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"PREFACE

Inadequate return on iﬁvestmenf by segments of the domestic railroads is an '
underlying cause of many problems béing faced by the. industry. One of the
consequences of poor financial conditions is an inadequate level of track
maintenance resulting in steadily rising track-related éccideﬁt rates and a
decrease in operational efficiency. One study of deferred track maintenance
estimates that 123 million ties and 25,000 track miles of rail are in need of

replacement at a cost of 17 billion dollars.

The Federal government has atteméted to initiate a variety of programs, regu-
lations, and economic incentives to help the in&ustry respond to these problems.
One of these programs is the Improved Track Structures Research Program, ”
sponsored by the Federal Railroad Administratiom, (FRA), Office of Research

and Development. This prograh is -exploring alternative approaches to échieve'
a reduction ig track-related accidents; a reduction in track-life cycle costs;
and improvements in rail service ‘through quality-lower-cost maintainability.
This guide is-intended to document a éimulation cost methodology developed .

‘under the:programb

This work was conducted for the FRA through the Transportation Systems Center

. (TSC), Cambridge MA. Robert Smith was the TSC: Technical Monitor.

We acknowledge the guidancenand cooperation of individuals from two railroads
for their»assiStance in gathering and defining the necessary data for this
effort. Robert Tuve,  Manager, Quality Control Engineering, Southern Railway
System, and Harry Schultz, Assistant Chief Engineer, Delaware and Hudson

Railway, contributed significantly.
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1.0 INTRODUCTION AND OVERVIEW

The actual total cost of maintaining a segment of railroad track is extremely

difficult to ascertain. At the point of manufacture a length of rail, a tie,
or a ton of ballast has, at a given instant, a fixed determinable cost. But

materials of repair are only a fraction of the overall maintenance expenses.

\What about deliﬁery costs, installation effort, and the resulting costs of
delaying traffic if the process doesn't proceed on schedule? What about

next year's cost? Or a more pertinent question:

WHAT WOULD BE THE. COST IMPACT OF SOME PROPOSED MAINTENANCE OPERATION
WHICH WOULD ALTER THE STANDARD MAINTENANCE PRACTICE NOW IN USE?

Alterations in a railroad's operating or maintenance procedure can often
lead to undesirable economic situationms. For example, the conversion to
systemwide use of 100-ton hopper cars has increased the rate at which

rails sustain fatigue damage.

The task of costing any proposed maintenance practice or policy modification

is coﬁplicated by:

¢ The fact that there are almost as mahy maintenance practices

as there are railroads to perform them;
e The constant replacement of system materials;
e The unplanned nature of some maintenance operations; and

e The everchanging demands of business which can alter the

physical loading of the track structure themselves.

These problems have prompted several attempts in recent years to get a
 better grip on what it costs to maintain track. In fact, several of these
approaches to track maintenance costing were reviewed recently at a workshop*
on the subject of track maintenance. Figure:l—l‘is a summary of some of the
types of computérized techniques being used today for evaluating track main-

tenance costs or performance.

*Track Maintenance Planning Workshop, Penn State University, June 1980.



DATA BASED MANAGEMENT/REVIEW

ORGANIZATION

PROGRAM USE

'COMMENTS

Canadian National’
Railways.

Manpower Planning

" estimating manpower needs by geographic location in the -

Data of past maintenance efforts are converted through
regression procedures to forecasting formulas for

Canadian National Railway System.

P.A. International

Job Task Planning

Continuous tabulation and updating of projected work
for periods of one to four weeks. Identifies through
.1istings the need for people and equipment by regions.

Conrail

Track Maintenance
Management System

Keeps tabs on manhours by maintenance operation during
past year. Data from sample 9 miles of track have been
kept in detail on a trial.basis.

Southern Railway

Maintenance Plan-
ning from track
quality indices

Track geometry parameters are measured and correlated
with track performance (derailments, rail defects, train
delays) and track is fdentified whers schedulad mainte-
nance can be economically justified,

Bessemer and Lake
Erie Railroad

Organization of
maintenance
operations data

Tabulates and records for future reference track repair
histories under 110 different accounting codes.

ECONOMIC
SIMULATIONS

| Pugh Roberts

Analysis of track
related safety
options

Uses a collection of mathematical equations that describe
the various inter-relationships among the safety
operational elements of the railroad

Shaker Research

Simulates main-
tenance actions and

tabulate cost of

track repair

Allows user to simulate his own maintenance practices
and obtain cost accounting outputs with time. Provides
for cost comparison simulations under ‘user defined main-
tenance practice modifications.

FIGURE 1-1.

COMPUTERIZED TRACK MAINTENANCE PROGRAMS



This guide presents a methodology for computer simulation of track maintenance
. procedures and costs. The methodology and FORTRAN IV computer program con-

tained herein (Appendix D) provide for:

e Graphic representation of the system being simulated through

the use of a maintenance action diagram;

e Costing proposed alternate maintenance action policies or

procedures;
e Listing all annual track maintenance costs; and

e Maintenance cost outputs at any desired instant during the

time simulation.

This guide has three pmrposes. These are to present -the simulation costing
methodology for track maintenance, to cover the details of the computer

program developed, and to give examples of its use.

Section 2 of the report is concerned with introducing the methodology. An
introduction is given to the use of maintenance action diagrams for setting -
up a simulation in graphic form.A Also discussed are .the types of data needed
to perform a 51mulat10n as well as costs that are handled (and not handled)

by the program in its present. state.

~Section 3 presents details of the specific data categories under which the

program holds cost information.

" Section 4 deals with the details of representing-maintemahce actions in
graphic form. Sample maintenance diagrams are covered and alterations of
diagrams for costing different maintenance operations’ and schemes are shown.
Sections 5 and 6. are included in order to give data entry examples and to
provide the reader with two example simulations from two sepafate modeled
track maintenance systems. The Appendices contain the computer program,

flow charts, cost data examples for test runs, and tabulated output results.



2.0 OVERVIEW OF TRACK MAINTENANCE SIMULATION COST METHODOLOGY

2.1 Track Maintenance as a Cost Simulation Problem

Track maintenance costs can be defined as the annual direct charges for the -
upkeep of track property and equipment. Track property includes rail, éross ;iés,
ballast, and associated hard&are fastenings. Equipment refers to those

pieces of machinery used for inspecting, installing, and keeping the track

in satisfactory operating condition. 1In early stages of the work for this
contract it became apparent that there are some commonly identifiable aspects

to these costs and the associated maintenance operations which are performed

by every railroad. It also became apparent that there are as many different

ways to perform some of the major tasks of tfack repair as there are track

systems in use. Each railroad has its own maintenance policy whiqh has usually

been derived from many years of practical repair operations experience.

In developing a methodology for determining track maintenance costs it was

desired that:

e the technique be applicable to a variety of railroads’

maintenance of way operatioms,

e the procedure allow for cost comparison of alternate
maintenance operations, either real or imaginary in

concept,

e the procedure allow for evaluation of the cost impact

of proposed safety standards.

The approach taken in the work éenters around a general computerized simulation
procedure which can handle any user defined maintenance system. The program
uses a standard fourth order iteration technique and a time stepping procedure
to simulate defined maintenance actions. As a result, non-linear costing
information can be addressed by the procedure. Figure 2-1 is a display which

represents the cost information handling'of the computer technique developed.




Track
Maintenance
Cost Inputs

From

)

e Accounting Records _

e Policy Definitions
e Business Practices
e Accidents

e Component Failures

e Maintenance Actions

o Safety Compliance’

e Component Life Expectancies

" FIGURE 2-1.

Computer Model

Maps Input Data »

to Operating Arrays

Performs Desired
Gost Simulation

User Can Control

.
e Maintenance Syséém Definition °
_® Data Fiie Values | ‘
e Component Defect/Failure Rates | ®
e Cost Output Forms : ®
e Frequency of Output e
o Simulation Timing ‘ ®

Provides Tailored
Cost Outputs

SIMULATION COST MODEL INFORMATION HANDLING

Track
“Maintenance
Cost Outputs
' - For

Any Time Interval.
FRA Track Class
Track Component
Labor Categories
Material (New/Scrap)
Handling Expenses
Delays/Deferments
Fines

Inspection Resources



In any modeling procedure, one must.agree in advance to what the model will .
represent and include. betermining which costs. to include as maintenance
costs in the modeling process is not simply resolﬁed. Defining what "is"

or "is not" a track maintenance cost is often ambiguous and should be decided
carefully in advance. An attempt has been made in the present study to
define a manageable set of qost-input data thaﬁ will provide a useful set

of output information about the modeled track maintenance system.

In the model developed the user is able to include or exclude whatever costs
he wants. The present limitations of the simulation cost model are determined
in part by the cost information or data available to the program. If a cost

item is to be included in the model there must be some data to describe the

maintenance expense.

For example purposes, the present technique of track maintenance modeling

described in this report has been set up to allow at least for those costs
listed below.

Maintenance Cost Items Included in Model Reported

.- Labor on repairs of five track structural components. For example
" purposes the track was defined to consist of the three major sub- -
structures or components (referred to by numbers 1 through 5 in

computer outputs):

rail { 1 -~ jointed

2 - welded
S { 3" - wood
cross ties
4 - concrete
ballast 5 - ballast

. Present;day matérial costs of these new components installed
during repair.

. Cost to keep electrical isclation and/or contaét throughout rail
structure. | .

. Cost of track inspection labor and necessary equipment used in

theimspection process.
. Supervisory labor needed in monitoring subcontracted maintenance

operations.



. Fines accrued for not keeping the track components within safe
standards.
. Delays of_traﬁhs caused directly by the maintenance repair crews.
. Delays from slow orders imposed as a fesult of insufficient
.maintenance upkeep.
. Return costs from scrapping comﬁonents of system.
. Subcontracted maintenance of the five basic components.
. Delivery cosﬁs of transporting new (renewed) components to
the repaif sites.. '
. Tra?el and living associated with getting to and from the
repair loqation if paid by the railroad.
.;“Cost of heavy.equipment needed to pérform repairs on basic
track structure. '
. Cost of fueling or poweringvéertain pieces of equipment such
as welders, etc. A '
. Accident costs.
.- Rework or refurbishment costs (for example, conversion of used .
jointed rail to welded rail). .

'« Track idle or closure costs.

Simulation cost modeling can address questions of:
e How much does it cost to maintain track?

¢ What are the cost breakdowns within the maintenance system by

defined structural component (i.e., rail, cross ties, or ballast)?
e Where in the maintenance system are the most costly procedures?

e What savings in annual maintenance can be expected if certain

- operations or policies are altered?

e What will be future maintenance costs if the system work volume

or procedures are changed?

Maintenance costs are available for output at any time point in the simula-
tion process. This time frozen "snap-shot" of maintenance repair costs and
system rates of repair can be used to compare with past or present accounting

records of the railroad system being modeled.



Single simulation time point costs can be printed and broken out into e

the following categories:

1. Simulation maintenance action diagram path number.

2. Track component (i.e., rail, tie, ballast, etc.).

3. FRA track class (1-6).

4. "Major repair block or type (such as rail laying, surfacing,
etc. ‘For'example purposes, 20 separate types were identified.)

5. Cost code (for the preéent example consists of: about 15'codes

including):

a. Material costs
" b. Equipment costs
"~ ¢. Fines
d. Delays
e€. Scrap return costs
f. Contracted costs
g. Delivery costs
h. Travel and living
i. 8Six levels of labor

2.2 Simulation Technique

The Simulation Cost Modeling (SCM) technique consists. of a qualitative and
quantitative representation of the maintenance actions associated with the
track system being modeled. The qualitative representation consists of a
maintenance action diagram which is usually constructed by the user and
describes thebmaintenance actions and their relationship to one another.
The quantitative representation is the data set associéted with the action
diagram. Linking the two representations is the computer program. This

. prograquuantifies the modeled actions shown in the diagram, implements

the associated data set, and provides a selected set of cost outputs.

The computerized time stepping routine used in the simulation of maintenance
actions is a fourth order iteration procedure. Being a rate of change
structured technique this algorithm takes into account the rate at which

the various track components are replaced and the rate at which they naturally

generate observable defects requiring maintenance work to be performed.

Figure 2-2 shows this time stepping action and information processing scheme ' -

for keeping tabs on the condition or quality of the various track components.
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2.3 Maintenance Action Diagrams

The representation of the maintenance system‘takes-the form of a pictorial
action diagram which describes how the railroad maintains its track. The
maintenance action diagram is analagous to a diagram of a water pipe net-
work. Water systems can be represented by drawings which show the various
connecting or braﬁching points as well as theif_distribution pattern. In

a similar fashion the cost model maintenance action diagram displays the
system being represented. - Each of these diagrams has inherent characteristics
which must be understood in advance in order fo be used. The piping diagram,
for example, throﬁgh»a developed notationél convéntion can reveal pipe

lengths, sizes used, elevation of layout, valves, and many other feétures.

The simulation cost model action diagram also carries with it certain special .
meanings which are discussed here in order that the reader can gain a more
thorough understanding of the details in this pictorial view of the main-
~tenance system. Figureé 2-3 and 2-4 display some of the shorthand notation
used in maintenance action diagramming. All maintenance action diagrams
contain pathsvor lines with arrowheads which are used for showing the

- associlation betweén various maintenance actions or stand for a maintenance
action itself. This shorthand method of displaying the maintenance systeﬁ
pictorially is in one sense convenient and in another misleading. It is
convenient in that the overall system may be viewed in a glance, and if
‘the notation is understood, can give an impression of the complexify of

its structure. This method is misleading from the standpoint that many

of the details of the system cannot be contained fully in the display,

and may lead the viewer to believe that the model is too simple.

Figure 2-3 shows the numbering technique used in diagramming. The path
numbers given on the diagram are used for reference in the computer handling
of the cost information input and output. Maintenance costs by path number

can be selected by the user.

"Diagram numbered circles represent maintenance decision points. These

decisions define alternate routes whereby two separate actions are defined

© 10
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PORTION OF SCHEMATIC
. DIAGRAM

4

Numbered circles represent system
maintenance decision points that
affect downstream actions

™~

These numbered split
points can also rep- -
resent alternate main-
tenance policy actijons

/

This path represents the balance
of the components from path "1"
not transferred downstream by
path "2" ’ :

Paths

are used to represent

maintenance "actions" or
simply to act as connecting

links

that show action se-

quencing and hierarchy

Each path may have many non-zero scalars
associated with its action. These scalars
define: ‘

Components that are represented by this
path :

Track classes that are represented by
this path

Amount of component on path or amount
of component which 1s being transferred
by path ’

Rate at which maintenance action is performed
Labor rate costing of maintenance work

Quality of components to which work is
applied

Functional operators coﬁtrolling user
defined relationships which can be used
to modify system scalars

This path represents that portion of the

components associated with path "1" trans-
ferred downstream to another point in the

maintenance system

FIGURE 2-3, MAINTENANCE ACTION DIAGRAM CONCEPTS AND NOTATIONS USED IN NUMBERING PATHS AND SPLIT

DECISION POINTS
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repair or maintenance
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from manufacturer to point of
maintenance

FIGURE 2-4. CONCEPTS AND NOTATIONS USED BY SIMULATION COST METHODOLOGY IN MATNTENANCE ACTION DIAGRAMS



on the track that is conceptually sent beyond this point in the maintenance
system. In addition, the maintenance action diagram often has other notational
characteristics needed for representing track maintenance. Some of these

features are shown in Figure 2-4 and include:
.o The "in use" or "in serﬁice" portion of the track system,
o The inspection-of-track loop,
] ‘The remoQaI §r scrapping of defective system components,

e The act of maintaining the defective track found from a single

inspection process, and

e ThHe supplying or bringing 6f new components to replace those

being scrapped from the system.

2.4 Cost Model Limitatipns

The present maintenance cost model is constréined méinly by the information
or data available to be supplied to the program. One could find he does not
have sufficient time or resources to collect and enter the data required for
a maintenance system whose scope is too inclusive. An attempt has been made
in the present study to limit the scope of the required input information

while at the same time providing a technique that will yield a useful set of

output information about the modeled track maintenance system.

In limiting the scope of the examples used for explaining the model, certain
costs have been excluded from the costing procedure. In general,'the effects
of most of the excluded costs can be obtained, if needed, by operating on the
output costs obtained from the simulation cost model. -An éxample would be
costs of inflation. Once costs of maintenanée have been obtained from the
model an inflationary féétor might be used to establish final costsvincludiﬁg

inflation effects.

Although they could be handled by the model, the following cost categories

have not been explicitly provided for in the present simulation cost model
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of the t

rack maintenance system,

Taxes

Cost of money, interest

Cost of inflation

Costs of equipment storage such as housing and land
Cost of bridge maintenance

Cost of signal excitation and transmitting electronics
’ 7

L5

and housing for such
Failurg sensing and detection equipment

Opportunity costs . _ _
Penélties paid to customers for not delivering goods as a
result of track condition or track maintenance practices
Business cost to customers for not delivering goods on time

as a result of shipping delays due to track condition or

track maintenance practices

2,5 Dat

Loss of business due to unreliable rail service to customers

as a result of poor track maintenance.

a for Model

The data
large.
decided

1.

base required fof running a useful cost model is t&pically very
Since a large effort in time is needed in collecting data, it was

that the data coding should:

Provide the model user with an annotated description of the
data coded; o

Allow the user tb\update the data quickiy as new (or more
reliablé) information about the system becomes available;
and

Let the user add (delete) associations between data elements

~without restrﬁcturihg the whole body of data already established.

Data input structuring for use by the computer program are explained in

Section

G and H.

5. Examples of data entry and formats are included in Appendices

(YO
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Data here are loosely defined as those numbers needed by the computer program
to successfully simulate the maintenance system being analyzed. In general,

the data required fall into §ix separate categories:

1. Computer program'control-ﬁumﬁerst

2. Cost and performance rates for e#ery maiﬁtenance actiqn"
diagrammed. 4 _ ’

3. Initial annual amounts of components handled on each path
of the action diagram.

4. Condition (quality) of each component at the
start of the simulation. -

5. Defect generation rates for each component being handled.

Formulas which control maintenance actions.

The computer control numbers are described in detail in Appendix ‘F. Examples
for their entry are given also in Appendix F as well as in Appendix G. Con-
trol numbers are used by the program to sort incoming data, define the simu~
lation procedure, and set the type of cost outputs;,as~well as their freqﬁeﬁcy

during the execution of the program.

4Control inputs to data files named "IFILE", "RFILE", and "INODE", allow the:
user to define and run a simulation for any maintenance action diagram as

long as it is a closed network of paths similar to those depicted schematically
in Figures 2-3 and 2-4. Two examples of these kinds of maintenance action
networks are drawn out in detail in Appendix K. The "IFILE" data set defines
for the computer the size and complexity of the maintenance network. The
"RFILE" contains real numbers used in the computational cycle, the time

length of the simulation, and frequency during the cycle of printing the cost
outputs. The information contained in "INODE" defines explicitly the path
éonnections of the maintenaﬁce action diagram used in the simulation. This
file also contains (see Appendix F) path type codes for describing the

various allowable path linkage forms that may be desired in general maintenance

simulations.

Costs, items 2 through 4 above (including initial component amounts

© 15



and qualities), are all contained in the path by path cost data entries
coded. as shown in Appendix G. These data initialize maintenance action
diagram path information and contain a commentary entry on the right side. | -
Insertion and/or deletion on a line by line (path by path of the maintenance

diagram) basis is allowed for and is convenient for updating the cost data

should new information become available.

Track structures. such as rail and ties tend to develop defects as they age.
These defect generation rates are formed By the program from the Weibull
_ distribution and the data supplied to the "WEIBL" file. This distribution
is very‘general and .is well suited for many engineering components &hich
have finite wear-out lives. The attributes of this distribution aﬁd iﬁs
_ potenfial for fepresenting cyclic failure modes are discussed in References

9 and 11. Details of data entries to "WEIBL" are included in Appendix F.

Formula for functional relationships of maintenance actions and/or costs can

be entered by the user to modify a programmed simulation. In gemeral, any

vformula can be written for altering costs and/or path elements. For user » -
convenience several families of curves have been programmed which can be
used for this purpose. Entry of special parameter values to the "DATA"
file will provide ﬁany fuﬁétional operators for the user. Examples of
functional use are discussed in Sections 5 énd 6 as well as in Appendix E

(see explanation of "FUNCTS" subroutine).

2.6 Computer Program Structure

The simulation prbgram deéigned for implementing the costing methodology

is contained in Appendix D. The'listing is over 2500 lines in length

and has been bfoken downlinﬁo 36 sepérate subroutines. The full subroutine
list by name and file number and in alphabetical order is given in

Appendix E.

The program is written in standard FORTRAN IV language. The present version
has been set up to operate in the batch mode with all run options being -

selected before running through the control data files "IFILE" and "RFILE".

For two example inputs, see Appendices G and H.
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3.0 DATA STORAGE CATEGORIES FOR MODELING ANALYSIS

Each path of the maintenance action diagram is intended to portray some
element of repair work or service action. In order for the costing infor-
mation to be of use the analysis must provide for the tabulation of expenses

under seﬁeral different headings.

The computerized cost data are therefore kept in the analysis under separate
categories. These categories are, in general, expandable by the user (see
_Appendices F, G and H). The subcategories used in the model examples dis-

cussed here include maintenance expenses by:

° Maiﬁtenance Action Diagram Path Number .

e Major Repair Block Operation (usually a collection of paths)
6 Track Structural Component )
e TFRA Track Classification

¢ User Identified Cost Descriptor Codes

3.1 Maintenance Action Paths and Diagrammed Repair Blocks

Cost data for the simulation are entered and keyed to the paths of the main-
tenance action diagram drawn for the simulation. For convenience the paths

~ of the maintenance action diagram aré assigned a'numper when the drawing is
constructed. These paths numbers can be assigned inAany way by the user who
wishes to perform a simulation. It must be remembered, however, that the program
stores the input data in matrix form with one of the matrix subscripts being
comprised of the path numbers labeled on the action diagram. Thus, in order

to conserve computer space (required matrix size), the path numbering should

be sequential starting from ome. If path numbering is not sequentiél (often
convenient for inserting paths in the diagram at a future time), this will

Simply increase the program‘running time.

In drawing the maintenance action diagram it is convenient to encircle or
block out regions of the diagraﬁ‘which-represent a single repair operation
concept. In this way, the total expenses of this 'block" or repair operation
might be followed. TFor an example, see the diagram included in Appendix K.

In the second example run for the present study, cost summaries were obtéined.

for twenty separate repair or "block" operations (see Appendix J). The
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twenty repair (maintenance) operation '"blocks" were numbered and included:

1. Laying New Welded Rail (MEthod 1)
2. laying New Welded Rail (Method 2) | a ]
3. Laying New Welded Rail (same wt. welded) _ R
4. Rail Change Out (jointed) ‘ Ny B
5. Transpose Rail '
6. Transpose Rail (dummy rail method)
7. Track Panel Installation A
8. Surfacing
9. Smoothing _
'10. Timber and Surfacing
11. Tie Renewal , : - ‘ ) ’ .
12. Joint Repairs
13. Tufncout Repairs
14. Rail Buildup
- 15. Rail Grind
e . 16. Ballast Cleaning _
17. Brush and Wee& Control
18. Ditching
19.-Snow/Ice Removal

20. Slides/Washouts

These identified track maintenance repair operations need not remain fixed,

but can be modified as required by the user. By expanding the number of

paths of the diagram a larger or different set of maintenance repair Qperations
could be handled. Also,. if a given track system does not use one or more of
the included maintenance practices, then the path-data for‘those operations

could simply be zero.

With this process of labeling groups of operations, two or more similar
maintenance operations could be compared by diagramming each operation,
supplying the separate cost data, and rating the separately tabulated : -

expenses on the outputs from the model. This was done, for example, in the

______,4____1ayingiof_welded_rail—4methodsgi—and—z%—abeve7——see~output—examplcb of
Appendix J.
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3.2 Track Components and FRA Track Classifications

For purposes of ‘the examples in this guide, it has been assumed that the
track system is comprised of five basic components upon which maintenance

repair operations are performed. These five compoments are:

Major Computerized
Substructure Component quber Description - Units Used ok
- Rail 1 Jointed Miles
Rail 2 Welded Miles
Cross Tie ‘3 Wood : Miles -
Cross Tie 4 Concrete - Miles
Ballast 5 Ballast - Miles

Therefore, the model provides for storing or tabulating data under categories
for any one of the above components for each maintenance action path dia-

grammed.

Furthermore, maintenance actions may be performed on various clasées of track.
Since different amounts and degrees of maintenance may be needed for each of
" the different FRA track class1f1cat10ns, cost codlng of the present method-
ology provides for associating. expenses with any one of the presently required

FRA classifications. Classification of track is primarily by speed of operation

where:
The Maximﬁm Allowable ‘The Maximum Allowable
Operating Speed for Operating Speed for
Freight Trains is —— Passenger Trains is —

Class 1 track . . . . ' ' 10'm.b,h. 15 m.p.h.

‘Class 2 track . . . . » 25 m.p-.h. 30 m.p.h.

Class 3 track . . . . 40 m.p.h. ‘ 60 m.p.h.

Class 4 track . . . . , 60 - m.p.h. 80 m.p.h.

Class 5 track . . . . : 80 m.p.h. 90 m.p.h.

Class 6 track e e e 110 m.p.h. o 110 m.p.h.

However, several tolerance limits of track geometry must also be held by

FRA class (see Reference 10). If data are not available by track class or
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require other components to be handled, this can be done. By changing two
numbers in the "IFILE" data set, the number of track components and track
classifications handled by the program can be altered.- Dimensioned program
arrays may ha&e to be enlarged if more than the aboﬁe data subcategories are
needed for a_gi&en cost simulation. For resizing of program arrays, see

Appendix F on_file structuring.

