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PREFACE

This report is part of a larger study to
identify potentially cost-effective advanced braking
and coupling systems and to prepare a plan for
conducting the research and development needed to
bring about implementation of these systems. It
preéehts- the techniques used to evaluate the costs
and benefits of developing and implementing these

systems.

The authors express the_ir appreciation to the
people and érga;lizations that have helped considerably
throughout this project. The FRA COTR's, Mrs.
Marilynne Jacobs and subsequently Dr. N. Thomas
Tsai, have provided invaluable guidance and direction.
In addition, an industry committee cdmposed of Messrs.
Geoffrey Cope of Dresser Industries, John Punwani of
the Association of American Railroads, Bruce Shute of
the New York Air Brake Co., Donald Whitney of the
Burlington Northern Railroad and Carl Wright of
Westinghouse Air Brake Co. have performed important
review and consultation. The American railroad industry,
in particular the Southern Railway, Boston and Maine,
and several other railroads, has graciously provided
information and an opportunity to observe railroad

operations.
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EXECUTIVE SUMMARY

An overview of the methodology to
evaluate the costs and benefits of
developing and implementing advanced
braking and coupling systems 1s shown in
Figure E.1. The evaluation of candidate
systems and components starts with the
development of performance specifications,
as shown in the oval on the left. These
specifications are then used to evaluate
the corresponding systems for operations,
dynamice, and equipment. The resulting man-
power and operational changes, ilncremental
costs, and new maintenance procedures are
then used in finaneial and institutional

?

analyses to determine the two major out-
puts of the study: financial impact and
necessary instltutional changes.

Table E.1 lists the systems and com-
ponents that will ultimately be specified
and subsequently analyzed, and it groups
these systems according to major areas
of benefit and whether or not they are
primarily mechanical or electrical.
(Systems are identified in this report to
ensure that the methodology is adequate
for their evaluation; they will be evalu-
ated and discussed in a companion report
to be prepared later.)

FINANCIAL &
OPERATIONS INSTITUTIONAL
Institutional
Manpower & Changes -
Operational Changes Required
Yard & Road 1 -
—f>{ Simulation E
Modls Cost -
Labor & Analysis 4 Operating
Equipment Use Costs
E Dislocation
DYNAMICS Costs
System & Performance Forees & 4 Accid Financial
{\y‘ e Specifications “Train Moti Accident & Maintenance Costs Fi Impact
> " = T D T -
Conceptualization 'ynamics Cost Analysis Anglysis
A New Maintenance
EQUIPMENT Progedures
Implementation Future
Strategy : Scenario
L = g::i:;;:alization Conoee Cost
Analysis 4 Equipment
Costs -

FIGURE E.1. OVERVIEW OF METHODOLOGY.
TABLE E.1. CANDIDATE SYSTEMS FOR EVALUATION
Area of Improvement
Operations Dynamics
Mechanical * Knuckle-opener » Truck-mounted brakes
* Coupler centering device * Disk brakes
¢ Automatic air line connector + E cbuplers with shelves
* Incompatible coupler * High-strength couplers
°AZero—slack couplers
Electrical *+ Electrical connector *-Load sensor

* Locomotive-controlled couplers

* Automatic brake bleed

+ Locomotive-designated car brakes
* Ultrasonic brake control

¢+ Train condition monitor

« Radio controlled brake link
+ Electropneumatic brake

» Electronic brake

iV



The yard and road operations component
of the methodology relies on models that
account for the time and manpower required
for each braking and coupling operation
in yard handling and local pickup and
delivery over the road. The emphasis of
these models is on the labor and equip-
ment utilization time and costs that can
potentially be saved through faster oper-
atlons and possibly reduced manpower.

The yard model accounts for the four
major operations:

* Yard train — an arriving train is
delivered to one or more receiving
tracks and inspected.

+ Classification — cars are removed
from receiving tracks and sorted
onto classification tracks.

» Pulldown — cars on classification
tracks are trimmed and assembled
on departure tracks.

+ Power brake test — air hoses are
coupled, and an outbound test and
Inspectlon is performed.

The road model conslsts of a basic
pickup and delivery of cars to a single
slding. The locomotive uncouples from
the remailning traln wailting on the branch
or main line, clears the switch, and backs
on to the siding to pick up waiting cars.
Cars are delivered from near the middle
of the train through a similar sequence
of maneuvers.

Dynamic effects are evaluated by first
estimating intermediate variables, such
as train stopping distance, lateral/
vertical (L/V) force ratios, and longi-
tudlnal in-train forces, and then relat-
ing these variables to cost-incurring
effects like collisions, derailments, and
component failure. Values of train
dynamic variables are determined for a
baseline system and for candidate advanced
systems by executing a train dynamics
model for a range of operating scenarios.
The model used is the Train Operations
Simulator (TOS) developed by the Associa-
tion of American Railroads (AAR).

The analysis of collision and derail-
ment cost savings related to stopping
distances and L/V ratios are based on
extrapoliations of Federal Railroad
Administration (FRA) accident statistics.
Baselines are established by including
all costs reported to the FRA that apply
to accldents that could be mitigated by
means of an advanced braking and coupling
system. When these costs are adjusted
upward to account for nonreportable costs
for lading damage and accident clean-up,
the baseline becomes approximately $30
million for collisions and $1 million for
derailments caused by excessive L/V. The

v/ vi

latter cost is sufficiently small to be
neglected in further work. A similar
assessment of costs resulting from com-
ponent failure is conducted by first per-
forming a fatigue analysis to relate
changes in failure rates to changes in
force levels and then extrapolating base-
line costs.

Equipment 1s evaluated by considering
existing designs and by developing hard-
ware concepts, where designs do not exist.
Existing designs, obtained primarily from
patents and the literature, will be
costed primarily with the assistance of
the railroad supply industry. New con-
cepts will be costed by identifying com-
ponents (e.g., valves, electronic chips,
batteries) and obtaining quotes from
vendors. For both types of equipment,
costs are considered in terms of initial
equipment, installation, and annual
maintenance.

The financial and institutional com-
ponent of the methodology relies on a
number of inputs. The implementation of
manpewer and operational changes identi-
fied through yard and road simulations
may first require the revision of labor
agreenents or laws. Resultant disloca-
tion costs could affect the financial
benefits of a candidate system. For
example, remote-controlled couplers may
allow for the reduction of train crew
size. However, experience suggests that
raillroads may be required to pay unions
for many years to compensate for such a
change.

The other major inputs to the finan-
cial model shown in Figure E.1l are changes
in operating, accident and mainténance,
and equlpment costs, as well as an imple-
mentation strategy and a specification of
a future scenario. The implementation
strategy is particularly lmportant when
evaluating a braking and coupling system
that would not pay off until a. large por-
tion of the car population 1s equipped.

A good example 1s an electrical train

line for cars used 1n interchange service;
clearly, one must strike the right balance
of retrofit and new car installation to
maximize the return on such a system.
Finally, because the development and im-
plementation of new hardware on the rail-
road system 1s such a long-term process
and because the rallroad industry i1s in a
state of flux, future scenarios must be
carefully considered to obtain the cor-
rect estimate of future costs and bene-
fits.
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1. INTRODUCTION

This study constructs a methodology
for evaluating the costs and benefits
of advariced braking and coupling systems.
It connects various cause-and-effect re-
latlons and integrates approprlate data
bases so the user can evaluate (1) the
englneering performance and (2) the
effects, both financlal and institution-
al, of 1mplementing innovatlve compo-
nents and systems.

The methodology incorporates several
important features. First, i1t permits a
user to evaluate alternative systems in
terms of financial returns on invest-
ments. This is important, since many
technically appealing systems may not,
in fact, pay off economically. For ex-
ample, the railroad industry will pro-
bably not adapt truly automatic couplers
or electrically controlled brakes unless
a clearly demonstrated financial benefit
exists for dolng so. Second, the meth-
odology permits a user to account for
significant physical relationships and
costs. It is not a simple matter to
account for all such factors in an in-
dustry as complicated as the U.S. rail-
road industry - where yard and road op-
erations take place in a varlety of ways
within and among different rallroads.
Some Judgment must be exercised while
selecting cost components fer evaluation,
or the problem can rapldly become unman-
ageable. Finally, the methodology en-
ables a user to compute changes in costs
corresponding to changes in systems.

For example, one can relate changes in
raillroad collision costs to changes in
brake system performance, as measured by
stopping distance or other relevant para-
meters.

Many braking and coupling components
and systems have been invented and
developed over several decades, but very
few have been incorporated into the rail-
road system. This fact underscores the
need for a methodology to evaluate their
economic benefits. Many of these new
developments, whille appearing sound to
engineers and other personnel with years
of railroad experience, have not been
accepted by the industry. The industry's
refusal to accept them suggests that
these innovations are not cost effective
or, perhaps, that their benefits are too
subtle to quantify and justify. While
the methodology developed here is not a
panacea for this problem, it will permit
a user to evaluate costs and benefits
for a range of major components and sys-
tems. '

The remainder of this report is orga-
nized dccording to the major components
of the methodology discussed in the Exec-
utive Summary. The three system inputs -
system and components conceptualization,
implementation strategy, and future sce-
nario - are described in Sec. 2, while
Secs, 3, U4, and 5 discuss the operatlons,
dynamics, and equipment components of the
methodolopgy. Secliens 6 and 7 treat in-
stitutional and financial elements. Sec~
tion 8 describes the expected output of
the methodology. Detail of the yard op-
eration and financial models are included

in the appendices,



2. SYSTEM INPUTS

2.1 Component and System Conceptualization

As was 1llustrated in Fig. E.1, the
methodology starts with the conceptuali-
zation of components and systems. It is
important to ldentify, first, the present
baseline components against which
advanced systems and components willl be
evaluated.

2.1.2 Present baseline freight equipment

The present braking and coupling com-
ponent baseline¥ 1s considered to be:

Braking System

+ ABDW and ABD brake valves

* Composition brake shoes

* Body-mounted brake riggling

« Single-capacity tread breaks.

Coupling System

» Mix of E and F couplers
« (1lad-hand air hose connection

*» Manual angle cock.

While the majority of the present pop~
ulation 1s equlpped with AB and ABD brake
valves, all new and rebullt cars are
required to be equipped with ABDW valves.
Through attrition, the population will
change slowly to ABDW brake valves, and
an assoclated improvement in braking per-
formance will follow. Therefore, the
costs and performance of any system used
1n the future should be compared with the
performance of the ABDW valve. Whilile the
cost comparison 1s stralghtforward and
may be carried out directly, the perform-
ance comparilson is particularly d4lfficult,
and must be handled indirectly. This
difficulty arises because the Traln Oper-
ations Simulation Computer Program — the
best tool that is currently available for
brake system dynamic evaluation — incor-
porates the functions of the ABD, not the
ABDW, valve. Modifying the program to
include the ABDW characteristics would be
a major undertaking that is beyond the
scope of the present program and may not
be justifiable at this time. Accordingly,
performance will be evaluated in terms of
changes from those characteristics asso-
ciated with the ABD wvalve. This approach
will produce reasonable results as long
as one seeks fractional or percentage
changes in performance and cost variables
from baselline conditions.

¥Based primarily on Refs.
industry reviews.

1 and 2 and

As with brake valves, a gradual change
in the mix of brake shoe type 1s presently
taking place. While the present fleet 1s
equipped with cast iron and composition
shoes, performance and cost factors are
motivating owners of older cars to con-
vert from cast iron to composition shoes
and to specify composition shoes on new

=1 a1 L (=244

cars. “
2.1.3 Component identification

Components are the basic elements from
which systems are made. Since we do not
know at this time which group of compon-
ents would make the most loglical cost-
effective system, we identify and deal
wilith basic components in the methodology.
The list of components found in Table 1
was complled from several sources: pre-
vious brake system [1] and coupling sys-
tem [2,3] studies, relevant literature,
industry interviews, and our assessment
of systems that would fill existing needs,
The components have been classified
according to whether they are expected to
improve operations or dynamics and
whether they are mechanical or electrical

2.1.4 Component conceptualization

Each of the components in Table 1 has
a set of performance specifications that
can be input into the methodology. In
most cases, the performance specifications
are qualitative descriptions of the func-
tional changes from the identified base-
line system. The exact quantitative
value of the change remains indefinite
and 1is treated as a variable to consider
a "best possible" and an "achievable"
component.

For example, while the performance
specifilcatlon for load-sensitive braking
is provision of a braking force propor-
tional to the weight of the car, the
specification does not give the exact Net
Braking Ratios (NBR) to be considered.
The "bést possible" component would allew
all the cars in a train to be braked at
the same NBR. This ideal component would
show the largest cost savings that could
be realized. An "achievable" component
would allow the cars in a train to be
braked within a smaller range of varying
NBR's than presently exists. This com-
ponent would represent the cost savings
that could realistically be achieved by
taking real hardware problems into
account, such as discrete two level brak-
ing, ete.

Different components will affect dif-
ferent areas of railroad operations and,
hence, must be treated by different sec-
tions of the methodology. Table 2 pre-
sents a summary of the relevant sections
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TABLE 1. IDENTIFIED COMPONENTS AND PERFORMANCE SPECIFICATIONS

Improved Operations — Mechanical Components

1. Knuckle Open — Knuckle is automaticaily opened upon disengagement from mating coupler.
2. Coupler Centering — When uncoupled, coupler is aligned with the carbody centerline.

3. Automatic Air Line Conmector — Automatically connects train air line during mechanical coupling.
Includes optional feature of closing airline when deliberately uncoupled.

4. Incompatible Coupler — A mechanical coupler that is incompatible with present knuckle coupler
and that could include integral air and/or electrical connector. Examples include the
Willison spread-claw, the flat-face hook, and the pin and funnel.

Improved Operations — Electrical Components

5. Electrical Conmnector — Automatic or manual device that connects one or several electrical
train lines.

8. Locomotive~Controlled Coupler — A uniquely addressable coupler that can be cpened by a signal
transmitted from the locomotive. Includes optional feature of automatically closing
alr line when activated.

7. Automatic Bleed — Allows brake cylinder or reservolr or both to be gang bled from a remote
“location.

8. Locomotive-Designated Car Brakes — Uniquely addressable car brake that can be set and released
from the locomotive. Can include a mechanical device to prevent undesired release caused
by gradual air leakage. -

9. Ultrasonic Brake Control — A car-mounted system incorporating an ultrasonic semsor and
electronically actuated brakes for controlling the speed of a freely rolling car before
impact and coupling with another car.

10, Traiw Condition Monitor — Adaptable electrical system that allows several variables, such as
truck vibration or brake piston travel, to be monitored and transmitted to the locomotive
or other station.

‘Improved Dynamics — Alternative Mechanical Components
11, Truck-Mounted Brakes — Brake cylinders are mounted on trucks rather than carbody. Examples
are WABCOPAC and NYCOPAC.
1%. Diek Brakes — Provide disk braking surfaces instead of or in addition to conventional tread brakes.

13. E Couplers With Shelves — Provide interlocking shelves on standard E coupler to prevent vertical
disengagement.

14. High-Strength Couplers — Couplers manufactured from high-strength steel to mitigate failure under
heavy loads.

15. Zero Slack Systems — Couplers and draft gear with no slack to minimize rum-out and run-in forces.

Improved Dynamics — Electrical Components

16. Load Senscr — Allows the application of a braking force that is proportional to the weight of the car.

17. Radio-Controlled Brake Link — A remote, radio~controlled brake initiation point located in a caboose
or radio controlled locomotive.

18. FElectropneumatic Brakeg — Provide an electrical brake signal to a pneumatic brake system using
passenger service technology.

19. Electronic Brokes — An electronic logic network that develops a brake command signal for an
electropneumatic control valve.

of the methodology for each of the ident- while any individual component of that
ified components. system eliminates only work steps.
2.1.5 System formulation 2.2 Implementation Strateqgy

Systems of the identified components 2.2.1 Objectives
may be synthesized by using the results
of the component evaluation. However, Implementation strategy 1s one input
care must be taken to avoid double count- to the financial analysis of our metho-
ing costs or benefits or neglecting syner- dology; it supplies:
gistic effects. Por instance,.-a systenm

may eliminate the need for a crew member,



TABLE 2. SUMMARY OF RELEVANT SECTIONS OF THE METHODOLOGY FOR EACH IDENTIFIED COMPONENT

Operations Dynamic Effects Equipment Financial & Institutional
In-Train Forces Costing
Train Derailiment
Yard Local Road | Collision and Broken Conceptual-
Operational | Operational and ~ | Train Train Lading ization - . X
Modeling Modeling Derailment | Delay | Collisions |{Maintenance | Damage Required Initial | Maintenance | Financial | Institutional
Improved Operations
Mechanical 1. Knuckle open x : x X
and Air B
Coupling 2. Coupler centering x X X
3. Auto air line connector X X b4 X x
4. Incompatible coupler b4 X % X
Electrical 5. Electrical connector b4 x X x x X
S
ystens 6. Loco-controlled coupler
(including angle
cock) ) x X X x
7. Automatic bleed X x X
8. Loco-designated car
brakes x x N b3
9, Ultrasonic brake control - X
10. Train condition monitor X- X X X X
Improved Dynamics
Alternative | 11. Truck-mounted brakes x x x
Mechanical
Systems 12. Disk brakes X X x
13. E coupler with shelves x X X
14. High-strength couplers x x S
15. Zero slack X x x x b
Electrical 16. Load sensor x X x X x x x X
Systems 17. Radio-controlled brake
link x X X ~ b4 x
18. Electropneumatic brakes X x X
19. Electronic brakes X x X X




1. Number of years before implementa-
tion can begin.

2. Number of years from start of
implementation until achievement
of system benefit.

These two time periods will vary
dramatically, depending on the system
considered. For example, a system that
has already been developed and has
received approval from the Association of
American Railroads (AAR), such as truck-
mounted brakes, could be implemented
immediately. A system that 1s stlll in
the concept stage would pass through
research, development, and testing stages
before implementation could begin.

Implementation time is different for
two basic types of systems:

+ A compatible system achieves savings
as soon as cars start to be equipped.
(Examples of a compatible system are
truck-mounted brakes or a load-empty
device.)

+ An incompatible system does not
achleve savings untll an entire fleet
is equlpped. (Examples of incompat-
ible systems include automatlc ailr
line connectors and remote locomotive-
controlled uncoupling.)

In this sectlon, we develop a reasonable
range of times for:

1. Number of years until implementa-
tion begins for systems in the
conceptual stage.

2. Number of years from start of im-
plementation until system benefit
is achieved for incompatible sys-
tems.

2.2.2 Years to start of implementation

Any system currently in a conceptual
stage would go through six stages before
it could be used in railroad freight ser-
vice. The stages are identified in Table

3.

At this time, it is impossible to pre-
dict exact times for each of the identi-
fied stages. However, we can estimate a
reasonable range of values on the basis
of past industry experience with other
components. Again, these periods vary
greatly, depending on the complexity and
required reliability of each component.
As Table 3 shows, a reasonable time range
from concept to start of implementation,
could range from 8 to 17 years.

The. length of this procedure is import-
ant. To expedite this development process
requires a large commitment of resources
by the rallroad supply industry. In

TABLE 3. STAGES OF DEVELOPMENT FROM CONCEPT TO
START OF IMPLEMENTATION AND ESTIMATED TIME RANGES.

Estimated
# Time Range
Stage (Yr)
1. Research 1 - 2
2. Development 1.5 - 3
3. Pilot Production 0.5~ 1
4, AAR Qualification Test
Program 2 - 4
. 5. Field Testing, Final
Debugging 2.5 -
6. Tool up for Production 0.5 -
Total 8 - 17

‘addition, the railrcad supply industry
might be reluctant to make a commitment
without some guarantee of large-scale
adoption by the industry. We consider a
minimum period of 8 years for the time to
begin implementation.

2.2.3 Years to implement systems

Implementation time has an important
effect on the filnancial analysis of an
incompatible system. With a large number
of identified components and an incomplete
knowledge of the limitations of the rail-
road industry rescurces, an exact imple-
mentation time is impossible to predict.
The implementation time will be used as a
sensitivity variable, treated within a
range of values. The upper and lower
bound on this range can be estimated on
the basis of previous patterns of rail-
road implementation of new technologies,
along with some simplifying assumptions.

In recent years, the U.S. railroad
industry has been slow to implement new
technologies. Figure 1 shows the time
frame and pattern of adoption for car
retarders, centralized traffic control,
and diesel locomotives. The process can
be roughly characterized as follows: A
portion of the industry invests in a new
technology, while the remainder of the
industry waits to learn from this exper-
ience. (This waiting period is reflected
in the central plateau seen in Figure 1.)
Finally, convinced of the value of the
new technology, the remainder of the
industry adopts 1it.

In the past, the process has taken
from 20 to 35 years, which is indicative
of the time necessary for this industry
to adopt at least certain types of tech-
nological innovations. Figure 1 is, how-
ever somewhat difficult to generalize
because the entire U.S. fleet did not
have to adopt these technologies to
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achieve benefits. Moreover, certaln
developments, such as dieselization of

the locomotive fleet, required massive
investments of capital which is not avall-
able in limitless gquantities.

Incompatible systems are often adopted
guickly, but after years of planning. In
1925, after 8 years of planning and prep-
aration, Japan made an overnight conver-
sion of 46,000 cars to incompatible
couplers. Russla spent 10 years in prep-
aration and 10 years in changing less
than a million cars to incompatible
couplers; the project was completed in
1957. The International Union of Rail-~
ways began studying a European coupler
conversion project which it expects will
take place in a few week period in 1995
or beyond. These experlences might indi-
cate that a short changeover period is
possible, but only after a lengthy period
of preparation. However, the relatively
-large size of the U.S. rail fleet — 1.7
million cars — is an important considera-
tion. In 1969, the U.S. railroads under-
- took a car-labeling program for the Auto-

matic Car Identificatlon (ACI) system,

and 4 years later, 92 percent of the fleet.

was labeled. . This program has perhaps
the closest correlation to an implementa-
tion program for an incompatible system,
because to be effective, the entire sys-
tem had to be labeled, and it was imple-
mented on the entire U.S. fleet of cars.
Car labeling, however, is probably

easier than a major braking or coupling
system change.

Another consideration is the degree to
which the implementation plan disrupts
regular service. A fast implementation
plan might involve shopping cars that
would not -otherwise need to be shopped.

An tmplementation plan that coincides

with a routine maintenance stchedule would
be less disruptive. A change of the brak-
Inpe system would fit in naturally with

»

the 12-year clean, oil, test, and sLenﬁll
(CcOT&S) pertiod for ABDW brake valves.

The perlod of implementatlon should
not be longer than the expected lifetime
of the new component. A very prolonged
implementation plan would obviously re-
quire the replacement of components that
were never used. Clearly, an optimal
implementation strategy would attempt to
minimize the total cost of the lmplementa-
tion.

On the basis of this discussion, we
consider an implementation time of from
5 to 15 years. This period includes the
lower bound of the ACI label program with
an upper bound including the scheduled
maintenance period of major freight car
components. This range implies an aggres-
sive implementation plan.

2.2.4 Summary

We assume an 8-year development and
testing period for components currently
in the concept stage. We consider an
implementation time range of 5 to 15
years; implementation time is treated as
a sensitivity variable in the financilal
analysis.

Only components or systems determined
to be economically beneficial are consid-
ered for a final implementation strategy.
Judgment of economic benefit is based on
the economic analysis with the prelimi- -
nary implementation time assumption.

2.3 Future Scenario

We consider the future size and struc-
ture of the freight rall system in the
process of determining the net benefits
from advanced braking and coupling
technology. Proposed concepts will not
be implemented on today's rall system,
but on some future system. In this sec-
tion, we develop a baseline future
scenario for evaluating potential benefits
from advanced technology. This scenario
includes:

« A time horizon for the future

. Rail system variables important to
an evaluation of benefits from
advanced braking and coupling tech-
nology

. Projections of the way in which
specified variables chanpe over
time. .

2.3.1 Time horizon

The time horizon for the future
scenario is dictated by the time require-
ments of a series of events that must
occur before a user can realize all



potential benefits. These gvents can be
segmented into three categories, as shown
in Table 4,

TABLE 4. FUTURE TIME HORIZON

Time
‘Require-
ment
Event Category (Yr)
1. Research and development, test— 8
ing, and production tooling
(time span from idea stage to
AAR-approved production compon~-
ents ready for system implemen-
tation) '
2, First implementation to realiza- 0~ 15
tion of benefits*
3. Years of benefit from advanced 10 - 25
systems
Total time required to realize
savings from advanced systems 18 - 48

*Concepts that require compatibility (e.g., train
electrification) will realize no savings until

. the entire interchange fleet is fitted with the
necessary hardware. Other concepts (e.g., load-
proportional devices) will realize savings
immediately upon implementation.

_ Time requirements for categories 1 and
2 were developed in Sec. 2.2. A time
span of 10 to 25 years is considered a
reasonable range for the lifetimes of

'~ advanced system hardware. :

The total time required to realize
savings, 18 to 48 years, projects to 1997
and 2027. )

2.3.2 System variables

Advanced braking and coupling systems
~have the potential to generate savings in
the following areas: yard and transpor-
tation labor, accidents,¥* car utiliza-
tion, and freight car maintenance. Rail
system variables important in evaluating
the level of potential savings in these
areas are listed in Table 5.

2.3.3 Projection of changes in system variables

Our analysis indicates that the vari-
ables in Table 5 are not expected to
change dramatically over time. This con-
clusion is based upon recent studies on

the future of the freight rail system [4].

Variables that will change are shown in

*¥Accidents include both personal injury
and damage to equipment.

Table &, and explanations of the develop-
ment of these projections follow.

TABLE 5. RAIL SYSTEM VARIABLES TO BE PROJECTED

Related Areas

System Variables

—

Yard and transportation labor

1. Number of freight cars in

railroad service :
Yard and transportation labor
Accidents

2. Number of daily switching
operations

3. Number of railroad yards* Yard and tramsportation labor

Car utilization

Accidents
Freight car maintenance

4, Average over-the-road
train speed

Accidents
Freight car maintenance

.| 5. Average freight car
Fapacity

*Includes both industry and classification yards.

' TABLE 6. PROJECTED CHANGES IN FREIGHT RAIL SYSTEM

VARIABLES TO YEAR 2000

Percentage
Years ‘Change
: Over Time
Period
1980 | 2000 (%)

1. Numbér of freight
cars in railroad
service (thou-
sands) 1,655 | 1,444 -12.7

2. Number of daily
switching opera-
tions (thousands) 915 941, 2.8

3. Number of classi-

fication yards 1,172 971 -17.2

4, Average over—the-
road train speed
(mph) 47.5] 52.0 9.4

5. Average freight
car capacity
(tons/car) 80 100 25.0

Number of Freight Cars in Railroad Service

The expected number of freight cars in
future railroad service is developed from
a straight line least squares projection
of AAR data for years 1963 to 1978 as
shown in Figure 2.

Number of Daily Switching Operations
From a projection of present trends,+
Stanford Research Institute (SRI) [4]
TStanford Research Institute also makes
projections for changes in daily switch-
ing operations, given an energy crisis
scenario and a super reationalization
scenario (this scenarioc assumes a
speeded-up implementation of a number of
proposals for improving railroads).

" Because of the uncertainty that accom-

panies predictions of the rall freight
[footnote cont'd. on next page]
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estimates a relatively small increase in 1100 T T T
the daily number of switching operations
over the 1980 to 2000 time period. This 2 1000k -
projection 1s shown in Figure 3. Car . ﬁg,\
swltching operations increase from approx- 228 i k—"“‘/_‘ i
imately 915,000 in 1980 to 941,000 in “Ez 900
2000. In the development of this esti- S&3
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trains, and intermodal operations.
Number of Railroad Classification Yards

The number of railroad classification
yards is expected to decrease by approxi-
mately 17 percent during the 1980-t0-2000
time period. This estimate 1is developed

[Footnote cont'd.] system into the long-
term future, it 1s felt that the present
trends projection is not appropriate for
our purposes. A discussion of alterna-
tive scenarios wlll be presented at the
end of this section.

YEAR

i FIGURE 3. PROJECTED NUMBER OF DAILY:
SWITCHING OPERATIONS.

from an analysis of projected changes in
railroad classification yards shown in
Table 7 and adopted from Ref. 4.

The projections developed 1n Ref. 4
apply to the 1975-1985 and the 1985-2000
time periods. To estimate values for
1980, which is of interest to us, we
agsume the construction activities take
place evenly over the 1975-1980 period,
and determine that there will be a net

TABLE 7. RAILROAD CLASSIFICATION YARD INVENTORY AND REQUIREMENTS.

!

Estimated+ ‘ Total Change
1975-1985* 1975-1980 1980—1985 . 1985-2000* 1980-2000

Yards downgraded or v i

abandoned 200 100 100 230 330
Yards expanded,

reconfigures or

constructed new 87 43 44 85 ‘ 129
Net change during

time period -113 ~57 -56 -145 -201

*Adopted from Ref. 4, p. 66.

+ : .
Assumes uniform construction activity over time.



decrease of 57 in yards from 1975 to
1980, Similarly, there is an additional
decrease of 201 yards by the year 2000.
Thus the yard inventories for 1980 and
2000 are given below:

1975 yard inventory [4] 1229
Net change 1975-1980 (Table 7) (57)
1980 yard inventory 1172
Net change 1980-2000 (Table 7) (201)
2000 yard inventory 971

Average Over-the-Road Train Speed

Average over-the-road train speed is
estimated from a straight line extrapola-
tion of recent projections shown in
Figure 4 below. This extrapolation
results in a 9.4 percent increase in
train speed over the 1980~to~2000 time
period.
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FIGURE 4. OVER-THE-ROAD FREIGHT TRAIN SPEED [6].
Average Freight Car Capacity

Estimates of frelght car capacity are
useful to estimate the parameters of
future consists. Figure 5 shows histori-
cal data [5] and several projections of
freight car capacity and load. In 1978
the average capaclity of new cars was 90
tons. One would expect the fleet average
to reach this level over the course of
years, as suggested more by the 1960-1977
trend extrapolations [6] than by the pro-
jection of carload size [4] that shows a
marked change in slope. Accordingly, it
appears reasonable to assume that by 1980
average freight car capacity will be 80
tons and that by 2000 it will be 100
tons.

2.3.4 Baseline future scenario

We will adopt the projections for the
year 2000, listed in Table 6, as our
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baseline scenario for evaluating benefits
from advanced braking and coupling tech-
nolpgy. The following discussions con-
sider alternative future scenarios.

Alternative Future Scenarios

/ :

The baseline future scenario presented
above was developed from projections of
present trends in the railroad industry
and ,therefore does not account for
possible occurrences that may have dra-
matic impact upon rallroads. Although
attempts have been made to project
changes quantitatively in the railroad
industry on the basis of assumed future
scenarios, ® our sense is that quantita-
tive projections of this sort, especially
over a 20-year time horizon, are likely
to be inaccurate.

Listed below are a number of important
and interrelated factors that will affect
the size and structure of the future
freight rail sysftem.

.« Government Policy Towards Railroads
- Deregulation
Light density line abandonments
#SRI developed an energy crisis scenario
and a super rationalization scenario to

project changes in the number of rail-
road classification yards; see Ref. L.



Merger activity
Freight rate changes
~ Intermodal competition
- Financial assistance
- Yard relocation

+ Ownership Changes and Cooperative
Arrangements Among Railroads

- Line, branch, terminal rationaliza-
tion

~ Network changes
- Improved blocking strategies
- Economic Conditilons
- Level of economic activity
—~ Structural changes in economy
~ Railroad profitability
+ Energy
~ Fuel availability
- Coal production.
Given the enormous difficulty in pro-
jecting, with any degree of accuracy, the
future condition of these factors, alter-

native scenarilos have not been developed
for this analysis.

10



3. OPERATIONS

3.1 Objectives and Scope

To evaluate operations, the methodology
accounts for changes in manpower and
equipment and the assoclated differential
costs or benefits between conventional
and advanced systems. The primary change
to be assessed 1s the performance of a
number of tasks more quickly by fewer
people with advanced systems. Most tasks
involving improved coupling systems speed
the flow of cars through classification
yards and accelerate the delivery and
pickup of cars at sidings and industrial
yards.

