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ABSTRACT

The economic life of equipment is the point in time when the sum of all

costs are mini: The factors i with cqui costs arc operating.

and mail costs, ip costs. costs, parts cost, downtime cost
and training costs. With today’s economy, public sector agencies are finding it more and
more difficult to acquire the funding necessary to operate, maintain and replace their
equipment flcets, In many cases, equipment is used far beyond its optimum economic
life because of this lack of funding. In these cases, the flect manager requires some

method of prioritizing the equi list.

In order to ively plan i the fleet manager
must have the ability to forecast future costs. In some cases, geographic location has an
impact on delivery time of new equipment to the public agency and forecasting future
equipment costs can provide the Icad time necessary to order the new equipment before
the end of its economic life. In other cases, the timing of budget approval for
replacement funding can delay the purchasc of new equipment.

The criteria used for deciding when equipment shouid be replaced vary from one
agency to the next. There are also some differences in the criteria used depending on
whether the agency is public or privately owned.

There are several fleet replacement techniques available to the fleet owner. In
general terms, the life cycle cost method, interval life method and nomographs are

commonly used. Each method has varying degrees of complexity. The causes of cach



iii
method depends on the accuracy of the input information used by the fleet manager.

Commercially prepared software is available to the fleet manager to assist in the
equipment replacement decision.  These software packages perform different types of
fleet management functions. Fleet managers should thoroughly investigate the software
being considered to ensure it fulfils weir needs.

Fleet icplacement models can be developed in-house or by computcr software
consultants. The model should be designed so that it is adaptable and easily modified by
the fleet owner. It should have the ability to compile cost data in a concise and logical
format. It should also have the capability of forecasting future equipment costs and

provide the flect manager with a priority listing of equipment to be replaced.
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Chapter 1

PROBLEM DEFINITION

1.1 INTROD! N

The acquisition and maintenance of publicly owned fleets is a major part of any
jurisdiction’s budget. To ensure the fleet operates in an efficient and cost effective
manner, the fleet manager must have the capability to decide when equipment should be
replaced using an appropriate cquipment replacement model.

Unfortunately, there is no simple formula to determine the optimum replacement
or the issues to be considered in setting replacement criteria. The importance of each
factor must be determined by the flect owner.

Fleet managers have the difficult task of planning their equipment replacements

over a period of years to fall within their i ints.[1] Budget
for equipmerit purchase vary greatly from one year to the next, while replacement funds
supplied by local governing bodies are only increased a small percentage from year to

ycar. Many times, the " i optimum” time occurs when

insufficient funding is available.

In a government sctting it is often necessary to plan equipment replacement
purchascs as much as a year in advance. Accurate forecasts of equipment future costs
are therefore required, if the Fleet Manager is to plan for such replacement purchases.

“This is especially truc in remote areas, including Newfoundland.
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1.2 FLEET REPLACEMENT QUESTIONNAIRE
A questionnaire was sent to 22 public agencies in Canada and the U.S.A. to

determine: (APPENDIX A)

. What method of fleet replaccment analysis is used by the agency?

)

. What, if any, type of software is used?

o

Is the software fulfilling all of the agency's nceds?

4. Does the agency receive sufficient replacement funds each ycar?

5. How does the agency decide the order in which equipment is to be replaced?
Seventeen (78%) of the 22 public agencies polled responded to the questionnaire.

Table I show the resulls of the questionnaire.

1.2.1 Fleet Repl: Criteria Used by R .

Four main criteria were used by the respondents. They were:

1. Age

2. Mileage

3. Cost

4. Combination of Age/Mileage/Cost

None of the respondents used age only as their replacement criteria. Two (12%)
of the respondents used mileage as their only replacement criteria. Seven (40%) of the
respondents use cost as (heir only replacement criteria, The majority of respondents used
a combination of age, mileage and cost as their replacement criteria.  Eight (48%) of

respondents used some combination of these faclors as replacement critcria.