3.3 Cost Descriptor Codes

Since maintenance expenses are often tabulated in many accounting practices
under such headings as materials, labor and equipment, the simulation method-
ology includes a set of user definable cost data descriptor codes. See codes
30 through 49 of Figure 3-1. Every cost item entered to the program is
referenced to these descriptor codes (user account numbers). Summary output
costs are then categorized (if desired and selected) under thgse user defined

cost codes (see outputs in Appendices I and J).
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DATA DESCRIPTOR CODES

00 50 | Time
: .| 01 ] Jointed Rail 51 | Federal Safety Standards
22 | 02| Welded Rail 52 | Speed
& | 03| Wood Ties 53 | Load
% | 04| Concrete Ties 54 | Mgt.
& | 05| Ballast 55 | Accidents .
S |06 56 | Weibull
07 57 | Shipping Rates
08 58 | Income
09 59 | Design Factors
10| Class O @ | 60| Track Gradient Factors
11} Class 1 = 61 | Track Curvature Factors
-l 12§ Class 2 62 | Weather Factors
5 | 13| Class 3 g 1 63 | Crossing Factors
© | 14 Class 4 & | 64| Switch Factors
¥ | 15| Class 5 a 65 | Available Manpower
3 16 | Class 6 = 66 '
& 17 < 67
18 2 68 ‘
19 ~ 69
20 { Quantity of Component 70
21 | Quality of Component 71
o 22 | Amount of Bad Components 72
= 23 | Amount of Good Compnt 73
= 24 : ’ 74
g |25 75
= 26 76
27 77
28 78
29 79
30 | Use Quality in Costing 80
31 | Material Costs 81
32 { Equipment Costs 82
33 | Fines 83
34 | Delay Costs 84
35| Scrap Return Costs 85
@ 36 | Contracted Costs 86
= 37| Delivery Costs 2 87
% | 38| Travel and Living B |88
2139 | S |89
> 40 | Trackmen Labor . 90
< 41 | Mechanic Labor A 91
@ 42 | Machine Operator Labor 1 | & 92
3] 43 | Machine Operator Labor 2 93
44 | Foremen Labor ° 94
45 | Supervisor Labor 95
46 | 96
47 - 9.7
48 98
49 99

FIGURE 3-1. ASSIGNED DATA DESCRIPTOR CODES
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4.0 TRACK MAINTENANCE ACTION DTAGRAMS FOR COST MODELING

4.1 Maintenance Action biag;am Structuring

In simulating maintenance costs for the model, the user represents pictorially
the way in which a railroad (or the industry as a whole) maintains its track.
This schematic :diagram consists of a set of maintenance actions which comprise
those performed by the typical track maintenance of way department. Further-
more, these'actions are linked with connecting paths (or lines) which show
with arrows the order in which these actions are carried out. 1In addition

to reprgéenting,the order'in which the actions are done, the diagram also
shows the exact order in which the computer carries 6ut its cost computationé.
The simulation cost -modeling procedure calculates the cost for each individual
maintenance action represented and thus the total cost to maintain the track
system under consideration. Refer to References 12 and 13 for diagrams of

other systems.

Track maintenance-related actions chosen for an example simulation are:
- e Inspections and other processes which result in a need for
. maintenance revair work.
e Decisions to carry out maintenance work,

‘¢ Maintenance repair operatioms,

e© Maintenance deferments,

e Manufacturing supply of new materials (for instance rail, cross ties, etc.)

e Renew or rework shop operations, and

e Material scrapping. .

Each of these maintenance-related actions involves a complex network of tasks
performéd by several people of a typical maintenance of way staff. The
present simulation methodology involves establishing the maintenance policies
and/or procedures  as they are actually done and in terms of how much (or at
what rate) defined work is performed. The various maintenance actions modeled

are defined explicitly by the labels on the action diagram; whereas, the rates

of doing the wotk are defined by the data and functions associated with the

paths.
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. Therefore, in order to complete the costing analysis it is essential that cost
data for each repair action modeled be identified and available for input.
Layed out in diagrammed form the abone listed maintenance actions could look
as shown in Figure 4~1. This dlagram contains the essential features of the
maintenance actions listed above. This figure and the more comprehen31ve

one shown in Appendix K are presented for the purpose of demonstrating the
simulation costing methodology. Each maintenance action diagram contains
numbered paths which connect narious points of the action diagram to one
another. Each line (path)-eithef represents an element of maintenance repair
work or just links tno~or more actions to one another. During the simulation
the calculations proceed as Hepicted in the diagram in that upstream paths

are processed first.

Circled junctions (or nodes) of three connecting paths indicate or represent
various decision maklng processes in the malntenance-related work. For
example, circled Junction (:) in Figure 4-1 represents an inspector's decision
as to whether he accepts the track he has inspected (path 1) and allows its
continued use (path 2) or labels it as being in need of repair (path 18) by

placing a "slow order” or other restriction on its use.

Junction number <§> in Figure‘A—l represents -the decision making process
whereby all track identified as being in need of work (path 3) is either
passed to the point in the system where it is maintained (path 5) or where

work is deferred (path 4).

Areas of the diagram which are shaded represent major repair operations which
usually require several paths for their deSeription. The maintenance repair
block shown in Figure 4-1 has two incoming and three outgoing paths which
pass its boundaries. The connections of these paths are shown and merely
represent the overall nature of performing work on track components which
have renew (or rework)’shops, manufacturing, and scrap yards associated with

“them. .
In Figure 4-1 junctions /8 7, and (5 represent repair'actions of adding

new parts to the track system and removing worn or degraded defective parts.

Paths 6, 7, 8 and 10 are used to keep tabs on the various rates at which
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the following maintenance costs are expended:

Pafh 6 - New parts for materials installed

‘Path 7 - Labor, equipment, and other costs

Path 8 - Costs of converting degraded materials to reusable ones
(for example, making old jointed rail into continuous
‘welded rail)

Path 10 - Scrap return costs from materials removed from use.

Setting out in block form the various types of repair work has several

" advantages in simulating'mainténance'costs. One advantage is that each
repair block may be as complex or simple in construction as necessary and
"the internal details of the blocked actions might not be shown at all.
Examples might ipclude remote rewqfk shops where components are sent for
repair. If the repair rates and costs are known the details of the main-
tenance work in the facility might be skipped and the applied costs be
attached only to the maintenance actions as one lump sum or cost per com-—

. ponent repaired. This blocking procedure allows the major maintenance
actions to be initially simulated and then updated in more detail at a later

time when more detail of the repair operation is learned and/or desired.

4.2 Action Diagramming of Track Inspections and Accidents :

The need for maintenance repairs on a given section of track can be generated
through inspection reviews of the track or through accidentally occurring
incidenté. The upkéep and maintenance of track which has been torn up from
accidents, washouts, or other environmentally caused events can be costed
by the éimulation technique. An example of one way to account for expenses
of maintenance as a result of accidents is depicted in Figure 4~1 with the
linking path number 17. This path is intended for the tabulation of costs
required by putting track into acceptable repair after an accident/incident°
Data needed for tabulating these repair expenditures can be obtained from

FRA reports of annual national reports of all accidents which occur.
Periodic inspections performed by track personnel are made in accordance

" with schedules set forth.in the FRA Track Safety Standards. These inspections

are intended to identify potentially unsafe track conditions, as well as yield

25



information about the relative state of deterioration of the track as judged
by the people doing the survey. These inspection judgments can often be

used fo; planning or scheduling maintenance work whenlﬁhe track degrades to -~
the limiting condition of compliance with set safety standards or increasing

s

costs.

In complying with either federal inspection standards or with company étandards
(which can oftentimes be more stringent), unscheduled maintenance repairs

' must sometimes be performed. Existing standards require repair action be
initiated immediately if track is found to be outside the limits of the
standard (see Reference 10). - In some insténcés, where repair cannot be

performed immediately, a slow-order is placed on that section of track. .

Track inspection processes may be diagrammed in a simple way as in Figure 4-1
or in a more complex manner as shown in Figure 4-~2. The simplified approach
is the single inspection review process practiced by many roads. In such a
road the inspector will travel the road on a timely basis (once a day, week,
or month) and note various track defiéiencies. Within a short time the noted
required repairs are made by the maintenance of way staff. Thus, the equivalent -
of the sent "to repair" operations and the otﬁer febair block features of the

maintenance system would be accomplished.

Railroads (or specific track structures) may require a more involved inspection
process. For example, some roads employ automatic systems for rapid scénning
inspections of the rail system; and then back-up the measurements with an
_on-site personal inspection to establish the exact need or amount of-repair.
This type of procedure would be more like one of the two or three step
inspection processes shown in the diagram of Figure 4-2. Many other examples
might be given. Appendix K shows a simulation diagram which has eleven types

of inspections, all in the simple one loop arrangement.

t

The kinds of inspections showrn in Appendix K, which include:

i

1. Federal visual inspections

2, State visual inspections
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3. Scheduled track reviews
4, Federal inspection cars
5. Sperry rail cars
6. Sonirail inspection cars
7. Track geometry cars
‘f ' 8. Rail}wéar cars
9. Track inspected after accidents
10. Track reviewed after weather damages, and
11. Joint inspection cars
are not so much a model of one road s 1nspect10n practlces as they are
a representatlon of the nation's rail system as a whole. The intent of the
1nspect10n portion of the diagram is to account for the costs of inspection.
~In d01ng so, each of theseArepresented_"inspectlon loops" could have various

amounts of track, ties, or ballast associated with it annually.

Furthermore, each of these "inspection loops" can be separately used to
account for separate inspections on all or just some of the six FRA track
classes modeled. Thus, each inspection loop may have in the ‘modeled simu-
‘latlon data up to thirty (5x6) separately specified inspection rates. The
model allows for separate inspection rates for each of the five components
(i.e., jointed rail, welded rail, wood cross ties, concrete cross ties,
and ballast) as well as for a separate inspection rate for each of the

six classes of track.

4.3 Maintenance Decisions and Deferment Policies

Most maintenance decisions are modeled with diagrammed branching points.

These circled points in the maintenance systeﬁ provide for alternate decisions

to be made on the components represented by the paths drawn. These split
points could represent managerial actions or policies which might cause, for
example, all track inspected'énd found defective with cracks to be replaced,
or up to 5% of the ties in use to be replaced annually, or any other set of
conditions to be placed on the repair and up-keep of the track. It is not
the intention here to examine all the various maintenance practices of the

rail industry. It is sufficient to say that there are many ways to keep a

- track -maintained—in—sucha-way as to keep the roadbed structures (rails,
ties, etc.) in acceptable operating condition both from a business standpoint

as well as from a safety standpoint.
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The present simulation cost methodology models maintenance policymaking
procedures (if they are known for a given railroad maintenance system) through
the use of: ' _ ’
e Simple split points in the maintenance action diagram;Aor
e Functional equations which describe the policy that causes

a given repair operation diagrammed to be executed.

Examples of functions being used in the simulation are given in Section 6.

The deferring of maintenance work can be handled in the present methodology
in several different ways. In simulating a specific railroad more than one
of these methods may have to be used in order to represent accurafely all

deferring policies and procedures of that road.

The modeled maintenance system shown previously in Figure 4-1 takes the
. direct approdch of setting aside one path which represents the réte.at which
maintenance work is delayed for a later period. The costs tabulated on this
path would represent the net savings (or loss) from two economic factors. On
one hand, there would be a savings since some real amount of maintenance.labor
is eliminated. On the other hand, repeated maintenance deferment could .cause

the track structure to degrade to the point where business related revenues

- may be adversely affected.  Degraded track conditions might cause:

e delays in customer deliveries,
e more costly deliveries,
e¢ more frequent train equipment breakdown,

" ® more expensive.repairs when théy are finally performed.

Additional approaches to getting an estimate of deferred maintenance costs
could be taken with the simulation cost methodology. Although they have not

been employed in the costing demonstrations discussed here, these would involve:

1. Setting up several maintenance repair blocks which represented the
same repair action but would have costs based on the amount of de-

ferred work accumulated.
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2. Use of functional equations which would modify the maintenance

costs through the amount of maintenance deferred.

4.4 Manufactured Supplies and Scrap Materials

As mentioned earlier, the present simulation cost methodology is in some
ways analogous to the flow of fluid in a complex network of water pipes.
Supplying and scrapping of materials in the cost analysis have their counter

parts in sources and sinks of the water pipe analogy.

The schematic diagram of the simplified maintenance coet system.previously_
shown in Figure 4-1 has three points associated with material'origination or
removal. The box labelled "component manufacturer" and its attached path
(path 6) is where those purchase costs of new materials would be tabulated..
Scrap yard paths (path 10) in this case are used to acknowledge and accumulate

material return costs realized from selling materials removed from use (e.g., metals).

The label "renew shop" is used for expenses related to putting degraded
components such as jointed rail into a usable condition as continuous welded
rail. This procedure involves transportation and delivery costs, as well as

shop welding expenses in this simplified maintenance picture.

4,5 Cascading and Reuse of Maintained Materials

If rail cascading is handled in a cost simylation, then some rail which is
removed from a higher class (say class 6) could be reused or installed in

a part of the rail system represented by a lower class (say class 3 as dis-
played in Figure 4-3). 1In thlsvexample-the-rall leaving the class 6 main-
tenance repair block along the "reuse" path would appear or be the source
"cascade" for the rail being installed in the FRA class 3 maintenance block.
.Figure 4—-4 details one way the "Maintenance Repair Block #1" might be layed

out for systems that contain rail cascading in their maintenance operations.

This, of course, is only ome way to handle cascading of track components

through the use of the simulation cost model. Another way might involve

the drawing of a single large schematic diagram which had "regions” or
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"blocks" of paths which are tailored separately to each class of track main-~
tained. Then the movement of cascaded materials would be followed from

"class" to "class" with separately drawn lines or paths.
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5.0 TRACK MAINTENANCE COST DATA : :

A complete»set.of costiﬁg data for the track maintenance cost model will

consist of the following information: , o L

1. Annual starting number of components handled on each path

of the Maintenance Action Diagram. ' | ' =
2, Qﬁality information on components.

3.  Unit cost on each path for the maintenance action cost

categories required for the simulation diagrammed.

4. Functional paraméters for the above entries needing para-

metric modifying relationships.

5.1 Model Path Component Quantities

Since the paths of the simulatioh model represent maintenance actiomns, these

paths may have various amounts of each track component being acted upon. The

simulation process requires the annual amount of each component repaired,

worked upon, or otherwise being handled by each path at the start of the .
simulation. The quantity of each path component is gntefed.as shown in |

Figure 5-1 (see data descriptor. code "20"). - ) w

"As in the case of the fluid pipe amalogy it is possible to under-define the
system flows by specifying the flows within too few pipes of the system. 1In
the case of the cost model, an insufficient data set would require the user to

provide more data. A necessary minimum data set provides component quantities for:

1. Each path directly attached to or emanating from every. circled

'split (branch) point in the diagram, and
2. Each manufacturing or scrap path represented.

It is not necessary to specify quantities on paths which emanate from summation

points in the diagram unless these paths are connected directly to a branch point.

From these initial quantities the computer program can compute and store all =

system annual repair rates (flows) for every path diagrammed and can store them

for simulation cycling. The subroutine entitled "RAWDAT" uses this particular
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data entry format. However, alternate entry formats could be generated if
the user wanted to take input data directly from his own computer stored

accounting records without retyping the information. ' s

5.2 Cost Data Forms, Sources, and Types

Costs for simulating maintenance work can be found in many forms and can be

obtained from many different sources. Such sources as:

e Standard accounting records,
e Policy definitions,
e Business practices,
o . Accident-reéords,
S ~Component failure hisfories,
® Standard maintenance practices,
o Safety compliance standards,vand

e Published reports

can be used to determine various input cost numbers for simulating track

" maintenance operations. ' : : : : .

Cost data, however, must be entered for simulation purposes as shown in -
Figure 5-1. These initializing costs are all entered directly after codes |
"30" to "49". Each cost set entered is associated with the data descriptor

of the same number listed in Figure 3-1 and detailed further in Appendix G

(in particular refer to Figure G-2). Costs are entered on a per unit basis.

Each assigned cost designator code has its own unit of measure. If the cost

entfy is material based ﬁhen the three cost numbers néeded are: nﬁﬁber‘of

material units per mile, dollars per méterial unit, and a multiplying factor

(usually one (1.0)). If the cost entry can be based upon hours then the three

inputs required for each descriptor are:  hours per mile, dollars per hour,

and number of people (or a mﬁltiplying factor). | |

Tﬁe entries in each case provide a unit price rate (dollars per mile as it

now stands) for every maintenance action expensed on that path of the diagram. -

By entering the costs on a unit basis they can be easily scanned at a future

time and updated automatically where appropriate with the aid of the computer
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editing system. For example, if the labor rates (dollars per hour) increase

then the data file can be called up and changed as needed.

5.3 Concept of System Component Qualities ' _ ~

Track substructures (i.e., rails, ties, etc.) are considered'defectire for
modeling purposes if some identifiable work needs to be performed on that
‘track in order to bring it within an acceptable level of use. These:
"acceptable levels of use" are typically def1ned by some safety standard
under which the railroad operates. A set of track structural qualitles
has been chosen as a numeric way to define the fractlon of the track system
" that needs repair work Two alternate def1n1t10ns of quallty have been
.defined and either can be used. One s precise deflnltlon need only be made
clear when setting or adjusting the numeric parameters in the computer simu-

lation.

At each time step the maintenance simulation model provides for the replace-
~ment of defective components with new ones, such as installation of new
track for worn out track. . The modeling procedure, however,_also allows

for maintenance practices that put track structures back into a "like-new"
user condition without component replacement. TrackArealignment, surfacing,

and brush control operations are examples of this type of maintenmance practice.

Track defect rates of growth are analytically generated during the simulation
with a set of Weibull* (Refs.. 9, 11) defect distributions for each track sub
structure modeled. Track system degradation is in the present simulation pro-
cedure derived from accumulating defects that are generated from natural causes
durlng a time step, as well as from neglectlng to replace all defects that

are present in the system at the beginning of the time step (maintenance
deferment). Each component is modeled with its own failure rate distributiom.
The rate at which defects are created can be modeled as either ccnstant or
changing with time. In the present examples the Weibull parameters were

chosen to keep the defect generation rate constant with time. Data entry'
examples for failure rate generatlon of each _component for each FRA track

class are glven in Append1x F (p F-16) and the Weibull distribution given -

explicitly in Appendix E (p.E-3).

*The Weibull distribution is an extreme value distribution for the smallest
time to failure from a large sample of times from a given failure distribution.
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Track component quality (Q) in the present model is defined as a ratio of two
measures, the total defecti&e unit amounts (miles) of a.giveh component
di&ided by the total unit amounts (miles) of that component in the system.
This measure has the ad&antage of simply separating components into two
defined "states"; good and defective. This ratio measuring concept of quality
is displayed in Figure 5-2. As depicted, this particular concept does not
portray the defect concept measure of "how bad is it". Since some repairs
or levels of repair may require a measure of defect seﬁerity, other "quality"
or track component condition measures may ha?e to be developed. This would
not be difficult as long as the concept of "quality" as defined for the
simulation remains consistant throughout the process of data gathering and

output interpretation of the results.

One alternate concept of quality which is possible defines it as a frequency
of occurrence of defects fer unit measure (mile) of that component. This
measure has the advantage of indicating the defect severity on the basis

of defect density (number/per mile) of the average defect level for that

component's population.

One way of obtaining the advantage of either measure of quality; i.e.,
defect proportion based or frequency based measure, is to adopt a minimum
unit length (e.g., 39 ft.) which is associated with each defect. In doing

so, each definition of quality can be obtained from the other; i.e.,

Defective Proportion|  _ Frequency Based |, |A Constant of
Based Quality : ' Quality Proportionality
In other words,
- Minimum
: Defect Length, ft.
Defective Proportion —'| _Number of Defects ] f Defect
Standard Length, Mij L 5280 ft.
: mi.

*In the present form of the cost simulation methodology, the defect proportion

based definition of quality has been used. At the present time, this requires

the user to_structure_his track "quality" data—in terms—of that definition
q
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5.4 Functional Parameters and Their Forms

fhe majority of cost models deneloped to date lack a method of enaluating

the cost effects of certain parametric alternatives. The cost adnantages -
(or disadnantages) in terms of track maintenance expenditure caused by .
higher traffic densities, changes in Federal Safety Standards, or an
alﬁernate component design, are not usually handled in the traditional
cost modeling procedures. The present model addresses these potential
variations in the operating system through the identification and use of

-functional relations.

If a cost or rate of track repair has a known dependence which can be
written in terms of either the state varlables (component population and
component quality) or time, then use can be made of several preprogrammed
families of functions which will carry out the deflnable dependencies

during the simulation. Seven families of curves have been already defined
(refer to Appendix E). Families of curves; i.e., linear, power, exponential,
and others have been programmed for activation and can be "turned-on" through
the use of various data codes. Figure 5-3 shows an exampleeof.data entries
which makes use of a modifying function (number 7, Appendix E). This
equation is used in one of the samp;e computer runs discussed in Section 6.
In order to "activate" tne,preprogrammed functions the user must enter two
lines of data, as shown in Figure 5-3, directly after the data elements
(costs or flows or qualities) to be modified by the functional expression.’

- This procedure.allows basic data elements ﬁo be modified in different
functional ways by simply entering new functional parameters rather than

new data values themselves. Overriding functions:onto base data can be
easily "added" or "taken-out” of the analysis by simply putting in or

deleting the two data lines required per function applied.

If the programmed equation has a user selectable dummy variable (see first
five equations, Appendix E) then the dependent function can be linked to : .

the independent variable "X" through the data designator codes 50-79 listed

in—Figure—3= I———Aithuugh—31muiatibn—time (code "50") is the only code presently
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PORTION OF SAMPLE INPUT DATA

FROM EXAMPLE

SIMULATION RUN

005 2 20 50
0052207 2.0 39.0

Isolated Parameter Data Descriptor Code:

/  T0 REPAIR
/  T0 REPAIR

Always path
number to
which data
is referred

FIGURE 5-3.

Alﬁj

*

L

N7 _means

"20" means

| 2" means

Enter up to five real parameter constants
A, B, C, X and Y for programmed Equation "7",

In this case Equation Number 7 is to be evaluated with
=2.0, B=39.0, C = X = Yo =0

Apply parameters entered to programmed
equation number 7. See "FUNCT" subroutine.

Apply factor computed from this equation
activation to the quantity (flow) of the
component this entry is attached.

Entries are for activation ‘of programmed
functions

PORTION OF SAMPLE INPUT DATA FOR USE WITH PROGRAMMED MODIFYING FUNCTIONS



updated during the simulation it is intended that other isolated parameters
such as speed, load, millions of gross tons (MGT), etc., could also be step-~

wise defined as independent variables.

For example, if one wanted to "modify" the annual amount of rail inspected
over a ten year period as depicted by the dashed line on the uppermost graph

of Figure 5?4, then he would enter the two data lines as shown in Figure 5=5.

The net results to the simulated systems "rail quality" and cumulative
maintenance expenditures caused by this "modifying" function on inspection

rates is shown in the lower two graphs of Figure 5-4.

3
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PORTION OF SAMPLE INPUT DATA FROM
EXAMPLE SIMULATION RUN

; 011 1 20 5 v / GOOD MTRL.

] 011 0 01 210001 / - GOOD MTRL.
011 1 20 10 / GOOD MTRL.
011 0 02 2 1 0 0 O { -~/ GOOD MTRL.
011 1 20 15 / GOOD MTRL.
00t 0 01 1 1 / TO INSPECT.
.801 1 20 700 /. . T0 INSPECT.
001 2 20 50 . ' T/ TO INSPECT.
,001 2 205 2.02.01.06.065.0 -/ YO INSPECT.

of FUNCT subroutine

FIGURE 5-5. SAMPLE INPUT DATA FOR MODIFYING TRACK INSPECTIONS WITH TIME -

__Two data lines, if inserted, will "modify" rail inspections as shown in
previous figure over simulation time span.
simulation "time" will be used as independent variable through Equation 5

Isolated parameter '"50"
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6.0 SAMPLE TRACK MAINTENANCE SIMULATION COST MODEL RUNS

Two example case runs of the computer simulation model were chosen for in-
clusion in this report. They include:
Example #1. A ten-year time based simulation which shows a compari-
' son of two alternative inspection pblicies'which are known
‘ to vary with timg, and
Example #2. A test run which depicts a single time point costing (zero

year) of a large hypdthetical maintenance of way system.

The first example. is intended to portra& a small railroad whereas the second
~would be a larger, more complex syétem,'SUCh as that which makes up the

“ full 200,000 miles contained within the United States. These maintenance
systems were generated for example pﬁrposeé; however, run number 2 contains
‘many base line cost elements (see comment line inputs of‘Appendix H) which

were drawn from References 1 through 7.

6.1 Backgrouﬁd Information on Example Run #1

A hypothetical Alpha Railroad maintenance system was defined. This system
is detailed by the information'given in Figures. 6-1, 6=2, Appendix G, and
the previously presented maintenance action diagram of Figure 4-1. The
example run consists of a set of base data plus three overriding functions
which pertain to: ‘
1. The amount of track inspected per year (function linked to
time of simulation). ‘
2. The number .of- accidents which cén_occur (function linked -
to defects in track). » A '
3. The maintenance capacity of the maintenance of way depért-f
menf after the rail has been identified for repair (function

linked to repair resources available at start of simulatiom). .

6.1.1 Inspections

The inspection rate of rail can often be placed on a time basis (see
Reference 10). This cycle time is usually on a weekly or monthly basis

but can be more often in typical operations. The major expense of
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Road Name:

ALPHA RAILROAD

FRA TRACK CLASSES 1, 2, 3

FRA TRACK CLASSES &4, 5, 6

~1

Main

Mair

Char

Repair/Inspect Policy

Assumed

Average Compoﬂent Age

Weibull Slope
Rail Reuse Realized

Rail Scrap Fraction

tenance Deferment Policy

\tenance Overload Capacity

acteristic Component Life

100% Defects‘

{per class
only)

(per class
only)

20 .years
32 years
2

(per clasé
only)

{per class
only)

i

100X Defects

10%
vériqbie based

on simulation
function

20 years
32 years
2

A80%

Net Unused

100% Defects‘

~16%

Total

.20 yearg.

