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Abstract:

The logging system consists of five subsystems; namely, felling, bucking, skidding, loading, and
hauling. Productivity of the felling and bucking subsystems depends largely upon the skill of the men
doing the work and can be subjected to a minimum amount of analysis. Skidding represents a materials
handling system that is being subjected to a great deal of technical analysis. Loading and hauling,
however, stand in need of investigation. Both are materials handling systems that need analysis of the
best equipment for a particular situation.

This thesis presents a simulation model that investigates the many variable combinations existing in the
loading and hauling subsystems . Development of the model required two steps: (1) identi- fication of
the events and activities common to loading and hauling subsystems and (2) definition of owning and
operating costs relevant to the two sub-systems. Calculation of relevant costs resulted in the criteria
used to compare the numerous variable combinations. The criteria is a ratio of investment to output
expressed in dollars per thousand board feet of merchantable timber. Identification of appropriate
events and activities allowed use of the simulation language, GASP II, in testing various alternatives.

The result of this investigation is a fully developed model capable of testing alternatives of the many
logging situations in existence. Since any "best" combination depends upon the particular logging
situation being simulated, no general conclusion regarding a single best combination can be made.
Specific results depend on proper data supplied by a model user. The model developed here will then
solve for the results requested by the user.
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ABSTRACT .

The logging system consists of five subsystems; namely, felling,
bucking, skidding, loading, and hauling. Productivity of the felling
and bucking subsystems depends largely upon the skill of the men doing
the work and can.be subjected to a minimum amount of analysis. Skid-
ding represents a materials handling system that is being subjected to
a great deal of technical analysis. Loading and hauling, however, stand
in need of investigation. Both are materials handling systems that
need analysis of the best equipment for a particular situation.

This thesis presents a simulation model that investigates the.
many .variable combinations existing .in the loading and hauling sub-
systems. Development of the model required two steps: (1) identi-
fication-of the events and activities commen.to -loading and hauling sub-
systems -and (2) definition.of owning and operating costs relevent to
the two sub=-systems. Calculation of relevent costs resulted in.the
criteria used to compare the numerous variable combinations. The
criteria is-a ratio of investment to output expressed in.dollars per
thousand board feet of merchantable timber. Identification of
appropriate events and activities allowed use.of the simulation language,
GASP II, in testing various alternatives.

The result of this investigation is 'a fully developed model
capable of testing alternatives -of.the many logging situations.in
existence. Since any "best" combination depends.upon .the particular
logging situation being simulated, no -general conclusion regarding a
single best combination:-can be made. Specific results depend on proper
data supplied by a model. user. The model developed here will then solve -
for the results requested by the user.




CHAPTER 1
LOGGING, MODELS, AND SIMULATION

The timber industry is.one of the -oldest in the world. Timber
has-long been used.for shelter; transportatien, and for other human
needs., Before timber can be'utilizgd for any of these.neéds,‘hoﬁ-
ever, conversion from a standing tree to.a log must take place. The
total process. composes a pertion of what is now known as thé timber .
and'wood'préducts industry. " The total .system consists of -several
subsystémsa one of Which‘ig the subsystem for cenversion of. trees to
logs .and the subsequent.transportation ,of -these logs to seme lecation
for further processing,‘ This . subsystem, knoﬁn as the logging sub-

system, shall be considered in this thesis as a system in-itself.

LOGGING -HISTORY

At-some time in the histery of the logging system there.evolved
five'disﬁiqct steps.which allowed-a standing tree to be converted
to a log and later transported to a conversion mill. Felling and.
bucking make up the first.two subsystems of the logging system and
together compose the.logmaking portion of the logging sysfem. The
felling subsystem consists ef:donvers;on~of-a standing tree to either
a tree-length lgg ar a log-length log, which isfput to a certain
specified length..

Transportation of the logs ffom'the_processing point;tO'a cleared

area, called a landing, must follow felling and bucking., This:
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intermediate transportation takes place injthe skidding subsystem. At
the landing, loading of long—distanée.ca;riers takes placea_ The - leading
process occurs in.the loading subsystem, a subsystem which alse per-
forms a materials -handling function. The final subsystem of the legging
system encompasses the_long-ranged,tfanspprtation of the logs‘frém the
landing to'a conversion mill. Transpertatien for this subsystem,
khown as.the hauling subsystem, usuallyitékes-place on either a logging’
-truck -with trailer er a railread car. In some, instances some  or all’
of the hauling may take place in water, which would be the case when
logs are floated in a river.  Although these five\subsystems were
essentially established early in.the life of the logging industry,
technical analysis witﬁin the industry has been de&eloped only reqentlyQ

The technical analysis was -needed .to gvaluate'some'bf the alter-
native equipment and methods in.terms of cost savings which- théy coﬁ}d
offer the logging contractor. The analysis was.complicated by a rash’
ofvvariabies which were difficult tqldesgribe and,quantiﬁ&g ﬁenqe; in
many cases during equipment investigatien, the analysis #as féstricteé
to a certain geographical. location. The-general,gtage delogging
énalysis-also ﬁad been restric;ed to certain.specific suﬁsystems of tﬁé
logging system and generally to.certain géograpgical areds. A.great -
deal of research ip:thézNorthern Rocky Méuntain‘region'déalt with the
skiddihg subsystem; The logmaking,Subéystems,.felling:éh& Bucking,
déﬁen&'élmost”éntifely u?on thé,mén'daing the=w<;rk° In the loadiig

and hauling subsystems little research has been done to date, and
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analysis pertaining to equipment choice and system design would be
of great benefit. These two phases of the logging system Will be
analyzed in this thesis.
A technical analysis in any area may be approached from one of
two directions: One alternative is.to gather-data and then désign
4 model to fit.and utilize the data. The secénd alternafiveVinvolveS‘

formulation of a,model of the system .being analyzed and then gathering

_of ‘the dath necessary to obtain results.from the model. The latter

alternativé probably finds -some ‘use in all medels., Thefe nust be,
some.Lno%lédge.of the desired objective ;nd of the.direcfion to that
objective in all types .of analyses. The degree of model development
aepenés upon several;fgctors, the-priméry;one being the problem of
collecting real informatipn and data.

AnalyéiS-of the loading and hauling subsystems takes the.form of
a fully déveloped model for which little  actual déta~is currently
availdble. Much of the data necessary for utilization of the model
will fit only a particular location and logging site. Thus, it is the
responsifiiity of the user to supply information pertinent to ‘his
individual problem. Once the user makes an effort to obtain the input
data_forrthe model,; and thus is forced to make an investigation of his
present system, he will be in a better position not only to.use and |
apply thée model, but also to make intelligent decisions gbncerniné

the total logging system.
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If the reader finds information unavailable at this point, he
may- refer to the -data-used in the case studies presented later in the
thesis. These data are estimates and general averages for the Northern
Rocky Mountain region. However, the results presented in.the case-
studies should not be taken as.general conclusions for the region
without first examining the data used to reach the conciusiens; As -
in all mathematical models, the results will be no more . valid than the
input used. Even a perfect model could not transform.incorrect input -
into valid results.

Hopefully, this model can be of value in both the academic and
logging communities. For this reason terms anq symbols -common ‘to the
logging industry and those common to mathematical model building will -

both be extensively defined.
MODELS

A beginning of this - clarification process demands a.more complete
definition of the word model. ‘Models of any type.attempt to repfesent
reality. They duplicate real world situtations, perhaps on a Aifferent-
scale or for a lower cost,l A map, for example, is a model of the land

area it represents. Most models used in business and industry, however,

lRuddell Reed, Jr., "Simulation by Monte Carlo," TAPPI; (January,

1966), 28-32,
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take form as.mathematical représentatiqns‘of maﬁrﬁachine-systems.- A
mathematical model uses mathematical equatioens to exéress relation-
ships among critical elements-of the system under study. A model, onée
formulated duplicates the actual operétion of the system through some‘
type of model‘manipﬁlationm The model user applies results-frém the

manipulation to -aid him in.making correct decisionms.
SIMULATION

ﬁanipulation of mathema;igal models may.take.place in several
ways. Simulation is one method used to manipulate models and is
utilized in this thesis. Simulation involves an effort to reproduce
theiactualvoperation of_the~syst§m, usually over -some périod of time,
Every system consists of a.set of paramete?S'including,the input?.output,
processés, feedback—contro;, and certain restrictions.  The parameters
ére-related to each other by certain bonds called relatienships. Iq
the mathematical model the mathematical equations express that these rela-
tionshipsﬂz\ The -processes 'of a system generally consist of certain.
specific -activitiess A simulation model duplicates the occurrence of
each system activity-and the effect the activity will have on other

parts of the system. The-end of a system activity signals-the beginning

2Stanford L. Optner, System Analysis -for Business and.Industrial
Problem Solving (Ernglewood Cliffs, N.J.: Prentice-Hall, Inc.,
1965), pp. 26-27. L




of a'ney activity. If a user knows exactly what occurs at the
beginning and ending of each activity within an actual system, he

can duplicate, the system with a simulation model. The beginning and
ending of system activities are known as events.3' For example, if

the log carrier arrived at-the landing to be loaded, the subsequent.
activity would be loading. The beginning and ending of the loading
activity would be marked by two events. The arrival.of the carrier
would signal the beginning of the loading activity. The end-of-
loading event ‘would signal the-end of the loading activity, which would
occur after the log carrier was.loaded.

Since most.system activities consume time, a simulation model
generally duplicates the actual system over a certain period of time.-
For example, the loading of log carriers might be simulated for-a week
to find the total number of carriers loaded. This would be accomplished
by specifying the results and effects of two events; namely, arrival of
carriers and end-of-loading of -carriers.. The arrival event marks the
beginning of loading and also schedules the time for completion of
loading, or the end-of-loading event. The end-of-loading event marks

the end of loading and schedules the next arrival event.

