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SUMMARY 

.The prime purpose of this research project is to apply 

the systems approach and the technique of computer programming 

in an attempt to improve the process of tunneling by rapid 

excavation methods.  One specific objective is the optimiza- 

tion of the materials handling function for tunneling systems. 

This report contains information on the methods of simulation 

on the digital computer, the development of the computer model 

from the basic concepts, the guide to the use of the program, 

and the computer program itself. 

The review of simulation methods contains a basic defini- 

tion of simulation and a description of the most useful types 

of models for digital computers.  Primary attention was given 

to   the stochastic and deterministic conceptual models which 

are used in the simulation of tunneling systems and to methods 

of updating the computer simulation time variable.  In addi- 

tion, a discussion of computer languages for possible use in 

a simulation model is presented.  The FORTRAN language was 

chosen for use in the model based primarily upon its wide 

acceptance and its familiarity to potential users. 

The description of the computer model contains a synopsis 

of the objectives of the model as well as an outline of the 

concepts used in the simulation program.  The discussion of 

the specific concepts applied is divided into sections dealing 

with the individual unit operations:  muck generation, mater- 

ials handling, roof support, and environmental control.  An 

additional section deals with the general concepts used 
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throughout the program.  The most detailed discussions deal 

with the muck generation and the materials handling sub- 

systems which are the most complex unit operations to be 

modeled in the program.  The materials handling methods 

receive the greatest analysis since they are the most complex 

from a systems standpoint and are the most difficult to 

simulate. 

The attempts at testing the computer program are des- 

cribed in a separate section of the report.  At presents, the 

program has been debugged and the logic and behavior of the 

model during simulation have been studied using data ob- 

tained primarily in the field.  No attempts have yet been 

made to check the accuracy of the computer model as this 

phase of the testing program is scheduled in the near future. 

The final section of this report is a users' guide to 

the computer program, a list and description of the most 

important variables contained in the program, and a listing 

of the computer program. 
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SIMULATION BACKGROUND 

The term "simulation" is used quite frequently In 

modern technical literature as the methods of computer model- 

ing have become more widely applied and accepted.  This 

section of the report provides a brief outline of the simu- 

lation methods and languages and defines the simulation terms 

used throughout the report. 

Definition ol Simulation 

Simulation has been defined in numerous ways, but a 

definition that appears in a book by Pritsker and Ballntfy (9)* 

appears to be most applicable here.  They have said that 

"Simulation is the use of a model to study a problem."  This 

simple yet concise definition describes very well the ap- 

proach used in this project.  Our problem is to improve or 

optimize the unit operations of a rapid excavation system, 

especially the materials handling subsystem.  The model used 

will be a mathematical one, constructed for use on a digital 

computer. 

The process of modeling is normally carried out in a 

series of five steps generally referred to as the scientific 

method.  The scientific method of making decisions is often 

referred to as the systems approach and generally consists 

of the following steps: 

1) Definition and breakdown of the system 

2) Construction of a model of the system 

*The numbers in parentheses refer to the numbered 
publications in the REFERENCES section. 



3) Testing of the model 

4) Solution of the problem 

5) Implementation of the solution 

This year's work is involved primarily with the first two 

steps above, beginning with the definition of the problem 

and continuing through the construction of the computer 

model of the system. 

Types of Simulation Models 

In order to simulate any particular process or system, 

some type of a model is required.  Several types of models 

exist, but only three general types are extensively used. 

These are the physical models, the analog models, and the 

conceptual models. 

A physical model is a physical model or replica of a 

system, generally scaled down to a size which is more easily 

handled than the full-size system.  The usual reason for 

using a physical model is economy of operation.  The model 

can be used to simulate the operation of the actual system 

without incurring the cost of the full-scale system.  Phys- 

ical models are seldom used in systems analysis but can 

often be used in other fields of engineering such as in 

aeronautical evaluation of aircraft design.  A physical 

model is easy to "understand" since looks like the object 

that it represents or models. 

The second class of simulation models are the analog 

variety.  An analog model is a system, such as an electrical 

or hydraulic circuit, which can be constructed to relate 



to another system in such a manner that the behavior of 

the model can solve problems in the analogous system we 

are interested in.  A typical example of this type of model 

is the electrical network analyzers used to solve prob- 

lems related to mine ventilation circuits.  Analog models 

are useful only in certain types of problems, but pro- 

vide rapid, convenient answers in situations where they 

apply. 

The conceptual models, often called logical or mathe- 

matical models, are the prevalent model type and are put 

to use on a wide variety of problems.  For this type of 

model, the components of the system are represented by 

mathematical formulas, probability distributions, or 

numerical data which is used to model the system.  A 

mathematical model is normally written in a computer 

language so that the massive chore of performing the 

simulation may be done by computer.  Most of the mathemati- 

cal simulation models fall into the class known as the 

Monte Carlo methods.  In these methods, the general ap- 

proach is to run and rerun the simulation process as a 

statistical experiment, measuring the results in order to 

learn something about the process simulated.  The Monte 

Carlo methods are subdivided into the stochastic and deter- 

ministic models. 

stochastic Simulation.  Stochastic or probabilistic 

simulation models are used in situations where the elements 

ol ,f the model are probabilistic or random in nature, i.e.. 
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the elements of the model cannot be predicted with cer- 

tainty.  A stochastic model operates with the probability 

distributions of each element In the model and empirically 

determines just what will happen In a particular system by 

modeling the system under specific sets of conditions.  By 

studying the responses which occur due to changing the con- 

trollable variables, the system can be optimized.  The 

principal advantage of this class of model Is that It may 

be used to solve many problems which cannot even be ap- 

proached using conventional theoretical methods. 

Deterministic Simulation.  Deterministic simulation 

has been described by Hammersley and Handscomb (1) as an at- 

tempt to "exploit the strength of theoretical mathematics 

while avoiding its associated weakness by replacing theory 

by experiment whenever the former falls."  Deterministic 

simulation is used to model processes which are governed at 

least in part by specific laws or rules and which will yield 

predictable results.  For this reason, deterministic simula- 

tion has been used to simulate such activities as truck 

haulage (8). rail haulage (7), and the operation of bucket 

wheel excavators (14).  I„ these applications, physical laws 

were used to determine accelerations, speeds, distances, 

power consumptions, etc., as a function of the operating 

characteristic  curves for the equipment used.  Normal 

practice in a model of this sort is to calculate the 

required variables at equal intervals of time in an 

interative fashion.  At each Iteration,  the theoretical 
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LI laws can be used to calculate the desired variables, thus 

using the power of the digital computer to eliminate the 

necessity for extensive mathematical development.  The 

model can be used to study an activity based on a theoret- 

ical basis and possibly optimize the activity by inter- 

pretting the outcome of the simulation experiments. 

Deterministic simulators are sometimes further sub- 

divided into event-oriented and time-oriented models.  The 

time-oriented model is perhaps more widely used than the 

other and often is the easiest to program.  In this type 

of model, a specific increment of ti^e is chosen previous 

to each computer run.  The program updates the simulation 

by that time incrament and calculates all the variables 

of record at the new time.  The calculations are repeated 

at each incrementation in the time variable.  By using the 

proper logic, any variable can be accurately determined in 

the simulation if the concepts for simulating that variable 

are valid. 

An event-oriented deterministic simulator is a simu- 

lator which does not update its time variable by a constant 

value but instead, updates the time variable only when 

specific predetermined events occur in the simulation.  The 

events chosen to result in updating are generally the com- 

pletion of activitiee after which decisions must be made. 
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The principal advantage of this method Is that all the 

variables of record may not need updating during a parti- 

cular time span.  By using the knowledge about specific 

events in the process to be modeled, only those variables 

of record which require updating are calculated by the 

computer.  A disadvantage of the method is that it may 

require more programming work than the time-oriented model 

for the same system.  The choice between the emphasis on 

time increments or events will depend upon the system to 

be modeled.  It may not be obvious which is the most advan- 

tageous before the program is initiated. 

Choice of a Simulation Language 

One of the first important tasks involved in construc- 

ting a computer model is the choice of a medium, i.e., a 

computer language, in which to write the model.  There are 

numerous computer languages to choose from, including gen- 

eral languages and those specifically designed for appli- 

cation to simulation. 

Several general simulation languages are available for 

use such as GPSS "(General Purpose System Simulator) and 

SIMSCRIPT.  These languages are designed to handle variations 

of standard simulation problems which are often encountered. 

GPSS, for example, is best suited to problems related to 

scheduling or to systems involving queueing while SIMSCRIPT 

is most applicable to inventory and similar problems.  Sev- 

eral other languages are available which are designed to 

study situations of a more specific nature.  DYNAMO and 



10 

SIMULATE,are languages which are used to simulate economic 

systems.  More complete descriptions of these programs 

can be obtained in the computer language manuals and in 

books on computer simulation (6), 

One language which merits special attention here is 

GASP 11.  This is a FORTRAN-based language which is widely 

applicable and which has numerous advantages.  The origin- 

ators of the language outlined these advantages in their 

manual on GASP II (9).  The most important advantages are 

related to GASP's base in a common computer language.  As 

a result, the user does not have to learn a new language 

or obtain a new compiler for his present machine.  Thus, 

two of the major problems related to using a simulation 

language are eliminated.  In addition to these points, GASP 

is a versatile tool which will have appeal in many simula- 

tion analyses. 

Another possible language for use in simulation is a 

general purpose language such as FORTRAN.  While this 

language was not designed for specific use as a simulation 

languages, it is widely used as such and has several advan- 

tages as a simulation language.  The advantages that GASP 

II offers to simulation can also be obtained from FORTRAN. 

Thus, FORTRAN is advantageous since it is widely understood 

and does not require a special compiler.  FORTRAN does 

present some problems for simulation.  These include the 

lengthy input-output formatting and the lack of inherent 

debugging aids.  However, these disadvantages will not be 

serious ones if the programmer is quite familiar with the 
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language and will not effect the program users. 

With these facts in minds, the choice of FORTRAN was 

made for the simulation model being constructed.  The main 

factors affecting this decision are its wide use and its 

ease of transfer from one machine to another.  Most of the 

important simulation work done in the mining and construc- 

tion industry has been performed by FORTRAN programs to date. 

In addition, nearly every digital computer has FORTRAN 

capability and this will enable the model to be used on the 

maximum number of computers.  To further minimize transfer 

problems, the authors of the model have attempted to follow 

USA Standard FORTRAN IV as published by the United States 

of America Standards Institute (13),  This will minimize 

the machine-dependent statements which will require changing 

when the program is used on other machines. 
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DESCRIPTION OF THE MODEL 

The computer model presented here is a Monte Carlo type 

model written in the FORTRAN language using both determin- 

istic and stochastic simulation methods to model the over- 

all tunneling system.  The program is written in an event- 

oriented manner with program updating being accomplished 

after specific jobs or events are completed.  Most of the 

unit operation submodels are written in stochastic form 

although the materials handling subsystem contains much in 

the way of deterministic calculations.  Emphasis has been 

placed upon supplying a number of options within the program 

to make the program applicable to various types or forms of 

rapid excavation systems.  This portion of the report deals 

with the model objectives, the description of the simulation 

oncepts. the logic used and the outline of program organi- c 

zation. 

Model Objectives 

The primary goal of this model is to simulate the common 

methods of driving a tunnel with a boring machine.  To accom- 

plish this goal, it is necessary to think in terms of a 

general computer program which contains a number of options 

which allow a user to vary the simulation of the unit oper- 

ations and the way that they interact during the tunneling 

process.  Primary attention is paid in this model to the 

materials handling process as this is one unit operation 

which promises to yield results from a systems evaluation. 

This conclusion is based upon observations about the 
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materials handling function creating a bottleneck in the 

operation (2,3,4910) and due to the fact that more control 

may be exercised over the design and operation of the mater- 

ials handling process than over the other unit operations. 

For this reason^ the most significant programming time and 

attention was devoted to the modeling of the materials 

handling function. 

To maet the basic objective of studying primarily the 

materials handling process, models for both cyclic and 

continuous handling methods have been provided so that either 

type may be studied.  The cyclic systems have been pro- 

grammed in a fashion which will allow either a track or a 

rubber-tired haulage system to be modeled providing that 

the characteristic curves of the driving mechanism are 

available.  For continuous systems^ similar accommodations 

have been provided so that, either belt or hydraulic con- 

veyors may be simulated. 

Outline of Simulation Concepts Used 

The outline of the logic and concepts used in the 

simulation model will deal first with the general principles 

or concepts used throughout the program.  Afterwards, those 

concepts which apply primarily to the individual operations 

will be discussed.  For purposes of outlining these specific 

concepts, the tunneling process will be divided into the 

following unit operations^ 

1) muck   generation 

2) materials   handling 
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3) roof support 

4) environmental control 

Each of these unit operations will be discussed separately 

even though they may not be programmed in separate units 

in the program itself. 

General Concepts.  The first of the discussions on gen- 

eral concepts should perhaps be centered around the method 

of introducing the necessary probability functions into the 

program.  For versatility and ease of input, all the 

probability functions which are used in the program are 

introduced as piecewise linear cumulative probability 

functions which are sometimes also referred to as cumulative 

frequency polygons or ogives (11).  Figure 1 illustrates 

the method for reading the cumulative probability functions 

into the program.  Several things should be mentioned here 

regarding these functions: 

1) Neither the abscissa nor the ordinate values 

must be evenly spaced. 

2) The first ordinate value, shown in Figure 1 as 

CP (1), must equal zero. 

3) The final ordinate value, shown in Figure 1 as 

CP(NPOINT), must equal one. 

4) The ordinate and abscissa values are read into the 

program as pairs and must be arranged in terms 

of increasing ordinate or cumulative probability 

values. 



15 

O q 

o z 
ii  o 

UJ= CO 

UJ<g m 
ö 
o 

•H 
■w 
o 
C 
3 
fa 

■fl 
«a 
-o 
o S 
u td 
di M 

00 
00 o 
c u 

•H OL, 

Ü 
3 u 

-o <u 
o w 
u 3 
u ft 
a 0 
M o 

u 
M-i 
O ai 

X! 
•a 4J 
o 

JS O 
4J u 
0) a 
S H 

0) 
u 
3 
00 

•H 
fa 



; J 

16 

5)  The number of abscissa and ordinate values read in 

may be up to 13,  If more are necessary, the dimen- 

sions of the necessary variables may be easily 

changed to provide the additional storage space. 

Should the user decide that a constant value is to be read 

into the program for a particular variable instead of a 

distribution of values, he may do so under the framework 

of the above method.  The procedure that should be used is 

to read in two ordinate and abscissa values; the first 

ordinate value should be zero and the second should be one 

while both abscissa values should be equal to the constant 

desired for that variable.  For example, if the user wished 

to read in a constant value of 10.5 for a specific variable, 

he would read in the following values for the cumulative 

frequency polygons 

CP(1) = 0.0 T(l) = 10.5 

CP(2) = 1.0 T(2) = 10.5 

The computer would then automatically assign a value of 10.5 

to the variable in question every time it is called in the 

program. 

Since the computer program described here is classi- 

fied as an event-oriented model rather than a time-oriented 

model, a simplified explanation of an event-oriented model 

is presented to provide a basic background for users.  The 

computer will store the clock time for all pertinent events 

in storage.  In searching for the activity which should be 

updated next, the computer will go to the activity with the 
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shortest clock time.  An example of how this would work is 

illustrated in Figure 2.  In Figure 2(a)s the status of the 

five activities assumed to exist in the problem are shown 

inGantt chart fashion.  The tick marks shown are indicative 

of specific events such as the completion of certain jobs 

or tasks.  Since Activity 2 exhibits the shortest clock 

times the computer must deal with or act upon Activity 2 

before it proceeds to the activity with the next shortest 

clock time.  If it is possible to update Activity 2 beyond 

its present clock time, then this is done as shown in 

Figure 2(b) and the computer then focuses attention on the 

new activity which has the shortest clock time, Activity 3. 

If the situation requires that the updating of Activity 

2 is restrained by another activity, then the start of 

another cycle of Activity 2 may not begin immediately.  A 

very simple example is presented in Figure 2(c) where the 

start of Activity 2 is assumed to be restrained by Activity 

3 (and only Activity 3).  This type of situation may arise 

because of manpower, space, sequencing, or other limitations. 

In any case, in this situation Activity 2 must wait until 

Activity 3 is completed before it can be reinitiated.  Thus, 

the wait is indicated by a dotted rather than a solid line. 

After Activity 3 is completed. Activity 2 is simulated to 

completion and Activity 3 then has the shortest clock time 

and is considered for updating next.  In reality, the 

simulation of an activity may be restrained by numerous 

other activities of different types.  However, the general 
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Activity 5 

Activity 4 

Activity 3 

Activity 2 

Activity I 
CLOCK TIME 

(a) Inltlol Status of the Five Activities 

Activity 5 

Activity 4 

Activity 3 

Activity 2 

Activity I 
— CLOCK TIME 

(b) Normal Updating of Activity 2 

Activ 

Activ 

Activ 

Activ 

Activ 

ity 5 

ity 4 

ty 3 

ity 2 

ty I 

_!» 1 

L CLOCK TIME 

(c) Updating of Activity 2 After 
Completion of Activity 3 

Figure 2 - Simple Examples of Updating in an Event. 
Oriented Simulation Model. 
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principle of focusing on the activity with the shortest 

clock time will apply no matter how complex the logic, pro- 

viding that the model has been properly programmed. 

The assignment and utilization of manpower is another 

consideration which applies throughout the computer model. 

The method of allocation of manpower was aimed at maximum 

versatility in the number of men assigned to a particular 

job.  For each task in the tunneling process, an upper and 

lower limit on the number of workmen assigned is read into 

the program.  The lower limit will reflect the minimum num- 

ber of men required to safely carry out a task.  The upper 

limit will generally be determined by space, productivity, 

safety, or other practical limitations of the activity.  The 

computer program will always assign at least the minimum 

number of men to a job before it is initiated and will assign 

as many men as it can subject to availability and upper 

limit restrictions.  As more men are assigned to a job, the 

time to accomplish the job is reduced proportionally.  This 

policy is based upon the assumption that the upper and lower 

limits of manpower are reasonable and that all men are gain- 

fully occupied on any particular job.  As each job is com- 

pleted, the men assigned to that job are reassigned to other 

jobs if it is possible.  When several jobs require manpower 

simultaneously, the largest job in terms of manhours required 

is assigned men first. 

On additional general topic of discussion here is the 

options available for outputting information from the com- 

puter.  At the termination of each simulation run, a listing 
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of summary statistics is printed routinely.  In order to 

allow users to determine just what is taking place in the 

computer program, a log of operations which outputs informa- 

tion on each significant event in the simulation as it occurs 

can also be optionally implemented.  If the log of opera- 

tions is not desirable or necessary, the user may suppress 

this series of output statements and the computer will print 

only the simulation summary statistics. 

Muck Generation Subsystem.  The muck generation subsys- 

tem includes all the activities taking place at the face of 

the tunnel concerned with the operation of the tunneling 

device.  Thusp the muck generation subsystem is concerned 

primarily with the rate of advancer the inspection and re- 

pair and replacement of bits, and the repair and maintenance 

of the tunneling device.  The bits are one of the most 

important of the considerations in the generation of muck, 

particularly in large tunnels driven in hard rock.  Each 

bit on the face of the mole must be numbered for the pur- 

poses of the computer program.  This can be done as shown in 

Figure 2 of a previous report (5) or in any other suitable 

manner.  After numbering each bit, a time-to-failure pro- 

bability function is assigned to each bit with the proba- 

bility being expressed in terms of the feet of advance.  In 

addition, another distribution for the replacement manhours 

required is assigned to each bit location in order to dif- 

ferentiate between bits in terms of the replacement time 

required.  A separate time-to-failure and repair time 
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distribution is provided to similate repair work on the bits 

which does not require replacement;, e.g.s, welding or other 

repair work on the bit housings.  When a bit reaches the 

point of failure, it is not replaced immediately but is 

replaced at the first inspection after the failure has 

occurreds i.e.9 at the first opportunity for the failure 

to be discovered. 

The inspection of the bits are assumed in the program 

to be completed in conjunction with the resetting of the 

jacks after completion of a normal stroke or on any occasion 

in which the machine is down for other purposes.  It is 

assumed to be made normally after any integer number of 

cycles, i.e.s after the jacks have been reset a predetermined 

number of times.  If the bits are found to be in condition 

for more borings, the boring is reinitiated.  If failed or 

worn bits are detected9 the replacement, operation is simu- 

lated before the boring is continued.  Some tolerance, input- 

ted in terms of feet of advance, is allowed in the program 

so that worn bits do not have to be replaced the instant 

their generated lifetime is assumed to end. 

The muck generation subsystem also includes provision 

for repairs and maintenance which must be performed on the 

tunneling machine.  Those repairs which result in the shut- 

down of the system are compiled into a time-to-failure dis- 

tribution.  A distribution of manhours required for these 

repairs is also provided to complete the simulation of this 

part of the process.  In all cases of simulating repairs 
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associated with the moles the tunneling machine is assumed 

to be down in the model and as many crewmen as possible 

i under the circumstances are assigned to the repair action 

,  j in order to expedite the boring operation.  All of the above 
j ; 

processes are simulated in a relatively straightforward 

stochastic manner.  This is accomplished by placing each 

event (bit failure, mole failure, etc.) in an event matrix 
i f. 

I | and testing at each update time to see if any action is 

! required.  In this manner, all events in the muck genera- 

tion subsystem are handled in the same matrix and are scanned 

at the same time in the program. 

The final important element in this subsystem is the 

rate of generation of muck during the operation of the mole. 

This process is accomplished in the program through the 

advance rate distribution and the geometry of the face.  The 

advance rate potential of the tunneling device in feet per 

hour can be formed into a probability distribution.  A ran- 

11 dom sample from this distribution is chosen to obtain an 

-- advance rate which applies for the advance of one stroke 

length of the machine.  This advance rate is then combined 

with the tunnel cross-section to determine the muck flow 

rate.  An instantaneous advance rate would have been more 

i| precise but the result in terms of the simulation would have 

been negligible, i.e., the long-term production of the machine 

does not appear to be sensitive to this variable.  In the 

computer program, the simulation of the muck generation sub- 

system is carried out in the main program and in SUBROUTINE 

MUCK. 
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Materials Handllnp Subsystem.  The materials handling 

subsystem was the most complex portion of the overall model 

to program.  This situation existed as a result of the em- 

phasis placed upon the materials handling process in the 

model and the physical complexity of some of the muck hand- 

ling systems.  Simulation of both cyclic and continuous sys- 

tems have been provided for in the model.  The computer model 

is designed in such a manner that the haulage distance is 

increased as the tunnel is advanced.  This is accomplished 

by keeping track of the advance and Increasing the haulage 

length each time a predetermined advance, DELTH9 is attained. 

This also results in changes in the inby end of the haulage 

sysi-en» which must be reflected within the model. 

(1) Cyclic Systems.  Materials handling using cy- 

clic systems are the most complex methods from a systems 

s 

mo 

tandpoint.  The cyclic materials handling systems were 

deled primarily with single-track haulage systems in mind 

but a haulage system using rubber-tired vehicles can be 

accommodated using the same model since the simulation pro- 

gram is designed with this in mind.  The initial concern of 

the cyclic materials handling model to be discussed here is 

the method of introducing the tunnel grade characteristics 

into the program.  This is accomplished by dividing the 

tunnel into sections with each section having a constant 

grade.  In case of a tunnel with continuously varying grade, 

the tunnel profile may have to be approximated by the assumed 

linear grade segments.  The segments are read into the program 
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in order proceeding from the dumping point and continuing 

to the face of the tunnel as shown in Figure 3 where a tunnel 

profile with five sections is illustrated.  In all cases, 

the distances are measured along the center line of the 

tunnel and changes in azimuth are ignored and assumed to be 

of little or no consequence in the movement of the haulage 

devices as they traverse the tunnel.  For programming reasons, 

the sections outside the portal are counted separately from 

the sections within the tunnel.  The program will accommodate 

a tunnel profile with 100 sections without alteration. 

