider the land they own to have earning power in excess of its use to
the railroad and thus retain it in land-management companies as part of
railroad holding companies. Sale of equipment and scrap is a small part
of capital generated.

The generation of funds by reducing working-capital re-
quirements is not a significant source of funds. Cash can be generated
by speeding collections and billings, slowing payments, and reducing
inventories.

(2) Borrowing and Leasing--Railroads borrow large sums
on the capital markets in the form of debentures, mortgages, and equip-
ment trust obligations. The railroads had approximately $11.2 billion
outstanding in long-term debt at the end of 1973. Debentures have no
security associated with them because they rely on the earning power
and general unsecured assets of a company. Mortgage borrowing pledges
specific assets against the borrowing, such as land, buildings, or other
tangible improvements. Equipment obligations are mortgages on rolling
stock. Equipment trusts have been the most easily available funds to
railroads in recent years because the security (locomotives or cars) is
easily repossessed by the lender and has a ready market to other rail-
roads. Of the $11.2 billion debt in 1973, equipment obligations repre-
sent $4.6 billion.?5 ' '

Lenders are becoming reluctant to lend money to railroads
because of recent bankruptcies. The railroads, unlike other businesses,
are obligated to continue operations during bankruptcies. Creditors,
therefore, cannot readily repossess assets used to secure mortgages or
liquidate other assets for security against unsecured borrowings. As a
result, collection of principal and interest on defaulted borrowings is
difficult. Furthermore, some large financial lending institutions
recently stated that the method of asset valuation of the Penn Central
Company and other northeastern railroads in liquidation is unsatisfactory
and, therefore, they do not intend to make further loans to railroads
unless the valuation of assets is improved.97
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Leasing involves borrowing equipment, usually rolling
stock, instead of money with which to buy the equipment. Leasing under
today's tax incentives is advantageous for the lessor and the railroad
because of the investment tax credit. Although an unprofitable rail-
road would not benefit greatly from a tax credit, a profitable leasing
company can obtain the tax credit and pass the savings along to the
railroad in the form of lower lease payments. Railroad rents are
primarily charges for leased equipment. 1In 1974, rents amounted to
over $1 billion.

(3) Sale of Equity--Another source of investment funds
is the sale of additional shares of stock in the company. In practice,
selling additional shares would be very difficult in today's capital
markets because the bankruptcies of the northeastern rallroads and the
Rock Island Line have made investors wary of railroad stocks. In bank-
ruptcy, the common stockholders stand to lose virtually all of their
investment. The depressed stock prices that result from these two
factors indicate that the common stock of most railroads is selling at
or below the book value of the company. In other words, the companies
are worth more in liquidation than as going concerns. Because dividends
that must be paid to maintain the values of the common stock are not
tax deductible (as is the interest paid on borrowing), the net cost of
selling stock is higher than that of borrowing. At the end of 1974,
railroads had 38 cents of debt for each dollar of equity on their books.

(4) Uses of Railroad Funds--The competing demands for
funds generated internally and for borrowed money are great. Dividends
and expenditures to replace and upgrade plant and equipment are the
primary demands.

The payment of dividends consumed over $400 million of
the $1.7 billion in cash flow generated in 1974. On significantly
reduced net income, dividends were over $700 million in 1971.

Expenditures for plant and equipment include replacing rails,
ties, and other parts of the railroad and replacing or rebuilding
locomotives and cars. Expenditures for plant and equipment in 1974
are estimated at $1.5 billion, two thirds of which was expended for
rolling stock and the remainder for other facilities, mainly rail and
tie replacements. Railroads estimate that a capital expenditure level
of $3 to $4 billion--approximately two to two-and-one-half the 1974
rate--is required to replace ties and rails that are overage and to
create a rail system capable of providing good service and an adequate
return on investment.

Some of the capital expenditures are going for technologi-

cally advanced equipment. Innovative equipment, however, is usually
installed only when replacement is required.
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(5) Financial Policy for Investment in New Technology--
Because the demands for capital expenditures exceed the supply of inter-
nally generated funds and the sources of external funds for borrowing or
stock ownership are limited, the railroads must carefully budget their
capital resources. The budgeting process involves assessing the rate of
return of alternative investments available to the company and the rela-
tive earning power of these investments. These are usually ranked 1in
descending order, and the cumulative cost of installing them in decreas-
ing rank is computed. The initial estimate of the cost of these projects
to be undertaken will be made at the point where the funds required
equal the funds available. Additional considerations are then applied,
such as the length of time that will be required to recoup an invest-
ment, the need for safety and other mandatory expenditures, and
community- and public-related expenditures,

This is a highly competitive environment in which to
encourage railroads to invest thelr scarce funds in new, and perhaps
unproven, technology. Those technological changes that may produce
more capital and earning power, however, are not made because of capital
shortage. As a result, new methods of financing or new sources of funds
will be required to support the introduction and utilization of new
technology that will be beneficial to the industry, its customers, and
the public.

4,6.2.5 Labor Relations

The reactions of labor to technological change can have
a major influence on the success or fallure of the change. If labor,
acting as either individual workers or an organized union, resists
change, the chances that the change will not succeed are generally
increased.’®’®® To understand why labor may resist certain technological
changes, it is important to know the labor structure within the railroad
industry and to determine how labor perceives the impact of a techno-
logical change on theilr interests.

The labor force of the U.S. railroad industry is charac-
terized by a high degree of labor organization and a history of negotilat-
ing strong collective bargaining agreements, many of which are supported
by government legislation. The strong movement by railroad labor toward
union representation was partly fostered by the fact that the railroad
industry has been and continues to be highly labor-intensive. Labor
costs generally represent approximately 50 percent of total railroad
costs. In addition, the railroad industry i1s one of the oldest large
U.S. industries and the organization of raillway labor, having developed
for over more than a century, is firmly established.

Historically, railroad labor generally has organized

along craft lines, with individual seniority lists for each organization.
Many of these individual craft unions, although small, wielded a great
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amount of labor and political power. The adoption of new technology,
however, often eliminated or drastically reduced the need for workers
in certain craft areas, and this encouraged many small craft unions to
merge with other unioms. This movement toward merging has developed

a different type of union representation within the railroad over the
last few decades. Currently, two unions represent railroad operating
personnel--the United Transportation Union (UTU) and the Brotherhood
of Locomotive Engineers (BLE, Independent). The unions representing
nonoperating railroad employees have also been affected by union con-
solidation and merger. As can be seen in Table 27, these unions often
represent workers in other industries besides the railroads. 1

The merger of railroad unions with other railroad or
nonrailroad unions can lead to potential changes in union negotiating
policies with the introduction of new technology. The increased size
of the membership of the consolidated unions tends to strengthen the
union's bargaining power. The increased diversity of representation
within a single union also can affect union reaction to new technology.
For example, a union representing many diverse crafts or skills can
allow both horizontal and vertical mobility within its membership.

This enables railroad employees who are displaced by mechanization,
automation, or other technological changes to be retrained for another
skill or craft without reducing union membership. In contrast, the
smaller craft unions offer railroad employees little mobility, especially
horizontally. The retraining of employees in these smaller unions might
force them to transfer to another union that represents their new craft.
Such action occurring on a large scale could decimate the membership of

a union that represented only one skill or craft. Tt is understandable,
therefore, why smaller craft unions might object more vigorously to the
introduction of new technology than would larger more diversified unioms.
Additionally, the consolidation of small craft unions can potentially
reduce jurisdictional problems in that, if a technological change affects
a number of skill areas, negotiation procedures can be more effective
when separate agreements do not have to be developed with each of a
number of separate unions.

A major concern of railroad labor unions is the impact
of new technology on job security. Job security has long been considered
a critical issue by railroad labor. This is understandable because of
the numerous economic recessions that have occurred since World War II
that have affected railway labor in a more adverse manner than they have
affected labor in other industries. In addition, past railroad mergers
have resulted in mass elimination of railroad jobs. Previous technologi-
cal changes within the railroad industry have been uncommonly labor sav-
ing. Because the growth rate of rail traffic generally has been small,
the introduction of labor-saving technological changes often reduces
railway labor-force requirements. This is evidenced by the fact that
the railroad labor force has declined from 1,352,000 in 1947 to 526,000
in 1972101 (Figure 59). This 61 percent decline in railway employment
over a 25-year period spanned many diverse employment categories. Another
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Table 27

RAILROAD UNIONS

*
Opérating Brotherhoods

BLE Brotherhood of Locomotive Engineers (Independent)
uTy United Transportation Union
Nonoperating Unions
RASA American Railway and Airline Supervisors Association
TDA American Train Dispatchers Association
BBF International Brotherhood of Boilermakers, Iron Shipbuilders,
Blacksmiths, Forgers and Helpers
BMWE Brotherhood of Maintenance of Way Employees
BRASC?  Brotherhood of Railway, Airline and Steamship Clerks, Freight
Handlers, Express and Station Employees
BRC Brotherhood of Railways Carmen of America
BRS Brotherhood of Railroad Signalmen
SCP Brotherhood of Sleeping-Car Porters
HREUT Hotel and Restaurant Employees and Bartenders International
Union
IAM International Association of Machinists and Aerospace Workers
IBEW International Brotherhood of Electrical Workers
IBFO International Brotherhood of Firemen and Oilers
RYA Railroad Yardmasters of America
SMW Sheet Metal Workers' International Association
wut Transport Workers Union of America, Railroad Division
DIST 50 Iaternational Uniom of District 50, Allied and Technical
Workers of the United States and Canada (Independent)
UTSE United Transport Service Employees
USA United Steel Workers of America
Marine Unions in Railroading
BRASC Brotherhood of Railway, Airline and Steamship Clerks, Freight
Handlers, Express and Station Employees
GLLO Great Lakes Licensed Officers Organization (Independent)
HREU Hotel and Restaurant Employees and Bartenders International
Union
ILA International Longshoremen's Association
IUOE International Union of Operating Engineers
MMP International Organization of Masters, Mates, and Pilots
MEBA National Marine Engineers Beneficial Association
MU National Maritime Union of America
RMU Railroad Marine Union
SIU Seafarers International Union of North America
TWU Transport Workers Union of America
DIST 50 International Union of District 50, Allied and Technical
Workers of the United States and Canada (Independent)
Source: 'Railroad Technology and Manpower in the 1970s," U.S.

Department of Labor (1972).

*
All unions listed are AFL-CIO, unless otherwise designated.

JrAlso appears in Marine Union List.
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factor that contributes to labor's concern over job security is that
many railway workers have developed rather unique skills that have little
direct applicability in other industries.

It is not surprising, therefore, that railway labor
unions have, in the past, greatly emphasized collective bargaining
agreements and supporting legislation that protects or guarantees job
security. For example, the Washington Job Protection Agreement of 1936
was established to protect employees displaced by railroad mergers.
Some of the principles and provisions of the Washington Act have been
extended to cover railroad employees displaced by technology. Many labor
agreements already specify that employment levels may be reduced only
through attrition; that is, jobs or positions may be eliminated only as
workers retire, quit, or leave their jobs for other reasons. Some agree-
ments also stabilize the work force in specific craft areas by establish-
ing allowable annual rates of employment reduction. This type of
agreement requires that, if job losses through attrition exceed the
specified rate, the railroad must hire new workers. The practice of
including guarantees of job security in labor agreements is quite wide-
spread and is likely to apply to all railroad employees by 1980. The
fact that job security is widely guaranteed throughout the railroad
industry obviously limits some of the benefits that may be gained through
the introduction of new technology. Justification of new techhology can
rarely include any immediate decrease in the size of the railroad labor
force. Short-term productivity increases, therefore, can be achieved
only through the attraction of additional rail traffic.