3Ao‘Alan B. Pritsker and Philip J. Kiviat, Simulation With GASP IT
(Englewood Cliffs, N.J:: Prentice-Hall, Inc., 1969), pp. 1-19.
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The - simulation model is developed by specifying the various
activities of the system, by determining what events mark the beginning
and ending of activities, and finally by designing a set of relationships
among events of the system. A description of the simulation model for
the loading aﬁd hauling subsystems consists largely éf an event
description. All models must, however, have some objective and criteria
by which decisions are made. The objective bf this entire study aims
at giving the logging contractor a better base for making decisions
regarding equipment selection and system design.

The simulation model developed here allows for comparisons of
various loader .types, number- and quality of trucks, and general system
designs by indicating which combination gives the ieast total cost

expressed in dollars-per unit of productivity.
SUMMARY

Although the actual simulation model‘can'Be described in termsl
of its events and activitieé, clear understanding of the model démands.
a more complete description of the variables and cost structure of the
loading and hauling subsystems. The succeeding chapters deal with these
subject areas. A description of the model and presentation of the case

studies follow the chapters just mentioned.




CHAPTER 2
LOGGING AS A SYSTEM

The' logging system exists as a subsystem of the timber and wood
products industry. As a subsystem, its input arrives from-anofher
subsystem of the industry just as its output is delivered t0's£}11
another subsystem. Input to the logging subsystem arrives from the
planning phase of the timber and wood products industry. This system
includes forestry research and forest utilization. Consideration of
conservation, tree size and maturity, and the regrowth of trees will
result in an output of the planning system dictating which trees the
logging system can process. This immediately determines the location
of .the logging site and the maximum volume of merchantable timber.

.These inputs serve as constraints and restrictions to thé logging '
system.

Output of the logging system is used in a conversion phase of the
timber and wood products industry. The conversion phase takes form
as-one of a varigty of processing mills, The mill functien may.be as.
gimple as fencepost production or. as complex as paper processing. Dif-
ferent processing mills require various sizes and types .of logs placing
still another constraint upon the logging system.

Although the basic.logging system remains the same for all locatioms,

volumes, and log destinations, the basic-equipment types will vary. This
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model simulates logging sites in the Northern Rocky Mountain region
where logs are produced for plywood or lumber mills. Modification of
the region location would generally involve a change in all data
concerned with equipment productivity and reliability. Thus, a first
assumption implies that only logging sites within this region were
considered. A second assumption holds that log-carriers consist of
logging trucks with trailers, which eliminates from consideration use
of rivers and rail cars as log carriers. This assumption corresponds
to the general practice in the Northern Rocky Mountain region.
Modifying the second assumption involves changing cost information
and simulation events associated with the hauling subsystem.
Regardless of assumptions made about the equipment used in the
logging system, the basic system will contain the five subsystems
mentioned in Chapter 1. The flow of timber through the logging system

is shown below in Figure 1. Felling and bucking compose the processing

Planning System

i

Felling Bucking ’l Skidding Loading Hauling
o L) , __w/.L L
Logging System Conversion System

Figure 1! Flow of timber through subsystems of the logging system
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subsystems of the logging system. In these two subsystems, which are
generally combined under the heading of logmaking, trees are processed
at.the stump area. Here, the tree has grown to maturity. Processing
of .a tree implies converting from a standing tree to a log-length or
tree-length log. The entire logmaking process generally requires one
or more men, each equipped with a chainsaw. The productivity of.the
logmaking function depends almost eptirely upon the number and the skill
of the men involved in the process. Because of this, logmaking has not-
been subjected to a great .deal.of analysis and does not.appear to
require analysis presently.

The- logs.obtained from the logmaking function must.be moved to
the processing mill before.the logging system can render any value to
the total timber industry. Transportation of logs to the mill takes
place in three distinct.materials handling subsystems. Logs.first
move from the stump area to the landing in an intermediate trans-—
portation function, called the skidding subsystem. As ‘previously
mentioned, the landing is some cleared area in the forest whefe logs may
be piled or placed in preparation for loading. The landing provides -
a more advantageous area from which to load logs. Transportation in-
the skidding subsystem may take place with one of two broad categories
of skidding equipment. In one.category, over-the-ground vehicles,
called rolling-stock.skidders, drag logs from the stump area to the

landing. In the second category logs are hauled or "flown' through the
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air using overhead lines and special support gear. Within this second
mode of transportation, known as yarding, three additioﬁal alter-
natives exist. The alternatives vary chiefly in.the number of logs
hauled and the type of equipment used. Common to all yarding alter-
natives is the method used to dispose of logs at the landing. This
"method" consists of releasing the grip on the logs allowing them to
fall where.they may at the landing. On the other hand rolling-stock
skidders '"deck" logs into piles. This decking operation éonservesn
space at the landing and_sometimes provides for faster loading. It
also involves.a cost. The decking cost.is assigned to the cost of
loading and hauling as .part of the input>from the skidding subsysfem.
Thus the skidding method employed will affect the cost of -the loading
and hauling subsystems. ~Use of rolling-stock;skidders generally
creates a decking cost, but in the yarding alternatives. this cost.does.
not exist.,,

A large.amount of research has evolved from the Forestry Sciences
Laboratory in Bozeman, Montana.l Their research has explored the

various .skidding methods in detail. Rolling-stock skidders have been

lThis experimental léboratory functions as-part of the U. S. De-
partment of Agriculture and has an official address of:
Forestry Sciences Laboratory
Montana State University
Bozeman, Montana 59715
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analyzed to obtain the most economical type.for a.given set.of con-
ditions. Yarding operations, including the new concept of balloon
yarding, have also.recéived-attention and: research. " Finally, the lay-
out and location of skidding roads and landings were analyzed in,
previous research. This combined research makes the skidding sub-
system a well.researched area.

The two final subsystems of the logging system also-invelve
materials handling. The loading subsystem consists of the movement.
of logs from log decks, usually found at the landing, to nearby long-
range transporters, consisting of trucks or rail cars: Haqling,'as-
the name implies, invo;ves the movement.of the logs from the.landing
to khe conversion mill. The logs are unloaded there, by and at the
expense of the éoﬁversion mill, The loading and hauling subsystems
are closely related through the interaction of several variables in
each of the subsystems., The primary output of the loading subsystem
consists of -a load of logs on a long distance carrier. .The output
of the hauling subsystem and thus of the;lqgging system consists of the
load of logs.at the conversion mill. The output rate for both, systems,
however, depends upon a,combination of factors in both the loading
and hauling subsystems. An analysis of just one,L of the systems, there-
fore, would restrict its contribution to the total logging system. .
Since little has been done to quantify the various combinations of
factors which can exist, the newt chapter explores.in greater detail-

the elements of the loading and hauling subsystems.




CHAPTER 3
FAGCTORS AFFECTING LOADING .AND- HAULING

The previously mentiened objective of this simulation moedel
centers around the determination of which cembinatien ef loading and
haulingzva}iables will result in the lowest cost of operation.
Simulatien analysis, however, will generélly not find an optimal solu-
tidnol The "best" ceombination resulting ffom operation of the simulation
model .will ‘be best only in.terms of the élternatives-comparedo How-
ever, uge‘of-a systematic‘approachbof comparisons should result in a

combination very close.to an.optimal selution..
LOG DECKS

Continuous.intreductien of new equipment and methods.prohibits
a complete description of all leading and.hauling facters. However,
factors in most,general areas will be mentioned in some detail. The -
position and location of logs.at the landing will .affect the speed of.
the 1oader in picking and serting Jlegs. This relates -to the quality
of. the log deék, which was briefly.described in the ‘previous chapter,
Decks may exist in one of three quality classes. dlaSS'one-decks are:
analagous.to matchsticks in a box, with even ends and all logs
parallel. 'This'conﬁngratien makes the logs éasily.accessible‘and'
takes up the least .amount of space. When some log.ends are uneven

and net parallel, a claés-two deck exists. Legs not lying.parallel

.
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with the -main poertion of the deck are said te be jackstrawed. Class,
three decks have no ends even and are-so badly jackstrawed that the
major part of the deck is difficult to define.

Intuition suggests that- the léader could load faster from a class
one deck than from a class three deck. It also suggests that-a better
deck class would result from a.higher decking cost. Therefore, the
time and effort,used in building a log deck could affect the.produc-
tivity of the logging system. The actual effect of deck quality will

merit further discussion when the cest structure is. described.
VOLUME AND TERRAIN

One of . the inputs to the logging system, the allowable cut of
timber, will affect the best loading and hauling combination. A
restricted volume will limit the necessary-daily production. Often
this limited volume stems from the amount of timber a mill will buy,
so that volume may be.controlled from two sources, Generally, a.
limitation from the mill will cause more system slowdown.than one from
the planning system, since the planning system restrictions will
occur before any operations begin.in a certain area.

The type of.terrain and its main characteristic, slope, affect
the type of landing which best suits a situation. Two types of landings
exist.. A continuous landing uses part of the logging road as a landing,
while the alternative, an excavated landing, requires a scraped or

cleared area every few thousand yards along the -logging road. The

BN S
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' excavated landing provides more area and convenience for loading, but
under specific circumstances, involves an-extra expense. Above,a
certain.percent slope, an excavated landing is generally too expensive.
Exceptions to this rule occur when special equipment.requiregtan-'

excavated landing.
LOADER CATEGORIES

There .are six géneral éategories for loaders. Within edch category.
various sizes.and capacities also exist. The category and iiﬁting
‘capagity of a particular loader specify the time needed to 155& a-
truck. Lifting capacity depends upon the age and original size of
the .loader and primarily detérmines_its original cost. ‘A syétem with
a particular set of conditions operates best with;a Particulér loader.
The particular loader needed will ‘be one result ogtainable from the
thesis model.