32 years
2
80%

Net Unused

Schematic Diagram U§Ed: QOOI 252:5? ~ Component 1 § Component 2 - Componentkl. Component 2
Jointed Rail § Welded Rail Jointed Rail §k Welded Rail

¥rack Systems Size 1000 miles 700 miles 50 miles 100 miles J° 150 miles
Track Accident Rate (Initial) +01/mile 011/mile .02/mile 01/umtle None
Track Accident Rate (During - (per class Variable based .

Simulacion) only) on rail quality|f] .02/mile .01l/mile None

4 : function :

Initial Track Quality .1 .1 ! .1 .1

100% Defects

10% )

Total

20 years
32 years
2

80%

Net Unused

100% Defect4
0
. Total

' 20 years

32 years
2
93%

Net Unused

FIGURE 6-1. ’DESCRIPTION OF THE RAiLROAD USED-FOR SIMULATION PURPOSES
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SIMULATION OF TRACK RELATED ACCIDENTS
(Classes 1, 2, 3 Jointed Rail Only)

Accident lilroca ar ov ar av e o
Frgction | Rail Caused
i Track Accidents
(Present) ] :
Initial
p— . T
™ ' Non-Rail Caused L
Track Accidents Simulation Starting
- _ ) l : Quality Assumed
v .
. ) 1
0 . N 3
QUALITY OF RAIL
‘MAINTAINABILITY OF IDENTIFIED DEFECTIVE RAILS
(Classes 1, 2, 3 Jointed Rail Only)
. _ Maximum _
Relative Capacity :
* Amount of :
Rail _
Maintained -
(Present) 1
Initial
‘ 1 i ! 1 l
0 1 2 3 4 5

Relative Amount of Rail Identified as in Need of Work

¢ Present )
Base Amount )

FIGURE 672. SHOWING FUNCTIONAL RELATIONS USED IN THE SIMULATION DEMONSTRATION
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of inspection is the transportation and labor of performing the task.

In some operations the inspector also has "immediate repair" obligations
if thgy can be handled with the small amount of eﬁuipment he carries.
The present model has two aséumptions imposed upon the inspection cycle.
First of all, the inspection loop sends toward the maintenance repair
block all the "defective" track found during the inspection cycle.
Secondly, the amount of track inspected during the simulation of this
example is escalated on the schedule shown previously in Figure 5-4

of the last section. -This variable aﬁount of inspection'based on time
in this exampie, portrays. the program's ability to alter maintenance
éction'path flows through functional parameters (éee inﬁut data for
“path 1, Appendix G). In addition, this inspection éscalation with

time follows one of two scenarios expected if certain future plans

to rejuvenate the track system are executed, (Reference 8).

In a recent report by Dr.QOrringer'(S) of the Transportation Systems
Center, it has been'recognized that different remedidal inspection pro-
cedures could be implemented ih order to rejuvenate substandard track.

~ Two alternate inspection policies were reviewed ésfnewvapproaches to

implementing modifications in standards such as the one outlined above.

" These inspections procedures were labeled as the:
1. Interim Revision Plan, and

2. The Defect-Rate-Based Revision Plan

Either of these plans, if implemented, would have a time-varying impact
on present day inspection resources. The net expected impact on these
resources was depicted graphically in previously shown Figure 5-4

of Section 5.

In general, any formula which generates a simulated inspection procedure
could be used. Two examples not exercised in the present'program which

could be implemented are shown in Figure 6-3. These inspectionm rates

are shown to be linked to the quality of the rail in the system, but in

general, could be associated with other variables such as traffic density

or average car loading.
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Two Non-Exercised Hypothétical
Inspection Policies Which Might Be
Based on Rail Qualities

10 = Log Scale

* Track System .A - Continuous

Annually In- Schedule
spected Example
Proportion :

2
B -~ Discontinuous
- - — Schedule
~ Example
1 ‘l ‘ ' g L . - .
0 .05 . .1 . .15 .20 More defects
No ' ; :
.Defects ' Quality of Rail

FIGURE 6-3. TWO EXAMPLES OF NON-LINEAR INSPECTION POLICIES WHICH
COULD BE LINKED TO RAIL QUALITY
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Each is depicted as increasing the amount of inspection as the rail gets -
worse. In particular, the discontinuous inspection schedule (plot

"B", Figure 6-3) would have a tendency to create step like changes in

the amount of track repaired; if the track passed toward the maintenance
block were based on the amount of inspectioq;performed. This type of
simulation would imitate the case where the probability of finding
defects in a system would be proportional to the amount of effort

spent in reviewing the system.

?“Othef‘policy concepts might also be added to alter the amount of rail
sent toward the maintenance block from the "inspection loop”. Such
practices of sending (or finding) 50% of all defective rail in the .
system could be implemented. This‘type of simulation would represent
an automated inspection car that has the feature of only findiﬁg some

fraction of the defects because of its design limitationms.

6.1.2 Accident-Related Track Mileage Repaired

For simulatioﬁ, the Alpha Railroad was assumed to have accident-
"associated track and the mileage of that track was assumed to deﬁend

on rail quality. This.dependence of the accident—éssociated track'
mileage was used only for jointed fail in FRA track clagses 1-3. The.
depenﬁence is given in Figure 6-2 as the ratio of the accident-associated
track mileage to the initial mileage at the start of the simulation.

The figure shows ﬁhat the accident-associated track miles repaired

goeé down linearly as the condition of the rail improves (see Ref-

erence 14). The accideﬁt-aésociéted track mileage for perfect rail
condition (quality¥0) is that éésociated with accidents not caused

by the track but nevertheless requiring track maintenance.

6.1.3 Maintenance Capacities of Repair Organization

The example run #1 contains a function which provides for varying
amounts of track to be deferred during the simulation. The selected

function was chosen to reflect the fact that certain maintenance of way

organizations have limited resources.
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For this example, a simple limiting factor of two (2) over and above

the originally defined rail defect repair capacity was chosen. The

lower portion of Figure 6-1 shows the simulated association between

the amount of rail designated as in need of repair and the amount which ] -
is passed along to the maintain path. As the amount of rail needing

repair goes up, more rail is then deferred on the argument that the

ﬁaintenance system is being stretched to more of a limit than it can

respond.

6.2 Run Input and Output for Example #1 ..

The input data for example run #1 of the simulation model are the contents of

Appendix G. Shown in Appendix I are the outputs which include:

® Program Run Information

* Data File Used

# Simulation Description

* Weibull Parameters Used

*# Active Functions with Parameters

® Annual Maintenance Costs by Simulation Time Point

* Five Time Points (0-2 years)

® Track Maintenance Cost Summary Table

*  Costs by Designator Codes 31-49
* Costs by Track Class
* Costs by Track Component

* Costs by Major Maintenance Reéair Blocks

The program outputs for this simulation period reveal that:

‘e Maintenance expenditures per year decrease as the time of

the simulation proceeds.

® The simulated track condition ultimately improves as time

proceeds. The average qualities of each rail type by class

|'1

drop to separate levels even though they were initialized

to the same starting value.
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In order to get an impression of how some features of the simulation influence
the results, a similar run to the above was made. This alternate run was
made with one change in the input data. Equation number five which modifies

the inspection cycle was deleted.. All other inputs-were kept constant.

Deletion of the inspection modifying function pro#ides an output for--tompari-
‘son between the alternate inspection policies assumed. ~ See Figures 6~4 and
graphs of prev1ously discussed Figure 5-4 for comparison of results. In
comparing ‘the maintenance costs with (modified) and without (base) inspection

modifiers it can be noted that: -

e The modified Inspection Plan brings the track to a "better
condition"” more rapidly than the reference base simulation

(see first two columns Figure 6-4).

e The modified simulation results in a track condition which is
ultimately better than the base simulation maintenance practice

(see Figure 5-4). . .

e The annual cost to maintain the track under the modified simu-
lation conditions is slightly greater than the base maintenance

case.(see Figufe 5=4).

e The total cumulative difference. in maintenance expense after
ten years with and without the imposed inspection modification
is 3.1%. '

In summary, these simulation compé;ison runs with time have shown some of
the modeling capabilities of the present simulation cost methodology. The
interrelated effects of changing inspection procedures and the realizable

quality of the rail and the net associated cost results are shown.

6.3 Sample Run Number 2 Using a Large Data Base File

Maintenance cost operations data obtained from references one through seven
were used to generate the elements of the input data. These input data are =

listed in Appendix H. The data values are keyed to the complex maintenance

v

action diagram #2 shown in Appendix K.
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SYSTEM RAIL QUALITIES TRACK MAINTENANCE COSTS :
Class 1,2,3 Track Class 4,5,6 Track ANNUAL _RATES CUMULATIVE __ %
Jointed Yelded Ininted Yelded Increased

YEAR | Base| Mod Base | Mod Base| Mod Base| Mod Base Run Modification Base Run Modification Cost

0 .10001.1000{.1000 |.1000}.1000} .1000}.1000 |.1000 5312973 5312979 5312979 5312979 0
.5 |.0761].0759}.,0737§.0737 .073? .0737].0751].0751 4005673 4035933 | ——eeeem | e |-
1.0 |.0651}.0640].0585].0585].0585].0585].0603].0603 3337871 3404821 8650850 8717800 .70%
1.5 |.0597].0568 .b497 .0497 .0497].04971.0516.0516 2974604 3112344 e e ane N Bt
2,0 |.0569[.0509|.0446 .0446 .0446].0446}.0465}.0465 27?3460 2990914 11424310 11708714 2.49%
2,5 [.0555]|.0456].0416].0416].0416].0416].0435 .0435 2660741 2908688 ; ——————————————————
3.0 [.0548].0415).0399].0399].0399].0399].0417|.0417 2597199 2819514 14021509 14528228 3.6%
3.5 1.0544|.0389[.0389|.0389(.0389}.0389].0406}.0406 2561299 2744324 ;--——-— ————— e
4,0 |.0542 ;0376 .0384 .6384 .0384] .0384].0400|.0400 2541057 2694137 16562546 17222365 3.98%
4.5 [.0541].03701.0380 |.0380{.0380}.0380}.0396 .0396 2529659 | 2661725 | ———eeem | e ) e
5.0 [.0540 .0569 .03791.0379 .037§ .0379].0394].0394 2523342 2634560 19085888 19856925 4.0%
flo .05391.0435].0376].0376 .03]6 .0376].0391].0391 | 2518858 - 2580861 316?5236 32668898 3.1%

FIGURE 6-4. SUMMARY COST MODEL RESULTS WITH AND WITHOUT INSPECTION MODIFYING FUNCTION




This complex diagram is intended to portray a composite of several railroads

since this model contains:
e FEleven separate modes of inspection, and

¢ Twenty indiﬁidual major maintenance repair operation blocks.
This model might be used to represent, if desired, all railroads within the
U.S. as a composite. Although some single railroads could be simulated with
the complex diagram shown most roads do not have many of the features incorpo=

'~ rated in this complex model. -

‘For examplé purposes then, somé of.the data contained in Appendix H was
devised for a hypothetical road of 200,000 miies in length and assumed to be
comprised of "all" features of the complex diagram. Much of the maintenance
_gang wofk laid out in the'various méjor repair blocks (see twenty'separéte
operations of Appendix K) were drawn up from,coﬁversationwaith railroads
consultéd during the ﬁroject, Individual manpo&er performances as well as
material quantities and unit costs entered to the data file of Appendix H

have been obtained from references 1 through 7 (see commentary of data file).

A summary output of the single time period from this hypothetical
" maintenance system is given in Appendix J. Notable features of this example
run are listed both in the heading of the computer run output, as well as

in the summary (last page of Appendix K).

Run assumptions include:
e - This system is represented by a maintenance action diagram with

about 575 paths and 201 diagram junction points.
e The system has 5 components:

Jointed Rail
Welded Rail
Cross Ties

Concrete Ties, and

Ballast
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e Due to the complexity of this data set only one FRA track

class was assumed.

" ® No overriding functions were used in this example run to

modify any of the initial data values.

e The total mileage was assumed to be roughly split 50~50

betwween welded and jointed rail.

Output features include:

‘e Summary costs of maintenance by path number of the modeled

" maintenance action diagram.

e Materials and labor make up the majority of the maintenance
repair costs for this single year's expenses (see cost codes
31 and 40 to 45 of the Track Maintenance Cost Summary Table;

last page of Appendix J).
e Rail is the most expensive of the five components to keep up. "

e Maintenance repair blocks one through four account for most
of the maintenance costs (these represent rail laying

operations).

The execution of this program simulation requires about one to two minutes
wall clock time, as opposed to the samé time fér twenty time steps used in
example ‘simulation run numbef 1 discussed previously. This time is for a
PRIME 350 run with data being held on a hard disk drive unit. Each of
these program simulations'héve been pérformed in_lessltime with‘aq altered
YPATHIN",  "PATOUT" éubroutine than. .hat shown in the listing of Appendix D..
The altered subroutines used direct addreséiﬁg scﬁemes, to and from the
computer disk which elimin;ted the required large computational "RARAY"

used for storing the. data elements during program run.
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APPENDIX A

OPERATIONS MANUAL

1.0 GENERAL INFORMATION

1.1 Summary

The CONTRL program is designed to simulate the operation of a railroad

track mainfenance system and compute the changes in track inventory popu-
lation and costs over a desired time period. The program has the caﬁability
of producing a base case for the system and outputting the state of the

system at selected time steps..

1.2 Environments

This program was developed for DOT by Shaker Research Corporation under

DOT-TSC-1594.

1.3 References

See Section 7.

2.0 OVERVIEW

2.1 Problem and Solution Method

Refer to example program runs 1 and 2 with data explanation in Section 6.

2.2 Prbgraﬁ Inventory

2.2.1 Main Program: CONTRL

"CONTRL" is an extremely modular program for calling required’

subroutines as required through data selections specified.

2.2.2 Subroutines

Refer to Appendices C, D and E which consist of flow charts,

listings and further explanations by name.
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2.3 File Inventory : \ )

CONTROL/6 = : . Source Program (Appendix D) ' -
IFLAG ¢ Diagnostic control file =
IFILE . Intéger Controls for Program Options -
RFILE ¢ Real Controls for Program Options

INODE ¢ Diagram Path Linkage Designators

RNODE : Split Fractions for all junctions Array

FUNCTl ¢ Function eﬁaluation Parameter Storage

STATE : System‘quantity and qualities

WEIBL : Component Failure_Rate Distributions

DATA ¢ User input cost operations information

OUTPUT ‘

Receiving file for output storage.

3.0 DESCRIPTION OF RUNS

3.1 " Run Inventory

1. Base Run: . Given a set of system flow inputs and node decision T
parameters, the run will produce the corresponding system flows .

and costs by path and code. : .

2. Time Simulation Run: Given a starting population state, a time
step, and an ending time, the run will use the Runge-Kutta method
to determine the change in state for each time step. The technique
requires sufficiently small time steps in order to maintain

accuracy.

3.2 Run Progression

In all cases the Base Run.is done first. To select other desired run options
the control indice values stored in the IFILE and RFILE must be altered.

See Appendices F, G, and H for examples. -

3.3 Run Description : . ' 4 .

3.3.1 Control Inputs

The first eight files are read in through subroutine DATAIN on FORTRAN



units 8, 9, 12, 13, 14, 15, 17, and 16, respectively. DATA is reaq in
.the RAWDAT subroutine on a filelunit set from IFILE, so alter the IFILE

data accordingly. Output is written to a unit set in IFILE as well.

3.3.2 Operating Information

a. Base Run: see input/outputs of Appendices H and J.

b. Run Time: 2.0 minutes CPU. ?
Turn Around Time: 3.5 minutes total on PRIME 350.

c. Operator messages and commands: NONE

d. Trouble Shooting: All control is through IFILE and RFILE.

See example explanations in text and appendices or contact the authors.
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APPENDIX B A
PROGRAM MAINTENANCE MANUAL

General Information

1.1 ' Summary

This program was written under standard FORTRAN IV con&entions and con~-
sists of a main program, subroutines called by the main program only,
subroutines called by the main program and other subroutines, and sub-
routines accessed solely frém other subroutines. There are no recursive
calls. The pfogram is supported by two types of data files distinguished
by purpose, those with program control valueé, the rést with calculation
data. The software package of main program, subfoutines,-énd data files
is completely self-contained except for the standard FORTRAN functions

which must be provided by the user's compiler.

1.2 Environment

This program waS»developed for DOT by Shaker Research Corporation under

- DOT~-TSC-1594.

1.3 References

"Life Cycle Cost Methodology for the Evaluation of Proposed Track-

‘Related Safety Standards", Smith, R., Krauter, A., Shaker Research Corpo-

‘ration, Ballston Lake, N.Y., Final Report prepared for Depaftment of

Transportation/Transportation Systems Center, Contract No. DOT-TSC-1594,

‘February 19, 1979.

Program Descriptions

2.1 Program Description - Control

2.1.1 Problem and Solution Method. The problem was to set up a

mathematical model to simulate the maintenance syétem for
_track. The solution was to set up a diagram of nodés and
paths. The paths represent various steps and operations

of the maintenance process. The nodes, depending on type,

either combine the flows on two incoming paths and send the
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2.1.2

combined flow down the single outgoing path, or determine : -
how to split up the flow of an incoming path between two
outgoing paths. Beginning with the information from some >

starting path, the program sweeps through the diagram,

~ filling in the flows and qualities for all downstream paths.

There are four basic path types, in-use, internodal, manu-
facture, and scrap. There is only one in-use path, it con-
tains the system population, and quality for all components.
Internoaal paths represent maintenance operations or movement
of components between nodes. Manufacture paths enter the i
system: Ehe flow on each such path is aiways set equal the de~
fective portion of the flow in the path it is summed with. The
scrap path permits unrepairable units to leave the system.

Any path that leaves, enters, or in any ﬁay alters. the system
quality or population, is monitored to keep track of total

system change.

A single sweep through the diagram using equilibrium values
for the start path,_will produce a base run. By taking the
system change in state from a sweep, and applying the Runge-

Kutta technique, the program simulates operation through time.

Input (SeeAAppendices G and H for listings). Input'is from nine

data files, read in the following order: IFiLE, WEIBL, INODE,
RNODE, FUNCT, STATE, RFILE, IFLAG, and DATA. The first eight

.are -read in by the DATAIN'subroutine.‘,DATA is read in the

subroutine RAWDAT. (NOTE: These file names correspond to

those of the sample run provided with this ﬁaﬁualq The file

names ma? be changed to suit the user without affecting the

program as long as they are read in the proper order.) Files

IFILE, RFILE and IFLAG are of the control file'type described

in Section 1.1. DATA is actually a combination control and .

cost information with a control data line for every block

of flow and costs. Detailed file descriptions and formats

are presented separately in Appendix F.
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2.1.3

Processing

a.

Processing Logic

The main prpgrém-is faced with two primary tasks. It
must first read in, sort, process and store‘dafa to be
used in the second task. It then must simulate the
operation of a track maintenance system with the processed
data. To accomplish these goals, the main program acts
as a central control area (hence the name CONTRL) calling

subroutines as required. The course of action taken is

héaﬁily dependgnt on the first subroutine called, DATAIN. |

DATAIN reads and stores most of the control variable
values used (see Section 2.1.2 and Operations Manual
Section 2.2 for- greater detail). DATAIN also reads in
precalculated popuiatign and node split ﬁalues if base

path data is.not to be used.

If base data are used, subroutines INTDAT,'RAWDAT, and
NDVAL are»called'respectively-to clear data structures, to

process the base data, and to calculate node split values.

This completes the first task, and if the data structures

are permanent, the program cam be halted at this pointj;
and restarted later. (Data structures will be altered
to best suit the users machine by simply changing the

PATHIN and PATOUT subroutines.)

The second task_df acﬁually simulating the system operation
is handled by calling the SWEEP rubroutine (called MAIN

in early versions of the program). SWEEP handles ali .
aspects df node sweeps, time simulation, and output.

In the batch mode version, SWEEP will bé the final main
program call before CALL EXIT.

Data Structures and Linkages

All data, with the exception of control variables, are
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stbréd and referenced by the corresponding class—componeﬁt°
Class-component always goes by column, with nodes, paths,
and Weibull factors referenced by row. The large real
data storage structure for path data may be envisioned

as ha&ing blocks of columns for each class—component

(e&en though it may be stored as a single sequential file

with a calculated positioning).

There is only one'instance of a linked or threéded list.
In DATA2, FPLACE, and LNKLST functions are stored as read
| in, in a temporary file. A pointer array is sorted and
after the last function for that'tlassecomponent is read,
‘the pointer.afray is used to store the function data in

the FUNCT array in the proper order.

¢. Variables and Constants

Any non-declared names come directly under the control of
the IMPLICIT statement that leads the main program and
every subroutlne. This program was written by several
people, with many key subroutines being sﬁarted before
nomenclature conventions were established. This resulted
in some cases of the same variable having many different
names in different subroutines. Despite this; several
important variable names retain their meaning through

most of the program.

IMPORTANT.VARIABLES AND CONSTANTS

Name ‘Description

ISTND Starting node, usually set to 1, but may be set hlgher for
partial sweeps.

LSTND Last node checked.

ISTPH Lowest path number. Paths need not be
numbered-sequentially.

LSTPH

Highest path number.
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Name

ISTCL

LSTCL
ISTCP
LSTCP
LSTFL

-ISTCT

LSTCT
IIDM
IRDM
- IBDM
NDOUT

NREFP, NRPTH

IUNIT
IRP -

IRCOL

STIME
DTIME
LTIME
LNTHST

IPl, IP2, IP3

IBRSH
- ICDEF
IREFP:

IPDT1,
IPDT3

ISGN1,
ISGN3

IQDT1,
IQDT3

IMFG1,
IMFG3

IPDT2,
ISGN2,
IQDT2,

IMFG2,

(¥}

~ Dese¢ription

First class number, like ISTND may be greater than 1 for
partial runs. . .

Last class checked.
First component.
Last component.

Number of flow property columms in a class-component block
of RPATH arrays.

Number of columns preceding first cost column in a class-
component block (equivalent to LSTFL).

Number of cost columns following first.

. IPATH array dimension.

RPATH array dimension.

Class-component block size in RPATH arrays.
Final out path indicator.

In-use path number.

Output unit.

RPATH array reference index for bresent class-component
block. Calculated in RCOLUM subroutine.

STATE, RNODE, and WEIBUL array reference column for current
class=-component. Calculated in RCOLUM subroutine.

Simulation start time.

Simulation time step.

Simulation end time.

Number of STATE array colﬁmns;

Pﬁth numbers from INODE. |

Branch nodéAindiéator. ) A ‘ ‘ . .
Simple of_defective'decision indicator.

Branch node refefence path indicator.

Population change path indicators.
Population increase or decrease indicators.
Quality change path indicator.

Manufacture path indicators.
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Name

RCP, RCP1,
RCP2, RCP3

" RCQ, RCQL,
'RCQ2, RCQ3

ICOST, ICST1,
ICST2, ICST3

IPRNT, IPRTI,
IPRT2, IPRT3

ICL

ICP
IIROW

" CDE
PCOSTL
DP, DPOP
DB, DBAD
.USEQ

BAD, BAD1,
BAD2, BAD3

QUAL, QUAL1
QUAL2, QUAL3

FCOST

IND1, INDL, Il
12, 1I3

J, L. K, etc.

Description
Popﬁlé;ion rate of change.
Quality rate of change.
Cost calculation indicators.

NORMAL print output indicators.

Current class.

Current component.
Current ﬁode. B
Branch node split value.
Total sweep cost.

Change in population.

. Change in defective pouplation.

User quality indicator.

Defective flow.
Flow quaiity.

Function value.

Do loop parameters.

Indexing, etc.

d. Formulas )
Formulas and a full explanation of each may be found

in Appendix E.

e. Error Handling

The program has built-in logic to avoid errors like

divide by zero. Other errors, such as incorrect path .

numbers, will call the ERRORS subroutine allowing the

program to continue. Major errors such as format/mis-

y o

match will cause theé program to halt.
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e. Limits
The program, as.set up, cannot handle more than: -

30 class~-components
300 nodes (path junctions)
600 paths » -
2 path properties (flow and quality)

19 cost codes per class—component

- To exceed these limits, the affected arrays must be
expanded. If more path propertles are desired, the

program w111 have to be redesigned.

The program is also limited to one run type at a time.
To change run type, the user must alter the control

values in IFILE and RFILE to the appropriate run set up.

2.1.4 Output

2.1.5

Output is primarily done through subroutines OUTPT and
HEADNG. OUTPT is called from many other subroutines to out-

put path flow.and costs, system states, and system costs.

'HEADNG is called from SWEEP prior to any output to write the

output file heading. All other output, with one exception
in NORMAL, will be diagnostic and in the users version ¢.ould

be commented out. Outpﬁt device selection will be through

variable IUNIT, which is set from the IFILE. f11e. (See

Appendlces I and J for output examples )

Interfaces

The program will input data from a maximum of nine different

_units, and output at most through two more. The base path

data file, the diagnostic outputs, and the result outputs
are-set by values selected by the user and carried in the
control filé'IFILE. The remaining data files are read by .
the DATAIN subroutine, on constant unit numbers; IFILE on

unit 8, WEIBL on unit 9, INODE on Unit 12, RNODE on unit 13,
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2.1.6

FUNCT on unit 14, STATE on unit 15, RFILE on unit 17,
and IFLAG on unit 16.

"A¥rays

Name

INODE (6,300)

RNODE (30,300)

Name

IPATH, IPATHI1,
IPATH2, IPATH3
(15)

RPATH, RPATHIL,
RPATH 2, RPATH3,

Arrays are dimensioned somewhat oﬁerSized to allow for system
exﬁansion without changing the program. Most of the arrays
can be separated into general categories, those with node
oriented data,gthose.ﬁith path oriented data, and those with

system oriented data. Under the category of 'path data, some

" versions of the program have the RARAYNaﬁd TARAY arrays in

COMMON. These two arrays are ﬂécessary if no direct access
file scheme is used to handle the largé quantity of path .
flow and cost data.

Node Arrays

Description . Where Used -
Inode has one column. for each node. SWEEP, ABNRML, NORMAL,.
The first three rows hold the path DATAIN, NDVAL

numbers of the associate paths. The °
fourth row holds the sum/branch indi-

" cator, the fifth row is the decision

type, and the sixth row indicates
which path is the node reference path
on branch paths. Kept in common block
I7.