The major factors and assumptilons to
evaluate operations are:

The minimum crew 8iaze must be deter-
mined by the task that requlres the larg-
est number of people. One of the poten-
tial financlal beneflts of -an advanced
coupling ‘system is a reduction in man-
power. Crew size 1s logically determined
by the task requiring the largest number
of participants, though lapor/management
negotiations also affect the size. Thus,
it 1s essential to ensure that these
tasks are addressed in the methodology

Equipment and labor time required for
each task must be accounted for. Clearly,
the greatest operational benefit of
advanced systems involves the more effi-
clent utilization of equipment and per-
sonnel. Accordingly, it is necessary to
account for direct as well as indirect
time savings. For example, when

MEAN OUTBOUND LATENESS { HOURS )

- MEAN OUTBOUND LATENESS ({ HOURS )

automatic ailr line connectors are evalu-
ated, the methodology must account not
only for the direct savings of time to
couple hoses manually, but also the in-
direct savings of time used by a crewman
walking from car to car.

Time saved ©1s, on the average, used
effectively. This assumption 1s perhaps
the most difficult to justify. Basically.
it assumes that the rallroad system will
accommodate increased efficiencies so
that time saved during one stage of an
operation is not wasted during the subse-
quent stages. While no data confirm this
assumption directly, there are data that
tend to support it.

Figure 6 illustrates the relation be-
tween late arrivals and late departures
from over 13,000 cars processed through
one hump and two flat yards [7]. The *
data show that even when inbound trailns
arrive on time or early, there 1is an
average delay of about 5 hr 1in outbound
trains, resulting primarily from cancel-
lation of outbound trains. Of greater
interest to our work is the slope of the
least squares linear regression curves
shown in the graphs. These curves show
that an incremental hour of inbound delay
results in 0.62 to 1.48 hr of additional
outbound delay — or roughly, each hour of
inbound delay results in an hour of out-
bound delay. Presumably, the amount of
time saved in classifications would be
equivalent to an equal reduction in out-
bound lateness. Thus, it appears that
our assumption is in accord at least with
these data.

MEAN OUTBOUND LATENESS ( HOURS )
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FIGURE 6. MEAN OUTBOUND LATENESS VERSUS INBOUND LATENESS [7].
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3.2 Development of Methodology

Many of the benefits associated with
advanced braking and coupling systems
occur at the most fine-grained level of
yard and road operations. An automatic
brake bleed device precludes the need for
car inspectors to stop momentarily at
each car to discharge cyllnder and reser-

voir air. While this time savings may be
credited to the device, there is no lever-

‘age effect; since inspectors must still
walk along the train in search of defec-
tive cars and components. In contrast,
an uncoupler controlled by an engineer in
a locomotive cab may save not only the
small amount of time requlred for a train-
man to 11ft the cut lever, but alsc the
often greater amount of time required to
walk from one end of a long train to the
apprapriate coupler. Accordingly, 1t 1s
egsential to account not only for the
direct time associlated with an operation
but also the indirect time, as appropri-
ate.

To account for all the potential time
and labor savings assoclated with each
component or system and also to account
for differences among yard and road oper-
ations, we have modeled yard and local
delivery operations in terms of probabi-
listic operational models. The essential
features of the models are demonstrated
by the somewhat generalized elements
illustrated in Figure 7. The example
model accounts for the flow of cars from
point A to B through the decision point
Q. and time elements designated by Tl,

T,, and T,.

for different ways of handling trains.or
cars 1n a glven'yard or among many differ-
ent yards. The outcome is a probability
that cars will flow along one operational
path or the other. The tlmes T1 simply

designate the amount of time consumed in
processing a string of cars or_an indi-
vidual car. The average time T required
to process cars from A to B simply be-
comes

1
The decision point accounts

T = p,T, +p,T, +T, . (1) -

Tz r—_OB

FIGURE 7.

ELEMENTS OF THE METHODOLOGY.
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3.3 Classification Yard Model

The structure and detalled operations
in classification yards vary considerably,
depending on yard capacity, railroad
needs, geographical conditions, avail-
ability of various types of cquipment,
preferred styles of personnel, and a
varlety of other factors. Large, modern
yards that classify several thousand cars
daily will typically have One or more
humps with computer controlled switches
and retarders for rapid classification.
Most yards, however, are flat anad classi-
fication is performed by a four-man crew
and locomotive that "kicks" cars (indi-
vidually or in small groups) onto classi-
fication tracks.* Our models account for
these two basic types of classification
yards — hump and flat. Wlthin each cate-
gory we have constructed a model which we
believe 1s a reasonable representation of
all yard operations, though it will not
simulate the large variation in yard pro-
cedures. Its purpose 1is to provide a
reasonable evaluation of alternate brak-
ing and coupling systems rather than a
means of evaluating alternate yard oper-
ating techniques.

The complete yard model involves about
150 individual operations and a dozen
decisjon points. This level of detail,
though necessary, becomes tedlous for
most readers, and is described in Appen-
dix A. Here we will describe only the
major elements and structure of the model,
as illustrated in Figure 8.

The first stage of yard operations in-
volves the actual yarding of a train.
When an inbound train arrives, it is
assigned to one or two tracks, depending
on the length of the train and the avail-
able track space. The parameters P, and

p, deslgnate the respective probabilities

that one or two blocks of cars will be
required. If there is sufficient room on
one track, the top path of the yard train
segment in Figure 8 applies and simply
involves the movement of the train to the
receiving track, after which several hand
brakes are applied. If the train 1s to
be split, the bottom path applies. In
this case, it is necessary, first, to un-
couple the train near its center,iapply

#Tn this operation a locomotilve pushes a
string of cars forward and a trainman
walks or runs along to uncoupler one or
several cars that are destined for a
predetermined classificatlon track. He
1ifts the coupler operating lever and
the englneer applies the braker to the
locomotive, allowing the designated cars
to roll forward ontc the appropriate
track. The process is repeated until
all cars in the string are classified.
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air brakes or several hand brakes on the
rear block, and move the first block to a
receiving track. A road or switch loco-
motive then moves to the waiting block
and couples to it. Car brakes are re-
leased, and the block 1s moved to a sec-
ond recelving track where brakes areée
agalin applied. Regardless of whether a
train was yarded 1n one or two blocks, an
inbound inspectlon takes place, during
which alr brakes are bled.

The second stage in Figure 8 is the
train classification. A locomotive is
coupled to walting cars, hand brakes are
released, and a block 1s moved to a switch
or hump lead. For each car, the train
crew decldes (on the basis of instruc-
tions) whether the car 1s to receive
speclal handling. If it is, the car will
be spotted, or a brakeman will ride with
it to apply the hand brakes and avoid
high-speed impact with other cars that
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may be on the designated classification
track. If not, the car is simply pushed
over the hump or kicked, depending on the
type of yard.

The third stage is called the pull
down, 1n which outbound trailns are
assemblcd from blocks of cars walting on
classifilcation tracks. For each block, a
switch engine 1s coupled to the lead car,
and the block 1is trimmed.¥* Trimming in-
volves coupling cars that failed to
couple during classification. As indi-
cated in Figure 8, miscoupling may occur
for any of a number of reasons. A car
may stop short or rebound; couplers may

¥Trimming may be performed by the switch
crew immediately after classifying a
group of cars. For our purposes, the
stage at which we account for this oper-
ation has no impact on the final results.



bypass or break; or the lock might not
drop. After all cars are coupled, the
block is moved to the departure track.
The switch engine returns repeatedly to
the classification tracks to "pull down"
all remaining blocks on the departure
track.

The final stage in yard operation is
the power brake test. Car ailr hoses are
coupled and the brakes are charged either
by a yard air supply or by a locomotive.
After the brakes are charged, the pres-
sure at the rear of the traln is measured
to ensure that it is greater than 60 psi
and within 15 psi of the feed valve pres-
sure. If this criterion is met, the test
proceeds; 1f not, the crew must diagnose
and remedy the problem. Then, a 15-psi
service reduction is applied, the brake
valve lapped, and the leakage rate mea-
sured. If the leakage rate 1s less than
5 psi/min, the test continues; otherwise,
the crew looks for excessive leakage
within the train and takes corrective
action. A full service reduction is then
applied, and the traln is inspected to
ensure that angle cocks are properly
positioned, brakes have applied on each
car, the pilston travel 1s within toler-
ance on each car, and brake equipment 1s
in proper condltion. The brakes are re-
leased, and the train is inspected again
to ensure that all brakes have indeed
released. The train then departs.
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3.4 Coupler Gathering Range Assessment

Coupler bypasses may cause damage and
delays. Increasing the coupler gathering
range may reduce such bypasses. To
assess the benefits of larger gathering:
range, the probability that couplers will
couple upon impact must be evaluated.

Figure 9 i1llustrates the problem. The
distribution of the position of Coupler A
is represented by the probability density
function p(y). The positiony =0
corresponds to the location the coupler:
would move to if it were coupled to an-
other car and put in draft. The coordi-
nate y is positive if the coupler, as
viewed standing on the track and looking
at the end of the car, is moved to the
left. Note that the distribution of
Coupler B 1s the same as that of Coupler
A, except that one has to pay close atten

“tion to the positive and negative direc-

tions.
If Coupler A is in position y, then

the probability that Coupler B will
couple with it is given by

j—(y‘gz)
-(y+g,)

wheré g, = the amount one can displace
: the centerline of Coupler B

P(x)dx (2)

A

COUPLER
PAIR ¢

TRACK ¢

COUPLER POSITION PROBLEM.



with respect to the centerline
of Coupler A, so that the )
knuckles move closer together
and sti1ll have the couplers
make

the amount one can displace
the centerline of Coupler B
with respect to the centerline
of Coupler A, such that the
knuckles move further apart,
and still have the couplers
make.

The values g, and g, depend on whether
Jjust one or both couplers are open.

The probablility that Coupler A lies
between y - 1/2dy and y + 1/2dy is
p(y)dy. Combining this with the above
gives the following value for the proba-
bility of coupling as a function of g,
and g, for all values of y:

z A(y-g,)
P(g,,8,) = axd
(g,,8,) [m[(y+gl)p(y)p(X) xdy

The above model assumes the followilng
limitatlons:

(3)

1. g, and g, are determinis?ic - that

"is; the couplers are always open
or closed but not in an intermedi-
ate position.

2. g, and g, are independent of any

angle the shanks may make relative
to each other, but depends only on
the relative position of thelr
centerlines,

In this respect the model is valid
only for tangent track or two similar
cars on curved track of constant radius.
It does not apply to cars on curved track
with different overhangs or for cars on
adjacent portions of curved track with
different radii.

Figure 10 presents some preliminary
data for the probability density function

p(y). These data were measured in the
Boston and Maine West Cambridge Yard for

plv)
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FIGURE 10. MEASURED COUPLER POSITION

DENSITY FUNCTIONS.
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couplers on the free ends of cars, presum-
ably 1n a position where they are waiting
to be coupled to other cars. We made an
effort to measure only cars on tangent
tracks; whether the cars were on curved
or tangent track was determined simply by
looking down the track for a distance of
approximately 100 ft from the car. For
all cases, the type of coupler and
whether or not the car had any speclal
features (such as a centering device)
were noted.

Although the distribution illustrated
in Figure 10 shows a range of only #*3 in.,
it is clear that the short shank couplers
could be 3 or 4 in. farther to one side

-or the other and that the long shank

couplers could be moved perhaps as much
as 8 or 9 in. in either direction. The
probability of finding a coupler near
these extreme positions is most likely
very low, implying that a large number of
measurements would have to be conducted
to develop some confidence in the value
of the density function for large dis-
placements. However, these large dis-
placements are also the ones that lead to
bypasses and, consequently, large
expenses. A summary report on coupling
systems [2] stated significant bypass
damage occurs once very 4 or 5 years on
long shank cars. This implies that the
probability of a coupler being in a posi-
tion to cause such a bypass 1s most likely
less than 1 in 1000. On the other hand,
one would expect the distribution to peak
more sharply near the center., Clearly,
many more measurements should be made to
refine the distribution shown in Figure
10. »

To demonstrate the model, we will con-
sider a somewhat simplified example.
First, we will simplify the actual mea-
sured distribution shown in Figure 10 to
the rectangular distribution shown by the
dotted line. This is not necessary, but
it greatly simplifies the mathematics for
the sake of an example. Next, we note
that by making a change in variables and
interchanging the order of integration,
Egq. 3 can be written as

g O
P(g,,8,) =f_g2 f_m p(y)p(z-yddydz . (1)
1

This form is much easier to handle,
especlally for the simplified rectangular
distribution discussed above.

The rectangular distribution shown in
Figure 10 can be expressed mathematically
as

O > y < "3
p(y) =¢1/6 , -3 <y £ +3 (5)
0 5 y > +3



Subotltutlng this into Eq. 4, pives
82
Ple,op,) = [ * fla)az (6)
where f(z) 1s as shown in Figure 11. The

integration from -g, to +g, is the shaded

area; however, 1t 1s easier to subtract
the area of the two unshaded triangles
from the total area. This procedure

fl{z)

1/6

— P 2

~8 . 82

FIGURE 11. THE FUNCTION f(z).

pives the following expression

L

1
P(g,;8,) =1 - 73 (g1-6)2 - 75 (g,-6)*

(1)

This expression 1s plotted in Figure 12,
which presents contours of constant
values of P as a function of g, and g, -

For values of g, and g, less than 6 in.,

the contours of constant P are circles
~centered at g, = 8§, = 6 in. For either

5, or g, greater than 6 in. but not both,

the contours are straight lines; and for
g, and g, greater than 6 in., P = 1.

F'z

FIGURE 12.

P(g,»9,) VERSUS g,

16

For this example, the probabllity of
coupling with a gathering range of b
(i.e., *2) in. 1s approximately 0.5.
This would correspond to the case of two
open E couplers. If the gathering range
were increased to 8 in. (i.e., g, = g, =

4), the probability of coupling would in-
crease to approximately 0.9. Clearly, a
value of 0.5 for g, =8, = 2 in. seems

low. This is probably. due to the distri-
bution of our pilot data, and our subse-
quent simplified rectangular approxima-
tion. The pilot data may not be as
sharply peaked as expected, because some
cars may have been measured on slightly
curved tracks. This would have the
effect of moving the couplers off to one
gide or the other, thus causing the flat-
ter distribution. The methodology
extends to handle data acquired on
curved and tangent track.

3.5 Road Model

Track layouts for industrial sidings
can have a number of configurations.
There may be one or several tracks with
cars to be picked up and/or delivered
from each. TFor purposes of this study we
have modeled a single siding as shown in
Figure 13. This configuration requires
all essential braking and coupling opera-
tions that are employed in more complex
situations.

" Pick Up
e TTH Y7773 Hi===
Locomotive Delivery Caboose

FIGURE 13. SCHEMATIC DIAGRAM OF THE MODEL.
The road model for local pickup and
delivery 1s conceptually similar to the
yard model discussed in Seec. 3.3, but
involves fewer steps. A simplified
sehematic diagram of the model is shown
in Figure 13. PFigure 14 is a diagram of
the road model for local pickup and de-
livery. The operation beglns when a
train arrives at a siding. The first
decision is whether or not cars are wait-
ing to be picked up. ITf not, the crew
proceeds to set cars out. If cars are to
be picked up, the crew uncouples the loco-
motives from the rest of the train and
moves forward past the turnout. The
switch is thrown and the locomotive 1is
backed until it couples with the waiting
cars. The air hoses are connected, brakes
are charged, and the cars are pulled
back past the switch to the branch or
main line. The switch is thrown again
and the locomotive and cars are backed
and coupled to the waiting train. Alr
hoses are coupled and brakes are charged.



® UNCOUPLE .

® UNCOUPLE © PULL TO TURNOUT
® PULL TO TURNOUT ' © BACK ONTO SIDING
TRAIN CARS @ BACK ONTO SIDING

AHRRIVES
AT SIDING @ COUPLE

® PULL CARS TO LINE
® BACK AND COUPLE

o RS CHARGE

® UNCOUPLE CARS TO AND

BE SET OUT TEST DEPART
® RETURN TO LINE BRAKES

® BACK AND COUPLE
TO CARS WAITING
ON LINE

FIGURE 14. ROAD MODEL FOR LOCAL PICKUP AND DELIVERY.

If cars are to be set out, the last
car in the block, marked "delivery" in
Figure 13, will be uncoupled and the cut
moved forward past the turnout. The
operation proceeds as with the pickup.
The cars are backed on to the slding, the
dellivery block 1s uncoupled, and the
locomotive and attached cars are returned
to the line and backed and coupled to the
waitling cars. Brakes are charged and
tested, and the train departs.
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4. DYNAMICS

4,1 Objectives and Scope

Advanced braking and coupling systems
may improve traln dynamics by reducing
stopping distance and in-train forces.
Stopping distance reductions, in turn,
would provide benefits by reducing the
frequency and severity of collisicns.
Lower in-train forces are expected to
reduce the frequency of draft gear fail-
ure over the road, with concomitant
reductions in train delays, derallments
from running over a broken component, and
broken~train collisions that occur when
the rear portion of a separated train
catches up and runs into the front por-
tion. To evaluate dynamics, the metho-
dology accounts for the degree to which
exlsting costs assoclated with these
problems would be changed by advanced.
systems.

The major factors and assumptions to
evaluate dynamics include the following:

Faster responding brake systems, wlll not
sipnificantly decrease the costs of grade
crossing accidents. Thils regrettable
assumption has been deduced from a review
of FRA and National Transportation Safety
hoard (NTSB) accldent reports and from
conversatlons with several knowledgmeable
rallroad personnel in the public and pri-
vale gectors. 'The research showed that
when a train ran into a motor vehicle or
pedestrian, the train was usually close
to a crossing and, to avold a colllsion,
would have had to increase the decelera-
tion rate by orders of magnitude. In
many other cases, motor vehicles ran into
the sides of trains, and the engineer had
no advanced warning of the impending
accident.

FRA statistics, adjusted for clean-up
and lading damage expenses, are reason-
able first-order indicators of direct
costs of accidents. The FRA requires
that rallroads report accldents only when
the direct costs to equipment, track, and
signals exceed a specified threshold
level (e.g., $2300 1n 1977). While this
requirement avolds the administratlve
burden of reporting all of the lower cost
accidents, 1t does blas the data conserv-
atively. That is, actual costs will
exceed those based on FRA data, but since
it 1is not practical to obtain all cost
data, we will use FRA data.

4.2 Procedure

The effects of changes 1n trailn dynam-
1e¢s on accldent and maintenance costs can
be evaluated in at least two ways. First,
one can builld up to the results from
basic principles through a series of
‘cause-and-effect relationships. Starting

13

with fundamental physical dynamic and
material properties, one can analyze a
given braking and coupling system by
simulating accidents and component fail-
ures for a "representative" number of
scenarios. It would then be theoretic-
ally possible to evaluate each candidate
system this way and identify the best
system. Of course, the data are not
available to determine representative
scenarlos, nor is the state of the art
sufficiently advanced to simulate the
damage that occurs in railroad accidents.
The second approach — and the one that we
use — is to start with baseline accident
and maintenance data for the present sys-
tem and evaluate perturbations from them.
For example, we may never know precisely
the complex forcing history of couplers.
But if we know the existing fatigue lives
of couplers and can devise a braking and
coupling system that reduces coupler
forces by about the same amount in most
situations, we can predict with some con-
fidence the extended fatigue life of
couplers.

Figure 15 provides an overview of  the
analysis that 1s orilented primarily to-
ward over-the-road dynamlc effects of
trains. Cenerally, the analysis uses a
train and brake system model to calculate
stopping distances and coupler force
levels. We use the Train Operations Sim-
ulator (T08) developed by the AAR to com-
pute these dynamic varlables. Stopplng
distances for advanced systems are then
normalized by stopplng distances for
baseline exlsting systems, and they form
the input to a collision cost analysis.
This analysls uses baseline collision
costs to estimate the incremental costs
of an advanced system.

Coupler forces for an advanced system
are normalized by those Ffor the present
baseline system to obtain a ratioc of
forces or (more meaningfully) stresses.
These stresses are the input to a fatigue
failure analysis in which the ratios of
road failures and of total fallures are
computed. The road failure ratio,
coupled with baseline road failure data
and train hourly delay costs, allows us
to estimate total delay costs. Over-the-
road fallures of couplers and associlated
draft gear also occasionally cause de-
railments and broken-train collisions,
which are accounted for as well. Finally,
fatigue damage accumulated over the road
simply reduces the life of components,
which may be taken into account in a
similar manner.

While most of this section deals with
road train dynamics, one of the systems
identified in Table 1 has the potential
of significantly reducing car-to-car
dynamic impact forces in yards. The
ultrasonic brake control senses an im-
pending impact and automatically reduces
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FIGURE 15. OVERVIEW OF DYNAMIC EFFECTS ANALYSIS FOR TRAINS.

car speed as necessary to provide for a

gentle but positive coupling. The bene-
fits from reducing these forces are ex-

pected to be primarily reductions in

coupler failure and lading damage. These

effects will be treated in Secs. 4.6 and

bh.7.

4.3 Inputs and Train Operations Simulator (T0S)
Model

Command and Parametric Inputs

The traln parameters used to evaluate
basellne and advanced systems are:

3 SD40

100 LB5 boxcars —
30-ton tare weight
130-ton gross weight
1 caboose at 23 tons

Locomotives:

Cars:

Brake Shoes:

Operating Valve:

Brake Pipe Pressure:
Brake Pipe Leakage Rate:
Coupler:

Draft Gear:

Composition
ABD*

80 psi

3 psi/min
Type E

Mk50

*The TOS model is not capable of simulating the
newer ABDW vdlve. As discussed in Sec.2, dynamic
performance must therefore be viewed as fraction-
al changes from baseline values, rather than in

absolute terms.
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The brake command signals and the
track and train parameters have been
figured to provide a range of values for
the TOS model outputs (stop distance and
coupler forces). Table 8 shows a data
matrix for collision analysis. For col-
lisions, stopping distance is the import-
ant variable, and we assume emergency
brakes are always applied.t Stopping
distance will depend strongly on the
initial train speed, the degree to which
cars are loaded, and the track grade.
Since curvature is not expected to be a
significant factor, we consider only
tangent track.

con-

As illustrated in Table 9, in-train
force levels for component fallures are
based primarily on load distributions,
speed, and level of brake application.

We have chosen four levels of brake appli-
cation corresponding to a minimum service
reduction of 6 psi, a partial reductlon

of 15 psi, a full-service reduction (23
psi for an initial brake pipe pressure of
80 psi), and an emergency application.
Since car run-in and concomitant genera-
tion of in-train forces is greater for
loaded than for empty trains, we configure

+ . . . .
On occasion, locomotive engineers will

hesitate to apply emergency brakes be-
fore a collision for fear of derailing
the train [8].



TABLE 8. STOPPING DISTANCE FOR COLLISION ANALYSIS.

EMERGENCY BRAKING MODE AND TANGENT TRACK APPLY.

Grade 0 +1% ] -1%

% Loaded | 0 |50 |100| 0 }100{ 0 |100
20

ooy 40
60 J

Note: 1. Load distribution (head to rear)
25 empty, 25 loaded, 25 empty, 25 loaded
cars.

power braking split service application
of a fully loaded coil steel train. The
apreement between the two profiles is
very good. Figure 17 shows a comparison
of actual coupler forces for car 21 of
the train and the coupler forces predict-
ed by.TOS. The correlation is very good
for the steady state section of the brak-
ing 1.e., 50 to 110 sec. However, there
is a largme error in the transient sec-
tions of the run. A runout that occurred
at approximately 40 seconds was predicted
by TOS to occur at 18 seconds with a much
smaller amplitude. There is also a ques-
tion of accuracy right after the train
has stopped. It is important to be aware
of the inaccuracies in the analysis of

- TABLE 9. IN-TRAIN FORCE LEVELS FOR COMPONENT FAILURE ANALYSIS. LEVEL GRADE AND TANGENT TRACK APPLY.

Full
Min Partial (23 psi at
Level of Braking (6 psi) (15 psi) 80 psi app) Emergency
. 25E% 25K 25E 25E
Load All 25L All 25L All 25L Loaded 25L
Distribution Loaded 25E Loaded 25E Loaded 25E 25E
25L 25L 25L 25L
20
Speed
40
(mph)
60

*E indicates empty; L indicated loaded.

one consist of all locaded cars. Also, as
shown in two studies [9,10], loaded cars
at the rear of a train with empties near
the head end create particularly high
compressive loads. Accordingly, we adopt
the car loading distribution, from front
to rear, of 25 empties, 25 loads, 25 emp-
ties, and 25 loads.

TOS Model

To evaluate the influence of various
parameters on braking performance, we use
the Train Operations Simulator (TOS)
model developed by the AAR. The TOS
model is a versatile digital computer
program that simulates a train during
longitudinal maneuvers. The model ac-
counts for numerous factors, including
the finite propagation speed of pressure
waves along the brake pipe, the complex
response of brake valves, the rigid-body

dynamics of freight cars and locomotives,

draft gear compliances, and externally
applied forces to each car. The model
has been periodically updated; Release
No. 3 (November 1977) 1s the latest ver-
sion available and the one that we use.

Figure 16 shows a compafison of an
actual train velocity versus time profile
and a profile predicted by TOS, for a

20

the output to avoid comparisons based on
data in these areas of little confidence.

SPEED(mph)

0 | | | | |

0 20 40 60 80 100 120
TIME (sec)
FIGURE 16. TRAIN VELOCITY VERSUS TIME FROM TOS

VALIDATION REPORT [11].
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4.4 Collision Analysis: The Value of Decreased
Stop Distance

The abillty to stop a freight train
faster has two potential direct benefits:

+ The potential for avoiding acci-
dents and for saving related costs
at present track speeds;

+ The potential for increasing track
speeds and for realizing the re-
lated improvement in utilization
where track speeds are currently
limlted by the slgnal spacing.

We do not consider this second benefift,

but 1t deserves a brief comment. Track
speeds could be increased only in areas
where speeds are currently limited by the
need for a loaded train to stop within
one signal spacing, rather than other
factors, such as track condition and ter-
rain. Of these areas, only those tracks
that
tial would benefit by belng able to move
more trains over a section of track.

A survey of mainline utilization in
selected areas (see Table 10) indicates
that most mainline track is not being
used to maximum potential.

Because of these observations and be-

cauyse line haul operation currently repre-

sents only 14 percent of a car's load-to-

TABLE 10. MAINLINE CAPACITY UTILIZATION IN
SELECTED AREAS [4].
Estimated
Percent
Typical
Utilization
Selected Area (%)
Eastern Seaboard to the Alleghenies 25

(Harrisburg/Cumberland)
Mainlines through the Alleghenies

to Pittsburgh 40
New York and New England to Buffalo 20
Fast-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 Angéles to the East 45

|
|

are currently used to maximum poten-

load cycle time, the improvement in
utilization resulting from improved brak-
ing is expected to be small. Increasing
the track speed would to some degree
negate the potential for accldent savings
Therefore, only the potentilal for reduced
accident costs was consldered as a bene-
fit from decreased stop distance.

4.4.1 Accident cause codes considered

Railroad accidents have many causes.
Because increased stopplng ability can
affect acecldent costs only through short-
er stopping distances and resultant lower
impact velocities, we consider accidents
that meet two conditions:

1. The accident could be avoided or
reduced in severity by a shorter
stopping distance;

2. 'The engineer could be aware of the
impending accident with sufficient
time and distance to achileve the
improved stopping.

These two accidents require a judgment
based on the type and cause of the accli-
dent. The only complete sources of accl-
dent data are the FRA accldent reports
and statistics. The FRA cause codes [12]
are not detailed enough to make this
determination with a great degree of
accuracy. We based our decision to in-
clude or exclude a specific cause code
largely on a consensus of several inform-
ed persons. Generally, mechanical fall-
ures of components were excluded, and
human and communicatlon failures were
included. Brake component mechanical
failures were excluded because we feel
that alternate braking systems, while
their mechanical failures may be of a
different nature, would still experience
mechanical failures. Since we were



unable to project the types and quantity

of fallures, we assumed that the mechan-

ical failure rate would remain unchanged.
We Jjudged that the following FRA accident
cause codes [12] were dependent on short-
er stopping distances:

Signal and Communication Failures

202 Fixed signal, improperly displayed (defective)
201 Radio communication equipment failure

202 Other communication equipment failure

209 Cause code not listed; enter Code 209 in

Item 35 and explain in Item 50

Flagging, Fixed, Hand, and Radio Signals

519 Fixed signal, improperly displayed

520 TFixed signal, failure to comply

521 Flagging, improper or failure to flag

522 Flagging signal, failure to comply

523 Hand signal, failure to comply

524 Hand signal, improper

525 Hand signal, failure to give/receive

526 . Radio communication, failure to comply

527 Radio communication, improper

528 Radio communication, failure to give/
receive :

529 Cause code not listed; enter Code 529 in

Item 35 and explain in Item 50

Other Rules and Instructions

530 Car(s) shoved out and left out of clear

531 Cars left foul '

533 Failure to stop train in clear

535 Instruction to train/yard crew, improper

536 Motor car or on~track equipment rules,
failure to comply

. 541 Special operating instruction, failure to

comply (identify instruction in ILtem 50)

542 Train order or timetable authority, failure
to comply '

543 Train orders, radio; error in preparation,
transmission, or delivery )

544 Train orders, written; error in preparation,

transmission, or delivery

554 Train inside yard limits, excessive speed

555 Train outside yard limits under clear block,
excessive speed

559 Cause code not listed; enter Code 559 in

Item 35 and explain in Item 50
4.4.2 Direct costs

The FRA accident data tape [12] con- _
tained information for the three-year ’
period from 1975 through 1977. The acci-
dent costs for the cause codes listed
above were collected for all types of
collisions, excluding highway crossing
accldents and derailments (see Table 11).