,Loaders in the six general catggories,have(many similafitiegﬂ
All, of course, perforﬁ the -loading function. With one exceétion? all
“have power units-whiqh:remain stationary while ,loading. Loéé;are 
grasped with some type -of -pincher or clamp énd lifting is accomplished
using either cables and a support boém or a hydraulic arm. The excep-
tion, a-front—eﬁd loader, moveslwith the logs-and iifts the% with forks
attached to its hydraulic arms. To accomplish loading, this unit;

usually a crawler or rubber—tired -tractor, will move, to the log deck,

lift one, or several logs with the forks, move to the log carrier, and
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place.the logs on the carrier. The forks operate on the ,same principle
as a."farmhand" on.a farm tractor or a blade on the front of a bulldozer.

bf the remaining five loader categoriés, only one uses a hydraulic
arm fo.load,logs. fhe-fully articulated, hydraulic loader.is similar
to-a backhoe, which is normally used for excavating dirt. As the name-
impliés, this loader uses hydraulie principles to accqmplish its loading
function and can maneuver its hydraulic arm in.almost any direction:
Because of its maneuverability, the loader .works very fast, Its
original productivity is generglly the greatest of all loader categories.

A loader with air.or hydraulic pinchers employs-some of the prin-
ciples of .a fully articulated, hydraulic loader, but varies in size and
in operation of the lifting arm. Only the pinchers are hydraulic in
this third loader category. Since -the smallest loaders .are generally -
found in this category, they are usually mounted on some other vehicle
for movement. Hydraulic pinchers .grasp the log and a steel boom,
accomplishes-lifting. Since most loaders in this-category afe small,
the timber size.will greatly . affect a decision to use it.

Loaders in.the three remaining categories use cables and either
tongs or .a grévity grapple to accomplish loading. Loaders in two of
the categories possess a-feature known -as.a heelboom to facilitate
lifting of -logs. -Hence, the loader- categoriesare named “heeibgom
with gravity grapple" and "heelboom with tongs."  The heelboom with
gravity grapple employs.a grapple.te pick up logs. This grapPle.opgns

and subsequently holds logs because of the gravity principle. The logs
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are lifted and shortly butted intq the heelboom. Theﬁ the logs,; heel-
boom, and usually thejpoWer unit pivot  together on a subpoft'base with -
the logs eventually being placedyen.the cérriero

The heelboom with tongs lifts logs and places them on.carriers in-
the same manner és thé;heelboom.with grapple. If ‘tongs are used, how;
ever;:én extra man, called a tongéetter, must be employed. He hooks.
the tongs into the logs before ﬁhey are lifted to. the.carrier. These
tongs resemble ice tongs-and can.pick up only one log per loading cycle. -

Loaders in the .remaining categorylare named long-boem loaders.
Essentially long;boom-cranes with gravity grapples attgched, they are
used in steep terrain. The extra-length-of the boom gives it the added.
capability of -reaching logs from.scattered decks without répositioning
as .often. If this special sifuation.doesgno; exist,; the long-boom
loader might be slower and more expensive than -loaders in other-cate-
gories. Sketches of the various loader -categories are shown:in.F-ig'ure‘Z°

Within each loader category appear four distinct sizes. In reality
the variance in.specifications of different loader brands prevent.the
sizes .from becoming exclusive classific;tions,. The- sizes, however,
should represent general.classes inte which meost loaders can be fitted.:

Determining the best loader size presenté another- preblem for the.
simulation model. - The:timber size elimiqates,somé.loader sizes
immediatei&, If a lqader cannot lift a singie‘log, tﬁat particular
size classification can be eliminated. A loader may.be over or under-

designed when related to timber sizes and productivity. An over-




(a) Fully Articulated
Hydraulic Loader

(c) Heelboom loader with
gravity grapple

(e) Front-end loader
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(b) Loader with air or
hydraulic pinchers

(d) Heelboom loader with
tongs

(f) Long-boom loader

Figure 2: Sketches of Loaders in the Six Categories
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capacity loader wastes the loading potential not used, whereas, an

under-capacity loader will not perform its required task.
TRUCK FACTORS -

Loader activity depends upon the presence.of log carriers at the -
landingo. The number of log carriers in- the system affects the time a
loader is idle. Hence, the.number of carriers also -affects the number-
of loads produced in a day.  The best number of log carriers_té'employ
in the system depends partially upon a.balance ﬁetween the cost to
6wn and operaté.additional log carriers and the income. derived.from
the increased.productivity.

As previously mentioned, trucks are used .as log carfiers‘in this
model. Six model cgtqgories exist also -for truck types. These cate-
gories follow a cost breakdewn, since allﬁpodels have the  same log

. /
capacity. The first.category.encompasses all used trucks.. The other
five categories are-cléssified in cost groups.ranéing from $10,000 to
830,000, This cost.refers to the original cost of the tractor portien
of the logging truck.

The number of daily trips'made by logging trucks,aiso debends
upon the‘distance-betweeﬁ the logging si£e.and the conversion mill.
Related to travel té,and”from the landing-ié.the réad:cqnditionu_
Consider three“roadﬂclassificatiqns; pavement, primary read, and spur
road. Pavement{ as the name implies, cdnsists of a paved sﬁrface high-.

way.  Primary road consists of a.graveled surface road which, if on
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forest service land, is built to forest service specifications. The

road leading from the p;imary,road.to the landing is called a spur

road. Each road type-implies an average speed for legging truck travel,
Thus, with distance, a%eragg"speed, and an allowance- for delays specified
as input data, the maximum-number of trips per day for any single truck

can be determined.
SYSTEM DESIGN:

The method used to schedule the truck arrivals-at the landing will
affect 1oader idle time. An improper schedule may create a queue of
trucks at certain times and at.other times may cause excéss.loader~
idle time.

Normally, hauling takes .place on a. logging truck with a standard
trailer. The standard logging trailer needs the rear part-of . the
tractor to .complete the trailer system. This comﬂination, once léaded,
forms a unit which cannot be separaﬁed until completion of unloading.
This situation means that the .truck-trailer unit must make a complete
round trip to and from the landing.

A mo&ification kit fqr the standard trailer makes it possible for
the tractor and trailer to become ‘separable units. This kit .adds
expense to the'origingl truck-trailer cost, but might be.ceémpensated
with ad&ed versatility in.;he logging system. Fully loa&ed trailers
can be unhéoked at any location., This new.dimension allows trucks to

haul trailers to and from an intermediate -location called a prehaul
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dock. Usﬁally‘several trucks sexrve as highway.trucks to haul trailers
to-and from the mill. One:or two trucks also pull trailers to and
from the landing.  Because these trucks, called shuttle trucks,‘have
less distance to travel -to the landing, thé number -.of leads  preduced
in a day generally increases. .

Use of the préhaﬁl trailers results in the additipn of three
other’variables~to the system. . Whére previously the total number of
trucks was considered, now this variable muét be subdivided into the
best -number of shuttle and highway trucks. Additionally, the location
of -the prehaul dock should facilitate -the greatest number of trips in.
a day. Finally, consideration must be given to'the-possibility‘of
keeping extra prehaul trailers in the system., Essentially, these
would serve.asyintermediate inventory for the system and permit.some .
lag and delay in truck schedules. These three variables exist only
for cases With.prehaul‘trailers, but will merit consideration in those,
cases,

There is a further modification of the hauling systems whereby
a preload bunk remains at.the lapdiﬁg. Preload bunks provide the
loading subsystem with the.capability of producing when ne trucks are
at the landing. Rather than loading trucks, the loader fills the pre-
load.buqk‘with.a load of logs. When t;ﬁcks.arrive at .the landing, they
are ‘loaded by lifting the loaded bunk with jacks, backing the truck
under .the bunk,~and-lowerihg the bunk load onto the truck. Once the

preload Bunk has been filled, the loader .remains idle until a truck:
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arrives to pick up the bunk load. Savings -result fram decreased truck
time at the landing. This will reflect some.change in loader pro-
ductivity, since decreased time at the landing might allow another daily .

trip for a particular truck.
SUMMARY

A single combination of the above variables implies an associated
owning and .operating cost. The minimum.cost, in turn, impiies the
best combination. Costs associated with each variable are detailed
in-the cost structure of. this-model, which is discussed in.the next

chapter.