RNODE holds the flow split fraction SWEEP, ABNRML, NORML,
for branch nodes. Each column repre-  DATAIN, NDVAL

sents the corresponding node with

the one row per class-component. .In

~the case of a sum node a zero is stored.

\

- Path Arrays

Description "Where Used
An IPATH array by any other name NORMAL, ABNRML, OUTPT,
would do just as much. Array holds, RAWDAT, DUMMY

path types and operation indicators.

Holds path flow and/or cost data. NORMAL, ABNRML, OUTPT,
Array is divided up into equal sized BRANCH, SUMS, PDOT,

—— TPATH (750)

blocks, one for each class-component. QDOT, PCOSTS, ADDRCH,
The first LSTFL colummns of each block CDFUNC, FUNCTS, RAWDAT,
holds flow data, or are disregarded DUMMY
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Name

FUNCT (10,10)"

VALUE (50)

RL, REALZ2, REALA
REALB, REALC,
READD

Name

" STATE (20, 30)

IFILE (100)

~a data code.
When data for a class-component

DescriBtion

when costs only are handled. The

remaining columns hold unit costs,
or cost function pointex, or path

costs, the last when cost only are
stored.

Holds path function data. The first
three columns hold the. path number,

function number, and data code resp-
ectively. The fourth column records

'Where Used

FUNCTS, RAWDAT,

DATAIN

how many FUNCT lines following -the current

- one are associated with the current

function, the fifth columm points to
the location in the RFILE array where
the independent variable is stored.
The remaining columns are function
parameters.

Array is used to sum and:teﬁporarily :
_ hold path data during base data pro-

Each column corresponds to
Unused codes are left

cessing.
blank. _
block is all readin, VALUE is used to
fill the appropriate spaces- in RPATH.

Buffer arrays. into which base/data is
first read, prior to sorting.

System Arrays

-Description

'STATE Stores the system population
- and quality for each class~component -

at the start of and at various points
of each time step. It also‘'contains
the rates of change computed during
the time step. The array can be sub-
divided into five blocks of four rows
each.
block hold the population and quality
respectively of the class~components

for that point in the time step calcu-

lations.

IFILE is the inteéger control value
array. Almost all the constants and

" B-9

The first and third row of each

RAWDAT, DATA1, DATA2,

FPLACE, DUMMY

RAWDAT, DATAl, DATA2,

FPLACE

Where Used

HEADING, SETARR,
PDOT, QDOT, WEIBUL,

ABNRML, OUTPT, RAWDAT

" Used in almost all

subroutines.

i



Name

RFILE (100)

IFLAG (10)

IERROR (10)
ACCUM (750)

REVISN, SCHMDG,
DATAFL, PLACE,
RUNN, DATES

DescriEtion

- control values used are stored in

IFILE. Detailed descriptions of the
array can be found in the description
of the IFILE file used to fill the
array (Section 2.1.3).

RFILE is the real value counterpart
to IFILE. Many of the values con-

tained correspond to either time or
path functions.

IFLAG is a diagnostic indicator and

- control array used in development of

the program. IFLAG-controls calls to
the TRACE subroutine.:

The array keeps track of the calls to
the ERRORS subroutine.

ACCUM sums up system costs by cost
coded node sweep.

These arrays hold alphanumeric strings
describing various aspects of a run.

a. Processor

Where Used

SWEEP, ABNRML, FUNCTS

BRANCH, SUMS, FUNCTS

ERRORS
NORMAL, ACOSTS, OUTPT

DATAIN, RAWDAT, OUTPT,
HEADNG. :

The program was developed to run in double precision

mode utilizing 64 bits per number.

The CPU used was

a Prime 350 with 16 bit, 2 byte words. The internal

memory required for running is ap@roximately 132 K bytes

exclusive of that used for storing the path flow and

cost data. The data structures, whether large arrays or

direct access files, require close to an additional three

megabytes for the maximum size model.

b. Output and Input Files

The input files require about 15 K bytes of memory. The

data may be stored in sequential files on disk or mag-

netic tape without alteration. Card storage require

the files to be integrated according to the program reading

B-10



order.

The output file, for a base run, would require very
little disk memory with memory used increasing pro-

portionally when time simulations are rum.

c. Data transmission devices

None.. The program and data files are non~-interactive

and are self-contained.

3.2 Support Software

3.2:1 Operating System.. The prdgram is run in batch mode and

should be compatible with any system equipped to'fuq FORTRAN 1V

programs.

3.2.2 Compiler/Assembler. Requires a compiler for standard
FORTRAN . IV. | ' |

3.2.3 Other Software. If FORTRAN functions such as DABS( ) are
not inserted by the compiler, then a FORTRAN IV math library will

.also be required.

3.3 Data Base

See Operations Manual, Section 2.3_and Program Maintenance, Section 2.1.2

and Sectioh 4.5.

Maintenance Procedures

4.1 Programming Conventions

The program consists of abmain program, CONTRL, and 35 subroutines. Sub-

routines follow the main program in the listing.

ji

- Variable and constants follow'the IMPLICIT statement and .the standard

FORTRAN naming conventions. Mnemonic attributes may be found in most

B-11



names but this should not be assumed to always be true as some names

were generated at random.

Strings are kept in double precision arrays, and are used to print out
headings for the output. String names are mnemonic in nature, but are
not distinguished as strings. The remaining arrays, most of which serve
to hold large amounts of data, are samllarly mnemonic in nature, i.e.,

if "node" is part of the name, the data stored are node oriented. ‘

4.2 Verification Procedures

Tested and #erifieﬂ data will be provided with the program along with
the corresponding output. After installation and whenever-the program

becomes suspect, the data can be run to verify integrity of the program.

4.3 Error Correction Procedures

Almost all errors will be data related. . Be sure that data values read

through free formats are separated by blanks or commas. Carefully check

"‘ he control file to insure against improper indicator and control para-

meters. If data are correct, confirm that the data files have been opened ,

on the proper reading unit. If the data are all in order, check the

following features of the program:

~ Are the arrays too small for the model?

- Are there the correct number of repltltlons in the loops7
- Are reals and integers being mixed?

.= Are all the éubroutines present? '

- Are all the subroutine arguments present?

- 1Is the program compiled correctly?

4.4 - Special Maintenance Procedures

Data modifications are necessary for different types of runs. Some

. modifications are specified in the Operations Manual Section 3.3, 3.4 and
3.5.

v




Program modifications will revolve around four main points, string
handling, data functions, I/O units and path flow/cost data structures.
Each of these points is machine dependent and must be accounted for

before using the program.

Aiﬁha fieldé are used in DATAIN and RAWDAT to input strings and:in’OUTPT

to write strings. These fields must be altered to conform to the characters
per word of the user's machine. The program révision number is assigned

to an array in the main program with enclosure by apostrophes. This

must also be Brought into line.

The date function is found in tﬁe OUTPT subroutine. In PRIME ﬁe:sions;
this will be found as DATE$A. In DEC10 versions, it will be DATE.
Variations for oﬁﬁer machines will probably be similar. If the users
machine does not have a date function, it would be a simple matter to
input a date by modifying the DATAIN subroutine to read another alpha
line from the IFILE file.

As mentioned previously, Output units are set through the IFILE file, as

is the READ unit for the base path data. All other inputs are through
the;subroutine DATAIN with éonstants for unit numbers. If these constants
aren't compatible with the user's machine, the user can simply change
DATAIN READ statements to more suitable units. More extensive modification
~are mecessary when card input is required.' In this case the user must
- consolidate all data files into sequential cards, and alter FORMAT and

READ statements éccordingly.' (NOTE: DATAIN inputs precede RAWDAT :input.)

The path flow/cost data structures are dependent upon the machine's ability
to handle extremely iarge arrays. Normally péth ddté would be held in
two'large'array TARAY énd RARAY'which are dimensioned 15 by 600 and 750

by 600 respectively to allow for the maximum of 600 paths, 30 class-~
components, -and flow/cost blocks of 25 rows each. To handle this, some

: machines'will require special compiling procedures. Some machines will

be unable to handle it at all. 1In the latter instance, a direct access



file setup may be able to handle the large amounts of data. As all
handling of the data structure is through PATHIN and PATOU'I", it is
possible to replace these subroutines with two data manipulating sub-~
" routines in character with the user's computer. Retain names and

arguments in the prolgram but remove RARAY and IARAY from the COMMON

block in the main program.




APPENDIX C

Computer Program Flow Charts

C-1/C-2
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(Lo lw D T

- CALL DATAIN TO INITIALIZE
CONTROL INDICES AND CONSTANTS

IF

Y _/RAW DATA
QUIRED
CALL INTDAT TO INITIAL-
IZE DIRECT ACCESS DATA
STORAGE TO ZERO
CALL RAWDAT TO READIN,
SORT, ACCUMULATE, AND
STORE PATH iATA
CALL NDVAL TO CALCULATE BRANCH
NODE FLOW SPLIT FRACTION FROM
INITIAL PATH DATA :
L
IF
NODE
Y SWEEP N
REQUIRED

CALL SWEEP FOR NODE

DIAGRAM SWEEP

Cc-3



=
N

Initialize Control Indices
from RFILE and IFILE Arrays

{

Call HEADING to print output
" Title and Heading

¥

‘Call SETAAR to initialize
ACCUME and STATE arrays . |

!

Call NORMAL for actual
node sweep

GE
Timel

r.

Reset indices and call

ABNRML for time step
- calculations

I

Increment simulation

Time (STIME = STIME + .
DTIME) and STORE

Call OUTPT for
writing final output

{

-
G




oD
.

Initialize control
indices from IFILE array

|

Call PATHIN to get system pop-

ulation data from reference
path (NREFP) -

l

ACCUM(I) = @.9D-@@

|

STATE(5,I) = STATE(Ni,I)
STATE(6,I) = 3.0¢D~0@
STATE(7,I) = STAT(N2,I)
STATE(8,1) = §.00D-0¢

t

Set rest of Ith
column to @.09

N

DO I = 1
1, IRDM

p o
DO I = 1 |
1, LNTHST

)
DO I = 1 e
1, LNTST

|

Call PATOUT to replace
updated population path

4

Com D

)

Reset populations and

qualities on reference
path

L

'v\



ces and constants

Initialize control indi-

RFILE and IFILE arrays

from

|

e e DO NPASS =

4 [

1, 17

il

Set simulation time and|

call DRATE to calculate

fpopulation change |

DO IIROW

1

ISTND, LSTND

Call OUTPT to
write ABNRML out-

put

Increment output
counter

y .

_ Set path indices from
INODE array

'

Call PATHIN three times

{to get path data on all

paths associated with
node IIROW

[

Set indice from IPATH
array

ff._.__.a

DO ICL= 1™

4

" Calculate the total

population and quality
chanees

)

ISTCL, LSTCL _] '

DO ICP = 1™
ISTCP, LSTCP

Do path
Calculations

+

L




Con

Initialize control in-
dices from arguments
IFILE array

DO I = 1

1, LNTHST

()

c-7

Y

Get interim populational and
quality changes and reset pop-
ulation and quality for next
ABNRML loop




((_womar )
l

Set contfol indices and
constants from IFILE

and RFILE arrays

1

DO TIIROW =

ISTND, LSTND

Y

Set path pointer from:

INODE. Call PATHIN three|

times to get path data
ssociated with node II-

OW. Set control 1nd1ces .

rom INODE and I

4 :

"

Print intermediate

WEIBUL to estimate
Iind hazard effects

if required, then call

cost DO ICL =

1 e

aging

ISTCL, LSTCL

4

)

DO ICP (L[

Com D

£€d flows are
o be stored

Restore any function add4

resses overwritten

IADDRCH and call PATOUT

to save data

with

|

ISTCP, LSTCP —l

£ail RCOLUMN to

alculate the

eference index
or the RPATH

rray for clasg
Ll 3pg compon-

4

Calculate path flowd
for node IIROW.Note
some paths have beer
calculated at pre-

vious node & willno

L 2t S

be calculated here, [~

though they will be

e

used to determine
unknown paths. The
programming laogic of
this section is de-
tailed in User's Man

Cc-8



C= )

Set constants and con-~
trol indices from argu-
ent list

Y

DO ICL = |1
ISTCL, LSTCL

)

DO ICP =

ISTCP, LSTCP

Call RCOLUM to get STATE
reference column for
Class ICL, component ICP

4

Convert change in number|
of bad units to change
in population quality

Y

Calculate Weibull effect
on population quality
and store




' Read in data from appropriate
files: IFILE and RFILE will

contain control indices INODE
will contain the node map and

‘node types. WEIBUL will con~
tain .class component data for
calculating Weibull effects.

' IFLAG will hold trace and
error indicators. RNODE,
STATE, and FUNCT will hold
preset values to be used if
raw base data is not provided

Set control indices and
constants from IFILE

rray l :
‘ RETURN :)




o

nd control indices

Fnitializeconstants

DO I = 1 [
1, 10 '

|
=

error been

IERROR(TI)

Note error in IERROR(I).
Write out error message

.¢c-11



==
l

Increment Trace
Message Count

unit ITUNIT

Write trace mes
sage and argu-
ment list on

. path to be
traced

’.

IFLAG(1l) = @

=

c-12




< PATHIN :)

Open file directory
for reading and write

b |

Set file pointer

Y

*
Position and open
sequential file for
reading |
*

[f Binary read: IPATH ]/

[ Binary read: RPATH / *

!

Close file

Y

Close directory

<:7 RE:;RN 4:)
*

PATOUT is exactly the same
except that these instructions
substitute a write for read.

Cc-13



C D

BRANCH

Initialize constants and -

control variables from argumentg

list

Store RPATH2 flow
function ‘address

)

-Store RPATH3 flow
function address

If
Y flow N

function
resen

Call CDFUNC to calcu-
late new split fraction|-

1f
"defective

based
split




Determine number of bad units]
on RPATH1. Determine number
of bad to go down node ref-
erence path. Calculate total
quality of flow of good and
remaining bad units.

Set fraction
equal to fraction
minus one

Calculate RPATH2 flow sub-
tract from RPATH1 flow to
get RPATH3 flow. Set RPATH2
and RPATH3 qualities to that

1t
RPATH3
reference
path

of RPATHI,

Set RPATH2

et RPATH3

low to bad flow to bad
nd quality and quality
o one Fo one

Set RPATH2 Set RPATH3
to remain- Fo remain-
der der

RETURN )

c-15



C=

Initialize control

indices from argument
list

: Y
~ facturing
path
Set F1 flow equal
: to F2 flow
L
F2 is
Y a manu- N v
facturing
‘ path i
' -
Set F2 flow equal
to F1 flow

.LI—
Sum Fl and F2 flows and calculate

the combined flow quality. Assign
the results to F3.

m
&
=
22
U
¥«




G

i

Initialize control indices
from argument list

|

Calculate whether population
.Ichange will be positive or
: negative

Determine -change in
defective population

|

Sum: defective and total
changes in STATE arrays

NN
(momme )

Cc-17
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C Q]IJOT | )

/

Initialize control indice
from argument list

]

Determine éhange in
defective population

Set path quélity to zero

|

Sum defective change
. in STATE array

—
=




G )

 J

Determine the RPATH arrays'
reference index for the
component ICP, class ICL,BLOCK]

Determine the'RNODE array
reference column for
component ICP, class ICL

(e )

'gx



(: PCOSTS )

Initialize control
indices from argument

list

1

DO M =

L, K1

i

|Calculate actual path

cost for cost code
associated with path(M)
Store result in RPATH(M

l

Sum cost with PCOST -

N

(_wemm

P

" ©-20



(_aome )

i

Initialize control
indices from argument
list

in ACCUM array

Sum RPATH cost columns

C=

| c=21

f



e )

Initialize control
indices from argument
list

|

Call ADDRCH to store
RPATH functions that
will be overwritten

§

DO K = 1
12, I3
‘ RETURN - ’
functio

to be
evaluated

Evaluate ap- -
- propriate function

Multiply FCOST by
function value output

function if needed

If
another
functio

Assign FCOST
to RPATH

c-22



Call FUNCTS to eval-
uate the function

Calculate new
split fractiom

i

Restore function
address

If
using
reference

path

Com D

Y

Initialize control

indices from arguemnt
list

Maintain split fractio
between one and zero
inclusive

'C-23

Comm D
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( ADDRCH ‘:>

Initialize Control
Indice from Argument Lis

T

If
Addresses

are. to-.be
saved

DO K=

DO K=

IND1, INDL

1 =

- IND1, INDL

.

Store Addresses
From RPATH in RFC

B | ;
‘(::. .Return *:)

¥

Restore Addresses
From RFC to RPATH

o

C-24



Com D

Initialize éohtrol indices from IFILE

and RFILE arravs, and from Argument
List . ST

4-

Output Heading/ Alter Heading

T ]

Initialize Local
Indices.

|

DOTI = 1
11, 12

AlterHéading

Sum Path )
Costs

i

Output Cost Ta-

Sum Path Cost to les by cost cod
Total Cost

y component, by
class, and by
repair block

i

Cc-25



(%)

Oufput Path Flow,
Quality and Cost by

" JClass and Component

Alter Heading

Output System
Population and
Quality




=

Y

IArgument List

Initialize Indices from ~
IFILE array and from

\

Output Top Heading of
Program Revision, Node

p Data File, Number o

Classes Components,Path

and Nodes, Start time,

End Time and Time Step

!

}

DO ICL = | 1
1, LSTCL l
DO ICP = |1
Y 1, LSTCP

Output Heading

Function

OQutput, Charac

Av, Age, Weibull

/

/:eristic Life,
L

[

Output Function
Parameters

/

C ~ Return

D)

C-27
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Increment Function
Number




D

b

e DO J = 1 ™ =
ISTND, LSTND : l
. Set Local Indices
From INODE Array
N

Call PATHIN 3

times for each

path associa-

ted with Node

J."-

DO ICL = |1 =
ISTCL, LSTCL
DO ICP = 1 *
ISTCP, LSTICP
Sum Incoming
Paths and
Assign to
Out-flowing
Path
N
l "W

Cc-28



DO J = 1

ISTND, LSTND -

()

If
J is a
Branch Node

Set Local Indices
From INODE .

1

Call PATHIN to
get associated
path data

4

DO ICL = 1 -

ISTCL, LSTCL I

DO ICP = 1

ISTCP, LSTCP

!

Calculate Split
Fraction for Node J

[

Cc-29
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(_omoa )

S ——— DO T = 1 - o
1, IIDM ' : 1 :
IPATH (I) = ¢
RPATH (I) = ¢.0D-¢¢
DOTI = 1
o 19 IROM l
"RPATH (I) = ¢.0¢D-00@
4
DOI = -1 e
1, LSTPH .
| 4
IPATH (1) = I
14 |
Call PATOUT to initial—
ize Data Storage for
Path I
3

(G

Cc-30



o)
1

Initialize control in-
dices & constants from
IFILE & RFILE arrays &
from the Argument List

l

{Set IFTLNK, RPATH and
FRMP arrays to zero

|

Call ASSIGN to set RL,
value, and realz arrays

to zero 5

[Read: DATAHL, the data
file number or
description =

Read: First data line;
path number, data code
comp, class, IPATH

"data

2

Call PATHIN for path
IPH to protect existing

data

c-31
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Call RESET to assign
RL array values to
SCALAR variables. Then

call RCLEAR to zero
out RL

Read Next data line: A
IPH, ICD, and RL array

Call RCOLUM to deter-
mine RPATH reference
| index, IRP

¢- - . .'-' “:.- u

Call DATAl to pro- ' Call REALCL to zero
cess RL array data out the REALA, REALB
& sum it up in the REALC, REALD & REAL2
value array arrays

Read Function Data
into REALA

S 6



Read Function Dat
into REALB

1f

more
function
data

[

Read Function
Data into REALC

] L

1f
more
function
data

\
ead Function Data
into REALD

r

-

Call REFILL to more
REALA, REALB, REALC, &
REALD, data into REAL2

Ie

" c-33



3

Call DATA2 to process and
store the function data in

the REAL2 array

—

-

Read Next Data Line

component

Call DUMMY to fill
IPATH & RPATH arrays

DO I =
1, ITMP

Zero out.remain-
ing addresses in
value arrays

L.

!
Update function array
indices and move fun-
ctions from FTMP to
FUNCT

p .

C-34



Call PATOUT to store
process path data for

program use

DO I = 1 [

1, 20

| 4

Reset Linkage indicators

"c-35/C-36

-1 Reset IPTLNK

Linkage array
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Computer Program Listing
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PROGRAM SUBROQUTINE INDEX

ALPHABETICAL

o E-3

BY LINE NUMBER
Line . Title Title Line
78 SWEEP ABNRML 223
161 - SETARR - ACCUME 1250
223 ABNRML ADDRCH 1491
379 DRATE ASSIGN 2158
414. N . NORMAL .~ BRANCH - 915
658 -WEIBUL CDFUNC 1448 -
712 " DATAIN. DATA1 2272
809 ERRORS DATA2 2307
831 TRACE DATAIN 712
883 PATHIN DRATE 379
899 PATOUT DUMMY - 2483
915 BRANCH ERRORS 809
1029 "~ SUMS FUNCTS 1296
. 1092 PDOT FPLACE 2379 -
1142 - QDOT. HEADNG 1766
- 1192 RCOLUM INTDAT 1937
1214 PCOSTS LNKLST 2427
1250 ACCUME NDVAL 1835
1296 FUNCTS .NORMAL 414
1448 CDFUNC OUTPUT - 1538
1491 ADDRCH PATHIN 883
1538 OUTPT PATOUT - 899
1766 HEADNG PCOSTS 1214
1835 NDVAL PDOT 1092
1937 INTDAT QDOT 1142
1967 RAWDAT RAWDAT 1967
2158 - ASSIGN RCLEAR 2210
2185 RESET. RCOLUM 1192
2210 RCLEAR REALCL 2574
2225 REFILL . © REFILL 2225
2272 DATA1 RESET 2185
2307 DATA2 SETARR . 161
2379 FPLACE SUMS 1029
2427 LNKLST SWEEP 78
2483 DUMMY TRACE 831
2574 REALCL 'WEIBUL 658



This appendix consists of a program index of all subroutines by line numbers

of the 1isting.in Appendix D and a detailed explanation of selected sub-

routines. Although each subroutine has.explanatory comments in the program
listing, as well as in Appendix C (flow charts), some routines require more
explanation. In particular, a full description of subroutine FUNCIS is in-

cluded in this appendix. FUNCTS provides for all user implemented functional
relationships needed for‘modifying cost or flow éalues° At the present time

seﬁen @) families of-functions’have been entered to the program and are available
‘to the user (see equations below). These functions are actiﬁated‘by entering

"appropriate input data to the data file such as that shown in Appendix G.

All functions ﬁaké use of the operatihg array FUNCT (10,10) which is assem-
bled from user.supplied numbers during the data read in cycle of~the‘pr'qgram°
The FUNCT array has five colummns for control operation and five colummns for
numeric shaping of the functions programmed. The varioﬁs,columns i through

10 have the meanings shown in Figure E-1.

AsSﬁme that the amount of track from accidents being maintained is to be
modified as a linear function of current'r;il quality. Figure E-2 shows the
various steps in implementing this;function by using program function number
6.which‘is a linear operéting function using the present or current state
quality. Figure E-2 shows the original graphic form of the desired functionm,
its associated equation, the input data for activating it, and two program
outputs associated with its use. The two outputs of the program are: the
brompting message to the ﬁser at the top of the run output, and then the

"flow" outputs from each time point of the simulation.

The prompting message lists the path and functions that are operating on
those paths so that the user knows when functional "modifiers" are operating

‘on the base data for those paths.

Seven functional families of equations are programmed for use. 1In order that

a specific functional equation is from any of the seven forms programmed, the

i

user must supply input data,valugsgﬁgx,A+_B4_E4_Xﬁ,and_XGJ‘wSee example_at



end of this appendix on how these values can generate'differént functions.
Family of equation form by programmed function number in Subroutine
FUNCTS:

AX + B

1. Linear ® =

2. Pover FX) = 4 XX )" + ¥,

3 Exponential . . R = A (Exp(:k(x-x;))){?o
he gii::%ility Density* FX) = Szlig:il N (ExP<‘G§)3))~

5. Hyperbolic Tangent F(X) = A (1+Zl) + C(l—ZZ) + Yo

1 and 22 are expiicitly given
in Subroutine "FUNCTS" '

A-Q/B +C -

where Z

6. Linear on Quality . F(Q)
fl

AG—)
. f1+A B

7. Explicit on Flow F(fl)

where

X = a dummy variable, usually simulation time in years during a simulatidn

_ run. indepéndent variable selectable, see Figure E-1 column 5.

A, B, C, Xo; Yo = Constants input by user (See example at the end of this
appgpdix).

Q = Quality 6f component at time step during simulation.

f.

1= Path flow of component during simulation on path designated by user.

o

“This results from Weibull cumulative distribution which is defined as

£(x) = 1-Exp[-(3)B]
where A>0, B>0, X0 :
The fajilure rate H(X) is given by H(X) = EB(XB—I)
A

E-5
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(FUNCT ARRAY Rows Presently Limited to 10, : o ]
- Expandable Indefinitely by User, See Program . _ -
Common Block R2) . '

CONTROLS SHAPE PARAMETERS (CONSTANTS)
1 2 3 4 5 6 I 8 "9 10
PATH F c N M| 1 v A B c xo '
4 . o U 6| N A
M LD =R
N s B T|E I
E ilep A
¢ T R P|E B
T LN L
o 1|Dp E
1 ¢ F E | E
1] 0 R N ¢
- - s T
L
# E &
F
T

! User Supplied Data for Shaping Functions
: See Figure 3-13 Section 3 for number meanings.

Handled automatically by‘program 1f user enters more
than one functior medifier for this path item.

-See Figure 3-1, Section 3 for number meanings.

~Program function number itemized in Subroutine "FUNCTS®,

Maintenance action diagram path number.