Another factor related to job security is job structure.
The structure of railroad jobs is greatly influenced and defined by the
railroads' work rules which are essentially those portions of labor
agreements that specify work assignments and the basis of pay. Work
rules tend to provide job security and protect employees from arbitrary
managerial decisions and actions that may jeopardize their welfare and
safety. Although these rules are still often necessary and useful, they
also can inhibit the process of technological change. The advantages
gained from the introduction of new technology can be severely constrained
if it must be operated within the constraints of existing work rules.
For example, the economic potential of dieselization has never been truly
achieved partly because of the 100-mile and crew-size restrictions. Work
rules also can severely constrain the introduction of new operating pro-
cedures. For example, although many people believe that some yard
switching activities could be more efficiently performed by train crews,
such practices are generally prohibited by work rules.

Railroad wage rates are another factor that can influence
or be influenced by the introduction of new technology. If new tech-
nology requires that workers increase their skill level or learn new
skills, the union will often try to negotiate a wage increase. 1If a
technological change reduces skill requirements, however, the union
generally attempts to maintain at least the previous wage scale. If a
technological change raises efficiency and earnings, unions will often
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try to garner a share of the benefits gained through increased wage rates.
The success of these bargaining strategies is partially demonstrated by
the fact that the index of railroad wage rates rose at an average annual
rate of 5.9 percent between 1950 and 1971. This is somewhat higher than
the 5.5 percent rate at which the average hourly compensation of all
employees in the private sector grew during this period. 1In 1971, the
average hourly earnings of all production workers in the private sector
were $3.43, and the average hourly earnings of railroad production
workers were $4.36.190

Such railroad wage increases generally have offset the
gains caused by reducing the size of the railroad work force. Despite
the 61 percent decline in overall railroad employment levels between
1947 and 1972, the percentage of rail operating revenues used for em—
ployee compensation has not decreased significantly. From 1947 to 1950,
employee compensation required 49.9 percent of total railroad operating
revenues, and 47.6 percent was required from 1970 to 1972. 1In terms of
labor productivity gains, railroad labor has essentially received nearly
the total benefits accrued from the introduction of labor-saving tech-
nology. In fact, it has been stated that railroad wage increases
actually have exceeded the gains in total railroad productivity (produc-
tivity gains when considering capital and materials input as well as
labor input).

4.6.2.6 Railway Suppliers

Railroad companies are fundamentally service rather than
manufacturing companies and, therefore, depend rather heavily on railway
suppliers for the development of new-equipment technology.102 As a
consequence, the railway-supplier industry can have significant impact
on the amount and type of technology offered to the railroads because
suppliers function in the areas of research, invention, and product de-
velopment. For this reason, it is important to establish good communi-
cations between the two industries so that the technology requirements
of the railroads are understood by suppliers of that technology. There
is limited incentive for railroad suppliers to finance private research
and development if there is little prospect for large-scale adoption of
the developed technology, which is usually the case because of the above
limitations.

As a result, the structure of the raillway-supplier in-
dustry and its relationship to the railroad industry does not appear to
foster the invention and development of radically new technologies in
all areas of railroad operations. A National Science Foundation survey
indicates that one-half of the technological items developed by railway
suppliers were modifications of items already being produced by them. 03
In addition, nearly three-quarters of the equipment developed by railway
suppliers represented so slight a technological change that no major
modifications were required in the production process. It also appears
that suppliers are unwilling to undertake the development of low-margin
technology unless it is associated with the development and sale of
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more profitable technology. Although this reluctance is understandable,
it can cause certain special-purpose technologies to remain undeveloped.
For example, it has been reported that some suppliers have seen little
benefit in developing yard process—control systems unless they could be
associated with the sale of other more profitable equipment such as track
switches and retarders.

The development of the railway-supplier industry to its
present state is presumably a natural consequence of the basic structure
and operating history of the railroad industry itself. The historical
economic peaks and valleys of the railroad industry generally cause cor-
responding peaks and valleys in railroad spending. In the past, this
pattern has often caused feast-or-famine conditions within the railway-
supplier industry. To reduce the effects of extreme fluctuations in
railroad-buying patterns, many suppliers have diversified or aligned
themselves with other nonrailroad-related companies. Although it appears
that the railroads are becoming more dependent on the suppliers, there-
fore, many of the suppliers have become less dependent on railroad busi-
ness and possibly less responsive to the railroads' desires and needs for
the development of new technology.
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5. IMPACT OF TRAIN-TERMINAL INTERACTIONS

The operation of an individual classification yard represents only
a portion of the railroad's total operation. It is important, therefore,
to identify and examine the interaction of system operations with
individual-yard operations. This chapter identifies and describes
those system factors that most impact on yard operations. A simple case
study demonstrates the potential magnitude of the impact of systemwide
policies and strategies on yards.

5.1 FUNCTION OF A YARD

Railroad classification yards are used for collecting cars from
local industries and interchanging railroads, disassembling incoming
trains into individual cars or group of cars, sorting individual cars
and groups to form blocks of cars scheduled for specific destinations,
and sequencing and assembling these blocks into outgoing trains. A yard,
therefore, can be regarded as a black box (Figure 60) that processes a
given set of incoming trains and produces another set of outgoing trains.

—_— | e

INCOMING > YARD . OUTGOING

TRAINS TRAINS
—_— T

FIGURE 60 FUNCTION OF A YARD

"What'" a yard should do and "how best'" it can do it depends to a
great degree on the set of incoming trains it is to handle, and the set
of outgoing trains it is to make up and on the extent of advance consist
information received by individual yards in relation to incoming trains
and other yards. Determination of what trains are to arrive in and
depart from a yard is more a system=level responsibility than it is an
individual yard's. As a result, the loads placed on individual yards,
thereby affecting their operatioms, can be influenced to a significant
degree by decisions made on a system basis and can possibly result in a
systemwide improvements both in yard operations and train movements.

175



5.2 SYSTEM FACTORS AFFECTING YARD LOADINGS AND OPERATIONS

The system-level factors that can affect individual-yard loadings
in a railroad network include:

a) Composition and delivery times of cars from industry,
interchanging railroads, and other system yards.

b) Time allowances for delivery of cars to their destina-
tions.

¢) Constraints associated with the size of trains.

d) Availability of advance-consist information related to
incoming traffic.

e) Rules and regulations associated with yard and train
crews.

f) Blocking and train-formation strategies employed at
other system yards.

5.2.1 Composition and Delivery Times of Cars from Industry and
Interchange Railroads

Cars in various yards of a railroad network destined for
other locations typically appear at the originating yards as follows:

g) Trains from other railroads deliver either mixed or
pure blocks to the yard under consideration for
further movement. This is frequently the case with
the outlying yards of a given railroad network.
Such traffic is referred to as interchange (I/C)
traffic.

h) Nearby local industries deliver or request pick up
of cars from their plant.

i) Within the network, local and line-haul trains de-
liver cars from one yard to another, based on sched-
uling and blocking policies.

The delivery of cars at the originating yards is a dynamic process
(originating cars appear at the yard during a 24-hour period in various
combinations at various times of the day). It would be impractical and
uneconomical to wait an entire day for all cars to be collected and then
sorted and blocked for a specific destination. Considerably more space
would be required to store all cars simultaneously in the yard, and many
customers will not welcome the idea of their goods being delayed a whole
day and not being forwarded as soon as possible. It is necessary, there-
fore, for cars to be sorted, blocked, and forwarded dynamically through-
out the day.
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There are basically two extreme philosophies concerning the
dynamic movement of cars. The first is to have a fixed time schedule
of departure of trains selected suitably (based on experience and
historical data) so that there are enough cars to be included in the out-
bound trains; the arrival and departing times of trains remain approxi-
mately constant, but the number of cars and their destinations and con-
tents may vary considerably. The second philosophy is to wait until
enough cars are collected so that a suitable train can be formed; the
number of cars will be approximately constant, but the arrival and de-
parture times of trains might vary considerably. For a large network,
it is imperative to have at least a nominal fixed schedule of arrivals
and departures, with provisions for a finite wait time to make certain
important connections; otherwise, system yards would not be able to
plan because they would not know what to expect and when, and the whole
operation would tend to become inefficient.

5.2.2 Time Allowances for Delivery of Cars to Their Destination

There are always certain limitations on the amount of delay
customers would tolerate in the delivery of their commodities to their
respective destinations. The amount of tolerable delay depends on such
factors as type of commodity, season of the year, day of the week, and
the cost associated with delays. Because of these considerations,
various system yards are sometimes required to operate in a seemingly
inefficient mode from an individual yard's point of view but may be
necessary on a systemwide basis. Operating strategies, therefore, must
be based not just on the consideration of local efficiency but also on
a total systemwide basis to accomplish the most desirable overall car-
movement schedule.

5.2.3 Constraints Associated with Train Size

Acceptable train size is a factor closely related to train
scheduling and dispatching policies and to railroad systemwide blocking
strategies. It has generally been accepted within the railroad industry
that road-haul costs decrease as the size of the train increases. This
is usually true because, as trains become larger, crew costs per ton of
freight hauled and the requirements for cabooses and (over a certain
range) power units will also decrease. In addition, the operation of
longer (and thus fewer) trains improves track capacity and reduces the
need for sidings, additional main tracks, and track signals.101+ Within
limits, therefore, both road-haul and fixed-plant expenses are reduced
as train length increases. As trains continue to lengthen, however,
these savings level off, and it is hypothesized that the road-haul
operating costs will eventually again begin to escalate because of
additional train derailments, broken knuckles and drawbars, burst air
hoses, and train spearations.105
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Train-length selection also can have a profound effect on yard
operating procedures and costs.105,106 Long trains (over 130 cars)
generally require more time to inspect (whether walk-by or pull-by),
charge air lines, and service power units. In addition, long trains
often cause additional switching work (such as doubling in or out of
yard tracks or switching slave units or air-brake repeater cars in and
out of the train). The unwieldiness of long trains will also increase
the time, and thus the expense, associated with switching movements.