The switches, or switchpolnts in the case of rubber- 

tired vehicles, are assumed to be evenly spaced along the 

tunnel route.  For rubber-tired vehicles, a bored tunnel is 

not an ideal roadbed and thus it is not usually possible for 

the vehicles to pass anywhere except -here special passing 

points have been blasted out of the tunnel.  For this reason, 

the simulation model is assumed to be able to model this 

type of haulage system with passing points at equal inter- 

vals along the tunnel.  The cyclic, materials handling sub- 

model simulates the movement of the vehicles on a switch-to- 

switch basis in SUBROUTINE TRANS.  For example, assume that 

a train is waiting on the Inbound side of Switch B of 

Figure 4 on one of its empty trips to the face of the tunnel. 

When the track is cleared, SUBROUTINE TRANS controls the 

movement of the empty train by calling SUBROUTINE MOTION 

which simulates the motion of the train from Switch B to 

Switch A.  In order to obtain clearance to use the section 
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of track between the two switchesa the track section must 

be clear and the empty train must have priority as deter- 

mined by the decision or control function in SUBROUTINE TRANS, 

The decision as to which train has priority to a particular 

section of track is made on a first-ln-first-out basis. 

h Bj, are al- 

priority.  For 

Adjacent switcheSj, such as Switch A and Swit( 

ways considered together in determining this 

example, if an Inbound train reaches Switch B;before an 

outbound train reaches Switch A9 then the inbound train has 

the priority for the use of the connecting ttack and it com- 

pletes its movement to Switch A before the outbound train 

can initiate its move from Switch A to Switch B.  By con- 

sidering all the switches simultaneously;, SUBROUTINE TRANS 

can control the operation of all the trains in an event- 

oriented fashion while SUBROUTINE MOTION simulates the ac- 

tual switch-to-switch movements., 

SUBROUTINE MOTION handles the motion of the train in 

an event-oriented deterministic fashion based upon the physi- 

cal laws of motion.  One of the first publications dealing 

with this basic simulation method for haulage systems was 

introduced by Nelson (7).  For this application, his basic 

deterministic approach has been changed to one which does 

not make use of equal time increments but instead concen- 

trates upon specific events in the movement of the train as 

its travel is simulated.  The basic physical law used is 

Newton's second law of motion which for the case of a rolling 

vehicle (12) can be written ass 
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(T - Ff - Fg)G 
a =    wn + w + w it    c    m 

where;  T = tractive effort of the driving wheels in pounds 

Ff   = force required to overcome friction in pounds 

F  = force required to overcome the gravity com- 

ponent in pounds 

Wj = weight of the locomotive in pounds 

['     = weight of the cars in pounds 
c 

W  = weight of the muck in pounds m      0 r 

a - acceleration in feet per second per second 

g = acceleration of gravity, 32.2 feet per second 

per second 

Since the tractive effort does not remain constant for 

changes in the speed of the tractive unit, some method of 

applying the formula above must be used so that the changes 

in the speed and the tractive effort are reflected in the 

program.  To accomplish this, the characteristic curve 

of the tractive unit which relates its speed and tractive 

effort must be made available for use in the computer model. 

A number of selected points along this characteristic 

curve are read into the computer program as shown in Figure 

5 for a hypothetical two-speed locomotive unit.  The program 

then assumes that the characteristic curve is linear between 

succeeding points so that the effect is an approximation 

of the actual curve by a piecewise linear function defined 

by the points selected for Input.  The degree of simulation 
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accuracy required in the runs will dictate the number and 

spacing of the points selected.  At present, the proper 

variables in the computer program are dimensioned to allow 

reading in up to 30 points along this characteristic curve. 

The use of the tractive effort-speed curve in SUB- 

ROUTINE MOTION is carried out on an iterative basis using 

certain specified events to indicate the need for recal- 

culation of the variables of motion.  Normally this is done 

based upon the assumed linear segments of the characteris- 

tic curve as follows.  A train (or other vehicle) which is 

starting from rest is assumed to do so at the average 

tractive effort value for the first assumed linear segment 

along the curve in Figure 5, i.e., at a tractive effort 

value of [TE(l)+TE(2)]/2.  An acceleration is calculated 

based upon this tractive effort and the train moves until 

the acceleration results in the train achieving the speed 

at the end of the first linear segment, S(2).  When this 

occurs, a new average tractive effort value, [TE(2)+TE(3)]/2 , 

is applied for the period of time required for the train's 

speed to reach S(3), and so on.  This iterative method con- 

tinues until the train reaches its maximum allowable speed 

or until it reaches a new grade section in the tunnel.  At 

the maximum speed, the train's speed is not permitted to 

accelerate any further and it continues with a constant 

velocity.  When a change in grade occurs, this changes the 

gravity force component and thus the acceleration is auto- 

matically recalculated within the program even though the 
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train has not speeded up to the next input point on the 

tractive effort-speed curve.  To perform this calculation, 

the computer will interpolate to determine the current 

value of the tractive effort and average this value with 

the next higher tractive effort value read in along the 

curve.  This average will then be used to calculate the 

initial acceleration on the new grade.  It is assumed in 

this method that the mass of the train is a point mass 

located at the locomotive unit.  This assumption will not 

effect the simulation significantly unless the tunnel pro- 

file is changing rapidly and considerably in grade, a 

situation which does not occur in rapid excavation tunnel- 

ing jobs. 

The dumping, loading, and switchout times for the 

cyclic materials handling systems are handled separately. 

The loading times are determined by the interaction of 

the muck generation and the materials handling systems. 

The cars of a train are loaded by the action of the mole 

as it advances into the face.  Thus, the loading time 

for each car is a stochastic function which is dependent 

on the rate of advance which is generated in the program 

for the tunneling device.  The dumping time of each train 

is also determined stochastically to allow for the varia- 

tions which will certainly occur in the process.  Thus, 

a dumping time cumulative probability function must be 

read into the computer as illustrated in Figure 1.  The 

switchout time mentioned above is the name given here to 
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the time required for an empty and a loaded train to 

switch out under the gantry conveyor using the switch 

normally located directly behind the conveyor.  This 

process may be deterministically simulated under ideal 

circumstances.  However, operators often use incoming 

trips to haul the tunnel supplies and these must be un- 

loaded when the train reaches the face area.  Thus, it is 

necessary to use a probabilistic approach on the switch- 

out time in order to reflect the variations in time due 

to the necessity of unloading the supplies at the face. 

This can be done by utilizing a bimodal distribution, th 

first or shortest mode reflecting switchout times where n 

supplies are unloaded and the second mode related to times 

necessary to complete the switchout operation when the un- 

loading time is included in the switchout time.  When un- 

loading of supplies is not a problem, a unimodal distri- 

bution may be suitable for this variable. 

At the start of a simulation run, the trains are po- 

sitioned behind the tunneling device in such a manner that 

they are spaced one switch apart.  This setup places the 

trains in as favorable a state of readiness as can be 

achieved in the tunnel.  This initial setup scheme was 

chosen since it was felt that the trains would be in a 

ready state during a normal startup of a tunneling opera- 

tion, e.g., at the beginning of the first shift of the 

simulation. 
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(2)  P.ontinuous Systems.  The simulation of 

a continuous materials handling system is simple in com- 

parison with the cyclic systems.  To model the actual 

transport of the muck, the concept of effective cross- 

section is defined as the area occupied by the broken 

muck in a cross-section of the material flow „hen the 

materials handling method is operating at Its maximum 

capacity.  The value would be a constant for any system 

and would be independent of the flow velocity and the 

material density.  The effective cross-section for a 

belt conveyor and those for a hydraulic or pneumatic 

system would differ as shown in Figure 6.  In all cases, 

however, when the effective cross-section is multiplied 

by the velocity of transport and the proper density value, 

the result should be the maximum mass flow rate of the 

muck for the specific materials handling system used. 

Care should be taken in expressing the value of the density 

as the effective cross-section of the belt is based upon 

the profile of broken rock while those for the systems 

using pipe are based upon solid material.  Once the muck 

has entered the flowstream. the actual transport can be 

easily simulated.  This can be modeled deterministically 

based upon the flow velocity and the length of the haulage 

system. 

One of the most Important considerations In the 

materials handling subsystem for continuous systems is 
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THE EFFECTIVE CROSS-SECTION OF A CONVEYOR 
IS THE CROSS-SECTIONAL AREA OF THE MUCK 
WHEN THE CONVEYOR IS OPERATING AT ITS 
MAXIMUM CAPACITY (INDICATED BY THE CROSS- 
HATCHED AREA ABOVE) 

THE EFFECTIVE CROSS-SECTION OF A HYDRAULIC 
OR PNEUMATIC CONVEYOR IS THE CROSS- 
SECTIONAL AREA OCCUPIED BY THE MUCK WHEN 

JJ'LrpTt^SS.lL0^^1"^6 AT ITS MAXIMUM CAPACITY (INDICATED BY THE SHADED AREA 
ABOVE) 

Figure  6  -   Illustration  of   the  Effective  Cross-Section 
for   Continuous Materials  Handling   Systems 
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the interaction with the muck generation subsystem.  The 

primary function is to regulate the flow of muck into the 

materials handling subsystem.  If the muck generation 

rate is greater than that which can be handled by the 

materials handling subsystem, then the rate of muck genera- 

tion is slowed to permit the materials handling subsystem 

to accommodate the muck.  This would, of course, slow the 

advance of the overall system.  When the materials handling 

device can handle the flow of muck, the muck generation 

subsystem can then be allowed to operate in an unconstrained 

manner. 

At the other end of the materials handling subsystem 

where the muck is dumped, another possibility for inter- 

ruptions in the flow of  .ck occurs.  This can arise be- 

cause of an interaction with another transport system, 

becawae of the condition of a holding device, or due to 

numerous other factors which can effect the flow of material 

from the tunnel.  Because of the varied nature of the 

possibilities which may be encountered on this end, no 

specific delay has been programmed.  However, if a specific 

type of delay is expected to occur at the discharge point 

of the continuous materials handling system, this can be 

added to the model in the manner which will correctly 

affect the simulation of this characteristic of the system. 

Tunnel Support Subsystem.  The support function for 

tunneling Is quite variable because of the nature of the 
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geologic materials through which tunnels are driven.  Many 

excavations are provided with support in a fashion which may 

be considered to be cyclic» i.e., a cycle of jobs is carried 

out to advance the support by one "set."  In the computer 

program, the simulation of such a cyclic method is carried 

out by assigning a probability distribution to the number 

of manhours required to advance the support through a single 

cycle of support work.  This makes the interrelationship be- 

tween the muck generation and the support subsystems an easy 

one to handle in the model.  The time to advance the tunnel- 

ing device the length of one set can be compared to the time 

required to complete one cycle of support and tunnel advance 

can be limited to the speed of the slower process.  This 

procedure will permit the support subsystem to keep up and 

provide the support which is required to safely advance the 

tunnel. 

Other methods of providing support in a tunnel are much 

less cyclic in nature and vary significantly from the methods 

suggested above.  Examples of this type of support methods 

include roofbolting and guniting.  For methods which are not 

cyclic in nature, the simulation must be handled differently. 

This can be done, however, within the framework of the cyclic 

support methods outlined above by shortening the length of 

a "set" to a value which is short compared to the stroke of 

the tunneling machine.  In this manner the simulation will 

approach the Installation of support which occurs contin- 

uously rather than one which causes the support to be advanced 
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In spurts.  As an Illustration, the action of Installing 

roof bolts may be modeled by inputting the probabilistic 

number of manhours required to advance the support a 

relatively short distance along the tunnel e.g., one foot. 

As the support is advanced, the advance of the mole can 

be checked to insure that it does not exceed the advance of 

the available support exactly as was done for the cyclic 

systems.  Since the support is not advanced in long incre- 

ments, however, the model is realistic in relation to the 

actual system. 

Environmental Control Subsystem.  The primary tasks in 

providing an adequate environment throughout the tunnel 

normally involve extension of the ventilation system and 

maintaining a water supply if used on the cutting head to 

aid in dust abatement.  The process of supplying these 

auxiliary needs will normally be performed at specific inter- 

vals of tunnel advance.  The installation of the ventilation 

tubing Is normally undertaken at intervals of advance equal 

to the length of the tubing sections.  The simulation of 

the installation is performed stochastically by providing 

a probability function for the number of manhours required 

to install one length of the ventilation tubing.  Provision 

has been made for allowing the tunnel to advance by more than 

one length of the tubing before the installation of the tub- 

ing must be undertaken.  A similar method is applied to the 

process of maintaining the supply of water at the face.  A 
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separate probability distribution for the demands of this 

system is read into the computer for each run. 

Additional auxiliary services may be necessary at the 

face which may or may not be directly related to the environ- 

mental control function.  These may include such functions 

as the advancing of the track, the extension of the sump 

lines, or other jobs which must be carried out on a periodic 

basis.  These processes may be simulated within the environ- 

mental control subsystem just as those functions directly 

connected to the environment in the tunnel.  A third periodic 

process of this type can be simulated by using the probabil- 

ity distribution already provided within this subsystem. 

Other functions of . similar nature can be handled if neces- 

sary by providing additional distributions and using the 

framework of logic inherent in the environmental control 

subsystem. 
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TESTING OF THE MODEL 

The testing of the computer model was only partially 

completed at the end of the project year.  The initial 

testing phase concerned with checking the logic of the pro- 

gram and its macro behavior was accomplished using data 

obtained mainly in the field.  However, more exhaustive eval- 

uation and development was scheduled for the second year of 

the project and is yet to be undertaken. 

Data Collection 

In the testing of the computer program9 as much data 

as possible from the field was used to supply the computer 

program.  In the muck generation subsystem, data obtained 

through the courtesy of the White Pine Copper Company was 

used in the simulation.  The bit life distributions were 

compiled from actual bit records kept by the mine personnel 

during the period of experience with their Robbins machine. 

The bit lives available were formed into a histogram for 

each bit on the head of the machine.  The histograms were 

formed from the raw data and then converted into cumulative 

frequency diagrams by a computer program written for that 

purpose.  The repair times for each of the bits were not 

determined from actual data but were Instead estimated by 

company officials.  The repair times for each of the bits 

on the machine were Individually assumed to be constant 

values but higher constant repair times were assigned to 
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bits near the periphery of the cutting head where working 

conditions were more difficult due to space restrictions. 

The time-to-failure and repair distributions for the tunnel- 

ing device were determined by reconstructing the operating 

record from shift reports and obtaining the individual times 

between failure and the number of manhours required to com- 

plete each repair.  These were then formed by computer into 

the necessary distributions for use in the computer program. 

The data for testing of the cyclic materials handling 

subsystem was not hard to gather, although actual field data 

was not available for some of the variables.  A tunnel pro- 

file with many grade changes was hypothesized for use in the 

test.  Trains corresponding to present practice were assembled 

for the simulation.  Three two-speed dlesel locomotives with 

a weight of fifteen tons were selected.  Eight fifteen-ton 

cars with an empty weight of three tons were chosen for each 

train.  The distribution of the weight loaded in each of the 

trains was assumed to be normal with a standard deviation 

equal to 5% of the mean value.  A bimodal switchout time dis- 

tribution was hypothesized to indicate a practice of unload- 

ing supplies from the incoming trains.  The distribution of 

dumping time was estimated from one contractor's experience 

on a previous tunneling project. 

Data for the tunnel support and the environmental con- 

trol subsystems was obtained from available records on the 

White Pine system.  The individual samples were collected 

by studying the shift reports and extrapolating as best as 
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possible the number of manhours spent during specific acti- 

vities Involving each of the subsystems.  By collecting in- 

formation on a large number of occurrences^ distributions of 

the manhours required for specific advances of these two 

subsystems were formed» 

Testing Procedure 

The initial test of the program was made with the idea 

of eliminating the programming problems in the modelj i.e., 

eliminating the bugs and errors in logic in the model.  This 

was accomplished simply by attempting to run the program and 

check the validity of the results.  The most complex portion 

of the program was the materials handling subsystem and this 

subsystem was the most difficult to debug.  When the obvious 

debugging problems were out of the way9 the program was then 

checked to be certain it was operating logically and out- 

putting data in the log of operations which agreed with cal- 

culations made by hand.  This procedure probably did not re- 

sult in testing all the possible branches of the program 

even though an attempt was made to cover as much of the logic 

as possible.  After several problems were eliminatedj, the 

program seemed to be at least superficially correct and free 

of obvious bugs. 

No attempt was made to test the accuracy of the simula- 

tion model in terms of the overall results as this step in 

the testing procedure was planned for the second year of the 

project.  The testing of the accuracy of the model was to be 
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undertaken using the data obtained at White Pine as input 

to a simulation run which would model the tunneling opera- 

tion for about one month's time.  The results of the simu- 

lation in terms of the tunnel advance and the times spent 

in the various unit operations would then be compared with 

the actual values of these variables obtained from tunneling 

records for the time period in question.  Attempts could then 

be made to adjust or improve the computer program in areas 

where its performance was concluded to be unsuitable. 

Present Status of the Program 

Since the development of the program is not complete 

at the present time, users should recognize that parts of 

the model may still be in rather unfinished form in the pro- 

gram.  In particular, the program may still contain bugs which 

have not been detected.  In addition, options which would 

make the program more versatile and useful may not be included 

due to the limited period of use of the model.  As an example, 

it was hoped to expand the program to include the logic for 

systems using both cyclic and continuous materials handling 

systems, the cyclic system being applied to the handling of 

supplies while the continuous system was applied to the 

handling of muck.  Such logic does not presently exist in 

the model.  These inadequacies are to be taken care of during 

the latter stages of development and use of the program. 

At present, however, the program is still in a state of 
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development and testing and should not be considered a fin- 

ished product. 

One of the most important aspects of the testing of the 

model which has not been completed is the testing of the 

accuracy of the program in modeling actual tunneling situa- 

tions.  For this reasons the fact that the model will com- 

plete a run and output data is not sr.ficient reason to have 

complete confidence in the results.  Inaccuracies may be 

caused by bugs in the program or by the assumptions of the 

model not being valid for all or sums of the conditions under 

which the model is to be applied.  Users should note these 

warnings before making use of the program. 
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APPENDIX A 

USERS' GUIDE TO THE COMPUTER PROGRAM 

Definition of Important Variables in the Program 

This section contains the definition of the most important 

variables and the units in which they are expressed in their 

usage in the program.  The variables which must be input 

into the program are also defined in this list.  To prepare 

an input data deck, a user must refer to the main program 

and SUBROUTINE TRANS where all the data is input.  The data 

prepared for the main program should appear first in the 

data deck while the data for SUBROUTINE TRANS follows. 

All the input variables are defined in this list, which is 

alphabetized for convenience in locating specific variable 

names.  Users may refer to the program for the order and 

format information on variables and then to this list for 

the definition. 

ACCFC — available accelerating force, tons 

ACCMAX — maximum acceleration rate allowed in the tunnel, 
feet per second per second 

ACCR —  acceleration rate of a train, feet per second per 
second 

ACX(I) the reduced time to complete activity i, after 
redistributing the manpower. 

ACTIM(I) — the time required to complete the ith activity 

ADRT — the tunnel advance rate, feet per hour 

AFT — feet of advance required to load one train 

AVAMH — manhours available for the support function 

AVATF — available tractive effort of a locomotive at its 
current speed, pounds 
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BINSMH — manhours required to inspect the bits and regrip tho 
mole 

CAPMH — the capacity of the continuous materials handling 
system, tons per minute 

CCTM — the time in minutes required to generate one trainload 
of muck 

CF(I,J) — the ^th ordinate value read in from the ith cumulative 
probability curve in the main program 

I = 1 to NBITS correspond to the probability 
distributions for the time-to-failure of the 
bits in feet or operating hours. 

I = NBITS + 1 to 2äNBITS correspond to the probability 
distributions for the manhours required to replace 
the bits 

I = 2*NBITS + 1 corresponds to the probability distrib- 
ution for the time between bit repairs, hours 

I = 2*NBITS + 2 corresponds to the probability distrib- 
ution for the time between mole repairs, hours 

I = 2*NBITS + 3 corresponds to the probability dis- 
tribution for the time between repairs of the 
third (optional) equipment, hours 

I = 2*NBITS + 4 corresponds to the probability dis- 
tribution for the advance rate, feet per hour 

I = 2*NB1TS + 5 corresponds to the probability 
distribution for the manhours for repair of the 
bits 

I = 2*NBITS + 6 corresponds to the probability dis- 
tribution for the manhours required for repair 
of the mole 

I = 2*NBITS + 7 corresponds to the probability dis- 
tribution for the manhours required to repair of 
the third (optional) equipment 

Altogether, 2*NBITS + 7 probability distributions 
are read into the main program. 