Table I
RESULTS OF FLEET REPLACEMENT SURVEY
RESPONDENT ~ REPLACEMENT  SOFTWAREUSED ~ PRIORITY  ENOUGH REMARKS
CRITERIA LISTING FUNDS
Cily of Lan Angeles Age/Cond.ICost Fleet Command No No Trained personac]
required to operate
symem.
Onario Provincial Age/Milesge Designed Maininme No No Cannot be madified
Police Model by user.
Cily of Bellview, Wash. Costs None No Yes
Guv. of Alberts Milesge vims No Yes Forceasting bised on
milcage.
Gov. of Masitoha Costs AGECON No No No forecasting.
ay of Haltax Cows None No Yes Manual sysiem.
City of Mancton None None No No
Hamilton Wentworth Milesge Flect Plus No No Forscasting bassd on
Police mileage.
Hubicoke liyo Age/Costs None No No
City of Fredricton Age/Mite.[Coss None No No
Province of B.C. Age/Mileage None No No
City of Winhor Costs None No No Economic worksvect
used.
City of S. Joha's Costs AGECON No No True cost adjuted for
usage
City of New Orfeans Miteage/Costs None No No
Province of Oniario Costs Moinframe Model No No No forecasting.
Gty ot Calgnry Coste None No No Manual APWA model
used.
City of Rocheter Age/Mile./Costs None No No

1.2.2 Software Used by Respondents

Gight (48%) of the respondents used some form of computer software/hardware

10 a: in their equipment replacement analysis. Four of these eight agencies, used
micro-computers and related software, while the remaining four agencies had a

e

nframe program that was specially designed for their particular circumstances.

The following is a iption of the soft programs being used by the

respondents:



FLEET COMMAND|2]

Synopsis: Ten modules for fleet management and support including equipment

records, work order i mechanic p ivity, pi

vendor i ion, parts inventory, fuel usage
and billing. Primarily a mainframe applicatio.

VEHICLE INVENTORY MANAGEMENT SYSTEM (VIMS)[2]

Synopsis: VIMS is a custom designed system wriiien in MICROFUCUS HIGH
PERFORMANCE COBOL. The system can input age and/or mileage
replacement criteria and forecast when vehicles will reach a certain age
or mileage. System lists all cquipment to be replaced on a certain date.

AGECON([3]

Synopsis: This software uses cconomic models to arrive al the optimal time of
replacement. AGECON plots operating and maintcnance costs against
ownership costs to determine the lowest total cost of a particular
equipment item.

FLEET PLUS[2]

Synopsis: System records all maintenance costs, parts inventory, fuel costs and
provides replacement list based on age/milcage criteria input into
computer.

FLEET MANAGEMENT INFORMATION SYSTEM|[2]

Synopsis: This is a mainframe program that produces thirtcen different reports on

various vehicle data and operating costs. One report is used solely for
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vehicle and projects in order of the date each

vehicle is to be replaced. Replacement forecasts are based on mileage.

1.2.3 Problems With Software Being Used by Respondents
The problems associated with these programs can be summarized as follows:

- FLI

T COMMAND

* Mainframe program difficult for user to modify
* Does not perform equipment cost forecasting

* Does not provide a replacement priority list

*  Requires trained personnel to operate

VEHICLE INVENTORY MANAGEMENT SYSTEM

* Custom designed system
® Provides replacement list based on the date a certain mileage or age reached

® Docs not provide a priority list

AGECON (APPENDIX B)

* Docs not provide equipment cost forecasting

*  Does not provide a priority listing

- FLEET PLUS

* Provides a replacement list based on the date a certain mileage or age is reached
*  Docs not provide a priority list

FLEET MANAGEMENT INFORMATION SYSTEM

¢ Mainframe program cannot be modified by user



* Does not forecast equipment costs

* Does not provide a priority list

Funding Required for Fleet Replacement an ettingFlee

Replacement Priority List
Fifteen of the seventeen respondents (80%) indicated that they did not receive
sufficient funds to replace all equipment requiring replacement. The question then asked
of the respondents, was, "How did they decide the order in which equipment was to be

replace?”

n all cases, the answer to this question was subjective and was in the following

format:

Use "worst case scenario”, that is, replace the worst or those "most likely"

to need extensive work.

Replace equipment with the highest mileage.