It has also been postulated that train length has a significant
effect on the quality of service provided to railroad shippers and,
therefore, is related to railroad revenues. Figure 61 graphically
depicts a hypothetical relationship between road-haul costs, yard costs,
and railroad revenues. This relationship, however, can differ signif-
icantly, depending on such factors as commodity mix or length of haul.
Even on individual origin-destination train routes, the allocation of
costs to specific train operating strategies or scenarios cannot be
absolutely accurate because of the many assumptions required which can
significantly influence the results, The relationship between train
length and revenue is probably understood even less although it is
fairly evident that commodity mix is a very important factor.
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SOURCE: J. C. Martin et al, “Study of Optimum Length, Speed, and Waight of Freight Trains”’, Bulletin 639,
American Railway Engineering Association

FIGURE 61 HYPOTHETICAL RELATIONSHIP BETWEEN TRAIN LENGTH, REVENUE,
AND COSTS
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Because of the inherent difficulties associated with determining
optimal train lengths, railroad companies generally establish a minimum
economically justifiable train size, and this requirement can signifi-
cantly constrain yard operating strategies and tactics. For example, a
yard may receive 30 cars for onward movement at a certain time and then
no cars for the next eight hours, after which another 50 cars are re-
ceived. If train size is not a constraint, the preferred strategy
(from the yard's viewpoint) would be to forward the 30 cars as soon as
possible without waiting eight hours to receive the additional 50. Run-
ning a 30 car train and then another train with 50 cars eight hours later,
however, would require two engines and two train crews instead of one
engine and one train crew. Under many conditions, the two-train strategy
would be considered uneconomical.

5.2.4 Availability of Advance Information Related to Incoming Traffic

If the traffic originating at various areas in a network is
repetitive on a daily or weekly basis, it will not be difficult to
develop an efficient blocking and train strategy which could also be
used repetitively. There will be no need to transmit daily the infor-
mation related to incoming trains and their contents because the same
pattern will repeat itself each day. There are always some inherent
variations, however, in the number of originating cars and their times
of arrival at various yard, on daily, weekly, and seasonal bases. The
daily variations in terms of number of cars or arriving times in some
instances may be 15 to 25 percent, and the weekly and seasonal varia-
tions may be even higher. It would be impracticable to follow a new
blocking and train-formation strategy every day because:

Yard resources (crews, switch engines, etc.) can-
not be manipulated that quickly.

Using a new strategy each day would necessitate
continuously changing delivery times of cars, which
may not be very appealing to many customers.

An extremely extensive and fast information system
and a very efficient algorithm would be necessary
to establish a strategy for each day.

In view of these considerations, the practical solution to the problem
of daily variations is the design of a nominal blocking and train-
formation strategy for each season, based on the constant traffic, and
then small daily adjustments in the strategy, based on the information
associated with daily perturbations. The basic utility of advance
consist information, therefore, is in providing the system operators
with data concerning perturbations in nominal operations so that they
can make corresponding modifications and adjustments in line~haul and
yard activities. For example, if a yard is informed that a certain train
is delayed by two hours, this information can be used to employ the
yard resources (crews, classification tracks, switch engines) in a more
efficient manner on that particular day.

179



YARD SWITCHING

5.2.5 Work Rules and Regulations

A number of work rules associated with yard and train crews
can have a significant effect on yard and train operations. For example,
crews typically must be called for a minimum of eight hours and should
be informed one or two days in advance. In addition, engine-crew per-
sonnel cannot be incremented in one-man units. As a result, if the
switching workload exceeds the capabilities of one crew (say by 50 per-
cent), a complete second crew must be called instead of just half a
crew. Other work agreements tend to limit the amount of yard switching
that can be performed by road-haul train crews. Generally, such a crew
is limited to one switching or "doubling" movement when entering into
or departing from a yard. Work rules also specify the times when
engine assignments can begin. If, as shown in Figure 62, these start
times coincide with yard switching workload peaks, less then optimal
engine-crew utilization may result.
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{a) WITH ENGINE START TIME (b) WITHOUT ENGINE START TIME
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FIGURE 62 HYPOTHETICAL ENGINE ASSIGNMENTS RELATED TO YARD WORKLOAD

5.2.6 Blocking and Train-Formation Strategies in Other System Yards

Blocking and train-formation strategies in individual system
yards are influenced by two factors. TFirst, each yard has certain in-
herent features in terms of its geometry and resources, such as:
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a) Number of receiving, sorting, and departure tracks
b) Hump or flat yard

c¢) Limitations on availability of yard manpower

d) Degree of process-control automation

e) Level of information-processing technology

These are local factors that cannot be changed on a short-term basis.
Their effect is to limit the number of cars and the number and type of
blocks a yard can handle on an hourly, daily, or weekly basis.

The second type of factors that influence blocking and train-
formation strategies is the strategy used by neighboring yards that af-
fect individual-yard operations directly or indirectly. To determine
how the blocking and train-formation strategy used at one yard can effect
the operations at other yards, consider the following simple example of
five yards connected linearly:

O (o] O
1 2 3

O o
4 5

Let the average dally traffic from nodes i to j be denoted by N,., and
assume that Yards 1 and 5 can only make three blocks (because O%Jclass
track limitations) and that Yards 2, 3, and 4 can make only four blocks
each. Further assume that there is no constraint on the size of the
blocks. The format in Figure 63 will be used to specify the blocking
strategies at various yards.

BLOCK BLOCK DESTINATIONS OF OTHER CARS INCLUDED
ORIGIN DESTINATION IN THE BLOCK

\ \ / | A

FIGURE 63 A CONVENIENT FORMAT TO SPECIFY BLOCKING STRATEGIES

Many bldcking-strategy combinations are possible within the
given constraints and each results in different car switchings, yard
loadings, and block combinations, depending on the strategy and the
traffic flows Nji- No systematic approach has been developed to ob-
tain continuousl; improving results. Variations are based mainly on
judgment and experience. For the five-yard example, three reasonably
different blocking strategies and their associated switching matrices
are shown in Figure 64 both in schematic¢ form and in the format shown
in Figure 63. To understand these blocking strategies, consider
Strategy 1 for Yard 1. At Yard 1, a local block is made for Yard 1,
a pure block for Yard 2, and cars for 3, 4, and 5 are combined in one
block and are sent to Yard 3. In Strategy 2 for Yard 1, a local block
is made for Yard 1, cars for 2 and 3 are combined and sent to Yard 2,
and cars for 4 and 5 are combined and sent to Yard 4. Other blocking
strategies are to be interpreted similarly.
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1 1 1 1 1 1
2 2 2 4
3 4 5
2 1 2 1 2 1
2 2 2
3 3 3
4 4 5
3 1 3 1 3 1
2 2 2
3 3 3
4 4 4
4 2 4 2 4 1
3 3 3
4 4 4
5 5 5
5 3 5 2 5 1
4 4 ‘ 4 2
5 5 5
To To To
Fro 1 2 3 From 1 2 3 From 1 2 4 5
1 1 1 2 1 1 2 2 1 1 2 4 1
2 1 1 1 2 1 1 1 2 1 1 3 1
3 1 1 1 3 1 1 1 3 1 1 2 2
4 2 2 1 4 2 2 1 4 1 2 1 1
5 2 2 2 5 2 2 2 5 1 3 2 1
STRATEGY 1 STRATEGY 2 STRATEGY 3
NOTE: Yards 1 and 5 can make only three blocks; 2, 3, and 4 can make only four biocks.
FIGURE 64 THREE BLOCKING STRATEGIES WITH CONSTRAINTS ON BLOCK MAKING

CAPACITIES AND THE ASSOCIATED SWITCHING MATRICES
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The switching matrices associated with each strategy indicates
how many times cars going from i to j are switched before reaching their
destination as a result of the specified blocking strategy. For example,
considering the switching matrix for Strategy 1 and referring to cars
originating at Yard 1 and going to other yards, local cars are sorted
by a single switching operation, and cars for Yard 2 are sorted as a
pure block through a single switching at Yard 1. Cars for Yard 3, how-
ever, are switched once at Yard 1 to become a part of the mixed block
(with cars for 4 and 5) and are switched again at Yard 3 to form a pure
block. The cars from Yard 1, to Yard 3 in Strategy 1, therefore, are
switched two times, as shown in the associated matrix. Similar explana-
tions apply to other entries.

It is not correct to compare the various blocking strategies
based only on the switching matrices because the actual number of car
handlings and loads in different yards depends also on the values of Nij
for each i,j pair. As a result, to calculate the total system switchings
for each strategy, each element S;; of the associated switching matrix
must be multiplied by the corresponding values of Nj j and the summation
aE|jsij Nij must be calculated for each strategy to compare them on the

basis of total systemwide switchings. For example, assuming Ny; = 10
for all i,j, the switching loads, blocks, and block sizes for tﬂe three
strategies (shown in Figure 64) are idicated in Figure 65. It can be
seen that both Strategies 1 and 2 result in 390 car switchings but the
yard loadings in Yards 2, 3, and 4 are significantly different. Stat-
egy 3 produces more car switchings under the assumed Nj; flows, but

may result in less car switchings for some other Nij flows.

Different blocking strategies can be used to distribute the
switching and blocking loads among available yards. If certain yards
are overloaded or unable to operate efficiently in a railroad network
consisting of several yards, changing the blocking strategies at
neighboring yards and redistributing the yard loads may resolve the prob-
lem without incurring significant additional costs; this is a better
solution than attempting to improve the yard capacities by adding ad-
ditional tracks or installing costly new equipment. In other words, the
problem of yard operations and capacities should be solved on a systemwide
basis and not in individual yards.

5.3 A CASE STUDY

In this section, the results of a case study are presented by con-
sidering a section of an actual demand data obtained from the correspond-
ing railroad. The purpose of the case study is to demonstrate the pos-
sibilities of using suitable blocking strategies to improve the overall
operations; however, the development of efficient blocking and train-
formation strategies is a complex process influenced to a great degree
by the demand data, network topology, and mix of traffic. The results of
this study should not be treated as generalized principles of blocking
and train-formation processes but only as examples of techniques that
can be employed to develop efficient operating strategies.
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STRATEGY 1

SWITCHING
YARD | BLOCK SIZES LOAD
1 10, 10, 30 60
2 30, 30, 10, 20 90
3 20, 20, 30, 40 110
4 20, 10, 30, 30 20
6 30, 10, 10 50
STRATEGY 2
SWITCHING
YARD | BLOCK SIZES LOAD
1 10, 20, 20 50
2 30, 40, 20, 20 110
3 10, 10, 10, 20 60
4 20, 20, 50, 40 130
5 20, 20, 10 60
STRATEGY 3
SWITCHING
YARD | BLOCK SIZES LOAD
1 10, 30, 10 50
2 10, 20, 40, 10 80
3 10, 30, 60, 40 130
4 10, 40, 60, 20 120
5 10, 30, 10 50

FIGURE 65 BLOCKS ANP SWITCHING LOADS FOR STRATEGIES IN FIGURE 64
(Nij = 10 for all i, j)
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5.3.1 Network Topology and 0/D Demand Data

Figure 66 is a configuration of a section of a railroad net-
work in the Midwest, represented by 11 connecting yards. The approximate

NOTE: Numbers in circles represent yard numbers, numbers in between
yards represent approximate link transit times in minutes.

FIGURE 66 NETWORK FOR THE CASE STUDY

link transit times between consecutive yards are based on an average
speed of 30 mph. Typical capabilities of the yards in terms of daily
switching and block formations are as listed in Table 28, based on yard
geometries and their resources and historical data.