CFD(I) — the i^th ordinate value read in from the cumulative 
probability curve for the dumping time 

CFL(l) — the i^th ordinate value read in from the cumulative 
probability curve for weight of the muck in a car 

CFR(I) — the i_th value of the cumulative probability read 
from the support requirement function 

CFS(I) — the l_th ordinate value read in from the cumulative 
probability curve for switching time 

CROSEC — cross-sectional area of the tunnel, square feet 

CT(I) — the ith abscissa value read in from the cumulative 
probability curve for dumping time, minutes 
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CTIME — clock time from the start of the simulation, minutes 

CTLOC(I) — total or clock time of the ith locomotive in 
minutes 

CTM(I) — the i_th value of the ACT(I) array if arranged in 
ascending order 

DJ. — the distance in feet from one stop to the next stop of 
a train excluding the distance required to stop 

D2 — distance in fee*: to the end of the present grade section 

i)(I) — horizontal length of section i^ of the tunnel profile in 
feet 

DECEL — maximum deceleration rate allowed in the tunnel, feet 
per second per second 

DELTH — increment added to the tunnel length as the face 
advances, feet 

DISTR(I) — distance traveled by the ith locomotive in feet 

DISW — distance between two switching points in feet 

DMS — current distance between the switch closest the face 
and the next switching point, feet 

DS(1) — distance from the dumping station to the jLth switch 

DSTOP(I) — distance required for the ith locomotive to stop, 
feet 

FCAR — the friction coefficient of each mine car in pounds 
per ton 

FLOCO(I) — friction coefficient of locomotive i^ in pounds 
per ton 

FRFC — force required to overcome the frictional resistance, 
pounds 

FTA(I) — the 1th abscissa value read from the support 
requirement curve, manhours per foot of advance 

G(I) — present grade of section i^ of the tunnel profile 

GAMMA — specific weight of the muck in the solid, pounds 
per cubic foot 

GFC — force required to overcome the grade resistance, 
pounds 

GLEFT ■— distance in feet remaining to be traveled in the 
track section 
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HAUL — the current haulage length in feet 

HRPSH — working hours per shift, i.e., the total shift time 
minus travel and other idle time 

ICYCLE — the variable which indicates the type of material 
handling system 
ICYCLE = 0 indicates a continuous system 

IDE(I) — queueing number of the i^th locomotive while waiting 
empty at the dumping station to enter the tunnel; 
IDE(I) = 0 means the jLth locomotive is not in the 
queue 

IDEOS — the variable which indicates that the simulation is 
to terminate; IDEOS = 1 indicates the termination 

IDL(I) — queuing number of the ith locomotive as it waits to 
dump its muck at the dumping station; IDL(I) = 0 means 
the ith locomotive is not in the queue 

IDLOAD — indicates whether any trains were loaded or not; 
IDLOAD = 1 indicates trains have been loaded 

IL — the number of the locomotive which has the shortest clock 
time but which is awaiting the movement of another loco- 
motive 

ILC — the number of the locomotive which has the same clock 
time as that of the main program 

ILS — controls the input statements in SUBROUTINE TRANS; 
ILS = 0 means no simulation is performed 

ILWTID — the variable which indicates the beginning of the 
simulation; ILWTID = 1 indicates the beginning 

IMAN — number of men currently available 

INLC — the number of the loaded locomotive at the loading 
point 

INSPM -- the number of men required to i spect the bits 

1R — the subscript used to obtain the repair manhours for 
ITEM 

ITEM — the number of the unit which has the shortest life 

KK — the next lower speed point on the characteristic curve 

KMAX — number of points on the characteristic curves of the 
locomotive at which input data will be read 
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KOUNT — the number of bits which need to he replaced 

LC(I) — the queuing number of the trains in the ILC list 

LCLAS — number of points read in from the cumulation fre- 
quency function for the weight of muck in one muck 
car 

LIL — the variable which retains the numbers of the loco- 
motives which were in the previous XL list 

LL(I) — the switch on which the _ith locomotive is located 

LLW(I) — the number of the locomotive in the ith spot in 
the LIL queue 

LOAD(I) — indicates the status of the ith train 
LOAD(I) = 0 indicates the train is empty 
LOAD(I) = 1 indicates the train is loaded 

LOGPRT — print option variable 
LOGPRT = 0 indicates that the complete log of 

operations is printed 
LOGPRT i   0 indicates that only the summary of 

the simulation is printed 

LS(I) — the variable which indicates the status of the ith 
I j switch 

LS(I) ~   0 indicates the switch is empty 
LS(I) = 1 indicates the switch contains an empty 

train 
LS(I) = 2 indicates the switch contains a loaded 

44                            train 
LS(I) = 3 indicates the switch contains both an 

empty and a loaded train 
11 

LW(I) — the number of the i^th locomotive in the clock time 
queue 

LWTID -- indicates whether or not there is an empty train at 
the loading point; LWTID = 0 indicates no empty train 

MAD — number of men available to be reassigned when a repair 
activity is completed 

MAN(I,J) -- the variable which stores the upper and lower limits 
on the number of men assigned to each activity 
1=1 corresponds to the lower limit 
1=2 corresponds to the upper limit 
J = 1 LO NBITS  corresponds to the limits of 

manpower for the replacement of the bits 
J = NBITS + 1 corresponds to the limits of 

manpower for the repair of the bits 
J = NBITS + 2 corresponds to the limits of manpower 

for the repair of the mole 
J = NBITS + 3 corresponds to the limits of manpower 

for the repair of the third (optional) equipment 
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MANAW(I) — the number of men assigned to the 1th job 

MAXSHT — maximum number of shifts that the simulation is to 
be run 

MH — variable which indicates which option was employed in 
reading in the muck generation cumulative frequency curves 
MH = 0 indicates the abscissa values are in terms of hours 
MH / 0 indicates the values are in terms of the feet of 

advance 

MM — grade section number which train NL is presently traversing 

ML — number of the locomotive currently being moved 

MNBITL — lower limit on ehe number of men required to repair 
bits 

MNBITU — upper limit on the number of men required to repair 
bits 

MOTM — the time in minutes required for the hauling of the muck 
generated by TEMSTR 

MREST — cumulative number of men who spent idle time during 
the computer run 

MSS(I) — number of the locomotive occupying the ith switch 

MTB — number of men who are reassigned when a repair activity 
is completed 

NACF — the number of events to be simulated in the muck genera- 
tion subsystem in addition to the events related to bit 
replacement 

NBITS — the number of bits 

NCARS — number of muck cars assigned to each train 

NCF — total number of cumulative frequency diagrams read into 
the muck generation subsystem 

NCLAS(I) — the number of points read in for the jlth cumulative 
probability function of the muck generation subsystem 

THIRD1 —  cumulative time spent in doing the third event, minutes 

NCREW — the number of men in the crew 

NDC — number of points read in from the cumulative frequency 
function for the dumping time 

NEVENT — the number of separate repair activities currently 
being performed 
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NL   locomotive number presently being simulated 

NLDL ~ number of loaded trains waiting at the dumping station 
to dump 

NLDE ~ number of empty trains at the dumping station 

NLDL   the number of loaded trains at the dumping point 

NLOCO — number of locomotives 

NRBG — the number of points read in from the cumulative 
probability curve for the support function 

NS — the switch from which locomotive NL is moved 

NCS   number of points read In from the cumulative frequency 
function for the time to switch trains behind the mole 

NSCF — the number of time-between-repair cumulative probability 
functions read into the muck generation subsystem 

NSDP — number of sections of the haulage profile between the 
dumping point and the tunnel mouth read into the 
program 

NSECS — number of sections of the haulage profile within the 
tunnel read into the program (after input, NSECS is 
the number of sections in the tunnel profile at the 
time of simulation) 

NSW — number of switching points currently in the haulage 
system 

NSHIFT — the number of shifts simulated so far in the current 
run 

OTRD — distance in feet that the train overtravels 

pyx   the time the continuous materials handling system can 
operate before a breakdown, minutes 

RADIUS — radius of the tunnel, feet 

REQMH — required manhours of support work for one foot of 
advance 

REQTF — required tractive effort, pounds 

RESTMH — cumulative number of idle manhours 

S(I}j) — speed of the ith locomotive at the j^th point on its 
characteristic curve 

SAFT -- cumulative length of advance since the last value of 
DELTH was added to HAUL 



m.B«wiWW^MffV^ir"'
r^OintIV,^^^-*V^-'-f'W13'-.T;-7T\r.-7>. V - ■ ;■ ■ 

53 

SCCTM — the cumulative time in minutes to advance by TEMSTR 

SGL(I) — distance in feet from the _ith switch to the inby 
end of the track section on which the switch exists 

SLEPT — distance in feet to the next switch point 

SP — former speed of the train, feet per second 

SPEED(I) — velocity of the i^th locomotive, feet per minute 

SSCC — incremental time in minutes that a train waits for 
the completion of another event 

ST(I) — the i_th abscissa value read in from the cumulative 
probability curve for switching time, minutes 

STROKE — stroke of the mole, feet 

SWTTIM — the cumulative delay time in minutes due to the 
support subsystem 

T(I,J) — tractive effort of the i^th locomotive at the j_th 

point on its characteristic curve 

Tl — the time in seconds required to travel the distance Dl 

T2 — time in seconds to reach the end of the present grade 
section 

TBELT1 —  operating time of the continuous materials handling 
system, minutes 

TBELT2 —  delay time due to the continuous materials handling 
system, minutes 

TBELT3 —  downtime of the continuous materials handling 
system, minutes 

TBIT1 — cumulative working time of the bits, minutes 

TBIT2 — cumulative idle time of the bits, minutes 

TBIT3 — cumulative time the bits are under repair, minutes 

TBIT4 -- cumulative time the bits are under replacement, 
minutes 

TBIT5  -- cumulative time the bits are under inspection, 
minutes 

TDUMP(I) — dumping time in minutes of the i^th locomotive 
during the last dumping cycle 

TEMPWT — the weight in tons of the portion of the material 
remaining to be loaded in the current train 
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TEMSTR — portion of the stroke which remains to be completed 

TFT — the number of feet the mole can advance before being 
stopped 

TFTA — the incremental number of feet the mole is to be 
advanced 

THIRD1 — time the third (extra) subsystem spends working, 
minutes 

THIRD2 --• time the third (extra) subsystem spends in waiting, 
minutes 

THIRDS -- time the third (extra) sybsystem undergoes repair, 
minutes 

TIMAX — maximum clock time in minutes that the simulation is 
to be run 

TIME(I) — time required in minutes for the i^th locomotive to 
get from one switch to the next minus the value of 
TPASS(I) or TSIOPd) 

TLOAD(I) — loading time in minutes of the l^th locomotive when 
it was last loaded, minutes 

TLOCl(I) — cumulative time the l_th locomotive spends in the 
loading process, minutes 

TL0C2(I) — cumulative time the i^th locomotive spends in the 
dumping process, minutes 

TL0C3(I) — cumulative time the ith locomotive spends in 
motion, minutes 

TL0C4(I) -- cumulative time the _ith locomotive spends waiting, 
minutes 

TMH — manhours requirsd to advance by TFTA 

TM0LE1 -- cumulative working time of the mole, minutes 

TM0LE2 — cumulative idle time of the mole, minutes 

TM0LE3 — cumulative time the tiole is under repair, minutes 

TNL — maximum length of advance of the tunnel in feet for 
the simulation run 

TOLIT -- the tolerance placed upon the repair starting times 
In minutes; i.e., when one repair action is initiated, 
the potential repairs are checked and are also initiated 
if they are within the tolerance time of requiring 
repair 
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TPASS(I) — time required for the ich locomotive to travel 
through a switch without stopping, minutes 

TPM — the muck generation rate in tons per minute 

TSEC — the current length of the ith section which has been 
driven and added to the variable HAUL 

TSTOP(I) — time requited for the ith locomotive to decelerat. 
and stop on a switch, minutes 

TSUPPT — cumulative time expended for support activities 
minutes ' 

TSW — the time In minutes required to switch out the loaded 
train at the loading point 

TTM — the time in minutes that the mole can advance before 
being stopped 

TUNNEL — the length of tunnel bored to the present, in feet 
from the portal 

TV(1,J) — the j_th time or other abscissa value read in from 
the i.th cumulative probability curve in the main 
program in units of feet or operating hours (for 
a definition of the meanings of each of the values 
of 1, see the variable CF(I,J)) 

VELMAX — maximum velocity allowed in the tunnel, feet per 
second 

WAITIM — cumulative idle time of the muck generation sub- 
system in minutes 

WTCAR — weight in tons of each muck car while empty 

WTD — cumulative weight of muck dumped, tons 

WTG — cumulative weight of muck generated, tons 

WTIM — the time in minutes to move an empty train to the 
loading point 

WTL(I) — the ith abscissa value read in from the cumulative 
probability curve for weight of muck in a car, ton s 

WTLDG — the weight in tons of the load to be generated by TFTA 

WTLOAD(I) — weight of the muck in the ith train in tons 

WTLOC(I) ~ weight of locomotive j. in tons 

WTMUCK — the weight of muck in tons to be loaded in one train 

WTTRN(I) — weight in tons of the ith locomotive and its emntv 
cars 
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WWTM —incremental time in minutes that a train waits for 

the completion of another event 

XX(I) — the abscissa value as determined from SUBROUTINE 
CALCUM 
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Computer Logic Diagrams 

The Computer logic diagrams of the main program and 

two of the seven subrotines, SUBROUTINE MOTION and SUBROUTINE 

TRANS, appear on the following pages.  The remainder of 

the subroutines are not represented in this section since 

they perform relatively simple functions for which the 

logic diagrams were considered unnecessary .  The diagrams 

presented are not intended to be a detailed flowchart of 

all the calculations and manipulations that take place 

in the computer program.  Instead, they are meant to convey 

the macro logic of the simulation and way that it fits 

together in the model.  Most of the variables which appear 

in the logic diagram are identified in the previous section 

of this Appendix.  In the logic diagrams, two types of 

offpage connectors are used „  The connectors appear as 

small circles with numbers or letters enclosed.  Connectors 

containing numbers indicate the actual program statement 

at which the connection is to be made. This gives the reader 

one extra bit of help in following the program using the 

logic diagram.  The connectors containing letters are those 

for which no exact statement number to which the program 

proceeds could be named. 
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MAIN  PROGRAM 

READ DATA FOR 
MAIN PROGRAM 

INITIALIZE VARIABLES 

CALL CALCUM 

CALL TRANS 

: 

II 

TFTA = TFT 

CALCULATE   ADRT 

FIND SHORTEST LIFE 
DETERMINE NEVENT, 

TTM. TFT. TMH 

CALL  MUCK 
TEMPWT = WTMUCK 
TEMSTRs STROKE 

CALCULATE TTM, 
TMH.WTLDG, TFTA 

CALL SUPPRT 

SCCTM = 0.0 
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IC^Q
C[jE    >!£§ -^FTAD=TEMSTR 

LWTID= 0 YES 

CALL TRANS 

DETERMINE CTIME, 
TBIT2, TMOLE2, 

THIRD?  

TEMPWT = TEMPWT-WTLOG 
FIND LOCO JJ AT NSW 

COUNT TLOCKJJKCTLOCMJ) 

CALL TRANS 

TEMPWT=0.0 
ILWTID=ILWTID + 1 

IDLOAD'O 

I 

WTLOG=WTLDG-TEMPWT 
TEMPWT = 0.0 

ILWTJD = ILWTID+1 
IDLOAD=0 

CALL TRANS 
CALL TRANS 

CALL MUCK 
CALL MUCK 

TEMPWT=WTMUCK TEMPWT = WTMUCK 

412 ''SHFTMHN.-      m 
s.   -TMH / s< 

CALCULATE SHFTMH 
NSHIFT = NSHIFT + 1 
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CALCULATE SHFTMH, TUNNEL, 
TBITI.TMOLEI.THIRDI, 

CTIME, AVAMH     

REQMH^NS+                                   fc FIND SWTTIM, 
AVAMH^ SHFTMH,   NSHIFT 

°U 
CALCULATE TSUPPT 
TFT = TFT- TEMSR 
TEMSTR= STROK' 

LOGPRT ^v. ES PRINT BORING  1 
EQ. * yS INFORMATION 

NOU 

DETERMINE  BINSMH, 
CTIME,TMOLE2, THIRD2 

YES 

DETERMINE KOUNT 

PRINT BIT 
INSPECT ON  DATA 
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<r    KOUNT   ">i— ̂ REPLACE BITS 

0 
/ 

/LOGPRT^N 
^V     EO.O     / 

11 

NO PRINT BIT 
REPLACEMENT DATA 

XX(1)=XX(I)-STR0KE 

CALCULATE   XX(I) 

CALCULATE   AORT 

ICYCLE\NO 
•EQ. 0 

YES CALL MUCK 

CALCULATE 
TTM, TMH 
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L.l 

I .1 

1.1 

11 

u 

MAIN   PROGRAM (CONT'D) 

771 

CALCULATE 
SCCTM 

WTLOGI = 00       I 

YES 
FTAD = TFT 

[£ CALL TRANS 

LWTID = 0 

CALL TRANS 

LWTID=1 

DETERMINE CTIME, 
THIRD2, TMOLE2 

TBIT2 

W0L06= WTLDG-TEMPWT 
TEMPWT = 0.0 

ILWTID=ILWTID + 1 
IDLOAD = 0 

CALL TRANS 

TEMPWT = 0.0 
ILWTID=«LWTID + 1 

IDLOAO=1 

IDEOS^N^ES/^N 

[CALL TRANS 

TEMPWT = TEMPWT-WTLD6 
FIND LOCO JJ AT NSW 

FIND TLOCKJJ). CTIME (JJ) 

TEMPWT = WTMUCK 

ZD  | TEMPWT - WTMUCK 
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MAIN PROGRAM (CONT'D) 

FIND SHFTMH, TUNNEL, TBIT1 
TMOLEI.THIRDI. CTIME n 

CALL SUPPRT 

~~1  
CALCULATE   AVAMH 

CALCULATE  TSUPPT, 
ADRT 

CALCULATE   SHFTMH 
NSHIFT=NSHIFT + 1 

FIND SWTTIM, 
SHFTMH.  NSHIFT 

63 
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MAIN  PROGRAM (CONT'D) 

DISTRIBUTE  MANPOWER 

YES 

FIND SHFTMH, 
WORK(I), ACTIM(I) 

ACT(I), CTM(I) 

FIND  CTIME, TBIT3, TMGLE3 
THIRDS, TBIT2, TMOLE2. THIRD2 

XX(I):XX(I)-XX(ITEM) 
CALCULATE   XX(ITEM)   

CALCULATE  SHFTMH 
NSHIFT = NSH»FT + 1 

NO/ SH[jm \ YES 

-• PRINT   REPAIR DATA 

INSPECT  BITS 
TEMSTR=STROKE 
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MAIN PROGRAM (CONT'D) 
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TNL- 
TUNNEL / o 

PRINT: TERMINATED 
BY TNL 

MAXSHT 
■NSHIFT 

PRINT:  TERMINATED 
BY MAXSHT 

TIMAX- 
CTIME 

PRINT: TERMINATED 
BY TIMAX 

PRINT   SUMMARY 
DATA 

I 
IDEOS = 1 

CALL   TRANS 
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SUBROUTINE   MOTION 

FIND SGL(I). MSS{I) 

INITIALIZE TIME(NL), TSTOP(NL) 
TPASS(NL)I  DSTOP(NL) 

[FIND SLEPT, GLEFT, MM 

"I 
CALCULATE   FRFC, 

GFC, REQTF 

CALCULATE  AVATF, 
ACCFC. ACCR 

REVERSE 
G(l), D(l)t DS(I) 
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SUBROUTINE   MOTION (CONT'D) 

ADEC=-ACCR 
FIND KK 

CALCULATE  TD. DP 

FIND NEW 
VALUE OF ACCR 

DETERMINE 
DI.TI 

FIND DD, TD 

•0 

ADEC=-ACCR 
CALCULATE  TD, DD 

FIND DI, T1 

ACCR=ACCMAX 
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SUBROUTINE   MOTION (CONT'D) 

FIND DI.TI 
FIND 02,12 

SPEED(NL) = S(NL,KK+1) 

CALCULATE  DST0P(NL) 
DISTRCNL), TIME(NL) 
GLEFT.  SLEFT 

ACCR=ACCMAX 

D1 = D2 
T1 = T2 

SP = SPEED(NL) 
SPEED(NL) = SP+T1*ACCR 

o 
IL 

MM=MM+t 
CALCULATE 
GFCjREQTF 

© 
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SUBROUTINE   MOTION (CONT'D) 

0ST0P(NLTS^+^ 
-SLEFT 

^h/SPEED(NU 
-VELMAX 

SPEEO(NÜ=VELMAX 
CALCULATE  DI, Tt 

TIME{NL)^ DISTR(NL) 

CALCULATE 
TSTOPCNL), TPASS(NL) 

/•"v 

GLEFT = SLEFT 

SPEEO(NL)=VELMAX FIND AVATF 

DETERMINE 
SLEFT, OTRD 

CALCULATE   T1, DI 
TPASS{NL), TSTOP(NL) 

FIND NEW 
SPEED(NL) 

CALCULATE Tt, Dl, 
TPASS(NL)< TSTOP(NL) 

LOADNG(Nb v NO REVERSE DS(I) 
•EQ. 0 >^ ?              m 

G(I),0(I),NS 

[YES 

(RETUR^ 



wTan-ma «mnrsaemnwMWtKmvm^mw^mi m 
-- ■■■■.■.--   t 

70 

SUBROUTINE  TRANS 

ICYCLE \YES 
EO.O 

| PRINT SUMMARY m    YES 

I 
IDE0S=1 

ILDC=0, ILC=0 
LC(I)=0 

NL=1      |— YES 

CALL LOADNG 

I 
I0L0ADM 

COUNT SAFT, SCCTM 
CTLOC(NL), WTG, 

WAIT TIMES 

CALL MOTION 

I 

YES READ INPUT 
 DATA 

INITIALIZE  VARIABLES 
COUNT NSW 

LOCATE TRAINS 

NO 
—^ WTIM = 0.0 

COUNT CTLOC(NL) 
TLOC3(NL) 

CHANGE LL(NL), LS(NL) 

IL=0 
FIND SMALLEST 

CTLOCd) 

LIL = LIL-1 
REMOVE 
LLW(NL) 



SUBROUTINE  TRANS (CONT'D) 
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11 

:■ 

CALCULATE  DIFTM, 
MOTM, CTIME, 

SHFTMH, NSHIFT 

CALCULATE   CAPMH 
TPM, MOTM 

MOTM = MOTM-SPWT 
FIND TBELT1 
SPWT=0.0 

CALCULATE  DOWNMH 
FIND TBELT3 

FIND NEW SPWT 

READ INPUT 
DATA 

INITIALIZE 
VARIABLES 

CALCULATE 
PWT, SPWT 

SPWT = SPWT-MOTM 
FIND TBELT1 

n 

(699) 

PRINT  SUMMARY 
OF CONTINUOUS 

HANDLING SYSTEM 

sr.««mj.jjtT.±^ .,„■ tfi^VKf („i-J 
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i J 

r~i 

SUBROUTINE TRANS (CONT'D) 

LOAD(NLT\YES_ 
EQ. 1 

YES 

COUNT CTIME 
DISTR(NL). TL0C3(NL) 

LC=ILC+1 
LC(ILC) = NL 

IDLCsl 
CALL MOTION] 

COUNT CTLOC(NL) 
TL0C3(NL) 

CHANGE LL(NL) 
LS(NS  

PRINT MOTION 
DATA 5 

0 

YES      „ 

YES 

YES 

YES 

FIND Ü0CO II 
AT    LS(NS-I) 

ILCs|LC + 1 
LC(iLC) = NL 

IDLC=1 

N0^ILEQ.O^YES 300 

n 
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COUNT ILC 
CTLOC(II) 
TL0C4(II) 

FIND 
CTLOC(IL), 
TL0C4(IL) 

z 
CTLqC(UL), 

YES 

CALL  DUMP rr 
COUNT   CTLOC(NL), 

TLOC2(NL) 
CHANGE NLDL. 