FIGURE E-1. FUNCT ARRAY SPECIFICATIONS BY COLUMN NUMBER ‘



DESCRIPTION FORM
Graphic Display of Function to be ' Accident . 1.0 p= ==
Used in Model to Modify Accident Track .71 ' :
"Flow" on Path 17. Multiplier I
: i
Rail Quality, Q
Linear Equation of Above Graphic Accident .29

Display. See Function 6 of
"FUNCTS" Subroutine

A A=
Track =2Q+C B=.l.
L Multiplier C= .71

Input Data for Activating and
Describing Function to be Used
in Modifying Track Flow with
Track Quality. See data in
Appendix G.

Path # .r—-"Flow Code"

017 2 20 S0
017 2 20 6 0.29 0.1 0.71

Function # — \ ’ /,ﬁ

Parameters A, B, C

Tabular OQutput at Beginning of Comput

er Run Proﬁpting User That Function 6

is Active on Path 17 as well as Listing Shape Parameters Used.

?UNCT!ONS AND SHAPE PARAMETERS ACTIVE

PATH FUNC. " a 8
5 7
1?7 6

c XQ Yo

2.000 00 3.900 01 0.000-0t 0.000-01. 0.000-01
2.900-01 1.000-01 7.t0D-0t 0.000-0! 0.000-01

Sample Program Output "Flows" Along P

ath 17 With and Without Function 6

Operating Over the Ten Year Simulation Period

Time Yr 0 .5 1.0

1.5 2.0 2.5 3.0.. . .10

*
Flow

No Function’ 8.00 | 6.09 .5.21

4.78 4.56 4.44 1 4.38. .. 4.31

Flow*

With Function
Modifier on
Quality

8.00 | 5.67 4.68

4.22 3.99 3.87 | 3.81. . . 3.74

* ' :
Component 1 of Class 1, 2, 3 Track

FIGURE E-2. SAMPLE APPLICATION OF A SINGLE FUNCTION TO MODIFY THE AMOUNT

OF TRACK FROM TRACK AC
SIMULATION MAINTENANCE

CIDENTS BEING MAINTAINED DURING
ACTION DIAGRAM EXAMPLE #1, PATH 17



In a similar manner, any other path may have functional "modifiers" operating
on their flows or costs. One must merely generate the form of the funétional
dependénqe and activate the "modifier" function on the path component flows o
and/or costs known to be affected by the relation. If two or more functional

"modifiers"

are known to affect the path data then each is entered separately.
During the simulation, then both functions will "modify" the base information

carried by taking the product of the two functions.

Actually "any" number of functionsvmay be used to modify the path data as

long as. the input shape paraﬁeters can be given to presqribe'the'relation-

-ships used in~the,simﬁ1ation'modéling.

As an example of how the shape parameters can influence the nature of the
programmed family of curves consider the displays of Figure E-3. The upper

plot of this figure‘demonstrates the curve shape obtained from programmed

‘Equation #4 by setting parameter B. equal to .5, 1, 2 and 4,'respectively.'

The plot is made for all dummy variable values of "X" such that 0<X<3A where

A is one of the parameters in programmed Equatlon #4..

This type of programmed formulation can be used to produce scalar outputs
which ﬁay be known to depend in general oﬁ some "state variable' or "time"
during.the‘simulation; A collection of mechanical components whose rate
of failure sometimes depends upon the age of the components can often be

described by a distribution such as the Weibull.




WEIBULL PROBABILITY DENSITY

.Programmed Equation #4
for

B= .51, 2, 4
X=0...3A

£(x) . | | WEIBULL CUMULATIVE DISTRIBUTION

for

B=.51,2,4

X=0...3a

H(x)
3/A _FAILURE RATE FUNCTION
H(x)
‘2/A .for
B=.5,1, 2, 4

1/A X=0...3A

FIGURE E-3. DIFFERENT FUNCTIONAL FORMS OF WEIBULL DISTRIBUTIONS
’ RESULTING FROM NUMERIC.ADJUSTMENT OF SHAPE PARAMETERS
A AND B

E-9/E-10
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This appendix describes prograﬁ array structuring and element by element

descriptions needed for understanding their operation and use.
COMMON INTEGER ARRAYS:

. PROGRAM - LOCATION . AND

ARRAY NAME =~ '~ " DESCRIPTION
COMMON/I1/IERROR(10) 3 ' Used for program diagnostics. The ten elements

of this vector are used in subroutine ERRORS
for printing and tracing typicai‘errqrs result-

. ing from possible clerical mistakes. -

COMMON/IZ/IFILE(iOO) A user file whose ﬁaridus values define
- ' AQarioﬁs other program array lengths, as well
: aé-input/output controls. Each‘Qector element-
of this file used by the program haé a variable
"name" used -in the program. The full length
. of this'data file with variable names and
their meanings-isﬂlisted at the end of this.

Appendix.

COMMON/I3/IFLAG(10) Used for program diagnostics. These ten values
control the printed error messages selected
by subroutine TRACE. Setting IFLAG(1) = 0

will normally disable -or shut this option off.

COMMON/17/INODE (6, 300) | Up to a maximum of 300 nodes. This array
' V - carries six numeric values which corfesppnd
to each of the various path branchiﬁg or sum.
points (nodes) of the maintenance action dia-

gram. The six columns contain the following.

information.

Column Numberic Value is:
1. Incoming path number to node. :
2. In or out path number depending upon -

whether path is a summing node or

branch (splitting) node, respectiveiy.



. Outgoing path number of correspond-
ing node. '

" Zero (0) if a sum node, One (lj if
a branch node.

Zero (0) if split fraction of path
flow based on total incoming flow.
One (1) if split fraction of path
flow is based on defective portion
of incoming flow to the node.

This column only has meahing for
branching nodes (one path in-two
out). Action diagrémsfbranch nodes
are always referred to with the

following convention.
1

Incoming path

Node point

Path 2

Path 3

(Next clock- (First clockwise.
wise path on path from in-
node from coming)

Path 2)

If the numeric value in columm six.
is zero (0) then path 2 is the refer-
ence path. If it is one (1) then path

3 is the reference path.

The reference path flow given in the
input data is used at the beginning
of the program execution to compute .

the node split fraction automatically

by the program. See RNODE arr;y values.

Py



COMMON/18/IARAY (15,600)

Common Real Arrays

Common/Rl/ACCUM(750)

Common /R2/FUNCT(10,10) .

Up to fifteen (15) integer codes are allowed

by this array to be attached to each path

" (up to 600) of the maigteﬁance action dia- .
“gram of the cost model. Not all of the
. fifteen have been designated. Those that

have are to be associated with the‘meanihgs

‘glven in the data entry and formsetting pro-

cedure of the Appendix G data example.

This array holdé the cost‘summary from all
paths. The dimension of this array is to

be at least as large as the product of three
variables entered by the user in the IFILE -
ARRAY, i.e., IBDM*LSTCP*LSTCL. See notation
in IFILE at the end of this Appendix.

Used by the FUNCTS subroutine in all compu-

.tations requiring formula type relationships

involving costs or system path flows known to
have explicit dependencies which can be ex-
pressed by a formula. Although this array
presently has only 10 rows for demonstration

purposes it should be dimensioned to have

_at least as many rows as there would be

functional (shape parameter formula related)
data lines in the user generated input cost
data (See Appendix G for example). - The
functional shape parameters and numeric
control items for this array for each columm
(for up to ten columns) are explained in

detail in Appendix E.



Common /R3/RNODE (30, 300)

Common /R4 /STATE(20,30)

Common /R5/RFILE (100)

This array is cleared and filled at the
beginning of the program execution without

user control from the flow information

_supplied by the user as shown in the example

of Appendix G. The numeric elements of this

array are the fractional path flow split

..values associated with each node. Thus,

dimension 300 must be at least as large

- as the number of nodes (sum and branch) in

maintenance action diagram being used’ in the
simulation; ‘The dimension. 30 corresponds to }
the product of the number of t;ack structural
components (typically 5) and FRA track classes
(typically 6) used in the simulation.

Thié array is used during the simulation to
store computations on the system popula;ions
(amount'of'each component), their rates of ‘
change, the system qualities (ome for eaéh
component and class) and their rates of
change. There are five (5) sets of each>of
these four (4) items stored for the separate
Runga Kutta computations. Thus the dimension
20. The thirty (30) dimension corresponds

to a separate set of 20 for each track

structural component and FRA track class

(5 times 6 respectively).

This array has two conceptual blocks of inform-
ation associated with it and only a small
portion of this array has been made use of.

The first 50 elements were set up to carry

certain real time values which could be

available in common. The first three elements

are simulation starting time (in years),



simulation time step in years, and a final
. reference time point in years which stops
‘the simulation cycle. The final time entergd %
by the user to array element three is usually
one time step less than the last time point
to be simulated. Array element 4 is not
used. Elements fiﬁe and six gi&e the number
of time steps that must pass before an out-
‘put cost table is printed. Although a full
' set-of-costs and/or flows are generated at
each time step the uset;can Set,the_printedf
output cycle'separateiy'with these ﬁariables.
This condenses the amount of output that must
"'be printed if small time steps are used in

the simulation.

The last 50 elements (50 ‘through 99) are
intended as.éimple real value numbers which
are defined to be related through the simu-
lation state variabler"time" and the fifty
variable parameters listed in Figure 3-1 of

Section 3.

Common /R6 /WEIBL (3, 30) This array holds the user setcﬁfWeibull constants

| used for depicting the amount of tfack com—
ponent degradatioh which can occur naturally.
There are three parameters; average age,
distribution shape parameter 8, and character—>
istic life of the Weibull distribution. There
is allowed a separate distribution for each
track structural component and each FRA track

class (5 k 6).

j

The Weibull distribution is general enough to

describe component systems which have either

, F-7
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‘ _Common/R7/REVISN(8),
" " SCHMGD (8) , DATAFL.(8)

Common /R8/RARAY (750, 600)

.the exponential distribution results, and T

o .

an increasing or decreasing failure rate

depending upon the value of B8, If B=1 then

‘the failure rate is constant. The Weibull

.distribution is used as. a time rate of failure

descriptive technique and has been found to be

‘useful for describidg—wear out rates for large

collections of components such as bearings.

(See References 9 and 11.)

These arrays are used. in passing the program
revision number, the maintenance action
"schematic diagram” used; and the cost data

file number used in the. simulation.

" .The program revision number REVISN(8) is set '

at the vefy top of the program and should be

renumbered if altered in the future. -

Revision '6' was the final Prime Computer .
version and revision '8' was the final Dec 10
version. The slight differences in the two

were alterations for machine compatibiiity°

This array is used to hold all cost and flow
information associated with each path of the
maintenance action diagram. For convenience

the data by row number (up to 600 rows in

this éxample) in this array corresponds to

the information attached to the path of the

same number in- the maintenance action diagram

used in the simulation. If paths in the

action diagram are not numbered sequentially =

then some space will be wasted. Redimensioning

the 600 value of this array for the minimum



Dimension Arrays

Dimension RPATH(750), IPATH(15)

)

number of paths used in the simulation will

conserve computer space.

“The 750 dimension of this arfay can also be
decreased in size to fit the simulation run
. if space in the computer needs to be conserved.

' 'This. dimension must be at least as large as

the product of program Qariables IBDM, LSTEL,
and LSTCP. This co}résponds to the minimum
block of nqmbers (IBDM)'needed for eéch FRA
track class. (LSTCL), and number of track
structural components (iSTCP) used in the simu-
lation. The IBDM minimum data block size

must be at least 8 if only one cost code is
required to cover costs qccurrihg on any path.

For example purposes IBDM was set at 20 and

25 for the data~in.Appendices G and H, respect-

ively. This allowed for several types of costs
(such as labor, materials,‘scrap, etc.) to be

kept separately in the simulation.

RPATH along with RPATH1, RPATH2, and RPATH3
are vectors used in passimg individual real
number path costs and flow information between
the RARAY and the various progfam subroutines.
The 750 dimension must be at least as large as
the product of program variables IBDM*LSTCL*
LSTCT. The‘structure of this vector and its

elements are displayed in Figure F-1.

IPATH, IPATH1, IPATH2, and IPATH3 are vectors
used in passing integers (typically zero and

one type of control indices associated with
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DOUBLE PRECISTON REAL

o--.--’

| REPEAT
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the paths) between the IARAY and the vafious
subroutines. The 15 dimension was selected
-arbitrarily before the actually needed numbers
'of this kind of integer was fully established.
Actually only eight are used during the program

execﬁtion,(for all indicators I=Yes, O=No)i.e.,

IPATH(1) = The path number of the maintenance
action diagram path to which the
rest of the array elements are to

- be associated. Variablé IPH.
 IPATH(5) = Path type. Variable ITYPE.

IfATH(S) = Maintenance action Repair Block

_number in which this path resides.
This provides cost outputs to be
summaried by Repair Block or type.
Variable IRPB. A

IPATH(10)= An indicator as to whether this
path contains costs. This indi~-
cator allows the program to skip the
cost computations if the path has
no costs associated with it.
Variable ICST.

IPATH(11)= An indicator as to whether there
is a net change in the simulated
system population on this path.
Sourcerr sink flows such as from
manufacturers or scrap yafds re-'-.
quire this information. Variable '

. IPDT. | ' |

IPATH(12)= An indicator showing that the
quality of the components on this
path are altered from the labér
or work applied to fhem. Variable

IQDT.

© F-11



IPATH(13)= Indicator of manufacturing path.
Variable IMFG.
IPATH(14)= Indicator allowing this path to =
' be skipped at printout time during
the simulation. This allows print-
outs of small portions of the main-
tenance action diagram to be obtained.
Variable IPRT.

Dimension Place(lO), RUNN(10) AHandle heading information for tabular outputs.
Copiés of IFILE, RFILE, IFLAG, and WEIBL are listed below. These files along

with the input cost data file of Appendix G are the only non-zero files needed

to obtain the sample run output file shown in Appendix I.

b

. F-12



IFILE Listing
- (For Example #1 Run, Appendix I) .
" BASE MOD 2 _ ' -
SHAKER RESEAQRCH CORP. )

1 I ISTHD FIRST NODE OF -SCHEMATIC TD BEGIN COHPUTATIONS
2 2 LSTHD LAST HNODE OF SCHEMATIC TO STOP

i 3 ISTPH FIRST PATH & PATH DATA FILE MUMBER ON DISK
18 4 LSTPH  LRST PATH & PATH DATA FILE MUMBER ON DISK

i S ISTCP FIRST COMPONENT NUMBER USED IN COMPUTARTIONS
2 & LSTCP  LAST COMPONENT NUMBER USED IH COMPUTATIONS
i 7 ISTCL FIRST TRACK CLASS TO USE IN COWMPUTATIONS

2 8 LSTCL LAST TRACK CLASS TO USE IN COMPUTATIONS

) 9 ISTCT COLUMN CONTAINING FIRST COST MINUS ONE

13 1D LSTLT TOTAL COST COLUMM BLOCK SIZE MINUS ONE

15 i1t IIDH DIMENSION OF IPRTH ARRAY :
80 12 IRDH DIMENSION OF RPATH ARRAYS

13 13 NREFP SCHENATIC DIAGRAM IN USE PEFERENCE PﬁTH NUMBER'
6 14 LSTFL TOTAL FLOW COLUMN BLOCK SIZE - EQUIVA&LENT TO ISTCT

1 15 1047 PATH DATA WRITE TO DISK COMTROL INDICATOR
2 io IBDH NUHBER OF FLOW PLUS COST COLUMNS: (BLOCK SIZEJ
.50 17 NCOSTS XIMUNM NUMBER OF DATa CODES

44 18 LCTLCD _NUMEELP YALUE OF LAST USER DEFINEP COST CODE
19 NP&SS STATE BLOCK REFERENCE RGOU IN NORHAL ’
20 : RVAILBLE .
21 IUNIT = FORTRAN UNLT DEVICE NUMBER FOR OQUTPUT PRIHTING
22 IRUNIT FORTRAN UNIT FOR READING IN RAW DATA o
23 ITUNIT FORTRAN UNIT FOR PRIMTIME DIARGHOSTIC STATEMENTS
24 LHTHST HUMBER OF COLUMNS IN THE STATE ARRAY
25 IPRNT INDICATOR FOR NEED NF PATH FLOW/COST PPINTHUT
26 RYAILABLE .
27 ISPRT INDICATOR FOR NEED OF COST/STATE PRINTOUT
IFHTS INDICATES COST/STATE PRINT OPTIOHS
29 NDBUT INDICARTES NEED FOR FIMNAL COSTASTATE PRINTOUT

T ek s

O D G e ke (D OO e e e OO D
o
o

30 IFANT INDICARTES FIHAL PRINT OPTIONS
31 N1 . STATE POPULSTION REFERENCE ROY
32 M2 STATE QUARLITY REFERENCE ROW
1 33 Hi © STATE POPULATION UPDATE RO
1 24 N2 STATE QUALITY UPDATE ROW
35 I[CosT INDICATOR FOR NEED 0OF COST COMPUTATIONS
36 AVAILABLE : ~
37 AvalL&aBLE :
28 HBLOCK NUMBER OF REPAIR BLOCKS IM SYSTEN
D 39 AVAILABLE , :
44 40 IQCODE LAST COST COBE - EQUIVQLEHT TS LCTCD
1 41 _ Raw DATA PROCESSING INDICATOR
1 42 MODEL RUM IMDICRTOR
a 432 AVAILABLE
0 44 _ AVAILABLE
.0 45 - aYAILABLE =
0 4s AVAILABLE
0 47 AYATLABLE
3 48 AYAILABLE
D49 ; AYAILABLE
g 50 AYAaILAaBLE
g 51 AYGILABLE



IFILE-Listing, Page 2

foul

AYAILABLE

0 S2 AVAILABLE -
D 53 AVAILABLE

0 54 - AVATILABLE

8 S5 "AVAILABLE

0 56 AVAILABLE

0 57 AYATLABLE

0 S8 AVAILABLE

0 59 AYAILABLE

0 &0 AYAILABLE

0. 61 AYAILABLE

0 62 AVATLABLE

0 63 AYATLABLE

0. 64 AVYAILABLE

3 65 AVAILABLE

0 66 AVATLABLE

D 67 AVRILABLE

0 63 AVATLABLE

g 69 RVAILABLE

g 70 AVAILABLE

g 71 AYAILABLE

0 72 AYAILABLE

g 73 AVAILABLE

0 74 AVAILABLE .
o0 75 AVAILABLE ‘
0 Ts AVAILABLE ,
0 77 . AYAILABLE .
o 78 . AYAILABLE

g 79 AYATLABLE

3 29 AVATLAGLE

o 81 AVAILABLE
g 82 AVAILABLE

3 83 AVATILRBLE

0 84 AVAILABLE

0. 85 AVAILARLE

R TS AVAILABLE

0 7 AVAILABLE

D 88 AVAILABLE .

D 89 AYAILABLE

0 90 AVATLAELE

o 91 AVAILABLE

g 92 AVAILABLE

o0 93 AVAILABLE

0 94 AVAILABLE

0 95 AVAILABLE

D 95 AVAILAELE )
o 97 AYGILAELE =
g .99 AVATLABLE _

L AYBILABLE -
a 150 GYATLABLE
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.‘IA':ICIC’.'ClC’JQDODC!CICIQt:lDDDOQQOOOOQQOOQOOOOOOO-

OO OO OO

-,
[}

[ { Q0 o 1 I i T & Y o s e e Y s s R
oo

| RFILE Listing
(For Example #1 Run, Appendix I)

1 STIME STARTING TIME FOR MAIN/NORMAL LOOP
2 DTIME TIME STEP FOR MAIN/HNORHAL LOOP
3 TINHEL FINISH TIHE FOR TIME RUHN

4 AYAILABLE
5 OUTPUT FREQUENCY COUNTER
6 ODUTLMD OUTPUT FREGQUENCY |
? AYAILABLE
8 AYAILABLE | ‘
9 AVAILABLE 2
10 _ AVAILABLE
11 " AVAILABLE
12 AVAILABLE
13 " AVAILABLE .
14 AVAILABLE
15. . AYAILABLE -
16 AYAILABLE.
17 AVAILABLE
18 AVATLABLE
19 ‘ AYAILABLE
20 AYRILABLE .
21 . AYAILABLE
22 AYATLABLE :
23 . AYAILABLE ;
24 " NORHMAL OUTPUT FREQ.
5 NORMAL OUTPYT START
26 AYAILABLE :
27 " AVAILABLE
28 AYAILABLE
29" AYAILABLE
30 AYATLABLE
31 . AVAILABLE
32 AYATLABLE
33 AYAILABLE
34 AVAILABLE
35 , AYATLABLE
36 . AVAILABLE
37 AYATLABLE
38 AYAILABLE
39 AYATLABLE
40 " AVAILABLE
41 . AVAILABLE
42  AVAILABLE
43 AVAILABLE
44 AYAILABLE
45 AYATLABLE
45. AVAILABLE
7 AYATLABLE .
3 AYATLABLE
49 AYATLABLE
50 AYATLABLE
51 AYARTLABLE
2 AYATLABLE
53 AYATLABLE

54 AVAILABLE

F-15
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RFILE Listing, Page 2

55 AVAILABLE
56 AYRILABLE
57 AYRILABLE
58 AVRILABLE
59 AVRILABLE
60 AYRILRBLE
61 ARYARILABLE
62 AYRILABLE
63 AVRILABLE
64 AYATLABLE
65 - AYAILABLE
. 65’ AVAILABLE
.67 AYAILABLE
63 AVRILABLE
59 AYAILABLE .
70 AYRILABLE
! , AYRILABLE
72 AVAILABLE
73 AYAILABLE
74 AVAILABLE
75 AVAILABLE
76 AYQILABLE
rar A - AYRILABLE
78 AYRILABLE
79 AVAILABLE
80 " AVAILABLE
81 AVRILABLE
82 ARYRILABLE
83 ' AYBILABLE
84 AVAILABLE
85 AYVATILABLE
86 AYRILABLE
87 AYAILABLE
.88 AVAILABLE
89 AVAILABLE
ap AYRILABLE
91 AYAILABLE
a2 AYRILABLE
23 ' AYAILABLE
.94 . AYRILABLE -
95 AYARILABLE
a5 AYQILABLE
97 AYRILABLE
33 AYAILABLE
99 AYRILABLE
100 4VaILABLE

[oa B vas R wad BN onCl i

CoOOoOoOoOOoOOoOOO0OoO0OO0DOOo00LCOoODULOOLOLODLOLDOOEOLOLOLOOODOOQO-

EXTRA LINE Q¥RILABLE

EXTRA LIME A4VAILABLE
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INODE Listing
(Example Run #1, Appendix I)

SCHEMATIC DIAGRAMN NUMBER : .
DaTA FILE HUMBER

14 1 1 0 1
2 18 1 .1 1
14 17 1 1 1
17 3 ©0 o8 o0
s 4 1 0 0
& 7 D 0 0
9 8 1 4 i
1t 19t 1 1 _ o
41120 0 REST OF ARRAY FILLED WITH ZEROS

‘F-17
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WEIBL Listing

(For Example Run #1, Appendix I)

OO_UDODDJD n.n..nun.-l.nn.n.nu‘l._uqu .Un.n_ﬂ. n.n.
.Uﬂu.nu.U.U D .U n.n.au .UJUO.U.U..U.U_UDDDOD

0 coepocoecoo

OOODOODDDDDD o0
o n

o
O.U.U_UAUaJng nunununa D.U O_U.Uau 0 0 0 0 0 D
&) [ ;

000000DUDODODD“.DOOODDUDUODDDO
COoO00O0ODNOOOOONOOOOOO0O0ODOODODOQCOOO00
™ La2]

0Ogoooon.000000000000000000000

nunu_Uﬁunu.U Q_nuﬂu_u nunungﬂu.Unununu_U.U.U.U.UnwnununuAunu
cd M )

+
-

000000000.“.Dn.n..sx_eﬁ.nuooooon.on.o oo

Onu_U.UnU rl..J DC?qu..L_..UODsU.U_J..U.UOO Qs e Y
Ly . : 42

§ = 20 - fixed average life 20 yrs.

NOTE:

- failure rate shape parameter

2

8
a

32 - characteristic life years

For this example, failure rate is assumed constant for each component and

given by

. F-18



APPENDIX G

Input Cost Data Example #1
(For Simplified Track Maintenance Action Diagram #1)

. G=1/G-2
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This appendix contains a listing of an example input data file of costs and

path flows for the example run output listed in Appendix I. Also included

here is an explanation of the file éoding structure so the reader may generate

a different file for simulation if desired.

An-inpﬁt data coding structure which is compatible with either a computer
file or card entry technique has been adopted. Maintenénce data in this.
scheme are coded onto a series of cards or file lines. Each card or file
line contains a part of the data required for the cost simulation model.
(Seé listing at end of appendix.for a complete data listing of the cost and

flow values for example number 1 track maintenance system simulation.)

Ultimately, every data entry to the cost model program is used by the computer

" to generate a dollar cost for performing every maintenance operation con-
sidered. - Certain data conventions have ﬁeen followed in order to place the
costingjdaté in a computerized format. Figure G-1 is an overall schematic
of the data card entry format assumed.  Each card or data entry is read in
free field format. Thus, all spaces or commas are read as numeric delimiters

separating the numbers entered.

The path number is the fifsf number on each data line. Immediately following
the "path number” each data line'(card) has a single digit entry (0-9) in
column five. This entry refers to the kind of data that follows it on that
line. Data beyond columm five can be path descriptive numbers, direct path

costs and flows, or function shape parameters.

'Figufe G-1 shows the position’of the data entfy codes. Codes 3 through 8

‘are still undefined,.but numbers 0-2 and 9 have the following meanings:

0 - Refers to the fact that path information will be found in the

numeric data space following this entry.

1 - Indicates that the numeric data that follow on this line comprise

a direct cost or flow input set of numbers.

-2 - 1Is used to designate that the numeric data will be function

G-3
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Schematic Diagram Path Number

Numeric Data Space for up to ten separate real numbers

XXX X_XX ~ /Data Commente
f . . _ . )

DATA ENTRY CODE

0 = Refers to overall path information in 'numeric data space’

1 = 'Numeric Data' to be associated with cost or flow code shown

2 = '"Numeric Data’ are for functional formulas (shape factors, etc.)
3-8 = Available

9 = Indicates more data on next card (line) for this data entry code.