Table 29 is an O/D table based on 4-hour periods. It tabulates
the traffic delivered to and from various yards by industry and inter-
change railroads within the network. Daily totals are listed in the
last column.
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Table 28

TYPICAL BLOCKING AND SWITCHING CAPABILITIES
OF THE YARDS IN THE CASE STUDY

Yard Daily Blocking Daily Switching
Number Capabilities Capabilities

(Number of blocks) (Number of cars)

1 11 700

2 3 100

3 3 100

4 3 100

5 11 2000

6 5 300

7 5 300

8 5 200

9 11 1500

10 11 400

11 11 300

Table 29

0/D TABLE FOR THE CASE STUDY ON A FLOW-HOUR
BASIS, DELIVERED BY INDUSTRY AND INTERCHANGE RATLROADS

From| To | 00:00 04:00 08:00 12:00 16:00 20:00 00:00 Daily
Total

1 2 1 2

5 3 6 21 30

6 1 1

7 1 4 2 7

8 2 24 26

9 17 20 37 74

10 2 2 3 7

11 4 7 11 22

2 1 2 2

5 3 3 6

6 2 5 7

8 5 9 14

9 16 14 30

10 4 4 8

11 2 19 21
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Table 29 (Continued)

From
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00:00

04:00
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12:00
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Table 29 (Continued)

From | To |00:00 12:00 16:00 20:00 00:00 Daily
Total

9 1 50 44 6 37 10 147
2 12 9 6 8 17 52

3 7 9 5 3 9 33

4 5 3 1 8 2 19

5 5 2 15 13 3 38

6 2 1 3

7 3 5 8 6 1 23

8 2 13 2 6 23

10 1 2 3 3 9

11 48 8 9 35 21 121

10 1 24 24 24 72
9 6 6 6 18

11 15 15 15 15

11 1 40 42 41 46 169
2 3 3

3 1 2 3

4 1 2 3

5 3 16 19

6 2 9 11

7 6 1 7

8 8 24 32

9 35 19 14 49 117

10 9 13 22

11 8 9 8 8 33

5.3.2 The Problem to Be Studied

tion, are time consuming and no single criterion of "goodness' can be
The following measures of effectiveness of
train-operating strategies are used by operators and system
compare the alternatives:

realistically defined.
blocking and
designers to

The problem to be studied 1s how best to form blocks and trains
at various yards and how to move the cars to their destinations.
tunately, manual calculations and analyses associated with possible al-
ternatives, even for a limited network such as the one under considera-

a)
b)

c)

Delays in movement of cars.

Number of times cars are switched before reaching

their destinations.

Number and sizes of blocks to be made up at various

yards.,
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d) Total train and car miles, train and car hours,
and ton-miles on a per-day basis.

e) Trains per day on various links (railroad tracks).

It may be possible to translate these measures into a common set of units
(such as delays and costs); however, defining suitable equivalent delays
or costs for them is difficult and may even be misleading because some

of them cannot be treated on an equivalent basis. A better approach may
be to calculate the various measures individually and use them as a set
of criteria for comparing alternatives.

In view of the above considerations, three limited but reason-
ably different alternatives for operations at Yards 1, 2, 3, 4, and 5
will be studied and the results will be compared in terms of car delays,
switchings, and departures of traffic originating at these yards.

5.3.3 Policy Alternatives

Examination of Table 29 makes it immediately clear that several
policy alternatives exist because of the way traffic appears at these
yards. Some of the possibilities associated with various yards are
described below to indicate the variety and extent of the alternatives.

At Yard 1

Alternative 1
Send cars received during 04:00 to 08:00 and during
16:00 to 20:00 hours to Yard 2, unsorted, as soon as
possible for onward movement to Yard 5. Send cars
received during 20:00 to 00:00 unsorted to Yard 5 for
sorting and onward movement.

Alternative 2
Sort out cars in pure blocks for Yards 5, 8, 9, and
11 on a 24~hr basis. Combine cars for Yards 6, 7,
and 10 in a mixed block on a 24-hr basis and send
to Yard 6 for fine sorting.

At Yard 2

Alternative 1
Combine locally originating cars received from Yard
1 and send unsorted to Yard 5.

Alternative 2
Sort out cars in pure blocks for Yards 8, 9, and
11 and combine cars for Yards 5, 6, and 10 in mixed
blocks on a 24-hr basis and send to Yard 5 for fine
sorting
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At Yard 3

Alternative 1
Send cars unsorted to Yard 5 for fine sorting as
soon as possible.

Alternative 2
Sort out cars in pure blocks for Yards 5, 6, 7, 8,
9, 10, and 11 on a 24~hr basis.

At Yard 4

Alternative 1
Send cars unsorted to Yard 3.

Alternative 2
Send cars unsorted to Yard 5.

At Yard 5

Alternative 1
If Yards 1, 2, 3, and 4 send their cars unsorted
to Yard 5, then 5 sorts out the cars in pure
blocks for Yards 5, 6, 7, 8, 9, 10, and 11.

Alternative 2
If Yards 1, 2, 3, and 4 do not send their cars
to 5, then Yard 5 will make pure blocks only for
Yards 1, 8, and 9 at suitable times to move its
own originating traffic.

Policy alternatives for Yards 6, 7, 8, 9, 10, and 11 can be
similarly formulated. However, it is difficult and time consuming to
study the consequences of various combinations of policy alternatives
for all the yards without the help of a computer program. The results
of three alternatives only for Yards 1, 2, 3, 4, and 5 based on some
simplifying assumptions and an existing computer program augmented by
hand calculations are presented to demonstrate the methodology.

5.3.4 Comparison of Three Alternative Policies for Five Yards

The three variations considered are concerned with the move-
ment of cars originating at Yards 1, 2, 3, and 4 and destined for Yard
5 and beyond. This is only part of the total problem, but it is suf-
ficiently independent and interesting to discuss the reésults of various
policy alternatives on yard loadings, car handlings, crew requirement,
and extra car hours generated by these cars.

Table 30 summarizes the results of three variations in blocking

and train-operating strategies used at Yards 1, 2, 3, 4, and 5 based on
the following scenarios and assumptionms,
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5.3.4.1 Assumed Scenarios

The following scenarios were assumed for the three alter-
native policies.

Scenario for Alternative 1

e Train A-1l leaves Yard 1 at 20:00 with 69 cars
(received during 04:00 to 08:00 and 16:00 to
20:00) and picks up 36 cars at Yard 4 (received
during 12:00 to 20:00).

® Train A-2 leaves Yard 1 at 00:00 with 98 cars
(received during 20:00 to 00:00).

® Train B-1 leaves Yard 2 with 86 cars (received
during 08:00 to 12:00 and 16:00 to 20:00).

® Train‘C-1 leaves Yard 3 at 16:00 with 90 of the
119 gars (received during 12:00 to 16:00 hours).

e 'rain C-2 leaves Yard 3 at 00:00 carrying the
remaining 29 of the 119 cars and 46 cars received
during 20:00 to 00:00.

Scenario for Alternative 2

® Train A-1 leaves Yard 1 at 03:00 carrying a pure
block of 74 cars for Yard 9, accumulated during
24 hours.

® Train A-2 leaves Yard 1 at 04:00 carrying pure
blocks for Yards 5, 8, and 11 and a mixed block
of 15 cars for 6, 7, and 10.

® Train B-1 leaves Yard 2 at 23:00 carrying pure
blocks for Yards 8, 9, and 11 and a mixed block
of 21 cars for 5, 6, and 10.

® Train C-1 leaves Yard 3 at 03:00 with 82 cars in
pure blocks for Yards 5, 6, and 8 and also two
cars for 7.

® Train C-2 leaves Yard 3 at 05:00 with 73 cars in
pure blocks for Yards 9, 10, and 11, and picks up
36 unsorted cars at Yard 4.

All of the above trains stop at Yard 5 and are regrouped to form out--
bound trains carrying pure blocks.
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Scenario for Alternative 3

e Train A-1 leaves at 08:00 from Yard 1 carrying
30 cars (received during 04:00 to 08:00), picks
up 34 cars at Yard 2 (received during 08:00 to
12:00) and another 36 cars at Yard 4 (received
during 12:00 to 20:00).

e Train A-2 leaves at 20:00 from Yard 1 carrying
39 cars (received during 16:00 to 20:00), picks
up 46 cars at Yard 3 (received during 20:00 to
00:00).

e Train A-3 leaves Yard 1 at 00:00 carrying 98 cars
(received during 20:00 to 00:00).

e Train B-1 leaves Yard 2 at 20:00 carrying 54 cars
(received during 16:00 to 20:00).

e Train C-1 leaves Yard 3 at 16:00 carrying 119 cars
(received during 12:00 to 16:00).

5.3.4.2 Assumptions Related to Calculations of Various Measures
of Effectiveness

The various measures indicated in Table 30 have been
calculated as follows:

(1) Number of cars switched at various yards is the
number of cars switched to form pure blocks. In Variations 1 and 3,
Yards 1, 2, 3, and 4 do not sort out cars in pure blocks. In Scenarios
1 and 3, therefore, the switching load at these yards is zero. 1In
Variations 1 and 3, all cars are sorted at Yard 5.

(2) Number of blocks formed is the total number of pure
and mixed blocks into which the yard sorts the cars it receives. 1In
Variations 1 and 3, Yards 1, 2, 3, and 4 all form only one mixed block into
which they place any car they receive. 1In Variation 2, Yard 1 forms
five blocks--four pure blocks (for 5, 8, 9, and 11) and one mixed block
(for 6, 7, and 10). Similiar explanation applies to other yards.

(3) Switch-engine crews needed for switching are cal-
culated by assuming that one yard engine crew working for eight hours
can classify up to 100 cars, two crews working eight hours can classify
up to 200 cars, and so on. This is an approximate relationship for flat-
yard switching operations, based on limited SRI questionnaire returns.
(It should be noted that the classification process in flat yards typ-
ically involves a large amount of reswitching of cars.)
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(4) Total number of car handlings is

N,. S
12% iy i3

where Nij is the number of cars originating at i going to j, and Sij is
the number of times each car included in Njj is switched at originating,
intermediate, and destination yards. For example, in Scenario 1, cars
from Yards 1, 2, 3, and 4 are switched only once at Yard 5 where they
are sorted into pure blocks. The number of total car handlings, there-
fore, 1is

(446) (1) = 446

where 446 is the sum of cars originating at Yards 1, 2, 3, and 4 des-
tined for Yard 5 and beyond.

(5) Extra car hours are calculated as the sum of delay
incurred by waiting for a train or for pickups and the delay incurred
as a result of switching. For example, considering Variation 1 and the
movement of cars by Train A-1, the extra car hours associated with the
cars in this train have been calculated as follows.