NLDE, IDL(NL), 
IDE(NL) 

YES 

COUNT CTLOC(JJ), 
TL0C4(JJ) 

COUNT LIL 
REMOVE IL, 

LW(IL) 

CTLDCdK^YES 

TIMA) 

LS(NS) = 
LS(NS)+2 z 

LS(NS) "- 
EQ. 1     s 

vYES 

^            1 1 
yio LS(NS) = 

LS(NS)+1 

LS(NS) = 
LS(NS)-1 

IDEOS=1 
PRINT: TERMINATED 

BY  TIMAX 
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SUBROUTINE  TRANS (CONT'D) 

7^ 

YES 

CALL MOTION 

L 
CHANGE  LL(NL), 

LS(NS) 
FIND CTLOC(NL), 

TL0C3(NL) 

YES 

FIND LOCO II 
AT LS(NS-I) 

DETERMINE   SSCC, 
CTLOCCNL), TL0C4(NL) 

ILC=ILC+1 

YES 

DETERMINE   ILC, 
CTLOCgj), 
TL0C4(JJ) 

1 
150 
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SUBROUTINE TRANS (CONT'D) 

YES 

YES 

COUNT CTLOC(NL) 
DSTOP(NL)t TL0C3(NL) 

1 
CALL MOTION 

I 
COUNT   CTLOC(NL) 

TLOC3{NL) 
CHANGE LL(NL), 

LS(NS) 

YES 

YES 

FIND LOCO II 
AT LS(NS-I) 

ILC = ILC-H 
LC(ILC)=NL 

IDLC=1 

PRINT MOTION 
DATA u 

FIND CTLOC(NL) 
DISTR(NL), TL0C3(NL) 
CHANGE NLDL, IDL(NL) 

COUNT CTLOC(NL) 
TL0C4{NL) 

CHANCE IL TO LIL 

CHANGE  IL 
TO LIL 

COUNT CTLOC(JJ) 
TL0C4(JJ) 
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1DLOA^^ES_0 

* MI «rrv^ ^—' NLOCO 

X 
CTTM = CTIME 

+SCCTM 
FIND ILC 

YES_^ 

FIND NL FOR 
SMALLEST  CTLOCd), 

I/ILC  

DETERMINE 
CTLOC(LIL) 
TL0C4(LIL) 

YES 

FIND CTLOCINL), 
TLOC2(NL) 

CHANGE NLDL, 
IDL(NL),NLDE, 
IDECND.LSCNS) 

n 
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SUBROUTINE  TRANS (CONT'D) 

DETERMINE 
WTIM DETERMINE  CTLOC(NL)1 

DISTR(NL), T!.0C3(NL) 

YES 
YES ^ INCREMENT 

HAUL.TSEC, 
DMS 

S^JSEC^^t 
\^ -DD    >/ 0 

CALL LOADNG 

I 
FIND SCCTM, 

CTLOCCNL), TLOCI(NL) 
SAFT,  WT6 

CHANGE LS(NS) 

CALCULATE 
WWTM 

YES FIND CTLOC(NL) 
TL0C4(NL) 

DETERMINE 
CTLOC(NL) 
TL0C4(NL) 

CHANGE 
NSECS, 

D(NSECS) 

YES 

DETERMINE 
CTLOC(JJ) 
TL0C4(JJ) 

DETERMINE 
CTLOC(ÜJ) 
TL0C4(JJ) 
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SUBROUTINE TRANS (CONT'D) 

78 

. I 

. i 

', I 

FIND CTLOC(NL), 
DISTRCNL). TL0C3(NL) 

IL=IL+1 

FIND SMALLEST 
CTLOC(I) 

I^IL 

IDLC=0 
CALCULATE SSCC 

DETERMINE 
CTLGCCNL) 
TL0C4(NL) 

YES 

DETERMINE TL0C4(JJ) 
CTLOC(JJ) 

CHANGE   IL TO   ILC 
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SUBROUTINE TRANS. (CONT'D) 

125 

FIND LOCO II 
ON LS(NS+1) 

FIND SSCC 
TL0C4INL), 
CTLOCCNL) 
ILC=ILC+NL 

YES 

CHANGE XL 
TOILC 

DETERMIN 
TL0C4(JJ 
CTLOC  JJ I 

j^/LS(NS+l) 
cEQOORl 

CHANGE 
NLDE,IDE(I) 

CALL MOTION 

FIND CTLQC  NL), 
TLOCl(NL) 

CHANGE LLtNL), 
LS(NS) 

DETERMINE 
ILC,CTLOC(I) 

PRINT MOTION 
DATA 

FIND CTLOC(JJ), 
TL0C4(JJ) 



,, .■,„ ■Wi.,i,i.wirTntrirrWTn-rT'M1M*™CT*<MW?ww 

80 

The Computer Program 

The computer model which is presented on the following 

pages consists of a main program and seven subroutines. 

The jobs performed by the individual subroutines are explained 

by the comment cards located at the beginning of each subroutine 

deck.  The program «as written for the Univac 1108 in standard 

FORTRAN IV and should be rarher easy to transfer to other 

machines since few machine dependent statements were used. 

One aspect of the program which may need attention is the 

random number generator.  The Univac 1108 used at the Univer- 

sity of Utah uses the function RAND(N) to assign a random 

number uniformly distributed between zero and one to any 

variable.  For example, the statement Y=RAND(N) will result 

in a random number between zero and one being assigned 

to the variable Y.  Users wishing to use the program will 

have to check the random number function for their machines 

and, if necessary, replace all the statements calling random 

numbers with statements specific to their own machines. 
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L 

DIMENSION   IXKK(20»,IXM20) 

.C«OStC,.«««A.CTP,C,L., ID, TT " Tl.«  NRHG IT' ^'^' 

*'"At>,1MOLEl,,BtTl,THiH01,NCRtW,SHÄ^p1SflÄ
TT.1MAN,ICYCLe 

C     RLAD IM CONTROL CA«OS 
Vr 

RhAÜ   94»   WRBG 
9'*   FtMMAT   (15) 

9^ Pn'}2Ar
?
/
(^R(I)' FTAmr I = i,NRBG ) yi FüNMAT ( 2F10.5) 

REAfJ   95»   RADIUS »GAMMA 
Vri  FORMAT   (   2F10.3) 

CU0SECri.l'+l59*RADIUS*RAniUS 
READ  96»   MHITS»   NACF»   NCREW»lcYCLE 

11 9o  FORMAT   (   4llu) 
READ   97»   UMAX»   TNL»   hAXSHT 

97  FORMAT   (   ÜFlg.«^   no   ) 
11 RE\0   9fl»   LOGPKT»   KM 

9*  FORMAT   (   215   ) 
Rt-rtü  9^'   CTlMc»   TUWNEt.»   HRPSH.   TO( TT 

90  FORMAT   (   ^10.3) 'UT 

äl RL-AD   100»   BINSMH»STRüNE»INSPM 
1C^   FORMAT    (   2F10.3»I5) 

NSCF=NDITS*2   +   NACF 
|| NCF=NtiIY5*2  +  NACF*2-i 

^ INITIALIZE   THL   VARIABLES 

no loi in »NO- 
DO  102  JJ=1»2 

iC»2   MAINK^JJJSO 
! DO   1C1   J=1»13 

CF(I»j)=o,o 
101   TV(I,j)=o.ü 

MKEST=0 
RLSTMHzO.O 
WAITIM=O,0 

NSHIFFzÜ 
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TüITl=9,0 
TbllZzf),*. 
TIJIT3=C.O 
THITHiO.O 
TbITb=0.n 
T^OLEl=o,o 
T.-IOLE^u.O 
TMOLL*3r.Of0 
TiURül = ü,ü 
TfilRUirO.O 
THIHUorU.C 
10=10 
ILS=0 
ILWTlüzo 
IULOS^C 
SiftlTTlMrO.O 
TSUPPTrO.O 

C 
C     WLAÜ IN CUMULATIVK PRoBABILlTr FUNCTIONS 
t 

DO 105 i=i»NCF 
RtM)   VWf   NCLAS(I) 

1^ FORMAT ( HO) 
Nvj=fJCLAS(i) 
UO 110 J=1»NJ 

110 RcAO lib» CF(lfJ)» TV(I»J) 
ICh FORMAT ( 2F10.5) 
103 COiJTJ.'MUt 

c 
C RLAO IN THE Uf-'PER AND LOWER LIMITS OF NUMBER OF MEN 
C      REQUIRED FOR E^CH ACTIVITY 
L MAM(Ifl)rLOWER LIMIT 
C MAN(I^)=UPPER LIMIT 
C 

READ ICb» MNBITL»MNBiru 
iU=NBITS 
DO 107 I=1»N1 
MAN(Iil)=MNBITL 

iC7 MAN(I»S)=MNBITU 
10b FORMAT ( 2110 ) 

N2=N1*?+1 
M3=NSCF-1 
RLAIJ 109 {(MAW(I»J)» o=l»?)» i=N2,N3) 

119 FORMAT ( 1215) 
C 
L     CALL bUbROUTliMF CALCU|V| TO OöTAlN ABSCISSA VALUES CORRESPüNOING 
C      TO CF(I) = RAND 
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t 
DU Ibü i=l»NCF 
ICF=I 

CALL CALCUM(iCf--fX) 
C 

ibC:   XX(I)=X 
C 
C     COMPUTE MANHOURS AND wüMBKK 0»- MEN AVAILABLE FÜR 1 HL ShlfT 

NbHIFTrNSHlFT4l 
Sl lFTMh=HRPSH*NCREiV 
IMAN=NCKEW 

C 
c   ii wANTtn» PRINT LOG OF OPFRAIIONS 
c 

IF (LÜ6PRT) 995#lbü»9y5 
it'}.   PKIMT 161 
iül FOKMAF ( iHl,»♦♦***LOb OF OPERATIONS*****• //) 
lü2 FORMAT ( IHO»» CLOCK UME'.5X»»COMPLETEU EVENT  »»3Xr' MAN HOUR" 

* JXr»TUNNEL LENGTH' ) 
C 
C    SEARCii FOR THL SHORTEbT LIFE üF THE UNIT IN THE SYSTEM 
L 

W5   IF ( ILS .NE. ü ) GO TG 89 
C 

CALL TPANS 

C 

C 

Ü9 CONTINUE 
IL3rlLS+l 
ALRT=XX(NSCF) 
XX{MSCF)=XX(NSCF)/bO.U 
IF ( iCYCLE ,EQ, 0) GO TO 829 

CALL MUCK 

TEiMPWTrrtTMUCK 
OÜ9 Tt-.M5TK=STRCKE 
999   lN=NSCF-l 

ILl=NDlTr>*2+2 
M=NöITS*2+l 
KK=M 
DO 170 i=lLlfIN 

17^. IF ( XX(I) .LI. XX{M)) M=I 
ITEM=M 

^ 

C    CuUNT NUMBER OF EVENTS HAVING THE SAME LIFE 

ICOUNTnU 
LLL=ITFi^-i 
MM^ITE""-»-! 
SX=XX(lTEiy) 
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If ( iTcM .EQ. KK ) GO TO 314 
ÜÜ 3U l=KK,LuL 
XI=XX(I} 
HIF=AÜ?(5X-Xl) 
IF ( CIF .GT, TOLIT ) GO TO 3x1 
iCOUNTrlCOUNT+l 
II=ICüUNT+l 
IX(II)=1 

^i,l CONTIIJUE 
IF   (   ITliM   .EQ,   IN   )   GO   TO   315 

.31'+   DO   31<>   J=MM»IN 
XI=XX(j; 
DIF=AbS(SX-Xl) 
IF { UIF .GT, TOLIT) GO TO 31^ 
IC0UNT=ICOUNT +1 
II=ICüUNT+l 
IA(II)=J 

012 CONTINUE 
^IT) CONTINUE 

NEVENT-ICOUNT+l 
IX(1)=ITEM 

C 

C     COMPUTE THE TIME FOR AOVANCINo AND TH£ DISTANCE TO BE ADVANCED 

IF (MH) 355»3b6r355 
sib6 TTMzXxdTEM) 

TFT=XX(NSCF)*XX(ITLM) 
Gu TO 757 

yob   TFT=XX(1TEM) 

TrJ|=XX(ITEM)/xX(NSCF) 
dbl   Tr'|li=TrM*NCREW   /60.Ü 

C 
C COvlPAHE  TFT  WITH  STROKE 
C 

^67   IF   (   TFT-TEMSTR)   350,^52»352 
C 
C     ADVANCE PY TEMSTR ( CASE OF TEM5TR .LT.TFT ) 

Jb2 TIM=TEVSTR/XX(NSCF) 
TMH=TTivi»NCREW/60.0 
WTLDG=CKOSEC*rEMSTR *oAMMA/20u0.0 
TFTA=TFMSTR 

C 

C 

C 

c 

CALL SUPPRT(TFTA»REQMH) 

SCCTM=n.O 
IF (ICYCLE .NE. 0) GO TO 760 
FTAD=TEMSrR 

CALL IRANS 
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GO TO 413 
/OO IF ( LS(NSW) ,EQ, o  .OR. LS^SW) .EQ.l) GO  TO 7bl 

LkTIUil 
GO TO 7b2 

7bl   Lifl/TlDrO 

CALL   TRANS 

CTIME=criNiE+WTIM 
TM0Li;^=TM0LE2fWTIM 
TpIT2=TdlT2+WTlM 
THIRÜ2=THIRD2+WTIM 

fb2.   IF ( WTLDG-TEMPWT) 75J»754»75t3 
tbi   TtMPrtlsrEMPWT-^TLDG 

DO 756 I=lfNL0C0 
7bb IF ( LL(I) .EO. NSW) oO TO 75/ 

PUINT 7Ü8 
7bfl FORMAT ( 1H0, »LOADING HAS ATTt.MP7£n WITHOUT EMPTY TRAIN AT LOADING 

i POINT») 
STOP 

/b7 JJ=I 
C TLOC(JJ)=CTLuC(JJ)+TMUCK 
TLCC1(JJ)=TLOC1(JJ)+TMUCK 
GO TO 413 

7b'+ Tt.MPWT=u,0 
ILWTIU=ILWTID-H 
IDLOAÜrÜ 

C 

c 

c 

c 

c 

CALL TPMNS 

IF ( 1DE0S .EU. 1) GO TO 520 

CALL MUCK 

TDViPWTrrtTMUCK 
GO   TO  413 

755   WTLOG=VvTLDG-TLMPWT 
TEMPWTrO.C 
ILWTIÜ=ILWTI0+1 
lüLOADrü 

CALL  TRANS 

IF ( IDLOS .Eü, 1) GO TO 520 

CALL MUCK 

TLMPW1=WTMUCK 
GO TO 760 
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'.: 

t    CHECK TÜ SEE IF THE AuVANCE CAN ÜE COMPLETED IN THE SHIFT 

Hi.?   If-    (   bHFTKH-TMH)   411f<4l2»m2 
•ii I   SHFTHH=bHFTMH+NCREW*HKPSH 

NSllIFT=NShlFT+l 
GÜ   TO   413 

412 5hFTMi|=bHFTMH-TMH 
TUNNELsTUNNEL +TEMSTR 
TiJlTl=TblTl+TlM 
TMOLEl=TMOL£l+TTM 
THlRülrTHlRDl+TTM 
CTIME=CTIME+TTM 
AV/\MH=TTM*2,0/60.C 
IF ( KFÜMH-AVAVIH) 835»835,836 

«36 WTTIM=((REQMH-AVAMIt)/fc.0)»eo.J 
SWTTlMrSWTTlM+WTTlM 
CTIME=crTME+WTTIM 
TBlT2=TbIT2+WlTIM 
TM0UE2=rM0LE2+WTTlM 
THIR02=THIRD2+WTTIM 

-* MREST=MKEST + (NCREW-^) 
RESTMHsKESTMH+WTTlM*(NCREW-2)/oO.0 
WAITM=WAITM+WTTIM 

i WTTMH=wrTIM*NCREW/60tÜ 
d9n IF ( SHFTMH-WfTMH) 830»832»83^ 

«.       o^O SHFTMH=SHFTMH+NCREw'*HKPSH 
NSHIFT=NSHIFT+1 
GO TO 890 

oJ2 SHFTMH=SHFTMH-WTTMH 
TSUPPT=TSUPPT+TTM+yvTTIM 

H GO TO f<91 
o^5 TSUPP1=:TSUPPT+TTM 

1]       ö91 CONTINUE 
! f TFT=TFT-TEMSTK 

TEMSTRrSTROKE 
IF (LOGPRT) <+öl»'+8ü,1öl 

föO PRINT lo2 
PRINT 362, CTIME, TMH, TUNNEL 

C 
C     INSPECTION 
C 

401 IF (IMAN-INSPM)450,451,^51 
'fb-^ MI<EST=IMAN+MRL5T 

RESTMHrbHFTMH+RESTMH 
IF ( IMAM .EQ, 0) GO TO 892 
WAlTM=WAlTM+{bHFTMH/lMAN)*6ü.o 
CTlME=CTIME+(bHFTMH/lMAN)*60.0 

rf92 NSHIFT=NSHIFT+1 
SHFTMHi-HRPSH*NCREW 
IMAN=NCREW 

Hol IF (SHFTMH-BINS^H) 15^,^53,45^ 
Hb2 ShFTMH=bHFTMH+NCRE^*HRPSH 

i ) 
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NbHIFT=iM5HlFT + l 
453 ShFTMHrSHFTMH-RlNSMH 

TbINSPr(niNSMH/INSPM )*60,0 
TBIT5=TdIT5+TüINSP 
C7IME=CTIME+TBlNSP 
TM0LE^=TM0LE2+TRINSP 
THlRÜ^=lHlf<D2+TPlNSP 
MReST=(lMCREW-INSPM)   tcIREST 
RtSTMH=KFSTMH+(NCREW-iNSPM)*TuINSP/60tO 
IF   (LOGPRT)   1*03»tH)i>»463 

'♦BS  PRINT   162 
PRINT «+Ü4»CTIME» DINSMH» TUNNEL 

<*bH  FORMAT (1H , Fl0.3f 5X,'  BIT INSPECTION », 3XrF10.3r3Ä, Flo.3) 

C     COUNT NUMBER OF BITS TO BE REPLACED» IF ANY 
C 

•+«3 KOUNT=0 
IF ( ID .EQ. 1) GO TO 668 
TOLSTRrSTROKE+TOLIT 
GO TO 6o9 

066 TOLSTRrSTROKE-TEMSTR+TFT+TOLII 
o69 DO 415 l=l»NülTS 

IF   (MM)   416»4l7,41b 
417   XX(I)=XX(I)*XX(NSCF) 
4i6   IF   (   XX(I)   .GT.   TOLSTK   )   GO   To  415 

KOUNT=KüUrJT+l 
K=KOUl\IT 
IbIT(K)=I 

415  CONTINUE 
C 
C     REPLACE BITS, IF ANY 
C 

Ir ( KOUNT .EQ, 0 ) 60 TO 430 
DO 420 1=1»KOUNT 
IT£M=IB1T(I) 
IF ( IMAN-MAN(ITEM»l)) 42lr42<i»423 

423 IF ( IMAN-MAN(ITEM»2)) 422»422»424 
429 LMANslMAN+MANWK 
421 MRESTsIMAN+MREST 

I RESTMHrRESTMH+SHFTMH 
* IF ( IMAN .EQ, 0) viO TO 893 

WAITM=WAlTM+(SHFTMH/IiviAN)*6C,u 
CTIME=CTIME+(SHFTMH/IMAN)*60.ü 

||       «493 NSHIFT=NSHIFT+1 
5HFTMH=HRPSH*NCREW 
INIAN=NCKEW 

424 MANWK=MAN(ITEM»2) 

a 
Is 

i i 
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IMAN=IMAN-MANWK 
GO TO 4Ü5 

Hi? MANWK=IMAN 
IMAN=0 

*+25 ITEMH=irEM+NblTS 
BMH=XX(ITEMH) 

"4^9 IF <SHFTMH .LT. RMH) bO TO U26 
ACTM=(PMH/MANrtK)*b010 
Tüm=TBIT4+ACTM 
CTlME=CTIMEfACTM 
TM0LEü=TMÜLE2+ACTM 
THIRD2=THIRÜ2*ACTM 
SHFTMHsbHFTMH-BMH 
IF ( LOtoPRT) if20»'+Ö5»420 

«+85 PRINT 1Ö2 
PRINT «406» CTIME» ÖMH» TUNNEL» ITEM 

HÖ6  FORMAT (1H » FlO.SrSX»'  BIT REPLACING  «. 3X» F1Ü,3» 3X» F10.3» 
4 3X»»üir NO,«» 13» 2X»»REPLACED») 

i+Z?  CONTINUE 
i i      C 

C     SUBTRACT STROKE FROM BIT LIFE 
L 

ii        430 CONTINUE 
I i IF ( IP .NE, i ) GO TO 670 

AA=(S TROKE-TEMSTR)+TFT 
GO TO 6 71 

670 AAzSTROKE 
b71 DO 431 I=1»NB1TS 

IF (MH .NE. 0) GO TO 432 
AA=AA/XX(NSCF) 

II GO  TO  H31 
<432  AA=AA 

1] H31   XX{I)=XX(I)-AA 

C     REPLACE BIT LIFE OF BIT REMOVtü wlITH A NEW LIFE 

i \ 

r"i 

c 

ll    c 

n C 

IF (KOUNT .EQ. 0) GO TO 438 
DO 435 I=l»KOÜNT 
ir£M=IRlT(I) 
ITEMH=ITEM+NBITS 

CALL CAuCUM(ITEMH»X) 

XX(ITtMri)=X 

CALL CALCUM(lTEMrX) 

435   XX(ITEM)=X 
•436   IF   (   ID   .NE,   1)   GO  TO  b77 

Iü-ID+1 
TEMSTR=STROKE 
GO TO 998 

ü77 ICF=NSCF 
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CALL CALCUM ( icFrX) 
C 

XX(NSCF)=X 
AüRT=XX(NSCF) 
XX(N5CF)=XX(NSCF)/60.U 
IF ( ICYCLL ,£Q, 0) GO TO 838 

C 
CALL MUCK 

C 
838 TTM=TFT/XX(NSCF) 

TMH=Tl>*NCREW/60,0 
IF ( TNL-TUNNEL) 950»950»951 

9bl IF ( MAXSHT-NSHIFT) 952»952»953 
953 IF ( TIMAX-CTIME) 95Hf951,9B7 
950 PRINT 5ü7 

GO TO 520 ^ 
9b2 PRINT 512 

GO TO 520 
95tf PRINT 513 

GO TO 520 
C 
C     COMPLtTLD INSPECTION AND REPLACING OF BITS 
t     ADVANCE BY TFT (CASE OF TEMSTK ,GE, TFT) 

450 CONTINUE 
TFTA=TFT 

C 
IF ( TFT ) 771»36i,77i 

771 WTLDG=CROSEC*TFT*GAMMA/2000,0 
SCCTM=0.0 
IF ( ICYCLE ,NE. 0) GO TO 710 
FTAD=TFT 

C 
CALL TRANS 

C 
GO TO 3Ö9 

710 IF ( LSCMSW) .EQ. Ü  .OR. LS(NSW) ,EQ.l) GO TO 701 
LWTIDsl 
GO TO 702 

701 LWTIDrO 

CALL TRANS 

CTIME=CTIME+WTIM 
TM0LE2=TM0LE2+WTIM 
TöIT2=TaiT2+WTIM 
THIRD2=THIRD2+WTIM 

702 IF ( WTLDG-TEMPWT) 70Ö»7C^»705 
703 TEMPWT=TEMPWT-WTLOG 

DO 706 I=1»NL0C0 
706 IF ( LL(I) .EQ. NSW) 00 TO 707 

C 

C 
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c 

C 

C 

C 

C 

C 

C 

C 

C 
C 
C 

C 

C 

9 0 

PRINT 7U8 
70VHOIN}.} 1H0',LOADING WAS ATTLMPTED  WITHOUT EMPTY TRAIN AT LOADING 

STOP 
707 JJ=I 

CTLOC(JJ)=CTLOC(JJ)+TMUCK 
TL0C1(JJ)=TL0C1(JJ)♦TMUCK 
60 TO 369 

70i*   T£MPWT=0.0 
lLWTlD=ILhTlD+l 
IDLOAD=0 

CALL TRANS 

IF ( IDtOS ,EQ. 1) GO TO 520 

CALL MUCK 

TEMPWTsWTMUCK 
GO TO 369 

705 wrLDGsWTLDG-TEMPWT 
TEMPWTsO.O 
ILWTIÜ=ILWTID+1 
IDLOADsü 

CALL TRANS 

IF ( IDEOS ,EQ. 1) GO TO 520 

CALL MUCK 

TEMPWT=*TMUCK 
GO TO 710 

CHECK WHETHER THE PROJECTED BORING CAN BE DONE IN THE SHIFT 

369 IF (SHFTMH-TMH) 358»359»359 
358 SHFTMH=SHFTMH+NCREW*HKPSH 

NSHIFTSIMSHIFT+1 
GO TO 369 

359 SHFTMHsSHFTMH-TMH 
TUNNEL=TUNNEL +TFT 
TbITl::TaiTl+TTM 
TM0LE1=TM0LE1+TTM 
THlRDl=THlRDi+TTM 
CTIME=CTIME+TTM 

CALL SUPPRT(TFTA»REQMH} 

AVAMH=TrM*2,0 /60.0 
IF ( KE^MH-AVAMH) 865»865r866 

866 WTTIM={(REQMH-AVAMH)/2,0)*60.0 

*™mmiii«mm&mfS!SBgi 
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i i 

n 

11 

d 

c 

CTIME=CTIME+WTTIM 
SWTTIM=SWTTIM+WTTIM 
TBIT2=TdIT2+WTTlM 
TM0LE2=rM0LE2+WTTlM 
THIR02=THIRD2+WTTIM 
MREST=MREST * (NCREW-Ü) 
RESTMH=RESTMH+WTTIM*{NCREW-2 J/60.0 
WTTMH=wrTlM*NCREW/60,0 