Table 11 shows the direct accident
costs for each type of accident for 1975
through 1977 (equipment, track, and sig-
nal damage). The total costs for 1975
and 1976 are in close agreement, but the
1977 total cost increases approximately
200 percent from previous years. (The
reporting threshold was changed between
1976 and 1977, from $1750 to 2300.) This
large jump is hard to explain since the
number of accidents considered in Table
11 is relatively small. A comparison of
this trend with trends to the more gen-
eral accldent cost figures of Table 12 is
helpful. The total accildent cost for all
train accidents grew at a rate of 28 per-
cent between 1975 and 1976, and 23 per-
cent between 1976 and 1977. This growth
does not exhibit the large cost growth
rate found in Table 11 between 1976 and
1977, indicating a consistency in the
data colleetion from year to year. If
the human factors category in Table 12,
which includes most of the identified
cause codes, is considered, the accident
cost growth rate is 6.5 percent between
1975 and 1976 and 106 percent between
1976 and 1977. Thils large growth rate,
while not as large as 200 percent, is
based on many more accidents (2,559 ver-
sus 339), and therefore indicates that

TABLE 11. DIRECT ACCIDENT COSTS FOR IDENTIFIED CAUSE CODES FOR 1975 TO 1977 [12].*

Type of - 1975 1976 1977
Accident No. Total Cost No. Total Cost No. Total Cost
Head On 14 362,269 33 | 1,776,917 5 4,334,119
Rear End 42 3,648,127 58 987,753 52 6,365,230 i
Side 97 882,005 134 | 1,401,000 238 2,616,918
Raking 29 193,647 26 236,079 38 1,025,476 )
Broken Train 1 " 47,700 4 39,994 1 81,115
R.R. Crossing 3 429,033 8,726 659,700
Obstruction 215,590 4 22,760 4 85,516
Total 5,778,371 4,473,229 15,168,074

*Compiled by BBN from FRA accident tape.
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TABLE 12. TRAIN ACCIDENTS BY CONTRIBUTING CAUSE SHOWING DAMAGE TRENDS,
CLASS I AND CLASS II RAILROADS [13].

i Percent Total Average ! Damage/Mill ! [
Contributing |  Total Increase Damage Damage Train Miles Accident/Mill |
Cause and Year Accidents 1%) ($) (%) . (3) 'l Train Miles 1‘
HUMAN FACTORS
1968 2,174 18,352,058 6,663 20,938 2,48
1969 2,339 23,056,564 9,857 26,683 2,71
1970 2,191 19,032,384 8,687 22,693 2.61
1971 1,912 15,732,800 8,228 20,071 2,44
1972 1,853 15,324,095 8,270 19,611 2,37
1973 2,282 27,253,258 11,943 32,782 2,74
1974 2,238 29,060,242 12,985 34,875 2.69
1975 1,847 29,971,497 16,211 39,696 2.45
1976 2,360 6.5 31,939,411 13,534 41,225 3.05
1977 2,559 106 65,679,391 25,666 87,568 3,41
EQUIPMENT FATLURES
1968 2,042 38,891,631 19,046 44,372 2.33
1969 2,142 48,297,232 22,548 55,894 2,48
1970 1,890 38,354,491 20,293 45,732 2.25
1971 1,630 34,998,177 21,471 44,649 2,08
1972 1,577 31,188,889 19,777 39,914 2,02
1973 1,992 38,319,889 19,237 46,094 2.40
1974 2,175 49,936,473 22,595 59,929 2.61
1975 1,906 49,721,935 26,087 65,854 2.52
1976 2,174 38 68,572,507 31,542 88,508 2.81
1977 2,064 3 70,662,940 34,236 94,212 2.75
DEFECTS IN WAY OR STRUCTURES
1968 2,128 25,288,516 13,714 28,255 2.06
1969 2,483 34,740,363 13,991 40,205 2.87
1970 2,470 38,818,645 15,716 46,286 2.95
1971 2,276 34,332,685 15,085 43,800 2.90
1972 2,544 37,908,031 14,901 48,512 3.23
1973 3,556 51,548,006 14,496 62,005 4,28
1974 4,264 70,218,582 16,468 84,270 5.12
1975 3,176 69,519,019 21,886 92,074 4.21
1976 4,260 23 85,537, 356 20,079 110,404 5.50
1977 A, 337 12.7 96,377,004 22,222 128,495 5.78
ALL OTHER CAUSES
1968 1,684 24,874,058 14,771 28,379 1.92
1969 1,579 23,453,745 14,854 27,143 1.83
1970 1,544 25,419,758 16,464 30,309 1.84
1971 1,486 24,720,383 16,636 31,537 1.90
1972 1,558 23,099,325 14,826 . 29,561 1.99
1973 1,868 38,181,944 20,440 45,928 2,25
1974 2,017 38,485,050 19,080 46,186 2.42
1975 1,112 28,185,751 25,347 37,330 1.47
1976 1,454 45 40,941,423 28,158 52,844 1.88
1977 1,402 14 46,731,001 33,332 62,304 1.87
TOTAL ALL TRATN ACCIDENTS
1968 8,028 114,344,312 14,243 130,457 9.16
1969 © 8,543 129,547,904 15,164 149,925 9.89
! 1970 8,095 121,625,278 15,025 145,021 9,65
1971 7,304 109,784,045 15,031 140,059 9.32
1972 7,532 107,520,340 14,275 137,598 9.64
1973 9,698 155,303, 147 16,014 186,809 11.67
1974 10,694 187,700,347 17,552 225,260 12,83
1975 8,041 177,398,202 22,062 234,954 10.65
19706 10, 248 28 226,990,697 22,150 292,980 13.23
1977 | 10, 162 23 279,450,336 26,969 L 372,579 13,82

*Before 1974 the train accident reporting threshold was $750; for 1975 to 1976, $1750; and for

1977, $2300.

the trend is real rather than the result
of too small a sample size, although the
reason for this increase is unknown. For
this analysis, we will use only the 1977
total accident cost of $15,168,074,

rather than an average figure, remembering
the nonconservative nature of this assump-
tion when we consider the results.

4.4.3 Indirect costs

The costs shown in Table 11 are only
the direct costs of accidents reported to
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the FRA, including equipment, track, and
signal damage. Rallroads experience a
larger real cost when clean-up costs,
lading damage, and claim handling costs,
are included. Figures from the St. Paul
and Pacific Railroad Company [14] for 40
train accidents caused by freight car
equipment failures in 1970 give a sense
of the ratio of real costs to FRA-
reported accidents costs:



Costy:
Damape to roadway and equipment $ 590,000
(direct cort)
Pralpht clatme pald on lading 230,000
(Indirect cost)
Cost of clearing wrecks 201,000
(indirect cost)
$1,021,000

These statistics indicate that the total
costs are 1,73 times the equipment and
roadway damage costs. A more recent
estimdte by Southern Rallway indicates
thls ratio to be approximately 2 [15].
Using the figure of 2 and extrapolating
to the whole industry, the yearly accil-
dent raillroad costs are approximately
$30,500,000 (2 x 15.2 million direct
costs per year) resulting from the men-
tioned cause codes.

4.4.4 Fatalities and injuries

The number of fatalities and injuries
for the identified cause codes, along
with the total number of train accident
fatalities and injuries for the years
1975 to 1977, are shown in Table 13.

TABLE 13. FATALITIES AND INJURIES FOR IDENTIFIED

The injuries and fatalitles related to
the 1dentified cause codes are a small
percentapge of the injury and fatality
Flegrea for a1l tealn aecidents And ave
anl even smaller percentape ol the indus-
trywide accident figures. The numbers
are so small that it would be unreason-
able to expect a reduction in insurance
costs or liability claims from shorter
stopping distances. While any number of
injuries and fatalities i1s important from
a safety aspect, we do not consider a
reduction in these accident figures in
this analysis.

4.4.5 Cost savings

With the total accident cost filgure,
one must develop a sense of what portion
of the total savings can be achleved by
improving the performance of the train
braking system, resulting in shorter
stopping distances.

Figure 18, which shows a graph of
total accident cost versus a normalized
stopping distance, provides insight into
the problem. Normallized stopping dis-
tance is defined as the ratio of the new

CAUSE CODES AND FOR ALL TRAIN ACCIDENTS [13].

1975 1976 1977
Identified Identified Identified
Cause % of Cause % of Cause % of
Codes Total Total Codes Total Total Codes Total Total
Fatal 2 2.4 82 6 4 152 1 0.9 108
Injuries 106 8.7 1,720 75 59 1,279 114 11.6 985

Table 14 lists the total number of in-
juries and fatalities for all accidents
in the railroad industry, including train
accidents, train incidents, and nontrain
accldents. ¥

TABLE 14. FATALITIES AND INJURIES OF ALL
ACCIDENTS IN THE RAILROAD INDUSTRY [13]

1975 1976 1977
Fatalities 1,560 1,630 1,530
Injuries 54,306 65,331 67,867

%*These terms are defined as follows [13]:

A Train Aceident 1is a collision, derail-
ment, fire, explosion, act of God, or
other event, with or without casualties,
involving rallroad on-track equipment
(standing or moving) which results in
more than $2,300 in damages to railroad

on-track equipment, signals, track, track

structures, and roadbed. The damage
threshold for reporting train accidents
from 1957 through 1974 was $750. In
1975 the threshold was increased to

stop distance over the baseline stop dis-
tance. With the freight train brake sys-
tem in its present form, D/D, = 1, the
yearly accident costs are $30.5 million,
Point A. If trains could stop almost
instantaneously, D/D, = 0, Point B. The
value of Point B is undetermined. There
is a function between Point A and Point

B that would reflect the details of

Footnote cont'd.

$1,750, and in 1977 to $2,300. The re-
porting threshold is reviewed periodic-
ally and adjusted every two years as
necessary.

A Train Ineident 1s an event arising in
connection with the movement of railroad
on-track equipment which results in a
reportable death, injury or illness, but
does not result in damage to railroad
equipment, track or roadbed of more than
$2,300.

A Nontrain Incident is an event which
results in a reportable death, injury or
illness arising from the operation of a
railroad, but not from the movement of
railroad on-track equipment.

A
-
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actual accident occurrence. Developing
the exact details of this function would
require more detailed accident data than
are available. A simple, but not unrea-
sonable, assumption is that the function
is linear. Figure 19 1is a plot of acci-
dent costs versus accident speed for
years 1976 and 1977. A least-squares
curve fit gives exponents of speed of
0.98-and 1.17, indicating a roughly lin-
ear relationship between speed and
accident cost. A shorter stopping dis-
tance would result in a lower impact
speed. This finding qualitatively rein-
forces the previous assumption of a lin-
ear relationship between accident cost
and stopping distance. .
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FIGURE 19. ACCIDENT COST VERSUS SPEED FOR 1976

AND 1977, SPEED COMPILED FROM TABLE
161-A OF REFS. 13 and 16.

Data are also not available to deter-
mine the location of Point B. Consider
the assumption that Point B occurs at the
origin instead of at a finite value. As
seen in Pipure 18, this assumptlon would
pive a liberal estimate of the cost sav-
ings. As in Sec. 4.2.2, this liberal
assumption should be kept in mind in the
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final consideration of systems or compon-
ents. )

This final assumption reduces the cost-
ing of accident saving to the conveniently
usable form:

(8)

" Savings = (1-D/D,) ($30.5 x10°)

4.4.6 Summary

We use a normalized stop dlstance when
we compute accident cost savings result-

ing from decreased stopping distance.

The areas of cost saving considered are:

1. Direct cost, egquipment, track,
and signal damage

5. Lading damage, clean-up costs,
claim handling costs.

Savings are calculated by using the form-
ula:
(9)

Savings = (1-D/D ) ($30.5 X 10%)

4.5 Derailment During Emergehcy Stopping

Derailment can occur during emergency
stopping because lateral -forces generated
by car run-in cause rail rollover or
wheel climb.

FRA Cause Code 701 "Emergency Brake
Application to Avoid Accident" [12] appl-
ies to this derailment problem. Table 15
shows the casualties and costs assoclated
with this type of accident.

TABLE 15. CASUALTIES AND COSTS FOR EMERGENCY
BRAKE APPLICATION TO AVOID ACCIDENT.
Year
3-Year
1975 1976 1977 Average

No. of

Accidents 18 17 7 14
No. of
~ Injuries 1 2 1 1.3
No. of

Fatalities 0 0 0.3
Total Dollar
. Value $566,857 | $719,325 $280,346 | $522,176
Adjusted

Dollar

Value#®
¢ (M $) 1.1 1.4 0.6 1.0

*Tyice the reported dollar value to account for un-
reported clean-up and lading damage costs (see Sec.
4.1).

The data in Table 15 indicate that costs
associated with emergency brake applica-
tion to avoid accidents are sufficiently
small to be neglected.



4.6 Coupler and Draft Gear Failure

When trains operate over the road, and
when cars are classified in yards, longi-
tudinal dynamic forces are generated that
contribute to the failure of couplers and
draft gear. During road operations,
forces occur as ftrains start, when they
stretch and bunch while traveling over
undulating terrain, and when service or
emergency brake applications are made.

In yards, dynamic forces of up to one
million pounds can be created when cars
couple. The mechanical failure of coup-
lers and draft gear contributes to train
delays, maintenance costs, and occasional
derailments and collisions.

To determine how improved braking and
coupling systems are likely to affect
coupler and draft gear failure, it is
necessary first to consider the dominant
mechanisms of failure. Figure 20 illus-
trates the problem qualitatively. Ex-~
tremely high loads could exceed the ulti-
mate strength of the coupler material and
cause immediate failure. Moderate loads
contribute ‘to fatigue damage, and small
loads that are below the endurance limit
of the coupler contribute to no damage at
all.

The force histogram shown in Filgure 20
is not known quantitatively, but some in-
sight into the order of magnitude of the
force distributions may be developed from
existing data. First, the number of
annual load cycles (estimated for 1980)

FORCE FORCE
INMEDIATE | :
o _ _tanume ULTIMATE
=7 TN\ STRENGTH
FATIGUE
DAMAGE
A T T T T T T T T T TENDURANGE LIMIT
NO RANCE LIMIT

DAMAGE
NO. OF CYLCLES/Y Eﬂ

FIGURE 20. HYPOTHETICAL LOAD DISTRIBUTION AND
FATIGUE CURVES FOR COUPLERS ILLUSTATING
POTENTIAL FAILURE AND FATIGUE DAMAGE REGIMES.

NO. OF CYCLES TO FAIl LUHP

from yard impacts alone 1s about 200. ¥

One would expect at least that number of
in-train load cycles. Moreover, car
repalr billing data [17] show that approx-
imately 136,000 broken couplers are found
annually. For a 1.7 million car popula-
tion, this corresponds to one failure per

#Egtimated from Table 6 of this report:
915,000 cars switched daily x 365 days
per year/1,655,000 cars in the national
fleet.
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year for every 25 cars. Accordingly, the
chance that a car would encounter a force
large enough to cause an immediate fail-
ure must be considerably less than one in
5000. With more than 99.98% of the load
cycles occurring below the ultimate
strength of the coupler, one must conclude
that fatigue is the most probable failure
mechanism.

If fatigue failure is the dominant
mechanism, one would expect the fallure
rate (i.e., the probability of failure
within a given year) to be low during the
initial portion of a coupler's life cycle
and to increase. sharply toward the end.
Figure 21 shows that this is indeed what
happens. The failure data presented in
Figure 21 are for E60 couplers, and are
based on samples of coupler faillure and
population acquired under the AAR-RPI
Railroad Coupler Safety Research and Test
Project [17-19].T

The goal of the remainder of this sub-
section is to estimate the costs associ-
ated with ccupler and draft gear failures
and, more importantly, the financlal
benefits that could accrue from their
reduction.

4.6.1 Fatigue failure analysis

Several major effects occur when the
dynamic coupler forces that occur during
any segment of a freight car's 1ife cycle
are lowered. - First, the fatligue damage
associated with these forces 1s reduced
and the fatigue lives of key components,
such as couplers, knuckles, and yokes,
are extended. . In turn, the rate of fail-
ure for these components' is reduced for

TThe data in Figure 21 were determined as

follows. Table 6A of Ref. 18 provides
the number of failures versus year of
manufacture for 926 samples of failed
E60 couplers. Tables 8-11 of Ref. 17
show that 14,939 E60 couplers were re-
ported as broken (why made Code 2) in
the Car Repair Billing system which
represents about 1/6 of total failures.
Accordingly, the sampled data may be
scaled, up ,by 14,939 x 6/926 = 96.8 to
estimate the total number of failed E
couplers by age for the 1972 investiga-
tory:period. Similarly, Table 2 of Ref.
19 provides data on the number of E60
couplers versus year of manufacture for
a field sample of 5053 couplers. These
data are scaled to the entire freight
car population by the factor 1,716,937 x
2/5053 = 679.6 where the first number is
the 1972 population of freight cars [§].
and the 2 accounts for the fact that
each car has 2 couplers. The E60 fail-
ure rate for the entire population is
then computed by dividing the scaled
failure data by the scaled population
data.
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FIGURE 21. FAILURE RATE FOR E60 COUPLERS AS
A FUNCTION OF COUPLER AGE.

all stages of their life cycles. For
example, couplers fail through a fatigue
mechanism because of dynamic loads gener-
ated in yard impacts and during over-the-
road operation. If over-the-road dynamic
loads could be eliminated or reduced to
levels under the endurance limit, couplers
would no longer faill over the road, but
would still fail in yards. However, yard
failures would occur at a reduced rate
because 1t would take longer to accumu-
late suffilcient fatigue damage through
yard impacts alone.

To estimate the decreased overall — or
total — failure rate resulting from a de-
crease 1n in-train forces, consider the
representative fatigue (S-N) curve
sketched in Figure 22. As a first approx-
imation, assume that yard Ilmpacts gener-
ate Ny load cycles at a stress level SY

and in-train forces occurring in road
operations generate ng load cycles at

stress level SR‘ Failure occurs when

< . (10)

If the in-train forces are reduced with a
corresponding reduction in stress from
SR to Sﬁ, the coupler materials will be
able to absorb more load cycles in yards
and over the road before fallure occurs.
Thus,

<
m—

(11)

£2|5
z,s
w_

27

. for each yard impact,

where the prime designates the number of
cyeles. that occur when the road stress
level is reduced. Changling the stress
level does not change the loading cycles,
which are dictated by operational proce-

dures. Accordingly,
ny Ty
n  nb (1)
R R
STRESS
S
Y non
.5 Y np
SR ———————— -.—...l—.—_
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. |I
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FIGURE 22. GENERAL S-N CURVE.

The portion of the fatigue curve shown
in Fig. 22 above the endurance limit is
described by SN = B, where a and B are

empirically determined constants. Thus,
J SgN, = B (13)
SgNg = B (14)
SN = B . (15)

Fatigue life is proportional to the num-
ber of cycles to failure, and the fallure
rate F is inversely proportional to
fatigue 1life. Therefore, the ratlo of

total failure rates F% at reduced stress

level for in-train forces (yérd forces
remain constant) to total fallure rates
F._ for baseline conditilons is

T
F% nR nY (16)
F_oon, nd
T R Y
From Egs. 10—16 one obtains
N
Fp ny N (Sg (17)
F.OON, TN, \S,
T Y R R

To evaluate the parameters nY/NY~and
nR/NR’ consider the cumulatlve damage

plot of Figure 23. The figure i1llustrates
graphically the accumulation of damage
(Y), and each load
cycle occurring in road operations (R).
Failure occurs when the sum of all of the



damage increments reaches unity. The
probability PR that failure occurs during

road operations is equal to the probabil-
ity that an R increment falls on the
dashed line. This is simply equal to the

total damage of all R increments. Thus,
n
_ R
Pp = N, (18)
Failure
1.0pp————— R
Y
)
< | .
1 3
[
a ~—Jr
2 Y = Damage Associated With a
P Y Single Yard Impact
S ]
g R = Damage Associated With a
=] Single Load Cycle During
© Road Operations
TIME

FIGURE 23. CUMULATIVE DAMAGE PLOT.
Similarly, the probability PY that fail-
ure occurs in a yard is

Thus,

o
F»l S'
<- = P, + Pp (§5> (20)
R

T ' \
The probabilities PY and PR can be

evaluated experimentally from data on
yvard and road failures which are avall-
able from the RPI-AAR Coupler Safety
Research and Test Project. During a 14-
week summer and winter survey period 1663
broken knuckles, couplers, and yokes were
reported by participating railroads [Ref.
18, Table 8].% During the same time 314
train break-in-twos occurred [Ref. 18,
Table 11]. Accordingly,

- 1349
PY m'- 0.8

jos]
HLA)
]
UJI:
154
o
ny

#In addition, several thousand cracked
knuckles, couplers, and yokes were
detected and changed out before a com-
plete break occurred.
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The value of the exponent o may be

. determined experimentally for the partic-

ular steel under consideration. Figure
24 shows such experimental data for
grades B, C, and E steels used in the
manufacture of railroad couplers [20].
As may be seen, the data fall on a nearly
straight line on a log-log plot as one
would expect from the equation S®N = B
(i.e., o log S = log B - log N). Values
gf o for these data range from 5.1 to

.5.
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FIGURE 24. FATIGUE FAILURE CURVES FOR THREE

GRADES OF COUPLER STEEL [20].

The rate of road fallures FR is the
total failure rate multiplied by the
probability PR of road failure:

F (21)

r = PrfR

The ratio of road failure rate Fé of
couplers and draft gear on a train equip-
ped with a candidate braking and coupling
system to the rate FR for a baseline sys-
tem is given by :

B! PP ’
B (22)
R T R ! ’

3 1 = -—
Since FT/FT ‘nR/né, Egs. 18 and 22 be
come

a
Bl N St
F5=N—1?=<S—3> (23)
R R R

Equations 20 and 23 are plotted in
Figure 25 to illustrate the dependence of
failure rate on stress level. Both curves
are for a = 5.1, corresponding to Grade
E steel. As stresses are reduced below
present levels, the road failure rate
drops quickly because of the exponential
dependence of Fﬁ on the stress ratio.

However, the total failure rate levels
off at the 80% level because the major
contribution to damage occurs in yards.
If the stress level increases beyond pre-
sent levels, road fallure rates will in-
crease quickly, followed by total



failure rates, in which road failures
will play an increasingly important part.
In summary, it appears that there is con-
siderable risk in increasing intra-car
forces, while the benefits of decreasing
these forces will accrue mainly in
noticeably decreased road failures but
only in a fractional decrease in yard
failures.
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FOR o = 5.1.
4,6.2 Train delay costs

As indicated in Filgure 15, the two

“essential 1lnputs to an evaluation of

train delay costs are (1) an estimate of
the present number of road failures caused
by broken draft gear components and the
time lost for each failure, and (2) an
estimate of the cost per hour of train
delay. We shall conslder each in detail.

Number and Duration of Train Delays

Three studies have been conducted that
can be used to estimate delays associated
with coupler failure. We will extract
the relevant information from each and
compare the results.

RPI-AAR Coupler Project. During a 1l0-week
summer period in 1971 and a 4_week winter
period early in 1972, a team sponsored by
the Railway Progress Institute (RPI) and
the AAR collected broken couplers,
knuckles, and yokes on five major rail-
roads¥* [17,18]. Table 16 shows the dis-

#ptchison, Topeka & Santa Fe; Burlington
Northern; Norfolk and Western; Southern;
and Union Pacific.
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tribution of falled components and asso-
ciated delay times. The data for summer
and winter periods suggest that nearly
all of the components in the unknown de-
lay category for the summer actually con-
tributed to less than 15 min of delay.
Undoubtedly the vast majorlty were ttall~
ures detected in yard inspections that
did not cause any significant train delay
Accordingly, only the 248 component fall-
ures known to cause more than 15 min of
delay are considered further.

TABLE 16. TRAIN DELAY DATA FOR FAILED COUPLER,
KNUCKLES, AND YOKES [18].
No. of Failures
Train Delay Summer Winter
(min) Period Period | Total
0 - 15 155 1567 1722
> 15 78 170 248
Unknown 2217 96 2313

A dissaggregation of these failures is
11lustrated in Table 17, which shows
mean delay times. The knuckles, which
are easiest to change, delay trains less
than failed couplers or yokes. Also, as
one might expect, delays are longer in
the winter when it is more difficult to
work on trains.

The data in Table 17 may be used to
estimate national train delays in two
steps. First, the sample slze as a per-
centape of coupler failures iIn the ,
national rallroad system 1is estimated.
Second, this information 1s used to estl-
mate the total delays.

TABLE 17. DELAYS CAUSED BY COUPLER, KNUCKLE,
AND YOKE FAILURES [18].

Summer Period{Winter Period Total

(10 Wks) (4 Wks) (14 Wks)

Average Average Average

Delay Delay Delay

No* | {min) |No* | (min) |No* | (min)
Couplers | 23 66.4 95 83.4 118 80.1
Knuckles | 44 51.5 55 62.1 99 57.4
Yokes 11 58.5 20 89.9 31 78.8
Total 78 56.9 170 { 77.3 248 | 70.9

*Failures that delay trains less than 15 min or

unknown delays are ignored.

To estimate the portion of the total
population actually represented in Table
17, we use the AAR Car Repailr Billing
(CRB) data for broken, missing, and bent




couplers¥* for comparable periods. Table
18 shows these data for summer and winter
quarters along with the number of coupler
kody fallures obtained in a 5-railroad
sample. Since no data were readily avall-
able for the summer of 1971, we used CRB
data for the summer of 1972 and assumed
there is 1little difference between one
year and the next. In extrapolating the
number reported to the total for the
gquarter, we used a factor of 6 for the
AAR CRB data and the ratio of 13 (the
number of weeks in a quarter) to 10 or 4
(the number of weeks durilng whlch compon-
onls were collected) Cor the RI'L/AAR
data. The value of 6 was chosensbecause
(1) about one-third of forelgn car re-
pairs were billed through the CRB system
in 1971 and 1972 and (2) about half of
the cars on a rallroad at any time are
foreign cars. The final column in Table
18 shows that the RPI/AAR team collected
a significantly larger portion of the
total falled couplers in the winter per-
10d than in the previous summer period.
Each of the winter and summer data
samples represents several percent of the
national total.

Table 19 shows the development of
estimated train hours of delay per quar-
ter. Column 1, taken from Table 17, 1is
the number of delays identified on the
participating railroads. These delays
are extrapolated to the quarter in which
they occur and then to the national total
by using the results of Table 18. Multi-
plying by the average delay per occurrence
(also taken from Table 17) gives the

TABLE 18.

ESTIMATE OF THE SAMPLE SIZE OF THE

RPI/AAR COUPLER FAILURE STATISTICS AS A
PERCENTAGE OF THE NATIONAL TOTAL.

(ﬁi No. of |Estimated | Percent
Reported Total Estimated
Coupler | Failures Sample
Body for of Total
Source Period |Failures | Quarter (%) |
8 | AAR-CRB 7/01/72 - 6817 (x6)
‘" | - Data 9/30/72 : 40902
QL (13 wks) 2.52
& | RPI/AAR 6/01/71 = 793 (x1,3)
§ Coupler | 8/07/71 1031
A ‘Projéct | (10 whs)
g | AAR-CRB | 1/01/72 -} 6895 (x6)
= Data 3/31/72 41370
9 (13 wks) 5.66
b RPI/AAR 1/15/72 - 721 (x3.25)
- Coupler | 2/14/72 2343
= Project (4 wks)

resulting train hours of delay for summer

and winter quarters.

Adding these fig-

ures and multiplying by 2 to obtain the
total annual delay gives 32,773 train

hours.

Southern Railway Study. In 1972, Southern
Railway [15] determined road-train delays
associated with various modes of draft

gear failure for a T%-month period.

As

shown in Table 20, most of the delays
were attributable to knuckle and coupler

failures.

lated to the national total by

TABLE 19. PROJECTION OF DELAY TIMES TO A NATIONAL AVERAGE.

These delays may be extrapo-

(1) (2) (3) (4) (5)
Total
No. of Estimated Estimated Average Train Delay
Reported No. Per National Train Delay Per Quarter
Period Component Delays Quarter* Total™T (min) (hr)
Coupler ' 23 29.9 1186.5 66.4 1,313.1
Summer Knuckle YA 57;2 2269.8 51.5 1,948.3
Yoke il 14.3 567.5 58.5 553.3
3,814.7
Coupler 95 308.8 5454.9 83.4 ‘7,582.4
Winter Knuckle 55 178.8 3158.1 62.1 3,268.7
Yoke 20 65.0 1148.4 89.9 1,720.7
12,571.8

*Multiply column 1 by 13/10 for summer and 13/4 for winter periods.

+Divide column 2 by 0.0252 for summer and 0.0566 for winter periods. (see Table 18).

#Why-made Codes 02,

03, 05,

and 06 for

AAR Interchange Rules 16, 17, and 18

[21].
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TABLE 20. ROAD-TRAIN DELAYS CAUSED BY VARIQUS
COMPONENT FAILURES DURING A 7%-MONTH PERIOD
ON THE SOUTHERN RAILWAY [./&].

Average Delay
Per Failure

Component No. (hr)
Knuckle 270 1.2
Coupler 213 2,05
Yoke 10 3.0
Key 10 2.7
Carrier 8 2.5
Follower Stops 1 1.5
End Sill 7 2.25
Center Sill 5 3.0

Total 524 1.66

12 M

Dy = (524)(1.66) T Tﬁ; s (24)

where the ratio 12/7.5 scales the data to
a full year, ™, = 858 x 10° is the na-

tional revenue ton miles for 1978 [51],
and M = 4 x 10° is the revenue ton

miles for the Southern Railway in 1972
[22]. Thus,

Dm = 27,139 train hr.

T

MIT Study of Penn Central. In September
and October of 1969, MIT researchers
investligated delays on a section of the
Penn Central connecting Framingham, MA
with Selkirk, NY [23]. The investigation
was carried out by reviewlng train crew
"morning reports"™ describing the cause of
delays. The team found that 34 coupler
mechanical failures (and 8 slipping
knuckles) occurred during 152,000 train
miles of operation. The average delay
for both types of coupler failure is 76
min.* Extrapolating these data to the
national average gives

Dp = 34 x %% x 53%@%55 = 122,667 train hr,

(25)

where 432,944 is the number of fréight
traln miles operated by Class I railroads
in the U.S. in 1978 [5].

Summary of Train Delay Times and Costs. 'The
train delay times obtained from the three
independent sources discussed above are
summarized as follows:

¥1t was not possible to determine from
the report the delay for mechanical
failures only.
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Estimated

Total Delay

Source (Train Hr)
RPI/AAR Coupler Project [18] 32,773
Southern Railway [15] 27,139
MIT Study of Penn Central [23] 122,667

The results for RPI and Southern data are
quite consistent, while the MIT/Penn
Central results are high, as one might
expect. These latter data were obtained
for a section of track that had several
heavy grades (up to 1.67%), which result-
ed in large coupler forces and increased
the likelihood of failure. Moreover, the
data were collected in 1969, just before
the Penn Central bankruptcy, when the
physical condition of equipment was
undoubtedly below the national average.

One would expect the RPI delay figures,
which are based on data from five major
railroads, to be somewhat more represent-
ative of the national situation and also
to be higher than those for the Southern
Railway. Southern has been operating
newer cars (more than half are less than
10 yeaws old [22]), which are less likely
to fail. Accordingly, for further calcu-
lations we use the RPI/AAR Coupler Pro-
ject data as a baseline.

Hourly Cost of Train Delay

We have estimated the cost of trailn
delay time to be $185.82/hr. Thils figure
was derived by using a consensus costing
approach developed from an examination of
costing methodologies used by a number of
Class I raillroads.

In this sectlion, we outlline these
costing methodologles and cost traln de-
lay time, using the consensus approach,
and point out the sensltivity of the con-
sensus cost to lnconsistences in metho-
dologies among the railroads studied.

Table 21 outlines costing methodolo-
gies. The table lists cost elements
(those items actually costed) and costing
variables (the methods and assumptians
used for costing) for each railroad
(Columns A, B, and C), and a consensus
methodology (Column D).

The following are the major cost ele-
ments:

+ Time cost of equipment accounts for
the expense of ownership or unpro-
ductive equipment (during train
delay, locomotives and cars do not
produce revenue). Firms A and B

+Railroads that provided information for

this study requested that thelr names
not be divulged.



TABLE 21. COSTING METHODOLOGIES FOR TRAIN
DELAY TIME.
Included in Costing
Methodology
A B ¢ D
Cost Elements
Time Cost of Equip-
ment
Locomotives yes |yes | yes | yes
Freight Cars yes yes yes yes
Freight Cars Per
Diems no no yes no
Fuel Expense yes yes yes yes
Cost of Crew Time yes no | yes yes
Maintenance Costs no |yes no yes
Costing Variables
Valuation Metho-
dology for Cost
of Equipment DCF#* |DCF | DCF | DCF
Internal Rate of
Return (%) 20 20 | N/A 20
Hours in Train
Year 8760 | 5840 | 8760 | 8760

*Discounted Cash Flow.

cost only owned equipment, whereas
Firm C considers both owned equip-
ment and foreign cars.¥

+ Fuel expense is 1ncluded by all
firms.

+ Cost of crew time 1s included by
Firms A and C, but Firm B excludes
this cost because its crews are
pald on the basis of miles rather
than hours.T : '

+ Maintenance costs are included by
Filrm B, Firms A and C disregard
these costs on the basis that the
main determinant of maintenance
expense 1is mlleage-operated, and

¥FPirm C did not reveal the ratio of owned
to foreign cars that it considers in an
average train.

+According to the National Railway Labor

Conference, crew earnings are based on a
number of variables including: hours
worked, mileage, tonnage hauled, and
number of car blocks in the train.
Depending on lengths of runs, for ex-
ample, some railroads pay crew on an
hourly basis (those with runs under 100
miles), whereas others (those with runs
over 100 miles) pay on a mileage basis.
(Personal Communication with Mr. Roberts
of the NRLC on 16 October 1978.)
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therefore maintenance expense does
not accrue if equipment is idle.¥¥

Costing variables are as follows:

« The valuation methodology for cost
of equipment used by all firms is
the discounted cash flow technlque.