The 29 cars received during 04:00 to 08:00 should ideally
have left at 08:00 but, because of train-size considerations, they are
held until 20:00 when the total number of cars at the yard becomes 69
which is the minimum size of a train. This is a waiting delay of 12
hours; instead of leaving Yard 1 at 08:00, these cars leave at 20:00.
The extra car hours accounting for delay due to waiting for a train
associated with the 29 cars 1is

29 x 12 = 348 car hours,

At Yard 4, the 36 cars picked up by Train A-1 consist of 22 received
during 12:00 to 16:00 and 14 received during 16:00 to 20:00 hours. As~
suming that Train A-1 arrives at Yard 4 at 20:45 (adding link transit
times) and departs at 21:45 (after pickup operations at Yard 4), the
following additional extra car hours at Yard 4 result:

69 cars delayed by one hour for pickup = 69 car hours

22 cars delayed by 5-3/4 hours = 126.5 car hours
(ideally should depart at 16:00 but leave at 21:45)

14 cars delayed by 1-3/4 hours = 24,5 car hours
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When the trailn reaches Yard 5, it disbands and is switched
to form pure blocks. The time required to sort out cars in pure blocks
is calculated through the following empirical relationship derived from
the study of switching operations at some yards:

time needed to switch a batch of cars = 0.57¢ + 0.35 minutes

where c is the number of cars in batch. This is again an approximation;
more exact relationships must be developed, and this will require further
research. Using the above relationship, the time needed to sort out the
105 cars is 60.20 minutes (about one hour). After sorting operations,
the cars brought by Train A-1 are formed into the following blocks and
associated quantities:

Destination Number of Cars
5 11
6 2
7 5
8 20
9 44
10 8
11 15

Eleven cars for Yard 5 have reached their destination after an additional
delay of one hour caused by switching. The number of cars brought by
Train A-1 destined for 6, 7, and 10 are not in block-size quantities
(less than 15) and, therefore, must be combined in a mixed block or must
be held at Yard 5 until other trains deliver the rest of the cars for
these destinations from Yards 1, 2, 3, and 4. For simplicity, it has
been assumed that the 15 cars (2 + 5+ 8) for destinations 6, 7, and 10
are held at Yard 5 for an average of 12 hours to be combined with other
cars that have been brought in. The cars for destinations 8, 9, and 11
are in block-size quantities and can be sent onward by a train starting
from Yard 5 approximately one hour after switching operations are com-—
pleted because one hour is the time required to form the train. The
delays at Yard 5 imposed on the 105 cars brought by Train A-1 can be
summarized as follows:

105 cars delayed by one hour for switching = 105 car
hours

15 cars delayed by 12 hours for waiting = 180 car hours
for other trains

90 cars delayed by one hour for train formulation = 90
car hours.
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The total delay in car hours associated with the 105 cars brought by
Train A-1 including delays at Yards 1, 2, 3, and 4, therefore, is

348 + 69 + 126.5 + 24.5 + 105 + 180 + 90 = 943,

The extra car delays for other cars have been similarly calculated.

5.3.5 Analysis of the Alternative Policles

Although limited to a part of the total traffic, the three
alternatives considered emphasize several useful aspects of system
level factors affecting yard loadings and operations. Following are
some of the important points,

a) Under the assumed scenarios and delay calculations,
Variation 3 appears to provide the least average
delay per car although, in other respects, this
variation is similar to Variation 1. Variation 2
results in relatively higher delay per car.

b) In Variations 1 and 3, the total switching load is
placed in Yard 5; however, the load is within the
capacity of the yard., Referring to Table 28, the
capacity of Yard 5 is 2000 car switchings per day.
Assuming that this capacity is equal in both
directions, the total number of cars to be switched
by Yard 5 that are going to yards 6, 7, ..., 11 is

444 + 28 + 82 = 554

where 28 and 82 are the number of cars originating
at 5 that are going to Yards 8 and 9. (Refer to Table
29. At Yard 5, the cars originating are only for
8 and 9 going to yards with higher than 5 numbers.)
This number is within the capacity of Yard 5. As
a result, Variations 1 and 3 do not violate the
capacity constraints and provide a better overall
car-delivery time compared to Variation 2.

c¢) Generally, the number of trains increases if a
small train size is allowed (such as a 50-car
train). If the traffic patterns are such that
not too many small trains can efficiently be
formed, however, the total number of trains may
not change, as was evident in the present case
study. Because the number of trains in all
three variations was the same although their com-
position and departure times were different, the
crew costs and other train-associated expenses
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d

e)

will be approximately the same for the three
variations. This appears to be generally true
because, for a given desirable length (such as

80 cars), the total number of trains in the
system is essentially fixed. It is the varia-
tions in composition and departure times that af-
fect delivery times and yard loadings.

The major differences in the three variations are
car hours, average delay per car, and individual
yard loadings., Various blocking policies, train
compositions, and schedules can be used to produce
several different operating scenarios. The de-
signer can then select those scenarios that ap-
pear to offer a suitable combination of yard
loadings, car delivery times, and other attributes
of interest.

It is difficult to establish universally applicable
guidelines for blocking and train-operating policies.
The specific 0/D table, network geometry, and yard
capacities associated with each policy must be
considered on an individual basis. Generally, there
is a need for an established set of realistic cal-
culable measures of effectiveness, associated costs,
and some agreeable criteria for comparing various
blocking and train-operating strategies. In addition,
a suitable computer program is also required to per-
form a large number of repetitive calculations, such
as car switchings, block sizes, and car delays.
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6 MEANS OF IMPROVEMENT

As discussed in Chapter IV, the process of technological change is
significantly related to the solution of perceived problems. The organi-
zation of a meaningful applied research and development program is highly
contingent, therefore, on the identification of the major problem areas
and the determination of the relative magnitude of those problems.

During our discussions with railroad personnel, it became evident that
two major categories of yard-related problems have provided, in the past,
the motivation to improve yard operations. One is related to the eco-
nomic costs associated with yard operations, another is the effect of
classification yard operations on the quality of transportation service
offered to the railroad user.

6.1 COSTS OF RATLROAD YARD OPERATIONS

Our discussions with railroad personnel indicated that the costs
associated with yard operations are a major area of concern. Railroad
revenues are related to the movement of freight over some distance. As
a result, yard operations, which typically involve the accumulation and
sorting of freight cars in one location, usually do not generate reve-
nue, but they can be considered generators of costs or expenses.

Despite the concern about railroad yard costs, we could find no
complete agreement as to their magnitude and impact. Estimates by rail-
road personnel and in the literature ranged from 10 to 65 percent of all
railroad costs. In many cases, these estimates could not be broken down
into their components.

To develop an acceptable estimate of the total U.S. yard costs, we
utilized ICC account information. When the ICC statistics did not de-
fine yard costs, SRI project personnel used other information plus their
own experienced judgment to determine the appropriate allocation. The
major items of yard expense are shown in Table 31. It can be seen that
the cost of operating the nation's railroad yards during 1973 is esti-
mated to have been $3.96 billion which is more than one-third of total
railroad expenses during that year. This estimate includes all types
of yards and is not restricted to classification yards only. As such,
this estimate is an indication of the overall magnitude of nationwide
yard costs and serves as a rough upper bound for any estimates of classi-
fication yard costs.

The development of our cost estimate of railroad classification

yards during 1973 relied heavily on the information obtained during the
survey process. Although the questionnaire survey was primarily
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Table 31

NATIONWIDE SWITCHYARD EXPENSES

(1973 Calendar Year)

Expense Percent
(Millions of of Yard
Item 1973 Dollars) Expenses
Class~I line-haul railroad
Yard conductors and brakemen $ 679 17.1%
Yardmasters and clerks 325 8.2
Yard enginemen 306 7.7
Payroll taxes 231 5.8
Maintenance of yard locomotives and
equipment 191 4.8
Car inspectors 182 4,5
Property taxes 175 4.4
Yard maintenance of way and structures 136 3.4
Superintendence (transportation) 124 3.1
Freight loss and damage and clearing of
wrecks 97 2.4
Employee health-and-welfare benefits
(transportation) 89 2.2
Yard switch-engine fuel 53 1.3
Insurance and injuries (transportation) 49 1.2
Stationery, printing, and communication
(transportation) 41 1.0
Yard supplies and expenses 40 .9
Servicing locomotives 28 .7
Yard switch and signal tenders 26 .6
Yard expenses, Class-I line-haul
railroads $2,773 69.37%
Gross operating expenses of switching
and terminal railroads
Class I $ 277 6.97%
Class II 86 2.1
Class-II line-haul railroads
Estimated yard expense 39 .9
Total yard-operation expense $3,175 9.9%
Car-ownership cost
Assignable to yards 786 19.8
Total Yard Cost $3,961 1007
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performed during the last few months of 1975, the general traffic system
during that period made these data more representative of an annual aver-
age for 1973 rather than for 1975 because of seasonal and economic fac-
tors. From this collected data, we estimate that the costs associated
with classification yard operations in 1973 were nearly $3 billion (1973
dollars) or 75 percent of the total yard costs and 25 to 26 percent of
the total railroad expense for that year. Table 32 is a breakdown of the
1973 classification yard costs.

We then used this 1973 breakdown to estimate the national costs
associated with classification yards from 1980 through 1989 and from
1990 through 1999. The costs for the entire 20-year period (1980 through
1999) are detailed in Table 33 in 1975 dollars. We predicted that the
total national classification yard costs for this period would be over
$75 billion (1975 dollars), based primarily on the projections of future.
switching and yard requirements developed in the present-trends scenario.

6.1.1 Potential Areas for Yard Cost Reduction

The breakdown of the items of the classification yard cost
projections was used to roughly identify and isolate those operational
areas where an advance in the state of the art in yard technology would
significantly reduce costs. Additionally, further engineering analysis
was performed to define these areas more precisely and to examine their
sensitivity to change. A major element of this analysis was the use of
SRI's previously validated yard simulation model to examine the effects
of various changes on yard operations and costs.

6.1.2 Labor-Related Costs

The breakdown of cost projections reveals that the major ex-
pense in operating classification yards is labor-related. The projec-—
tions based on the present—trends scenario indicate that labor-related
classification yard expense would be nearly $50 billion or two-thirds of
the total costs. Approximately 65 percent of these labor-related cost
are associated with the use of switch engines. Almost 9 percent are
related to car inspectors, 8 percent to yard clerks, 6 percent to main-
tenance-of-way personnel, 4 percent to yardmasters, and an additional
4 percent to yard and terminal superintendence. From this breakdown, it
is clear that the major labor-related expense is the operation of switch
engines.