Ö9*J IF ( SHFTMH-WTTMH) 860»862,862 
Öb0 SHFTMH=SHFTMH+NCREW*HRPSH 

NSHIFT=NSH1FT+1 
GO TO 89*f 

d62 SHFTMH=iHFTMH-WTTMH 
TSUPPTrTSUPPT+TTM+WTTIM 
GO TO 895 

Ö65 TSUPPTsTSUPPT+TTM 
Ö95 CONTINUE 

CALL CALCUM(NSCF»X) 

XX(NSCF)=X 
ADRT=XX(NSCF) 
XX(NSCFJ=XX(NSCF)/60,0 
IF ( ICYCLE #EQ. 0) 60 TO 837 

CALL MUCK 

<*37 IF (LOGPRT) 361»360»36l 
360 PRINT 162 

PRINT 362» CTIME» TMH» TUNNEL 
362 FORMAT (1H ,F10.3, 5X. »  TUNNEL B0RIN6  .,3X» F10.3»3X,Fi0.3) C 

C    DETERMINE REPAIR TIME 
C 

361 DO 370 K=1»NEVENT 
M=NBITS*2+1 

iI N=NSCF-1 
JCOUNT=0 
ITEM=IX(K) 
DO 365 J=M»N 

i i JCOUNTrJCOUNT+1 
365 IF(ITEM ,EQ, J) GO To 366 

PRINT 367» ITEM 
i67s*TSJ ^NE^ONPTPET?ER '-'•li' 'C0ULD N0T BE F0UNB IN *"'* »"R 

STOP 
366 IR=NSCF+JCOUNT 
370 IXR(K)=XR 

C 
C    START REPAIRS 
C    MAKE AN ARRAY OF IXR(I) IN DECENDlNG ORDER 

^MK-uai^.;-.-,-:,.,'^;,1;^ 
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i | 
IF   (   NEVENT   ,tQ,   1)   60  TO  371 
DO  372   X=l»NEVENT 
IR=IXR(I) 

372  XIXRCD^XXdR) 
NA=NEVENT-1 
DO  373 J=1»NA 
M=J 
MA=J+1 
DO  37i» K=MA,NEVENT 

HH   IF   (X1XK(K)   ,GT,   XIXR(M))   M=K 
TEMP=XIXR(J) 
XIXR(J)iXlXR(M) 

i i 373  XIXR(M)=TEMP 
11 MKL=IXR(1) 

DO  8**0  KL=2»NEVENT 
n IR=IXK(KL) 

| IF   (   XX(MKL)-XX(IR))   ä40»371»ö^O 
tt40  CONTINUE 

DO  375   i=l»NEVENT 
IR=IXR(I) 

«S DO  376 J=l»NEVENT 
IF (XIXR(J)-XX(IR)) 376»377»376 

376 CONTINUE 
jl       377 IXRR(J)iIR 

375 IXX(J)=IR-(NSCF-NBITS*2) 
n DO 6<*5 1=1 »NEVENT 

IX(I)=IXX(I) 
•£      bUS  IXR(I)=J[XRR(I) 

C 
jl      371 ISUMlsO 
I 1 ISUM2=0 

C 
C    TO DISTRIBUTE MEN TO CREWS» THE BIGGER JOBS ARE ASSIGNED 
C     MANPOWER FIRST 
C 

DO 380 1=1»NEVENT 
ITEM=IX(I) 
ISUM1=ISUM1+MAN(ITEM,1) 

380 ISUM2=ISUM2+MAN(ITEM^) 
DO 500 KK=1»NEVENT 
IR=IXR(KK) 
ITEM=IX(KK) 
I=KK 
IF (IMAN-ISUM1) 381»3Ö2»383 

383 IF ( IMAN-ISUM2) 381»38«f»38<* 
382 MANAWn)=MAN(ITEM»l) 

GO TO 395 
384 MANAW(I)=MAN(ITEM»2) 

GO TO 395 
381 IF (IMAN-MAN(ITEM,1)) 390,391*392 
392 IF (IMAN-MAN(ITEM,2)) 391,391»393 
390 MREST=MREST+IMAN 

n 
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RESTMH=KESTMH*SHFTMH 
IF   (   IMAN   «EQ.   0)   60  TO  8<*6 
WAITM=WAITM+(SHFTMH/IMAN)«60.0 

1 CTIME=CTIME+(SHFTMH/IMÄN)*60.0 
8«*6 NSHIFT=NSHIFT-H 

SHFTMH=NCREW*HRPSH 
i IMAN=NCREW 

393 MANAW(I)=MAN(ITEM>2) 
, GO TO 395 

391 MANAWmrlMAN 
GO TO 395 

395 IMAN=IMAN-MANAW(I) 
I       C 

C    IF A JOB CANNOT BE HANDLED IN SHIFT» IT IS EXTENDED INTO 
C     THE NEXT SHIFT 
c 

IF (SHFTMH .GE* XX(IR)) GO TO 396 
397 SHFTMH=SHFTMH*NCREW*HKPSH 

, NSHIFT=NSHIFT+1 
IMANSNCHEW-MANAWCI) 
IF (SHFTMH ,UTf XX(IR)) GO TO 397 

396 SHFTMH=SHFTMH-XX(IR) 
WORK(I)sXX(IR) 

I bOO ACTIM(l7=(WORK{I)/MANAW{I))*60.0 
C 

] i     C    ARRANGE ACTlMd) IN ASCENDING ORDER 
! !     C 

IF (NEVENT ,EQ. 1) 60 TO 550 
DO 557 IslrNEVENT 

i»57 ACT(I)=ACTIM(I) 
NA=NEVENT-1 

n DO 551 Jsl»NA 
M=J 

u MASJ+I 
DO 552 IsMArNEVENT 

I]       052 IF (ACT(I) »LT. ACT(M)) M=I 
II TEMP=ACT(J) 

ACT(J)=ACT(M) 
I       551 ACT(M)=TEMP 

DO 558 K=1»NEVENT 
J DO 559 I=1»NEVENT 

IF (ACTIM(I)-ACT(K)) b59»558,559 
j        559 CONTINUE 
U       b58 LOG(K)=X 

GO TO 553 
n       550 ACT(l)=ACTlM(i) 

LOGd)::! 
553 IF ( NEVENT ,tQ. 1) GO TO 630 

n      C 
C 
C 
c 

REDUCE THE VALUES OF ACTIM(I) BY REDISTRIBUTING THE MANPOWER 
AFTER ACTIM(l) IS ACHEIVED 
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J=l 
DO 600 L=NEVENT»2»-1 
I=L 

620 M=LOG(I) 
IR=IXR(M) 
ITEM=IR-(NSCF-NBITS*2) 
IF <MAN(ITEM»2) .EQ« MANAW(M)) GO TO *m 
MAD=MAN(ITEM,2 5-MANAW t M) 

610 IF (MAO-MANAW(J)) 60l»602,602 
602 MTü=MANAW(wl) 

IF ( J .NE. 1) GO TO 603 
DN=WORK(M)-ACT(J)»MANAW(M)/60.0 
ÜO=MANAW(M)-l-MTB 
GO TO 60^ 

»03 DN=DN-(ACT(J)-ACT(J-in*DD/60.0 
DO=DD+MTB 

bC* ACT{I)=ACT(J)-KDN/DD)»60tO 
J=J+1 
IF (I-J) 605»b06»607 

605 PRINT 608 
608 FORMAT (IX»»RUN STOPPED BY AN ERROR» SEE STATEMENT 605 IN MAIN»! 

STOP 
607 MAD=MAD-MTB 

IF ( I .NE. NEVENT) GO TO 609 
IF ( ACr(I)-ACT(I-l)) 600»610»610 

o09 IL=I+l 
DO 611 K=IL»NEVENT 

toll IF ( ACr(K) .GT, ACT(l)) GO TO 612 
IF ( ACr(I)-ACT(I-l)) 600»610»610 

t)12 I=K 
GO TO 620 

oOb IF (ACT(I)-ACT(I-l)) bl3»if71»47l 
bl3 PRINT 614 
olf FORMAT (IX»»RUN STOPPED BY AN ERROR» SEE STATEMENT 606 IN MAIN») 

STOP 
C 
C    THE CASE OF MAD .6E, MANAW(J) IS COMPLETED 
C     THE CASE OF MAD .LT, MANAW(J) IS BEGUN 
C 

öOl MTB=MAD 
MANAW(J)=MANAW(J)-MTB 
IF (J .NE. 1) GO TO 641 
DN=WORK(M)-ACT(J)♦MANAW(M)/60.0 
DD=MANA*(M)+MTB 
GO TO 622 

621 DN=DN-(ACT(J)-ACT(J-l))*DD/60.0 
DD=DD+MrB 

b22 ACT(I)=ACT(J)+(DN/DD)*60.0 
IF ( I .NE. NEVENT) GO TO 623 
IF ( ACTa)-ACT(I-l)) 600»'*71»'*71 

b23 IL=I-fl 
DO 624 K=IL»NEVENT 

024 IF ( ACT(K) ,GT, ACT(i)) GO TO 625 
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IF ( I-(J+1)) 626»627»628 
bi>6 PRINT 629 
o29 FORMAT (IX»»RUN STOPPLD BY AN ERROR» SEE STATEMENT 626 IN MAXN»1 

STOP 
b27 GO TO ^71 
b26 IF ( ACr{I)-ACT(I-l)) öOOf^Tl»^! 
b25 I=K 

60 TO 620 
bOO CONTINUE 

Q 

C    COMPLETE THE REDUCTION OF THE ACTIMC IJ VALUES 
C     REARRANGE ACT(I) IN ASCENDING ORDER 
C 

«♦71 CONTINUE 
DO 631 L=1»NEVENT 

b31 JON(L)=0 
IM=1 
DO 632 K=1»NEVENT 
DO 633 IK=l»NtVENT 
MM=JON(IK) 

b33 IF <IM .EG. MM) IM=IM+1 
M=IM 
DO 63^ 1=1»NEVENT 
DO  63ti  N=1»NEVENT 
JJ=JON(N) 

b35   IF   (   JJ   .EQ.   1)   GO  TO  63<+ 
IF (ACT(I)-ACT(M)) 63b»63«*»63H 

636 M=I 
o34 CONTINUE 

CTM(K)=ACT(M) 
JON(K)=M 

b32 CONTINUE 
GO TO '♦T? 

b30 CTM(1)=ACT(1) 
J0^(1)=L06(1) 

«♦72 IF ( LOGPRT) 473»470^73 
H70 PRINT 162 
'♦73 DO 455 K=1»NEVENT 

IK=JON(K) 
M=LOG(IK) 
IR=IXK(M) 
J=IR-NSCF 
TCT=CTIME+CTM(K) 
RJOB=WORK(M) 
GO TO ('♦56»457»858)»J 

4b6 TBIT3=Ti3lT3+CTM(K} 
IF ( LOGPRT) 455»275»455 

275 PRINT 459» TCf» RJOB» TUNNEL 
459 FORMAT (1H » FID.3» 5X»»   BIT REPAIR   f»3X» F10.3»3XfF10.3) 

GO TO 455 
457 TM0LE3=TM0LE3*CTM(K) 
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IF ( UOGPRT) H55»276,Hb5 
^76 PRINT U60» TCT» RJOD» TUNNEL 
til  FORMAT (1H r Fl0.3»5Xr'   MOLL REPAIR   •»3X.F10.3,3X^10.3) 

GO TO «♦55 
ob« THlRD3=rHlR034-CTM(K) 

IF ( LOGPRT) H55»277,H55 
Ü77 PRINT 461» TCT» RJOB, TUNNEL 
461 FORMAT (1H »F10.3»5X,»   THIRÜ REPAIR  •»3X»F10.3»3X»F10.3) 
»♦b'j CONTINUE 

C     DETERMINE CLOCK TIME AND WAITING TIME 
C 

CTIME=CTIME-»-CTM(NEVENT) 
IF (NEVENT .EU. D GO TO 404 
NA=NEVENT-1 
BIG=CTM(NEVENT) 
DO 400 1=1»NA 
WTM=BIG-CTM(I) 
IK=JON(I) 
M=LOG(IK) 
MREST=M«EST+MANAW(M) 
RESTMH=RESTMH+(WTM*MANAW(M))/bO.0 
IR=IXR(M) 
J=IR-NSCF 
GO TO (401*40^403) » J 

401 TM0L£2=TM0LE2+WTM 
THIRD2=rHlRD2+WTM 
GO TO 400 

•+02 TbIT2=TülT2+WTM 
THIRD2=THIRD2+WTM 
GO TO 400 

403 TüIT2=TblT2+WlM 
TM0LE2=rM0LE2+WTM 

40C CONTlNUt 
GO TO 405 

404 MR£ST=MREST+(NCREW-MANAW(1)) ,. x ^n n 
R£STMH=HESTMH*((NCREW-MANAW(1))*CTM(1))/60,0 
IR=IXR(1) 
J=IR-N5CF 
GO TO (40O»407»408)»J 

406 TM0LE2=rM0LE2+CTMCl) 
THIR02=IHIRD2+CTM(1) 
GO TO 405 

407 TBlT2=TblT2+CTM(l) 
THIRD2=THIRD2+CTM(1) 
GO TO 405 

406 TBIT2=TblT2+CTM(l) 
TM0LE2=TM0LE2+CTM(1) 

C     SUBTRACT XX(ITEM) FROM XX(I) 
C     END OF REPAIRS 
C 
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l 

«♦05 ITEM=iX(l) 
M=NBITS*2+1 
N=NSCF-1 
00 490 I=M»N 

«♦90 XX(I)=XX(I)-XX(ITEM) 
C 
C     RtPLACE XX(ITEM) WITH NEW XX(iTEM) 
C 

c 

c 

DO  195  J=1»NEVENT 
ITEMsiXU) 

CALL CALCUM(ITEM»X) 

XX(ITEM)=X 
IR=IXK(J) 

C 
CALL CALCUM(IH,X) 

C 
495 XX(IR)=X 

C 
C     PERFOKM A BIT INSPECTiON IF THE MQLE IS DOWN FOR OTHER REPAIRS 
C 

DO 555 1=1»NEVENT 
IR=IXR(I) 
IÜK=IR-NSCF 

555 IF ( IDR .£Q. 2) GO TO 666 
GO TO 6o7 

ob6 10=1 
IF ( ID .EQ. 1) GO TO 181 

b6 7 TEMSTKrFEMSTR-TFT 
998 CONTINUfc 

C 
C     COMPLETED THE CASE OF TEMSTR ,GT. TFT 
C     CHECK TERMINATION VARiABLES 
C 

IF ( rNL-TUNN£L)5ö5»505»506 
506 IF(MAXSHT-NSHIFT) 5lO»510»5l5 
515 IF ( TIMAX-CT1ME) 5H»511»999 
505 PRINT 507 
b07 F0RMAT(1H1#»SIMULATI0U WAS TERMINATED BY THE MAXIMUM ADVANCE OF TH 

■*£ TUNNEL»//) 
GO TO 520 

alO PRINT 512 
512 FORMAT (1H1»»SIMULATION WAS TtRMlNATEDsY THE MAXIMUM NUMbER OF SHI 

s>FTS»//) 
GO TO 520 

511 PRINT 513 
'Jl3 FORMAT ( 1H1, »SIMULATION WAS TERMINATED BY THE MAXIMUM CLOCK TIME 

*•//) 
a20 PRINT 521 
321 FORMAT(5Xr,**********bIMULATl0N SUMMARY DATA**********»//) 

»w »■^nJcwMwaüÄjJiteWÄ-iHW 
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C 
C PRINT   TriF!   SUMMARY   OF   I HE   SIMULATION 
C 

CTIME=CTIME/6Ü.O 
WAITM=WAlTM/60.0 
TbIT5=TÜIT5/60.0 
TdITl=TülTl/60.0 
TliIT2=TbIT2/60.0 
TciIT3=TÜlT3/60.0 
TUIT^sTblT't/eo.O 
TMOLE1=TMOLE1/60.0 
TMOLE2=TMOLE2/60.0 
TMOLE3=rMOLE3/60.0 
TrtIRDl=THlRDl/ftO.O 
THIR02=THIRD2/60.0 
TMlRD3=rHlRD3/60.0 
TSUPPT=TSUPPT/60.0 
SrtTTlM=bWTTlM/60.0 
PRINT 525 

D25 FORMAT (IX»»CLOCK TIML•»3X»»NO. SHIFT1,3Xf»TUNNEL LENGTH»»3X» 
* »MH ON REST»»3X»»IDLt TIME»»2X»»BIT INSP HR» //) 
PRINT 526» CTlME»NSHlFT»TUNNEi_»RESTMH»WAlTM»TBlTb 

526 F0RMAT(lX»Fl0.3»6X»l5»*+X»Fl0,Of6X»Fl0.3»2X»F9.2»2X»F10.3 ///) 
| 11 PRINT 527 

b27 FORMAT {l3X»»hR WORKED»»3X»»HK WAITED»»3X»»DOWN TiME»»3X» 
» »REPLACING HK» //) 
PRINT 528» TBlTl»TEJIT«i»TölT3»TriIT<* 

528 FORMAT ( 10H BIT     » 3F12.3» 3X, F12.3) 
PRINT 530» TM0LEl»TM0LE2»TM0Lt3 

ij3r FORMAT ( 10H MOLE     , 3F12,J) 
PRINT 53l»THlRDl»THlRü2»THlRD3 

S31 FORMATdOH THIRD    » 3F12.3) 
PRINT 897» TSUPPT»SWTTIM 

a97 FORMAT (» TOTAL SUPPORTING TLviEr», F^2.3/, •»♦ TOTAL TIME DELAW 
*BY THE SLOWER SUPPORTING SYSTEM=», F12,3) 
lUEOSsl 

C 
CALL TRANS 

C 
STOP 
END 

COMPILATION:     NO DIAGNOSTICS. 

r 
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SUBROUTINE CALCUM(ICFrX) 
COMMON WTMUCK»WTlM»NLÜCO»TMUCK»KMAX»NCARS»LCLAS»NÜC»ACCMAX» 

't>V£LiVIAX»UP:CEL»N5C»Dl»AFTrHAUL»iMSECS,NSW,WTCAR»FCAR»TPM»ADRT, 
'i>CF^öSEC»ÖAMMA,CTlME»LWTIO»TTM»TNL»TlMAX,NRRG»lLS» 
*CFrt (13) »FTA (13)»NCL.AS (120) »LU UO) f CTLOC (10),TLOCl (10)» wTLOC (10)» 
*FLOCO(lu)»G(100)»D(100)rDS(10)»WTLOAD(10)»SPEED(10)»LOAD(10)» 
i)ÜISTH(lU)»TlML(10)»TSrOP(10)f lPASS(l0)»WTTRN(l0)»CFL(13)rCFÜ{13) 
*Cl(13),WTL(l3)»nSTOP(10)»ST(13)»CFS(l3),TLOAD(l0)»TDüMP(l0)» 
*  CF(l20»13)»TV(l2C»13)»T(10r30)»S(l0»30)»L5(20)»ILWTIÜ 
,«>»iUL0AD»SCCTM»TßIT2»TM0LE2»THlRD2»DELTH»l0EOS»TNLT 
t»FTADrTMOLEl,TBlTl»THiRDlrNCRt«/»SMFTMHrHRPSH»NSHIFT»IMAN»ICYCLE 

1 IJ 

C 
C     SUdROUTlNE CALCUM DETtRMlNES A^ ABSCISSA VALUE ON A CUMULATIVE 
C      PROBABILITY CURVE COKRESPONOiNG TO A GIVEN RANDOM NUMBER 
C     liETWEEN 0.0 AND 1.0 
C 

I = ICF 
YsRANDfN) 
JN=NCLAS(I) 
DO 100 J=1»JN 
IF (CF(I»U) .LE. Y .AWD. CF(I»vJ+l) .GE, Y) GO TO 102 

ICO CONTINUE 
PRINT 1'J3» I,YfJN 

1C3 FURMAT (IX»»I Y JN AT 103 IN cALCUM»» 15» F10.8» 110) 
PRINT lil 

111 FORMAT (IX»»RUN TERMINATED BY ERROR IN SEARCHING THROUbH THE CF(I, 
iJ)M 
IF ( JM ,GE, 100 ) GO TO 113 
PRINT 112 ( CMI»J)» wi=l»JN) 

112 FORMAT ( 3F18.8) 
113 STOP 
102 X=TV(I,d)+(TV(I»J+l)-TV(I»J))*((Y-cF(I»J)>/(CF(I»J+l)-CF(I»J))) 

RETURN 
END 

COMPILATION;        NO  DIAGNOSTICS. 
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100 

SoBRObTlNE   SUPPRT   (   THTA»REOMH   ) 

COMMON l«TMUCK»WTlM»NLuCO»TMUCK»KMAX»NCARS»LCLASrNUC»ACCMAX, 
,t.VtLMAX»ü[:CEL»NSC»01»AFT»HAUL»l^E"CS,NSW,WTCAR»FCAH»TPM»AÜRT» 
KKOSLC,öAMMA»CTlMh»LW(ID»TTM»rNL»TlMAX,NRBG»lLS. 
:bCFR(l^)»FTA(lä)»:vlCLAS(i20)»LHlO)»cTLOc(10)»TLOCl(10)»wTLÜC(10)» 
,fcFLOCO(lü)»G(10O)»D(l0Ü)»DS(10)»WTLOAO(l0)»SPEED(lÜ)»LOAü(10)» 
*DlSTR(10WTlML(10)»TSrüP(lO),TPASS(10)»WTTRN(10)»CFL(l^)»CFü(13)» 
*CT (13) ,WTL(13) iDSTOPUO) »STdi) »CFS(13) »TLOAD(IO) »TDUMP(lö), 
*  CF(l2C»lJ)»TV(l2C»l3)»T(10»3y)»S(l0»30)»LS(20)#ILWTIU 
i>»IÜL0An»5CCTM»TJlT2»Ti^0LE2»THiRD2»DELTH»lDE0S»TNLT 
*»FTAD»TMOLEl,rBlTl»THlRDl.NCRtW»SHFTMH,HRPSH»NSHIFT»IMANrICYCLE 

C 
C     SUBROUTINE SUPPRT UETLRMINES THE MANHOURS OF TIME REQUIRED TO 
C      COMPLETE THE SUPPORT WORK FOR ONE UNIT OF ADVANCE OF THE TUNNEL 
C 

SPMHrü.ü 
RtQMHsO.n 
NFTR=Ils!T(TFTA+0,U) 
IF ( NFTR .EQ. 0) GO TO 100 
DO 10 1=1»NFTR 
Y=RANU(N) 
DO  20 J=l»NRtjG 

20 IK ( CFK(J) ,LE. Y  .MND. CFR(J+1) .6E, Y ) GO TO 30 
PRINT 21 

21 FORMATUXf'CFRm-FTAd) UlAGrtAM HftS INCORRECT INPUT DATA») 
STOP 

3' 5PMH=FTA{J)+(FTA(J+1)-FTA(J))*({Y-CFR(J))/(CFR{J+1)-CFK(J))) 
in R^QMH=REOMH+SPMH 

100 RETURN 
EiJD 

COMPILATION: WO   OIAGCJOSTICS. 
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SUÜRÜUTINE   MOlION(NUiviS) 
COMMON WTMUCK»WTIiM»NLuC0»TMUCK»KMAX»NCAR5»LCLAS»NL)C»ACCMAX, 