Replace equi bascd on i ities", that is, certain types

of equipment are absolutely necessary while others are not as critical .

Keep equipment which will "most likely" be the Icast expensive lo operale

and maintain.

Department head sets "priority".

"Establish" a priority list.

Need, use, etc. - All tempered by current prioritics as determined by

government officials (politics).
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* Essential equipment replaced first,

. icati of ot placing i are di d by

management/government.

1.2.5 Special Problems of Respondents

The main complaint expressed by the respondents was that they did not receive
sufficient funds to replace all vehicles and equipment which required replacement in a
given year. To complicate this malter, these respondents had no quantitative method to
determine the order in which this equipment was (o be replaced.

Another problem identificd by the questionnaire, was related to the forecasting
of cquipment’s future years' costs. This was a problem for the respondent, because of
the required time to receive the new equipment after tenders for this equipment were
called. Inone case, the average delivery time for the new equipment was between 6 to
8 months in duration. This time, coupled with the 2 to 4 month delay in getting funds
approved 1o purchase this equipment, meant the respondent had to maintai the old
cquipment for a period of 8 to 12 months beyond its economic life. If the respondent
had been able to forecast the total equipment costs the year prior to its scheduled
replacement, the new equipment would have replaced the old equipment at the end of its

cconomic life.

1.3 TYPES OF EQUIPMENT LIFE

The life of equi can be described in three ies:[4]




1. Service Life

2. Technological Life

3. Economic Life

The service life[4] of a vehicle refers to the amount of time a vehicle is capable
of operating and rendering useful service, provided it receives adequate maintenance and
if worn out parts are replaced with new parts.

The technological life[5] of a vehicle associates the relative decline in productivily
of an older model vehicle, to the increased productivity of a new model vehicle. The

design of new equipment is usually modificd from on year to the next in an attempt to

increase p ivity, hence i ing the i of buying the new equipment.
One equi has ified this increase in productivity for some of its
by ing a p ivity index for this cquipment. The Caterpillar

Tractor Company produces a publication entitled "Perspective"[6] for some of the
equipment it produces. In this publication, one can track the productivity of a machine,
in some cases, as far back as 1947. The technological life of an item of equipment is
therefore the amount of time that passes between changes in its productivity index.
The economic life of a machine refers to the time when the total costs for that
machine are a2 minimum.[7] Components that make up the total cost are: operating and
maintenance costs, ownership costs, parts inventory cost, obsolescence cost, training

costs and salvage value. These will be fully discussed in a following scction.
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1.3.1 Fleet Repla nt Criteria: Pu

on

The criteria used to di ine a fleet plan, varies, d
whether or not the fleet being analyzed is publicly owned or privately owned. Table IT
shows the primary concerns for fleet managers of both types of fleets. The following is

a discussion of these concerns.

Table X1

PRIMARY CONCERNS FOR SETTING FLEET REPLACEMENT
CRITERIA FOR PUBLIC VS. PRIVATE FLEETS

Publicly Owned Fleet Privately Owned Fleet
1. Age 1. Depreciation
2. Mileage 2. Price
3. Operating & Maintenance Costs 3. Replacement Timing
4. Politics 4. Mileage
5. OTHER CONSIDERATIONS: 5. Maintenance & Reliability
(i) Safety 6. Vehicle Condition at Resale
7. Taxes
8. OTHER CONSIDERATION:
(i) Safety
(ii) Image

(iii) Employee Morale

1.3.2 Publicly Owned Fleet Replacement Criteria
Age

Statistically, it is known tuat failure of some vehicle components is a function of
time.|8] This is of particular significance in rubber and plastic parts. In harsh

environments, body components are also affected due to age. In a governmental setting,
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if the purchasing cycle is missed in any given ycar, the agency may be required to spend
unnecessary monies in order to keep the vehicle in operating condition until the next
cycle occurs.

The age of equipment is expressed in the number of years worked for light duty
vehicles such as cars and trucks. For heavy equipment, the age is usuaily expressed in
the number of hours worked by the equipment.

Mileage
Many public agencies use mileage as their governing fleet replacement criteria.