6.1.3 Car-Time Expenses

The time cars spend in yards is generally regarded as unproduc-
tive because they are not generating freight-ton miles which are the
basis of railroad-revenue production; however, the railroads are paying
for the car whether it is on a train or in a yard. Based on present
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Table 32

CLASSIFICATION YARD EXPENSES (1973)

1973 Expenses
Item (Millions of 1973 dollars)
Personnel-related costs $2,076
Yard superintendents $ 81
Yardmasters 72
Yard clerks 148
Yard engineers 282
Yard conductors and foremen 282
Hostlers and helpers 25
Other trainmen 512
Car inspectors 153
Other maintenance of equipment 83
Maintenance of way 101
Payroll taxes 199
Employee health-and-welfare benefits 87
Insurance and injuries 50
Yard material expenses $ 255
Maintenance of equipment $ 64
Maintenance of way 86
Switch-engine fuel 38
Stationery, printing, and communication 33
Other yard supplies and expenses 34
Other classification yard expenses $ 662
Property taxes $ 53
Loss and damage 82
Equipment depreciation 24
Car depreciation and rental 503
Total 1973 classification yard expenses $2,994
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Table 33

CLASSIFICATION YARD EXPENSES (1980-2000)

Item Expenses (Percentage of Total)
(Millions of 1975 Dollars)
Personnel-Related Costs $49,951 (66.2%)
Yard Superintendents $ 1,898 (2.5)
Yardmasters 1,683 (2.2)
Yard Clerks 3,464  (4.6)
Yard Engineers 6,579 (8.7)
Yard Conductors and Foremen 6,590 (8.7)
Hostlers and Helpers 580 (0.8)
Other Trainmen 11,966 (15.9)
Car Inspectors 3,573 (4.7)
Other Maintenance of Equipment 1,945 (2.6)
Maintenance of Way 2,356 (3.1)
Payroll Taxes 6,095 (8.1)
Employee Health-and-Welfare
Benefits 2,041 (2.7)
Insurance and Injuries 1,179 (1.6)
Yard Material Expenses $ 7,942 (10.5%)
Maintenance of Equipment $ 1,495 (2.0)
Maintenance of Way 2,017 (2.7)
Switch-Engine Fuel 2,863 (3.8)
Stationery, Printing, and
Communication 769 (1.0)
Other Yard Supplies and Expenses 798 (1.0)
Other Classification Yard Expenses $17,496 (23.3%)
Property Taxes $ 1,230 (1.6)
Loss and Damage 1,928 (2.6)
Equipment Depreciation ' 569 (0.8)
Car Depreciation and Rental 11,753 (15.6)
New Yard Construction 2,016 (2.7)
Total 1980 to 2000 Classification
Yard Expenses $75,389 (100%)
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trends, our cost projections showed that car time in yards will cost the
railroads almost $12 billion (1975 dollars) during the 1980-2000 time
period. This prediction is based on an allocation of current railroad
car-rental and depreciation expenses and averages out at approximately
$2.07 per car day, which is an extremely low figure. The opportunity
costs associated with car detention in yards could be considered to be
more than three times this amount because the average per diem rate is
about $7/day. 1In addition, certain railroads believe that the true re-
placement costs of cars are actually nearer to $12/car day. Despite the
low unit cost associated with car time in our projections, it accounts
for nearly 16 percent of the total yard expenses. This cost figure is
based on questionnaire responses about average car-detention time in
yards,

6.1.4 Other Yard Costs

Switch-engine fuel is the next highest single factor in classi-
fication yard expenses, accounting for nearly 4 percent of the total.
This can be reduced through the design and development of more energy-
efficient switch engines.

Tt is estimated that the materials used for yard maintenance of
way account for 3 percent of the total costs. Improved track and roadbed
designs could reduce this expense. For example, continuous welded rails
and more durable turnouts would significantly lessen this cost.

The construction or rebuilding of classification yards will
also amount to an estimated 3 percent of the total yard expenses. New
design and construction techniques and machinery may be able to reduce
this cost.

The number of claims resulting from loss and damage in classi-
fication yards is expected to be another major expense during the study
period. This could possibly be reduced through the development of low-
cost end-of-car cushioning, improved packing and dunnage devices and
techniques, or improved speed-control equipment in yards.

6.2 ANALYSIS OF YARD OPERATIONS

In addition to estimating the costs assoclated with classification
yard operations, we examined yard processing activities to delineate more
fully those operations that are most sensitive to techmslogical change.
To analyze yard operations we performed (1) statistical analyses of yard
survey data, and (2) a series of computer simulations of classification
yvard operations.

6.2.1 Statistical Analyses of Yard Survey Data

The data obtalned from the yard survey were transferred to a
computer-readable form and analyzed with special computer programs. The
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primary purpose of these analyses was to identify yard operational prob=-
lems that can be reduced through technology. The results of these analyses
were mixed. A number of strong relationships between various factors of
yard operations were verified. In addition, we noted certain patterns in
the data, which assisted subsequent analyses. However, we found many of
our postulated relationships to be statistically insignificant and some

of the collected data inconsistent.

6.2.2 Computer Simulations of Classification Yards

In these computer simulations we used the SRI classification
yard model to simulate the effects various technologies have on classi-
fication yard operations. The SRI model was originally developed and
validated under USRA sponsorship and was modified slightly to better meet
the objectives of this project. The model is particularly appropriate
for analyzing the effects of changing yard resources (e.g., number and
length of tracks, number of switch engines, number of inspection crews),
in response to yard operational requirements. We used the model to sim-
ulate the operations of six different yards, which were nominally defined
to represent the six yard categorles described in Chapter II.

The initial simulation of each yard category established a
basis of comparison for subsequent simulations of yard operations after
implementing various techmnologles. It also provided additional informa-
tion about the potential for decreasing car-detention time in yards and
improving the utilization of yard resources. Table 34 summarizes the
estimated distributions of car-detention time in classification yards
during 1973. Based on these distributions, the major element of car-
detention time is the delay caused by waiting for the accumulation of cars
prior to the makeup and departure of a train. Consequently, the most
significant gains in minimizing the time cars spend in yards are achieved
by reducing this delay. The accumulation time, however, is directly
related to many factors over which the yard has little control. Among
the most important is the formation and scheduling of inbound and out-
bound trains. For example, if shorter trains could be formed, train
departures would be more frequent, thereby reducing the amount of time
spent walting for enough cars to make up an outbound train. In the ex-
treme case, if one-car trains were allowed, there would be no delay
caused by accumulation.

Next to car—-accumulation time, special car handling accounts
for the longest car-detention  time in yards. Special car handling in-
cludes such activities as weighing, repairing, and cleaning. Another
element of car-detention time is related to the preparation of outbound
trains--inspecting the cars, connecting air hoses, and charging and test-
ing the ailr-brake system. Including the time spent wailting for processing,
these activities account for nearly 8 percent of the total car-detention
time in yards. The installation of systems that could automatically lace
the air hoses when used with pull-by inspections (using an inspection
pit) would significantly reduce this time, as would some type of auto-
matic coupling and a non-air-brake system. The analogous inbound-train
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Table 34

DISTRIBUTION OF CAR-DETENTION TIME IN CLASSIFICATION YARDS
(Calendar Year 1973)

Flat Yards Hump Yards Total Yards
Per~ Per- Per-

Car Time in Yards cent |Car Days/Year | cent |Car Days/Year| cent [Car Days/Year
Receiving delay 0.9% 1,781,635| 0.5% 276,320 | 0.8% 2,057,955
Yarding time 1.8 3,331,691 1.5 838,076 1.7 4,169,767
Inspection delay 0.5 938,329 0.8 442,692 | 0.6 1,381,021
Inspection/brake-bleeding
time 6.2 11,718,119 4.7 2,595,176 | 5.9 14,313,295
Switching delay 0.6 1,084,632 0.8 436,945 | 0.6 1,521,577
Switching time 5.0 9,434,797 2.2 1,246,022 | 4.4 10,680,819
Reswitching time 0.8 1,479,398 0.5 276,320 | 0.7 1,755,718
Accumulation time 60.5 113,581,832(50.1 27,672,374 |58.1 141,254,206
Departure pull delay 2.5 4,744,906 3.4 1,877,868 | 2.7 6,622,774
Departure pull time 3.7 6,948,393 | 3.6 1,970,701 | 3.7 8,919,094
Train-preparation delay 1.5 2,876,013| 1.9 1,031,293 | 1.6 3,907,306
Outbound-train preparatio| 6.1 11,534,588 6.0 3,311,315 | 6.1 14,845,903
Departure time 0.9 1,688,992( 0.8 422,734 | 0.9 2,111,726
Special car handling 7.4 13,800,124 |12.3 6,803,092 8.5 20,603,216
Car time not accounted for| 1.5 2,722,344 (11.0 6,063,059 3.6 8,785,403
Total time 99.9% 187,665,793 |100.1%| 55,263,987 |99.9% | 242,929,780

preparation activities account for approximately 7 percent of the car-
detention time in classification yards. By minimizing or eliminating

the time required for inbound inspection and brake bleeding, car-detention
time can be significantly lessened.

Based on both the results of the initial simulation runs and the
analyses of the yard survey data, we selected technologles that appeared
to have the potential for improving the operational effectiveness of the
six defined yard types. We then simulated with the SRI model the effects
that the implementation of these technologies would have on classification
yards. In addition to enabling us to evaluate specific technologies,
this series of simulation runs provided enough information for us to
identify many general characteristics of yard operations.

The simulations indicated that the stages of flat-yard opera-
tions are generally well balanced; no single activity acts as a bottleneck
to the flow of cars through the yard. For example, an increase in the
switching rate at most flat yards would not significantly increase yard
capacity or reduce car-detention time unless train arrival and departure
processing activities are also increased.
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Most hump yards, however, are not well balanced because certain
activities act as operational bottlenecks. Contrary to popular opinion,
our analyses and observations indicate that, in most moderate or large
hump yards, the major bottleneck occurs during the makeup of an outbound
train rather than during classification or humping operations. Improve-
ments in the train-makeup process are therefore likely to have more sig-
nificant effects on increasing yard capacity or reducing car-detention
time than would improvements in the humping process. Some potential im-
provements in the train-makeup process include:

Improved physical train-makeup process (such as remote-
controlled switches or an improved coupler/brake system).

Improved geometric design to reduce interference between
switch engines and to eliminate additional switching or
doubling.

Improved yard management, planning, and communications
to reduce the interference between switch engines.

Our analyses thus indicate that it 1s necessary to implement
improvements in most flat yards in parallel in order to improve opera-
tions. For most hump yards, however, improvements in train-makeup
activities tend to have the most substantial impact on yard operations.,

Our analyses of yard processes and procedures revealed, in many
cases, that changes in procedures significantly affect yard operatilons.
For example, changing train schedules reduces the amount of car-detention
time in classification yards. This reduction was found to be significant
in small and medium classification yards and somewhat marginal in larger
classification yards.

We also examined the different categories of classification
yards and observed that theilr operational efficiency varies significantly.
Generally, the medium and large hump yards were the most efficient (when
judged in terms of labor productivity). Many of the newer, small hump
yards were more efficient than flat yards with comparable throughput;
however, most of these low-volume hump yards were operating at a rela-
tively low level of efficiency. Based on other yard survey data, such
as hump-yard age and capacity, we postulate that most of the less effi-
cient, low-volume hump yards are older yards that are not being operated
at their optimal throughput volume. In many cases, the efficiency of
these yards can be improved by reducing the number of yard crews, re-
scheduling trains and crew assignments, or operating with only one or two
shifts a day. Their efficiency can also be improved by converting them
to flat switching yards.
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The low-volume flat yards were also often operating at a
relatively low level of efficlency. Although certain operational changes
can Increase this level of efficiency, it was still generally lower than
the level of efficiency in the other types of yards. In some geographical
areas this problem can be overcome by consolidating a number of smaller
classification yards.

These remarks are general in nature and scope. Although they
represent the overall conditions of classification yard operations in the
United States, there are many exceptions to what we have categorized as
typical.

6.3 POTENTIAL MEANS FOR IMPROVEMENT

Using the information gained from the analyses described above, we
estimated the effects that the implementation of certain types of tech-
nology would have on yard expenses and on the quality of zervice offered.