*Vü:LMAX,üFCt:L»NSC»Ül»Ar-7»HAUL»N,oECS»NSW,WTCAR»F"CAK»TPM»AUUT, 
*CRÜSt:c»öAHMA,CTlM£»LWllD»TTM,HvlL»TlMAX,NR^G»lLS» 
*CFR(15)»FTA(l3)fNCUAS(l20)»LLaO)»cTLOC(lÜ)»TLOCl(10)»WTLÜC(10)» 
tFl.OCO(lu)»G(lü0)»O(l0J)»DS(10)»WTLOAO(10)»5PEtü(10)»LOAD(iO)» 
4DISTR(lü)»TlML(10)fTSTOP(10)»lPASS{10)»WTTRN(lÜ)»CFL(l^)»CFO(13) 
,t.CT(13),WTL(l3)»OSTOP(lÜ)»ST(l^)»CFS(l3),TLOAD(10)»TDUMH(lO), 
*  CF(laC»13)»TV(l20»l3)»T(10»3ü)»S(l0»30)»LS(2ö)»ILWTID 
*»IÜLÜAD»SCCTM»TBir2»Ti'i0LE2»THiRD2»DELTH»I0E0SrTNLT 
4.»FrAD»TM0LElrT:nTl»THlRDl»NCRL^»SHFTMH»HRPSH»NSHIFT»IMAN,ICYCLt 

C 
C     SUBROUTINE MOTION MOVtS A TRAIN FROM ONE SWITCH TO THE NEXT 
C 

'JIMENSIUN SGL(IO) »MSS(IC) »GREV(IOO) »DREV(IOO) »ÜSREVUÜ) 
U    c 

C     R£VERSf PERTINENT VARIABLES FoR LOADED TRAINS 

IF ( LOAD(NL) ,EQ. 0) GO TO luü 
NNN=C 
IF ( ü{NSECS)-DELTH) Öl5»816»til6 

IJ 
[1 «ilb   NS£CS=MSECS-1 
Li NNNsl 

ttl6   ÜÜ   101   I=1»NSECS 
n IH£V=NStCS-(I-l) 
11 GR£V(1RLV)=-G(I) 

lül   üREV(IR£V)=D(i) 
DO  99   I=1»NSECS 
G(I)=GREV(I) 

i4 99   Ü(I)=üREV(I) 
ÜÜ   102   i=l»NSA 
J=NSW-(I-1) 

If 102   DSR£V(I)=HAUL-DS(J) 
DC   98   1=1»NSW 

n 98   üb{I)=DSREV(I) 
N 100   SbTrO.O 

SGL(l)=tJ(l) 
MSS(1)=1 
SüL(risw)=o.ü 
MSS(NSW)=0 
N9=NSW-1 
DO   103   I=2»N9 
oo lO^ j=i»Nstcs 
SbT=SST+0(J) 
IF   {SST-nS(I))   lD^»10o»107 

j 106  SOL{I)=ü(J+l) 
LJ MS5(I)=J+1 

GO  TO   Iü3 
107  SGL{I)rSST-DStI) 

1 MbS(I)=J 



ii 

102 

GÜ   TO   lu3 
104   CONTlNWt 
l.)3  COivlTINUt 

Tli»'E(NL)=0.0 
TSTOP(ML)=0.0 
ri>ASS(Mu)=0.0 
OSrOP(NL)=0,ü 

C 
C     START LOCO IN MOTION 
C 

IF ( LOAn(NL) .EQ. 0) 60 TO 86 
JI<=NSrt-(NS-l) 
N3=JR 

til'   SLEFT=nb(NS+l)-DS(NS) 
GLE:FT=SGL(NS) 
MM=MSS(NS) 
FKFC=(   FLOCO(NL)*WTLÜt(NL)+(   äTLOAD(NL)+WTCAR*NCAKS)*FCAR) 

IF   (   LOAD(NL)   .EQ.   I)   GO   TO  7/7 
WTTRN(NL)=WTLüC(NL)+   IMCARS*WTCAR 

/77   GFC={   2ü.0*G(MM))*WTTKIM(NL) 
REv3TF=FRFC+QFu 
IF   (   bP£FD(NL)    )   110»liO»lll 

" HO   AVATF=(T(NL»l)+T(NLr2))/2.0 
IüO ACCFC=AVATF-RC:QTF 

[| ACCR=ACCFC*32,2/(WTTRIM(NL)*20üO,0) 

II IF   (   ACCR   )   115»llb»li7 
llr>  Tu=0.0 

n 00=0.0 
IF   (   SPEED(NL))   13U»1^Ö»131 

L! liC   IF   (LüAU(NL)   ,E0.   1)   GO  T?)   13^ 
PRINT 133r NL»MM»G(MM)»ACCR»WTLOC(NL)»WTLOAD(NL)»WTCAR»NCARb»FCAR, 
4WTTRN(ML)»FL0C0(NL)»FRFC»GFC»KEQTF»AVATF»ACCFC»T(NL»1)»T(NL»2) 

!      133 FORMAT ( 1HO»'LOCO N0.=»» 13» 'WITHOUT LOAD CANNOT NEGOTIATE SECil 
40li NUMRcR '»m /• •»3A»»GRAD£=,»F10.^»3Xr,ACCR=»»Fl2.'+ /• •, 
t 3F1G,2» 15, 3F10,2 /• »»7F12.3) 
STOP 

132 PRINT lil» NL»MM,G(MM)»ACCR»WTLOC(NL)»WTLOAD(NL)»wTCAR»NCARS»FCARl 
1» WTTRiM(NL)»FLÜC0(NL)rFRFCrGFC»^EQTF»AVATF»ACCFC,T(NL,l)rT(NL»2) 

13M FORMAT ( lH0»•LOCü=,» 13»»WITH LOAD CANNOT NEGOTIATE SECTION NUMBE 
' 4R '»li» /' '»SX» »REVERSED GRADt=» »F10.'+»3X» • ACCR=» »Fl2.'+ /» »» 

% 3F10.2» 15» 3Fin,2 /' »» 7Flki.3) 
STOP 

131 IF ( GLfcFT-SLEFT) 135»135»130 
13b IF ( SPEE0(NL)-S{NL»2)) 136»13ö»137 
136 AüEC=-ACCR 

TTD=SPFED(NL)/ADEC 
1 Tül)=SPFED(NL)»SPEEU(NL)/(2.0*MÜEC) 

Tü=TDfTTD t 
DÜ=TOD+üD 

! IF ( DD-6LEFT) 130»13ü»138 
138 DTR=Dü-üLEFT 

n Tü=TD-TTO 
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ÜJ=no-TüD 
SP=SPte.ü(NL) 

AbA=:SPFLD(NL)*SPEEü(Nt.)-2.0»Äüt:c*DTr< 
Ii- ( ASA ) 26A»261»26^ 

^ol PKINT 2ö3»ASA 

U      aü3 FORMAT (IX,.VARIABLE AiA IN MOTION HAS NEGATIVE SIGN», FlO.i, 

j        <ib2 CüfJTlNUt 

I ^1:EÜ(NI-)=SQ«T(SPELÜ(WL)*SPEEU(IML)-2.0*AOEC*DTR) 
Tri=(br-5PEED(NL))/A0tC Aücc*jm) 
TUlrDrP 

j D1=ÜÜ+TU1 
!l Tl=TO+Tri 

Gu TO 151 
137   AucC=-ACCR 

II ^*=5PtFU(NL) 
N7-KMAX-1 
HO   13y   i=l,N7 

11 L-    IJ;    (   ^t,rD<NL)-S(NL»I))   I39rljg,b0 

PH INT   Wl,   SPtEO(NL)rwL 

'^.^r^  J^^^s;:^1^^^  L0C0 ^-'"..COUL.  N0T  bE POU. 
fi 31OP 

. W   KK=I 

TTÜ=(   SPEED(NL)-S(iJLrKK))/AD5-C 

Tü=T0^0D(NL,*SPEE0(('L,"5(N^ 
üü=OfJ+TL)n 

Ms^:KTKn;K4!,;::s;KKti,-T,''L>KK,,'(spEfn'^'-^^.KK))/ 
I ^PEEU(NL)=S(NL.KK) 
j AVATF=(AVAl+T{NLrKK))/2,0 

AtCFC = /yVATF-RLQTF 
AtCR=ACCFC*32.2/(WTTRiM(NL)«20üJ.Ü) 
IP    (   ACv^)   I3b»1^3rl*m 

i^^   Ir    (   ACCMAX-ACCR)   990r991»99i 
^V?   ACCf?=ACCMAX 

y91   SPEED{NL)=S(NL»KK)+ACCR*{S(NLrKK+1)-S(NLrKK))/(AütC+ACCR) 
! T^l=(bPtED{NL)-S(NL»KK))/AÜEC ^'//v«ütC+ÄH-Ki 

?ü^SIU(NU*5WD(NL,'S(NL'KK,*S(NL'KK,,/(2-O*^^^^ 
| Dü=Oü+ODl 

143 Ta2=((,ULFT-DD)/SPEED {.MD 
DL)2r{oLEFT-DD) 

n Ül=DD+nü2 
Ü T1=TD+Tü2 

GO TO lol 



lO.'t 

c 

C CALCULATT   THL"  C/\SE  OF  ^ERO   ACCELERATION 

ilt^   IF   (   SPEED {NL))J.3C»l3t» lib 
1^5  J1=GLEFT 

Tl=GLLFr/SPEEU(NL) 
SP=SPEEJ(NL) 
GO   TO   Ibl 

C 

C CALCUJ.ATE  THE  CASE  OF  POSITIVE  ACCELERATION 

117   IF   (   ACCR-ACCMAX)   1^6»m6rlif7 
147 ACCR=ACCMAX 
146   N7=KMAX-1 

üü   md   Islrivjy 
IF    (   SPEED(NL)-S(NLrI))   l48»5i»5i 

bl   IF   (   SPcFU(NL)-S(:vlLrI+l))   150,140,ma 
148 CONTINUE 

PRINT .l4gnNL,i>PEEfJ(NL) 
149 FORMAT ( 1HO,'LOCO NUWüER»,13»' MAD BAD INPUT DATA OF SPEEn =.,Flü 

STOP 
ibC KK=I 

Tl=(S(ML»KK+l)-SPEED(WL))/ACCK 
Dl=Tl»(SPEED(NL)+(Tl*(ACCR/2,o))) 
02=GLEFT 
VV=SPEEü{NL)♦SPEED(NL)+2.0*ACCR*D2 
T2-(SuRf(VV)-SPEED(NL))/ACCR 
IF ( ul-n2) 3bl,152,lü2 

ib2  D1=D2 
T1=T2 
SP=SPEEU(NL) 
5FJEED(ML)=SP+ri*ACCR 
GO TO IDI 

JbJ SP=SPEEü(NL) 
SPEED(NL)=S(NL»KK+1) 

ibl DSTOP{NL)=SPEED(NL)*SPEED(NL)/(2.0*DECEL) 
lb2 rUSTR(ML)=DlSTR(rJL)+Dl 

TIME(NL)=TIME(NL)+T1 
GLEFT=GLEFT-oi 
SLEFT=SLEFT-ül 
IF ( SLEFT-O.b ) lb4,ib^,'JO? 

b07 IF ( bLEFT-0,5 ) 156,156,157 
156 MM=MM+.l 

GL£FT=n(MNi) 
GFC=(20.0*0(MM) ) *WTTR|y|(NL) 
RLOTFzFRFC+GFt 

ill CONTINUE 
lb7 IF ( SLEFT-GLEFT) 501,501,500 
aCl IF ( üSTOP(NL)-SLEPT) 502,503»154 
302 IF ( SPEED(NL)-VELMAX) 506,50b»505 
i>C5 Dl=SLEFT-DSTOP{ML) 

SP£ED(ML)=VELMAX 
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Tl-Di/5PEEÜ(NL) 
TlME(NL)=TIME(NU)+ri 
DISTR {ML) =11 IS I H (NL) +01 

^v3 TbTOFJ('JL)=SPCLl)(NL)/()LCEL 
TPASS(ML)=ÜST0P(NL)/SHEEÜ(NL) 
öü TO UuS 

^06 GLLFT=SLEFT 
GU TO BU^ 

SC"i COUTINUL 

IF ( bPt.ED(NL)-VELMAX) 15Hr21o»2l6 
^16 SPEED(NL)=VELMAX 

GO TO U6 
ibr' DO 159 K=1»KMAX 

IF   (   SPtEDfND-StNL.KJ)   159»5*;»52 
J*;   If-    (   bPtFD(NL)-S(l>IL»K + l))    160»159,159 

159  CO.MTIIMUL 

.,   rllli7   lolt   HU   SPEED(WL) MS(NL»K),   K=1,KMAX) 

STOP 
loO   KK—K 

^^L;KTK"i;-s!NUK*rK+1,'T,NU'<K,,*,sPEEn(NL,-i,NL'Ks''/ 

AVATF=(AVAl+T(NL»KK + in/2,0 
GO   TO   \ZO 

i5'i SLEFT=;pi+SLEFl 
0THD=(D1+DST0P{NL) )-Si-EFT 
If- ( ACCR ) ^üO»'401»'+üÜ 

«♦oi Di=ni-orRD 
DI3TR{Nu)=DlsrR(NL)-0TRD 
TIME (Ni.)=TlME(NL)-Tl 
T1=D1/SPEEÜ(NL) 
TiME(NL)=TlME(NL)+Tl 
TSTOP(ML)=SPEL0(ML)/DfcCEL 
TfASS(NL)=DSTOP{NL)/SPEED(ML) 
GO TO t|U5 

HOC V2= {2. 0*5LEFT+SP*SP/ACCR) ♦ (ACÜ^DECEL/(ACCR+DECEL)) 
411 -  -V; '   »*. -»'♦la 
413 

•t 
STOP 

412 5PEF0(ML)=SQRr(V2) 
DXSTH(ML)=DISTR(ML)-Di 
TIME (Nu)=TlME(ML)-Tl 

DSTOP(WL)=SPELD(NL)*SPEED(NL)/(2.0*DECEL) 
Dl=(SPEED(NL)»SPEED(NL)-SP*SPj/(2,0*ACCR) 
DISTR(NL)=DlsrR(ML)+Dl 
Tl=(SPEED(NL)-5P)/ACCK 
TIME(rjL)=TlME(NL)+Tl 

ibb TbTOP(NL)=SPEED(NL)/DtCEL 
TPASS (Mt.) =DSTOP (NL) /SPEED (NL) 

4Üb IF ( LOADiNL) ,EQ. 0) GO TO 4b5 

IF ( v? ) 'lli^ia^ir —^uMMt^+ütue.LM 

PKINT «13, V2rSP,SPEEU(NL)»ACCi<»SLEFT»Dl»UST0P(NL) 
FORMAT (IX»»72 IM MOTION MAS NEGATIVE VALUE'/» .,2X» 
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D 
NS=NSrt-NS+l 
0Ü 861 1=1»NSLCS 
IR£V=NS£CS-<I-1) 
GHEVCir<tV)=-6n) 

00   8öi>   l = l»NStCS 
G(I)=ütVLV{l) 

öoe n(n=uRtv(i) 
DU  «öj   1=1»NSW 
J=IJ5lN-(i-l) 

OOJ  DbKEV(I)=HAUL-US{J) 
Du   Aof   i=l»NSrt 

dfc.«4   U&{I)=DSREV{I) 
IF ( urn .£a. 0) 0° To '♦ss 
NS£CS=NbECS+l 

•4bf)   KtiTüRN 
END 

CüMHiLMTlOW:        NO  DIAGIMOSTICS, 

CÜMMO.M «TMUCK,WTIM»NLOCO»TMUCKiKMAX»NCARS»LCLAS,^ACCMAX, 
SU3KÖUTINE LOADNG(NL) 

11      ^BBB^^i^^^^^^'^'^ 
c 
c 

n 

SUUROUTiME LOADNG SIMULATES ThE LOAUlNG OF THE TRAIN 

TLÜAD(r!L)=ü,0 
WTLOAJ(NL)=0,0 
Y=RAWU(NJ 
NL>=MSC-1 

6.   IF   (ÖCFsU)6fLT.   Y   .AND.   CFSd^l)   .GE.   Y   )   GO  TO  hi 

u2  FORMIT^  2X,.STOPPED  üY   AN  ER.<OR   IN  SEARCHING  THROUGH  CFS(I)M 

61   TSW=ST(K)+(ST(K+l)-STlK))*((Y-CFS(K))/(CFS(K+l)-CFS(K))) 

TLOAD(ML)=TMUCK+TSw' 
WTLOAU{(ML)=WTMUCK 1^.kl. , 
WTTRN(ML)=^TLüAD(NL)+UCARS*WTC;AR+WTLOC(NL) 

L0AD(NL)=1 
RETURN 
ENÜ 

COMHILATIOMJ        NO  DIAGNOSTICS. 
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D 

*FLOCO(lü).G(lü0).O(l0ü)»DS(10   »WTL^ 

, - SU'iRÜUTiNt  DUMP  SIMULATES   THE   DUMPING  OF  THE   TRAIN 

M       ^ lJ Y-I<ANU(IX») 
Nb=NCC-l 

II IOC TF   "cPmii^LT.   Y   .AHO.   CFD(ün)   ,6E.   r>   GO  TO  110 

I, ur. ZZ"Vm• iNCnSMpl;.6
Jc?CL°CRAND=..no.e. ax.-CANNOT aE FOUNU- 

I ] h/'   ♦»   3F10.6) 

UG   ™MP(NL)=CT(J) + (CT(J+l)-CT(J))*((Y-CFO(J))/(CFD(J+l)-.CFD(J))) 

I 1 LOAD(NL)=0 
•J RETURN 

END 
n 

COMPUATION; wo   rji AGNOSTICS, 

! 
I 

i 
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c 

c 

sumouriHE MUCK 

■^Ti   ÄJ^K'WTlMfNLÜC0'TMUC^'K'lAX»NCAKS»LCLAS,Nl)CrACCMAX, 

*a-K(13)rFTA(lJ),NCLAS(120)rLL(10)»CTLOC(lC)rTl.OCl(10)»«TLOC(10)» 

*t)l3Th(lo)fTlML(10)»TSr0P(10),|PASS(10),WTrRN(10),CFL(lö).crnn3l 

*fiüLÜAC.fSCCTM»TF?IT2»TM0LE2»Tlli«D2?oELTH»IDFOS,TNLT 
*»KrADr7M0LEl,rRlTl,ThURDl,MCRLW»SHFTMH,HRPSH»iMSHIFT»lMA|MrlCYCLE 

SUÜRÜUT1NE   MUCK   DLTERHINES   Tile   WEIGHT   OF   THE  MUCK  LOADtQ   INTO   THE 

AFTrCO 
Tr.lUCK=0.0 
WTMUCKzu.Ü 
H^=LCLAS-1 
Ü0   10   T=1»NCAKS 
Y=HANU(IM) 
00   20   J=1»N3 

^  PKlNT^b!   I11'   Y   '™D'   CFrL(J+1)   •<*•   Y   '   f30  TO  30 

'^lÄ^ai;,1'  ™E  L0ADING  CYCLE  RAND="   F10.6.2X, »CANNOT  BE  FOU 
PRINT  2b   (   CFi.(K)»   K=lrLCLAS) 

26  FORMAT   (   F12,b) 
STOP 

So  wT''JIM=|fl)TL(J) + (WTL(J+l)-WTL(J))*((Y-CFL(J))/(CFLtJ+l)-rP. / n». 1^   WrMUCKrWTMUCK+WTMM fl-W) ^ lCFL(J+l)-CFL{d} ) ) 

TPl1=AüRT*CROSeC*GAMMA/ (60, 0*2^00.0 > 
mJCK=WTMUCK/rPM 
AFTsAuRT*TMUCK/6a.0 
RETURN 
Ei'vli) 

COMPILATION:     ^O DIAGNOSTICS. 



109 

SUBKOUTINtf. TRANS 
DIMENSION CFMbd^) »TMö( 15) »CF,")^( lb) »TMD (llJ) 
DlMENblON LLW(IO) »LC(IO) 
DI^FNSTüM TLüC2(10)»TLOC3(10)»TLOC4(.lÜ)r 
tLW{iO)iIA{lO)»inE(10)»lDL(10) 

Cüi^lMÜN  i«TMUCK»WTlMiNLOCO»TMUCA»KMAX»NCARSM..CLAS»Nl)C»ACCMAXf 

*VELMAX,üECELfNSC»ül»AfT»HAUL»NSEC5,NSWfWTCAR»FCAK»TPM»ADKT, 
*CiWSELfüAMMA,CTlMEfLWriDfTTMf,TNL»TlMAX,NRHG»ILS» 
bCRm3l»FTA(i!i)»NCLASll20)»U,llO)»CTLOC(lü)»TLOCl(10)»WTLOCllO)» 
tFLOCÜ(lü)»e(löO)»U(lOÜ)»DS(10)»WTLOADUO)»SPEEO(lO)fLOAU(lO)» 
bi)ISrR(1w)»TlMt(ie)»TSTOP{lJ)»ri,ASS(10)»WTT«?N(10)»CFL(l^)»CFü(13), 
SCT(13),'wTL{l3)rD5TUP(iÜ)»ST(l3).CFS(l3)»TLOAD(10)»TOÜMKClO)» 
•b  CF(120»13)»TV{120»13)»T(10»3U)'S(IO»30)»LS{20)»ILWTID 
•i»IOL0An»SCCTM»TRlT2»TH0LE2»THiKü2,DELTn»IÜEOS»TNLT 
*,FrAD,Ti"lOLEl,TBlTl»THARDi»NCRt.vJ»SHFTMH,HRPSH»HSHiFT»IMA|M,lCYCLt 

C 
C 
c 

C     SUBROUTINE TRANS CONTROLS THE SIMULATION OF THE MATERIAL^ HANDLING 
C      SUBSYSTEM 
L 
C     REAO IM CONTROL CARDS 

If- ( iCYCLE ,NE. 0) GÜ TO 650 
IF ( iDtOS .EU. 1) GO TO 699 
IF ( 11.S .NE, 0)   GO TO 65P 

READ IN INPUT DATA FOr< CONTINUOUS MATERIAL HANDLING SYbTEM 

READ 653» EFFCSA»FLUVcL»GMUCK 
653 FORMAT ( 3F10.3) 

READ 054» NCPTS 
t>b1 FORMAT (15) 

READ b55 ( CFMS(I)»TMSII) t   I=1»NCPTS) 
ob5 FURMAT ( 6F10.3) 

READ 654» NCST 
READ 65b ( CFMD(I)»TMu(I)» I=i»NCST) 

C 
c 
C     INITIALIZE VARIABLES TO ZERO 
c 

SPWT=Ü,J 
TBELT1=0.0 
TBELTiro.Ü 
ri3ELT3=Ü.O 
Dn/NTMsO.O 
SJMDLYrO.O 

C 
C     CALCULATE PWT AND SPWT 
C 

Y=RANü(N) 
DO  656   I = 1»NCPT5 0      ^  T/4     „_ 

b56   IF   (   CFMS(I)   ,LT.   Y      .AND,   CF.^Sd + l)   .GE.   Y)   toO  TO  6b7 
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PKINT  fö8»   Y 

obB  FURMAT   (IX,T<ANn=»,   F12.6,3X,»CANNOT  bE   FOUND   IN  CFMb-lMb  CURVL» 