This is based on the fact that, historically, higher mileage will result in higher failure

rates for a vehicle. Many public agencies used both age and mileage as their main
replacement criteria. This was confirmed by the response to the fleel replacement
questionnaire.

[o] ing and Mai Expenses

Equipment in the same equipment class or type, will develop a patlern of normal
operating expenses. When this pattern is established, individual units in a particular class
can be tracked to determine if units follow the normal pattern of costs. When searching
for the optimum cconomic life of equipment, this crileria is perhaps the greatest in
importance, provided that the information is recorded in a form which can be used by
the fleet manager.

Politics
In most public agency environments, there is likely to be some form of clected

body which is responsible to represent the private and corporate citizens from which most
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of the revenucs needed to operate the agency are derived. Political decisions made by
such groups, can have an affect on how equipment replacement decisions are made.

These decisions can have the greatest impact on fleet replacement, when monies budgeted

for fleet is or re-appropriated for other purposes in the public
agency. The fleet manager will then require some method of reassessing the equipment
requiring replacement and at the same time be able to inform the elected body of the

repercussions of their decisions.

@) Safety

In recent years, safety is gaining considerable attention in both public and private
agencies. Cerfain equipment will require replacement based on the fact that serious
injury to personnel or damage to property may result due to the condition of that
equipment. The costs associated with these injuries or damages, can be greater than the
cost of replacing the defective equipment. These costs could be in the form of
Workman's Compensation payments, fines levied from the local Occupational Health and

Safety Department or legal claims as a result of injury or property damages.

1.3.3 Privately Owned Fleet Criteria

Depreciation
The difference between the purchase price and the resale value of a vehicle is
defined as depreciation.[8] In privately owned fleets, depreciation usually has the

greatest financial impact on the replacement decision. The loss in value of a vehicle,
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often has 2 greater impact on fleet costs than does maintenance costs. Knowledgeable
fleet managers place great emphasis on the impact of depreciation when determining
which vehicles should be replaced.

ice
By acquiring equipment at the lowest possible price, withoul compromising
quality, the fleet manager can reduce the difference between the purchase price and the
resale value of the equipment. Private ficet owners can usually negotiate the price of this
equipment on a one-on-one basis with the cquipment dealer. With publicly owned fleets,
the acquisition of equipment is normally done through a tender call, where the acquisition
price may not necessarily be the lowest price. In Newfoundland, the provincial

preference policy has been a factor in this regard.

Replacement

During certain times of the year, the resale value of equipment will be greater
than at other times. Generally, the highest resale value will be achieved during the first
few weeks of the new model year; Scptember to mid-November. Resale values drop
substantially during the winter months due to decreasing consumer demand. Private fleet
managers watch the resale market very closely so that they can get the greatest resale
value of their old equipment and at the same time minimize the depreciation on newly
acquired equipment.

Mileage

This factor has been discussed under Section 1.3.2.



Maintenance and Reliability

Maintcnance and operating costs for private fleets will be the same as those in the
publicly owned fleet provided the labour costs for mechanical repair personnel are
similar. The reliability of the private fleet can have a detrimental effect on the private
flcet organizational profits. If a privale firm bids a certain project assuming the use of
a cerlain vehicle, and that vehicle should break down during the execution of the project,
a replacement vehicle will either have to be purchased or rented. This extra cost will
decrease the overall profit of the private fleet owner.
Vehicle Condition

At resale, vehicles which have received good care earn the highest value. If
operators are made accountable for the condition of their vehicles, the private fleet owner

can expect to achicve the highest resale value for its equipment.

IFrom time to time, Canadian and U.S. governments enact Investment Tax Credit
(I'TC) laws which encourage the purchase of new equipment. The impact of such laws
change with the Tength of time the cquipment is kept in service. Also, some governments
tax personal property including vehicles. In most cases, the tax declines as a vehicle

ages.

Other Considerations
@) Safety

This has been discussed in Section 1.3.2,



Image

Vehicle age or condition may have a substantial effect on the image of a private
company. When important clients are transported in company vehicles, the image of that
company will be enhanced by the good condition of its vehicles. Likewise, equipment
in good condition being used on projects, will give clients the confidence to continue
dealing with such companies on future projects where this equipment is required.