CHAPTER 4
DESCRIPTIGN OF COST -STRUCTURE

As well as incurring a certain cost, each'combination of the
variables mentioned in the previous chapter can,also produce a.certain
volume of timber. Timber .volume represents.system productivity usually
expressed in board feet or thousand board feet. A board foot, the
common volume expression in logging, is a piece of green lumber one
foot long, one foot wide, and one inch'déep. When a large volume of

timber is under consideration, a thousand board feet generally repre-

sents a volume unit. The thousand board feet unit-will be expressed in-

its common.symbol mnotation; MBF, The decision criterion, previously-
mentioned as cost in dollars-per unit of productivity, can be more
explicitly defined as.cost.in dollars per MBF. It therefore represents
.a ratio of investment to output and is a criterion common-to logging
research.. The variable names found throughout the remaindér of this
thesis are-expressed in the same form.used.to identify. them in. the

" computer program.
TOTAL COST PICTURE

Calculation of-the total .cest to own and operate a unique loading
and ‘hauling combination necessitates development of & cost . model which
includes all cost elements. Although the development.results in a

model, it shall-be called the cost stfucture te avoid confusion with
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the simulation medel. The cost structure includes all elements from
decking cost to the-cost of truck idle time at the coenversion mill.
The inclusien of decking cost accounts -for the .cest.to deck logs, but-
not the cost.to skid logs to the landing. The inclusion of truck idle
time at.the mill accounts for the cosf for the idle time incurred
while the truck was being.unloaded, but- not the éctualqunloading cost.
Total cost is formed frem five subbosts; the cost.of decking, the
actual loading cost; the -cost of loader breakdowns, the cost.of loader
unproductive time incurred while waiting for trucks, and the cost.to
own and operate a certain number of trucks. These costs, respectively
named COST 1, COST.2, COST 3; COST-4, and COST 5; are-added to obtain-
total cost; CSTOT. Figure 3.on the following page depicts these five -

costs in the cost structure form.
COST-1: COST OF -DECKING

Decking occurs after logs have arrived at .the landing and cables
holding the logs have been unhooked. The three deck classifications and
their probable effect on loader productivity were mentioned -in Chapter. 3.-
Little data is currently available to support the proposition that an
improved log deck will increase leader productivity. A relationship
between deck.quality and loader .productivity is not included in- this
thesis, but establishment of;this-rélaﬁionship presents.an area for
future investigation. Inclusion of the decking cost exists principally

as.a tie-in to the skidding system. Except when rolling-stock skidders
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Cost after entering
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are used, the decking cost is zero. Yarding subsyétems generally do not
involve any decking activity. Rolling-stock skidders, however, incur a
decking costléqual to the owning and operating cost.incurred during

the decking time.

Several factors affect the owning and operating cest.of a skidder
while it is decking logs. These factors include the. cost to own'and
operate the skidder, the Wage-of.thé skidder operator, and his skill
rating. The percent. of a.skidding day spent .decking logs must.also be"
known. Finally, the average number .of skidding trips per hour and
the average timber volume hauled each trip need to be supplied.

The decking cost, COST 1, will depend initially upon.the skidding
system being used.‘ A calculation is maﬁe only if relling-stock.skidders.
are'usedal For other skidder types.this cost.becomes zere. Calculation
of COST 1, expressed.in dollars per MBF, involvésﬂdivision,of'the owning
and operating cost in dollars per hour by the productivity in-ﬁBF

per hour. This is shown.below in equation 1.-

WGSO + CO0S s
COST 1 =-SCPH x (0.10 -x PDS12) + (0.90 x PDS11) (1)
where:
COST 1 = the decking cost in‘dollafS'per MBE 3
WGSO = t@e wage vof .the skidder operator in dollars per hour;
C00s =

~ the owning and operating cest of the skidder in-dollars

per hour;
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SCPH

the average number of skidding cycles per hour made by
the skidder, where.a skidding cycle is.a round trip
from the landing .to the woods;

PDS12 .

the producti&ity_of the skidder in MBF per.skidding
cycle per hour when logs. are decked to a class two -
deck; it is multiplied by 0.10 since approximately
ten percent of the -skidder's decks.are class two;

PDSI1 the productivity of .the skidder when logs are decked to -

a class one deck, Where.approximatély ninety percent of
the skidder's decks are class one,dec‘ics°
WGS0, C00S, and SCPH must be specified as:data.in-the_model.- They‘
represent carryovers from infermation neceésary in.the ski&dgng'sub—
system. The estimates of thevpercent of the number of decks in -each
qualify claSS‘were“ébtéined from observations of rolling stock.skidders.
They could be changéd or made variables of,the‘moéel.if the current .
estimatés_are.not‘valid fprva.particular situation. Determination of

PDS12 and PDS11 necessitate two further calculations shewn in equations-

2 and 3.
_. SVEC ", en : 1 |
PDS12 = (1Q2/60.0) * RISO, , 2)
~and . ﬂ -
SVPC ‘ ‘ .
PPS11 = _(1Ql/60.0) RTSO, (3)
where:

PDS12 .and PDS11 are asfpreviOusly defined;
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SVPC = the skidding volume per cycle, which is the -average

timber volume skidded to the landing each trip;

TQ2 = the time in minutes required to deck logs into a class
two deck;

TQl = the time required to deck to a class one deck;'

RTSO = the skill -rating of. the skidder operator expressed as

a percent where 1007% is considered average.

The relationship of the factors involved in the cost of decking
are shown in Figure 4 on the following page. Output.of the decking
phase is a log deck of a certain quality. This deck quality will, in
reality, have some effect on productivity of the loader., However,

this simulation model assumes that the effect is negligible.
COST 2: THE LOADING COST

The second sub-cost-accounts for all.costs incurred whilethe
loader is dctually loading carriers. Because it is expressed in
dollars per MBF, the total cost for a certain time period must be.
dividéd By the timber volume loaded in that-period. Primary factors
affecting GOST 2 include the leoader productivity expressed in MBF per
unit time, the operating cost. of the loader, the.cost.te own the loader,
the cost to build extra landings, and finally the cost,resulting when
weather prohibits normél operations. The relationship of these.factors

is shown in Figure 5.
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Figure 5: Factors affecting COST 2, the actual loader cost of loading
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Calculation of loader productivity, usually expressed in MBF-per
unit of time, depends upon proper identification of the effects of
several elements. The effect .of some of these elements has been. assumed .
to be negligible. For instance, the deck.quality and landing character-—
istics probably have an effect on loader productivity, but all:their
effects are not.included in -this model. The probable effect and
assumption concerning deck gquality received attention earlier. Landing
characteristics are chiefly defined in . terms of Eﬁe-alternatives which
exist: continuous,landingS;ané excavated landings. The effect of
landing type is included only.%or,frpnt—end loadérs. This:loader_needs
a relatively level landing, ané théréfore, sometimes incurs a cost for
the building of the landing. fhe-landing cost is tregted more, exten-
sively .in a later part of this chapter.

Factors having a &efinite contribution to idéder productivity
include the original productivity of the.loader; the age of the loader.
in years, and the skill rating of the loader.oi:’eﬁ":ator° Original
productivity reflects the ability of a loader.td load logs Whénlit_is
new, ‘and is dependentnuponﬁloaaer size and type. Loader size and type
determine the lifting capacity of ‘the loader, ;ﬁg hence, the number
of logs which can be.lifted per cycle.

As tﬁe_loader groys older, its_liftingvcapaqity will likely
decrease; This reflecfé loss of po&er in.the énéine and Weérput of
loader parts. When the‘lpader's capacity to lift logs decreases,; its

productivity must ngceésarily decrease.




32

The skill rating of the loader operator is one . of the most
difficult elements to measure and probably has the greafest effect.
upon -loader productivity. The rating is expressed as a percent with
100 percent representing the normal.operator as defined by time study
specialists. Prodﬁctivity.relatés directly witb-the-opérator rating.
A 20 percent increase in the operator rating would result in a 20
percent increase in productivity. A pictorial description of.these

relationships is shown in Figure 6.

Deck 1it Landing
eck qualilty Characteristics

/
N /  (--~-indicates a
X negligible effect)

Loader .Productivity

Loader age Operator Skill
Rating '

Original
loader capability

Figure 6: Factors affecting loader.productivity
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Productivity is expressed in MBF per unit.of time. 1In this model

the unit of time used is a year. Calculation of yearly MBF necessitates

recording the number of loads-produced in a year. Multiplication of
yearly loads by the average MBF per truck produces MBF per year, the
productivity of.the loader. This result does not account.for the
allowance that must be made for the portion of -timber that cannot be
utilized. The merchantable volume of timber on any truck load does
not -equal the total timber volume.. Sﬁbtraction is made for.that-part
which has some defect., Defects usually takes such forms as rot,
breakage, splits, crooks, and knots. It can generally be expressed as.
a percent defect common.to a certéin location and tree specie.
Knowledge of the above variables can result in the -calculation

of productivity as

PRODL =- (AVMBF x LOADS) x (1.-DEFCT), 4)
where:
PRODL = the productivity of the loader in MBF per year;
AVMBF = an average truck load expressed in thousand board:

feet per truqk and.is part of the data of the model;
LOADS = the total nuﬁber of truckloads produced in ; year, as
determined iﬁ the simulation model; .
DEFCT =. the average ﬁercent defect in logs which is used to
degra@e actu;l volume to usefdi volume and is .obtained

from data of the model;
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Age and original productivity of the loader and the .skill rating
of its operator are accounted for in a part of -the computer program where
determinatibn of the length of time needed to.load a truck takes place.
The time in minutes is found in the part of the program named XDTM. The

principal calculation made is shown in equation 5. -

* XDIM = OPDV .\ a7 NYEAR,ISV,ICLAS), (5)
’ RTLO ‘
where:
XDTM = the*loading’time~of—a-tfﬁck in minutes;
OPDV(LCAT,NYEARgISV,ICLAS) the time in minutes requiired to

load a truck.with an average load with a loader. in
category LCAT, of age NYEAR, in an original size class
ISV, when timber has'an average diameter in timber

class ICLAS;

RTED the skill rating of the loader operator expressed.as a:
percent with 100% being average.

The values.of OPDV and RTLO are fed into the model as data.
ICLAS, a siubscript of OPDV, is data characteristic of a specific.
location. NYEAR varies as the simulation progresses in'time. LCAT -
/and-ISV.are variabies of the model and will vary as different cases:
are studied.

The ﬁethod used here to determine loading time represents a first

attempt. to quantify productivity of a loader affected by the factors-

mentioned above. A more complete explanation of the method used to
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obtain loading times is given in.Appendix.1l, Loader productivity
remains an area for future research. When such research follows, the
simulation model should be modified to incorporate factors which better.

depict -an actual situation.