SPWT=bPrtT+HWr 
IF   (   iLS   .EQ,   0)   GO  Tu  701 
PKINT  2ö 

d&  FORMAT   (   '      ILS   WAS  NUT   ZtRO») 
STOP 

obi   CAPMH=FFFCSA*FLUVEL*GhüCK/200ü.O 
TPM=AüRT*CROS£G*GAMMA/(60,0*2u00.0) 
MOTM=hTAD»60,0/ADRT 
IF   (   CAPMH-TPM)   659»öoÜ»660 

u COUNT   TIME  DELAYED   ANU  MH  WAIlEO  DUE  To  HANDLING  SYSTEM 

öb9  AuJTPMrCAPMH 
AMOTM=MOTM*TPM/AnjTPM 
DIFTM=AMOTM-MOTM 
SUMDLY=SUMDLYfDIFTM 
CTIME  =CTIME+üIFTM 
TüiILTlrrBELTl+DlFTM 
TiiITl=TÜITl+DlFTM 
Ti^lOLElzTMÜLEl+niFTM 
FulRDlrTHIRDlfDIFTM 

n ßiFMH-DIFTM*NCREW/DO,o 
o77   IF   {   SHFTMH-D1FMH)   673,676»67u 
o7'j  S|lFTMti=«iHFTMH+NCREW*HKPSH 

NSHIFT=NSHIFT+1 
GO   TO  677 

o7b  SHFTMHrSHFTMH-DIFMIi 
TuELTtirrBELTafDlFTM 
MOTM=AMüTM 

obO   IF   (   SPriT-MOTM)   661»6o2,662 
•jol   MOTMSiviOTM-SPWT 

TdELTlrTOELTl+SoWT 
5PrtT=0,u 

C 
C Mil  FOR   REPAIR 
C 

Y=RANü(|\|J 
DO  663  j=l»NCST 

065 PRlNTC6o5!JY   ,LT,   Y   ,AND,   CFMLj(Jn)   ^E.   Y)   Gü  TO  664 

oo^  FORMAT'(   iXr.RANOr»»   F12.5»3Xr»NEVER  ÜE  FOUND   IN  CFMD-lMü») 

c   o6'f  D.NMII=TMr)(J) + (TMD(J+l)-TMD{j),*((Y-CFMD(J))/(cFMü(Jn)-CFMD(J))) 

C CALCULATE   DOWNTIME 
C 
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oca   IF   (   SMFTMH-DrtNMll)   bbuft67*(,6i 
obis   DwNrih-CwNMH-SHFTMH 

IF   (   I^AN   ,EQ,   0)   GO   10   Ö56 
DivfJTMiSHFTMH+bO.O/IMAiM+DWNTM 

öbb   SHFTMh=iMCr<EW*H«PSH 
NSHIF1=NSH1FT*1 
IWANslMCKE'rt 
GU   TO  6b8 

C     DETERMINE TbEuTl AND WAITING llMES 
i C 
i ob7  SHFTMH=SHFTMH-DWNMH 

Ort?gTM=prtNTM+Difl/rJMH-J'oO,a/IMAN 
TüELTj=TnELT3+DWNTM 
CTlME=CTIME+DrtNfT^ 
Tuir2=TUlTÜ+DWNTM 
r^10LE2= rMOLE2+niAfiMTM 
ThlRDüzrHiRD2+nWNTM 
ÜkvNTM^n.O 

c 
c CALCULATE PWT AND SPWT 
c 

Y=RANü(N) 
DO  oby   I=1»NCPTS 

069 IF   (   CFMR(I)   .LT.   Y   .AND.   CFMMI + l)   .GE.   Y   )   GO  TO  670 
PRINT   6t>8»   Y 
STOP 

070 ^^:TMS(I) + (TMS(I + l)-rMS(I))*((Y-CFMS(I))/(CFMS(I + l)-CKMi3(i,)) 

SPWT=bPrtT+PWT 
Gu TO Ao.T 

ob;. SPWT=bPrtT-MOTM 
TuLLTisTBtLTl+MOTM 
M0TM=0,v 
GO TO 7J1 

C 
C     PRINT SUMMARY OF CONTINUOUS MMTERIAL HANDLING SYS I EM 

If    C 

ol?.   FORMAT ( 1H0»» SUMMARY OF CONTINUOUS SYSTEM») 
n Tü£LTlsTBELTl/60.C 

TLiLLT^TRELTg/bO.O 
TricLTö=TRELT3/60.0 

n SOMOLy=bUMÜLY/60.0 
PRINT  673 

U o73  FORMAT   (   1H0,'     WORK   TIME       TIME  DELAYED DOWN  TIME') 
PRINT  67«+»   TB£LTl»TB£LT2»TRELr3 

o7'+  FORMAT   (   3F12.3) 
PRINT  6b5»   SUMDLY 

OÜe>$FSYsfLM!!XFlT0TAL   TlMt  DEL^F'U  BY  THE  CONTINUOUS  MATERIAL  HANDLING 
GO   TÜ   7ul 
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C 

<-     CYCLIC MATERIAL IIANDLiiMG SYSTtM 

ö^' If" ( IPEOS ,EiJ. 1) GO TO 200 
IIJLC=0 
ILCzO 
00  'io I=1»NL0C0 

bC LC(I)=n 
IF ( ILi» ,EQ, 0) GO To 99 
IF ( ILWTID .tQ, 1) GO TO 90 

96 IF ( LWTia .Mt. 0) 60 TO 301 
WTlM=0,u 
GO TO SOI 

XOn p^A}^;5li"0CÜ'KMAXrNStCS'NSD^NCARS't-CLAS,NDC ,NbC 

PHINT lül»NLoCO,USLCSrivlCARS 
101 FORMAT (UHr3X»»NUMBEK OF LOCüMOTlvES -»»IS /»O'.JX. 

-WUMBER^OF GKAOE SECTIONS =.,.5 /^^^^   ^ARS pER TRAIN 

i 

I 
j      , r.»% 

C 

c 
c 
c 

u        c 

^     READ IM ALL CHARACTERISTIC CUKVES OF LOCOMOTIVES 

iC" PoZ^f ^yt1'^'5^'^' J=1»KMAX), I=1,NL0C0) 

C     READ iN THE CUMULATlVc FREQUENCY CURVES OF LOADING AND DUMPING 

READ 1C3 ( CFL(I)rWTL(I)» I=1»LCLAS) 
RtAD 103 ( CFS(I)f ST(I)r Irl,,gsC) 
READ 103 ( CFD(I)r CTlD» 1 = 1,NDC) 

103 FONMAff 6F10.3) 

REAÜ irj THE WEIGHT ANü FRKTlüM COEFFICIENT OF THE LOCOMOTIVES 

READ 103 (WTLOC(I),FLüCO(I), i=l»NLOCO) 

C     READ IM THE PKOFILE OF THE TUNNEL 

READ 103 ( G{1)»D(I), I=lrNSEcS) 

READ IM THE WEIGHT ANü FRICTION COEFFICIENT OF THE CARS 

READ 103 , WTCARrFCAR 
C 

C     READ IN SPEED LIMITATIONS 

C 
C 
c 
c 

READ 103, ACCMAX,VELMAX,DECEL 

READ IN THE DISTANCE uETWEEN SWITCHES» DELTH, AND THE iMUMHP« ftu- 
SrtlTCHES BETWEEN THE DUMPING STATION AND THE PORTAL 



na 

KLAÜ 104» ÜISW»DF.LIH 
104 FORMAT { aFia.s» TJ) 

c 
C     INITIALIZE VAKlARLtS 
C 

DO 10& i=l»NLOCO 
niSTRinrO.O 
LOAD(i)=0 
^TLOAJfDrO.O 
wrrRiM(i)=o.o 
TLÜCKDrCO 
TLOC2{T)=0.0 
TLÜC3{I)=0.0 
TLOC4(l)=0t0 
TllE(I)-f).0 
CTLOCCizO.O 
SPEED (DrO.O 
TFASSdJrO.O 
TSTOP(n=ü,0 
DbTOP(T)=ü.O 

xsj'i  COi^TIiJUt. 
L1L=0 
fJLOE=0 
NLÜL=0 
HAüLrO.u 
TSEC=0,ü 
NSASO 

SAFT=0,g 
WTü=0.0 
WTG=0,n 

C 
C LOCATt  AND  COUNT  THE  bWITCH  POINTS 
L 

ÜQ   10b   J=lirNSL"P 
106  HAUL=HAUL+D(J) 

T1MLT=INU+HAUL 
f\lbW=2 
DH=HAOL 

10«   IF   (   ÜH-DISW)   I07»lü8»10a 
iOM   NSrtrNSW+l 

ÜH=DH-r)ISW 
GO   TO   lu9 

1Ü7  Ni>|=NSW-l 
DMSrÜH 
IF ( m   ,EQ. 1) GO TO 110 
DO 111 I=2»NN 

111 DS(n=DlSW*(l-l) 
110 DS{1)=0.0 

OS(NSrt)=HAUL 

l 

r 
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C 
C 
C 
C 

COUNT THU NUMBER OF SuCTlCWS MT THE START OF THE SIMULATION ANÜ 
üETEKMiNE THL OISTANCE TO Tilt. LAST SECTION 

NSEC5=rJSnP+l 
DU=D(UStCS) 
O(i>ISECS)=0.0 

C     LOCATt THE LOCOMOTIVES AT THE STARTING POINT 
C 

DO   199   i=l»NLOCO 
199   IüE(I)=u 

I\1LI)E=U 
NLl)L=0 
IF   (   NLOCO-NSw)   311»112»113 

311 NWLOSO 
lxia=NSW-l>lLOCO  +1 
DO   114   1=  NSW»N2»-1 
ji:;>ISW-I + l 
LSII)=2 

llH   LL{I)=J 
M1=N2-1 
DO   11&   1=1»N1 

115  LS(I)=a 
60  TO   116 

112 NWLD=1 
IüE(NLOCO)=l 
NLi)E=l 
DO   117   I = l»N'ih 
J=NSW-I+1 
LS(I)=2 

117  LL(I)=J 
GO   TO   116 

113 NrtLD=iMLOCO-NSW + l 
LMtJ=Ü 
DO   312   1=NSW,NL0C0 
LMNsLMM+1 

312 IÜE(I)=LMN 
fMLOE=ISiWuD 
Do lib I=1»NSW 
jsNSW-I+1 
LS (I) =?. 

11B LL(I)=J 
NEX=NSW+1 
DO 97 I=NEX»NL0C0 

97 LL(I)=l 
lif) CONTINUE 

DO 12o I=l»NLüCO 
i2b IljL(I)rO 

IF ( ILS .EQ, 0) GO TO 701 
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C 
C     STAUT THE SIMULATION «ITH LOCo.lOTlvE NuMüfcTR 1 AT THE LOADING POINT 
C 
c 

90 NL=1 
C 

CALL LOADNG(NL) 
C 

luLOAUsl 
CCTM=äTLOAD(NL)*20ÖÜ,Ü*60,0/(CU05EC*GAMMA*ADRT) 
SCCTM=SCCTM+CCTNi 
TL0C1(NL)=TL0C1(NL)4-TL.0A0(NL) 
C FLOC (Nu) =CTLüC (NL) +T1.CAD (NL) 
SAFT=SAFT+AFT 
WTG=W7G+WTLOAü(NL) 
Hi-LL(Mt) 
LS(NS)rl 

C 
C     DETERMINE THE LOADING TIME FüK THE LOCOMOTIVE 
C 

DO 119 J=2»NL0C0 
TLOC*4lJ)=TL0Aü(WL) 

119 CTLOC(J)=TLOAU(NL) 
C 

CALL MOT ION(NL,MS) 
C 

C7LOC(rM=CTLüC(MU+TiME(NL)/toÜ.O 
TLOC3(r!L)=TLOC3(NL)+TlME(NL)/üO,0 
IF   (LüAü(NL)   .EQ.   1)   oO  TO   12y 
Lb(NS)=LS(NS)-2 |i 

u NS=NS+1 
LLCNDrNS 
LS(Nb)=LS{NS)+? 
NSl=Nb-l 
NS2=Nb 
GO TO iai 

lüO   LS(NS)rLS(NS)-l 
NS=NS-1 
LL(NL)=NS 
LS(NS)=LS(NS)+1 
NSi=NS+X 
NS2=NS 

iül CONTINUE 
IF ( LOoPHT ,NE. 0 ) GO TO 301 
PRINT 'ill 

Hi I FORMAT ( 1H0, «LOCO NO.  CLOCK TIME  MOVING Swf NO.   LOAD1/» '»aSX 
*»»FROivi   TO«  /) 
PRINT '»12» NL»CTL0C(Ni-)»NSl»Nb2»LOAD(NL) 

•♦12 FORMAT ( '♦X,i3fHX,Fl0.2»5X»I2»'*X»I2»7X,Il //) 
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C CriOOSt   THE  LOCOMOTIVE  HAVING   THE  SMALLEST  VALUE  OF   CTLOC(I) 

•itU   IL=0 
M=i 
DO   12^!  J=2»NL0C0 

i^2   IF(CTuOC(M)    <toT,   CTLOL(J))   Mru 
NL=w| 

C 
C EtviPTY   TKAIN 
C 

IP    (   LIL   ,EQ,   0)   GO   TO   200 
DO  221   I=i»LlL 

^1   IK   (   ML   .EQ,   LLW(l))   00  TO  22*: 
GO  TO  2uO 

^22   M=I 
IF   (   LLwl(M)   ,£3.   HL)   SO  TO  2^4 
LLW(M)=u 
M1=M+1 
00  223  J=M1,LIL 
K=J-1 

ü23 LLW(K)=LLIN(J) 
^2'» L:L=LIL-I 
*00   IF   (   LOADfNL)   .EQ.   1)   GO  TO   1^3 

NS=LL{NL) 
IF   (   MS   rEQ,   NSW)   üO   TO   12^ 
IF   (   IMS   .EU.   i)   Go  TO   125 

.^   Tn^1?5*1'    't0,   2   •0R'   LS^S+1J   «EQ.   3)   GO   TO   360 

^'    IF   (   ILC   .EQ.   0)   GO  TO  129 
NSS=NS+1 
DO  362   I=1»NL0C0 

^62   IF   (   LL(I)   .EW.   NSS   )   GO  TO  3b3 
PRINT   3b^»   NSS 

^o'+  FORMAT   (   ♦   NSS  AT  361+   IN  TRA^b'»   15) 
STOP 

363 II=I 
IF ( uOADai) ,EQ. 0) GO TO 3t.ü 
Jl=II+l 
DO 3fab K=J1»NL0C0 

«iöb IF ( LL(K) .EQ. NSS) oO TO 367 
PRINT 3of» NSS 
STOP 

3o7 n=K 
3ob DO 3bü 1=1»ILC 
368 IF ( LC(I) .EQ. II) GO TO 5h') 

GO TO 129 
3o9 ILC=ILC+1 

. __ LC(ILC)=NL 
-  "~IDLC=.A 
'^ -GO-TO 1^9 
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^ol CTLOC (ML) =CTLOC (NL) +THA5S (NL) /W, Ü 
DISTU(ML)=DlSTR(NL)+DblOP(ML) 
TLÜC3(NL) =TLOC3(NL) +TPASS(tgL) /6ü.0 

CALL MOTION (NL»NS) 

i IF ( LOAOtNL) .EQ. 1) GO TO 1^7 
Lb(NS)=LS(NS)-2 

1 NS=NS+1 
1 
1 LL(NL)=NS 
i . 

LS(NS)=LS(NS)+2 
NSi=NS-i 
NS2=IJ3 
GO TO 120 

iL7 LS(NS)=LS(NS)-1 
!Mb=fJS-l 
LL(NL)=NS 
LS(N$)=LS(NS)+1 

, N5l=Nb+l 
i NS2=Nb 
1 « idb  CuNTlNUt 

CTLOC(rJL)=CTLüC(NL)+TlME(NL)/üO,0 
TLOC3(NL)=TLüC3(NL)+TiME(NL)/üü.O 

1 IF ( LOGPKT .WE, 0) 60 TO 113 
PRINT 111 

"• PKINT «a2» NL»CTLüC(NL)»NSl»r^2»L0AD(NL) 
"+13 II- (IL .F«. 0) 00 TO OÜÜ 

> 1 

IF (LIL .E«. u ) GO To 225 

r DO 19^ 1=1»IL 
DO 22b JrlrLlL 

■ ■ 

22« IF ( LW(I) .EQ. LLW(J)) GO TO 229 
A1PS=Ü.J 

Si 
GO TO 2^0 

<i29 ATPS=f-TPf; 
*:öO JJ=LW(I) 

■ 
CTLOC(jJ)=CTLüC(JJ)+ATPS+TIME(fJL)/60.0 

: 192 TLÜCl(JJ)=TLOCt*(JJ)+AlPS+TIME(NL)/60.0 
if 00 231 I=1»IL 

DO 23^ O=1»LIL 
^.32 IF ( LW(I) ,EÜ. LLW(J}) GO TO 231 

LiL=LIL+l 
LLW(LiL)=LW(i) 

- 231 CONTINUE 
FTPS=rST0P(NL)/6ü.o 
DO 3b 1=1»IL 

3b LU(I)=0 
IL=0 
GO TO 3oC 

d'db  DO 22b 1 = 1 »IL 
JJ=LW(I) 
CTLOC(JJ)=CTLOC(JJ)+TlME(ML)/üO.O 

«ik6 TL0C1+(JJ)=TL0C1(JJ)+TiME(NL)/6J.Ü 
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;: 

L1L=IL 
FiPs=rr3roP(NL)/f>o,ü 
DO 227 i=l»LlL 

<i27 LLW(I)=LW(I) 
Üü 3b 1=1,IL 

3f) LW(I)=0 
IL=0 
LW(I)=o 
00 Tu 3ü0 

U        i^   IF ( LSINS) ,LQ. 3 .OK, LS(NS> .EU. 1) GO TO 33fl 

[1        33M If- ( iLO ,EQt 0) <jQ   Tc 129 
[j ÜÜ 331 I=lrNLOCO 

3^1 IF ( LL(I) .EU. HS .AIMD. LOAD(I) ,E0. 1) GO TO 332 

t*l FORMAT ( IX,»STOPPED AT 5^1 IN TRANS») 
u S TOP 

332 INLC=I 
DO 333 1=1»ILC 

11        «533 IF ( LCd) .Eti. INLC) GO TO 3J'+ 
GO TO l«iP 

33^ ILC=lLC+l 
LC{ILC)=ML 

'£ IUl.C=l 
bU TO 129 

339  CTLOC(NU=CTLüC(MU+TbTOP(NU/öO.O 
U ülSTR(NL)=ülSTR(riL)+DiTOP{NL) 

TLOc3(NL)=TLOC3(NL)+TbTOP{ML)/bO.O+TIME(ML)/6Ü.O 
SPtEÜ(NL)=0,0 

: . 

II    c 

TrjASS(NL)=0,0 
TSTOP{HL)=0,0 
DSTOP(NL)=0,0 
TIME(iJL)=0.0 

CrlACT IUTTJU^^1
- 

LEH6Ui  AND HAULAGE DISTANCE AND RELOCATE THE 

IF ( SAFT .GE, DELTH ) GO TO IÖ0 
GÜ TO 169 

ItiO SAFT=JAFT-DEL1H 
HAULrHAUL+ÜELlH 
TSEC=rst.C+DELTH 
DMSrUMS+PEILTH 
IF   (   TSLC-DD)   181,182,162 

lb2   TSECsTSLC-DD 
11 •        D(NSEC5;)=DD 

lvlbECSsNbECS+1 
Dü=D(NSLCS) 

ibl   D(NSELS)=TSEC 
IF   (   UMS-DISW   )   l83,lbif,l8U 

lü^   [)M3=ÜNiS-niSW 

1      I 
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I 119 

I 

OS(NSä)=HAUL-OMS 
I MSW=NSlV+l 

■J       1Ü3 DS(NSkV)=HAUL 
IF ( l(/\UI.-TNLI) Iö9»lü5fl85 

|        Ibib PKIN1 Jä6 
lJ      iSh 0OKT2T299

H0
' •J"!"*LLl™  WÄS COMPLETED AND SIMULATION TLRMINATEUM 

j ,       169 COiJTlwJt 
j If   I   LWTIO ,NL. 0) GO TO 700 

WTL'1=CTLOC (NL)-CTIME 
^ ( IL .FÜ. Ü) GO TO 701 

I OÜ 70*2 i = l»lL 
ll JJ=LW(l) 

Jj CTC=trLUC(IJL)-CTLOC(JJ) 
|| C1L0C(JJ)=CTLÜC(NL) 

/0? TL0CU(JJ)=TL0t4(Jj)+ClC 
IF 1L=0 

GU TO 7ül 
m ^'-' IK ( lOLOAO ,tO. 1) GU TO 600 

lüLOAüri 

Ö 

CHLL LOADNGCNL) 

ovTTMrtJL^<NL,*2000,U*60'ü/(Cl<0SEC*GAMMA*ADRT; 
SCCTM=SCCTM+CCTI1 
vJTosWTG+WTLOAüdJL) 
CTLOC (PJu) =CTLOC (ML) +TLOAD (ML) 
TLOCl(NL)=TLüCl(NL)+TuOAD(NL) 
Lb(NS)rLS(NS)-l 
SAFT=bAFT+AFT 
IF   (   1L   .LQ,   ü)   GO  TO  300 
DO   191   X=1»IL 
Jo=LW(i) 
Ltv(n=0 
CTLOC(JJ)rCTLuC(JJ)   ♦rLOAn(NL) 

191   TL0C'+{JJ)=TL0C4{Jj)   +   TLOAD(NL) 
IL=0 
GO TO 3u0 

oc: WriTM=(CTIME+scCTM)-CTi.OC(NL) 
IF ( WWTM ) 601»601»602 

oOl IF ( XL .EQ, u) GO TO 701 
DO 931 i=l»lL 
JvJ=LW(I) 
Lw(I)=o 

VJl TLöC1(JJ)=TLOCU(Jj)+(CTLOC(NL)-CTLOC(JJ)) 
CTLOC(jJ)=CTLOC(Jj)+(tTLOC(NL)-CTLOC(Jj)) 

D 

IL=0 
GO   TO   701 

bC2  CTLOC (NL)=CTLOC (ML)-»-WwTM 
TLOCHNDsTLOCMMD+WftTM 
IF   (   IL   .EO,   t))   GO  TO  300 
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IJO  39   1 = 1 »IL 
JJ=LW(T) 

| L:;(I)=0 
U CTLOC(JJ)=CTLüC{JJ)+WrtTM 

J«  TLOC'*(fiu)=TLOC'+(''JL)+WrtTM 

GO   TO   Zu* 
C (LOC I ML) =CTL0C (NL)+Ti»T0P (NL)/bO. ü 
DISTK(ML)=ÜISTR(NL)+DSTOP(ML) 
rLÜC3(ML)=TLOL3(fJL)+Ti>TOP(NL)/öG.O 
SPL:El)(Nu)=0.0 
TPASSiriL)=0.0 
TSrOPlML)=0.0 
[)S7OP(lsiL)=0,0 
TIMtdJDsC.O 
if-    (   iOLC   .NE.   1)   GO   10   150 
IuLC=0 
SSCC=CTTM-CTLÜC(NL) 
IF   (   bSCC)   33b»335»33o 

o36  CTLOC(rJL)=CTLüC(ML)+SbCC 
TLÜC'+(tiL) =110^* (f IL)+SbCC 

oJb   IF   (   XL   .EO,   0)   f,0  TO  310 
DO   337   i=l»lL 
JJ^Lrt(Ii 
LW(I)=0 
TLOCtKJJ}=TLOC1l(JJ) + (CTLOC(NL)-CTLOC(Jj)) 
CTL0C(JJ)=CTLOC(Jj)+(CTLOC(NL)-CTL0C(Jj)) 
IUC=ILC+1 