(iii) Employee Morale

High morale will create increased pr ity.
working with equipment which has low downtime, will likely be less frustrated with
trying to complete their assigned jobs. They will also become more interested in keeping

the equipment properly maintained.

14 FTWAR]

1.4.1 Commercially Available Software

A market search, of commercially available flecct management software packages,
was performed. Table 3 shows a total of 40 software packages arc available for various
fleet management functions. Nine (23%) of these software packages have some fleet
replacement analysis capabilities. Three of these nine packages, use age/mileage as
replacement criterion. The remaining six packages, use cquipment costs as replacement

criterion.
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COMMERCIALLY AVAILABLE COMPUTER SOFTWARE
PROVIDIS  RELACHMENT PROVIDES  USER CAN
ot CHITLMIA proviis  PORTY ;

SortwAKE  TRACKING JokiCASING 138 REVARKS
M Yo A No No No Dl forach wer
it Yo NI No No No  Specldai coenion e
Vebide Conl Ve Na No No No  Repuetucking e
Y
i s Yo - Yo Yo O —

- A N Yo No  Du bue mansger
Yr No Xo
Vo A No o —
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Three software packages (7%) do perform forecasting functions, and is done on
the basis of determining when a vehicle will reach a certain age or milcage.

One of the software packages (3%) has the capability of providing a listing of
vehicles which require replacement. Vehicles are selected for replacement if they meet
the software replacement criteria. In this particular case, vehicles which have reached
a certain age/mileage are selected for replacement.

It has been found that most computerized flect management packages are not

for ici ications.[9] Despite the varicty of programs and systems
available, many facts and fantasics arise after these systems are implemented.[10]
None of the software packages listed in Table 111 can be modified by the user.
The only flexibility the user has with some of these packages is in the input of
replacement criteria. Some of these programs will give the user a choice of replacement
criteria permitted to be used with the system.
Appendix B gives a detailed listing of software packages shown in Table 3 which
provides; vendor information, hardware requirements, and a synopsis of cach software

package.

1.5 PURPOSE OF THE RESEARCH
The purpose of the research is as follows:
To develop an equipment replacement model for publicly owned flcets which will

the following

(a) Forecast future equipment costs.
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(b) The model will provide the fleet owner with the optimum equipment
replacement time.

(c) The model will provide the fleet owner with a priority listing giving the

order in which the equipment is to be replaced.

(d) The model will be user friendly and not require computer programming by

the fleet owner.

The model will be flexible so that it can be modified by the owner as

e

required.

1.6 METHODOLOGY
The rescarch presented in this thesis was developed based on the following

methodology:

I. Publicly owned agencies were polled to determine how equipment replacement
analysis was performed on their fleet.

& A litcrature review, in the area of fleet management, was performed to identify
sources of information in this area. The types of equipment life and the criteria
used for both public and private fleets were researched.

3. Available software packages in this field were researched and analyzed.

4. ‘The various costs associated with total equipment costs as discussed.

% All types of equi analysis i are reviewed.

6. Forecasting techniques for equipment costs in a time series are analyzed.
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A method of equi analysis is which i

equipment costs, forecasting and a priority listing of cquipment to be replaced.
The recommended fleet replacement analysis model is implemented with an

existing publicly owned fleet.
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Chapter 2

FLEET REPLACEMENT ANALYSIS TECHNIQUES

2.1 INTRODUCTION

There are several fleet replacement analysis techniques available to the fleet
manager. The complexity of these techniques is varied. Therefore, the type of fleet
replacement analysis technique chosen, should fit the operational needs of the fleet
owner.

In most cases, the fleet replacement process will exhibit several common traits.
‘These characteristics can be summarized by Figure 2.1. This figure shows a typical fleet
replacement process.