Loader Operating Cost:

The cost of operating a loader includes.effects from several
sources. The original productivity of the loader, generally related
to loader size, will influence the fuel consumption of ‘the loader. A
large loader . usually requires more fuel than a small one. Loader age-
is linked with preventive maintenance which is necessary to keep a
loader in good cendition.

Other factors.affecting loader operating cost.relate more directly
to the actual cost. These include fuel and maintenance costs. Fuel
information, which is part of the data of the model, contains fuel
cost, fuel consumption, and a variable -stating whether the loader is
gasoline or diesel powered.

Fuel cost is expressed in.dollars per gallon of fuel. Data
include both the cost of diesel fuel, called FLCID, and the cost of
gasoline, called FLCTG. .Fuel:.consumption, named FLCNL, must be stated
in gallons per brake horsepower per operatiné hour. Brake horsepower,
generally called BHP, describes the power of a particular engine.  Thus,
specification of fuel consumption in this manner allows for the inclusion

of loader size as an.operating cost factor. In the simulation model
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FLCNL is converted to fuel consumption in gallons per operating hour
by multiplying it with the brake horsepower of a particular loader.
This calculation is-shown in equation 6.

FLCN = FLCNL x BHP (6)

(LCAT,ISV)”

where:
FLCN = the fuel consumption in gallons per operating hour for
a loader in category LCAT and.in a size class ISV;
FLCNL = the f;el coqsumption‘in gallons per BHP per operating
hour as described above as part of the data of the model;
HP(LCAT,ISV) the brake horsepower of a loader in category

LCAT and in size class ISV.
fqtal fuel.cost.is calculated over the unit time period, in this-

case a year. The calculation is shown .in equation 7.

FLCSL = IEELCTD X VDFL(LCAT)) + (FLCTG x VGL(LCAT)] x ‘FLCN.x AOPHL, (7)
where:.
FLCSL = the total fuel cost for the unit.time period;
FLCTD = the cost of diesel fuel.expressed in dollars per gallon;
VDFL variable specifying whether diesel fuel is used .

(LCAT)
to power the loader in category LCAT such that if VDFL

is Q, diesel fuel is not used, whereas a 1 indicates use
of diesel fuel;

FLCIG. = the cost of gasoline-expressed in dollars per gallon;
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VGL(LCAT) a variable specifying whether gasoline is used to
power the loader in category LCAT where a 0 indicates

gasoline is not used, a 1 indicates use of gasoline;

FLCN = fuel consumption in.gallons per operating hour as
described earlier;
AOPHL = actual operating hours of the loader per year consid-

ing that the lqader loads only a fraction of the year.:

Calculation of.actual loader operating hours takes place at the
énd.of each simulated year. The total scheduled operating time minus
the total idle time will yield the actual operating time. Although
costs and productivity are calculated with a year as the basic time
unit, within, K the simulation model ti%e-mgst be kept on a émaller scale.
Here, a minute is the smallest element of time. Thus, when actual.
operating time is found it must.be divided by 60 to convert from

minutes to hours. The calculation of AOPHL is shown below in.equation .8.

TNOW - TENYR ~ TLIT

AOPHL = 280 (8)
where:
AOPHL = actual operating hours of the loader;
TNOW =. the simulation time in minutes -at the end of. the year;
TENYR = the simulation.time in minutes at the beginning of the

year (or end of.the previous year) implying that-

(INOW - TENYR) yields the number of minutes in-the year;
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TLIT = the total number of minutes the loader was.idle during
the year.:

Note in equation 7 that VDFL and VGL have a mutually exclusive
relationship. If one has the,value zero, the other must be one., Thus,
if VDFL were zero, VGL would have to be. one.

The effect of age-on.the fuel consumption of.the loader is not-
accounted for in this thesis. Little data is available to justify
formulation of a relationship. The model uses an average fuel con-
sumption for all ages and categories of loaders. Investigation of
the relationship of these factors presents another area fo¥ future
research. |

The cost of preventive maintenance, in this moedel, is expressed
as the yearly expense necessary to.keep the loader in good coﬂditiqn;
Expression of tﬁe cost in this manner does not reflect.the relationship
between age and preventive maintenance cost; but does introduce the -
area as one also requiring future research. 1If a relétiqnship between
preventive maintenance and age were found, the amount of.preventive
maintenance could become a variable 6f the system and a search would
be made to find the besf.maintenance schedule. As the model now
stands, .yearly preventive maintenance expenditure, called XMNCL, is
read in the model éé data.

The factors. just mentioned that affect the operating cost are

shown in Figure 7.
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Loader Size in
Loader Age
Brake-horsepower ;
in years
i (--- indicates a
! Ceurs ]" negligible relation-
| Cost to operate | ship)
Fuel Cost in Maintenance costs
Dollars per year in
L Dollars per year |

Figure 7:

Factors affecting the cost to operate the loader

Calculation of the cost to operate the loader takes form as

CSOPL = FLCSL + XMNCL + (AOPHL x WGLO) +

(AOPHL x WGTS x TSV

where:

CSOPL

FLCSL

XMNCL

AOPHL

WGLO

WGTS

(LcAT)? @)

the cost to operate the loader in dollars per year;

the cost for fuel during the year expressed also in
dollars per year;

preventive maintenance expenditures in dollars per year;
the actual loader operating hours during the year
expressed as hours per year;

the wage of the loader operator expressed in dollars
per hour;

the wage in dollars per hour of the tongsetter whenever

a heelboom with tongs is employed;
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TSV =. a variable specifying whether a tongsetter is-needed

(LCAT)
for a loader in category LCAT, where TSV is zero.for
all ﬁut the heelboom with tongs, when it takes the
value ane.

Although the wages of the loader operator and tongsetter are;
included in the operation cost, they could just.as easily be identified

as factors directly affecting the loqding’cost. They are.included in -,

the calculation of the cost to operate for convenience.

Loadg; Owning Cost

The loader accrues'a cost.every hour of the day. Called the owning
cost, it is usually expressed in.dollars per hour. Hours used . to
calculate the owning cost .may include every hour of the day or just the
scheduled operating hours. Although the cest actually continues.through
the entire day, charging it only to.scheduled work hours places.a larger
penalty on.system idle time.

Owning costs.include the cost of -depreciation, the.cost.of equipment
insurénce, interest cost, the cost of taxes, administrative cdsts, and
the cést of workmen's -compensation insurance. To ‘obtain owning-cost in.
dollars per scheduled work hour one divides the yearly total of the above
Eosts by the scheduled work hours in a year. These factors are shbwn

in Figure 8
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Cost of
Cost of
g Equipment
Depreciation
Insurance
v X%
Cost of CSOWL
Workmen's Cost of
Compensation I > uoRLEEo SR et Interest
I | the loader
PR AUES ] in dollars per hour
Cost of Cost of
Administration Taxes

Figure 8: Factors affecting the cost to own the loader

Depreciation Depreciation cost accounts for the decreasing value of

equipment due to age or use. The total cost of depreciation equals the
difference between the purchase price of the equipment and its selling
price after being used for a certain period of time. This resale price,
generally called the salvage value, can be expressed as a percent of

the purchase price. Calculation of depreciation cost in dollars per
hour requires knowledge of the economic life of the equipment in years

and the scheduled operating hours per year. Once these are known, a
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straight—line method of depreciation can be used to solve for the
depreciation cost. The reasons for using this depreciation method are
explained later.

Economic- 1life of equipment is .the period of time when the equipment
is used for its intended job. It ends when degradation to a new service
or liquidation occurs. It can also be defined as the time over which
the equipment has:its lowest uniform.equivalent annual cost.; The two
definitions support each other, but the first is more applicable in this
thesis. Econemic.lives used here consist .of averages based upon general
observations of persons familiar with logging operations. Little effort
has been made‘to date to establish economic lives according to the second
definition. The.simulation model developed -here.could probably be
modified to provide answers to this problem and presents another area
open to future research. Economic'lives in use here, however, are fed
into the model as data.

Logging operations depend, in a manner .similar to construction work,
upon . the weather and the,seaéon'pf the year. Daily working hours and
working days per month are affected by the particular month of the year.
Estimates of these values.were made for each month of the year from which
a calculation of the expected yearly operating hours resulted. These

were also part of the model data.

lGeorge A. Taylor, Managerial and Engineering Economy.(Princeton,
N.J.: D. Van Nostrand Company, Inc., 1964), p. 186."
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Estimates of the working days in a month-accounted only for the-
season of the year. Monthly weather patterns received.consideration in
another part of the model. Estimates of the probability that a day's
weather would permit work were fed into the model as data. The prob-
abilities considered the likelihood of rain, that-days would be too
cold,'and that spring thaw would make the ground impassable. Con-
siderationiof weather in this manner represented a more realistic
situation since bad weather would be as equally likely during a busy-
time as during a breakdown period.

The estimates of scheduled operating hours.and monthly weather
probabilities used in this thesis are shown in Figure 9 on the
following page. In agreement with the first assumption of . this model,
these estimates correspond to the situation in the Northern Rocky
Mountain region.

Straight-line aepreciatipn implies that equipment value decreases
uniformly from the time of purchase to the time .of disposal. It is.
calculated using purchase price, salvage value, economic- life, and
expected yearly operating hours. It exists as the simplest of several
depreciation methods. Other methods generally employ an accelerated
depreciation form whereby the largest amount.of depreciation is charged
in the earliest years of equipment life. The chief advantage of accel-

erated depreciation lies in the tax savings which can result.