J37 LC(ILC)=JVJ 
IL=0 
GO TO 340 

lb. IL=IL+1 
LWdDriML 
IF(IL «tQ. 1) GO TO 130 

C 
C     AKRANGF LwdL) IN ASCLNDING OKÜER 

if    c 

D 

DO 131 1=1»IL 
131 IH(I)=LW(I) 

NA=IL-1 
Do 132 J=1»NA 
M=J 
MA--J+i 
DO 133 i=MA»IL 

133 IF { IA(I) .LT. IA(M)) M=I 
IIL'1P=IA(J) 
IA(J)=IA(M) 

132 IA(M)»ITEMP 
C 
C     StARCH FOR THL SHORTEbT VALUE OF CTLOC(I) EXCEPT FOR CTLOC(lL) 
C 

ML=1 
Nl=2 



121 

ii 

DO   13'f   1 = 1 »IL 
NJ=IA(I) 
IF   {   NJ   ,LQ,   Ml.)   GO   TU   560 
Nr\=I 
60 TO 5ul 

bt.0 MU=ML+1 

IF   (   I   ,NE.   IL)   GO   TO   13^ 
IF    (   IM   ,E6if   M.OC0)   QO   TO   13f9 
GO   TO   f5<il 

134 CONTINUL 
3üi Ou 56Ü jrNKrIL 

NJ=IA(J) 
IF ( Nl ,EGI, hJ)   GO TO 563 

135 N2=NJ-1 
UO 137 K=I4l»Nü 

A^7 IF ( CTLOC(ML) .GT. CTLOC(K)) ML=K 
öfaü N1=NJ+1 
562 CONTINUE 

IF ( igj fEQ, NLOCO) GO TO 139 
bbl DO 140 J=IM1»NLOCO 
l^f IF ( CTLOC(ML) ,GT. CILOC(J)) ML=J 
139 HL=ML 

GO TO ?ü0 
130 NJ=LvV(IL) 

IF ( NJ .EO. 1) GO TO 141 
ML-1 
Nl=2 
IF ( WJ ,EO, 2) GO TO 142 
N2=NJ-1 
HO 143 J=Nl»Ni: 
IF ( CTLOC(ML) ,GT. CILOC(J)) fC=J 
N3=fJJ+l 
t44=NLüCO 
IF ( fjj ,E0. NLOCO) GO TO 144 
1)0 145 J=N3»N4 
IF ( CTLOC(ML) ,GT. CTLOCCJ)) ML=J 
NL-ML 
GO TO 2J0 
ML=2 
Nl=3 
N2=NL0CÜ 
00 246 JrNlrN^; 
IF ( LTLOC(ML) .GT. CrLOC(J)) i1L=J 
NL=ML 
GO TO ?0P 
IF ( NLüE .EQ. 1) 
IF ( IDL(NL) .EQ. 
IF ( 1LC .EQ, 0) 
N11=IUE(NL)-1 
00 341 l=l»Nli 
Ü0 34iJ J=i»NLOCO 

143 
142 

145 
144 

141 

<d46 

125 GO 10 146 
1) oO TO 14ü 

GO TO 150 
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MP.   IF   (   int(J)   .LQ.   1)   Gu   TO  313 
PKKJT   3'»4»   I 

34U  FORMAT   (   •   ID£(NL)=I   AT   3'«U   IN  TIUNS  COULO  NOT  RE.  FOUNU»,   15) 
STOP 

n 3*3 JNL=J 
I I DO   3'tb  K=1»ILC 

^b   IF   (   JML   .EQ,   LC(K))   bO  TO   3«M3 
GO   TO   3Hl 

416   ILC=ILC+1 
LC(ILC)=NL 
SSCCsCTTM-CTLOCiNL) 

I j CrLOC(K'L)=CTLüC(N'L)tSiCC 
LJ TLOC^CML^sTLOCKND+SbCC 

IF   (   H.   ,EQ.   0)   00  TO  371 
r DO   yu  K=1»IL 
! JJ=LW(K) 

Hv(K)=n 
ILC=lLCfl 
LC(ILC)=JJ 
T»-0C'*(JJ)=TL0C4(JJ) + (C.TrM-CTLüC(Jj)) 

472  C fLOC tJJ)=CTLÜC{JJ) + (CTTM-CTLüC(JJ)) 
j IL=C 
! GO   TO   371 

^71   IF   {   I   .EO.   Nil)   GU  TO  125 
1 j iJ10=I + i 
i GO   TO   747 

31l   CONTIrJUt 
GO  TO   15(7 

[ 417  DO   316  L=fJlO,NU 
i 00   31y   J=1»NLOCO 

41^   IF   (   inL(J)   .tO.   L)   GO  TO  35ü 
} PRINT   351»   L 
1 dbl   ^^A1    (   lX»»bTüPPE.D  AT  351   I,M   TKANS».   15) 

4b?  Jj=j 

TL0C1(JJ)=rL0Cl(Jd)+(   CTTM-CTLOC(JJ)) 
CrLOC(jj)=CTTM ^^on 
ILC=lLC+l 

} LC{ILC)=JJ 
L 4*4 3  CO.JTINUL 

^b   IF   (   IPc(NL)   .EO.   NLDU   GO  To  3tfO 
r N13=I1JF:(ML)+I 

DO  120   I=Ni3riMLn?: 
DO  421  J=1»NLUC0 

'♦21   I*""   <   int(J)   .LQ,   I)   GO  TO  HZ? 
PRINT  «23 

1 423  FORMAT   (   1X,I   STOPPED  AT  423   iN  TRANS») 
STOP M  D   ' 

422  JJ=J 
ILC=lLCH L 

D 
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r 
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c 

LC(I!.C)=JJ 
SbCC=CTrM-CTLüC(JJ) 
ClLOC(JJ)=CTLÜC(JJ)+SiCC 
TLÜC4 (JJ) zTLOt1* (J J) +SSCC 

«♦20 CUNTlHOt 
GO TO 3^C 

AH6 IF ( LSCMS+l,  FQ  0  .OH. LS(NS+1, .EQ. I) GO To 117 
IF ( ILL .EQ, 0) GO Tu 150 
NNSSs.JS+l 
DO 3b2 1=1i NLOCO 

•iii2 IF ( LUD .EvJ. HIJSS) GO TO ^S 
PKINT 3b**» NNbS 

•OH*  FORMAT ( IX,» STOPPED AT 345 ili   TRANS', 15) 

^53 Ilzl 
IF ( LOMDCII) ,EO, 0) GO TO 3b6 
J1=II+1 
DO 35b K=J1,NLOCO 

^55 IF ( LL(K) ,EU,   Nf.SS) GO TO 3b7 
PKINT 351» NNbS 
STOP 

ib? II=K 
356 DO 358 1=1»ILC 
359 IK ( LC(I) .Evi. ID GO TO 359 

GO TO IbO 
3b9 SSCCsCTTM-CTLOCrO 

TLOCfCNDzTLOCKND+SbCC 
CTLOC(NL)=CTLGC(f ID +SbCC 
ILCslLC+1 
LC(ILC)=NL 
IF ( IL »EQ, 0) GO TO 310 
DO 370 J=1»IL 
JJ=LW(J) 
LW(J)=0 
TLOC1lJj)=TLOCl(JJ)+(tTTM-CTLoC{JJ)) 
CTLOC(JJ)=CTLOC(Jj)+(trTM-CTLuC(Jj)) 
ILC = ILC + .i 

370 LC(ILC)=JJ 
IL=0 
GO TO 340 

147 NLDE=(MLüE-l 
DO 14ö I=l»NLOCO 
IF ( lDt.(D .EG. 0) 60 TO 148 
IDE{I)=1DE(I)-1 

148 CONTINUE 

CALL  MOTION   (   NL»NS) 

CILOUNL)-CTLOC (NL)+TiME(NL)/oO.O 
Nb=NS+l 
LL(NL)=NS 
LS(NS}=LS(NS}+2 
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IF ( LOüPRT ,NE, Q) GO TO 16b 
NSlrNS-l 
NS2=Nb 
PKINT «411 
PKINT 112» NL»CTL0C(Nu)»NSl»Nb2,L0AD(NU) 

165 IF { IL .EQ, ü) üü TO J00 
DO 151 1=1»IL 
JJ=LW(I) 
LW(I)=0 
CTLOC(JJ)=CTLOC{JJ)+HMF.(NL)/oU,v) 

151 TLOClKJJ)=TLüCtK>JJ)-»-TlME:(NL)/üO,ü 
IL=0 
Gü TO 3U0 

c 
c 
c 

TRAIN LOADED 

A23 NS=LL{NL) 
IF ( MS .EQ, 1) GO TO 155 
IF ( w? .EQ. NSW) 60 »0 156 
IF ( NS .EQ. il)   GO TO 157 
IF ( LSlMS-1) .EO, 1  .OR.  L^NS-D 
GO TO 157 

'♦öO IF ( ILC .EQ. 0) GO TJ 129 
NSS=Nb-l 
üü 162 i=l»NLOCO 

4ü2 I»- ( LLd) .E(«. NSS) sjQ  TO 16^ 
PKINT 161» NS5 

•EQ. 3) GO TO 160 

C 

C 

4ü1 FORMAT (IX»»STOPPED AT 161 IN TRANS'» 15) 
STOP 

•+03 11 = 1 
IF ( LOAD(H) .FQ, 1) GO TO loo 
J1=II+1 
DO 165 K=J1»NL0C0 

165 IF ( LL(K) ,E0. NSb) toO TO 16/ 
PKINT 161» NSb 
STUP 

167 II=K 
1o6 DO 166 1=1»ILC 
Hbti IF ( LC(I) .EO. ID GO TO 169 

GO TO 129 
169 ILC=ILC+1 

LC(ILC)=NL 
IüLC=l 
GO TO 1^9 

157 CTLOC(ML)=CTLüC(NL) +IPASS(NL)/6ü,0 
DISTRINL)=DISTR(NL)+DbTOP(NL) 
TL0C3 (Hu) =TL0C3 (ML) -»-THASS (NL) / 60 . 0 
LS(NS)=LS{NS)-1 

CALL M0TI0N(NL»N5) 
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CTLOC(NL)=CTLüC(NL)+TiME(NL)/oU.'J 
TLUC3 (TJL) =TLOC 3 (ML) +T iMF (NL )/uo,0 
fJS=NS-l 
LL(NL)=NS 
LS{NS)=LS(NSHl 
IF ( LOGPRT ,NE. 0) Gu TO 414 
NSl=l\li,+i 

PRINT 4il 
PKIN1 4l2r NLrCTLÜC(Ni-)»NSl»NbÜ»LOAD(NL) 

414 IF ( MS ,FQ, 1) Gü TO 160 
IF ( XL .EQ. i)   GO TO 3C0 
IF (LIL ,£Q,   ü ) GO Tu 525 
Du loü i=l»lL 
UO 52b J=1»LIL 

b26 IF ( LW(I) .EU, LLw{J)) GO TO 529 
ATP5=0.0 
Gü TO 530 

529 ATPS=FTP5 
530 JJ=LW(I) 

CTLOC(JJ)=CTLüC(JJ)+AIPS+TIME (.0/60.0 
162 TLÜC4(JJ)=TLOC'MJJ)+AlPS+TIMi:(NL)/60.0 

DO 531 1=1»IL 
Du 53ü J=1»LIL 

532 IF ( LW(I) .Ew. LLW(JJ) GO TO 531 
LlL=LiL.+l 
LLW(LAL)=LW(I) 

531 CONTINUE 
FTPS=T510P(NL)/6ö,u 
DO 37 1=1»IL 

37 LW(I)=C 
IL=0 
GO TO 300 

a25 DO 526 1=1»IL 
Jj=Lvii(I) 
CTLOC(JJ)=CTLÜC(JJ)+TiME(NL)/bu.O 

526 TLOC4(Jd)=TLOC'MJj)+TlME{NL)/oO.O 
L1L=IL 
FTPS=TSrOP(NL)/60.ü 
00 527 I=1»LIL 

ti27 LL^(I)=LW(I) 
DO 36 I=1»IL 

Jfi L«l(I)=0 
IL=0 
GO TO 3uO 

16^ CTLOC(ML)=CTLUC(ML)♦TbTOP(NL)/60.0 
Di5TR(NL)=DlSTP(NL)+ÜbrOP(NL) 
TLOC3(Mt.)=TLOC3(NL)+TbTOP(NL)/60.0 
SPEED(ML)=0.0 
NLDL=^LÜL+1 
IDL(NL)=MLÜL 
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IF ( IL .E.Q, u) GO TO 159 
DO 1Ö5 i=l»lL 
JO=LW(i) 
LW(I)=p 
CTLOC(JJ)=CTLoC(JJ)+TbTOP(NL)/öO.0+TIME(NL)/60.0 

163 TLOC'*(JJ)=TLOC'4(JJ)+T^TOP(NL)/60.0+TIME(NL)/6ü.O 
lL-0 

ib9 IF ( NLÜL .EQ. 1) GO TO 161 
GO TO 300 

C 
161 CALL ÜUMP(NL) 

C 
CTLOC(NL)=CTLOC(NL)+TÜUMP(NL) 
TL0C2(NL)=TLOC?(NL)+TUUMP(NL) 
NLDL=IMLuL-l 
IÜL(NL)=IDL(NL)-1 
NLÜE=NLÜF+1 
Iü£(NL)=NLDE 
LS{NS)rLS(NS)-l 
WTTRN{NL)=WTTKN(NL)-WILOAD(NL} 
WTüzWrD+WTLüADdJL) 
WTL0Aü(iO=0.ü 
GO TO 3ü0 

ArJb IF ( L5(M5-1) .EO. 1  .OR. L5(NS-1) .tQ. 3) GO TO 500 
GO TO 5il 

bdf. IF ( iLC .EQ, 0) GO TO 150 
NWSSSNS-l 
DO bCl I=l»NLÜCO 

bOl IF ( LL(I) .EG. NMSS) GO TO ^Z 
PRINT 503 

bn3 FORMAT i   lX,fi,TOPPLD MT 503 lix TRANS») 
STOP 

J02 11=1 
IF ( LOADdl) .EO. 1) GO TO S«** 
J1=II+1 
DO 50b K=JlrNLOCO 

3Ö5 IF ( LL(K) .EG. NNbS) GO TO 5oh 
PRINT 507 

t>07 FORMAT ( iX,»bTOPPLD «T 507 Tu TRANS') 
STOP 

3C6 II=K 
504 00 506 i=l»lLC 
büß IF ( LC(I) .EG. II) GO TO 509 

GO TO IbO 
l>09 SSCC=CTrM-CTLüC(NL) 

TLOCH (NL) =TL0C4 (IJL) +Si>CC 
C TLOC(NL)=C TLOC(NL)+SbCC 
ILC=ILC+1 
LC(ILC)=NL 
IF   (   IL   .EQ.   0)   GO  TO  340 
DO  510  J=1»IL 



127 

JJ=LW(J) 
Lw(J)=0 
TLOCt(JJ)sTLOC* (JJ) + (cTTM-CTLJC(JJ)) 
CTLOC(JJ)=CTLOC<Jj)-MCTTM-CTLuC(JJ)) 
ILC=ILC+1 

bir LC(ILC)=JJ 
IL=0 
GO TO 340 

bll LS(NS)=L5(NS)-1 

CALL MOTION ( ML»US) 

NS-NS-l 
LS(NS)=LS(NS)+1 
LL(NL)rlMS 
ClLOC(NL)=CTLüC(NL)+TiME(NL)/ü0,ü 
TLOC3(ivlL)=TLOC3(NL)+TlM£(NL)/t)0.Ü 
IF ( LOüPRT .WE. 0) GO TO 165 
NS1=NS+1 
NS«J=Nb 
PRINT 4il 
PRINT ai2r NLfCTL0C(NL)»NSl»tJb2»L0AD(NL) 
60 TO lb5 

lb5 NLÜL=NLÜL+1 
lüLÜ'JD-N'LDL 
IF ( NLüL .EO. 1) GO 10 167 
IF (luL(NL) ,tQ. 1) GO TO 168 
IF ( 1LC .EQ. 0) GO TO 150 
Nll=IüL(NL)-l 
00 301 1=1»Nil 
UO 302 J=1»NL0C0 

3b2 IF ( inL(O) .tQ. I) GO TO 383 
PRINT 3a4» I 

JtiU FORMAT ( lX»»bTOPPED AT 30** IN TRANS»» 15) 
STOP 

363 JNL=J 
DO 385 K=X»ILC 

385 IF ( JML .EQ. LC(K)) 00 TO 3öü 
GO TO 381 

JÜ6 ILC=ILC+1 
LC(ILC)=NL 
SSCC^CTTM-CTLOCC.ML) 
CTLOC(ML)=CTLOC(NL)+SbCC 
TLOCU(NL)=TLOC^(NL)+SbCC 
IF ( XL .EQ. 0) GO TO 391 
DO 392 K=1»IL 
JJ=LW(K) 
Lrt(K)=C 
ILC=1LC+1 
LC(ILC)=JJ 
TLOC'+(JJ)=TLOCt»(JJ) + (CTTM-CTLOC(Jj)) 

39? CTLOC{JJ)=CTLüC(J.J) + {oTTM-CTLüC(JJ)) 
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1 IL=0 

•591 IF ( I .EQ. Nil) GO TO ^26 
j N1D=I+1 
J GÜ TO Tiiil 

öbl CUNTlNUt 
r GO TO IbO 

ÖÖ7 00   38ü L=MlO»Nll 
DO 339 JrlrNLOCO 

•iö9 IF ( 1DL(J) .EQ. L) GO TO H00 
PKXNT '+ul 

401 FORMAT { IX, »STOPPED AT «+01 Aivl TRANS») 
STOP 

I j TLOC'+(JJ)=TLOCU(JJ) + (CTTM-CTLoC(JJ)) 
CTLOC(JJ)=CTLOC(Jwl) + (tTTM-CTLOC(JJ)) 

■ , ILC=ILC + 1 
LC(ILC)=JJ 

JÖ8   CONTINUE 
^fe   IF   (   inL(NL)   .EQ.   NLDU   GO  TO  3^0 

N13=IüL(NL)+l 
DO   430   I=Nl3rNLOL 
DO  131   j=l»NLOCO 

n 4;51   IF   (   IDL(J)   .EQ.   I)   GO  TO  432 
II PRINT 433 

433 FORMAT ( lX,»bTOPPEO AT 433 lu TRANS») 
STOP 

432 JJ=J 
1 ILC=ILC+1 

LC(ILC)=JJ 
[j SSCCSCTTM-CTLOCCJJ) 
1] CTLOC(JJ)=CTLOC(JJ)+SbCC 

TL0C4 (JJ) zTLOCtf (JJ) +S^CC 
l        430 CONTINUE 

GO TO 340 
107 IF ( LS(NS) ,EQ. I) GO TO     169 

. LS(NS)=i.S(NS)-l 
GÜ TO lo6 

lo9 LS{NS)=LS(NS)+1 
GO TO 166 

lt.6 IF ( LS(NS) ,EQ. 3 ) GO TO l6o 
LS{IJS)=LS(NS)+2 

C 
166 CALL UUMP(NL) 

C 
C TLOC(NL)=C TLOC(NL)♦TüUMP(NL) 
TL0C2(NL)=TL0C2(NL)+TUUMP(NL) 
NLDL=NLUL-1 
NLÜE=NI.L»E+1 
IDE(NL)=MLÜE 
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WTIJ=WT()+WTLOAÜ(NL) 
WrrKN(NL)=WTTi<N(ML)-WlLOAD{Nl ) 
WTLOAQ(UIJ=0,Ü 
IF- (NLPL .tQ, I) GO Tw 170 
DO 171 irl»NLüCO 
If- ( 1DL(I) .EQ. 0) GO TO 171 
IüL(I)=inL(I)-l 

171 COUTlNUfc. 
GO TO 172 

170 IUL(.JL) = IL)L(|.JL)-1 
172 IF ( IL .E.Q. u) GO To 300 

DO 17J I=1»IL 
JJ=L'.V(I) 
LW(I)=o 
CrLOC(JJ)=CTLOC{Jj)-HüUMP(NL) 

173 TL0C4(JJ)=TLOC^(JJ)+TuUMP(NL) 
IL=0 
GO TO 3ÜO 

300 DO 17b I=l»NLOCO 
175 IF ( CTLOC(I) ,GE, TlwAX ) GO TO 176 

IF ( incOAD ,tO, 0i   GO TO 301 
ir-r.!. lLrtT5D •»^•1  »«ND.  NL .LT. NLOCO ) GO TO 301 
CTTMrcTIME ♦ SCCTM 
IF ( ILC .EQ, Ü) 00 TO 73.'5 
DO 73*+ 1 = 1 »NLOCO 
DO 73b J=1»ILC 

7ob IF ( 1 ,EÜ. Lt(J)) GO TO 73U 
IF ( CTLOC(I) ,LTf CTIM) GO Tu 73U 
ILC=lLC+i 
LC(ILC)=I 

73U CONTINUE 
GO TO 736 

733 DO 720 1=1»NLOCO 
IF ( CTLOC(I) ,LT, CTTM) GO To 720 
ILC=lLC+l 
LC(ILC)=I 

720 CONTINUE 
736 IF ( ILC .EQ. 0) GO TO 301 
3tt0 IF ( ILC .GE, MLOtO) oO TO 701 

C     FIND THE SMALLEST VALUE OF CTLOC(I) EXCEPT FOK CTLOC(lLC) 

M=i 
/27 DO 72b 1=1»ILC 
7Ü5 IF ( M ,EQ. LC(I)) GO 70 726 

GO TO 7«i8 
726 M=M+1 

GO TO 727 
728 Ml=M+l 

IF (Ml .6T, NLOCO) GO TO 8«*! 
ÜO 729 i=MlrNLOCO 
MJ=I 



130 

Du 760  jrlflLC 
fr 730 IF ( MJ .flä. LC(J)) GO TO 7Ps> 

IK   (   CTLOC(M)    .LE,   CT»-ÜC(MJ))   GO   TO   72q 
M=MJ 

7Ü9  CUNTIIMUK 

ttMl   ML=M 
GO TO 2u0 

i76 PKINT 177 
177  FORMAf   (   lH0,»5IMULATiON   TERfUiJATEü   BY  MAX   CLOCK   TIME   ALLOWLÜ») 

U IDtlüSsl 
Gü TO 7J1 

n       c 
1)      C     PKINT THE 5UMMAKY OF bIMULATlüN AT THE EUO   OF RUN 

C 

n        i:99 PKINT J93»HAUL»WTG»WTu 
193 FORMAT ( IHlr^ENGTH UF HAULAGE LlNEs'»F12,3/» »,»WT 01- MUCK GENER 

u *ATEO=S Fia.a/' ♦. »Wl OF MUCK DUMPED-» »F12,3 //> 
PKINT 19^ 

il 19«+ FORMAT MHl» «LOCO NO.  CLOCK TIME  LOADING TIME DUMPING TIME KUNN 
U *ING JiKc   WAITING TIME UISTAMCL TRAVELED') 

DO 195 i=l»MLOCO 
n CTLOC(n=CTLOC(I)/60,ü 

TL0C1(I)=TLOC1(I)/60.Ü 
TL0C2(I)=TL0C2(I)/b0.ü 
TLOC3(nrTLOCJ{I)/tjO,Ü 
TLOC^(I)=TL0C4(I)/60,J 

11        i^ö PRINT 196. I>cTL0C(I)»TL0Cl(n»TL0C2(I)»TL0C3(I),TL0C'MI).niSTR(I) 
196 FORMAT (2X. I3»3X»F 12.3» <M3X.M0.3)» F15.3) 

n        IüEOS=I 
il 701   RETURN 

E.vlD 

n 
COMPILATION:     NO üIAGMOSTICS. 

I i 