« The internal rate of return used by
those firms that offered Information
is 20 percent.

» Hours in a train year used for cost-
ing methodologies vary among rail-
roads. Firms A and C view railroad
operations as a 24-hr/day, 365-day/
yr business, or an 8,760-hr year.
Firm B considers a 1l6~hr/day and a
365-day/yr, or a 5,840-hr year.

The following develops the cost of
train delay time for the consensus metho-
dology shown in Column D, Table 21.

Our costing procedure assumes a typi-
cal train consisting of:

T+

68 cars (67 freight cars and

1 caboose)
3 1ocomotives1I
h_man crew.
The elements to be costed are:
« Locomotive
« Cars
+ Fuel
* Crew time
*+ Maintenance.
Locomotive costs:

+ Locomotive, original costs, 356'50,000‘"TI

¥%¥Tt can be argued that freight cars ac-
crue some maintenance expense solely on
the basis of age (e.g., repair and
replacement of weathered parts). Also,
idling locomotives accrue maintenance
expense because of engine wear. For
these reasons, we include maintenance
costs in the consensus methodology

The 1979 AAR Yearbook of Railroad Facts
shows 67.1 freight cars in the average
train [5].

T[Fr'om discussion with railroads.

ﬂ“FRA estimate for typical road haul

locomotive.
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o Ih-year llfetime.*

« With a 20 percent 1Internal rate of
return and an 8,760-hr train year,
the required yearly return from this
inv$stment is $139,186, or $15.89/
hr.

Freight Car Costs:

+ Freipght cars, orlglnal cost,
$33,818%#% 30-year lifetime [24].

« With a 20 percent internal rate of
return and an 8,760-hr train year,
the required yearly return from
this investment is $6,791, or
0.78/hr.*t

Fuel Costs:

+ Locomotives burn five gallons of
diesel fuel per hour while idling.
The cost for diesel fuel is $0.659/
gal.Tt Therefore, the fuel cost
per hour idle time for a locomotive

is $3.30.
Crew Time:
+ The average compensation (including

health and welfare benefits and pay-
roll taxes) per crew member 1is as

follows:
Average Annual Earnings (train $24,025
and engine service)
Payroll Taxes® 3,685
Health and Welfare and Pensions¥* 1,742
' $29,452
Hourly cost per crew member: $14.16

*Train and engine service crew payroll represents
35.4% of total payroll. Total health and welfare
and pension expenses were $695 million, and pay-
roll taxes were $1,470 million [5]. Taking
35.4% of these values and dividing by 141,220
train and englide service employees gives the
above results.

*The only railroad that provides this
information uses a 1l5-year locomotive
lifetime for its calculations.

*Calculation is made by discounting a

stream of equal cash flows over the
lifetime of the asset.

¥*AAR average cost for "freight carrying
cars" as of July 1978.

+tAAR weighted national average price for

diesel fuel as of August 1979. (Per-
sonal communication with J. Dale of the
AAR in August 1979.)

Maintenance Costs:

« The average per-hour cost for diesel
locomotive maintenance is $4.83.
The average per-hour cost for freight
car maintenance 1s $0.12.%

Total Costs (Consensus Methodology)

Locomotives:
3 locomotives X $15.89/loco/hr = $ 47.67
Freight Cars:
68 cars %X 0.78/car/hr = 53.04
Fuel:
3 locomotives % $3.30/loco/hr = 9.90
Crew:
4 men X $14.16/hr = 56.64
Maintenance:
3 x $4.83/loco/hr = 14.49
68 x 1/2 $0.12/car/hr = 4.08
Total $185.82

Sensitivity of Consensus Cost to Inconsistencies
in Methodologies Among Reporting Railroads

The railroads we studied differed in
their handling of the following cost ele-
ments and costing variables:

« Time cost of equipment
+ Cost of crew time

+ Maintenance costs

+ Hours in %train year.

Time Cost of Equipment. This inconslstency
involves the consideration of owned cars
only versus a combination of owned and
foreign cars in a train. (The railroad
that considers a combination did not state
the proportion of each in a typical trafin.)

The per diem rate for a new $33,000 to
$35,000 freight car is $11.78,] or $0.49/
hr, for a 24-hr day. We determined the
cost of ownership per hour for an egquiva-
lent freight car to be $0.78. Thus, the
effect of using per diem costs rather than
ownership costs lowers the cost of train
delay time. The amount of cost reduction
depends on the ratio of forelgn to owned
cars assumed in the train and the a%e and
original cost of the foreign cars. '

Assume a one-to-one ratio of owned to
foreign cars and per diem rates for a new
$33,000 to $35,000 car.

TTncludes a 10 percent increase (to ac-
count for inflation) above 1977 AAR
maintenance cost statistlics. An 8,760~
hr/year is used for calculatilon.

| AAR car hire rate, ICC Docket No. 33145.

Per diem costs are calculated on the
basis of age and original cost. The
higher the original cost and the young-
er the car, the higher the per diem rate.



The cost for a 68-freipght-car train
would be:

Owned: 34 cars % $0.78/car/hr = $26.52/hr
Foreign: 34 cars X $0.49/car/hr = $16.66/hr®
Total $43.18/hr

This total is $9.86/hr less than the
$53.0U0 total previously calculated for all
owned cars.

Cost of Crew Time. This inconsistency
involves the inclusion or exclusion of
labor charges. According to our calcula-
tions, the inclusilon of crew costs raises
the cost of train delay time by $56.64/hr.

Maintenance Costs. This inconsistency
involves the inclusion or exclusion of
maintenance costs. According to our cal-
culations, the inclusion of these costs
raises the cost of train delay time by
$18.57/hr.

Hours in Train Year. This inconsistency
involves the number of hours railroads
include in a train year. The railroads
studied used 5,840 and 8.760 hour-years.
The use of a 5,840-year versus an 8,760-
hr year increases the per-hour cost of
equipment ownershlp and malntenance costs
by 50 percent.

Summneary
Table 22 summarlzes the costs developed

for train delay time, using 8,760 and
5,840-hr years.

TABLE 22. SUMMARY OF TRAIN DELAY COSTS.*
Time Cost of
Equipment 8,760-Hr Yr | 5,840-Hr Yr
Locomotives $47.67/hx $71.51/hr
Freight car (owner-
ship cost) 53.04/hr 79.56/hr
Freight car (owner-
ship cost and per
diem) 43,18/hr 64.77/hr
Fuel Expenses 9.90/hr 9.90/hr
Cost of Crew Time 56.64/hr 56.64/hr
Maintenance Costs 18.57/hr 27.86/hr
Total $175.96 -~ $230.68 -
$185.82/hr $245.47 /nx

*Assumes 3 locomotives, 68 cars (67 freight cars
and 1 caboose), and a 4~-man crew.

#We have not included incentive per diems
in this calculation, although for desig-
nated car types during specific periods
of time the incentive per diem will in-
crease the hourly car hlre rate.
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When the information in Table 22 and
the approaches presented in Table 21 are
used, the railroads examined would cost
train delay as follows:

Railroad A:  $167.25/hr
Railroad B: 188.83/hr
Railroad C:  157.39/hr
Consensus D:  185.82/hr

It can be seen that although cost ele-
ments and costing variables differ signl-
ficantly among responding railroads, the
range of costs developed for train delay
time is relatively narrow, from $157.39/
hr to $188.83/hr. Therefore, we used
$185.82/hr for our cost calculations.
Multiplying the previously calculated
32,773 hours of coupler failure caused
train delay by the hourly train cost of
$185.82/hr goves

Train Delay Cost = $6 million.
4.6.3 Derailments and broken train collision
costs

We analyzed an FRA accldent data tape
[12] to determine the number and costs of
derailments and broken train collislons
assoclated with broken coupler and draft
gear, -Table 23 shows these data for the
3-year perlod (1975 to 1977). Although
Tables 17 and 20 have shown that there
are more line~of-road failures resultlng
from broken knuckles than any other coup-
ler or draft gear component, Table 23 .
indicates that most of the derallments
are attributable to broken or defective
coupler heads. Similarly, there is a
dispreoportionate number of deralilments
caused by broken or defective draft gear.
The probable reason for this imbalance is
that couplers and yokes are substantially
larger than knuckles and more likely to
cause a derailment when they fall to the
tracks.

Table 23 shows that broken or deféec-
tive couplers and knuckles account. for
the largest number of broken train col-
lisions. However, the costs of these
types of accidents are only a small per-
centage of the derailment costs.

Combining the derailment with broken
train collision costs results in about
$6 million of reported annual costs
associated with coupler failures. As
discussed previously, direct costs to the
railroads, including cleanup and lading
damage claims, are twice the reported
costs. Accordingly, we use the following
figure in subsequent calculations:

Accident Costs = $12 million.



TABLE 23. DERAILMENTS AND BROKEN

TRAIN COLLISIONS CAUSED BY COUPLER FAILURES [12].

Derailments Broken Train Collisions
1975 1976 1977 1975 1976 1977
Cause Code* No. Cost+ No. Cost No. Cost No. Cost No. Cost No. Cost
430 Knuckle Broken or Defective 39 552 35 652 30 680 4 30 4 28 3 30
432 Coupler Drawhead Broken or .
Defective 126 3332 128 3489 94 2114 9 243 5 61 2 26
434 Draft Gear/Mechanisms Broken
or Defective (including
yoke) 26 413 46 1036 36 1137 1 2 1 3 2 45
435 Coupler Carrier Broken o
Defective - 20 207 17 659 21 661 5 43 1 4 0 0
436 Coupler Shank Broken or
Defective 0 0 0 ] 13 486 0 ] 0 0 0 0
Total Identified Causes: 211 4504 226 5836 194 5078 19 318 11 96 7 101
439 Cause Code Not Listed 20 492 35 276 38 906 9 304 6 199 3 58
Total All Causes 231 4996 261 6113 232 5984 28 622 17 295 10 159

*Including locomotives

+Costs in thousands of dollars.
4.6.4 Maintenance costs

Couplers are repalred or replaced pri-

marily because they crack to a condemnable

1imit, break, or wear. Cracks and breaks
are mainly a fatigue type of faillure that
results from the cumulative effects of
unsteady forces. Particularly large
forces are generated during coupling im-
pacts in yards, starting and stopping
maneuvers in road operations, and the
slack action that accompanies operation
over undulating terrain. .

Wear occurs as the unlubricated sur-
faces of adjacent components rub against
each other during normal train operation.
A good example is the vertical motion
between the knuckles of E couplers as
cars move over uneven track. Small
amounts of material are removed through
each cycle until the components reach
condemnable limits and are removed from
service.

Table 24 shows the estimated annual

or worn during normal service. The costs
per component were obtalned from the
Office Manual of the AAR Interchange
Rules [25] and apply generally to the
least expensive replacement components.
Industry impact estimates were obtalned
by multiplying the component costs by the
number of falled components estimated
from CRB data obtailned by the RPI/AAR
coupler safety team [17,26]. The results
suggest that nearly 100 million dollars
are spent annually to repair and replace
couplers and assoclated components, most
of which result from fatigue-related
failures.

As discussed in Sec. L4.6.1, about 20%
of knuckle, coupler, and yoke fatigue
failure damage is caused by forces
developed in road trains and 80% is due
to yard impacts. Therefore, of the
$62.7 million of broken component costs
estimated in Table 24, up to $12.5 mil-
lion (i.e., 20%) could be saved through
decreased in-train forces and $50.2
million through decreased impact forces.

cost to replace couplers that are broken It should be recognized, however, that
TABLE 24. ESTIMATED ANNUAL CQUPLER REPLACEMENT COSTS.
X INDUSTRY IMPACT
Estimated Cost Per Component*
(%) Broken Worn Total
. Scrap | No. Percent Cost No. Percent Cost No. Cost
Labor { Material | Credit | Total | (Thous) (%) (Mi1 of $) | (Thous) (%) (Mi1 of $) | (Thous) | (Mi1 of §$)
Couplers [26.43 217.37 (9.42) | 234.38 136.2 60 31.92 90.8 40 21.28 227 53.20
Knuckles | 3.51 47.48 (2.37) 48.62 373.5 75 18,16 124.5 25 6.05 498 24,21
Yokes 57.88 127.87 (4.38) | 181.37 69,6 94 12.62 4.4 6 0.80 _74 13.42
579.3 62.70 219.7 28.13 799 90.83

*Labor and material costs are taken from Ref. 25.

Coupler material costs apply to an E60CHTE coupler body (Job Code 2022),

knuckle costs to a ES0HT knuckle (Job Code 2052), and yoke costs to a Y40AHT yoke (Job Code 2314).
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these are upper bound estimates since
wear and fatipgue are undoubtedly corre-
lated. While couplers are accumulating
fatlgue damage, they are also undergoing
adhesive (and possibly abrasive) wear.
Eliminating fatigue would increase coup-
ler lives, but only to the point at
which they would be condemned for exces-
sive wear.

4.6.5 Suhmary

A summary of the first-cut estimates
discussed above of costs associated with
coupler and draft gear fallure is given
in Table 25. Table 25 shows that most
of the costs are attributable to mainten-
ance and, of these expendltures, most can
be traced to coupling impacts in yards.

TABLE 25. SUMMARY OF POTENTIAL SAVINGS
ASSOCIATED WITH THE ELIMINATION OF COUPLER,
KNUCKLE, AND YOKE FAILURE.

Annual Cost
. (MiTlions
Location Cause of Dollars)
Road Train delays 6.0
+'| Derailments & collisions 12.0
Coupler, knuckle, & yoke
repair & replacement 12.5
Total Road 30.5
Yard Coupler, knuckle, & yoke
repair & replacement 50.2
B Total 80.7

4.7 Lading Damage

Lading mabe be damaged because of ex-
cessively high impact forces occurring
during switching, longitudinal train ac-
tion, or vibration associated with rough
track. While the contributions of these
dynamic stimuli to lading damage are not
known quantitatively, it is generally
believed that most of the damage results
from car-to-car impacts in yards [27].

The railroad industry has been dealing
with thils problem in a variety of ways.
End-of-car or sliding sil cushioning
devices are installed on cars to absorb
energy and reduce peak loadings. Im-
proved techniques for packaging of frag-
ile commodities have been investigated
and utilized. Finally, special handling
procedures for cars carrying hazardous or
fragile goods are followed. While most
of these approaches will not be influ-
enced by the components identifed in Sec.
2, the ultrasonic brake control system
(Item 9 in Table 1) has the potential to
reduce lading damage significantly through
controlled car 1lmpact.
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To estimate the potential savings
assoclated with controlled car impact,
we may review the AAR freight loss and
damage statistics. The AAR divides loss
and damage payments into the following 12
causes [28].

1. Shortage, packaged shipment

2. Shortage, bulk shipment )
3. All damage not otherwise provided for
4. Defective or unfit equipment

5. Temperature failures

6. Delay

7. Robbery, theft, pilferage

8. Concealed damage

9, Train accident

10. Fire, marine and catastrophies

11.‘ Exror of employees

12. Vandalism.

Of these, only Cause 3 — All damage not
otherwise provided for, includes damage
due to car impacts. In 1977, Cause 3
alone accounted for $155 million in
expenditures (out of a total of $278 mil-
lion for all 12 causes). However, not
all of these Cause 3 losses can be attri-
buted to dynamic effects. By eliminating
from consideration such apparently shock-
insensitive commodities as those shipped
in bulk (coal, gain, minerals), frozen
foods, and others, the commodity damages
listed in Table 26 are identified as po-
tentially avoildable. On the one hand
this figure is an upper 1limit because it
undoubtedly includes some costs that are
not shock related. However, the total of
$100 million represents only irect pay-
ments and does not include theg indirect
cost of processing these payménts or the
opportunity cost associated with lost
revenue. These costs can be significant.
Twenty years ago, Baillie estimated that

i 1958 the $43 million of freight loss

and damage payments associated with end
of car impacts represented $100 million
in real costs [29] which, accounting for
the inflated value of direct payments,
would correspond to about $233 milllon of
total costs in 1977. In balance, it
appears that $100 million is a reasonable
estimate of freilght damage costs that
could actually be eliminated through con-
trol of car impact.



TABLE 26.

COMMODITY DAMAGES WHICH ARE

POTENTIALLY AVOIDABLE THROUGH CAR IMPACT

CONTROL [28].

CAoAdRe Commodities f?‘ng%
(dollars)
012 All Fresh Fruits and 881,796
Tree Nuts
013 All Fresh Vegetables 1,054,708
2031 Canned or Cured Sea 338,499
Foods
2032 Canned Specialties 112,717
2033 Canned Fruits or 1,657,110
Vegetables
2035 Pickled Fruits or 169,617
Vegetables
2039 Mixed Shipments of 988,242
Canned Goods
20821 Beer 1,803,907
2084 Wines, Brandy 340,269
20851 Whiskey 440,612
209 Misc. Food Preparations 7,326,757
2432 Plywood or Veneer 1,098,101
25 Furniture and Fixtures 2,293,335
26211 Newsprint 3,339,302
321 Flat Glass 742,019
322 Glassware 194,987
34 Fabricated Metal 2,075,750
i Products ’
35 Machinery Except 3,310,877
Electrical
363 Household Appliances 1,957,621
3711 Motor Vehicles 66,127,720
3714 Motor Vehicle Parts 2,864,763
Total 99,118,709
-
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5. [EQUIPMENT

5.1 Objectives

To evaluate equipment, the methodology
develops cost estimates for the components
and systems to be used in the financial
analysis. Many of the identified compon-
ents already exist in production or proto-
type form and can be costed directly;
however, no hardware exists for several
of the components.

Rough preliminary designs are the
first step toward hardware conceptualiza-
tion for these components. The design
gives one possible realization of the
component functlon and allows a reasonable
estimate of the required component size,
complexity, locatlon, etc. Designs should
contaln sufficlent detail for reasonable
costing estimates, but are not intended
o be detalled hardware desimns.

5.2 Costing

The three areas of costing to be con-
sldered are: .

« Initial equipment cost
. Initial installation labor cost

. Annual maintenance and replacement
cost.

Considerable costing work has been
performed in a previous study. [2]. We
will use similar costing assumptlions and
methodology to allow the maximum use of
the previous work and make the new cost-
ings consistent with the earlier ones.

5.2.1 Costing assumptions

The components and systems must be
costed with a consistent set of assump-
tions. The costing assumptions define
included and excluded costs and the con-
ditions under which the components and
systems are costed. The costing assump-
tions are:

1. All costs are based on constant
1979 dollars and include an
estimate of the total of labor
and material costs.

2. Projections of costs assume
that full-gquantity production
would reach a level of at
least 50,000 car sets per year.

3. Initial system costs for a new
car system are estimated as
additional to the cost for the
basic car equipped with stand-
ard components. If the new
system element is not estimated
to increase the cost over the

basic car system, this esti-
mate is indicated by a NI (No
Ingrease). '

Initial system costs- for modi-
fied cars are estimated as an
addition to the cost for new
standard components.

No costs are included for
preparation or repair of old
cars prior to installation of
the new system (or subsystem).
It is assumed that all cars to
be modified would be in a state
of full repair at the time of
modification.

No cost estimate is included
for value of the revenue time
lost by each car during the
modification program.

Annual maintenance and replace-
ments costs are estimated on
the basis of the estimated
replacement 1life of each listed
equipment item, including esti-
mated replacement labor and
upkeep labor.

It is assumed that an average
of one Interchange Adapter unit
would be required for each -car
with an incompatible coupler
system,

5.2.2 Costing methodology

These costlng assumptions and the fac-
tors listed below will be used to derive
the preliminary costs for each component
and system.

1.
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Review of technical literature
for past cost estimates.

Discussion with railroad indus-
try suppliers and users to .
verify concept production poten-
tials.

Preliminary engineering evalua-
tion of complexity of new con-
cepts as compared with the base-
line systen.

Evaluation of present costing
as a function of the complexity
of concept design and relative
quantities produced.

Engineering estimate of potentilal
replacement 1life of new concepts,
as compared with reported field
$roblems with similar systems.



6. [INSTITUTIONAL ISSUES

Institutional policy affecting railroad
operations must be considered when the
potential benefits from the implementation
of advanced braking and coupling tech-
nology are evaluated. In some cases,
institutional policy can limit or even
~ prevent the realization of benefits. In
this section, we examine five major insti-
tutional policy areas that could directly
affect the level of benefits that can be
achieved by introducing advanced tech-
nology.¥ These are:

+ PRA switching regulations for cars
containing hazardous materials

+ FRA power brake regulations
+ Safety Appliance Act

+ Work practice arbitration

» Crew consist agreements.

Below, we explain how these issues might
change potential benefits.

« Switehing Regulations for Cars Containing
Hazardous Materials: FRA regulations regard-
ing the switching of cars containing
hazardous materials can limit the bene-
fits to be realized from improved yard
switching resulting from advanced braking
and coupling systems.

The Federal Code, CFR 49, Chap. II,
Secs. 174.83-174.85 [30], requires that
cars placarded "Explosive A" and "Poison
Gas" and placarded flat cars prescribed
by Part 172 of this subchapter can not be
cut off while in motion and that no car
moving under its own momentum is per-
mlitted to strlke these placarded cars.
Clearly, any evaluation of advanced sys-
tems that could reduce crew size must take
into consideration this regulation, which
may not permit a reduction of manpower.

+ FRA Power Brake Regulations: Certain
changes in FRA power brake regulations
may be required before advanced technology
can realige potential benefits. These
regulations require the inspection and
testing of train brake systems at depart-
ure and various intermediate points. For
example CFR 49, Chap. II, Sec. 232.12,
requires that an inspection of train
brakes include an examination of angle
cock position, brake application, piston
travel, and brake rigging.

¥Tnstitutional policy areas, such as rail-
road deregulation, that can indirectly
affect benefits from advanced braking

and coupling technology are not included
in this analysis.

Advanced systems capable of monitoring
some, but not all, of the brake system
components mentioned in the regulation
(e.g., a system capable of automatically
monitoring all components except brake
rigging) can potentially generate savings
but only if the regulation is changed.

In this example, the regulation could be
changed to allow brake rigging inspection
before the power brake test. .

» Safety Appliance Act: This Act, as amend-
ed April 1958 (45 USC 9), adopted the AAR
rules; standards, and instructions re-
lated to power or train brakes as ICC
Rules. Subsequently, the Secretary of
Transportation has the authority to en-
force and modify these rules. Section 9
states 1n part:

The rules, standards, and instruction of the
Association of American Railroads, adopted

in 1925 and revised in 1933, 1934, 1941, and
1953, with such revisions as may have been
adopted prior to the date of enactment of the
Power or Train Brakes Safety Appliance Act

of 1958, for the installation, inspection,
maintenance, and repair of all power or train
brakes for common carriers engaged in inter-
state commerce by railroad shall remain the
rules, standards, and instructions for the
installation, inspection, maintenance, and
repair of all power or train brakes unless
changed, after hearing, by order of the
Secretary of Transportation: Provided, how-
ever, that such rules or standards or instruc-
tions or changes therein shall be promulgated
solely for the purpose of achieving safety.

Note that the final sentence apparentl
limits further changes to the regulations
to areas concerning safety. Thus, a 1lit-
eral interpretation of the Act would pro-
hibit a change to the regulatlons propose.
solely for the economic benefit of rail-
roads. The advanced monltoring system
designed to automate the power brake
irispection procedure, described in the
previous section, 1s an example of the
kind of technology that would require
changes in regulations to yileld economic
benefits. The existing regulation requir-
ing this inspection could not be changed
by the Secretary of Transportation within
his authority under 45 USC 9. The poten-
tial benefit of the new technology would
not be realized without a congressional
change to the code.

A literal reading of the safety test,
however, may not be proper. The legisla-
tive history of this amended code section
[37] indicates that the safety test was
added only to "make 1t clear that these
rules are for the purpose of safety, and
not for the purpose of limiting the leni:!
of trains." The railroads had taken a
position against the Act, fearful that it
would serve to require shorter trains anc¢
thus increase the number of ftrain crews.



It can be interpreted, therefore, that
~*he intent of Congress was not to limit
changes just to safety but to limit
changes unrelated to safety that would
have a negative economic impact on rail-
roads. Under this interpretation, a
change to the regulations having no safety
impact, and a favorable economic impact
on the railroads, would fall within the
authority of the Secretary of Transporta-
tion under this Act.

« Work Practice Arbitration: Arbitration
regarding the established work practices
of the varous railroad crafts has the
potential to .limit or even nullify bene-
fits. The implementation of systems that
require employees to cross over tradi-
tional job boundaries (e.g., a remote
system that allows engineers rather than
trainmen to uncouple cars) may meet oppo-
sition from craft unions. Union opposi-
tion to changes in work practice is
likely to become manifest in labor-
management arbitration. It is not an
easy task for management to win changes
in established work practice, and there-
fore negotiation is likely to result in
compromise.

« Crew Consist Agreements: Reduction in
crew consist, a corollary to the benefits
of advanced systems, is also likely to
meet opposition from unions. To win con-
cessions from unions on this issue, pre-
cedent has shown, management may have to
make payments to unions. Such payments
have been a part of recent agreements to
reduce crew size between the United
Transportation Union (UTU) and the Mil-
waukee Road, Conrail, and the Canadian
National (CN). The following 1s a brief
summary of the provisions of UTU's recent
agreement [32] with the CN:

4o

Operation of freight trains with a train
crew of a conductor and one brakeman in
all territories where manual flagging to
the rear is not required.

Creation of a special fund, a savings-
sharing fund, for the sole benefit of pro-
tected employees, defined as those employ-
ees with seniority dates as brakemen on or
before August 3 of this year (1971).

Full job protection for trainmen hired on
or before August 3, along with establish~
ment of a voluntary separation plan.

CN's contribution to the special sharing
fund will be an amcunt equal to 25% of
savings generated through operation with
fewer crew members.

Costs to the American roads have been
higher:

The U.S. agreements call for payment of $4
(subject to escalation) to train crew mem-
bers working on short crews plus a payment
of $48.25 into a productivity fund for
every trip or tour worked with a reduced
crew, and that works out to a significantly
higher [than the agreement between UTU and
CN] percentage of savings [32].

The financial analysis is sensitive to
the potential impact of each of these
institutional issues.



7. FINANCIAL ANALYSIS

The financial analysis provides an
assessment of the feasibility of imple-
menting those advanced braking and coup-
1ing systems identified as potentially
beneficial to the railroads. The assess-
ment is made both for individual railroads
and for the rail system as a whole.

Central to the generation of these
feasibllity estimates is a financial model
drawn from the operations and mechanical
analyses that is sensitive to future
scenarios, implementation strategies, and
institutional constraints. The model's
output — an estimate of the amount avall-
able for the implementation of a given
system — is then compared with the equiv-
alent hardware and implementation cost
estimates from the equipment analysis.
This comparison allows a reasonable eval-
vation of the given system's feasibility.

The basis of the financial model is
the net present value (NPV) method of
asset valuation. 1In essence, NPV dis-
counts a stream of future cash flows as
follows:

NPV = ] ——— (27)
t=0 (1+P)

where NPV

the net present value of an
investment project

. 7 . '
Ct = the expected after-tax cash
flow generated by the project
at time ¢t

the appropriate discount rate
or "cost of capital." (This
rate reflects the return a
railroad must earn on a given
project in order to generate
funds from investors.)

When NPV is set equal to zero, and the
equation is solved for P, P is called the
internal rate of return (IRR), a rate
which companies often set as a standard
for project acceptance.

o Ct

—_—-———‘_ﬁ_=o
t=0 (1+IRR)

(28)

The C,'s are in essence the yearly net
values o% system benefits and system
costs. When the system benefits can be
estimated, an IRR established, an imple-
mentation period outlined, and a system
1ifetime defined, the equation can be
solved to determine maximum acceptable
system costs. 'This technique 1s the
heart of the financial model. A single
example follows.
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Assume:
+ System benefits = $1,000/yr
« Required IRR = 20%
« System is fully imple-
mented at beginning
of project, t =0
+ System lifetime = 3 yrs

Determine the maximum acceptable cost
x to implement the example system.

, 1000 _ 4

(1.2)3

1000
1.2

1000
(1.2)?

+

-X +

$2106

X

Tn addition to a calculation of maxi-
mum accepbtable system costs, the model 1is
also designed to calculate investment pgy-
back period. Payback period 1is that
specific length of time within which cash
investment 1is recovered. It is calculated
by summing cash flows over time to the
point at which cumulative cash inflows
exactly balance cumulative cash outflows.
The example presented in the table below
has a payback period of 6 years:

Year 0 1 2 3 4 2600

Cash Flow {-1000 | -1000 |+300 |+300 |+400 |+500 0

7.1 Model Inputs

Table 7 outlines the inputs required
to calculate the amounts available for
implementing advanced systems. Each of
the inputs is a model variable.

For financial analysis, benefits, as
shown in Table 27 must be separated into
those savings that are subject to union
payout and those that are not.* Table 28
1ists the areas of potential benefit from
advanced systems (increased savings net
of increased costs) and the data source
for each.

Once benefits have been quantified,
adjustments must be made to determine the
net benefit to the system (or company).
Calculation of these adjustments requires
the input shown in Table 27. .  The func-
tion of each of these inputs is as fol-
lows:

« Material/labor inflation rates are re-—
gquired inputs, as the costs of
materials and labor are expected to
change over time.

#Union payout refers to paying unions
some fraction of the savings which come
from the reduction of labor expense
(e.g., reduction of crew size).




TABLE 27. REQUIRED FINANCIAL MODEL- INPUTS.

payout

payout

Ject to union

s Savings per
year not sub-
ject to union » Depreciation method

to union

cut

+ Fraction of labor savings paid

» Number of years of union pay-

« Fraction of investment allow-
able for investment tax credit « Fraction of cars

+« Federal tax rate

Structural .
Benefits* Adjustments to Benefits . Parameters
+ Labor savings + Materilal/labor inflation rates + Number of cars in
per year sub- system

» Years to system
compatibility

e Years cash flows
to be calculated

« Asset lifetime

replaced per year

» Fraction of retro-
fit cost required
per new car pro-
duction

» Internal rate of
return

*These benefits are net of any cost changes resulting from the implementation of advanced systems.

TABLE 28. SYSTEM BENEFITS.

Potential Savings/Costs
Changes

Data Source

* Yard and over-the-~road
labor

* Car utilization

* Equipment and lading
damage

* Maintenance costs

* Equipment wear

Operations analysis

Operations analysis

Dynamic analysis

Dynamic'éﬁaiYSis
and. equipment
ana-ysis

Dynamic analysis

* That fraction of labor savings paid to the

unton must be input to determine the
net labor savings that can.be real-

ized. L

The number of years of union payout
is also required to determine net
labor savings.

The depreciation method used by compan-
ies 1is required to determine the
amount of tax shields that will be
penerated from investment in ad-
vanced equipment,

That fraction of investment allowable for
investment tax creditt (ITC) will impact
net benefilts. The higher the ITC
rate, the greater will be the net
benefit to the system.

.i.

allowable rate.

These rates have a history of changing
over time. At present,

10% is the
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o The Federal Tax Rate 1s required input
for calculation of after-tax net
benefits.

Finally, inputs are required to set
the structural parameters of the model,
as shown in Table 27. Explanations of
the funection of each of these inputs
follow.

+ The number of cars in the system 1s re-
quired to determine the dollar
amount available for hardware im-
plementation on a per car basis.

+ The number of years to system compata-
bility is needed to determine the
point at which savings begin
occurring for systems that require
compatibility.*¥

+ The number of years cash flows are cal-
eulated influences amount available
for advanced systows. Tt

¥¥An electrically connected train is an

example of such a system.

++A freight system equipped with a given

advanced technology is not a single
asset (with a fixed lifetime that can
be estimated), but rather a number of
independent assets; namely, freight
cars. Once a system that requires com-
patibility becomes compatible, it must
be maintained; all new cars coming on
the system must be equipped with the
same advanced compatibllity; has no
fixed end point; and one must be chosen
arbitrarily.



+ The Agset Lifetime establishes the future
points in time at which reinvest-
ment must be made for systems that
requlre compatibility

+ The fraction of cars replaced per year 1s
that percentage of the car fleet
that is taken out of service and
replaced with new equipment.  This
fractlon indicates the percentage
from the beginning, with advanced
hardware and this will not require
retrofit.