Zraylor, op. cit, pp. 292-332.
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Average Operating Working Days Scheduled Working Probability Day's

Month  Hburs Per Day Per Month  Hours Per Month Weather Is Good
January 5 © 20 .100.6 0:60
February 5 18 90.0 0.70
March 6.5 20 130.0 0.63"
April 7.8 22 171.6 0.40
May 8.1 22 178.2 0.75-
June 8.8 22 193.6 0.70-
July 10:5 24 252.0 0.91
August 11 24 264.0 0.94
September 10.5 | 24 252.0 0.94
Octeber 9 21 189.Q 0.96
November 7.8 19 148.2 \ 0.82"
December 4 18 , 72.0 0.72-
Total

for Year 254 2040.6

Figure 9: Scheduled working days and éxpected good weather for each month.
The data is for the Northern Rocky Mountain regidnﬂ3

3Thié data was-obtained from estimates made by staff members of the
Forestry Sciences Laboratory and should be adjusted to fit particular
logging situations.
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Because of .the simplicity of straight-line .depreciation and its -common
use in the logging community, however, it will be adopted in this model..
If a particular user simulates a situation in.which accelerated depre-
ciation is normally used, program modificationé,may be made in the portion
used for depreciation calculations. The present calculation is shown

in equation 10.

DEPR = CDV - (SYL(LCAT) x CDV) ’ : 109
USL(LCAT) x-EYOH
where:
DEPR . = depreciation cost in dollars per hour;
CDV. = ‘the purchase price of the loader;
SVL(LCAT) = - the salvage value of the loader in category LCAT:
expressed as a percent of the purchase price;
USL(LCAT) = the salvage value of the loader in category . .LCAT expressed
as a percent of the purchase price;
EYOH =. the expected yearly operating hours representing the

" scheduled work hours in a year.

Cost of insurance, interest, and taxes. Equipment.insurance cost,

generally éxpressed as-a percent of the equipment's book value, is com-
bined in this model with the cost of interest and thé cost of taxes.-
Since.all three costs are expressed as percents, combination of the three .
resulté in. a single percent, called TIIPR. This combination procedure is
in agreement with the suggested method of some equipment manufacturers,

such as Caterpiller Tractor Company. Calculation of the total cost of
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insurance, interest, and .taxes requires summation over the economic life.
of the equipment of TIIPR multiplied by the book value of the loader in. .
each year of the loader's life. The -expression ‘2‘ xi represerts the
summation of all "x" values from 1 to n. Using igié expression,  the
calculation of the cost of insurance, intergst, and taxes takes the form

shown in equation 11.

n

I
3

CINS (TIIPR x VALUEi), (11)

i=1

where: n = 'USL(LCAT)’ and

where:

CINS = the total cost,of insurance, interest, and taxes over

the life of the loader;
USL(LCAT)' =. the economic life in years of -a loaaer in category LCAT;

TIIPR = the yearly cost of insurance, interest, and taxes
expressed as a percent of book value, TIIPR is fed into
the model as data;

VALUEi = the book,value of the loader.in the ith'year of its

economic life.
Book value of the loader in any year "i" is found by subtracting
yearly depreciation, DEPRY, from the book value in the previous year,

(i-1). Thus for year two the book,value of the loader would be

VALUE, = CDV - DEPRY, (12)
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where:
VALUE2 = the book 'value of the loader in.year. two;
CDV =- the purchase price of the loader;.
DEPRY = the yearly cost of depreciatien.

In general, the book.value in any year "i" will be

VALUEi_ ~ DEPRY - (13)

VALUE;, 1

or -

CDV .- (i x DEPRY). ‘ (14)

VALUE,
1 -

Administrative cost. The.administrative cest, which :includes.the

cost of paperwork, supervision, and other miscellaneous.items, is also
expressed as a.percent of the book .value of the loader. Thus;
calculatien of total administrative costs' tgkes place in a manner- similar

to the calculation of the cost of insurance, interest, and taxes;.

namely,
n
ADMC =- T (ADMPR x VALUEi), (15)
i=1

where: n = USL(LCAT)’ and

where:
ADMC = the total administrative cost over the economic-life
of the loader;
USL(LGAT) = the economic, life '0of a loader in category LCAT;
ADMPR = the yearly administrative expense expressed as a percent

of loader book value;




48
VALUE:.L = the boek value of the leader in the~ith year of its
economic.life.

Workmen's -Compensation. Cost of workmen's.compensation insurance

is aqothgr element of loader owning cest calculated from a percent
insurancé-rate; In this case, however, the percent charge for insurance
is multiplied by.the sum of the wages involved.in the loading system.
These wages include. the wage of the loader operater and the, tongsetter.
Cost of workmen's compensation insurance is shown calculated -in

equation 16.

WCOMP = [WGLO + (WGTS x TSV(LCAI))] x WCPPR, | (16)
where:
WCOMP =- the cost of workmen's compensation insurance-in dollars .
per hour;
WGLO = the wage.of the loader operator in dollars per hour;
WGTS = the wage of tongsetter in dollars per hour;
TSV(LCAT) = 'a variable .specifying whether a tongsetter is needed
" when category.LCAT -is in use;.
WCPPR = the percent.of the wages which must be paid by the

employer for workmen's compensation insurance.

Summary. Knowledge of the elements of. the owning cost result in

x CDV)
' . (17)

CDV + CINS + ADMC - (SVL
EYOH x.USL

(LCAT)
(LCAT)

CSOWL = WCOMP +
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where:

CSOWL = the cost to own.the loader in dollars per hour;
WCOMP = the cost of workmen!s compensatien insurance in dellars .-
ﬁer hoﬁr;
CDV =  the purchase price of the loader;
CINS = the total cost of insurance, intergst, and taies over
the economic life of the loader;
ADMC = the total‘administrative,expense‘incufred during
economic life of the loader;-
U'SL(LCAT) = the ‘economic- life of.a loader in category LCAT expressed

in .years.
The loader owning cost applies mnot oenly to the leading cost, but
| also to the.cost.of breakdowns.and loader  idle time. Here, it must

be charged to loading cost for every minute of actual operation.

Cost of Extra -Landings

The continuous and excavated typeguof landings received some
attention in Chapter 3. Below a.specific:slope, excavated lapdings
find.the most -general use. Above this slope they are-rarely found,
generally becauée of . the expense required to build them. For all.
but one of the loader categories, produétivity from a continuous
landing is assumed to be the same -as productivity from an excavated
landing. The one.exception, a front-end loadgr, needs  an -excavated

landing in.which to maneuver to and from a carrier. Therefore, for
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all loaders except the front-end type, any cost for landings will be
the same and need not be included‘in cost of operations. Another
reason for exclusion of the landing cost relates to the general
situation surrounding excavated léndings; Usually they utilize-
relétively level areas, which are more,common-in<less"steeb‘terrain,
and thus, actually require little actual-excavation.

The need for an excavated landing by a front-end loader neces-
sitates building it at -a cost which would not be incurred if another-
loader type were used. This model assumes:that-the cost of landings,
CLND, is incurred only when using a front-end.loader and when working
in terrain above a 40 percent slope. If the cost of building landings
is:CLMSC énd the number of landings built in a year is NLAND, the

yearly landing cost results from

CLND = CLMSC x NLAND. (18)

Cost -of Bad Weather

Occurrence  of bad-weather prevents normal operations. Since the
hours spent idle Wéré originally scheduled as operating hours, thg
cost to own the loader must be charged as a cost‘éf-bad weather. Work
takes place during bad weather, however, if repairs are-being made on
the loader. Subtracfion of the timé when both the loader.was broken

down and weather was bad from the . .total minutes of bad weather yields
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amount of time charged for idle time due to weather. The cost'is

calculated as

DIDIT x CSOWL

CWTHR = 200 s (19)
where:
CWIHR- = the cost.per year for idle time which was caused -by
bad weather;
DIDIT = the time in minutes that the sytem was idle ‘because
of weather; |
CSOWL« = the cost to own the loader in.dollars per heur

. calculated -as -shown earlier.

Summary: Calculation ef COST.2

The coest factors just mentioned, when .found in dollars per year,

are divided by yearly preductivity yielding a cost in dollars per MBF.

This .cost.represents the actual leoading cost, COST 2. COST 2 portrays:

the minimum leading system cost possible in .this medel. 1If the loader

incurred no breakdowns and had no idle time, this cost -would represent.

the total for the -loading subsystem. COST 2.is calculated as shown in

equation 20.

COST -2 =

CSOPL + -(CSOWL x AGPHL) + CLND + CWTHR-

> (20)

PRODL




where:

COST 2

CSOPL

CSOWL

AOPHL

CLND

CWTHR

PRODL

the
the
the
the
the
the
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loading cost expressed in dollars per MﬁF;

loader operating cost.calculated in dollars per year;
owning cost of the loader in dollars per hour;

actual number of hours spent loading logs;

yearly cost to build extra -landings;

yearly cost of idle time caused by bad weather;

productivity eof the loader specified in MBF per

year.

COST -3: COST.OF LOADER BREAKDOWNS

Loader breakdowns primarily affect the third cost, COST 3. It

involves two distinct subcosts; namely, the cost.of the unproductive

time caused by the breakdown and the cost to repair the breakdown.