FIGURE G-1. LAYOUT OF DATA CARD OR LINE FILE ENTRY FORMAT
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parameters. These shepe parameters will be passed during
program execution to user defined program equations for
function evaluation.

3-8 = Available for definitiom.

9 - Indicates the numbers for this line (card) exceed the space
provided on the card above it; therefore, read the next card

~.and append.

As snown in Figure G-1 each card contains a reference "path number" which is .
keyed to the maintenance action diagram of the example modeled track main-
tenance system. In addition, each data card contains a two digit data
descriptor located in columns 7 and 8. Anlist of the data deecriptors 30
through 49 are giren in Figure G-2. Codes 30 to 49 are intended for the
various cost inputs. This set of 20 data subcategories 30-49 can be expanded
by user selection if more are needed. This data structure allows each path
"cost to be entered and/or ekemined visually. Comments placed after the slash

(/) are useful in checking over the data entries and their meanings.

Conventions have. been adopted for the data to be entered in the "numeric
data space'" of each data card. There is a separate entry conventlon for
each data entry code 0 through 2. The following paragraphs discuss the various

numbers required for each of these three entry codes.

Entry Code 0 - Path Information

Requires a minimum of two numbers after it. Each number
is to be separated by a space or a comma. These are a

~ component number and an FRA track class number.

. Entry Code 1 - Cost.or Flow Information

Requires between two and five numbers. If the data code

descriptor is:
20 - enter starting path component flow after it;
21 - enter starting path component quality after it;

30 through 49 - enter appropriate cost numbers.



Data Descriptor

UNITS OF MEASURE

Code

Description of Data
Under This Code

First Numeric Entry
Beyond Data Descriptor
Code

Second Numeric Entry

Beyond Data

Descriptor Code

Third Numeric Entry
Beyond Data i
Descriptor Code

49

T;b Quantity of Component’ Number of Miles Per Year No' Entry No Entry
o {121 Quality of Component Bad MilessTotal Miles Required Required)
B {22 Amount of Bad Component | Number of Miles Per Year
: |23 | Amount of Good Component | Number of Miles Per Year
S |24 :
& |25
26
128
29
30
31 | Material Costs Items Per Mile Doliars Per Item Multiplying Factor
|32 | Equipment Costs Hours Per Mile Dollars Per Hour Number of Machines
33T Fines Fines Per Mile 1 Dollars Per Incident | Number of Incidents
34 | Delay Costs Hours Per Mile | Dollars Pexr Hour Multiplying Factor
35| Scrap Return Costs Ttems Per Mile Dollars Per Item Multiplying Factor
% 36 | Contracted Costs Contracts Per Mile Dollars Per Contract umber of Contracts
o 37 | Delivery Costs Hours Per Mile Dollars Per Hour Multiplying Factor
S 38 | Travel and Living Hours Per Mile Dollars Per Hour MultiplyIng Factor
3 39 : Not Used Not Used I Not Used
S 40 ' Trackmen Labor Hours Per Mile Dollars Per Hour Number of Men
o 41 ! Mechanic Labor Hours Per Mile Dollars .Per Hour Number of Men
Q 42 { Machine Operator Labor 1| Hours Per Mile Dollars Per Hour Number of Men
O |43 | Machine Operator Labor 2| Hours Per Mile Dollars Per Hour Number of Men
44 | Foremen Labor Hours Per Mile Dollars Per Hour Number of Men
45| Supervisor Labor Hours Per Mile Dollars Per Hour Number of Men
46 ; ‘ :
47
48

FIGURE G-2. ASSIGNED DATA

B

DESCRIPTORS 20-49 AND THEIR UNITS

OF MEASURE FOR

CODING




Entry Code 2 - Function Data

Requires two data cards. The first card is not used for
computation and contains a set of designator codes for.
reminder commentary only. The second card with an entfy
code 2 will carry seﬁen numbers beyond the entry code.

These seﬁen numbers will include one designator code, one
user defined function number, and up to five shape parameters

for that function being activated.
Entry Code 3-8 - Available for definition.

Entry Code 9-—'Append this data card entry to the one above. '

Descriptive Commentary for Cost Data File for Example Run #1

As explained in Section 6.0, this run was intended to pbrtray a hypothetical
small railroad for showing some aspects of the simulation technique and
methodology. The railroad and its physical plant (pertinent to this pro-
cedure)'are fully.describgd'in Figure 6~1 of the main body of the report.-.
The values displayed in fhat figﬁre were contrived simply for this example
run; however, the numeric magnitudes of the data selected could very well-

be found in railroads of this size.

Out of seven hundred miles of track a typical road of today might have the

distribution shown between jointed and welded rails (750 to 250, respectively);

Accident rates were chosen in a similar fashion based on a national annual

average of about 2000 track incidents for the 200,000 miles of.track in use,
‘thus .0l1/mile. Since different accident rates can exist for each FRA track
élass_or type of rail, separate values of .011, ;02, .01l and zero accidents

per mile of track were entered respectively.

Demonstration of how the track accident rate could vary with a state
variable such as "quality" is implemented on only the jointed rail of FRA

classes 1, 2, 3 (see Figures 6-1 and 6-2 of the report).

The following tabular commentary is intended to elucidate some of the

numeric entries contained in the listing at the end of this appendix.

§



ANNOTATIONS TO LINE ENTRIES IN LISTING OF
' "COST DATA FILE FOR EXAMPLE RUN #1"
CONTAINED AT END OF THIS APPENDIX
Line| #
Counted From .
Top Entry Description or Explanation
1 | Commentary line passed to run output
2 014 Action Diagram path number ("in-use" path not actually numbered on Fig. 4 1)
2 0o The following entries describe this path
2 01 These entries are for jointed rail (Comp. 1)
2 1 These entries are for track class 1
2 0 This path has no cost :
2 0 This path does not change the system population } :
2 0 This path does not change the system quality See
2 0 This path is not from a manufacturing source Fig.5-1
2 | 0 Path not in a repair block '
2 | 1 Skip this path on printout , J
2 / to use Comments only ' '
3 014 Action Diagram Path number (in-use" path not actually numbered on Fig. 4-1)
3 1 Comment 1 on this
3 | 20 Data descriptor code Fig. 3-1 "Quantity of Track" entered next
3 0 Zero miles of track .
4 014 Action Diagram path number ("in-use” path not actually numbered on Fig. 4-1)
4 1 Component 1 on this '
4 21 Data descriptor code Fig. 3-1 "Quality of Track" to be entered next
4 | 0.0 Quality = 0 ‘
5 012 Action Diagram path number (see Fig. 4-1)
5 0 -Following entries describe this path
5 01 These entries are for jointed rail (Comp, 1)
5 1 These entries are for track class 1
5 1 This path has no cost
3 ,‘5 2 » 1 P | 4




6-D

Line #

Counted From

Top Entry Description or Explanation

6 012 Action Diagram path number (see Fig. 4-1)

6 1 Next entry will be a data descriptor code

6 21 Data descriptor code (Fig. 3-1) next entry will be starting "Quality of Track™
.6 .0909 Quality of Track = .,0909

7 013 Action Diagram path number (see Fig. 4-1)

7 0o . Following entries describe path

7 01 Component #1 data

7 1 Traek class 1

8 - 013 Action Diagram path number (see Fig. 4-1) ' €3

8 1 Next entry will be data descriptor code ' '

8 20 Data descriptor code (Fig. 3-1) refers to track "quantity” on path
8 700 700 miles of this track (jointed class 1)

9 013 Action Diagram path number (see Fig. 3-1)

9 1 Next entry data descriptor code

9 21 Quality of track just entered

9 .1 Quality = .1

Similar entries for other types of rail and
track classes modeled -

19 . 005 Action Diagram path #5 data entries

19 "0 Following data describe path

19 01 ‘Component #1 data (jointed rail)

19 1 Track class 1

19 1 This path could have associated costs

20 005 Path #

20 1 Data descriptor next

20 20 Code indicating rail quantity

20~ 70 70 miles of this track sent to repair at start of simulation
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Line #

73

unted From i
Top Entry Description or Explanation
bl

21 005 Path # v o
21 2 This indicates activation data for using functions programmed
21 20 Function applied to "quantity" of track on this path
21 50 Independent variable "time'" used in function (see code 50, Fig°_3-1)
22 005 Path #
P2 2 Following is function input data
22 20 Function "modifies" rail quantity on this path
22 7 Data to be entered for Equation #7, see Subroutine "FUNCTS"
22 2.0 "A" parameter, See Appendix E E
22 -39.0 "B" parameter, see Appendix E

More inputs for other paths
50 004 Path #
50 1 Data descriptor next
50 34 Data descriptor (see Fig. 3-1) costs entered next will be "delay related"
50 1.0 Hours delay per mile of track on this path (see Fig G-2)
50 25000 Dollars per hour train delay cost
50 1.0 Multiplying factor

More inputs for other paths
73 008 Path #
73 0 -Following data describe path
73 02 Component # - _
73 1 Track class ‘ ‘ See Fig. 5-1

1 This path has costs ' ’

.mt
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Tine #

L
Counted From ) ]
Top Entry . Description or Explanation
73 -1 This path reduces the system population
73 0 No e
73 0 Not a manufacturing path , See Fig. 5-1
73 1 Associate this path with "repair" block 1 -
More inputs for other paths "' ©
128 010 Path #
128 1 Data Descriptor code next :
128 35 Code "35" relates cost data to be entered with scrap (see Fig. 3-1)
128 1.0 Items per mile (see Fig. G-2)
. 128 -10000 Scrap (negative) dollars per item removed (see Fig. G—2)
128 1.0 Multiplier on costs (see Fig. G-2)
More entries
221 999 - Last data input truncates ‘read operation
221 0 "999"




COST DATA FILE FOR EXAMPLE RUN #1

b

DATA FILE NUMBER : _ 0601

0i4 001 1 000001 o / TGO USE

0i4 1 20 0 ’ : S TO USE

0i4 1 21 0.0 4 T8 USE

012 0 0t t 1 / TO USE

912 {1 21 .0909 / T0O USE

013 0 01 1 / IN USE

i3 1 20 700 / IN USE

813 1 21 .10 / IR USE

0i3 0 02 1 ¢ IN USE
013 1 20 50 / IN USE

8i3 1 21 .i0 / IN USE

0i3 0 01 2 / IN USE

013 1 20 100 / IN USE

013 t 21 .10 /. IN USE

013 0 02 2 / IN USE

813 1 20 150 e IN USE -

i3 1 21 .10 / IN USE -

005 0 01 1 1 / T0 REPRIR

005 1 20 70 / TO REPAIR

003 2 20 SO / TO REPRIR

g05 220 7 2.0 39.0 / TG REPRIR

903 1 21 1.0 / TO REPAIR

g0 0 62 1 1 . e TO REPRIR
003 1 20 S -/ TO REPAIR

005.1 21 1.0 / TO REPAIR

905 0 01 2 1 / TO REPAIR

005 1 20 19 / TO REPRIR

005 1 21 1.0 / TO REPAIR
003 002 2 1 4 TO REPAIR

005 1 20 15 / TO0 REPAIR

005 1 21 1.0 / TO REPRIR

002 0 01 1 / RETURN TO USE

002 1 20 &30 / RETURN TD USE

002 1 21 0.0 / RETURN TO USE

002 0 02 ¢ Y RETURN TD USE

002 1 20 45 4 RETURN TO USE

go2 1 21 0.0 / . RETURM TO USE

902 0 01 2 / RETURN TO USE

g6z 1 20 90 / RETURN TO USE

062 1 21 0.0 / RETURN TO USE
- 962 0 02 2 / RETURN TO USE

002 1 20 135 / RETURN TOD USE

gg2 1 21 0.0 / RETURN TD USE

003 2. 01.1 / PROPOSED MAINT.

003 1 20 / PROPOSED HAINT.

004 0 01 1 1 / POSTPONED

g04 t 20 8 4 POSTPONED

004 1 21 1.0 / POSTPONED

004 1 34 1.0 25000 1.0 / POSTPONED

004 0 02 1.1 / POSTPONED

004 1 20 1 / POSTPGNED

004—121—1-0— — — - — —7 POSTPONED—

004 1 34 1.0 25000 1.0 / POSTPONED
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g04
0404
004
804
go4
004
00e
g0e
g0e
00e
006
00se

006

00e
00e

006

006
006
008
008
008
008
008
008
008
008
008
008

008

908
809
009
909
009
609
009
009
009
009

009

0g9
009
011
11
911
911
01t
011
211
911
001
5ot
g01
001

01
20
21
34
a2
34
01
20
31
02
20
31
o1
20
31
82

20

31
o1
20
21

02
20

21
01
20
21
02
20
21
o1

20.

21
02
20

21,

o1
20
21

02

20

21
01
‘20

na2
20
01
20

82

20
01
20
20
20

0+ b 0od PO 2 00 RO bt P b s (] ek e P e RO h U] b b ] Db b D) A b b D
. . . . . (4] . ° ° . . .

23000

25000
101

~ OO0

[~]

18000
1 01

Ll >

- Q

101

=]
- Q

1 01

O\ - Y 9 o
Ll 2 - 3 - 0 -0 -0 -0 -0
[\ ) [ 3]
o~ o~ Q
o [} Q
Q o Q

21000
15

11

700

50

1

86000 {.0

1

43000 1.0

1

186000 1.0
-1 001"

-1 001
-1 001!

-1 00t

ek

5 2.02.01.06.05.0°
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POSTPONED
POSTPONED
POSTPONED
POSTPONED
POSTPONED
POSTPONED
KFG PaTH
HFE PATH
MFE PATH
HFG PATH
MFG PRTH
KRFG PRTH
MFG PATH
HFG PATH
BFG PaTH
MFG PATH

HFG PATH

MFG PATH
TO REHEW
TO RENEW
TO RENEW
TO RENEU
TO REHEY
TO REKEW
TO REHEW
TO RENEW
TO RENEW
TO RENEWY
TO RENEW -
T0 RENEW
SEPARATE
SEPARATE
SEPARATE
SEPARATE
SEPARATE
SEPARATE
SEPARATE
SEPARATE
SEPARATE

SEPARATE

SEPARATE

- SEPARATE

SCRAP

SCRAP
SCRAP
SCRAP
SCRAP
SCRAP
SCRAP
SCRAP
SCRaP

SCRAP -

SCRAP
SCRAP

GO0D HMTRL.
GOND MTRL.
GOOD MTRL.
GODD MTRL.
GOOD MTRL.
GOOD MTRL.
GODD MTRL.

T3 INSPEC
T0 INSPEC
TO INSPEC
TO. INSPEC

GO0D HMTRL.

T.
T.

-
Y
{

T.
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001 1 21 .10 . / TO INSPECT.

001 1 43 20.0 15.0 1.0 / TD INSPECT.

00i 002 1 1 / TO INSPEZLT. .

001 1 20 SO / TO INSPECT.

00t 1 21 .i0 / T0 IHSPECT.

001 1 43 20.0 15.0 1.0 / TO INSPECT. ot

g0i 0 01 2 1 ' : / TO IMSPECT.

00i 1 206 160 "/ TO INSPECT.

001 t 21 .10 / TO INSPECT.

001 1 43 20.0 15.0 1.0 /  TO, INSPECT.

001 0 02 2 1 7/ TO INSPECT.

881 1 20 150 /  TO.INSPECT.

001 1 21 .10 /  TO INSPECT.

001 1 43 20.0 15.0 {.0 / TD INSPECT.

807 001 110001 /. SORT MTRL.

007 1 20 140 _ /- SORT HTRL.

00?7 1 21 .S /  SORT MTRL.

007 1 30 1.0 1.0 1.0 . /- SORT MTRL.

007 1 31 1.0 11785 1.0 /  SORT MTRL.

007 {1 32 1.0 785 1.0 /  SORT MTRL.

907 1 37 1.0 157 1.0 /  SORT MTRL.

8067 3 38 1.0 314 1.0 / SORT MTRL.

007 1 40 1.0 314 1.0 /  SORT MTRL.

007 1 41 1.0 314 1.0 /  SORT WTRL. -

007 1 42 1.0 942 1.0 /  SORT MTRL.

007 1 43 1.0 942 1.0 / . SORT MTRL.

007 1 44 1.0 157 1.0 /  SORT MTRL.

907 002110001 /  SORT MTRL. .
007 1 20 190 /  SORT MTRL.

007 1 21 .S /  SORT MTRL.

007 t 306 1.0 1.0 1.0 / SORT MTRL. N
007 1 31 1.0 10S00 1.0 /. SORT MTRL.

007 t 32 1.0.700 1.0 /  SORT MTRL.

007 1 37 1.0 140 1.0 /  SORT MTRL.

007 1 38 1.0 280 1.0 /  SORT HTRL.

007 1 40 1.0 280 1.0 / SORT WTRL.

007 1 41 1.0 280 1.0 /  SORT MTRL.

007 i 42 1.0 840 1.9 /  SORT MTRL.

807 1 43 1.0 840 1.0 /  SORT MTRL.

007 1 44 1.0 140 1.0 /  SORT MTRL.

007 001 210001 /  SORT MTRL.

007 1 20 20 K /  SORT MTRL.

po7. 1 21 .5 /  SORT MTRL.

007 1 30 1.0 1.9 1.0 /  SORT MTRL.

007 1 31 1.0 20700 1.0 / -~ SORT MTRL.

007 1 32 1.0 1380 1.0 /  SORT MTRL.

807 1 37 1.0 276 1.0 /  SORT HTRL.

007 1 38 1.0 552 1.0 /  SORT MTRL.

g07 { 40 1.0 552 1.0 /  SORT MTRL.

007 1 41 1.0 S52 1.0 /4  SORT MTRL. -
007 1 43 1.0 1656 1.0 /  SORT MTRL. =
007 1 43 1.0 1656 1.0 /  SORT MTRL. 7

007 { 44 1.0 276 1.0 - - - T/ SORT MTRL .
D07 002 2109 01 / SORT MTRL. :



807
807
087
007

- 007

007
907

207

007
007
007
007
010
D10
010
810
010

010
010
010
010
010

010
010
010
010

810

010
815
01s
017
917
017
017

gi7.

917
017
917
017

917

g17

017

g17
017
ui7
017
oi8
018
g18
018
018
718
918
018

20
21
30
31
32
37
38
40
41
42
43
44
01
20
21

39.

02

20

21
33
o1
20
21

39

02
20
21
35
01
20
01
20
20
20
21
36
02
20
21
36
01
20
21
36
02
36
01
20
21
13+
20
21
o1

20

.-A-H'-.”NH.—ANN.—.H“.—.h‘ﬂ“#“pﬁﬂ“““““ﬂ“-
P P PR . e e e e e s e e e

~ 0000000000

- 00 -0 0

-~ 00

O~ OO0 Qo - Q00

LB A BN 0 Bl N I o W B S S B R R
ou]

-1 001

.22 0.1 8.71

o

1.0 1.0
1550 1.9
103 1.0
20.66 1
41.33 1
41.33 1
41.33 1.

0

0

1

[Lon I =o I o« J e ]

124 1.
124 1.0
20.66 1.0

-1 001
-10000 1.0

-10000 1.0
-1 001

-10000 1.0
-1 0.0 1

-10000 {.0

3000 1.0
3008 1.0
000 1.0
3000 1.0

"\"\\\‘-\\\\\'\\\\\\\\\\\\\\\\'\\'ﬁ\\\\s\-'\'\\'\\,_‘\\\\'\\.\'\\'\‘~'\.\\'\

SORT
SORT
SORT

. SORT

SORT
SORT
SORT
SORT
SORT
SORT
SORT
SORT

MTRL .
MTRL.
MTRL..
MTRL.
MTRL.
HTRL.
MTRL.
MTRL.
MTRL .
MTRL.
MTRL.
MTRL.
10 séRap

TO SCRAP

TO - SCRAP

TO SCRAF

TO SCRAP

‘TO. SCRAP

TO SCRAP
TO SCRAP
TO SCRAP
TO SCRAP

"TO SCRAP

TO SCRAP
TD SCRAP
TO 3CRAP
TO SCRAP

"TO SCRAP

RETURN

RETURH

RCCIDENT
RCCIDENT
ACCIDENT
RCCIDENT
RCCIDENT
ACCIDENT
ACCIDENT
ACCIDENT
RCCIDENT

ACCTIDENT

ACCIBENT
ACCIDENT
ACCIDENT
ARCCIDERT
ARCLCIDENT

 BRCLCIDENT

TO REPRIR
10 REPRIR
TO REPRIR
T0 REPHIR
T0 REPARIR
TO REPAIR
TO REPAIR
TO REPHRIR

PATH
PATH
PATH
PaTH
PATH
PATH
PATH
PaTH
PATH
PATH
PATH.
PATH
PATH
PATH
FaTH
PATH
EVAL.
EVAL.
EvaIL.
EVAL.
EvaL.
EVAIL.
EvaL.
EVAL.



018

0is
018
ois8
999

[ QA - R

21 1.0

02 2
20 15
21 1.0

NN N

TO REPAIR EVAIL.
TO REPHIR EVAL.

TO REPAIR EVaL.

TO REPAIR EVAIL.
END OF DATA
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APPENDIX H

‘ Input Data Example #2
(For Comprehensive Track Maintenance Action - Diagram #2)

This Appeﬁdix contains file listings

IFILE - For Control Indices of Example Run #2
INODE : - Maintenance Action Diagram Path Numbering Linkages
COST DATA - Path Starting Cost and Flow Data

" H-1/H-2

j



FOR RUN EXAMPLE #2
SHAKER RESEARCH

1
201
1
S79

G 4= =t (S} ra

') [
Dl‘.ﬁDOQOOODMﬂ_WDODDH\DﬂNHwo—hOODH‘mH

H-

.
-

3

IFILE

PROGRaM REVISION NUMBER i

W WL WM

W WU W WO WUWWR PRI NN N MR ow o s b e pa pn b e g
OWXB YO UNRUNSFOVBNONANRWUNNO OO NOU & RO

s bop
G U b WD

=4

FI N
O

)

(8]

(4]
—

100

ISTHD
LSTHD
ISTPH
LSTPH
ISTCP
LSTCP
IsSTCL
LSTCL
ISTCT

LSTCT

pion
IRDNM

HREFP

LSTFL
I0UT
}8: 13,
HCOSTS
LCTCD
NPASS

IUNIT
IRUNIT

ITUNIT
CLHTHST
IPRNT

ISPRT
IFNTS
HOQUT
IFNUT
N1 -
N2

N1

N2
ICOST

NBLBCK

IDCODE

CORP.

FIRST NODE OF SCHEMATIC TD BEGIN COMPUTATIONS
LAST HODE-OF SCHEMATIC TO 3TQP

FIRST PATH & PATH DATR FILE HUMBER ON DISK
LAST PATH & PATH DATA FILE HUMBER ON DISK
FIRST COMPONEMNT MUMBER USED IN COMPUTATIONS
LAST COMPONENT NUMHBER USED IN COWMPUTATIONS
FIRST TRACK CLASS TO USE IN/ COMPUTATIONS

LAST TRACK CLASS TO USE IH COMPUTATIONS
COLUAN COMTRIMNING FIRST COST MINUS ONE @
TOTAL COST COLUMN BLOCK SIZE FINUS ONE

- DIMENSIOH OF IPATH ARRAY

DIMENSION OF RPATH ARRAYS -

"SCHEMATIC DIAGRAM IN USE REFERENCE PATH HUHBE°

TOTAL FLOW COLUMM BLOCK SIZE - EQUIVALENT ‘TO ISTCT
PATH DATA WRITE TO DISK COMTRGL IHDICATOR

"NUMBER OF FLOW PLUS COST COLUHNS (BLDBK SIZE?