¢ The fraction of retrofit cost required per
new car production gives an estimate
of the difference in cost in out-
fitting new cars with advanced hard-
ware versus the cost of outfitting
in-service cars.

+ The Internal Rate of Return is the rate
used to discount each year of cash
flow.

Appendix B presents a description of
the financlal model computer program that
will be used in future system analyses.
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8. EXPECTED OUTPUT

When each of the components identified
in Sec. 1 is evaluated by means of the
methodology described in this report, the
output is expected to be primarily an
assessment of benefits and costs. Bene-
fits will be presented as a stream of
future cash flows that summarize the max-
imum acceptable investments per freight
car. Costs willl be presented in terms of
anticipated investments required per
freight car for existing, deslgned, or
conceptualized equipment. As a first
approximation, those systems for which
benefits exceed costs (i.e., maximum
acceptable investments are greater than
anticipated investments) are worthy of
further development. Since there is
(sometimes considerable) uncertainty in
the values of the parameters and varl-
ables used in the methodology, an uncer-
tainty analysis will also be performed to
determine possible ranges of benefits and
costs, in addition to best estimates.

An institutional evaluation will be
performed for those systems that would
impact labor agreements or regulatory
requirements. If labor agreements need
to be changed, an estimate will be made
of possible additional costs that may be
incurred. Where regulations are to be
changed, they will be identified and
possible changes suggested.



APPENDIX A
YARD SIMULATION MODEL

This appendix presents logic charts and
the corresponding computer program list-
ing for the yard simulation model. The
purpose of thils model is to keep track of
time and cost elements for the work that
is performed on a car as it passes through
a yard. The major emphasils is on those
tasks that have to do wilth the braking
and coupling systems, put other tasks are
included to give the model a more com-
plete structure.

The model presented here should be
viewed as a model for a hypothetical yard.
Tt contains all the major tasks that are
performed on cars as they pass through a
yard; however, there are yards which may
not f1t the model because they perform
the tasks in a different ovder.

There 1s one flow chart for each of
the major yard cperations: (1) inbound
inspection and bleedling the cars,

(2) classification (hump yard or flat
yard), (3) pull down, and (4) connecting
the air, charging the train, and the
power brake test. Each chart allows sev-
eral probability splits, depending, for
example, on whether the train is yarded.
in one or two cuts, or whether the caboose
1s removed or classified as if it were
just another car. In this respectthe
model 1s somewhat of a composite of ‘many

i

iy

yards, because any one yard would most
1ikely do these tasks elther one way or
the other.

The computer adds up the time for all
tasks and multiplies by the number of
cars classified per year. It then multi-
plies by labor rate of the crews perform-
ing the tasks or the rate for car time
or locomotive time. The program is
designed to calculate the difference be-
tween a baseline case and a change in one
or more parameters. For example, the
time to couple air hoses could be changed
and the program would compute the corre-
sponding change in time and cost for the
following parameters:

"+ Road crew

+ Yard crew

. Car inspectors

+ Road locomotlves

+« Switch engines

« Car utilizatilon.

The program is designed to run at

BBN's Research Computer Center and uses
a file system that 1s consistent with

that center. The basic program is in
the Fortran IV language.
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COMPUTER LISTING FOR PROGRAM RAIL
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«*BEEN CHANGED
SINCE LAST LOAD OPERATIO
#*%N (SEE SUBR. LOAD)
1 IF CHANGEL {SEE 3UBR.,
**CHANGE)
5 CHARACT ER IDENTIFIER F
#%0R EACH PARAMETER
%% {Si] BR, CHANGE)
RESNAM: IDENTIFIER FOR RESTLPF (S
#%JBR. PROGRM)
MAP: FOINTER TC RAIL. HLP (3UBRB
*%R, HELP)
MAXHLP: NUMBER CF RECORDS IN RAT
«%[ ,ALP {SUBR. HELP)
COMMON /FAC/TBRIRF, MODBAS (4), NRF
L L1
! ,MATCH, 1BVEL,NFILE, NP ARM, IMODEL
: *%(4) ,IDIR {4,240)
' /DAT/PAEAN (37) ,RESULT (28), ICHAN
*%G (8 {)
2 /LST/KEYWD (B37) ,RES NAM(27)
3 /HLD M AP {24F) , MARHLP

LEVEL=Y21
RAIL.DAT:

IDI R:
PARAM:

KEYWD:

KECORD 1 CONTALN
**%3 NUMEER OF RECORD
*%S TO FOLLOW
FREMAINING PEFCORDS CONTAI
*¥N SETS OF PARAMETE
**R V ALUES
DPEN (UNIT=21,DEVICE='DSK', FILE="
**R AT L. LATY, ACCFSS=*
% RANDOM?
1,MODE="ASCIT!',RECORND SIZF=1141,
*«ETR=21%)
RAIL,HLD:
*%(GNT AT N M AXHLP, MAP
EERMAINING RECORDS CONTAIL
*%xN MFSSAGE TO BE QU
**TPUT BY

RECUOKDS 1 Ir'o 8 ¢

49

9]

-

n -

72
8¢

SUBR, HELE

IPEN{UNIT=22,DEVICE='DSK',FILE
*%R Al I, HLP', ACCESS
*%R AN DO M!

1 ,MODE=*ASCII', RECOED SIZE=76, BR
®¥*R=2(0)

READ{22 #1,1%,ERPR=234) MAXHLP, {MA
*¥D(1),I=1,23)

READ!22#2, 16, ERR=230) (MAP(T), L=
*%24 ,47)

READ(22#3, 1, ERE=23¢)
x4 8,71)

READ{22#4,19, ERR=234)
x%72,95)

READ{22#5,14, FRR=23%
#x36,119)

READ(2246,1J, BRE=230)
*%x 127 ,143)

READ{22%7,14,FRR=237)
x4l ,167)

READI22#4,10,58k=237)
xxP63 1491

FORMAT(2413,4X)

UNLT 19 SO CUTPUT CAN EF FASILY
*%SENT TO PRINTER WI
**I' H MINOR

PROGRAM CHANGES

OPE N(UNI1=19,DEVICE='TTY',ACCESS
*%=1SEQINOUT ')

READ DIRECTORY FRCM RATIL, LAT . F
**«TRST 2&. CHARACT ERS
*% OF EACH

FILE IN RAIL,DAT I35 I'HE

*¥NAME OF THE FILE.

(MAPIT)  I=
(MAP(T) , L=
(MAP (I} ,I=
(MAP(TI) ,I=
(MAP{(I),I=

(MARP(T) , 1=

CALL REDIR

FORMAT {I4)

FORHMAT (4 25)

TYPE 68

FORMAT(' TYPE HELE FOR INSITRICII
*EONS . 1)

SETNAM: SET NRES,NPARM,KFYiD IO
*xRATLROAD VALUES (SU
*%BR, PROGEHM) -

CALL SETNAM

NLOAD; LCAD MCGLCEL SPERCIFIED BY
**IMODEL INTO PARAN
**(SIJBR, LOAT)
CALL DLOAD

THIS IS THE CENTRAL FOINT OF [ HE
%% PROGRAM.

TYPE 82

FORMAT{! INSTRUCTION:',$)

LEVEL EQUALS 141 CNLY TF BRGGRAM
% JAS JUST BEEN ENT
*%*F EED.

A MORE DETAILED MESSAGE

¥%5 HOULL BE GIV EN FO
#%R THE NEW USER

IF{IEVEL,NE.1J1) LEVEL=126

GET INSTRUCTION FEROM USER

ACCEPT 90,ANS

FORMAT (A5)

EXECUTE INSTRUCTION

CALL LOCK({ANS)

IF DSER'S INSTROCTION VALYD GET
FENEXT TNSTRIU TON

IF(MATCH. FQ. 1) G0 TO T4

TFLANS, BEQ,'STOP Y)Y GG TO 110

TYPE 130



160

N —
m =

C
c
280
2N

219
229

238

248

loReNe) n'

A0

JIF(IANS.EQ. "HELP')

FORMAT(' NOT A COMMAND, TYPE HEL
xxp FCR A& LIST OF CO
*EMMANDS. ')

30 TO 7@

CHECK THAT USER IS FINISHED WITH
*% PRCGERAM

FYPE 127 .

FORMAT(' ARE YOU FINISHFC A ITH T

*¥HE DROGRAM2Y, §

ACCEDRT 9¢ ,ANS

IF{ANS.NF,'YES') GO TO 74

CLOSE/UNIT=21)

CLISE (UN IT=22)

STIP

SRROR PRCCEDURES

TYPF 211

FORMAT(' ERROR WHILE GPENING RAIL
**L JHLP ')

50 TO 15

TYPE 224

FORMAT(' FERROR WHILE CPENING PRAIL
*%[, .DAT")

STOP

M AX HLP=8

DO 243 I=1,272

VAP (1) =3

GO0 TO 15

END

BLOCK DATA

COMMON /FAC/1BR IEF,MODBAS (4),NRE
L

1,MATCH, LEVEL,NFTLE, NP ARM, T MODEL
%% (4) ,TBIE (4,27)

1/DAT /P ARAY {(8+¢) ,RESULT {24) , ICHAN

: x%G (3¢)

2/LST/KEYWD(88) ,RESNAN {20)

3 MLP/MAE(22%) , MAXHIP

DATA TCHANG/82% 7/

DATA IBRIEF/¢/

DAT A MODDAS/' DEFAULT
e 1/,

DAT A IMODEL/' DEFAULT
x% 1t/

END

CALL SUBROUTINE SPECIFLIED BY USE
*%R
SUBROUTINE LOOK (JANS)
COMMON SFAC/TIBRIEF,MODRAS (4), NRE
! *RG
1,MATCH, LEVEL ,NFILE,NPARN,I MODEL
*% (4) ,TDIR(4,23)

MATCH=C

I ANS=JANS

IF{IANS.EQ,*CURKE'Y CALL LOAD
IF(TANS.EC. 'BASF') CALI CLOAD
IF(IANS,FQ.'SETNA') CALL SEI'NAY
TF{IANS.FQ. 'DELET'}) CALL DELETE
IF(TANS.EC. *DIR') CALL DIR

IF{ IANS, EQ.'DIK EC') CALL DIR
IF(TANS,FQ, 'LOAD') CALL LCAD
IF(IANS. EQ, 'CHANG') CALL CHANSE
IF{IANS.EC. 'STORE') CALL STORE
CALI HELP

50

i

19

23
304

313

328

IF{IANS.EQ. 'CHELP') CALL CHELP
IF(IANS.EQ, 'RUN?') CALL DIFF
IF(TANS.FEQ. 'LHELP') CALL LIELP
TF/(IANS,EQ. 'LIST!') CALL LIST
IF(IANS.EC.'OUTFI*)y CALL OITPJT
TF/ IANS.EQ. "™MAPLU ') CALL MAPDU
TF(TANS, EC, 'RRTFFVY) IRRTEF=1
IF(IANS, FQ. *NORBRI ) 1BRIBF=Q
TE{IANS,EQC, "OFFLT ") CALL OFFLI
IF{TANS.EQ. "ONLIN') CALI ONLINE
IF{MATCH.EQ. 1) TYPE i@
FORMAT (2 X)

TAN 5=

EETURN

END )

FEAD FROM RAIL. HLE AND OUTPUT

SUBROUTINE HELP

INTEGER IRHT(3) ,LWITH(4) ,HLPFOR(
%16y ,TOUT {72), BLANK
*¥%{15) ,TEXT {15)

COMMON /FAC/IBRISF,MODBAS (4),NRE
x %G

! ,MATCH,IEVEL,NFILE,NPARM, IMODEL
%%{4) ,IDIR (4,20)

1 /HLP/MAE (2€7) , MAXHLP

DATA IRHT/Y (', 'ty , vt 1y

DATA LWITH/ ®tve -, 1, v _ age 1
xxy v/ 1e,9)

10UT: AREA TO STORE A LINE OF
*%( HARACTERS '

BLANK: DUMMY ARGUMENT

TEXT: - AREA TD STORE A LINE IN

*%R5 FORM

MA? CONTAINS THE STARTING POINT
**TN A CHAIN CF RECO
¥**RDS TIHAT

CONTAINS THE MESSAGE IO
*%RE OUTPUT.
I=MAP{LEVEL)
GO T 18
FNTRY POINT FOR THE REST OF THE
*¥ PROGRAM TC ACCESS,
% %M FS SA GES 5
SUBER., OQUTPUT,LIST
ENTRY AHELP (I2) '
FIND STARTING PCIN' AS PREFORE
1=MAP[I2) .
RECORD NUMBFES LESS THAN 8 ARE N
*%¥)T MESSAGES
TF{T.LE.8) GO T'C 59
RECORDS GREATFR I'BAN MAXHLP ARE
¥xNOT PRESENT
1F(I.5T. MAXHLP) GC TC 5@
EEAD A LINE
READ(22 #1,19,ELE=32) J,I00T ,K
FORMAT{I3,72A1,1I1)
FORMAT(I3,14A5,282,11)
Do 23 L=72,2,-1
TF({IOUT(L). NF, !
ARITE{19,30()
FORMATIIX)
Go 1M 27
IFITIONP(L).EQ.?$")
IF{IOUT{L). EQ. * ")
ARITE{19,327)
FORMAT(1X,7241)
GO TO 27

'y GO TG 313

GO TO 334
1= L1
(IOUT {(LL) ,LL=1, L)



332

349

25

3¢
4e

5¢
68

215
224

234
C

N O

NEW:

L=L-1

IF(IOUT (I). BQ.* ;') I=L-}

ENCODE (8%, 343, HL PFOR)
*%T (L1) ,LI=1,1) ,La IT
* & H

FORMAT(8&A))

4RITE{19,HLPFOR)

30 T0 27

DOLLAR SIGN SUPPRESSES CARRAIGE
**EETURN SO USER MAY
%* RESPOND

K EQUALS 1 ONLY AT FND CF CHAIN
*«)F LINRES IN MESSAG
* kI

IF(K.FQ. 1) GO TO 25

J TS RECORD NUMEBEEER FOR NEXT LIME
«%x, I IS R.N., OF CUR
**RENT LINE

I=J

GO 10 19

SUCCESSFUL COMPIETICN, EEFETJRN TO

’ *% CALLINS PRO3 RAM

MATCH=1

L EV EL=3

RETURN

ERROR IN SUBR., DISPLAY DIAGNOST
*%T C INFORMAT ION

TYPE uU#,LEVEL,I

FORMAT(' EROGRAM EREOR,
®%T 3,1

LEVFL="Y,

=1,13)

30 TO 25

NO MESSAGE IS AVAILABLE, OUTPUT
*¥*G ENERAL MFSSAGE

TYPE 6§

FORMAT(' TYPE STOE TO FETURNTO
*%*MAIN LEVEL.Y)

30 TO 25

CHANGF RESPONSE TC HELP

ENTRY LHELP : :

PROMPT FCR LEVEL NIMREF FCR MESS
%A GE TO BE CHANGED

TYPE 229

FORMAT{' LEVEL:',$)

READ(5,239, ERR=25)

FORMAT (I3)

IEVEL

CHANGE MESSAGE F)K CUBRENT LEVEL
ENTRY CHELP
@ IF LINE WILL REPLACE A
*%N ALREADY EXISIING
*% RECORD IN
RAIL. MILE
1 IF NEW RECCORD IS CREAT
*%ED
N EW =3
FIND STARTI NG PCIM 1IN CHATN FOR
x% EXISTING MESSAGE
*%(SYER, HELP)
K=M AP (LEVEL) ' .
K WILL BE LESS THAN 9 CNLY IF NO
®*% MESS AGE FXISTS

ICHMAP: 1 IF MAP HAS CHANGED, ¢
*%TF NO CHANGE MADE
**Y ET

ICHMAE=T

IF{K.GT.B) GO TO 65

NO MESSAGE EXISTS, CREATE A NEW
**RECORD

MAP {LEVEIL)= MAXHIP+]

NEW=)

IRHT, {I0U

51

65
72

32

10¢

118

128

C
138

150

29¢
179

180
c

PROMPT USER FOR MESSAGE
W AP HAS CHANGED SO REMEMBER TO C
**QRRECT IT WHEN FIN
%% I SHFD
ICHMA D=1
TYPF 79
FORMAT (' ENTER & IINE ")
ACCEPT 8£,TEXT
FORMAT (14285 ,A2)
TYPE 120
FORMAT(* DO YOU # ANT T O FNPER AN
**0THER LINE {A CONT
x%1 NJ AT ION) 27, $)
M 'NDY IF THIS IS TO BE LA
*¥ST IINE IN MES3AGF
ANYTHING ELSE MFANS YRS
EFAD(5 1V I, EPR=9Y) M
FORMAT({A5)
LAS1=?
IF{M,EQ. 'O " LAST=1
TF THIS BECCRD IS NEW TINCREMENT
*%} AXHLP
TF{NEW.EC.1} GO TC 18%
READ LOCATION OF NEXT RECORD IN
**E XISTING CHAIN
READ(22 #K,2%,ERE=24¢) NEXT, ELANK
*%,J
1P THIS IS IAST LINF IN EXISTING
*% CHAIN, NEXT LINE
*x%§ ILL EE NEW
IF{NEXT.FQ.9) GO TO 198
IF NEW LINE IS BEING CREATED AND
=% WILL BE LAST, END
*% THE CHAIN
ITF(NEW.EQ.1.AND.,LAST.EQ. 1)
* %
WRITE LIME TC RAIL HLP
WRITE{22#K, 2¢,ERR =3#)
**LAST
IF FINISHED WRAP-UP
IF(LAST,EQ. 1) GC TO 150
CHANGE NEXT TO CURRENT AND REPEA
* kT

NEXT=

NEXT, TEXT,

X =N EXT

30 10 65

WRITF NFEW VERSION OF MAP IF IT I
**AS CHANGED

v AT CH=1

SKIP IF NG CHANGE

IF{ICHMAP.EQ.&) GO TO 179

WRITE {22 #1,29¢) MAXHLP, (MAP{(I) , I
*%= i, 23)

WRITE {22 42,292) (MAE{I),T=24,47)

JRITE{22#3,297%) (MAP(I),I=48,71)

WRITE (2284, 294) {(MAP{I),I=72,95)

WRITE (22 45,292) (MRE{I) ,I=96,11°
* %)

WRITE {22 %6,292)
x% 1)

APT TR {2247, 29%)
**7)

ARITE(22#8, 299)
x% 1)

FORMAT{24T3 ,4X)

RETURN

(MAE(I),1=123,14
(MAP(I),I=144,16

(MAP(I) ,I=168,19

TNCREMENT MAXHLE EECAUSE RECORD
¥**IS BEING CREATED

MAXHLP=MAXIIP+!

SET CURRENT RECORD NUMBER TO NEW
«**LY C(REATEDC RECORD



194

C
209
212

a0

@]

10

2#
40

52

6 ¢

Cc
103
114

K=Y AXHLP

NEXT WII1L BF CREATED AT THE NEXT
*% ROUND

NEXT=MAXHLP+]

NEW L INE HAS BEEN CREATFED

NEW=1

GO T 12¢

NEW MESSAGE EZNDS CN S AME LINE AS
*% OLD MESSAGE SO NO
*% (CHANGE MADE

IF(LAST.FQ. 1) GO T0 139

NEW MESSAGE 1S LONGFR THAN CLD M

*k 1SS AGF

NEXT=MAXHLP +1

NFH =]

GO TO 13¢

PRI NT DIAGNCSTIC

TYPE 214 ,K

FORMAT(' FERCGRAM ERFCR. TEAL22 A
**T K=',13)

30 70 25

END

MOVE PARAMETERS FROM FILE TO CUR
. *%BENT

SUBROUTINE LOAD

COMMON /FAC/IBRIEF, MODEAS (3), NRE
* %G

1 ,MATCH,IEVEL ,NFIIE,NPARM, IMODEL
*¥%(4) IDTR(4,24)

1 /DAT/PARAM (B¢) ,RESULT (27), ICHAN
**G (80)

2/7LSET/ZREYRD (3T) ,RES NAM(2F)

INTEGER ANS (U)

30 TO 12§

REST OF EROGRAM CAN TEMEBCRARILY
#**STORE AND RETREIVE
*% DATA

RNTRY ALCAD(I2)

1=12

SKIF A RECORD BECAUSE FIBST ENTR
**%Y TN RAIL,DAT IS ¥
*%¥FILF

I=1+1

READ PARAMETERS IMOQ CIJRRENT FIL
**ENAME, CURRENT PAR
** ) METEES

READ(21#1,1%,FRR=5*) IMODEL,PARA
**4 NEAFHM

FORMAT(U4AS, BLE14, §,13)

DO 2% J=1,8¢

R ESET ICEANG BECAUSF OLL CHANGES
*% ARE NO LONGER VAL
*%T [

ICHANG{J) =¢

MATCH=!

RETURN

CALL ERRSNS {I,J)

TYPF /6,1,d

FORMAT (' -PROGRAY ERECR IN LOAD.
*x FIRST=',I3,! S
*%*ECOND=1, 13)

GO TO 43

PROMPT USER FOR FILENAME

TYPF 117

FORMAT(' LOAD VALUES STCRED IN F

*%ITLEB:',$)

52

132
14

@]

152

- e B2
h
=2

-
o
Ut

179

1 8¢

a0

208
219

ol ®!

LEVEL=182

ACCERPT 123, ANS

FORMAT (4 A5)

FIND FILENAME IN DIRECTORY

CALI LOCCATE (ANS ,I)

SEE SNUBR. LOCATE FOR DESCRIPTION
*% CF MATCH IN THIS
*¥**TASE

30 TO (5,489,133 ,133) MATCH

FILF NOT TFOUHND IV DIRECTORY, TRY
*% AGAIN

TYPE 149

FORMAT (!

GO TO 10¢

FIIE NCI' FCQUND. ')

LOAD BASE CASF As SPECIFIED BY M
**() DB AS

#NTRY BLOAD

FIND CONTENTS OF MOTLEAS
**TORY

CALI ALCC{MCDBAS, D)

IF NOT FOUND TYPE WARNING

IF{MAICH.NE.,}) GO TC 17¢

SKIP A RECORD BECAUSE OF RAIL.D2A
* kT

IN DIREC

I=I+1%

JONT CHANGE TMGLRIL
READ{21#1I,13,ERR=50) MODBA5,PARA
*%& M ,NEAEN

GO TO 4@

LOAD BASE CASE AS SPECIFIED BY 0
*%3 FR

ENTRY CLOAD

PROMPT FCR F1LFENAME

TYPE 119

LEVEL=1®7

ACCERT 127,ANS

IF{ANS{1).EQ. 'STOE?) GO TO 43

FIND RESPONSE IN DIRECTORY

CALL LOCATE {ANS,T)

Go To (15%,47,16F,170)

TYPE 199

GO TC 165 o

FORMAT(' THE.ETIE 5 FECIFIED FOR
*%BASE CASE IS NOT F
*%0UND, !,/

1,' PLEASE REENTER OR TYPE STOP:
X%, 8)

MATCH

TLOAD AS SPECUFTED BY IMODEL "

ENTRY DLOAD :

FIND NAME OF CURRENT MODFL IN DI

*%R FECTORY

CALIL ALCC[IMNODEIL,I)

IF NOT FOUND GIVE WARNING

IF(MATCHJ.NE, 1} GO TC 202

LOAD VALUES IN FILE

GO TO 5

TYPE 218

FORMAT(' FIL® SEECIFIED FGOR CIRR
*%ENT MODEL NOT FOUN
*xD, !,/

i,' PLEASE RFENTER OR TYPE S5T0P:

#51,3)

30 TO 115

LOAD STORED VALUES OF ICHANG
ENTRY LDCHNG(I3)
I=I3+1



228

NN NN e Ke!

1¢
29

30

35

" IF(TANS.EC,? ]

SEE SUBR., DIFF FOR KEASCN TOR ST
¥*¥JRING ICHANG

READ{21 #1,22¢ ,EFR=52) ANS,ICHANG

FORMAT (4 25,8411 ,1843X)

30 TO 48

END

CHANGE VALUFE OF A PARAMETER

THT S SURFCUTINE 5 FARCHES THE LIS
T KFYWD (86) FOR TH
*«f KEYWORD

THAT THE USER ENTERS. IF IT IS F
*%OUNT CALL AHELP TO
*% TYPE THRE

QUESTION COKRESFEOMDING TC T HE KE

*%YWORD. THE USER TH
**EN ENTERS

THE NFEW VALUE AND RETURNS TGO THE
%% CALLING SUBROIT IN
**E, IF THE

USEKS RESEONSE IS NCP A MIMBER ;
*%R ER FAD THE RF SPONS
*xE AND ST QP

CHRCK -IT AGAINST KEYND WHICH WI
**L1 EESULT IN & 4 AR
N IN G

MESSAGE, ENTRY BCHNGE IS TO ALLO
%W THE ABBREVIATED
*%F CR M

C <KEYWORD> INSTEAD OF CHANGE <R
*%E T EN> <KFYWORD>,
¥xTHIS TS

DONE BY THE REKEAD IN SUBR., LOOK

SUBROUTTMF CHANGE

COMMON /FAC/LBP TRF,MODBAS (4) , NRE
ko

1,MATCH,LEVEL,NFILE,NPARM, I MODEL
s%(4) ,IDIR(4,27)

1/DAT /P ARAM {87} ,R ESULT (29) , ICHAN
¥%G (3 ¢) .

2/LST /KEYRD{8D) ,RESNAM[27)

INTEGFR TEXT(15)

GO TO 19

ENTRY BCHNGE(IWCRE)

I AN S= INORD

30 TO 35

TYPE 20

FORMAT(' KEYWORL CF PARAMEL ER:',

**B)

LEVEL=103

ACCEPT 3¢, IANS

FORMAT(AS)

IF(IANS,FQ.'STOP') GO TO 125

ZALL LOCK (I ANS)

IF(MATCH.EQ.1) GO TO 18

GO TO 125

DO 54 I=1,80

IF{IANS.NE.KEYKD[I)}) GO TO 54

SUCCESSFUOL SEARCH
50 TO Va¢
CONTINUE

KEYWD NOT FOUND

TYPE 64

FORMAT{' THE RKEYWCRD YOU ENTERED
**¥ IS NCI ON THFE LIS
**T, TYPE ¥

- )

(NS
[N I

S0Aa0

53

1¢

2¢

25
30

4

Ls
59

1,'1TST FCR A LIST',/,' OF KEYW C
£¥FDS., TYPE STOP IF
*%¥YOU DG NOI!

2,' WANT TO CHANGE A PARAMETER. '
% %)

GO TO 10

TYPF QUESTION, READ ANSWER
SALL AHELE(I)
REALC!(5, 124, FRR= 138) X
FORMAT(E14. )

PARAM (I} =X

TCHANG (I)=!

4 AT Cli=1

RET URN

READ ERROR
LEVEL=I
ACCFPT 3¢#,IANS

IF{IANS,EC, 'STOTF') GC TO 125
CALL LOOK (IANS)
IF{MATCH,EQ. 1) GO I'0 1QC

GO TO 35

END

JUTPUOT RESULTS
SUBROUTI NE CUTPHUT

COMMON /FAC/IBR IEF,MODBAS{4),NRE
* X G

1,4ATCH,LEVEL,NFTLE,NPARM,IMODEL

#% (4) ,IDLR (4,22)
1/DAT/PARAN {(8%) ,RESULT {2¢) , ICHAN
. *%G (3 0)

2/LST/KEYWD(8Y) ,RESNAM {2(Y)

TYPE 19 ,IMODFL

FORMAT({? MODEL USED: ',4A5,//

1,' THE FCLLOWING PARAMET FRS HAV
*%F BEEN CHANGED: ')

DO 33 I=1,NFARM

1F!{ ICHANGIT) . EDQ.Z) 50 TO 34

TYPE 22 ,KEY®WD(Y),PARAM(I)

FORMAT(2X,A5,3X,F14,2,2X,$)

J=I

IF{IBRIEF.,EQ. 1) GO TO 25

CALL AHEIE(J)

TYPE 35

TORMAT (2 X)

CONTINUE

TYPE 44 ,FCDRAS

FORMAT(//,' BASE CASE: 1',4A5

1,/¢"' USING THESE PARAMET ERS T HE
*¥ FOLLOWING RESIULTS
% ARE Y

1, OBTAINED,?)

30 54 I=1,NRES

TYEF 2 ,PESMM(I) ,RESULT (1)

J=I+83

IF(IBRIEF.EC. ) GC TO 45

TYPE 35

30 TO 5¢

CALL AHELP{J)

CONTINUE

TYPE 7¢



1¢

coOnon

(]

10

20

32

1¢

39

4
5@

~ OO0

M 4 §

FORMAT(////)
¥ AT CH=1
RETURN

END

LIST CURFENT VAIUEF CF ALL PARAME
¥XTERS

SUBROUTINF LTST

COMMON /FAC/IUR IF, MODBAS (4),NRE

kS

1,MATCH, LEVEL,N FILE,NPARM,IMODEL
w¢ (4) ,IDTR(4,2%)

) /DAT /P ARAM (31) ,R ESULT {2¢1) , ICHAN
£KG (3 7)

2 /L ST /KEYWD (82) ,RESNAM {28)

TYPE 4,IFKCDEL,MCDEAS

FORMAT({///,' CURRENT MODEL: 'L UA
*%5 . .

1,' DBASE CASE: YLUA5)

TYPF 5

FORMATI!/,' KREYWORD YALIE', /)

TP {NPARM. GE .1y GO TG 34

TYPE 18

FORMAT{' PROGRAM ERROR., NPARM LE
*%¥3S THAN 1Y)

M AT Cil=1

RETURN

PO 54 1=1,NPARM

TYPE 35 ,KEYWD (1), EARAYM(T)

FORMAT(1X,AG, 1% ,F14.4,2X,%)

J=t

IF{ IBRIEF.EQ. 1) GO TO 36

CALL AHELIPR(J)

TYPE 47

FORMAT (1 X)

CONTINUE

30 10 2@

END

PRINT DIRECTORY

SUBROUTINE DIR

COMHON SFAC/TBR IEE,HODBAS {4), NRE
* %G

1,MATCH, LEVEL N FILE,NPARM,IHODEL
% (4) ,IDIR (4,27)

1/DAT /P ARAY {83) ,RESULT (20) , ICHAN
%G (38

2/LST/XEYWD {84) ,RESNAM {28)

IF(NFILE.LE.&) GO TC 4@

po- 13 I=1,NFILE

TYPF 20,1, (IDIR (J,I),J=1,4)

FORMAT! 1X,12,5% ,UA5)

MATCH=1

RETURN

TYPE 5@

FORMAT{/,' DIRECTORY IS EMPTY.'

*%, /)

NFILE=

G0 TO 3¢

END

FIND LOCATION DF FILE IN DIRECTO
*XRY

54

1¢

2@

3¢

12

2¢
49
52
51

184
119

122

SUBROUTINE LOCA1E (ANS, T)

~OMMON /FAC/T BRIEF,MODEAS (), NRE
"G

1,MATCH, LEVEL ,NFILE,NPAPMN,IMODEL
**(u),xnrn(u 23)

1/DAT /P ARAY (8 %) ,RESULT (24) , ICHAN
w6 G (3 )

2 /LST/KEYRD (87) ,RESNAN{2J)

I NTEGER ANS (%)

TF(ANS{1) .EQ,'STOP') GO TO 6Z

SALL TOGKI{ANS (1))

IF(MATCH.EO. 1) GO To 70

B NT HY ALOC{ANS, 1)

nOo 34 I=1,NFLLE

po 2% J=1,4

TF(ANS(J) . NE TDIR(J,I))

GO TO 59

ZONTINUE

GO TO 89

GO TO 39

FOUND
MATCH=)
B ETURN

STaP
MATCIi=2
RETURN

REP FAT PROMPT
MATCH=3
RETURN

NOT FOUND
MATCH=4
RETURN

¥ ND

ST RF CURRENT PARAMETERS IN FILE

SUBROUTINE STORE

COMMON /FAC/IBR IEF,MODBAS (4) ,NRE
£33

1,MATCH,LEVEL,NFTLE,NPARM, I NODEL
%% (4) ,TDIR(4,23)

1 /DAT /P ARAY {8¢) ,R ESULT {20) , ICHAN
5 G BL) .