Cost.of Unproductive Time

Unproductive time is associated individually with each persen and-

piece of equipment in the system. The unproductive time of a loader

in a day will not necessarily equal the unproductive time of the oper-

ator. Unproductive time defines scheduled work time in which no-

productive -activity takes place. Thegéost.associafed with unproductive

time includes-a sum of all costs which continue in spite of an idle.

system.
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The total unproductive time connected with a loader breakdown, is-
noted as the duration of the breakdown. It further separates into two
elements—-repair time and the time spent waiting for parts. TFactors
affecting the cost.of loader unproductive -time may continue for the
duration of the breakdown or may only apply to one of its elements.
Wages of the Loader operator and tongsetter, the cost to own the
loader and trucks connected with the loader, and an.intangible cost
of delay to the system comprise the elements affecting the cost of
unproductive time.

The loader operator generally repairs loader breakdowns. He-
may require some outside help, but will always be involved in the
repair job. The loader operator will be productive, therefore, while
the rest of the system is idleo He is chargéd some unproductive
time only while waiting for parts. A fraction of this time will even
be.spent in productive activity. This results from assignment of the -
operator to some.other task where his useful work is a fraction of -
his normal output. The percent utilization of the operator, called
ULELO, is estimated and fed into the model as data. The percent .of
the loader operator, and hence his wage, not'utilized-is charged to
the cost of unproductive time.

Other personnel made idle by the .breakdown are utilized in a
similar manner but for the entire duration of the breakdown. The

tongsetter, if one is used, and the truck drivers will be assigned to
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other tasks where their output will be a fraction, ULE, of their
normal output. The percent.of these wages which is not productive
is charged to the cost-of unproductive time.

The cost to own the loader continues through.the duration of the
breakdown, and its unproductive time .contributes to the\dost.of the
breakdown. It is the same as calculated for COST 2, that being CSOWL.

Trucks . originally assigned to an'inoberable.loader will either
become idle or be partially utilized elsewhere. The percent of the.
time trucks can be-utilized elsewhere is labled ULTRK. The portien
of truck time not utilized is .multiplied by the cost toe own.the
trucks and,then added to the cost-of the breakdown.

A breakdown of a critical piece of equipment, such as a loader,
generally causes problems stemming from the resulting production
delay. The cost of the system delay is very difficult te measure-
since it must account for effects, net only in the leading and ﬁauling
subsystems, but also in the entire logging system and its other |
components subsystems. Examples of factors affecting #his delay cost..
are the extra cost of overtime needed to make up work, the possible
cost of rot in timber- due to the delay, and.the-costhof pﬁéhing a
completion date.back from its intended time.. Some .or ;ll bf these, or
other examples could. exist for each loader breakdown.makipé any
determination-of such.a cest very difficult. The cost -of .a delay is.
recognized, but in this medel it is assumed to be the same for all

situations. Thus, the comparative value of the model will still be
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valid unless the duration of breakdewns varies significantly under
different combinations. Under current model assumptions, this should-
not occur,

Breakdowns in all equipment range from minor to major. A miner
breakdown would probabl& not ‘last -as long.ner cost as much as a majer
breakdown. In this model breakdowns were classified into three
distinct severity levels. Level one represents a minor breakdown
with the least duration, repair time, and cost of parts. Level two
corresponds to an intermediate level and level three to a major
breakdown. Duration, repair time, and cost of the breakdown generally

increase .as the severity level increases.

Cost to Repair Breakdowns

Breakdown repair cost consists- of the cost of repair parts and the
cost of .repair personmel. The cost of repair parts is deteriiined for
each severity level.from.a unique set'of input data. Specifying the
maximum, minimum, and average cost, and the standard deviation of.the
cost alloﬁé a.portion of the program to determine.the cost of a partic-
ular simulated breakdown. The value obtained is technicélly called a
random éeﬁiate from the normal distribution. The input data specify
a partiéulér normal distribution, the program then generates a random
deviate, and the resulting cost of parts is calculated. A more

complete &escription of 'a normal distribution is included in Appendix 2.
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Repair .personnel are used .only.when the - -loader operator cannot
make the repairs himself. The- cost,.of outside help is calculated
as the wage of the outside help multiplied by the repair time of the
breakdown. Certain assumptions were.made in this model regarding the
amount of outside help needed.at each severity level., It was assumed.
that .no 'outside help would be needed for severity level one and that-
help would always be needed for severity level three. Second severity
level.breakdowns require help a certain percent of the time, called
POLR

The factors.affecting COST 3 are shown in Figure 10.

Summary: Calculation of COST 3

The total cost of loader breakdewns-in a year is obtained by
sumning the costs of -the individual breakdowns occuring in the year. -
Calculation of the cost.of a single breakdown takes place.at the
occurrence of the breakdown. One of two situations, follows a loader
breakdowvn. If the duration of the breakdown is less than some cut-off-
time, called COT, trucks will wait .at the landing for the loader.
repair. If not, trucks will leave.the landing and return teo the .mill
unloaded.,

In the first situation the breakdown cost must include the cost

of trucks waiting at.the landing. This cost is calculated as

(WGTD. + COWTK(J)) x DBKLR

60.0

CWAIT = 5 (21)
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where:
CWAIT = the cost for a single truck and driver to wait at the
landing;-
WGTD = the wage of the truck driver &n dollars per hour;
COWTK(J) = the cost to own.truck J-in dollars per hour as calculated
later in the thesis;
DBKLR = the duration.of the breakdown in minutes.

After the costs -for waiting trucks and parts have-been determined,
the cost of the loader breakdown,is -calculated as
CBKLR = CPRTS + (CWAIT x TKWIN) +

WGLO x (DBKLR - RPTBK) + DBKLR x CSOWL + WGLO, x RPTBK +

- 60.0 i - 60.0 60.0
RPTBK x WGgP x OUTSD + WGTS x DBKLR x TSV(L&AT)’ (22)
0.0 ]
60.0
where:
CBKLR = the cost of the loader breakdown in dollars;
CPRTS = the cost or repair parts for the breakdown;
CWAIT = the cost of.a truck which waits at the landing in dollars
per truck;
TKWIN =- the number of trucks waiting at the landing during repair
or the breakdown;
WGLO = the wage of the loader operator in dollars per hour;
DBKLR = the duration of the breakdown in minutes;

RPTBK = the .repair time of the breakdown,in minutes;
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CSOWL = the cost to own, the loader in dollars per hour
WGMP = the cost 'in.dollars per hour of outside help needed to
repair some breakdowns; |
OUTSD = a vatriable which is one if outside - help is .needed and
zero if it is not needed;
WGTS = the wage of the tongsetter in dellars per hour;
TSV(LCAT) = a'variable which is zero if a loader in category LCAT

' dées not ‘need a tongsetter and one if it‘does.need one.
If the duration of the breakdown is greater thamn the cut-off-

time,htrucks will return to the mill., In this éase, cost of a loader
breakdéwn includes the cost.of an extra round trip to.the processing
point for every truck at the landing when. the breakdown.occurred. The-
cost .of thg extra trip depends upon whether standard or prehaul trailers
are .used.: The ' calculation fo; the first case is shown in equation 23
and for thie second case in eduation’24.

TRIPT (1,J,NSET) x (WGTD + COWIK, )
I : o ; J)
CEXTP = I .,

+ [TFLCN X Y_(FLQTD x VDFT (17aa) ) + (FLCTG x VGT (ITCA).)]

% (XMIPA + XMIPR + XMIS) x 2.] s (23)
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. 2.0 x TRIPT (4,J,NSET) x (WGTD -+ COWTK ,_.)

CEXTP = — ()

. 60.0 - :

+1EFLCN X ,[ZFLCTD X VDFT(ITCA)? + (FLCIG x VGT(ITCA))]

x (XMIPA + XMIPR + XMIS - XMIDK) x z,j , (24)

where:

CEXTP = the. cost of an extra round trip in dollars.per trip per
truck;

TRIPT(I,J,NSET) = the time in ﬂihutés required for a round
trip of'type I.ip_éruck J where NSET is a simulation -
storage array;

WGTb = the wage of the truck driver in dollars per hour;
VCOWTK(Jé = the,cost,to‘own truck J in dollars per hour;
TFLC& =. the fuel consumption of the truck in-.gallons per milej
FLCTD = the cost.of diesel fuel in dellars per-gallon;
VDFT(ITCA) = a variaBle which is zero if .a truck in category ITCA
does not use diesel fuel and .one if it does use it;

ELCTG = the cost of gasoline in dollars per gallon;

VGT(ITCAj = é variable which is zero if a truck in category ITCA
does not use diesel fuel and one if it does use it;

XMIPA = the number of miles of pavement;

XMIPR = the number of miles of primary road;

XMIS = the ﬁumber of miles of spur road;
XMIDK‘ = the number of miles from the mill to the prehaul dock.
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The cost of a breakdown, COST.3, for this situation is determined

as

CBKLR = CPRTS +- (TKRTN x CEXTP) +

WGLO x (DBKLR ~ RPTBK) x (1.-ULELO) +-

60.0

DBKLR x CSOWL -+ RPIBK x WGMP x OUTSD +-

60.0 60,0
-GOWTK .x:TK x (DBKLR - TAF") x (L.<ULTRK) +-
" 600 .
s‘ﬁwc;s x'D-BI{L;R, x (1.-UFE) + .WGLO x RPTBK (25)
60.0 60.0
where:
CBKLR the cost of é loader in dollars per breakdown;
CPRTS thé:cost dﬁ‘pafts needed to répair the breakdown;
TKRTN the numbet:og-trucks returning from the mill to their
processing point;
CEXTP the cost of an extra round trip from the landing to
the processing point; |
WGLO the wage of tﬁéiloader operator in dollars per hour;
DBKLR the duration of the breakdown in minutes;
RPTBK the repair time of the breakdown which may be less
than or equal to the duration; |
ULELO the percent utilization obtained from the loader operator
while he is Waiting for parts;
CSOWL thé owning cést of the loader.in dollars per.hour;




WGMP =

OUTSD =

COWTK =
ap

IK =

TAF =.