6.3.1 Yard Expenses

The economic benefits that would be gained from the implementation
of selected elements of yard technology are shown in Table 35. These
cost savings are based on the present-trends scenario over the 1980 to
2000 time period and on the assumption that each element could be fully
implemented by 1980 to form a common basis for comparison. The deriva-
tion of these cost estimates are also based on certain assumptions re-
garding the operational and technical characteristics and feasibility
of the postulated items of technology. Because the values of these esti-
mates are highly dependent on the assumptions made, they should be used
not as absolute measures of cost-savings potential but rather as first-
order indicators of the relative cost-savings impact of the various
technological features.

6.3.2 Quality of Service

We also examined the effects that the implementation of various
types of technology would have on the quality of service offered to the
railroad user. Our examination identified seven major elements of ser-
vice quality including 0-D transit time, O-D transit-time reliability,
equipment availability, schedule adaptability, correct delivery and
spotting of cars, lading loss and damage, and the availability of car-
and load-status information. It is extremely difficult to measure or
quantify the quality of railroad service, partly because the variations
between the seven identified elements of service quality make it impos-
sible to develop a single measurement scale. The relative importance of
each element will also vary between shippers, depending on such factors
as commodities and inventory surpluses. For example, a shipper of
lettuce or glass will probably be more concerned over lading damage than
would a shipper of steel or coal.
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Table 35
POTENTTAL YARD-TECHNOLOGY IMPROVEMENTS

Areas of Improvement

1980-2000 Coat Savinga (Millions of 1975 Dollars)

Labor~ Car-Time-
Related Related Other Total
Means of Improvement Savings Savings Savingse Savings
Rolling-Stock Technology
Remote-controlled hump engine $ 241 $ 0 $ 0 $ 241
Remote-controlled switch engine 5,752 0 85 5,837
Cab-operated coupling/uncoupling 5,719 1,410 0 7,129
system
Energy-storage flywheel switch 0 0 385 385
engine
Switching mules 547 0 58 605
Smaller switch engines (15 to 0 [} 390 390
25 car movement capacity)
Car-cushioning devices 0 626 626
Internal bracing and restraint 0 626 626
devices
Car-security systems 0 0 90 90
Self-bleeding brake 659 705 0 1,364
Yard/Network Operational Procedures
Car distribution $ 0 $1,175 $ 0 $1,175
Train scheduling, and 0 1,293 0 1,293
dispatching
Systemwide blocking and 1,040 823 79 1,942
train formation
Yard Design
Herringbone-track layout $ 954 $ 210 $ 80 $1,173
(hump yards?)
Yard Hardware
Speed-control devices $ 0 $ 0 $ 880 $ 880
(flat yards)
Speed-control devices 0 0 587 587
(hump yarda)
Power switches (flat yards) 3,052 0 0 3,052
Automatic alr-hose connection 659 588 0 1,247
devices
Pin-puller cut indicator 0 31 0 31
(hump yards)
Automatic pin puller 190 41 0 231
(hump yards)
Continuous welded rail 319 0 228 547
Computer, Control, and Communication System

Car-movement information 2,771 o 0 2,771
and location
Automatic car identifi- 1,879 0 0 1,879
cation
Computerized operations 4,279 588 143 5,010
monitoring and planning
system
Yard security systems ] ] 45 45
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RELATIVE ASSESSMENT

Table 36
OF SERVICE-QUALITY IMPROVEMENT

Areas of . L o o
o w & woE
Improvement L § u°.§. "g go H °3s -
A A Y I O X2 Bg | &2
4 S8 |He A o - 9 =N L&
Means of @ an |dd da I = ol o
Improvement g §5 |2% a4 (488 2.0 8% “n
= WO CIRY W O b %ﬂ 5 % - -
2] H o - ) u " ey = o -
A |Hdoul pa [H 0l g8 W M hir
a a- LY~ o 5 oc m N @ > a -]
5 6 g 2 : g 3 3 (SN &) A <O [ 3=
Yard Computer/Communication Systems
CCTV (general yard 0.0 0.0 0.3 0.3 0.3 2.3 1.7 4.9
observation)
CCTV (car inspection) 0.0 0.3 1.7 0.7 0.0 1.8 2.3 6.8
Car~-movement informa- 2.0 2.7 1.7 3.0 2.5 1.3 4.0 | 17.2
tion and location
Rollability measurement | 0.0 0.0 0.0 0.0 0.0 0.8 0.0 0.8
and prediction
Automatic car identi- 1.8 2.0 0.3 2.3 2.0 1.4 3.3 | 13.1
fication
Voice data entry 0.7 0.7 0.3 0.7 0.7 0.0 3.0
Rhdio X~-mission of hard| 0.8 1.0 0.3 2.0 1.7 0.0 1.3 5
copy switch list to
switch engine
Computerized yard- 2.8 3.5 3.0 4.0 3.0 1.5 3.7 | 21.5
operatlons monitoring
and planning system
Yard security systems 0.0 0.2 1.0 0.0 0.0 3.0 0.0 4.2
Yard Hardware
Coupled-in-motion 0.8 0.7 0.0 0.3 0.0 0.2 0.0 2.0
scales
Uncoupled-in-motion 0.8 0.7 0.0 0.3 0.0 0.0 0.0 1.8
scales
Weigh rails 0.0 0.0 0.0 0.0 0.3 0.3 0.0 0.6
Car safety~inspection 0.3 0.7 1.3 0.0 0.0 2.2 1.3 5.8
devices
Wheel detectors 0.3 0.3 0.0 0.0 0.3 0.0 0.3 1.2
Presence detector and 0.0 0.0 0.0 0.0 0.3 0.3 0.3 0.9
track circuits
Speed-control devices 0.0 0.2 0.0 0.0 0.0 3.3 0.0 3.5
Power switchea (cab 0.7 0.5 0.0 0.2 0.0 0.2 0.0 1.6
controlled)
Power switches 0.3 0.2 0.0 0.0 0.0 0.0 0.0 0.5
(tower controlled)
Yard air devices 0.7 0.5 0.0 0.0 0.0 0.0 0.0 1.2
Automatic air-hose 1.5 1.0 0.0 0.0 0.0 0.0 0.0 2.5
connection devices
Pin-puller cut indi- 0.3 0.5 0.0 0.0 0.0 0.0 0.0 0.8
cator (hump yards)
Pin-puller Platform 0.3 0.3 0.0 0.0 0.0 0.0 0.0 0.6
(Hump Yard)
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Table 36

(Concluded)
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Yard Hardware (Concluded)
Automatic pin puller 0.3 0.5 0.0 0.2 0.0 0.0 0.0 1.0
(hump yards)
Weather-sealed 0.5 0.3 0.0 0.3 0.0 0.3 0.0 1.4
awitches
Continuous welded *0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
rail
Concrete ties 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Track-maintenance 0.0 0.2 0.0 0.0 0.0 0 0.0 0.2
equipment
Yard lighting 0.3 0.0 8.0 0.7 0.0 0.2 0.0 1.2
Rolling Stock Technology
Remote~controlled hump 0.0 0.2 0.0 0.0 0.0 0.2 0.0 0.4
engine
Remote-controlled 0.0 0.0 0.0 0.0 0.0 0.7 0.0 0.7
switch engine
Cab-operated coupling/ 0.3 0.5 0.0 0.0 0.3 0.0 0.0 1.1
uncoupling system
Energy-storage fly- 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
wheel switch engine
Switching mules 0.3 0.3 0.0 0.0 0.7 0.2 0.0 1.5
Smaller switch engines 0.3 0.3 0.0 0.0 1.0 0.0 0.0 1.6
(15 to 25 car-movement
capacity)
Car-cushioning devices 0.0 0.0 0.0 0.0 | -0.2 3.0 0.0 2.8
Internal bracing and
restraint devices -0.3 | -0.3 0.0 0.0 | -0.2 3.3 0.0 2.5
Car-security systems 0.0 0.0 0.0 0.0 0.0 Il 0.0 2.7
Self-bleeding brake 1.0 1.2 0.0 0.0 0.0 0.0 0.0 2.2
Yard/Network Operational Procedures
Empty-car distribu- 2.8 1.8 4.3 0.5 1.0 0.0 1.7 12.1
tion system
Traian scheduling, and 3.0 3.8 1.7 3.0 0.7 0.0 0.7 12.9
dispatching
Systemwide blocking 3.8 3.0 0.3 0.7 0.3 0.7 0.7 9.5
and train formation
Dynamic asslgnment of 0.8 0.3 0.0 2.7 0.0 0.0 0.0 3.8
class tracks
Multipass switching 0.0 0.0 0.0 1.3 0.0 | 0.7 0.0 0.6
Unit trains 3.7 4.7 0.0 | -0.7 0.0 1.0 0.7 9.4
Runthrough trains 3.7 4.7 0.0 -1.0 0.0 2.0 0.0 9.4
TOFC/COFC Trains 3.0 2.7 0.0 0.7 0.0 1.7 0.0 8.1
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For these reasons, a relative rating procedure was developed
to indicate generally how service could be improved. A number of SRI
researchers were asked to rate subjectively (on a scale from -5 to 5)
the effect certain technologies would have on the various elements of
service quality. All of the researchers involved in this rating proce-
dure had had extensive experience in analyzing railroad operations and
were familiar with the technology items that were being examined. The
ratings were then averaged and the results are shown in Table 36.

6.4 SUMMARY

The results of our analyses reveal a number of areas where the de-
velopment and/or implementation of technology would have significant
benefits. The technologies recommended for further study are described
below.

6.4.1 Rolling-Stock Technology

The development and implementation of an advanced car-coupling
and brake system could greatly reduce labor-related and car-detention
costs in classification yards. To be truly effective, however, such a
system should be installed on all cars. The requirements for design
compatability both during and after the changeover is a significant con-
straint to the effective use of such systems. Another serious constraint
to the nationwide implementation of such a system would be the capital-
investment requirements.

Because the operation of switch engines accounts for more than
50 percent of all yard-related expenses, efforts to improve the design
and operational efficiency of switch engines appear to be warranted.
Certain technology (such as remote-controlled switch engines) has the
potential to reduce dramatically the labor requirements within yards;
it can also increase switch-engine utilization and efficiency. (For
example, the engines would not necessarily have to be brought to a cen-
tral yard location for crew changes.) Such technology is expected to be
relatively inexpensive and does not need to be universally implemented
to derive benefits. Existing labor-protection agreements, however,
would probably delay the benefits to be gained from such technology.

The development of improved switch-engine designs can increase
the energy-efficiency of many types of switching activities. Most
industrial distribution engine assignments (which account for ap-
proximately 30 percent of all switch engine hours) could be performed
by smaller switch engines or mules because more than 65 percent of
these assignments handle less than 40 cars per shift. In addition, most
roustabout-type engine assignments (such as those working at scales or
in repair shops) could also be accomplished by smaller more energy-
efficient engines.
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Improved car-cushioning technology could potentially reduce
lading-damage claims and improve the quality of service offered to the
rail user. Typical improvements would include increasing the effective-
ness and decreasing the cost of internal bracing and dunnage devices
and car impact-absorbing devices.

6.4.2 Yard Hardware and Facilities

The development of new or improved yard hardware was not found
to significantly increase service quality. Implementation of certain
types of hardware, however, can reduce yard costs.