2 /L ST/KEYWD (82) ,RESNAM(27)

INTEGER ANS (4)

50 TO 1aC

ENTRY ASTCRE(I2)

I=I2

I=T+)

WRITE(214I,27,ERR=5{) IMODEL,PAR
*%A¥, NPARM

FORMAT (445, 83E14. 8,13)

MATCH=1

RET UR N

TYPE 51

?DRYAT(' ERCGRAM ERFOR IN 3TORE.
* %1 )

30 TO 44

TYPE 118

FORMAT (* STORE IN FILE CALLED:?,
**S)

LEVEL=1684

ACCEPT 12%,ANS

FORMAT (Y A5)

CALL LOCATE{ANS ,I)

30 T0 (16,48,13@,138) MATCH



1372

149

186
174

0(1r{d

2@

208
30

o0

1

2¢

3¢
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NFILE=NFILE+1
I=NFI1E

DO 143 J=1,4
IDIR(J,I)=ANS (J)
IMO DEL (J) =ANS {J)
WRITE (21 #1,995)
FORMAT(I3,1142X)
30 T0 19

NFILE

STORE CUERRENT VALUES OF ICHANG
ENTRY STRCHG{I3)

_— Va1t
I=I3+}

WRITE!2 1#1,187, FRR=5%) IMODEL,IC

*X[ANG
FORMAT (4A5,8AT1,1¢43X)
30 T0 44
FND

REAL THE DIRECTORY FROM UNIT 21
SUBROUTINE REDI R
COMMON /FAC/IBR IEF,MODBAS (i) ,NRE
*Xg
1,MATCH, LEVFL,NFI LE,NPARM,I MODEL
*% (4) ,IDIR{4,22)
FORMAT{4A5, 1123 %)
FORMAT(I3,1188X)
READ{2141,5,FRR=2£%) NFILE
IF(NFILE,LE.A) GO TC 32
DG 129 I=2,NFILF#+1
READ(21 41,22 ,ERF=1237)
: *%1) ,J=1,4)

(ITIR{J, I-

30 TO 30

NFILE=@

MATCH=1

RETURN

TYPE 112 ,

FOKMAT{' PROGRAM ERROR IN REDIK.
**')

GO T0 2¢8¢

TND

REAOVE A FILE FROM THE DIRECTORY

SUBROUTINE DFIETE

COMMON /FAC/I DR IEL,MODBAS {4),NKE
%S

1 MATCH,LEVEL ,NFLLE,NPARM,IMODEL
*% (4) ,IDIF(4,22)

INTFGER ANS {4)

DIMENSICN XPARAM(BZ)

GO TO 18

ENTRY ADEL(I2)

I=1I2

50 10 5¢

TYPE 20

FOR MAT (*

LEVEL=135

ACCEPT 3{,ANS

FORMAT{UAS5)

CALL IOCATE (ANS ,I)

GO TO (5&,4¢, 14,90)

MATCH=1

L ETURN

DEIFETE FILE NAMED:!, $)

MATCH

55

5¢

995

~d
=

e
121

113

124

nOo o

0N

IF(I,LT.NFILE) GO TC 6@

NFILE=NFILE~1

WRITE (21 #1,995)

GO TO 4@

NFILE=NFILE-]

ARITEI21#1,995)

FORMAT (13 ,114%4Y)

DO 8% J=I+1,NFILE+]

K=Jd+1

READ{214K,7%, ERR=112)
*% , MDARM

FORMAT{ 445, 89E14. 8, I3)

WRITE (21 43,7Y) ANS,XPARAM,MDARM

CON TINUE

CALL REDIGF

GO TO 4@

TYPE 131

FORMAT(® FILE NOl FOUND.')

50 10 10

CALL ERRSNS (T,J)

TYPE 120 ,K,T,J

FOKMAT{' PROGRAM FEKOR IN DELETE
*%x, K=',I3,' I=',13,
xx 1 =t 13}

NFILE

NFILE

ANS ,XPARAY

30 TO 44
END

DO SIMULATION

SUBROUTINE BRGRY

IMPLICIT REAL (A-7)

INTEGER I,NEES,MATCH,LEVEL, NFILE
*%, IMODEL, IDIR, NAM,R
**ESN AN

1,MPARM, ICHANG

REAL T(9)

COMMON /FAC/IBRICF,MODBAS{4),NRE
* %S

1,MATCH,LEVEL,NFILE,NPARM,IMODEL
%% (4) ,IDIR(4,23)

2 /LST/NAH{8D) ,RESNAM{20)

3 /DAT/P1 A} ,PYBY,PICY, HET, BBC, CPT
*% LPT,SHB,FIB,WIC,C
% A C

1,01C, 0K, CH,SU, SSP,CUP ,RAB, CBTO,
#%CBCC,CBP77,CBCI2, B
*%C MT,SA,P2AY

2 ,P2RY,P2CY ,HBCC,CUTPT , ACL,VHC, P
**%3A19) ,P3BY,P3CY,P3
#xDFD,P3DY,P3DY E

3,CTPDT, F4AY, P4 BY,PUCY,RCSZ ,YCSZ
*%,Cl ,PLPT,RLAB, RRLC
**%C ,RSE,RC

4 ,NULL(22)

3,1RC,UYC,UCI,URL ,USE,UC,CURC,CY
®&y(C,CUCT,CUL,CUSE,C
x%C, NULLY (8)

8 ,I CHANG (8%)

EQHAT IONS

CHECK FOK DIVIDE EY ZERO

IF{VHC,EQ.4.#) GO TO 208

IF(CPI.EC.3.4) GO TO 218

IF{CTPDT.EQ.3.@) GO TO 224

YARD TRAIN

T11=MT+#SA+HDBT*{ SHLE+2*WIC) +TAC+OK
* %+ Gl

T 12=WIC*CPT/2+CAC +RAB+0K+50
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TI3 =MT+SA+HBC*{SHE+2%4 IC) +CAC+0OK
%k + Sl

T14 =MT+SSF+CUP+CH+0AC+CECO

T15=WIC*CPT/2+HBC* {SHB +2*WIC) +CA
**C+R AB+0OK +50U

T16=T13

T17=MT+SSE+CUP+CH+C AC+ HBC* { RIIB+2
* %% W1 C)

TIB=MT+SA+HBC*{SHB+2*W IC) +CAC+OK
*% ¢ SIY

TI9=MT+SSC+ClI P+ EC+QR+5U

T118=BC*CPT

TY=PIATETIT (1 =F1 AV) % ( (PIBY (I 12
R+ TI4) + (1-P1BY )%= (T}
**54T 17))

1 +T13+T18B)+ (1-PICY) *71'19

TI=T114

TI1=TY+TI

CLASSIFICATTON-HIMP YARL

T21=MT+SSP+CTP

T22 =i BC* (FHB+2 % HIC)

CPC=CPT/CNTPT

T23 =H AC* (RHB+WI C) +W IC*CPC+HRC* (S
¥ {5+ NIC) +OK+SU

T24 =MT -

T25=ACL/{VHC*88)

T26 =1 @

r27=34

TPCUT=T2 1 +P2AYET22¢ (1 -P2AY) #T23 +
*%T 24 s

TCS=P2BYXT26+ () -P2BY) *T25

T2=CUTP THIP COT+CPT*TCS

PULL DOWN AND CHARGE ERAKFS
T31=47
T32=5SP+CUP+lIBC*RHB

DO 44 I=1,9

T33=T33+E3A(I)*T(D)

T33CT={T33+WIC) *CPT/CTPDT

T34 =MT :

T35=H3T*{SHB+2*WIC) +0K+SU

T36=SSP+CUP+OK+SU

T37=4T+SSP+CUP+CH+2*0OAC+WIC +CAC+
*%(Q) K+ SU

T38=CPT* (WIC+CH)+CAC

T39=MT+SSP+ClUP+ CH+OAC+CRTC

T31 #=24

PIT1=HT+CH+OAC+CBTO +CACHNT

T312=MT+SSP+CUP+CH+ CAC+CBT7¢

T313=HBT*(2%4IC +R HB)

TPD=T3V+T32+T33+T 34 +P3 BY*T35+( 1~
*%[ 3BY) *T36+P3CY*T37
*%+T38

TRCI=PIDRD*TI9+ (1 ~P3DRD) *T312+T 3
*% 171

TYA=P3IDY®*T} I

TYE=DP IDYF*T 311

T3I=TPD+ TRCL+T YA+T Y B

56

an

PGWER BRAKE TEST

T4i=13 ’

T42 =3¢

T43=5

T44 =317

Tus5=2¢

Td4H =22

T4T7=3%

TU=Tu 1+ (1 -PUAY) *TU2+T4 3 +(1- P4 BY)
*kETL U+ TUS+TLO (1-PU
*¥CY) *TU7

COST FQUATICNS

JRC=576 ,346%{ TY +TRCL+T4) *RCSZ/CP
%7

JYC=546.346 ¥YCSZ* (T2+TPD+TYF) /CP
*%7

JCI=536.346*{CT *TI+CPT*P2CY*T27+
*xPIDYETY A) / CBT

JRL=1212692#RLP T* (TY+TRCL+TY4) /CP
*%T

JSE=1312692% (T2 +TPD+TYE) /CPT

UC=1312692% (T1+£. 5% { (CUTPT+1} TP
**%CUT +CPT*TCS) + T3+ T4
* %)

CURC=RL ALXTRC

CUYC=RLAE#U YC

CUC I=RL AB*U CT

S UL=RRLCC*UFL

LCUSF=RSEXNUSE.

CUC =RC*UC

MATCH =1

RETURN

FNTRY SETNAN

SFE' VALUES FOR MODEL SPECIFIC VA
**RIAELES

NPALRM =58

NRE 512

NAM (1) ='PI1A 1

NAY {2)=1PIBY!

Nat (3 =rRicy

NAM{4)= YHET !

NAH {S) ="' EBC?

NAYM (6) =1CPT!

NAM (7) =" LBT®

NAM [8) = 'SHB!

NAY (9)="' FHB"

TNM LTy = qIc

NE# {1 1) ='CAaC!
NAM {12)="'CAC!
NAM {13) ='0K !
NAM (1 4)="'CH!
NAM {15) ='sSU?t
NAM (16) = *SSE!
NAY (17)='CUPY
NAM {18) ='RAB?
NAM {19)='CBTO'
NAY {27} ='CBLCO!
NAM (21) =*CRTT2!
NAM (22) =t CBCTOY
NAM{23)=1BC?' °
NAY (24)=t4T?
NAM{25)=71SR”!
NAM (26) ="' P2 AY!
NAY {27) ='P2BY?
NAM (28)='P2CY!
NAM [29) =¥ HBCC
NAM {32y ='CcUTRT!
NAM {31)='ACL®



190

20¢
22

214
21

229
221

222

a0

NAM {32) = 'VHC!
NAM (33)='P3 A=1t
NAM {3%) =PI A-2!
NAM (35) =153 A3
NAM [36)=1P3A~-4"
NAM {37)='P3A-5"
NAM (38) =t E3 p~5H?
NA1.{39) =1P3A-T!
NAM (40) =" P33 n-8"
NAM (41) =*DP3A-9".
NAM {42) = YE3BY?
NAM (U3)y=tP3CY!
HAY f4U) =PIADRD!
NAM (45) =1 PIDY*
NAM (46) ='PIDYE!
NAM (47) = "CTEDT!
NAM (43)='PUAY!
NAM{49) =*E4RY"
NAM (52)='PUCY"
NAM (51) =1RCSZ?
NAM (52) =' {CSZ!
NAM (53) =1CI!?

NAM {5H4) = *RLET ¢
NAM (55) =tRLAB"
NAY {56) = 'RRLOC!
NAM (57) =' RS T

N AY {58) =RC !
RESNAM(1)="URC'
RESNAM{2) ='UYC!
RESNAM(3)='UCI?
RESNAM {4)=*URL"®
RESNAM{5) ='USE?
KRESNAM(6) ="' UC!
RESNAM{7) =* CURC"
RESNAM{B)='CUYC?
RESNAM (9)='CUCTI?
RES NAM{ 1&)='COL"
RESNAM(11)=1CUSE"
RESNAM{12)=tCuUC*
DO 142 I=1,87
ICHANG{I) =7
RETURN

TYPE 281

FORMAT (' VHC EQUAIS ZERC. NC COM

**p JTATION DONE.Y)

TYPE 222

GO TO 5¢

TYPE 211 .

FORMAT{?' CPT EDUALS ZERO. NO COM
*% PUT AT ICN LONE. ")

TYPE 222

30 10 54

TYPE 221

FORMAT(' CTEDT EQUALS ZEEQ, NO C
**3 MPUT ATION DONE, ')

TYPE 222

FORMAT!{' VHC,CPT, AND CTEDT CANN
*%OT EQUAL ZERO BECA
*%[JSE THEY',/

!," AFPEAE IN A DIVISICN.")

END

LIST CONTENTS JF HELP FILE
SUBROUTINE MAPDU

COMMON /FAC/IBRIEF,MODBAS{4),NRE
: * %S

1,MATCH, LEVEL ,NFTLE,NPARM,IMODEL .

*% (4) ,IDIR(4,27)
1/HLP /M AP {237) , MAXHLP

57

e

20

Ao O

(e Ne}

(2N e}

15

20

okt e K]

s XeNe)

DO 2% 1I=1,22¢
IF{MAP{I).LE.8) GO TO 2¢
TYPE 17,1

FORMAT{/,' LEVEL=',13)
J=L

CALL RAHELP{(J)

CONTINUE

AT CH=1

RETURN

END

CALL PROGRAM, DO DIFFERENCING

SUBROUTINE DIFF

DI ENSION XRES!22)

COMMON /FAC/TRRIEF,MODEAS (4), NKF
%* %G

! ,MATCH,IEVEL,NFILE,NPAKM, IHODEL
*%(4) ,IDIR{4,27)

1 /OAT/PARAM 34) ,RESULT (23) , ICHAN
*%3 (8 0¢)

STORE CULRENT VALUWS
NFILE=NFILE®#2
J=NFILE-!

CALL ASTORE{J}

CAL1 STRCHG (J+1)

COMPUOTE EASE CASE
CALL BLOAD

CALL PRGEY

po ¢ I=1,NRES
XRES(I)=RESULT (1)

COMPUTE CURRENT MCDEL
CALL ALOAC{J)

CALL ERGEHN

CALL LDCENG(JI+1)

CALL ADEI (J+1)

CALL ADEL{J}

COMPUTE CIFFERENCES

DO 23 I=1 ,NERES
RFSULT{I)=RESULT{ 1) -XRES (I}
CALL CUTEUT

M AT CH=1

RETURYN

END

DIRECT QUTPUT FOR UNIT 13 TO DIS
**¥K FILE

SUBROUTINE OFFLI

CLOSE {(INIT=19)

OPEN(HNIT=19,DEVICE='DSK',FILE='
*%OFFLINE, TXT ', ACCES
% G=Y SRQOUT?)

RETURN

RESTORE OUTFUT TO T ERMINAL

ENTRY ONLINE

CLOST {UNIT=19)

OPEN!{UNIT=19,DEVICE='TTY*',ACIESS
*%x= 5 EQINOUT ')

RETURN

END



APPENDIX B
FINANCIAL MODEL

The financial model program is divided
into three phases. On entering the pro-
pram, the user inputs parameter values,
instructs the computer to solve the model,
and then specifies the form of output.
J*or each phase, the user types one of the
_ following commands:

I. Input

+ Change
» Model

ITI. Computations

« Solve
+» Variable

ITI. Output

+ Graph
« List

« Print
» Create
« Delete

For each command, the cdmputer enters

the corresponding subroutine. Subroutine

Change allows the user to specify a new

value for any parameter. Model, which the

user enters at the start of the program,
askes for values for all the parameters.
Subroubine Solve evaluates the financial

equations and stores the results. Variable

allows different cash flow patterns to
be studied.

The output of the financial model is
in three parts. First, subroutine List
types out the parameter values. Second,
subroutine Print types out the results

obtained from the financial model. Third,
subroutine Graph plots the results of the
model. Create and Delete are used to enter

and remove extra lines in the output.

The financial model 1is comprised of a

set of equations in subroutine Solve. For

each year the start-up costs (if any),
annual costs, investment tax credit, and
depreciation tax credit are computed.
Also computed are labor savings after
completion. Because all the costs are
proportional to the cost of retrofitting
a single car, the dollars avallable per
car is obtained by dividing the total
savings by the total cost.

Type

“BRAKING AND COUPLING
TYPE HELP FOR DIRECTIONS”

Type
“INSTRUCTIONS:"”

\

Read Instructions
From Terminal

Execute Subroutine
Specified by User

CREATE
GRAPH
CHANGE
DELETE
PRINT
SOLVE
HELP

LIST
MODEL
VARIABLE

FIG. B.1. FINANCIAL MODEL FLOWCHART.
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.FIG. B.1 (Cont.). FINANCIAL MODEL FLOWCHART.

59

If System is not Compatible, Compute Start-up Cost

START(YEAR) = (m -Attrition Rato)

% No, Cars x inflation

Y

Compute Cost of Replacing Old Cars With New System

ANNUAL(YEAR) = Attrition Rate x No, Cars x Inflation
x Cost of New Equipment
Cost of Retrofit

|

Compute Tax Credit One Year After Investment

TAXCR(YEAR) = START(YEAR-1) + ANNUAL (YEAR-1)
x Investment Tax Credit x-1

A

Compute Depreciation Tax Credit
YEAR
DEPRT(YEAR)= z Tax Rate x START(i) + ANNUAL(i}
i-1
x Depreciation Scheduls

FIG. B.1 (Cont.). FINANCIAL MODEL FLOWCHART.




Compute Labor Savings

If YEAR is greater than start-up period
and LESS than stop-payment-year
SAVINGS({YEAR) = Laborsavings *(1-Tax Rate)
x{1-Payment to Unionj x infiation

Y

Compute Other Savings

If System is Complete
OTHER(YEAR) = Savings x (1-Tax Rate) x Inflation

{

Compute Sﬁm of Per $ Cash Flows

A(YEAR) = START{YEAR)+ANNUAL(YEAR)
+ TAXCR(YEAR) + DEPRT{YEAR)

)

- YCompute Sum of Fixed Flows
B(YEAR) = SAVING(YEAR)x{OTHER(YEAR)

Y

YEAR =YEAR +1

FIG. B.1 (Cont.). FINANCIAL MODEL FLOWCHART.
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r=jow

i Dollers Aveileble Per Cor=

7

i
i1t
Limit A
z {(1+40)
i=1

!

r=r+.01

FIG. B.1 (Cont.).

FINANCIAL MODEL FLOWCHART.



Comeute Scele of Graph,
Maximum and Minum Valuas on
Asm, Nuwber of Decirmal Plasss

!

Get Title for Graph from User

'

For Each Line of Data Type _
s Label on Axss ' ' D o
b. Velue for Esch Discount Rewe raw Axes, Labels, Lines, Title
Retum
FIG. B.1 (Cont.). FINANCIAL MODEL FLOWCHART. FIG. B.1 (Cont.). FINANCIAL MODEL FLOWCHART.
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FIG. B.2.

FIG. B.3.

MEDEA
THI

e

12 A MODEL T3
’PEﬂ* PER FREIGH

AR FOR ADY

-.IJN‘ ul—

EXAMPLE MODEL INPUTS.

62

ESTIMATE THE AMOUMT THAT CaM -
TC 'ANCED BRAKING

"Il '.JUIJP' .ll"." -
FDR HOW MANY YEARTS SHOULD THE CASH FLOWS BE CALCULATEDTSL
HOW MANY VEART DOES THE SYSTEDM TAKE TO BECONE COMPAT BLE?S
HOW MANY CARS ARE IN THE SYITEMTLITO0000
WHAT FRHC. IOW OF THE CARI HAWE TO BE REPLACED EACH YEART.OIT
WHAT FRACTION OF PE*EDFIT COST IT REQUIRED FOR
HEW ’“EBL TI0N iPE? CHR3T.S
FRACT N= 50,
Iz TH LDR?E’T7“ES
WHHAT IS THE LABDR ZAVIMGS PER YEAR THAT IS
SURBJECT TU ”N an FH”DWT’“EUHUUUUU
FOR HOW MANY YEARDS WILL ZAVINGT BE FRID TO THE UNIONTIO
WJHAT FRACTION OF LABOR SAVINGS ARE PARID TO THE UNIONT.ES
CWMAAT IS THE AMNUAL SAYINGT NOT SUBJECT TO
UNION PARVOUT?O
COWMHAT Ii THE THY RATE FOR THE RAILROAD INDUSTRY? .44
WHAT FRACTION OF INVESTMENTS ARE DEDUCTIELE FOR
;H#Lu-ﬂENT THE CREDIT?.L0
WHAT IZ THE INFLATION RATE FOR:
MHTERIALS CIN PERCENT2710
LABOR <IM PERCENT)TES.T
SAVINGS NOT ZUBJECT 7O UNION PAYOUT <IN PERCEMTITLIO
WHAT IS THE LIFETIME OF THE ASSETTIG
WHICH METHOD OF DEFRECIATION DO vOU WANT TO USET
-..}TF"H.UJHT JuRl"IIG: 1T LINL
DOUBLE ~DOUBLE DECLINING BALANCE
oty ~SUM OF YEARZ DIGITS
QUESTIONS ASKED BY FINANCIAL MODEL.
”HR ABLE KEYWORD CURRENT WMALUE
HMUMBER OF YEARS IM HﬂHL?SIV LIMIT ol
YEARZ DBEFORE IYITEM IS COMPATIBLE COMPATIDBLE 3
NUMDBER OF CARS NUMRER FOQooe.ono
ATTRITION RATE ATTRITION 0.007
Heu “D‘* FoERY 1EN* FRACTIO 0.500
IMVEITMENT TAx RED INVESTMENT o.igo
- THE RATE TAH 0.450
LDES TO UNION 'H o 0.250
LABOR SHVINGE TAYINGE coonooaon.oun
YEARS IAVINSS ARE LOST TO uMIoN Lﬂh” ig
OTHER ZHVINGE THER R
MELATION: ;HF'FTIDH
MATERIALT 1.100
LABOR T i.087
OTHER 1.100
CHMINIMUM DISCOUNT RATE RATEE S
MAEIMIM DIZCOUNT RATE MHTEZ &B
DEPRECIATION DEPRECIATION
LIFETIME OF AZSETS ig&
WEART DIGIT



1750

1509 -

1260

1900 -

A

500

250
5 . .

ASE

10

15

20

25 DISCOUNT %

.F1G. B.4. EXAMPLE OF GRAPHIC MODEL OUTPUT.
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10
27
38
49

50
51

69

74

B#

COMPUTER LISfING FOR FINANCIAL MODEL

PROGRAM BRAKE

COMMDN LINES,DATA(26,2,18),PDINT
**(19),LABEL(12,2),¥
**IDTH(2)

1,YLABEL(40),XLABEL(2),LIMIT,ICO
*EMP,X,NCAR,ATTRAT, M
**ATINF

2,LABINF,LABORS,LOW,HIGH, PAYSTP,
**FRAC,FRIDT, TAXRAT,
**UPAYRT

3,SCHED(25),SNSUP,DINF,METHOD,LI
'**FE

REAL NCAR,MATINF,LABINF,LABORS

INTEGER POINT,YEAR,HIGH,LOW,PAYS"

**TP
LEVEL=1
CALL PLOTS("GRF~)
TYPE 18

FORMAT(® BRAKING AND COUPLING®,/
**," TYPE HELP FOR D
**TRECTIONS.")

TYPE 3¢

FORMAT(® INSTRUCTIDN:",S)

ACCEPT 48, ANS

FORMAT(AS)

IMATCH=9

IF(LEVEL.GT.2) LEVEL=2

CALL LOOK(IMATCH,ANS,LEVEL)

IF(ANS.EQ."STOP°) GO TO So

IF(IMATCH.EQ.q) GD TO 748

GO TO 2¢

TYPE 51 '

FORMAT(” ARE YOU FINISHED WITH T
**HE PROGRAM?7,3)

ACCEPT 48,ANS

IF(ANS.NE. YES") GO TO 24

TYPE 69

FORMAT(® FINISHED. TURN ON PLDTT
**ER AND TYPE THE FOQ
**LLOWING."/

2,7 ASS PLT: (RETURN)",/

2,” COP GRF (ESCAPE) ... (1¢) PL
**xT: (RETURN) (RETUR
*EN) .1

3,° DEA PLT: (RETURN)")

CALL PLTEND

sToP

TYPE B¢

FORMAT(” PLEASE CHECK THE COMMAN
**D YOU USEDe. TD CHA
**NGE A",/

1,” PARAMETER YOU MUST FIRST TYP
**E CHANGE. TYPE HEL

**p FOR",/
2,° MORE INSTRUCTIONS.”)
GO TO 20
STOP
END

64

aagaa

10

29

g
40
58

55

69

18

- 88

99

MODIFY PARAMETERS

SUBROUTINE CHANG{(S$,MATCH)

COMMON LINES,DATA(26,2,10),PO0INT
**(10),LABEL(14,2),W
**IDTH(2)

1,YLABEL(48),XLABEL(2),LIMIT,ICO
*EMP, X, NCAR,ATTRAT M

. **ATIN

2,LABINF,LABORS,LUW,HIGH,PAYSTP,
**FRAC,FRIDT, TAXRAT,
*®UPAYRT,

3SCHED(25),SNSUP,OINF,METHOD,LIF
xAE

REAL NCAR,MATINF,LABINF,LABORS

INTEGER POINT,YEAR,HIGH,LOW,PAYS

: *XTD
MATCH=1

TYPE HEADING

TYPE 24

FORMAT(” TYPE LIST FOR A LIST OF
** PARAMETERS THAT C
**AN BE *,/

2,7 MODIFIED. TO CHANGE A PARAME
**TER TYPE ITS KEYWO
**RD *,/

3,7 AFTER THE PROMPT. WHEN FINIS
**HED TYPE STOP.”")

TYPE 49

LEVEL=17

FORMAT(" CHANGE:",$)

ACCEPT 59, ANS

FORMAT(AS)

IF(ANS.EQ. “DEPRE") GO T0 149

IF(ANS.EQ. “LIMIT®) GO TO 489

IF(ANS.EQ."COMPA") GO TO 43¢

IF(ANS.EQ.“NUMBE”) GO TO 483

IF(ANS.EQ. “ATTRI®) GD TO 52¢

IF(ANS.EQ. "FRACT ") GO TO 5540

IF(ANS.EQ. "INVES®) GO TO 5849

IF(ANS.EQ."TAX") GO TOD 618

{F(ANS.EQ. “UNION") GO TO 634

IF(ANS.EQ. "SAVIN“) GO TD 659

IF(ANS.EQ."OTHER") GD TO 678

IF(ANS.EQ.“LOSE”) GO TO0 698

IF(ANS.EQ."INFLA®) GO TO 724

IF(ANS.EQ. “RATES ") GO T0 764

IF(ANS.EQ. "AXES") GO TD 849

IMATCH=@

CALL LOOK(IMATCH,ANS,LEVEL)

IF(ANS.FQ."STOP") RETURN 1

IF(IMATCH.EQ.4) TYPE 6#¢

FORMAT(” PLEASE CHECK THE NAME Y
**0U ENTERED. IT IS
**NOT*,/

1, ON THE LIST. YOU MUST REENTE
**R DR TYPE STDP.")

GO TO 39

REREAD 89, ANS

IMATCH=9

CALL LOOK(IMATCH,ANS,LEVEL)

FORMAT(AS)

IF(IMATCH.EQ.¥) TYPE 99

FORMAT(” TYPE HELP FOR MORE INF
**ORMATION®)

GO T0 (446,432,4898,520,550,650,6
**99,630,670
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140
119

12¢

138

149
15¢

16¢

165
166

170

180

aamaa

1,610,58%,726,155,769) (LEVEL-2)

TYPE 95,LEVEL -

FORMAT(* THERE HAS BEEN AN ERRDR
**, LEVEL= ,I2)

RETURN 1

COMPUTE DEPRECIATION SCHEDULE

TYPE 119

FORMAT(" WHAT IS THE LIF?TIME OF
** THE ASSET?°%,5)

LEVEL=15
READ(5,120,ERR=78) LIFE
FORMAT(I3)
IF(LIFE.GE.1) GO TD 144
TYPE 1349

- FORMAT(" THE LIFETIME MUST BE ON

**E- OR “MORE. PLEASE
**REENTER. ")

GO TD 144

TYPE 158

FDRMAT(' WHICH METHOD OF DEPRECI
**ATION DO YOU WANT
**T0 USE?"./

1,719, STRAIGHT®,T25, -STRAIGHT
** LINE®

2,/,118,” DOUBLE®,T25,"-DOUBLE D
**ECLINING BALANCE~

3,7/,T18,7 SUM”,T25,"-SUM OF YEAR
**5 DIGITS",/,° METH
**0D:7,%)

ACCEPT 5d,ANS

IF(ANS.EQ."STRAI") GO TO'174

IF(ANS.EQ.°DOUBL") GO TO 194

IF(ANS.EQ."SUM°) GO TO 249

IF(ANS.EQ.*STDP") GO TD 165

IMATICH=0

CALL LOOK(IMATCH,ANS,LEVEL)

TF(IMATCH.EQ.1) GD TO 148

PRINT ERROR MESSAGE SINCE ENIRY
**COULD NOT BE IDENT
**IFIED

TYPE 160

FORMAT(” PLEASE TYPE STRAIGHT,DOD

**UBLE, OR SUM.")
GD TO 149
TYPE 166

FORMAT(" THE DEPRECIATION SCHEDU ~

**LE HAS NOT BEEN CH
**ANGED. )

STRAIGHT LINE METHOD
METHOD=1

DO 184 I=1,25
SCHED(I)=1.8/FLOAT(LIFE)
IF{1.GT.LIFE) SCHED(1)=0.9
CONTINUE

GO TO 329

DOUBLE DECLINING BALANCE METHOD
RATE OF DEPRECIATION IS TWICE TH

**AT OF STRAIGHT LIN
**E METHOD

65

19¢

22¢

244

259

3p8
31¢

32¢
339

349

4990
410

42¢

439
449

459
46¢9

41¢

480
498

METHOD=2

PERC=2. GIFLDAT(LIFE)
BALANC=1.%

DO 224 I=1,24
SCHED(I)=BALANC*PERC
BALANC=BALANC-SCHED(I)
SCHED(25)=BALANC

GD TO 398

SUM OF YEARS DIGITS METHOD
METHOD=3
SUM=(LIFE**2+LIFE)/2

DN 254 1=1,25
SCHED(T)=FLOAT(LIFE~I+1)/3SUM
IF(1.GT.LIFE) SCHED(I)=@.9
CONTINUE

GO TO 398

SHOW SCHEDULE

SUN=0@.8

TYPE 314 :

FDRHAT(' YEAR FRACTION WRITTEN
**OFF IN THAT YEAR®)

DD 339 1=1,25

TYPE 3249,1,SCHED(I)

FORMAT{2X,I2,5X,F5.3)

SUM=SUM+SCHED(I)

TYPE 349,S5UM

FORMAT(/,” TOTAL=",FS.3,//)

GO TO 34

CHANGE TIME HORYIZON

TYPE 410

FORMAT(* FOR HOW MANY YEARS SHOU
*x[D THE CASH FLOWS®
% %k

1° BE CALCULATED?°,$)

LEVEL=3

READ (5,420,ERR=78) LIMIT

FORMAT(I3)

IF(LIMIT.LT.1) GO TO 459

IF(LIMIT.GT.26) GJ TO 454

GO TO 30

CHANGE THE YEAR FLEET BECOMES CO
**MPATIBLE
TYPE 449

FORMAT( " HOW MANY YEARS DOES THF
**x SYSTEM TAKE TO BE
**COME *

1,° COMPATIBLE?",$)

LEVEL=4 ‘ '

READ (5,428,ERR=74) ICOMP

IF(ICOMP.LT.0) GO TO 478

IF (ICOMP.GE.26) GJ TD 47¢

GO TO 30

TYPE 469

FORMAT(® YEAR MUST BE BETWEEN #
**AND 26, PLEASE REE
**NTER. ")

GO TO 498

TYPE 469

GO TO 439

NUMBER OF CARS IN THE SYSTEM

TYPE 499

FORMAT( " HOW MANY CARS ARE IN TH
**E SYSTEM?7,5)

LEVEL=5

READ (5,5¢9,ERR=74) NCAR



53¢

547

559
560

578
571

s8¢
599

608

619
628

632
64¢

FORMAT(E18.8)
IF(NCAR.GT.8.9) GO TO 3
TYPE 519

“ FORMAT(” THERE HAS TO BE MORE TH

**AN ZERD CARS.")
GO TOD 484

" ATTRITION RATE

TYPE 538

FORMAT(” WHAT FRACTION OF THE CA
**RS HAVE TO BE®

1,° REPLACED EACH YEAR?7,$)

LEVEL=6

READ (5,508,ERR=78) ATTRAT

IF(ATTRAT.GE.P.8.AND. ATTRAT.LE.1
*+.4) GO TO 38

TYPE 548

FORMAT(® THE ATTRITION RATE MUST
**+ BE BETWEEN ZERD A
**ND ONE. ")

G0 T0 520

ORIGINAL COST AS FRACTION OF NEW
** COST
TYPE 569

FORMAT( " WHAT FRACTION OF RETROF
**IT COST IS REQUIRE
**D FOR®,/

1,” NEW PRODUCTION (PER CAR)?",S
*t)

LEVEL=7

READ (5,508,ERR=78) FRAC

XFRAC=FRAC*109.0

TYPE 579,XFRAC

FORMAT(® FRACTION=",F6.1,"%")

TYPE 571

FORMAT(® IS THIS CORRECT?",$)

KCCEPT 58, XFRAC

IF(XFRAC.NE.“VES”) GO T0 550

GO TO 3¢

"FRACTION DEDUCTIBLE FOR INVESTME

**NT TAX CREDIT

TYPE 594

FORMAT(® WHAT FRACTION OF INVEST
**MENTS ARE DEDUCTIR
**LE FOR",/

1,' INVESTMENT TAX CREDIT?",$)

LEVEL=13

READ (5,580,ERR=78) FRIDT

IF(FRIDT.GE.2.4) GO TO 38

TYPE 684

FDRMAT(' FRACTION CANNOT BE LESS
** THAN ZERO.”)