MAXINUM NUMBER OF DATA CODES
NUMERIC VALUE OF LAST USER DEFINED COST CO0E
STATE BLOCK REFERENCE ROU IN NORMAL

AYAILBLE
FOQRTRAMN UNIT DEVICE NUHBER FOR OUTPUT PRINTING
AVATLBLE

AYAILBLE

NUMSER OF COLUMNS IN THE STATE ARRAY

INDICATOR FOR HEED OF PATH .FLOW/COST PRINTOUT
AYATLABLE , o ‘
INDICATOR FOR NEED OF COST/STATE PRINTOUT
INDICATES COST/STATE PRINT OPTIOHNS

INDICATES HEED FOR FINAL COST/STATE PRINTOUT
INDICATES FIMAL PRINT DPTIONS

STATE POPULATION REFERENCE ROW

. STATE AUALITY REFERENCE ROW

STATE POPULATION UPDATE ROW
STATE QUALITY UPDATE ROW
INDICATOR FOR NEED OF COST COMPUTATIONS
AVAILABLE
AYAILABLE
NUHBER OF REPAIR BLOCKS [N SYSTEN
AYATLABLE
LAST COST CODE -~ EQUIVHLENT T LCTCO
RAH DATA PROCESSIMG INDICATOR -
MODEL RUN INDILH(OP
AYATLABLE
AVAILABLE
AYAILABLE
AYAILABLE
ARYATLABLE

AYATLABLE

AVAILABLE
AYATILABLE
AYAILABLE

AVATLABLE
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INODE FILE

IRGRaNM MNUMBER
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COST DATA

DATA FILE - 806902 .

i71 001 £+ 1 00801 / 1 NE¥ RAIL
171 120 20800 / 1 NEW RRIL
171 4 21 1.0 / 1 NEW RAIL
201 6 61 1 1 £t 0 ¢ ¢ . / 1 BFGS NEY RAIL
201 1 20 2080 / 1 NEW RPIL
281 1 31 478720 .1285 1 / 1 RAIL MATERIAL RF.3
201 1 37 17.9 12.% °¢ / 1 RallL DELIVERY RF.4
2e1 0 01 1 100 0 1 / 1 PaAaTH INFO NEW RAIL
261 1 20 40400 ' / 1 NEW RRIL
261 1 21 0.5 . ¢ 1 NEW RAIL )
261 1 37 1.0 vo.7¢ / 1 EQUIP DELIVERY RF.4
261 4 38 4.1 17.5 8.7 / 17T & L RF.4 .
261 1 42 10.9 12.95 ¢ / 1 CRIB AND BROOMN RF.1-
261 ¢ 32 10.9 16.27 1 / 1 CRIB AND BROGH RF .4
261 1 43 10.9 15.008 ¢ / 1 PULL SPIKES '
261 § 32 16.9 1.67 6 / 1 PULL SPIKES RF.4

261 1 42 186.% 12.380 2 / § GAUGE THREADER
261 1 32 10.9 9.31 2 /7 1 GRUGE THRERADER RF .4

- 261 1 40 186.9 7.%50 i Z 1 LIFT ANC & PLTS RF.5
261 1 40 10.9 7.50 1 / 1 PLUG & CREQSOTE
201 § 31 24264 .0214 ¢ Z 1 PLUG & CREQS 8/TIE RF.4
261 1 42 18.9 12.50 4 / { CRIBBING MACH
261 1 32 10.9 16.67 - - & 1 CRIBING MACH
261 1 42 10.9 12.50 2 / 1 ADZER FACE TIES ; ;
261 1 32 10.9 16.27 1§ - ¢ 1 RDZER PFPRCE- TIES _ .. T
261 1 42 10.9 12.%50 2 / 1 TIE PLATE LIKER _
261 1 31 ed66 4.352 | / 1 TIE PLATE LINER RF.3/4 .
261 1 32 10.9 13.72 1 / 1 TIE PLATE LINER : ' v
261 1 42 10.9 12.30 | /¢ 1 PLACE REH RAlIL
261 1 32 10.9-92.31 2 . ¢/ 1 PLACE KNEYW RAIL
261 { 42 18.9 12.50 / 1 HEAT ReIL
261 1 32 180.9 7.2% 1 / 1 HERT RAIL RF.4
2e1 1 3% 10.9 .20 i /7 1 HEAT RAIL
261 1 42 10.9 12.50 6 / § LIHER SPIKER
261 1t 32 10.9 16.27 / 1 LINER SPIKER .
261 1 31 27297 .25 1 / 1 LINER SPIKER R9/TIE RF.s8
26l 1 42 10.9 12.50 1§ / 1 TAMPER )
261 1 32 18.9 13.72 1 / 1 TAWUPER RF.4
261 1 43 10.9 15.00 4 / 1 ANCHOR HACH )
201 1 32 10.9 13.72 4 / 1 ANCHOR MACH RF.4
261 1 31 1629 3.0 i / 1 ANCHOR MACH RF.S
261 1 40 19.9 7.50 L / 1| GRERSE MACH
2601 § 32 10.9 5.0 1 / 1 GRERSE MACH
261 1 41 10.9 10.00 .t / 1 RAIL QUENCH
261 1 32 18.9 7.258 1 /2 1 RAIL GUENCH
261 1 41 10.9 10.00 4 / 1 POYER DORILL RF. 4
261 1 32 10.9 16.27 1 /7 1 POYER DRILL
261 1 42 10.92 15.00 2 / 1 WELD MACHIHE
261 1 32 10.9 9.982 1 /s 1 HELD MACHINE RF.4 e
261 1 42 10,9 12.50 2 /¢ 1 HE]VY CRIB -
261 1 32 19.9 16.27 2 - / 1 HEAVY CRIB RF .4

— —2-61—131—2060—11— 7 1 OTHRTRK MATL RF 4 - N

261 1 45 10.9 20.00 2 /1

SUPERVISORS RF.7 -



261
261
261
261
401
- 401
401
401
371
371
371
431
431
431
172

172

172
202
202
202

- 202

262
262
262

262

262
262

262

262
262

262 -

262
262
262
. 262
262
262
262
262

262

262
262
262
262
262
262
262
262
262
262
262
262
262
262
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.9 20.00

19.
24264
10.9
19..9
10.9
10.9
18.9
27397
1625
3033
io.
19.
10.
10.
10.

10.
10.
19.
19 .
10.
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17.30 1
17.50 2
7.350 7

-
N
(=20 |
"~

7.350
.0214
12.50
16.27 1
12.9 1

16.27 1

12.50 ¢
.25 1
3.0 1
4.52 1
12.50 6
9.31 2
7.50 4
9.31 1
12.50 2
16.27 1
15.00 4
13.72 4
12.50 6
9.31 2
12.50 4
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ASST SUPER RF.7
FORMAN RF.7

ASST FORMAN RF.7
LABORS RF.7 :
PATH INFO

TO RENEW RF.4

TO REHEW RF.4

TO REHEW RF.1

TO SCRKP INSP

TO SCRAP INSP

TO SCRAP INSP

PATH IHFO

TO SCRAP RF.4

TO SCRAP

HEW RAIL

NEW RAIL

NEW RAIL

NEW RAIL

NEW RAIL :
RAIL DELIVERY RF.1
MFGS RAIL RF.3
NEW RAIL

MEW RAIL

NEW RAIL
EQUIPMENT DELIVERY RF.4
T & L RF.4

-PULL SPIKES

PULL SPIKES RF.4

‘REMOVE ANCHORS

LIFT.0UT OLD RAIL

LIFT OUT OLD RAIL RF.4

LIFT TIE PLATES

DRIVE IN BROKEN SPIKES

INSERT WOODEN PLUGS

INSERT WOODEMN PLUGS RF.4

FACE OFF TIE ’

FACE OFF TIE

BROCM OFF TIES RF.1

BROOMN OFF TIES RF.4 : .
NEW SPIKES/ANCHORS/PLATES RF .6
NEY SPIKES/ANCHORS/PLATES '
NEW ANCHORS RF.S

NEW PLATES RF.4

BEGIN RAIL SET IH

BEGIN RAIL SET IN

CONTINUE SET~IN

COMTINUE SET-IH

GAUGE LINER

GAUGE LIMER

ANCHOR RAILS

ANCHOR RAILS RF .4

END MATCHING PROCESS

END MATCHING PROCESS

FOLLOW UP SPIKIHG



262
262
262
262
262
262
262
262
262
402
402
402
402
372

372

372
432
432
432
432
173
173
i?3
203
203
203

203

263
263
263

263

263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263
263

32
43
32
31
43
45
&4
44
43
01
20
21
37
0i
20
3
01
20
21
3?7
01
20
21
01
20
37
31
01
20
el

37

38
43
32
42
32
42
42
32
40
32
42

32

31
43
43
31
42
32
43

10.9
10.9
10.9
2060
10.9
16.9
i06.9
10.9

1.67 4
15.00 2
9.82 1
11
20.00 2
20.00 1
17 .50 1§
17.306 2

10.9 ?2.%¢ 10

{100
900
1.0
17.9 2.
1100
1100
0.0909

1110

100

1.0

.895 12.
1100
1000
1.0
1110
1000
17.9 12.
478720
1100

02

2000
8.5
1.0 7

4.1 1

10.
10.
io.
10.
i0.
10.
10.
10.
10.
10.
i0.
27297
10.9
10.9
1625
10.9
10.9
10.9

0.71 1
7.5 8.7
13.00 6
1.67 6
12.50 2
9.31 2
12.5 4
12.50 6
9.31 2
7.50 4
9.31 2
12.350 6
16.27 1
.25 ¢

15.00 ¢

13.72 ¢
3.0 &

12.50 2
9.31 2
15.00 2

" 263 1 32 10.9 9.82 1

FOLLOV UP SPIKING
THERMITE WELD
THERMITE VELD

OTHR TRK MATL RF.4
SUPERVISORS RF.7
ASST SUPER RF.?
FORMAN RF.7?

ASST FORMAN RF.?7

LABORS RF.?
PATH INFO

TO RENEVW RF.4
TO RENEW RF.4
TO RENEV RF.1
TO SCRAP

TO SCRAP

TO SCRAP

PATH INFO

TO SCRAP RF.4
SCRRP

T SCRAP

PATH INFO

DELAYS

DELRYS

PATH INFO

RAIL TO SITE

RAIL TO SITE

RRIL TO SITE RF.3
PATH INFO

TRAVEL TO SITE

TRAVEL TO SITE

TRAVEL TO SITE RF.4
TRAVEL TO SITE RF.4
PULL SPIKES/ANCHOR RF.1
PULL SPIKES/ANCHOR RF. 4
LIFT OUT OLD RAIL

LIFT OUT OLD RAIL RF.4
LAYOUT SPIKES/ANCHORS
SET RAIL ”
SET RAIL RF.4

CONTINUE SET-IN
CONTINUE SET-IN

SPIKE DOWUN RAIL

SPIKE DOWN RAIL

SPIKE DOUN RAIL RF .6
ANCHOR RAIL '
RKCHOR RAIL RF.4
ANCHOR RAIL RF.S

MATCH END PROCESS
MATCH END PROCESS
THERMITE WELD

i

THERMITE—WNELD

263 1 42 10.9 12.50 ¢4
263 1 32 10.9 1.67 4
263 1 31 2060 1 1
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FOLLOW UP SPIKING
FOLLOV UP SPIKING
OTHR TRK MATL



263
263
263
263
263
403
403
403
373
373
373
€33
433
433
174
174
204
204
204
204
264
264
264
264
264
264
264
264
264
264
264
264
264
264
404
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404
404
374
374
374
434
434
434
175
175
175
205
205
265
265
265
265
265
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45
45
44
44
43
01
20
37
01
20
21
o1
20
37
o1
20
o1
20
37
31
01
20
21
40
32
42
32
31

31

3t
31
41
31
44
01
20
21
37
01
20
21
01
20
37
01
20
21
01
20
01
20
40
32
42

10.9 20.00
10.9 20.00
10.9 17.50
10.9 17.50
10.9 7.50
110003
900
17.9 12.5 7
110003
1100
0.0909
111003
180.0
.895 12.50 =7
11000 4
1000 - :
111014
1000
17.9 12.5 7
478720 .125 1
110004
2000
0.5
135 7.50 10
135 16.27 1
135 12.50 10
135 16.27 1
9260 .25 1
400 3.00 1
541 17.00 1
3033 4.52 1
45 10.00 1
3600 1 1
135 17.50 1
110004
900
1.0
17.9 12.5 ?

0 4

CON -

11080

1100

0.09091
111004
100

4.48 12.50 -7
110005
1000

1.0 ‘
111005

0
110005
1000

135S 7.50 S
135 16.27 1
135 12.50 S
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SUPERYIS

ORS

ASST SUPER

FORMAN
ASST FOR
LABORS
PATH INF

HAN

0

RENEW RF .4

REKEW

7O SCRAP PATH
TO SCRAP PATH
TO SCRAP PRTH

PATH SCR
SCRAP RF
SCRAP
JOINTED
JOINTED
JOINTED
RAIL TO
RAIL TO
RAIL TO

1
.4

<

RRIL
MILES
RAIL

SITE

SITE RF.{
SITE RF.3

JOINTERD RAIL
REDISTRIBUTE
REDISTRIBUTE

PULL ONE SECTION RF.6
PULL ONE SECTION
INSERT NEV RAIL
INSERT NEV RAIL
SPIKES RF.6

ANCHOR

BaRS

PLATES

REPLACE SIGHAL RF .6
OTHER TRACK MATL
FORKAN RF.6

TO RENEW

TO RENEW RF.4

TO RENEV RF. 4

TO RENEW RF.1

TO SCRAP PATH

TO SCRAP PATH

TO SCRAP PATH

TO SCRAP

TO SCRAPRF .4

TO SCRAP

TRANSPOSE RAIL
TRANSPOSE RAIL
TRANSPOSE RAIL

MFG NEV RAIL

MFG SOURCE
TRANSPOSE RAIL
TRAVEL TO SITE
LIFT OUT RAIL RF.6
LIFT OUT RAIL
RESET RAIL SECTIONS

i
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1
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1
S
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265 1 31 9260 .25 1
405 001 11000
405 1 20 0
375001 11010
375 1 20 1000

3?5 1 21 1.0
435001 1 100 O
435 1 20 O

176 001 1 1 00 0
176 1 20 1000.

176 1 21 1.0

206 001 1 1 £ 0 O
206 1 20 O

266 001 1100 O
266 1 20 1000
266 1 40 135 7.50 S
266 1 32 135 16.27
266 1 42 135 12.50
266 1 40 135 7.50 S
" 266 1 32 135 16.27
266 1 42 135 12.30
266 1 40 135 7.50 S
266 1 32 135 16.27
266 1 42 135 12.50
266 1 31 9260 .25 1
406 001 11000
406 1 20 0

376 001 1 1 01 O
376 1 20 1000

376 1 21 1.0

436 001 1 1000
436.1 20 0

1?77 001 11000
1772 1 20 0

207 001 11101
207 1 20 0

277 001 11000
2?7 1 20 O

407 001 1 100 0
407 1 20 0

437 001 1 100 O
437 1 20 0

176 00511000
178 1 20 1000

200 0051100 1
208 1 20 10DO

208 1 31 370 13.50
278 0051100 O
278 1 20 2000

278 1 32 6.6 16.58
278 1 42 6.6 12.50
408 0051 100 O
408 1200
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RESET RAIL SECTIONS RF.6

PATH INFO

TO RENEW

PATH INFO -
TO SCRAP PATH |
TO SCRAP PATH | -
PATH INFO -
TO SCRAP
TRAKSPOSE
TRANSPOSE
TRANSPOSE
TRANSPOSE
MFG SOURCE
TRANSPOSE RAIL

TRAVEL TO SITE »

LIET OUT ONE SIDE RF.6

LIFT OUT OME SIDE

INSERT DUMMY

PULL SECOND SIDE

PULL SECOND SIDE

INSERT 1ST SECTIOH

PULL DUMMY

PULL DUMMY

RESET SECOND

SPIKE & ANCHOR RF. 6.

PATH INFO.

TO RENEV

TO SCRAP PATH -

T0 SCRAP PATH ~ .
TO SCRAP PATH .

PATH INFO , : :
T0 SCRAP | -
TRACK PANEL

TRACK PANEL

MFG SOURCE

DROP PANEL AT SITE
TRACK PANEL

TRACK PANEL

PATH INFO

Y0 RENEW

PATH INFO

T0 SCRaP

PATH INFO

MILES SURFACED

PaATH INFO

MILES SURFACED

NEV BALLAST RF.6

PaTH INFQ

MILES SURFACED
REGULATE BALLAST RF.4
REGULATE BALLAST RF.6
PATH INFO

RAIL
RAIL
RAIL
RRIL

e

8—T0 RENEWY —

TO SCRAP PATH B



378
378
438
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438
478
478
478
179
179
209
209
279
279
279
279
409
409
379
379
379
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20
21
05
20
21

0s

20
21

20
03
20
03
20
32
42
0s
20
0s
20
21
05
20
21
a3
20
02
20
21
035
20
21
03
20
31
31
3?7
03
20
37
38
42
32
40
32
40
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43
32
41
32
31
43
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10
0

Q
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Q
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0
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2
0.
1
1
1.
1
1
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1
20
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6.
1
o
1
2
0.
1
1
1.
1
1
1
1
1.
1
1
1.
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11410110
1000

3?0 13.50 1
1000 315.00 ¢
9.09 110 1
11000 10
2000

1 83.33 1
4.1 17.50 2.2
11.1 12.50 1|
i1.1 16.27 1
11.1.7.50 2
11.1 1.67 2
11.1 7.50 2
11.1 12.50 1
11.1 5.01 1
11.1 15.00 1
11.1 12.48 1
11.1 10.00 2
11.1 2.78 1
2000 7.77 1
11.1 15.00 1
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/10
/10
/10
/10
710
210
10
/10
/10

/10

/10
/10
210
/10
/10
/10
/10
/10
/10
/10

- /710

/10
/10
/10

/10
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TO SCRAP PATH

TO SCRAP PATH

PATH 1HFO

TO SCRAP

TO0 SCRaP -

RETURN

RETURN

RETURN

PaTH INFO

NILES SMOOTHED

PATH INFC

MILES SMOOTHED

PATH INFO

KILES SMOOTHED
REGULATOR RF . 4

SHOOTH BRLLAST RF.6
PATH INFO

TO RENEW

TO SCRAP PATH

TO0 SCRAP PATH

TG SCRAP PATH

PATH INFO

TO SCRAP

T0 SCRAP

RETURN

RETURN

PRTH INFO

TIMBER & SURFACE NIL!
TINBER & SURFRCE MILk.
TIMBER & SURFACE MILES
TIMBER & SURFACE MILES
TIMBER & SURFACE MILES
PATH INFO ‘

NEW TIES

NEW BRLLAST RF.6
NEW TIES

DELIVER TIES RF.6
PATH INFD

TRAVEL TO SITE

TRAVEL TO SITE
TRAVEL TO SITE RF. 4
TIE BROOM & CRIB
TIE BROOM & CRIB
PULL SPIKES

PULL SPIKES
REMOVE ANCHOR
REMOVYE TIES
REMOYE TIES
RESET HNEW TIES
RESET HEW TIES
SPIKE & ANCHOR
SPIKE & AWNCHOR
SPIKE & AHCHOR
REGULATE BALLARST

ji



280 1 32 11.1 9.32 1 /10 REGULATE BALLAST

280 1 43 11.1 15.00 1| /10 TaMP BALLAST

280 1 32 11.1 7.26 1 /10 TAMP BALLAST

280 1 42 11.1 12.50 2 710 ALIGN TRACK .
280 1 32 11.1 16.27 /10 ALIGN TRACK

280 1 42 1f1.1 12.50 /10 BROOM & SUEEP -
280 § 32 11.1 16.27 ¢ /10.BROOM & SUEEP N
280 0.05 1 1 0 0 O 10 /10

280 1 20 2000 210

4310 0 03 §1 1.0 0 0 10 710 PATH INFO

410 1 20 O _ - /10 TO RENEW

41i0 0 05 1 1 00 0 10 /10 PATH INFO

4i0 1 20 0 - 710 TO RENEW

380 0 03 1 1 00 0 18 710 PATH INFO

380 1 20 2000 /10 TO SCRaP PATH

380 1 21 0.5 /10 TO SCRaP PATH

380 0 05 1 1 0 0 O 10 /710 PATH INFO

380 1 20 2000 710 TO SCRAP PATH

380 1 21-0.5 710 TO SCRAP PATH

440 0 03 1 1100 10 210 PRTH INFO

440 1 20 1000 /10 TO SCRAP

€10 0 05 1 1 0 0 O 10 /10 PATH INFO

410 1 20 0 ( /10 TO REHNEW

440 0. 05 1 1t 0 C 10 £10 PATH INFO

440 § 20 1000 /10 TO SCRAP

181 003 11 00 0 1i /i1 PATH INFO

181 1 20 1000 /11 MILES RENEWED

211 003 114 01 11 /11 PATH IHFO

211 1 20 1900 /11 NEW TIES @ 1000/MILE .
2i1 1 37 9.09 110.00 1 /11 DELIVERY RF.6 :

<ii 1 31 1000 1S5.00 §. /it NEY TIES

‘281 0 03 11 00 0 1i /t1 RENEWED MILES .
281 1 20 1000 : 711 RENEVED MILES

281 1 37 1.0 45.09 1 /11 EQUIP. DELIVERY RF.4

281 1 38 4.1 17.50 2.2 /i1 TRAVEL 70O SITE

281 1 40 11.1 7.50 2 /11 PULL SPIKES

281 1 32 11.1 1.67 2 /i1 PULL SPIKES

281 1 42 11.1 12.50 { /it CUT UP TIES

281 1 32 11.1 S5.01 1 /11 CUT UP TIES

81 1 43 11.1 15.00 § /11 SET NEW TIES

0281 1 32 11.1 7.47 1 /11 SET NEW TIES

281 1 42 11.1 7.47°1 /11 INJECT .

281 1 32 11.1 4.79 1 /11 INJECT

281 1 42 11.1 12.50 1 /11 INSERT PLATES

281 1 32 11.1 2.00 1 /11 INSERT PLATES

281 1 31 2000 4.52 1 /711 IHSERT PLATES

281 1 41 11.1 10.00 2 . /11 SPIKE .

281 1 32 11.1 2.78 1 /11 SPIKE

281 1 31 9000 .25 1 . /11 SPIKE

281 1 43 11.1 15.00 1 /il TaMp

281 1 32 11.1 7.26 1 /11 TAMP -
281 1 43 11.1 1S.00 1 /11 REG BARLLAST =
281 1 32 11.1 9.32 1 /11 REG BALLAST
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281
281
411
411
381
381
381
441
441
441
182
182
212
212
282
282
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412
412
382
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183
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183
213
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413
413
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€43
443
184
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214
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284
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384
394
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444
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11.1 17.50 1
11.1 17.50 2

11000
1000
11000
2000

0.5
i1100
1000

1.0
11000
i000.0
11101
o N

11000

1000

11000
1000

1.0
1110080
o

11000

1000

8.0 3.92 1

100 1
8.0 12.50

11000

0
11010
1000

1.0
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/11
/11
/11
/11
/11
71
/11
211
211
/it
/12
/12
/12
/12
212
212
/12
/12
/12
/12
/12
/12
212
/13
/13
/13
/13
/13
/13
/13
/13
/13
/13
/13
/13
/13
/13
/13
/13
/13
/14
/14
/14
/14
/14
/14
/14
14
/14
/14
/14
/14
/14
/14

FOREMAN

ASST. FOREMAN
PaTH INFO

T0 RENEW

PATH INFO

TO SCRAP PATH
TO SCRAP PATH
PaTH IHFO

TO SCRAP

T0 SCRaP

PATH INFO
JOINT REPAIRS
PATH INFO

MFG SOURCE
PaTH INFO .

REPAIRS O'IIHILE_

REPAIRS

PATH INFO

TO RENEW

PATH INFO

TO SCRAP PATH
PATH INHFO

TO SCRAP

PATH INFO
TURN OUT REPAIRS
TURN OUT REPAIRS
PATH INFO

MFG SOURCE
PATH INFO
REPAIRS @ 1/MILE
REPAIRS
REPAIRS
REPAIRS

PATH INFO

T0 RENEW

PATH IHFO

70 SCRAP PATH
TO SCRAP PATH
PATH IHFO

T0 SCRAP

PATH IHFO
MILES REBUILT
PATH IHFO

MFG SOURCE
PATH IHFO
REPAIRS
REBUILT RF.S
PATH INFO

TO RENEW

PATH INFO

YO SCRAP PATH
TO SCRAP PATH
PATH INFO

TO SCRaP



" H-16

185 002 1 1 00 0 1S /15 PATH INFO
185 t 20 3000 /15 RAIL GRIND
215002 11100 1S /15 PATH INFO .
215 1 20 0.0 /15 NULL
285 0 02 1 1 0 0 0 1S /15 PATH INFO
285 1 20 3000 /15 REPAIRS T
285 1 21 1.0 /15 REPRIRS )
285 1 3¢ .S 200 i /1% REPRIRS RF.$6
4i5 00211000 1S /15 PATH INFO
4iS 1 20 © : /15 T0 RENEW
385 002 § 1 0t O 1S 715 PRATH INFO
385 1 20 3900 /1S TO SCRAP PATH
385 t 21 1.0 /1S TO SCRAP PATH
443 0 01 1 &1 1 0 0 (S /15 PATH INFO
445 1 20 0 /15 TO SCRAP
485 002 1 1 0 0 O iS5 /15 RETURN.
485 1 20 3000 /15 RETURN
- 485 1 21 0.0 . /15 RETURN
186 0 051 1 0 0 O 1S /16 PATH INFO
186 1 20 1000 /16 MILES CLEANED
186 1 21 1.0 /16 NILES CLEANED
216 0 05 1 i 1 0 § 1S /16 PARTH INFO
2ie 1 20 1000 - /716 MFG SOURCE
286 0 051 1 0 6 O 15 /16 PRATH INFO
286 1 20 2000 /16 REPRIRS
286 1 36 500 1 /16 REPAIRS
416 0 05 1 1 0 0 O 16 216 PATH INFO
416 1 26 © , /16 TO RENEV N
386 0 051 1 0 0 O 16 216 PaTH INFO
386 1 20 2000 /16 TG SCRAP PATH
386 1 21 0.5 : 216 TO SCRAP PATH :
446 0 05 1 1 1 8 0 16 216 PATH INFO o
446 1 20 1000 /16 TO SCRAP
187 001 1 1 00 O 1? /17 PATH IHFO
187 1 20 1000 /17 BRUSH & UEED. MILES
217 001 11100 17 /1i? PaTH 1INEQ
217 1 20 © 217 MEGC SOURCE
287 0 01 1 1 00 O 1? /17 PATH INFO
287 1 20 1000 217 REPAIR ITENMS
287 t 36 1?5 ¢t /17 REPAIR ITEMS RF.S.
417 0 01 1 1 00 O 1?7 /17 PaTH INFO
417 1 20 0 - ' : /17 TO RENEW
387 001 1 10t O 1? /17 TO SCRAP PATH
387 1 20 1000 /17 TO SCRAP PATH
387 1t 21 1.0 /17 TO SCRAP PATH
447 0 01 1 1 1 0 O 17 217 PATH IHFO
447 1 20 0 /17 TO SCRAP
188 0 01 1 1 0 0 O 18 /18 PATH INFO
188 £ 20 0 /18 DITCHING
218 0 01 1 1 1 0 § 18 /18 PATH INFO .
218 1 20 O /18 MFG SOURCE =
2886 0 01 1 1 0 0 O 18 /18 PATH INFO
28812010 - — 7186 PATHINFO
418 0 01t 1t 1 0 0 0 18 /218 PaTH INFO -