A device to connect air hoses automatically, could reduce both
labor-related and car-detention costs; however, these savings would be,
for the most part, redundant with those associated with advanced car-
coupler and brake systems. The advantage of such a device would be that
it is a fixed facility and is not as difficult to implement although its
technical and operational feasibility has not yet been demonstrated.

Improved track and roadbed design and maintenance also offer
potential for reducing yard costs and increasing the efficiency of opera-
tions. This is an issue that has not been addressed in depth because we
could find no definitive or widely accepted data on optimal maintenance
policies for yards. In addition, the applicability of continuous welded
rail, concrete ties, different rail weights, and other related techno-
logies has not been completely assessed.

The design and control of yard turnouts should be examined.
Our first-order analysis of the use of power switches in flat yards re-
veals a large potential for manpower cost reduction over the period from
1980 to 2000. Many factors, however, can constrain the effectiveness of
this technology. More efficient turnout design and control could also
imporve yard operations by decreasing the number of misswitched cars and
derailments and reducing weather-related problems. Improved designs have
also been shown to greatly reduce maintenance costs. Improved safety is
another potential benefit.

Improved car-inspection devices and facilities at classifica-
tion yards may significantly enhance the level of railroad safety.
Facilities for pull-by inspections of cars would also be essential to
achieve the potential manpower savings that could result from the imple-
mentation of advanced car-coupler and brake systems. Such facilities
(inspection pits) already exist at several yards, and their feasibility
has been demonstrated.
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6.4.3 Yard Computer, Communications, and Control Technology

The elements of technology in this area generally were found
to exhibit a high potential for improving service quality and reducing
yard expenses. In particular, the investigation of an inexpensive highly
reliable automatic car-identification system should be continued because
it is an almost essential prerequisite to the development of more sophis-
ticated computer systems both at the yard and system levels. Our anal-
yses also indicates that these new computer systems show great promise
for reducing yard costs although some of these analyses are based on
somewhat speculative assumptions because of the uniqueness of such sys-
tems. The pioneering computer-based yard-inventory systems, however
have been shown to improve service quality, reduce costs, and enhance
demurrage accounting procedures. Future systems that facilitate the
monitoring and planning of yard operation also appear to have signifi-
cant potential.

6.4.4 Yard/Network Operational Procedures

A number of different types of operational procedures were
found to have a positive impact on both yard costs and service quality.
A major advantage of implementing operational changes rather than
hardware-related changes is that the required initial investment is
usually much lower. The most dramatic overall improvements were achieved
through changes in network operational procedures. Three principal areas
that should be further investigated are the development of an empty-car
distribution system on either a nationwide or individual systemwide
basis, the development and use of systemwide blocking and train-formation
strategies, and train-scheduling and dispatching policies.

At the yard level, operational changes were observed to have a
less significant impact. In certain yards that are currently being un-
derutilized, however, greater efficiency can be achieved by such changes
as rescheduling crews, reducing hours of operation, or terminating yard
operations. The capability to dynamically assign crews, tracks, and
other yard resources has a good potential for reducing yard costs and
improving service.

6.4.5 Yard Design

During our research, the design of classification yards was
determined to have a significant impact on the effectiveness of yard
operations. For example, the number and/or length of the yard tracks
are a major problem at more thah one-third of all classification yards,
We were often told by railroad employees that geometric modifications
to existing yards could substantially reduce operating costs. At pre-
sent, however, there is no clearly accepted methodology to evaluate the
effects of changes such as additional classification tracks to reduce
reswitching requirements. When evaluating new yard technologies through
the use of SRI's yard simulation model, certain design concepts, such as
herringbone tracks in hump yards, also showed great promise for reducing
vard costs. As a result, further investigation of the geometric design
of classification yards is recommended.
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Appendix A

YARD MECHANIZED INFORMATION-PROCESSING SYSTEMS

Mechanized information-processing systems (as defined by SRI) can
vary significantly among yards. Generally, however, these yards have
the equipment to transmit and receive train consist and car data and
often certain other limited data-processing capabilities. The paperwork
and information processing, therefore, are keyed to the available equip-
ment. The most common types of mechanized information-processing systems
are those that rely on IBM cards to maintain a more-or-less real~time
inventory of freight cars in a yard or terminal area. These are generally
referred to as PICL systems (perpetual-inventory and car-location systems)
although individual railroads may use other terms to describe similar
systems. For example, Penn Central's IBM accounting system was known as
the DICCS system (demurrage industrial car control system). Despite the
differences in terminology, SRI has observed that most IBM card systems
are similar, with only slight variations among yards. The information
processing and paperwork for a typical IBM card system (Figure 67) is
described below. This description generally parallels the sequence of
car-handling processes in classification yards.

Classification yards with mechanized information-processing systems
generally receive advance-consist information regarding incoming trainms.
For each inbound train, this information will contain a listing of the
cars on the train and/or a set of IBM cards with individual car identi-
fication, load, and other data punched on a separate card. The advance-
consist listing of cars should be received by the yard in the same order
as the cars on the inbound train. On actual arrival, a physical check
of the train is made to discover errors in the advance-consist informa-
tion. Waybills for the cars on the train are also received by the yard
office at this time. If the yard office has not previously received IBM
cards for all cars on the train, they will be prepared by the yard office
clerks. The IBM cards and waybills are then sorted into the same order
as the cars in the train. The train consist information is then used to
prepare a switch list which is forwarded to the appropriate yard person-
nel. The train can then bpe classified and the cars sorted into the
appropriately assigned classification tracks. The yardmaster will denote
on the switch 1list which tracks the cars are actually sorted onto and
the "as switched" list is sent back to the yard office. Using the as-
switched list, a yard office clerk manually sorts the waybills and IBM
cards into pigeonholes corresponding to the tracks onto which the
individual cars were switched. By this time, the cards and waybills
have been sorted and ordered in such a way that they represent the
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actual location of cars on the classification tracks. Periodically
(typically at the beginning of each trick), the IBM cards are used to
prepare a track-by-track inventory listing of the cars within the yard.

The outbound car process involves coupling cars and attaching a
caboose and power units to form an outbound train. If the cars from
two or more class tracks are doubled together to make an outbound train,
a yard clerk will take the waybills and IBM cards from the pigeonholes
corresponding to those tracks and bundle them together in the proper
train order. At this time, a physical check of the train is made to
ensure that the cars are in the same order as the waybills and IBM cards
and to ascertain that there 1s a waybill and an IBM card for each car in
the train. The IBM cards are than used to prepare copies of the train
consist, one of which will be stored temporarily in the yard office.

The waybills and other copies of the train consist are then given to
the outbound train conductor for use as a wheel report. The cards are
then run into a card-reader device that transmits the data to the next
yvard where a similar set of cards is produced. Besides using the IBM
cards to develop a yard-inventory listing, they are also sometimes
employed to generate yard transit-time statistics.

The PICL system i1s also utilized to maintain an inventory of the
cars located at industrial sidings and tracks within the terminal area.
Probably the major advantage of the PICL system is that it can serve
as an accurate basis for demurrage accounting; however, this advantage
generally accures to agency rather than yard operations.
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Appendix B

SRI QUESTIONNAIRES AND RESPONSES

This appendix contains coples of the questionnaires used by SRI
during the data-collection phase of this project. The first two forms
are the SRI questionnaire and questionnaire response sheet sent to the
FRA safety inspectors. The information obtained from this data collection
was used to develop a comprehensive national inventory of railroad
classification and industrial yards. Also included are copies of the
SRI questionnaire sent to owners and operatofs of railroad classification
yards. The information obtained from this survey was the key element in
the SRI yard characterization and problem analysis.



2,

3.
4.

10.

11.

12.

In what FRA region is this yard located?

In what state is this yard located? Please use standard U.S.
Postal Service two-letter abbreviations.

In what city is this yard located?

¥hat is the commonly uscd name of this yard? For example,
Train Yard, 12th Street Yard, Perlman Yard, Northtown Yard, etc.

What railroad -operates this yard? Please abbreviate. If more
than onhe railroad operates this yard, enter the word "JOINT".

In what type of area is this yard located?

Industrial (1) - Land which is used principally for manufac-
turing or processing products and materials.

Commercial (C) = Land which is used principally for the conduct
of trade and business. This would include
morchandising, business offices, amusement,
and personal service uses.

Residential (R) -~ Land which is used principally for single or
multiple family dwellings.

Agricultural (A) - Land which 13 used principally to ralse crops
or livestock.

Undeveloped (U) - Land which has not been developed or altered
to accomodate any of the land uses defined
above, Forest and desert areas are cxamples
of undeveloped land.

Is this yard a humpyard (H) or a flatyard (F)?
To which general yard grouping does this yard belong?

(A) Yards that do a significant amount of both classification
work (i.e. breaking up incoming and making up outgoing line
haul trains) and industrial work.

(B) Classification yards that serve industry very little but
classify at a center point on a road or at endpoints to
direct incoming and outgoing interchange traffic.

(C) Industrial yards worked by at least one assigned switcher or
by road switchers whose total time there averages one or
more tricks/day.

(D) Smaller industrial yards, which are worked by road switchers
less than one trick/day.

Is there an interchange point located within this yard? ("1" if
interchange exists, leave blank if not.)

Is this yard located at a junction of three or more main lines of
of owning railroad (J) or at the end of a main line of the owning
railroad (E)?

Does this yard have heavy car repair facilities (R)?

If this yard is part of a multiyard complex, what would you con-
sider to be the major or most significant yard in this complex?

SRI defines a multiyard complex to be a group of two or more
yards operated in an interdependent manner by the same railroad.
Generally these yards are located within a few miles of one .
another, and the complex does both classification and industrial
work. These complexes are most often found in urbanized areas.

Note: For the purposes of this study, the receiving, classification,
and departure yards of a humpyard are considered as elements of one

yard rather than a multiyard system. However 1f the humpyard is

composed of two opposite direction humps, it is considered to be two

yards, each composed of its own receiving, classification, and
departure areas (e.g. Enola East and Enola West).

Colum
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39-43
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Classification Yard Questionnaire

Flat Yards

During which year was this yard originally built? .
When was the last major physical modification made, if any (i.e., a
modification that substantially changed the operation or configuration
of the yard)? . What was this modification?

Briefly describe the role and significance of this yard in relation
to the operation of the railroad's system.

Priefly describe any plans to change the operation, physical plant,
or system status of this yard.

How many iracks are presently used for classification?
receiving trains? , making up outbound trains? 5
(Please explain if certain tracks are used for more than one function.)

How long are the longest and shortest
classification tracks; the longest and shortest
receiving tracks; and the longest and shortest

departure tracks?

How many cars (in terms of fifty~foot cars) can be held in the receiving

yard? , the classification yard? , and
the departure yard? .
What types of scales does this yard have? . What is

each scale used for?

How many ACI scanners does this yard have? . What are
they used for?

B-4



10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Does this yard have (check as applicable)

An industrial car location and inventory system
Computerized yard inventory system

Radio or intercom communication with personnel in yard area
Radio communication with switch engine crews

Radio communication with road haul crews

Advanced consist information

Yard air

Ooooood

How many cars did this yard classify during the last 7 days?
How many cars were classified on the highest day and the
lowest day during that period.

What is the maximum number of cars ever classified during one d