GO TD S8¢

TAX RATE

TYPE 620

FORMAT(” WHAT IS THE TAX RATE FO
**R THE RAILROAD IND
**YSTRY?",$)

LEVEL=12

READ (5,509,ERR=74) TAXRAT

IF(TAXRAT.GT.1) TAXRAT=TAXRAT/1¢2
kg

GO TO 3¢9

UNION PAYDOFF RATE

TYPE 648

FORMAT(" WHAT FRACTION OF LABOR -
**SAVINGS ARE PAID”

1, TO THE UNTON?",$5)

66

LEVEL=1¢
READ (5,599,ERR=74) UPAYRT
IF(UPAYRT.GT.1.) UPAYRT=UPAYRT/1

%00,
60 TO 39
c
c SAVINGS SUBJECT TO UNION
650 TYPE 669
669 FORMAT(® WHAT IS THE LABOR SAVIN
**GS PER YEAR THAT I
*xxg e _J ’
1,” SUBJECT TO UNION PAYOUT?7,3)
LEVEL=S
READ (5,508@,ERR=79) LABORS
GO TO 38
c .
¢ SAVINGS NOT SUBJECT TO UNION PAY
**QFF
670 TYPE 680
689 FURMAT(® WHAT IS THE ANNUAL SAVI
**NGS NOT SUBJECT TO
*xe,/
1,° UNION PAYOUT?7,$)
LEVEL=11
READ (5,508,ERR=73) SNSUP
GO TO 38
c
c STOP PAYING OFF UNION
698 TYPE 740
198 FORMAT(” FOR HOW MANY YEARS W#ILL
xx SAVINGS BE PAID T
**0 THE UNION?”
1,$)
LEVEL=9

READ (S5,424,ERR=T7d) PAVSTP
I=LIMIT-ICOMP

**) GO TO 39
TYPE 718,LIMIT

718 FORMAT(” THERE MUST BE BETWEEN Z
**ERD AND “,12," YEA

) *%XRS.7)
G0 TO 694

C e

c INFLATION RATES

728 TYPE 734

738 'FORMAT(' WHAT IS THE, INFLATION R

x*ATE FOR:",/
1, MATERIALS (IN PERCENT)?",$)
LEVEL=14
READ (5,5808,ERR=T3) MATINF
MATINF=1+(MATINF/100.)
TYPE 744

749 FORMAT("+LABOR (IN PERCENT)?*,3)
READ (5,588,ERR=74) LABINF
LABINF=1.+(LABINF/108.)

TYPE 5@
158 FORMAT( *+SAVINGS NOT SUBJECT 10
*x(NTON PAYOUT”
1,° (IN PERCENT)?",S)
READ (5,508,ERR=78) QINF
DINF=1.+(0INF/108.)

GO TO 32
c
c RANGE OF DISCOUNT RATES TO RE US
**XED
768 TYPE 77@
778 FORMAT(® WHAT IS THE MINIMOM DIS

**COUNT RATE (IN PER
**CENT)?",$)
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79¢@

84¢
816

820
838

840

859

860
878

861

a8e

aaa s
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14

24

LEVEL=16 o

READ - (5,420,ERR=78) LOW

TYPE 788 .

FORMAT(® WHAT IS THE MAXIMUM DIS

xxCOUNT RATE (IN PER

*xCENT)?",$)
READ (5,428,ERR=T0) HIGH
[=HIGH-LOW

IF(1.EQ.9) GO TO 888
IF(1.GT.?.AND.I.LT.25) GO TO 32
IF(1.GE.25) GO T0 828
I=HIGH
HIGH=LOW
LOW=1I
G0 TO 799
TYPE 810 o
FORMAT(® PLEASE SPECIFY A WIDER

**RANGE. )

- GO TO0 7649

TYPE 838 .

FORMAT(® PLEASE SPECIFY A NARROW
**ER RANGE (LESS THA
KRN ,

1,° 25 PERCENTAGE POINTS).”)

G0 TD 764

LABELS ON AXES

TYPE 85¢

FORMAT(® WHAT IS THE NEW LABEL F

: *x(QR THE X-AXIS? .,/

1,° MAXTMUM 19 CHARACTERS: ,5)

ACCEPT 867, XLABEL (1), XLABEL(2)

FORMAT(2AS5)

TYPE 878

FORMAT(® WHAT IS THE NEW LABEL F
*xR THE Y-AXIS?7,/

1,° USE ; INSTEAD OF A CARRAIGE
**RETURN.”

1,° MAXIMUM 49 CHARACTERS: ", $)

ACCEPT 861, (YLABEL(I),1I=1,48)

FORMAT(44A1)

TYPE 888, XLABEL(1),XLABEL(2), (YL
**ABEL(I),1=1,48)

FORMAT(” THE NEW LABELS ARE",//,"
*%x X-AXKIS: “,2A5

1,5%,° Y-AXIS? “,46A1,/,” ARE TH

C xxESE CDRRECT?",%)

ACCEPT 53,ANS

IF(ANS.NE.YES®) GO TO 848

GO TO 32

END

SUBROUTINE CRE(S,MATCH)

GENERATE A LINE OF DATA

DIMENSION X(26,2)

COMMON LINES,DATA(26,2,18),P0INT
x*(14),LABEL(14,2),VW
**IDTH(2)

1, YLABEL(40),XLABEL(2)

INTEGER POINT

MATCH=1

TYPE 18

FORMAT(® TYPE STOP TO TERMINATE

. **ENTRY?, /

1,* TYPE ERROR TO REENTER A HNUMB
**ER7, /)

I=9

I=I+1

25

39
40

59

69
8¢
9¢

109
119

115
124

125
138

. 135

140

15¢

168

170
182

199
298

2190
22¢
238
248

IF¢(I.LT.18) TYPE 3d,1

IF(I.GE.18) TYPE 48,1

FORMAT('*X',III':'S) :

FDRHKT('*X',I2,':',$)

READ (5,5Q,ERR=IGG)1X(111)

FORMAT(F18.8)

IF(I.LT.18) TYPE 68,1

1IF(1.GE.18) TYPE 74,1

FURM}T('*Y',Il/':'IS)

FDRMAT('+Y'112,'=',$)

READ (5,53,5RR=1$0),X(I,2)

TYPE 88,X(I,1),X(1,2)

FORMAT('#X=',F10.3,2X,' =',F1603
*x*,{/)

1IF(I.LT.26) GO TO 28

TYPE 9¢

FORMAT(“ DATA VECTOR IS FULL®,/

1,” NO MORE "POINTS CAN BE PLDTTE

o *x) ON THIS LINE")

G0 10 1948

REREAD 119,ANS

FORMAT(AS)

I=I-1

IF(ANS.EQ.“STOP") GO T0 199

CALL LUGK(IMRTCH;ANS,LEVEL)

ASSUME ERROR NEEDS TO BE CORRECT

*XED

TYPE 1290 :

FORMAT(® TYPE STOP TO TERMINATE
**ENTRY®,/

1,° X TO CORRECT AN X VALUE",/

1,° Y TO CORRECT A Y VALUE<,/

3,° R TO RESUME NORMAL ENTRY®)

TYPE 138

FORMAT(® X,Y,R OR SToP:",$)

ACCEPT 118,ANS

J=§

IF(ANS.EQ."R") GO TO 20

IF(ANS.EQ.“STOP*) GO TO 194

IF(ANS.EQ."X") J=1

IF(ANS.EQ. "Y7) J=2

1F(J.EQ.®) GO TO 115

TYPE 146,ANS

FORMAT(® WHICH “,\1,° DO YOU WAN
*%*T T0 CORRECT?”,3%)

' READ (5,158,ERR=115) K

FORMAT(I2)

IF(K.LE.®) GO TO 172

IF(K.GT.I+1) GO TO 179

IF(K.EQ.I+1) GO TO 25

TYPE 168,AN5,K

FDRMAT(IX,AI,IZ"="$)

READ (5,58,ERR=115) X(K,3)

GO TO 125

TYPE 188,17

FORMAT(® MUST BE BETWEEN 1 AND °
xk, 12, PLEASE REEN
**TER”) :

G0 TO 135

© CLOSE ENTRY

TYPE 209

FORMAT(18X,°X",18X,"Y")

po 218 K=1,1

TYPE 228,K,X(K,1),X(K,2)

FDRHAT(IX,I2,F10-3,5X,F1ﬂ-3)

TYPE 249

FORMAT(® IS THIS CORRECT (YES DR
*x NDY?7,3)

ACCEPT 118,ANS

IF(ANS.EQ."NO") GO TO 115

_IF(ANS.NE.'YES') G0 TO 239
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FILE DATA
LINES=LINES+1
POINT(LINES)=I

Do 25¢ J=1,2

DO 25¢ M=1,1
DATA(M,J,LINES)=X(M,J)
CALL LABL($26d,IMATCH)
RETURN 1

END

PROVIDE INITIAL VALUES FOR PARAM
**ETERS

BLOCK DATA

COMMON LINES,DATA(26,2,18),POINT
**(10),LABEL(16,2),¥W
**IDTH(2)

1,YLABEL(48),XLABEL(2),LIMIT,ICO
**MP,X/NCAR,ATIRAT M
** ATINF

2,LABINF,LABORS, LOW,HIGH, PAYSTP,
**FRAC,FRIDT, TAXRAT,
**UPAVYRT

3,SCHED(25),5NSUP,DINF, METHOD,LI
XXFE

REAL NCAR,MATINF,LABINF,LABORS

INTEGER POINT,YEAR,HIGH,LOW,PAYS
* kPP

DATA LINES/2/

DATA DATA/S528*8.0/

DATA POINT/1@*d@/

DATA LABEL/2g*~ )

DATA WIDTH/5.5,9.7

DATA YLABEL/°D",°D°,“L","L°,"A",

**'R','S',';','A','V
,**’,'l_',,’[','[.' ‘

I’OB‘O‘IUBO"LJ"E-'! a"P"OEo'-R
* !’ c; 0_7 'F ','R'[.E'l
'S 3 OI ""G" 'H"

2’?’[’ "’ 'C".A., 'R"’.’*. ',

DATA XLABEL/°DISCO®, "UNT %7/

DATA LIMIT/21/

DATA ICOMP/S/

DATA NCAR/1.7E86/

DATA ATTRAT/@.0837/

DATA MATINF/1.1/

DATA LABINF/1.087/

DATA LABORS/228E86/

DATA LOW/S/

DATA HIGH/25/

DATA PAYSTP/18/

DATA FRAC/8.5/

DATA FRIDT/S.1/

DATA TAXRAT/9.46/

DATA UPAYRT/.25/

DATA SNSUP/@.d/

DATA OINF/1.1/

DATA METHOD/3/

DATA LIFE/16/

DATA SCHED/.118,.1183,.183,.896,.
**g88'368110a74'.¢66

1,.959,.951,.044,.937,.929,.822,
**_315,.0807,9%8.8/

END

DELETE A LINE FROM DATA AND COMP
**RESS

68

- 1

¢

20

38
49

45
50

18

8@

aaaa

aa

SUBROUTINE DELET($,MATCH)

COMMON LINES,DATA(26,2,18),POINT
**(18),LABEL(18,2)

INTEGER PODINT '

MATCH=1

IF(LINES.GT.¥) GO TO 5

TYPE 2 _

FORMAT(® THERE ARE NO MORE LINES
** TO DELETE.")

RETURN 1

TYPE 18,LINES .

FORMAT(® THERE ARE NOW ",12,” LI
**NES. WHICH ONE DO
**xyQy*,/

1,° WANT TO DELETE? TYPE PRINT T
x*) SEE THE REMALNIN
**G DATA.",/

2,° TYPE STOP WHEN FINISHED.”,/

3,° LINE:?,$)

LEVEL=19

READ (5,20,ERR=4%) .LINE

FORMAT(I3)

IF(LINE.LT.1) GO TO 37
[F(LINE.GT.LINES) GO TO 3@
IF(LINE.NE.LINES) GO TO 69
LINES=LINES-1

GO TO 1

ERROR MESSAGE

TYPE 48,LINES

FORMAT(* LINE NUMBER MUST BE BET
**WEEN 1 AND °,12,/

2,” PLEASE REENTER OR TYPE STOP.

*% 7Y
GO TO 1

REREAD 59, ANS
FORMAT(AS)

IF(ANS.EQ.“STOP") RETURN 1
CALL LOOK(IMATCH,ANS,LEVEL)
Go 101

COMPRESS DATA

D0 94 I=LINE,LINES-1

J=I+1

ENCODE(S5,78,LABEL(I,1)) LABEL{J,
*+1)

ENCODE(5,78,LABEL(I,2)) LABEL(J,

. **2)

FORMAT(AS)

DD 88 K=1,PDINT(J) -

DATA(KIIII)=DATA(K'11J)

DATA(K,2,1I)=DATA{K,2,J)

CONTINUE

POINT(I)=POINT(J)

LINES=LINES-1

GO T0 1

£ND

SUBROUTINE GRA(S,MATCH)

PLOT AXES, PLOT EACH LINE IN THE
** MATRIX.



10

11

12

DATA, LABEL EACH LINE, PLACE TIT

*x*, 2 UNDER GRAPH

DIMENSIDN MIN(2),MAX(2),DIFF(2),
*%TITLE(5¢),ISORT(17
t*)’

1MAG(2),ITICK(2),IDEL(2),XINC(2)
*%,TDEC(2),SCALE(2),
**J1SIG(2)

COMMON LINES,DATA(26,2,14),PDINT
*%(16),LABEL(18,2),¥
**IDTH(2)

1,YLABEL(48),XLABEL(2)

INTEGER POINT,IEND(14) .

REAL MIN,MAX,MAG

DATA TITLEX/4.8/

DATA TITLEY/9.00/

DATA TITLE/S#*" 7/

MATCH=1

DETERMINE IF THERE IS PLOTTING T
~ **p BE DONE
IF(LINES.LT.1) GO TD 178

FIND MINIMUM AND MAXIMUM.VALUES
**FOR EACH AXIS

DO 58 J=1,2

MAX(J)=DATA(1,J,1)

MIN(J)=DATA(1l,J,1)

DO 18 K=1,LINES

D018 I=1,POINT(K)

IF(MIN(J)GT.DATA(L,J,X)) MIN(J)
**=DATA(I,J,K)

IF(MAX(J)-LT.DATA(L,J,K)) MAK(J)
**zDATA(I,J,K)

FIND RANGE FOR EACH AXIS AND CHO
#*0SE UPPER AND LOWE
L2.3']

BOUNDS SO THAT BOUNDARIES WILL B
*%E ROUND NUMBERS

DIFF(J)=MAX(J)-MIN(J)

A=DIFF()

IF(A.£Q.0.8) GO TD 179

LEXP=9

PTEN=1.0

IF(A-GE.1.8) GO TO 12

A=A*10.9

IEXP=IEXP-1

PTEN=PTEN/16.0

G0 TO 11

IF(A.LT.108.%) GO TO 13
A=A/12.8

IEXP=IEXP+1
PTEN=PTEN*18

GO 10 12
MAG(J)=AINT(R)

XINC IS THE INTERVAL BETWEEN SLA
**SHES ON THE AXES
XINC(J)=.25
IF(MAG(J).GE.2.8) XINC(J)=.5
TF(MAG{J).GE.4.8) XINC(J)=1.D
IF(MAG(J).GE.B.¥) XINC(J)=2.0
XINC(J)=XINC(J)*PTEN
MIX=TIFIX(MIN(J)/XINC(J)+.01)
MAN=IFIX(MAX(J)/XINC(I)-.21)
IF(MIN(J).LE.A.3) MIX=MIX-1
IF(MAX(J).GT.7#.7) MAN=MAN+1

€9

45
508

51
52

55

Jge
31¢

338
3ap

345
35¢

CHOOSE UPPER BOUND AS THE LOWEST
** ROUND NUMBER ABOV
**E

THE MAXIMUM VALUE TO BE PLOTTED

MAX(J)=XINC(J)*MAN

MIN(JY=XINC(J)*MIX

ITICK IS THE NUMBER OF SLAHES TO
*x BE DRAWN ON THE A
**XIS

ITICK(J)=1+MAN-MIX

DIFF(J)=MAX({J)-RIN{J)

IDEC IS THE NUMBER OF FIGURES TO
*% THE RIGHT OF THE
**DRCIMAL

POINT TO BE WRITTEN NEXT T0 THE
**xTICKS ON THE AXES

IDEC(J)=8-1EXP

ISIG IS THE NUMBER OF DIGITS PLO
*%*PTED NEXT TO0 THE T
**TCKS

X=AMAX1(ABS(MIN(J)),ABS(MAX(J)))

ISIG(J)=2+MAXA (3, INT(ALOG12(X)))
*x+MAXB(B,IDEC(JI))

COMPUTE SCALE FACTOR BASED ON TH

xxf GRAPH DIMENSIONS
IF(WIDTH(J).LT.1.8) GO TO 193
SCALE(J)=DIFF(J)/WIDTH(J)
CONTINUE

FIND TITLE FOR GRAPH

TYPE 52 .

FORMAT(” DO YOU WANT A TITLE DN
*xTHIS GRAPH?",$)

" LEVEL=2¢

ACCEPT 55,ANS
FORMAT(AS)
IF(ANS.EQ."NO") GO TO 54
IF(ANS.EQ."YES”) 30 TO 345
CALL LOOK(IMATCH,ANS,LEVEL)
G0 TO 51
TYPE 3148
FORMAT(® HOW FAR ABOVE THE X-AXI
*x3 DO YOU WANT THE”
L5
1,° TOP OF THE FIRST LINE TO BE
*%« (TN INCHES,BETWEEN
*%* -1 AND 1¢)?°
2,3%)
READ (5,3368,ERR=4028) TITLEY
FORMAT(E19.9)
TYPE 348 :
FORMAT(” HOW FAR TO THE RIGHT OF
*x THE Y-AXIS DO YOU
** WANT”®
1,/,” THE LEFT HAND EDGE pF THE
**TITLE (BETWEEN 8 A
*XND 6)?7,%)
READ (5,338,ERR=438) TITLEX
TYPE 359,TITLEY,TITLEX
FORMAT(” THE TITLE WILL BE ",F4.
*%1,° INCHES ABOVE T
**HE X~-AXIS’,./
*,Fa.1," INCHES TO THE R
*%x IGHT OF THE Y-AXIS
LE PRV

1,7 AND



355
36¢

37¢@

3ge

400

54

(e Ky}

¢ K%l

61

64

2,° IS THIS CORRECT?7,S$)
ACCEPT 5%, ANS
[F(ANS.NE."YES”) GO TO 332
TYPE 360

© FORMAT(® WHAT IS THE TITLE? USE

**x . INSTEAD OF CARRA
**IGE RETURN.,/
1,° MAXIMUM 5S4 CHARACTERS:",$)
ACCEPT 376,(TITLE(I),T1=1,59)
FORMAT(S8AL)

T¥PE 184 ITITIPI

1,5

woO vy Auu\IliA A7 )

FORMAT(” IS THIS CORRECT: ",58A1
*x,/,° (YES OR NO):°
**,8)

ACCEPT 55,ANS

IF(ANS.NE.“YES®) GO TO 355

GO TO 54

REREAD 55,ANS

CALL LOOK(IMATCH,ANS,LEVEL)

GO -TO 308

Y

MOVE PAPER AND CHDOSE ORIGIN
CALL PLOT(P.0,8.9,-3)

CALL PLOT(3.2,0.8,-2)

CALL PLOT(17.9,-12.8,-3)
CALL PLOT(3.8,1.8,~-1)

DRAW X-AXIS
X=WIDTH(1)
CALL PLOT(X,3.8,2)

LABEL THE X-AXIS

=WIDTH(1)+.3

DO 56 J=1,2

IF(XLABEL(J).EQ.”
*x7]

CALL SYMBOL(X,-#. 25,.15,XLABEL(J
**)s2e8,5)

“) GO TO 5

X=X+.75%
CONTINUE

DRAW TICKS ON THE X-AXIS

DO 60 I=ITICK(l),1,-1

XPOINT=MIN(1)+XINC(1)*(I-1)

XLOC=XINC(1)*(I-1)/SCALE(1)

CALL PLOT(XLOC,9d.4,3)

CALL PLOT(XLDC,-.1,2)

X=XLOC-(ISIG{1)*8.0875)

CALL NUMBER(X,-.25,.15,XPOINT,?.
**%3, IDEC(1))

CONTINUE

DRAW Y-AXIS
Y=WIDTH(2)

CALL PLOT(92.92,8.4,3)
CALL PLOT(?2.8,Y,2)

LABEL THE Y-AXIS
Y=WIDTH(2)+8.3

X=a1

DO 64 I=1,49
IF(YLABEL(I).NE.";") GO TO 61
Y=Y‘t2

X=.1

GO TO 64

CALL SYMBOL(X,Y,8.15,YLABEL(I),d
*x_5,1)

X=X+3.15

CONTINUE

70

an

65

89
99

(g Xy aa

180

112
12¢

DRAW TICKS ON THE Y-AXIS

DD 78 I=ITICK(2),1,-1

YPOINT=MIN(2)+XINC(2)*(I-1)

YLOC=XINC(2)*(I-1)/SCALE(2)

CALL PLOT(@.8,YLOC,3)

CALL PLOT(=-.1,YLOC,2)

Y=YLOC-.%5

X=ISIG(2)*-2.15~4.1

CALL NUMBER(X,Y,.15,YPOINT,0.08,1
**DEC(2))

CONTINUE

CALCULATE BASELINE; POINT WHERE
xx(3,®) WOULD PLOT

XZERO=MIN(1)/SCALE(L)

YZERD=MIN(2)/SCALE(2)

MOVE PEN TO START OF LINE

DO 96 LINE=1,LINES
X=DATA(1,1,LINE)/SCALE(1)-XZERO
Y=DATA(1,2,LINE)/SCALE(2)~YZEROD
CALL PLOT(X,Y,3) :
IF(POINT(LINE).LE.1) GO TO 8¢

DRAW A LINE

DD 84 1=2,POINT(LINE)
X=DATA(I,1,LINE)/SCALE(1)~XZERD
Y=DATA(I,2,LINE)/SCALE(2)-YZERD
CALL PLOT(X,Y,2)

CONTINUE

CONTINUE

PUT LABEL TO THE RIGHT OF EACH L
**INE

FIND ENDPOINTS OF LINES

IF(LINES.EQ.1) GO TD 149

D0 149 LINE=1,LINES

IEND(LINE) =1

ISORT(LINE)=LINE

IF(POINT(LINE).LT.2) GO TO 135

DO 148 IBUBLE=2,PDINT(LINE)

IF(DATACIBUBLE,1,LINE).GT.DATA(I
. **END(LINE),1,LINE))

1 IEND(LINE)=IBUBLE

CONTINUE

SORT ENDPOINTS 0OF LINES SD LABEL
**S5 WILL APPEAR IN T
**4g RIGHT ORDER

IBUBLE=#

IDONE=1

IBUBLE=IBUBLE+1

JBUBLE=IBUBLE+1

ILINE=ISORT(IBUBLE)

JLINE=ISORT(JBUBLE)

YI=DATACIEND(ILINE),2,ILINE)

YJ=DATA(IEND(JLINE),2,JLINE)

IF(YI.LE.YJ) GO TO 134

SWITCH POINTERS (USE JPOINT AS T
**EMPORARY STORAGE)

JPOINT=ISORT(IBUBLE)

ISORT(IBUBLE)=ISORT (JBUBLE)

ISORT(JBUBLE)=JPOINT

IDONE=9

" IF(JBUBLE.LT.LINES) GO TO 129



135

[N x]

14¢

145
154

152

155
169
161

162

165
178
18¢

198
280

IFf STILL OUT OF ORDER RETURN FOR
*%* ANDTHER PASS

IF(IDONE.EQ.d) GO TD 119

X=WIDTH(1)+.75

YJ=9.9

DO 154 IBUBLE=1,LINES

LINE=ISORT{IBUBLE) ‘ ’

Y=DATA(CIEND(LINE),2,LINE)/SCALE(

*%x))~YZERD~0.1

CHECK FOR OVERWRITE
IF(IBUBLE.EQ.1) GO TO 1432
JBUBLE=IBUBLE-1
JLINE=ISORT(JBUBLE)

NDVE LABEL UP IF IT WILL OVERWRI
**TE PREVIDUS LABEL

YI=V-YJ
IF(VJ.GT.9.2) GO TO 149
Y=Y+8.2-YJ
PUT LABEL NEXT TO ENDPOINT
IF(LABEL(LINE,1)<EQ." *) GO
, *%T0 145
CALL SYMBOL(WIDTH(1),Y,815,LABE
 **[(LINE,1),8.8,5)
IF(LABEL(LINE,2).EQ. " “) 60
**TD 145
CALL SYMBOL(X,Y,9%.15,LABEL(LINE,
*%2),0.08,5)
YJ=y
CONTINUE

PUT TITLE UNDER GRAPH
Y=TITLEY-A.2

X=TITLEX

DO 155 1=1,50 i
IF(TITLE(I).NE.";") GO TD 152
X=TITLEX

CY=Y-3.25

GO0 TD 15%

CALL SYMBOL(X,Y,d.2,TITLE(I), 2.2
**,1)

X=X+8.2

CONTINUE

TYPE 161 , '

FORMAT(” TYPE YES IF YOU ARE FIN
**[SHED WITH THE",/

1,° DATA JUST GRAPHED. TYPE NO I
**F YOU WISH TO",/

2,7 USE 1T AGAIN. CLEAR DATA?",S
**)

ACCEPT 162,ANS

FORMAT(A3)

IF(ANS.EQ.“NO") GD TD 165

IF(ANS.NE."YES”) GO TD 168

LINES=2

RETURN 1

TYPE 189 ‘

FORMAT(” THERE ARE N0 LINES TO P
**LOT*)

RETURN 1

TYPE 240

FORMAT(® WIDTH IS TOO SMALL. PLE
**ASE CORRECT®)

. RETURN 1

END

71

Qaa

2P
38

35

3¢/0"

PROVIDE USER INSTRUCTIDNS AT VAR
**I0US POINTS OF -THE
** PROGRAM

SUBROUTINE HELP(S,MATCH,LEVEL)

MATCH=1

GO0 To (290,49,88,103,118,129,136,
*%x144,156,169,178,18
**g,19¢

1:2ﬂﬂ:6¢,21912361250,270,290) LE
*HYEL

IF LEVEL = ¢, NO MORE INFORMATIO
**N IS AVAILABLE

TYPE 18

FORMAT(" THERE IS NO MORE INFORM
**ATION AVAILABLE®

1,” FOR THIS SECTION.” )

RETURN 1 S

MODEL HAS NOT YET BEEN CALLED

TYPE 3@

FORMAT(® THIS PROGRAM CONTAINS A
** NUMBER OF SUBPROG
KERAMS ”

1,° TO PERFORM SPECIFIC TASKS.®,
*%/,” TO USE ONE .°

2,°TYPE THE KEYWORD FOR THAT UNT
**1‘ -

3,/1,° KEYHURD',T2G,'FUNCTIDN'

4,/»" HELP",T14, INFORMATION AB
**0UT A PARTICULAR Q
**JESTION® :

5,/," MODEL®,T14,"SET PARAMETER
**5 FOR BRAKING”®

5,7 AND COUPLING MODEL®

6,/,° CHANGE®,T14, CHANGE SPECI
**FIC PARAMETERS IN
**THE MODEL”

1,7,° SOLVE®",T14,°SOLVE FOR AVA

**ILABLE DOLLARS PER
*%x CAR®
8,° AND STORE THE RESULTS®
8,/,° VARIABLE®,T14, "SOLVE FOR
**DOLLARS PER CAR WI
*kTH
8,° VARIABLE SAVINGS OVER TIME®
9,/,° GRAPH®,T14,”PLOT THE DATA
** IN THE FILE®
1,/,° PRINT®,T14,°PRINT THE DAT
**A IN THE FILE”
2,/,° LIST",T14, THE PARAMETERS
**x AND THEIR VALUES
**xIN THE MODEL”
DELETE”,T14, “REMOVE ONE D
**R MORE LINES FROM
**THE DATA FILE®
4,/,° CREATE",T14,”ENTER A LINE
x* [NTO THE FILE®,//
**)
TYPE 35
FORMAT(/,- THIS PROGRAM WILL NOW
**x AUTOMATICALLY ENT
**ER MODEL”
6,° AND THEN LIST.”,/,” YOU CAN
**THEN USE CHANGE 1D
** CORRECT®,
7° ANY ERRORS. THEN TYPE SOLVE F
**OLLOWED",/, " BY PR
**INT OR GRAPH.®



36

49
54

69
19

89
94

140
110
120

8,/,° NOTE THAT PRINT AND GRAPH

**YILL OUTPUT ALL TH
**E SOLUTIDNS®
9,/,° MADE UP TO THAT TIME. PART
. **TCULAR SOLUTIONS C
*xAN BE REMOVED”
1,° WITH DELETE."//)
CALL MODEL (336, IMATCH,LEVEL)
LEVEL=2
RETURN 1

INSTRUCTION:SHELP

TYPE 30

TYPE 50

FORMAT(® IF THERE ARE ANY PARAME
**TERS THAT NEED TO"

1,° BE CHANGED TYPE CHANGE,”,//°
** JTHERWISE TYPE SO
*x[VE, "

2,/,° ¥OU WILL BE. ASKED FOR A LA
**BEL THAT WILL®

3,° BE PRINTED NEXT TO THE DATA
::JUST',/" OBTAINED

4,7 THEN YOU MAY CHANGE THE PARA
**METERS TD CDNSTRUC
**T A NEW®

S5,/,° MODEL. THERE MAY BE UP~°

6, TO TEN LINES ON THE GRAPH.')