418 1 20 O /18 TO RENEW

448 0 01 1 1 ¢ 6 0 18 718 PATH INFO

448 1 20 0 /18 TO SCRAP

i89 0 01 1 100 0 19 /19 PATH INFO

189 1 20 - ' /19 SHOW & ICE REMOVAL
219 0 01 t 1 £ O 1 19 /19 PATH INFO

219 1t 20 0 _ /19 HFG SOURCE

289 001 11 00 0 19 ' /19 PATH INFO

289 1 20 O " /19 REPARIR 1TEMS

419 001 11000 19 : /19 PATH INFO

419 1 20 0 e _ /19 TO RENEW

449 0 01 1 1 1 00 19 219 PATH INFO

449 1 20 0 /19 T0 SCRAP

190 0 01 £t 1 0 0 O 20 _ /20 PATH INFO

190 1 20 O /20 SLIDES & WASHOUTS
220 001 1 110 1 20 X /20 PATH INFO

220 1 20 O . /20 BALLAST/TIES/RAIL
290 0 01 1 1 00 0 20 ’ /20 PATH INFO

290 1 20 O . /20 REPAIR ITEMS

420 0 01 1 1 0 0 O 20 /20 PATH INFO

420 1 20 0 /20 TO RENEW

450 0 01 1 1 1 O O 20 420 PATH INFO

450 1 20 O /20 TO SCRAP

062 0011100001 4 DUMPING PATH

002 1 21 0.00 / DUMPING PATH

001 001 11 00000 / TRACK IN USE :
001 1 20 100000 K4 TRACK IN USE RF.2
001 1 21 .19 / TRACK IN USE

60t 0 62110060600 / TRACK IN USE

001 1 20 100000 / TRACK IN USE RF.2
001 1 21 .04 / TRACK IN USE

00t 003 11 00O0O0O0 / TRACK IN USE

001 1 20 200000 4 TRACK IN USE RF.2
g0t 1 21 .09 4 TRACK IN USE -
001 00411000060 / TRACK IN USE

001 1 20 0 ¢ TRACK IN USE

001 00S 1100000 / TRACK IN USE

001 1 20 200000 /’ TRACK IN USE RF.2
001 1 21 .85 ' .4 TRACK IN USE

016 0 01 1 1 0000 / PATH INFO

016 1 20 200000 / FED CAR INSPT

016 1 21 0.15 4 FED CAR INSPT

017 001 110000 /  PATH INFO

017 1 20 t000 l FED CAR RESULTS
017 1 21 1.0 : / FED CAR RESULTS
018 0 01 1 10000 / PATH INFO

018 1 20 200000 ' / SPERRY RAIL CAR
018 1 21 0.15 / SPERRY RAIL CAR
018 & 36 25 1 1 / _SPERRY RAIL CAR
019 001 1 £ 00O00O0 4 PATH INFO

019 1 20 tg00 ¢ SPERRY RAIL CAR
019 1 21 1.0 / SPERRY RAIL CAR
020001 1 1 0000 4 PATH INFO

020 { 20 200000 / SOUND RRIL CAR
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820 1 21 0.15 s SOUND RAIL CAR
020 { 36 25 1 1 / SOUND RAIL CaR
021 001 1t 1 0000 / PATH INFO
821 { 20 1000 / SOUND RAIL CAR
021 1 21 1.0 / SOUND RRIL CAR
622 001 110000 / PRTH INFO
022 1 20.200000 ' TRACK GEOM CaR
022 { 21 0.15 / TRACK CEONM CAaR
022 1 3¢ 25 1 1 4 TRACK GEOM CAR
023 0 01 1 1t 00 0O 4 PRTH INFO
623 1 20 1800 ' 4 TRRCK GEOM CaR
023 1 21 1.0 4 TRACK GEOM CaR
024 0 01 1 £t 00 0O 4 PATH INFO
024 1 20 200000 ’ 4 RAIL WERR CAR
024 §{ 21 0.15 4 RAIL WERR CAR
024 1 36 25 1 1 ¢ RRIL VEAR CAR
025 001 ¢t 1 00 0O 4 PAaTH INFO
025 1 20 1000 ‘ / RaIL WEAR CAR
8235 1 21 1.0 / RAIL WEARR CAR
010 001110000 ¢ PATH INFO
010 1 20 10000 4 FEDERAL YIS INSP
0i0 1 21 0.15 , 4 FEDERAL VIS INSP
0i0 1 €1 .1 i0.00 2 / FEDERAL VIS INSP
0if 0061 1 1 00 00O 4 PATH INFO
0611 1 20 1000 4 FEDERAL YIS INSP
011 1 21 1.0 / FEDERAL YIS INSP
012 001 1t 10000 / PATH INFO
012 1 20 10000 / STATE VIS INSP
012 1 21 0.15 / STATE VIS INSP
012 1 41 .1 10.00 2 / STRATE VIS INSP
013 001110000 / PATH INFO
013 1t 20 1000 4 STRTE VIS INSP
013 1 21 1.0 / STRTE VIS INSP
014 001 1100600 4 PATH INFO
014 1 20 26667 / SCHED TRRCK REVIEW
0i4 1 21 0.13 / SCHED TRACK REVIEW
0i4 0021 1 000G ¢ PaTH IKFG
014 1 20 100000.00 / SCHED TRACK REVIEW
0i4 1 21 0.0¢ / SCHED TRACK REVIEW
0i4 003110000 -/ PATH INFO
0i4 1 20 80000 / SCHED TRACK REVIEW
014 t 21 0.05 : 4 SCHED TRACK REVIEW
0i4 004110000 / PATH INFO
014 1 20 0 4 SCHED TRACK REVIEW
014 1 21 0.15 / SCHED TRACK REVIEW
014 0051 10000 / PATH INFO '
814 1 20 80000 - / SCHED TRACK REVIEW
014 1 21 0.05 4 SCHED TRACK REVIEW.
026 0 01 1 1 00CO 4 PRTH INFO
62¢ i 20 1000 / RCCIDENTS
026 1 21 0.1S5 / RCCIDENTS
026 1 36 25000 1 1 / RCCIDENTS RF.8
027 001 1 10000 / PATH INFO

027 1720 150 N /7 ALL RESULTS -
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027
030
030
030
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031
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8iS
013
013
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1100
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0.15
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1100
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1.0
1100
9150.0
1.0
1100
4.0D+03
1.0
1100
4000.0
1.0
1100
0.
1100
4000.0
1.0
1100
10000.0
1.0
1100
3000.0
1.0
1100
2000.0
1.0
1100
0
1100
4000.0
1.0
1100
8000.0
1100
3000.0
1.0
11080
2000.0
1.0
1100
0
110080
4000
1.0
1100
2000
1.0
1100
7000
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AFTER MAINT

ACC RESULTS
PAaTH INFO

JOINT INSP CAR
JOINT INSP CAR
JOINT INSP CA&R
PATH INFOQ

JOINT RESULTS
JOINT RESULTS
PATH INFO
INSPECT RESULTS
INSPECT RESULTS

PATH INFO

INSPECT RESULTS

-INSPECT RESULTS

PATH INFO :
INSPECT RESULTS

INSPECT RESULTS

PATH INFO
INSPECT RESULTS
PATH INFO
INSPECT RESULTS
INSPECT RESULTS
PATH INFO
T0 REPAIR
T0 REPAIR
PaTH INFO
T0 REPAIR
T0 REPARIR

"PATH INFO

T0 REPAIR
TO REPAIR
PaTH INFO
TO REPAIR
PATH INFO
T0 REPAIR
T0 REPAIR
PATH INFO
AFTER MAINT 1
PATH INFO
AFTER MAINT 1
AFTER MAINT 1
PATH INFO
AFTER MAINT
AFTER MAINT
PATH INFO
AFTER MAINT

— gt

AFTER MAINT
AFTER MAINT
PATH INFO

TO MAINT #1
TO MAINT #1
PATH INFO

RFTER MAINT 2
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063 0 02 1 1 0 / PATH INFO
063 1 20 3000 / AFTER MAINT 2
063 0 03 § 1 0 -l PATH INFO
8063 1 20 2000 / AFTER MAINT 2
063 0 04 1 0 / PATH INFO
063 1 20 0 /  AFTER MAINT 2
063 0 05 1 ¢ 0 .l PRTH INFO
063 1 20 4000 / AFTER MAINT. 2
i22 0 01 1 & 0 Ve PaTH INFO
. 122 1 20 10040 / TG MAINT #2
064 0 01 1 § 0 ’ P&TH INFO
064 1 20 6000 ¢ RFTER MAINT 2
664 0 02 1 1) e PeTH INFO
ged4 1 20 3000 é RETER MRINT 2
064 0 03 1 ¢ 0 ¢ PATH INFO
064 1 20 2000 e RETER MAQINT 2
064 0 04 1 ¢ 0 / PATH INFO
0e4 1 20 0 - / AFTER MAINT 2
064 0 05 1 0 é PATH INFO
0€4 1 20 4000 ¢ RETER MAINT 3
123 001 1 1 0 é PATH INFO
123 1 206 1000 7 T0 MAINT 82
06¢ 0 01 1 i 0 / PATH INFO
066 § 20 4000 ¢ RFTER KHAINT S
0é6 0 02 1 1 0 / PATH INFO
066 1 20 3000 . e AFTER MRINT §
066 0 03 1 1 0 e PATH INFO
066 1 20 2000 ¢ AFTER MAINT §
066 0 04 1 1 0 / PaTH INFO
06e 1 200 / AFTER MAINT S
06é O 05 1 1 0 e PRATH INFO
gée 1 20 4000 / AFTER MRINT S
125 0 01 1 0 d PRTH INFO
125 1 20 1000 ¢ TO MAINT &S
065 0 01 1 1§ 0 / PATH INFQ
063 § 20 S000 : / TO MAINT 4
065 0 02 1 1 0 ¢ PATH IKFO
068 1 20 3000 é AFTER KHRAINT <4
065 0 03 1 1 ] £ PRTH INFO
ges { 20 2000 s RFTER NAINT ¢
065 0 04 1 1 0 / PATH INFO
0esS t 20 0 . é ARFTER MRINT ¢
0650 05 1 1§ 0 / PATH IKFO
065 1 20 4000 4 AFTER MAINT 4 ~
124 0 01 1 0 ’ PATH INFO
124 1 20 {000 / TO KAINT #4
067 0 01 1 1 0 / PATH INFO
067 1 20 3000 / RETER HAINT ¢
. 067 0 02 1 1 0 / PRTH INFO
067 1 20 3000 / AFTER MRINT 6
067 0 03 1 1 0 / PATH INFO =
ge?7 t 20 2000 / AFTER MAINT 6 =
067 0 04 1 1 0 / PATH INFO
0671 2070 - / “AFTER MAINT 6
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RFTER NAINT
PATH INFO
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PATH INFO
AFTER MRINT 13
PRTH INFO

AFTER MAINTY 13

PATH INFO
AFTER MAINT 13
PATH INFO
RFTER MAINT 13
PATH INFO

TO MAINT #13
PATH INFO
RFTER MAINT 14
PATH INFO
AFTER MAINT 14
PATH INFO

AFTER ﬁﬁINT 14

PATH INFO
AFTER MAINT 14
PATH INFO
RFTER
PATH INFO

TO MAINT &#14
PATH INFO
AFTER MRINT 15
PatTH INFO
AFTER MAINT 15
PATH IKFO .
AFTER MAINT 15
PATH INFO
AFTER MAINT 15

MAINT 14

P




8?6
0?76
135
133
077
077
077
077
ar?
627
g??
0?7
gv?
ge?
136
i3e
078
078
078
078
g78
078
078
0?8
o7e
- 078
137
137
3g0
300
300
300
300
300
300
360
300
382
302
302
302
302
302
302
302
302
302
306
306
308
308
312
312
313

OO Or O OO OMO MO MO MOM OO OMDODRORODFOMORMODRMOrODmD

. O
[T

0 05
1°20

g2
20
01
20
g2
20
03

04
20
0S
20
03
20
01
20
02
20
03
20
04
20
03
20
01
20
0t
20
21
g2
20
21
03
20
21
o1
20
02
20
03
20
04
20
05
20
01
20
01
20
01
20

[ =]
Q

[~
Q

o
[~ N ~ I~ W

[>S
o

- -

o
N - N
Q

[ NS S
o 0 OO0 o 0o 6 o0 o o0 oo o

[

[~}
[~

=Y
Q

Q
[~]

o - .
OO, OO0 000000
o

o
(=]

o o
[
c o

[

~
[ Y

(=]
e R T N e e e T e T S e e N R S S N S S

[ I = B~ B - B -~ I NI PSR U N S I I I R A = I - I e B e I e S I - I N - W S RV ST S Y

PATH INFO
AFTER MAINT 15
PATH INFO

TO MAINT #15
PATH INFO
AFTER MAINT 16
PATH INFO
AFTER MAINT 18
PaTH INFO
AFTER MAINT 16
PATH IHFO
AFTER MAINT 16
PATH INFO .
AFTER MAINT 16
PATH INFO

TO WAIHT 816
PATH INFO
AFTER MAINT 17
PATH INFO
AFTER MAINT 17
PATH IHFO
AFTER MAINT 17
PATH INFO
AFTER MAINT 17
PATH INFO
AFTER MAINT 17
PATH INFO

.TO MAIRT 817

NOT REPRIRED
NOT REPAIRED
NOT REPAIRED
NOT REPAIRED
NOT REPAIRED
NOT REPAIRED
NOT REPAIRED
MOT REPAIRED
NOT REPAIRED
PATH INFO

SLOV ORDER

PATH INFO

SLOW ORDER

PATH INFO
SLOW ORDER
PATH .INFO
SLON ORDER
PATH INFO
SLOW ORDER
PATH INFO
IDLE TRACK
PATH INFO
CLOSE TRACK
PATH INFO
NOTED BAD RF.4
PATH INFO
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213
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461
461
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20 3000
36

g1 1100080

20 2000
21 0
0fi 11
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REVELDED RAIL RF.4
REBWELDED RAIL

1 RETURN

1 RETURN

1 RETURN
END OF FILE
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This function was also deleted and the full simulation rerun.
See Section 6 for comparison discussion with and without the

inspection modifying function in operation.
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PROGRAM REVISION NUMBER : 0006

SCHEMATIC DIAGRAM NUMBER : : 8002
DATA FILE 002
NUMBER OF TRACK CLQSSES ¥ o1
NUMBER OF TRACK COMPONENTS ! S
-PATHS IN SCHEMATIC DIAGRAM : : 375
NODES 1IN SCHEMATIC DIAGRAM ! : 201
TINE SIMULATION BEGINS AT YEAR ‘0.00
TIRE SIMULATION ENDS OH YEAR : . 0.00

TIMRE INCREMENT SIZE IN YEQRS : _ 0.00

WEIBULL DISTRIBUTIOH PGPRHETERS

DD D D D - - . D D D E G TN ER TP D TR R WD IR D G P AR R AR R R D G NP WD R WD WP GO GD MDD R e A e Wk OB D R GD GF D en CF WS e

CLASS COMPONENT AVG. AGE BETA C-LIFE
1 1 20.00 2.00 32.00
1 2 20.00 2.00 32.00
1 3 20.00 2.00 32.00
1 4 20.00 2.00 32.00
1 5 0.00 0.00 0.00

RUN ‘NUMBER : BASE MOD 2
DATE : TUE, AUC 12 1980
PLACE : SHAKER RESEARCH CORP.
SIMULATION TIME: .00
POPULATION . CLASS ~ compo- QUALITY
"IN USE | NENT
100800.00 1 1 0.15000
' 100600.00 1 2 - D.04000
200000.00 1 3 0.05000
0.00 1 4 0. 00000
200000.00 1 5 0.05000
NODE PATH CLASS COMPO-  QUALITY PATH FLOWS MAEINTENANCE
ONENT MILES/YEGR DOLLARS
1 10 1 1 0.150000 ~° 10000.00 20000

2 12 1 1 0.150000 10000.09 20000



k] 14 1 i 0.150000 26667 .00 0
3 14 1 2 0.040000 105000.00 0
3 14 1 "3 0.0500600 30000.00 3]
3 14 1 5 0.050000 80000 .00 0
4 15 1 1 0.150000 200000 .00 0
5 18 i 1 0.150000 200000.00 $0900000
6 20 i t 0.150000 200000 .00 5000000
7 22 i | 0.150000 200000 .00 50306000
8 24 1 1 0.150000 200000.00 5000000
9 26 1 1 0.150000 1000 .00 25000000
i1 30 i ] 0.150000 200000.00 2000000
12 S0 i ! 0.055556 9000 .00 0
12 11 1 { 1.000000 1000.00 0
13 48 1 I8 0.0555564 9000.00 0
13 13 1 1 1.000000 1000.00 0
14 32 1 i 0.145729 199000.00 0
i4 31 1 i - 1.000000 1000 .80 0D
15 44 1 | 0.145729 199000 .00 0
15 17 - 1 t 1.000000 1000.00 0
16 42 1 i ~ 0.145729 129600 .00 0
. 16 19 1 1 1.000000 10060 .00 0
17 40 1 i 0.145729 1929000 .00 0
17 21 1 1 1.000000 10060.00 0
18 38 1 i 0.145729 199000 .00 0
18 23 1 t - 1.000000 1000 .00 0
i 35 1 1 0.145729 199000 .00 "0
19 25 1 i 1.000000 1000 .00 0
~20 34 1 1 0.000000 850 .00 .0
20 27 1 i 1.000000 150 .00 0
22 35 1 i 1.000000 150.00 0
23 37 1 1 1.000000 1150.00 0
24 39 1 i 1.000000 2150.900 0
25 41 1 1 1.000000 - 2150.00 0
26 43 1 i 1.000000 4150.00 0
27 45 1 1 1.000000 S150.00 0
28 45 i 1 0.2875%4 21817 .00 ‘0
28 46 1 2 0.040000 100000 .00 ]
28 45 1 3 0.050000 80000 .00 0
28 45 1 S .0.058000 o000 00 0
29 15 1 t 1.000000 %150 .00 0
23 52 1 1. 0.000002 22667 .00 o0
29 15 1 2 1.000000 4000 .00 n
29 52 1 2 8.000600 96000 .06 0
29 15 1 3 1.000000 4000 .00 0
29 2 i 3 0.0000900 7EG00.00 0
29 15 i 5 1.000000 4000 .00 0
29 52 1 5 0.000000 76000 .00 0
30 47 1 i 1.000000 2000 .00 0
31 49 1 1 1.000000 11150.00 0.
31 49 1 2 1.00000a0 40300 .05 0
.31 44 1 3 1.000000 . 4000 .08 g
31 49 1 5. 1 .000000— — 400000 g
3z 61 1 1 1.60000D 10000 .00 0
32 350 1 1 1 1150.00 0

.000000
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39
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32
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61
300
61
300
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121.
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121
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171
151
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2561

371

4901
4561
431

63
i22
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63
172
202
262
372

402

462
432
512
64
123
54
64
64
173
203

263

373
403
463
433
513
65
124
65
65
65
174
204
264

374

.008000
.000000
.009000
.000000
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-.00D00D

.000000
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.0g0u000
.000000

.000000

.0090000
.500000
.091990%

.agnoon
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.0000090
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.0000060

.000000..

.9500000

.095909 -
.000000 .

.000000

.000000
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.000000
.00000D
.000000
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.092890¢9
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.agooon
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.a0ggo0
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.89
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20aD

.90 .

4000 .
.00
.80
.00
.00
.00
.00
.00
.00

2200

- 1800

2000
200

*000

1000
3000
2000
4000
1000

1000

2000
1100

2o

a0
1§1]
00

a9

18]
40

.00
.00
.00

500 .

1600
1008
3000

00
oo

.00
.00

6000.
1000 .
.00

3000

2000.

4000
1000
1000

ao
0o

oo
g9

.80
.08

2000.
.00
.00
.00
.00
.89
.08
1000,
.00
.00
.00

1100
290
1000
10D
4000

oo

3600
2000
4008

1000,
.09
.09

1000
2000

1109

0o

0D

oy

0o

v o % ov B on B o Y o o B v s B o Y Y ou Y

122312500

210818822

61406250
77870973

. 5.
1409625
0
-7831

(= Y e T e [ vo Y wo Y ve I ws |

51406250
47272740

-
N
<
Y
o
o

[
|
[vx)
|88}

[SO1]

[ BNl
o
L0 B ]
LN I 3
[y

P
o

ODDD00C00000 oo

[



53 404 1 1 1.000000 900.00 1409625
54 464 1 1 0.000001 1000.00 0
54 434 . 1 1 1.000000° 100.00 -39199
55 514 1 1 0.000001 5000.00 0
56 66 1 ] 1.000000 4000.00 0
56 125 1 1 1.000000 1000.00 0
56 66 1 2 1.000000 3000.00 0
56 66 1 3 1.000000 2000.00 0
5% 56 1 s 1.000000 4000.00 0
57 1?5 i 1 1.000000 1600.00 0
58 265 1 1 1.000000 1000.00 18011450
59 375 1 1 0.000000 | 1000 .00 0
60 465 1 1 0.000000 1000.00 0
61 515 1 1 0.000000 6000.00 0
62 67 1 1 1.000000 3000.00 0
62 . 126 1 1 1.000000 1000.00 0
62 67 1 2 1.000000 3000.00 0
62 67 1 3 1.000000 2000.00 0
62 67 1 5 1.000000 4000.00 0
63 176 1 i 1.000000 1000.00 0
64 266 1 1 1.000000 1000.00 49404350
65 376 1 1 0.000000 1000.00 0
66 466 1 i 0.000000 1000.00 0
67 516 1 1 0.008000 7000.00 0
68 68 1 1 1.000000 3000.00 0
68 68 1 2 1.000000 3000.00 0
68, 68 1 3 1.000000 2000.00, 0
68 68 1 5 1.000000 4000.00 0
73 517 1 i 0.000000 7000.00 0
74 69 1 1 1.000000 3000.00 0
74 69 1 2 1.000000 3000.00 0
74 69 1 3 1.000000 2000.00 0
74 69 1 5 1.000000 3000.00 0
74 128 1 5 1.000000 1000.00 0
?5 178 1 5 1.000000 1000.00 0
76 208 1 5 0.000000 1000.00 4995000
76 278 1 5 0.560000 2000.00 2528856
77 378 1 5 '0.500000 2000.00 0
78 478 1 5 0.000000 1000 .00 0
78 438 1 5 1.000000 1000.00 0
79 518 1 1 0.000000 7000.00 0
79 518 1 5 0.000000 1000.00 0
80 70 1 L 1:000000 3000.00 0
30 70 1 2 1.000000 3000.00 0
80 70 1 3 1.000000 2000.00 0
80 70 1 5. 1.000000 2000.00 0
30 129 i 5 1.000000 1000 .00 0
81 179 1 5 1.600000 1000.00 0
82 209 1 5 0.000000 1000 .00 0
82 279 1 5 0.500000 2000.00 945024
83 379 1 5 0.500000 2000.00 0
84 479 1 5 0.000000 100000 0
84 439 1 5 1.000000 1000.00 0
35 519 1 { '0.000000 7000.00 0
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152 530 1 2 0.0000600 3000.00 0
152 530 1 3 0.000000 1000 .00 0
152 530 1 S 0.000000 4000 .00 0
171 240 1 2 1.000000 0.00 0
180 3295 1 3 8.500000 - 2000.00 0
181 324 1 3 0.5000400 2000.00 0
182 323 1 3 0.500000 2000.00 0
183 322 1 3 0.500000 2000.00 0
184 321 1 3 0.508000 2000 .00 0
1835 320 1 3 0.S500000 -2000 .00 0
ige 319 1 3 0.500000 2000 .00 0
187 318 1 1 1.000000 400.00 g
187 318 1 3 0.500000 - 2000 .00 0
188 317 1 1 1.000000 . - 1800.00 0
188 317 1 3 0.500000 2000.00 0
189 - 316 1 1 1.000000 2700 .00 0
189 3ie6 1 3 '0.500000 2000.00 o
120 315 1 i 1.000000 43500.00 o
190 315 1 -3 0.500000 2000.00 0
191 301 i i i.000000 . 1150.00 0
191 301 i 2 i.000000 1000.00 0
191 301 1 3 1.000000 2000.00 0
i92 382 1 i 1.008000 1150.00 0
i9%2 302 1 2 1.000000 - 1000.00 o
i92 - 302 1 -3 i.000000 -+ 2000.00 0
196 310 1 i 1.000000 4500 .00 o
196 310 1 -3 0.500000 2000.00 0
197 311 i i 0.285714 - D.00 0
197 312 1 1 1.000000 4500 .00 0
197 311 i 3 0.500008 = - 2000.80 0
198 313 i 1 1..009000 4500 .00 - 0
199 315 i 1 1.000000 - 4500 .00 0
199 315 1 3 0.500000 2000 .00 0
200 333 1 1 1.000000 1150.900 0
200 333 1 2 1.000000 1000 .00 0
200 333 1 3 1.000000 2000.040 0
201 340 1 1 0.087453. . 13150.00 0
201 340 1 2 0.250000 4000.00 B
201 340 -1 3 0.666667 . - 3000.0D 0
201 340 1 -5 '0.000000 4000.00 0
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APPENDIX K

TRACK COST MODEL MAINTENANCE ACTION DIAGRAMS

This appendix contains drawings éf all ﬁhe maintenance action diagfams used
for showing examplés of the simulation cost methodology. Figure K-l is a
~simplified mainténance action diagram for example run number 1. This diagram
is to be used along with the input and output data of Appendices G and I,
respectively. The costs in Appendices G and I are keyed to the path numbers -

shown in this Figure K-1.

Figure K-2 is a' full maintenance action diagram for exémple‘run number 2.
.This'diagram has twenty (20) séparateAmaintenance repair blocks which are
individually drawn out, numbered, and shown in Figures K-4 through K-24 of
this appendix. Figure K-3 is a blank repair block numbering sheet which
can be used ﬁo renumber or add paths to the existing diagfam as shown in

Figure K-2 if needed in the future.
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- APPENDIX L

“REPORT OF NEW TECHNOLOGY

The work described in this report concerns the application of a methodology,
the simulaﬁion cost model (SCM), to the economic aspects of maintaining and/or
laying of rail, ties, and ballast. Because the work was not concerned with
devices, testing, or construction, no inventions were deﬁeloped. Howeﬁer,

the work did result ig a methodology which can be applied to economic systems
beyond those assqciated with a single track maintenance system. Given the
proper input data most any track maintenence .opera_»tion can bejmodeled an.d
simulated by'the computer program developed. Alternate systems most appro-

priately treated by the SCM consist mainly of large sets of individual com=-

" ponents. The SCM methodology requires the user to draw a maintenance action

diagram and provide an initial set of input data for its paths before running
the computer program to obtain a cost simulation output. The output includes
a quantitative description of current (present time) annual systém operation -
costs and indicates quantitatively the most costly p_ortidns of the system as

well as provides a projection of future system operating costs.
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