ULTRK =

SMWGS =

UFE =
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the wage paid to.outside repair personnel in dollars
per hour;

a variable which is zero if outside help is not needed
and- one if it -is needed;

the cost to own truck J in-dollérs per. hour;

the number of trucks servicing the loader;

the p@rtion of - the breakdown duration.accounted for in
CEXTP;

the percent.utilization obtained from the trucks while
the loader is down;

the sum.of the wages of all truck drivers and the tong-
setter, if he is used;

the percent.utilization of the truck drivers and tong-.

setter while the loader is down.

As previously mentioned, COST 3 is the sum of -all breakdowns

occurring in.a year, called CCRBK, divided by yearly productivity. It

is calculated

COST 3

where:

cosT 3

CCRBK

PRODL

as

CCRBK , (26)

PRODL

the .cost . in dollars per.MBF to repair breakdowns;
the yearly cost required to repair breakdowns;

yearly productivity in MBF.




63

The frequency of loader breakdowns and therefore, the total cost
of breakdowns is generally affected by loader quality and type, by
the preventive maintenance schedule, and by the loader age. Ideally,
these factors would all have a certain measurable effect on break-
down frequency. However, as in many areas of this model, lack of ddta
prevents formulation of a meaningful relationship among these factors.
It represents another area open to future research.

Although no specific data are currently available, general re-
search in reliability engineering has shown some general conclusions
regarding breakdowns and reliability.4 Generally three distinct

breakdown periods exist in the life of equipment as shown in Figure 11.

(1) early l(2) chance | (3) wear out
failures ' failures region
| y/
failure \
rate rﬁf |
: |

equipment age

Figure 11: Failure rate of equipment versus the age of equipment
showing three distinct areas of breakdowns

4Norman H. Roberts, Mathematical Methods in Reliability Engineering
New York: McGraw-Hill, Inc., 1964), pp. 44-47.
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The region of éarly failures indicates a deéreasing failure rate-
caused by the elimination.of initial "bugs". The presence of the high
failure rate associated with this region can be.avoided by requiring
a break-in period for equipment when it is assigned to a non-critical
activity. This model éssumes-Fhat-the loader used has been given
a break-in period and thus, Wiil not experience breakdo@ns in period
one.

In period three the loader begins to wear out and therefore,
experiences an.increase,in the failure rate. The incidence of this
period can be delayed by servicing the machine with a proper pre-
ventive maintenance -schedule throughout . the loader's life. The
preventive maintenance schedule.used in this thesis was specified
as.a yeérly amount spent for preventive maintenance. Another
assumption made here is that this yearly.amount will be sufficient
to delay the incidence of wear out failures to some point beyond the
economic life of the loader.

Loader breakdowns will thus occur only during period two, the
region,of-chance.failures. Research in reliability engineering has -
further shown that when failures are attributable to.chance-and the,
failure rate is constant, the frequency of breakdowns can be described-
as a negative exponential distribution. This distribution is described
further in Appendix 2. Since the frequency of -breakdowns follows a
negative ekponential distribution, the only necessary -data is.the mean

time between loader breakdowns for each severity level. TUse of the
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theoretical distribution fer frequency of breakdowns implies an
assumption that it fits the logging—situation{ It was aiso assumed
that the distributions of duration of breakdowns and the repair time
were also described by the negative exponential distribution. When
data becomes available regarding breakdowns, use of this distribution
and the validity of other breakdown.assumptions should be reviewed.
When a loader breaks down, some of the larger logging contractors
replace it with a reserve or spare loader. This will not happen here.
Should such. a situa;ion.ekist, events concerned with breakdowns would

have ‘to.be 'modified.
COST 4: LOADER UNPRODUCTIVE TIME

The- largest portien of .loader idle time can be attfibuted_to
the lack of "trucks at.the landing. If there are no trucks available-
for loading or to empty the preload bunk, the loader cannot be pro-
ductive. The-availability of trqcks_can be reiated to several factors.
as shown in Figure 12. The number of trucks and the distance to the -
processing point will, of course, directly affect the total trips
from the landing in.any day. Use of standard or prehaul trailers or
of a preload bunk affects the number of trips in the same manner. The
trﬁck schedule will, as previously mentioned, control.the even flow
of truck arrivals: Its principal control element is the increment of
time allowed between each truck for unforeseen delays. The size and

type . of loader will determine how long a truck takes at the landing
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Number of
trucks
in the system

Cost to Distance
own the to the
loader mill
COST 4
Wage of the Cost of loader idle trai{ZESbunk
tongsetter ' » time caused by no : g

combination

trucks at the

landing
A
Wage of the
loader operator
Slope
of the
terrain

Initial truck
schedule

Figure 12: Factors affecting COST 4, the cost of idle time at the
landing
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and -hence, the number of trips the truck can make. Finally, the slope
of the terrain influences the type.and amount of each road category.

These factors.combine to influence  the variable known as WTIT,
the time the loader waits for trucks. An -increase in the number of
trucks at the landing should, to a certain point, cause a decrease
in . loader idle time. The critical point occurs when the -loader is
saturated with trucks.or 100 percent.utilized. The number of trucks
at-this poiat is not necessarily the best.number of .trucks, however,
since there must be.a balancing of .increased truck cost with decreased
cost of idle time.

The distance and type of road from the landing to the processing
point affect the round-trip-time of a truck. This, in turn, affects
the number of daily trips per truck. The road type governs the
average truck speed since an average speed is associated with each of-
the three road.types mentioned earlier.

The type trailer used dictates the destination of the load of
logs. The use of standard trailers requires a trip to.the processing
mill, whereas trucks with prehaul trailers travel only té the prehaul
dock. The use of a preload bunk.should decrease turnaround.-time at
the landing, and.thereby affect thé\total number of daily trips.

The scheduling technique used in this thesis entails scheduling
the initial arrivél of each truck at the beginning of each day.

Succeeding arrivals.are generated during the events of the simulated
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day. ' The first truck is scheduled to arrive either at the beginning
of the day or at the time the loader should have completed loading the
preload bunk. The second truck is scheduled at a time when the first
truck should have completed processing. Subsequent trucks are-
scheduled in the same .manner so that initially trucks incur a minimum
waiting time. The first.truck scheduled rotates each day to balance
the number of loads among trucks. The time allowance, SCINC, include
a time between each truck to provide for unforeseen contingencies. It
may be varied to find the best allowance time.

Changing more than the allowance portion of the scheduling
technique would require change of the computer subprogram named SCHIK,
and would also require a knowledge of computer programming.

The slope of the terrain has some effect on the amount 6f spur
roaa necessary at a logging site. Since the slope or grade oﬁ logging
roads seldom exceeds six percent, roads built in steep terrain require
the .development of ﬁswitchbacks". Use of switchbacks in turn implies
an increase in.the amount of spur road.

ﬁilés of spur road, in this thesis, remains a constant fed-into
the model as data. At a real logging site it would probably vary as
dévelopment of the site proceeded. It -is .assumed here to be the
aisténce from the primary road.te the middle of the logging site; but

represents a situation which could be modified to suit particular

needs.
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Most of the above elements influence waiting time by their effect-

on-the round-trip hauling time .to and from the processing peint. - The

hauling time-for a particular case.is found in the subprogram TRIPT. -

Eight cases exist ranging from a round trip from.the landing to.the

mill to a one way trip from. the prehaul dock to the landing. A sample

calculation of the total time needed to make a.round trip frem the,.

landing to the mill is shown in equation 27.

TRIPT(I,J,NSET) =-

XMIPA . XMIPR , XMIS
TIM + ULMIL + (2°’x 60.0 x.XPHPA-+ XPHPR + XPHS ?, 27)
RTTD(ITKN)
where:
TRIPT(I,J,NSET) = the hauling time in minutes required for.a

TIM-

ULMIL

XMIPA

XPHPA -

XMIPR

XPHPR

XMIS -

XPHS

RTTD(ITKN)

trip of code I (in this calculation, one) using truck
number J where NSET is a-simulation storage array;
the time allowed for personal needs during ‘the trip;
the time required té unload the logs at the mill;

the miles of pavement;

the average truck speed on pavement;

the miles of -primary road;

the average . truck speed on .primary road;

the average number éf miles of spur road;

the average truck speed.on spur road;

the skill rating of the driver of. truck number ~ITKN.
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Although the previeus factors govern the amount.of unproductive-
time, the cost is.determined from the costs incurred by system
elements which are.forced to be-idle. These elements include the-
loader, its operator, and the tongsetter. The cost of unproductive -

time per unit.of productivity is, therefore

(CSOWL + WGLO +- (WGTS x TSV(LCAI)))'X WIIT

COST 4 = _ , (28)
60.0 x -PRODL
where:
COST 4 = the cost of loader unproductive time caused by no
trucks at the landing in dollars.per MBF;

CSOWL- = the cost to own the.loader in dollars per hour;
WGLO = the wage of the loader operator in dollars per hour;
WGTS = the wage of the,tongsetter in.dollars per hour;

TSV(LCAT) = a variable which is zefo if a loader in.category LCAT:
does not need a tongsetter and one.if it does;
WILIT - = the total time in minutes spent waiting for trucks
during a year;

PRODL - = the productivity of the loader in MBF- per year.
COST-5: COST TO OWN AND OPERATE TRUCKS

The cost to own.and operate a certain number of trucks.composes
the fihél;element of the total cost structure. The  -total cost of

this element, (OST 5, consists of six distinct cost elements:





















































































































































































































































































































































































































































































































































































































































































































































































































































