LEVEL=#2

RETURN 1

LIFETIME OF THE ASSET (MODEL,CHA
‘ *XNGE)
TYPE 78 -
FORMAT(* THE DEPRECIATION SCHEDU
: **LE IS5 BASED ON*
1,° THE LIFETIME ASSIGNED TO THE
*x °,/,” EQUIPMENT."
2,° YOUR ANSWER SHOULD BE AN-INT
**EGER BETWEEN 1 AND
) **99 ') R
RETURN 1

TIME HORIZON

TYPE 99

FORMAT(® THE FIRST CASH-FLOW WIL
*x], BE ASSUMED TO BE
kk*

1,° IN YEAR ONE. YOUR®,/,” RESPD
**NSE SHOULD BE BETHW
**EEN 1 AND 26.°7

2,° CASH FLOWS OCCURING AFTER TH
‘**[s L4

1,/,° LIMIT WILL BE IGNORED.’)

RETURN 1

COMPATIBLE
TYPE 19
RETURN 1
TYPE 18
RETURN 1
TYPE 18
RETURN 1

70

13¢
14¢
159
1689

b
[+<]
i~

oy
O
=

280
216

224

230
2440

250
268

27¢
28¢

299
3ge

acgaa

TYPE 14

RETURN 1

TYPE 18

RETURN 1

TYPE 18

RETURN 1

TYPE 14

RETURN 1

TYPE 18

RETURN 1

TYPE 14

RETURN 1

TYPE 10

RETURKN 1

TYPE 14

RETURN 1

TYPE 224

FORMAT(” THESE RATES REFER TO TH
*kE MAXIMUM AND MINI
*RMUM”

i,” RATES TO BE USED IN°,/,” PLOD
**TTING DOLLARS VERS

*xys”
2,° DISCOUNT RATE.®)
RETURN 1
TYPE 244

FORMAT(” TYPE LIST FOR A LIST OF
#* PARAMETERS. THEN”

1, TYPE THE KEYWORD OF THE",/,”
** PARAMETER YOU WIS
*k| e

2,7 TO CHANGE. WHEN YDU ARE FINI
**SHED CHANGING, IYP
**E STOP. ")

RETURN 1

TYPE 269

FORMAT(® AFTER X TYPE THE VALUE
 **xyQU WAISH TO REFER

**T0 THE”

1, X-COORDINATE OF A POINT®,/,”
*% ON THE LINE. NOTE
*%* THAT THE®

2,° POINTS WILL BE CONNECTED IN
**THE ORDER®

1,/,° YOU ENTER THEM.")

RETURN 1

TYPE 288 ‘

FORMAT(® ENTER THE LINE NUMBER (
**AS LISTED AFTER TV
**PING*

1, PRINT) CORRESPONDING T0°,/,”
** THE LINE YOU WISH
*x T0 DELETE"

2,°. TYPE STOP WHEN FINISHED.®)

RETURN 1

TYPE 308

FORMAT(® THE TITLE WILL APPEAR O
*xN THE GRAPH. YOU C
**xAN SELECT”

1,° SELECT THE LOCATION®,/,” REL
**ATIVE TO THE AXES "

**AND

2,° MDRE THAN ONE LINE MAY BE US
**ED. ")

RETURN 1 :

END

LABEL THE LAST LINE GENERATED
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28

g

3

49

50

6@

1@.

8e

aaao

19

28

"SUBRODUTINE LABL{$,MAICH)

COMMON LINES,DATA(26,2,19),POINT

**x(1@),LABEL(1d,2)
INTEGER PDINT
MATCH=1
TYPE 24

FORMAT(® LABEL (MAXIMUM 19 CHARA
*%*CTERS)27+$5)

ACCEPT 3ﬂ,LABEL(LINES,l),LABEL(L
**INES,2) ' '

FORMAT(2A5)

TYPE SG,LABEL(LINESrl)lLABEL(LIN
**ES,2)
FORMAT(1X,245,5%X,"1S THE LABEL C

**DRRECT",S)
ACCEPT 68, ANS
FORMAT(AS)
IF(ANS.EQ."NO°) GO TO 14
IF(ANS.NE."YES”) GO 10 44
IF(LINES.NE.1) TYPE 75,LINES
FORMAT(* THERE ARE NOW v12,” ‘LI
*«NES ON THE GRAPH.
} **)
IF(LINES.EQ.1) TYPE Bﬂ
FORMAT(® THERE IS NOW 1 LINE ON
**THE GRAPH.')
RETURN 1
£ND

LIST THE PARAMETERS AND THE CURR
**ENT VALUE OF - EACH

SUBROUTINE LIST($,MATCH)

COMMON ‘LINES,DATA(26,2,19),POINT
**(10),LABEL(18,2),W
**IDTH(2)

1,YLABEL(48), XLABEL (2), LIMIT, ICD
**MP, X, NCAR,ATTRAT, M
*x ATINF

2,LABINF,LABORS,LOW,HIGH, PAYSTP,
**FRAC,FRIDT, TAXRAT,
**UPAYRT

3,SCHED(25), SNSUP, OINF METHOD, LT

. LA.2

REAL NCAR,MATINF,LABINF,LABORS

INTEGER POINT,YEAR,HIGH,LOW,PAYS
iﬁTp

MATCH=1

TYPE 19

FORMAT(® VARIABLE",T37, "KEYWORD®

- **,T55,CURRENT VALY

t*E ) .

TYPE 20,LIMIT,ICOMP,NCAR,ATTRAT,
**FRAC,FRIDT, TAXRAT

FORMAT(” NUMBER OF YEARS IN ANAL
**YSIS,T38, “LIMIT,
**T63,12,/

1,” YEARS BEFORE SYSTEM IS COMPA
**TTBLE",T38, “COMPAT
**IBLE*, 763,12,/

2,° NUMBER OF CARS”,T38, NUMBER®
*%,755,F14.3,/

3,” ATTRITION RATE®, 738, ATTRITI
**0ON®,155,F14.3,/

4,° NEW COST OF EQUIPMENT®,T38,"
**FRACTION®,T55,F14.
*t3' /

5,° INVESTMENT TAX CREDIT”,T738,°
**INVESTMENT®, T55,F1
*%k4.3,/

73

s

40

5¢

548
T8
8o

94

Qaaa

6,° TAX RATE",T38,"TAX",T55,F14.
*%73)

TYPE 3ﬂ,UPAYRT,LABDRS,PAYSTP,SNS
**JP,MATINF,LABINF,D
X% INF '

FDRMAT(' LLOSS TO UNION®,T338,7UNI
**xON”,T55,F14.3,/

1,’ LABDR SAVINGS®,T38, SAVINGS®
'**,TSS'F1403'/

2,° YEARS SAVINGS ARE LOST TO UN
**x1ON",T38, *LDSE",;T6
*x*3,12,/

7,7 OTHER SAVINGS®,T38, DTHER',T
*%x55,F14.3,/ .

3,° INFLATION: ,TBB,'INFLATIDN'
*k/

4,T8,’MATERIALS',TSS,F14.3,/'

5,78, LABOR’,T55,F14.3,/

6,78, “OTHER*,T55,F14.3)

TYPE 49,LOW,HIGH,LIFE

FORMAT(” MINIMUM. DISCOUNT RATE'
**138, "RATES", 163,12
%, f ’

1,” MAXIMUM DISCOUNT RATE",T38,°
**RATES*,T63,12,/

2,7 DEPRECIATION",T38, "DEPRECTAT
**[ON*,/

3,78, LIFETIME OF ASSETS’,T63,1
*%2,/,8%,%)

IF(METHOD.EQ.1) TYPE 5@

IF(METHOD.EQ.2) TYPE 68

IF(METHDOD.EQ.3) TYPE 19

FORMAT( " STRATGHT LINE®,S)

FORMAT(” DOUBLE DECLINING BALANC
X%E ", 5)

FORMAT(® SUM DF YEARS DIGITS',S)

TYPE 80

FORMAT(“ DEPRECIATION USED. ")

TYPE 94d,XLABEL(1),XLABEL(2),(YLA
**BEL(1),I=1,48)

FORMAT(® THE AXES ARE LABELED RS

*% ¢OLLONS: ",/

TP 205,5%,° y-AXt{s: °

& AQAL, [/, 20X, "KEYWD

xR IS AXKEST)Y

1,° X-AXIS:

RETURN 1
END

LOOK FOR COMMAND THAT MATtHES TH
X% INPUT
SUBROUTINE LDOK(IMATCH,ANS:LEVEL

¢ **)

IF(ANS.EQ. “CREAT®) CALL CRE($1d,

**IMATCH). :
IF(ANS.EQ. "GRAPH") CALL GRA(514,
** IMATCH)
IF(ANS.EQ. "CHANG”) CALL CHANG(S$1
**xg, IMATCH)
IF(ANS.EQ.“DELET”) CALL DELET(S1
**g, [MATCH)
IF(ANS.EQ. "PRINT") CALL PRINT(S!
*x@, IMATCH)

IF(ANS.EQ. “SOLVE”) CALL SOLVE(S1

**xd, IMATCH)
IF(ANS.EQ. "SOLVE”) CALL LABL(S1%
*x*, IMATCH)
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aQaaa

19.

12
11

e

IF(ANS.EQ. "HELP®) CALL HELP{519,
**x IMATCH,LEVEL)

IF(ANS.EQ."LIST") CALL LIST(S514,
**IMATCH)

IF(ANS.EQ. “TRACE®) CALL TRACE

IF(ANS.EQ.“NULL") IMATCH=1

IF(ANS.EQ.“MODEL") CALL MDDEL(S1t

**3, IMATCH,LEVEL)

IF(ANS.EQ."VARIA") CALL VARIA(S1
**g, IMATCH)

IF(ANS.EQ. “VARIA") CALL LABL{(S$12
**, IMATCH)

RETURN

ANS="NULL "~

IMATCH=1

RETURN

END

CONSTRUCT A SET OF PARAMETERS FR
**0M SCRATCH
SUBROUTINE MODEL(5,MATCH,LEVEL)
COMMON LINES,DATA(26,2,18),POINT
**(18),LABEL(18,2),4
**IDTH(2)
1,YLABEL{(48),XLABEL(2),LIMIT,ICD
**MP,X,NCAR,ATTRAT,M
**ATINF
2,LABINF,LABORS,LOW,HIGH,PAYSTP,
**FRAC,FRIDT, TAXRAT,

**UPAYR

3SCHED(25),SNSUP,DINF,METHUD,LIF

*xE

REAL NCAR,MAT!NF,LABINF L.ABORS

INTEGER PDINT,YEAR,HIGH,LOW,PAYS
*X%k TP

MATCH=1

TYPE HEADING

TYPE 1

FORMAT(® THIS IS A MODEL TO ESTI
**MATE THE AMOUNT TH
**AT CAN",/

1,° BE SPENT PER FREIGHT CAR FOR
** ADVANCED BRAKING”

**,

_2,' AND COUPLING.”)

G0 TO 21

ERROR PROCEDURE

REREAD 12,ANS

IMATCH=9

CALL LOOK(IMATCH,ANS,LEVEL)

FORMAT(AS)

IF(IMATCH.EQ.?) TYPE 11

FORMAT(” PLEASE USE ONLY 1 TD 9,
**g,+,-,. IN YOUR RE
**SPONSE.*,/ .

1,” TYPE HELP FOR MORE INFORMATI
**ON.7)

G0 TO (21,21,21,21,22,23,24,25,2

. *%6,27,28,29,33,31,3

**2,33)

1, (LEVEL+1)

TYPE S,LEVEL

FORMAT(® THERE HAS BEEN AN ERROR
*x, LEVEL=",12)

RETURN 1

P
o2
1#

SR,

Th

21
22
23
24
25

26

21
28
29
39
31
32
33
34
35

198
119

129

13¢

148
158

151

16¢

17¢

60 TO THE NEXT QUESTION
G0 TO 4992

GO TOD 438

GO TO 489
GO0 TO 522
GO TO 55¢
G0 TO 658
GO0 TO 694
GO TO 638
G0 TD 670
GO TO 614
GO TO 5848
GO TO 7249
GO TO 192
CALL LIST(535,IMATCH)
RETURN 1

COMPUTE DEPRECIATION SCHEDULE

TYPE 113

FORMAT(® WHAT IS THE LIFETIME OF
*%* THE ASSET?7,8%)

LEVEL=15
READ(5,126,ERR=14) LIFE
FORMAT(I3)
IF(LIFE.GE.1) GO TD 149
TYPE 139

FORMAT(” THE LIFETIME MUST BE ON
**E QR MODRE. PLEASE
**REENTER.")

GO0 TO 199

TYPE 158

FORMAT(” WHICH METHDD OF DEPRECI
**ATION DO YOU WANT
**T0 USE?*,/

1,718, STRAIGHT®,T25, -STRAIGHT

© *kx LINE”

2,/,718," DOUBLE”,T25,°-DOUBLE D
**ECLINING BALANCE®

3,/,T18,° SUM’,T25,°-SUM OF YFAR
*xS. PDIGITS y/s” HFTH
**0D:%,$)

ACCEPT 151,ANS

FORMAT(AS)

IF(ANS.EQ. "STRAI") GO TO 170

IF(ANS.EQ.“DOUBL") GO TO 194

IF(ANS.EQ. °SUM") GO TO 24¢

PRINT ERRDOR MESSAGE SINCE ENTRY
**COULD NOT BE IDENT
*XIFIED

TYPE 169

FORMAT(” PLEASE TYPE STRAIGHT,DO
**UBLE, OR SUM®)

G0 . TO 148

STRAIGHT LINE METHOD
METHOD=1

DO 18¢ 1=1,25
SCHED(I)=1.6/FLOAT(LIFE)
IF(1.GT.LIFE) SCHED(I)=0.4



&)

18¢

aQaa

199

224

249

25¢

3pe
318

320
338

348

490
41¢

420

43¢
448

459
468

CONTINUE
G0 TO 344

DODUBLE DECLINING BALANCE MEfﬁUD

RATE OF DEPRECIATION IS TdICE TH
#%«jT NF STRAIGHT LIN

**E METHOD
METHOD=2
PERC=2.8/FLOAT(LIFE)
BALANC=1.10

DO 228 1=1,24

SCHED (ID)=BALANC*PERC
BALANC=BALANC-SCHED(I)
SCHED(25)=BALANC

GO TO 309

SUM DF YEARS DIGITS METHOD
METHOD=3
SUM=(LIFE**2+LIFE)/2

po 25¢ 1=1,25
SCHED(I)=FLOAT(LIFE- [+1)ISUM
IF(I.GT.LIFE) SCHED(I)= g.0
CONTINUE

GO TO 304

SHOW SCHEDULE

SUM:EOG :

TYPE 319

FORMAT(® YEAR FRACTION WRITTEN
*xQFF IN THAT YEAR")

- .p0o 33¢ 1=1,25

TYPE 326,1,SCHED(I)

" FORMAT(2X,12,5X,F5.3)

SUM=SUM+SCHED (1)

- TYPE 348,SUM

FORMAT(/,” TOTAL=",%5.3,/1)
G0 TO 34

CHANGE TIME HORIZON

TYPE 419

FORMAT(® FOR HOW MANY YEARS SHOU
*%1,.D THE CASH FLUWS®
tt

1- BE CALCULATED?",5)

LEVEL=3

READ (5,428,ERR=18) LIMIT

FORMAT(13)

IF(LIMIT.LT.1) GO TD 459

IF(LIMIT.GT.26) GO TO 452

GO TO 22

CHANGE THE YEAR FLEET BECOMES CO
**MPATIBLE

TYPE 449

FURHAT(' HOW YANY YEARS DDES THE
** SYSTEM TAKE TO BE
**COME”

1,° CDHPATIBLE",S)

LEVEL=4

READ (5,428,ERR=14) ICOMP

IF(ICOMP.LT.2) GO TO 473

IF(ICOMP.GE.26) GO TO 478

60 TO 23

TYPE 469

FORMAT(" YEAR MUST BE BETWEEN ¢
*kAND 26, PLEASE REE
**NTER. ")

75

47¢

489

49¢

54¢

55¢
560

57¢
571

588

59¢

692

618

GO TO 444

"TYPE 464

60 TO 434

"NUMBER OF CARS IN THE SYSTEM
" TYPE 499

FORMAT(”® HOW MANY CARS AQE IN TH
**E SYSTEM?7,$)

LEVEL=5

READ (5,58¢,ERR=19) NCAR
FORMAT(E14.2)
IF(NCAR.GT. G-B) G0 TO 24
TYPE 518

FORMAT(” THERE HAS TO BE MORE TH
*%x AN ZERD CARS.')

GO TO 488

ATTRITION RATE

TYPE 53¢

FORMAT(” WHAT FRACTION OF THE CA
**RS HAVE TO BE”

1,° REPLACED EACH YEAR?",5)

LEVEL=6

READ {5,588,ERR=18) ATTRAT

IF(ATTRAT.GE.8.8.ANDATTRAT.LE.1

. w%,@) GD TO 25

TYPE 540

FORMAT(® THE ATTRITION RATE MUST
*x BE BETWEEN ZERO A
**ND ONE. ")

G0 TOD 5289

ORIGINAL COST AS FRACTION OF NEW
*%x COST

TYPE 568

FORMAT( " AHAT FRACTIDN 0F RETROF
**xIT COST IS REQUIRE
**D FOR",/

1,° NEW PRODUCTION (PER uAR)? P
*%)

LEVEL=7

READ (5,5¢@,ERR=10) FRAC

XFRAC=FRAC*140.9

TYPE 574,XFRAC

FORMAT(® FRACTION=",F6.1,°%")

TYPE 571

FORMAT(” IS THIS CORRECT?",5)

ACCEPT 151,X¥RAC

IF(XFRAC.NE.VYES®) GO T0 559

GO TO 26

FRACTION DEDUCTIBLE FOR INVESTME
*xNT TAX CREDIT.

TYPE 59¢

FORMAT(” WHAT FRACTION DF INVEST
**MENTS ARE DEDUCTIB
**E FOR",/

1, INVESTMENT TAX CREDIT?”,$)

LEVEL=13

READ (5,584,ERR=14) FRIDT

[F(FRIDT.GE.#.9) GO 10O 32

TYPE 6040

FORMAT(” FRACTION CANNDT BE LESS
*% THAN ZEROD.")

GO TOD 58¢

TAX RATE
TYPE 620



62

630
642

6590
660

674
680

6948
702

T10

728

. 1,3)

" FORMAT(” WHAT IS THE TAX RATE FO

x*R THE RATILROAD IND
**JSTRY?",5)
LEVEL=12
READ (5,508,ERR=18) TAXRAT
IF(TAXRAT.GT.1) TAXRAT=TAXRAT/1¢
**0. '
G0 TO 31

UNION PAYOFF RATE

TYPE 648

FORMAT(® WHAT FRACTION OF LABOR
**SAVINGS ARE PAID®

1,° TO THE UNION?7,$)

LEVEL=10

READ (5,584,ERR=19) UPAYRT

IF(UPAYRT.GT.1.) UPAYRT=UPAYRT/1
**30.

G0 TO 29

SAVINGS SUBJECT TO UNTON

TYPE 668

FORMAT(® WHAT IS THE LABOR SAVIN
**;S PER YEAR THAT I
xxg7,

1,” SUBJECT TO UNION PAYOUT?",5)

.LEVEL=8

READ (5,506,ERR=1#) LABORS
G0 10 27 ’

SAVINGS NOT SUBJECT TD UNION PAY
**(FF

TYPE 684

FORMAT(® WHAT IS THE ANNUAL SAVI
*xNGS NOT SUBJECT 10
xxe f

1,7 UNION PAYOUT?",$)

LEVEL=11 '

READ (5,5%9,ERR=18) SNSUP

G0 TO 3¢

STOP PAYING OFF UNICN

. TYPE 709

FORMAT(” FOR HOW MANY YEARS «ILL
*x SAVINGS BE PAID T
*%(] THE UNION?”

LEVEL=9

READ (5,428,ERR=10) PAYSTP

I=LIMIT-ICOMP

IF(PAYSTP.GE.B.B.AND.PAYSTP.LE.T
**x) GO TO 28

TYPE 719,LIMIT

FORMAT( "~ THERE MUST BE RBETWEEN 2

**ERD AND “,12,° YEA

: **XRS )

GO TO 699

INFLATION RATES
TYPE 7348

&

138

74¢

158

anan o

76

18

249

aacaoaan

FORMAT(® WHAT IS THE INFLATION R
**ATE FOR:",/

1,° MATERIALS (IN PERCENTY?",$)

LEVEL=14

READ (5,500,ERR=12) MATINF

MATINF=1+(MATINF/1808.)

‘TYPE 74¢

FORMAT( “+LABOR (IN PERCENT)?®,3)

READ (5,598,ERR=18) LABINF

LABINF=1.+(LABINF/148.)

TYPE 750

FORMAT("+SAVINGS NDT SUBJECT TO
**UNION PAYOUT”

1,° (IN PERCENT)?%,3)

READ (5,598,ERR=100) OINF

OINF=1.+(0INF/1008.)

G0 T0 33 '

END

PRINT THE CONTENTS OF DATA

SUBROUTINE PRINT(S$,MATCH)

COMMON LINES,DATA(26,2,19),POINT
*x(18),LABEL(18,2),W
**IDTH(2)

1,YLABEL(40),XLABEL(Z)iLIMIT,ICO
*xMP, X, NCAR,ATTRAT, M
**ATINF

2,LAB[NF,LABURS,LDH,H[GH,PAYSTP,
**xFRAC,FRIDT, TAXRAT,
**UPAYRT

3,SCHED(25),SNSUP,DINF,METHDD:LI
*KFE

REAL NCAR,HATINF,LABINF,LABURS

INTEGER POINT,YEAR,HIGH,LOW,PAYS
**TP

MATCH=1

DO 39 LINE=1,LINES

TYPE lﬂrLINE'LABEL(LINEll)rLABEL

. *%x (,INE,2)

1,XLABEL(1),XL&BEL(2),(YLIBEL(X)
**, I=1, 49)

FORMAT(//,° LINE NUMBERS *, 12,12
*%g, "LABEL: “,2A5

1,/+8%,2A5,2X,406A1)

DO 3¢ I=1,PDINT(LINE)

TYPE 29,I,DATA(I;lrL[NE)'DlTA(I,
*%2,LINE)

FORMAT(1X,I2,5%X,F18.3,2%X,F18.3)

CONTINUE

RETURN 1

END

GIVEN PARAMETERS FIND THE AMOUNT
*%x WHICH CAN BE SPEN
**xT PER

CAR FOR A VARIETY OF DISCOUNT RA
**TES, STORE THE RES
**JLTS

SUBROUTINE SOLVE(3,MATCH)

DIMENSION A(26),B(26),START(26),
*% ANNUAL (26),TAXCR(2
*%5)
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aQ

oA

5¢

Jgiaa

1,DEPRT(26),0THER(26),SAVING(126)

CDMMON LINES,DATA(26,2,18),POINT
**(1@),LABEL(16,2),H
*XIDTH(2) *° -~

1,YLABEL(46),XLABEL(2),LIMIT:ICD

T kEMP,X,NCAR,ATTRAT,M

** AT INF

2,LABINF,LABORS,LOW,HIGH;PAYSTP,
*%FRAC,FRIDT, TAXRAT,
*XJPAYRT

1,SCHED(25), SNSUP,OTNF, METHOD,LT
*tFL‘

REAL NCAR,MATINF,LABINF,LABORS

INTEGER POINT,VEAR,HIGH,LOW,PAYS
**TP

MATCH=1

COMPUTE CASH FLOWS FOR EACH YEAR

*%, 'PER DOLLAR OF RE
**TROFIT COST
ISTP=PAYSTP+ICOMP '

. TAXCR(1)=0.9

IF(LINES.GE.1@) GD TO 31@
LINES=LINES+1
DO 189 YEAR=1,LIMIT

IF SYSTEM NOT COMPATABLE THERE T

*+S A START-UP COST
START (YEAR)=0. 0
IF(YEAR.LE.TCOMP) START(YEAR)=(1
*% /FLDAT (ICOMP)-ATTR
| X%QAR)ANCARX
1(MATINF*¥(YEAR-1))*-1-

ANNUAL EXTRA COST OF ADV. BRAKIN
**G & COUPLING
ANNUAL (YEAR)=FRAC*ATTRAT*NCAR* (M

**ATINF**(YEAR 1))*-
Txe]

TAX CREDIT DNE YEAR AFTER INVEST
**MENT
IF(YEAR.EQ.1) GO TO 48

TAXCR(YEAR)=(START(YEAR-1)+ANNUA

**L (YEAR-1) Y*FRIDT*~

. **1

DEPRECIATION TAX CREDIT

DEPRT(YEAR)=d6.9

IF(YEAR.LT.2) GD T0 55°

DO 59 I=1,YEAR-1

DEPRT(YEAR)=DEPRT(YEAR)-TAXRAT*(
**START(YEAR-I)+ANNU
**AL(VEAR-I))

1*SCHED(I)

LABOR SAVINGS

SAVING(YEAR)=0.0

UNION=1.8

IF(YEAR.LE.ISTP) UNION=1.6-UPAYR
*x

IF(YEAR.GT.ICOMP) SAVING(YEAR)=L
**ABORS*(1.9-TAXRAT)
*EXUNION

1*(LABINF**(YEAR~1))

SAVINGS NOT SUBJECT TO UNION PAY
X*QFF
OTHER(YEAR)=9.¢

77

- 108

200

3¢

439
495
414

42¢

310
320

Qoo

IF(YEAR-GT ICOMP) OTHER{(YEAR)=SN
- *%xSUP*(1.~-TAKRAT)* (O
**INFX*(YEAR-1)Y

" FIND SUM OF PER COST CASH FLOWS
. A(YEAR) = START(YEAR)+ANNUAL(YEAR)

**+TAXCR(YEAR)+DEPRT
**(YEAR)

FIND SUM OF FIXED FLOWS
B(YEAR)=SAVING(YEAR)+OTHER(YEAR)

"CASH FLOWS IN YEAR = AX+B WHERE

**¥=COST OF RETROFIT
**TING ONE CAR

-CONTINUE

FIND PRESENT VALUE OF A AND B FO
' *xRg ALL' DISCOUNT RAT

XKL S
DO 30¢ I=LOW,HIGH
SUMA=0.8

SUMB=0@.2

R=1.3+FLOAT(I)/14d0.9

DO 2409 YEAR=1,LIMIT
FACTOR=R**(YEAR-1)
SUMA=SUMA+A(YEAR)/FACTOR
SUMB=SUMB+B(YEAR)/FACTOR
CONTINUE

FILE RESULTS
ROW=T1-LOW#+1
DATA(ROW,1,LINES)= I
XX=0.d-SUMB/SUMA
DATA(ROW,2,LINES)=XX
IF{I1.EQ.12) X¥Y=XX

‘CONTINUE

POINT(LINES)=HIGH-LOW+1

" COMPUTE PAYBACK PERIOD

CUME=0.0

DO 498 1=1,LIMIT

CUME= CUHE+XY*A(I)+B(I)
IF(CUME.GE.¢.9) GO TO 414°
CONTINUE

TYPE 485

FORMAT(® PAVBACK NOT REACHED.®)
RETURN

TYPE 424,11

* FORMAT(”" PAYBACK REACHED °,I12,°

**VEARS AFTER START-
*x(jp, *) :

- RETURN
' RETURN

TYPE 322

FORMAT(” DATA FILE IS FULL.")
RETURN 1

END
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. SOLVE WITH VARIABLE CASH FLOWS

‘SUBROUTINE VARIA(S,MATCH)

DIMENSION A(26),B(26),START(26),
** ANNUAL (26),TAXCR(?2
*xE)

1,DEPRT(26),0THER(26),SAVING(25)

: CDHMDN LINES,DATA(26,2,17),POINT

*%(12),LABEL(10,2),W
**IDTH(2)

1,YLABEL(48),XLABEL(2),LIMIT,ICO
**MP,X,NCAR,ATTIRAT M
**ATINF

- 2,LABINF,LABORS,LOW,HIGH, PAYSTP,

**FRAC,FRIDT, TAXRAT,
**UPAYRT

1,SCHED(25),SNSUP,DINF,METHDD'LI
*EFR

REAL NCAR,MATINF,LABINF,LABORS

INTEGER POINT,YEAR,#IGH,LOW,PAYS
* kPP

DATA SAVING/38.,68.,90.,1208.,152
** . ,5%1584,15%537.,9
x*k_

DATA OTHER/1.,2.2,3.4,4.6,5.8,27

. **%x59,2,0./7
MATCH=1

COMPUTE CASH FLOWS FOR EACH YEAR
*%*, PER DOLLAR OF RE
**TROFIT COST

TAXCR(1)=8.0

IF(LINES.GE.108) GO TO 314

LINES=LINES+1

DD 189 YEAR=1,LIMIT

IF SYSTEM NOT COMPATABLE THERE I
*%x5 A START-UP COST
START(YEAR)=#.@
TP(YEAR.LE.ICOMP) START(YEAR)=(1
**/FLOAT(ICOMP)-ATTR
**XAT)*NCAR*
I(MATINF**(YEAR -1))*-1

ANNUAL EXTRA COST OF ADV. BRAKIN

*%G & COUPLING
INNUAL(YFAR)‘FRAC*ATTRAT*NCAR*(H

**kATINF**(YEAR=-1))*~
T3

TAX CREDIT ONE YEAR AFTER INVEST
**MENT

IF(YEAR.EQ.1) GO TO 449

TAXCR(YEAR)=(START(YEAR-1)+ANNUA
**L{YEAR-1))*FRIDT*~

k1

DEPRECIATION TAX CREDIT

DEPRI{YEAR)=8.8

IF(YEAR.LT.2) GO TO 55

DO 58 I=1,YEAR-1

DEPRT(YEAR)=DEPRT(YEAR)-TAXRAT*(
**START(YEAR-I)+ANNU
**AL(YEAR-I))

1*SCHED(I)

LABOR SAVINGS

78

55

aa a0

108

. 280

3¢9

-319
"324

UNION=1.90
IF(YEAR.LE.PAYSTP) UNION 1.a-UPA
**YRT

" SAVING(YEAR)=SAVING(YEAR)*1@324a0

*hF,

"SAVING(YEAR)=SAVING(YEAR)*(1.0~T

** AXRAT)*UNION

- I*(LABINF**(YEAR-1))

SAVINGS NOT SUBJECT TD UNION PAY
**(OFF

OTHER(YEAR)=0THER(YEAR)*(1.2~ TAX
**RAT)*(DINF**(YEAR~
**1))

FIND SUM OF PER COST CASH FLOWS

A(YEAR)=START(YEAR)+ANNUAL (YEAR)
" ¥%$TAXCR(YEAR)+DEPRT
*%(VEAR)

‘FIND SUM OF FIXED FLOWS

B(YEAR)=SAVING (YEAR)+OTHER(YEAR)

CASH FLOWS IN YEAR = AX+B WHERE
**X=C0ST OF RETROFIT

: **TING ONE CAR

CONTINUE

FIND PRESENT VALUE OF A AND B FO
**R ALL DISCOUNT RAT

**Es
DO 397 I=LOW,HIGH
SUMA=8.9
SUMB=9.9

R=1.8+FLOAT(I)/188.2
DO 280 YEAR=1,LIMIT

‘FACTOR=R**(YEAR~1)

SUMA=SUMA+A(YEAR)/FACTOR
SUMB=SUMB+B(YEAR) /FACTOR
CONTINUE

FILE RESULTS

- ROW=I-LOW+1

DATA(RONW,1,LIKES)=I

'DATA(ROW,2,LINES)==1*SUMB/SUMA

CONTINUE
PDINT(LINES)'HIGH -LOW+1
RETURN

- TYPE 328
- FORMAT(® DATA FILE IS FULL.")

RETURN 1
END
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