With the flcet replacement process in place, the fleet manager requires cost data
on the equipment being analyzed. Several cost factors should be considered in the total
cquipment costs. These costs can be summarized as follows:

I Ownership Costs

o

. Operating and Maintenance Costs

w

. Downtime Costs

IS

. Parts Inventory Costs

. Training Costs

-

. Obsolescence Costs
These cost factors, as well as the various types of equipment replacement analysis

techniques will be discussed in this section.
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THE FLEET REPLACEMENT PROCESS

Equipment Identification

Determine All Equipment Costs

Replacement Analysis Mechunism

Fleet Replacement List

!

Financial Feasibility

Equipment Replacement
Priority List

Fleet Owner Approval

Equipment Acquisition

Figure 2.1



2.2 EQUIPMENT COSTS

2.2.1 Qwnership Costs

Annual equipment ownership costs, as the name implies, refers to the annual costs
incurred by an agency to own equipment.[11] Several factors can be considered in the
determination of these costs as follows:

1. Depreciation

2. Investment Cost, Taxes, Insurance, Storage and Miscellaneous

The following scctions shall bricfly discuss each of these factors.

2.2.1.1 Depreciation
Depreciation is defined as the annual decrease in equipment value through wear,

or obsoll The fleet owner must recover the loss in value

of equipment during its useful life.
‘The general term depreciation should not be confused with the specific term

d iati ing.[12] D iati ing is the i ion of the

costs of a capital investment over a specific number of years. There are three reasons

for ing the iati ing value of equif They are:

1. To provide the owner with an easily calculated estimate of the current market

value of the equipment,
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2. To provide a ic method for ing the iation portion of
equipm ent ownership costs over a specific time period.
3. To aliocate the depreciation portion of ownership costs in such a manner to

accrue the greatest tax benefits.

To determine the iation of any type of equi the ing i
is required:
1. The original purchase price of the equipment.

2. The

pproxi ic life of the equij (Term)
3. The estimated resale value of the equipment. (Salvage)

With this i

preciation can be using several methods.
Three of the most common methods are:[12]

1. Straight Line Method

2. Sum of Year Digits Mcthod

3. Declin..g Balance Method

A description of these methods is available in any economics reference book.

2212 1 Cost, Taxes, Insurance, Storage and

Investment costs are costs associated with interest payments on money borrowed
to purchase new equipment, Many owners chaige interest as part of hourly ownership
and operating costs while others consider it as general overhcad in the overall

operation.[13] Interest is usually based on the owners average annual investment in the
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unit and it should be considered whether or not the machine is purchased outright or
financed.

All 1axes and insurance which are assessed against each machine should be
included in ownership costs. The Canadian and U.S. Governments sometimes enact tax
laws which can have positive or negative effects on ownership costs. In some cases, tax
credits are provided to encourage equipment purchases. In other cases, taxes are levied
against vehicles based on the vehicles value at any given time. In the Uniled States,
some states tax personal property, including vehicles. In most situations, the tax declines
as a vehicle ages.

Other factors which could be associated with ownership costs, would be storage
fees such as rent or maintenance costs of equipment storage yards and buildings.
Miscellancous ownership costs|14] such as wages for security guards, for protection of
the equipment fleet, expenses for handling equipment in and out of storage may also be
considered as ownership costs. An example of this cost could be float charges for dozers

and track excavators.

2.2.2 Operating and Maintenance Costs

The most significant factor affecting the total equipment cost is the operating and
maintenance (O&M) costs. The operating costs would include all costs associated with
the equipment's operation such as fuel, oil, fluids, and all other items required for the

efficient operation of a particular equipment item.
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The maintenance costs would include all costs associated with the repair of the

item for both p ive and demand maintenance. These costs would
include all labour, parts, and equipment costs required for such maintenance.
Preventative maintenance would involve scheduled service checks on the equipment
which, in theory, should reduce some of the demand maintenance requircments. Demand
maintenance would involve the repair of equipment due to damage to or the malfunction

of the equipment item.

2.2.3 Downtime Cost Factor

Consideration in the determination of this cost factor are the internal and external
equipment rental rates, operators wages, overtime rates, and any costs incurred due to
the delay of work.

Annual downtime hours can be obtained from the fleet cost tracking mechanism
being used by the agency.

‘The internal and external rates of all equipment must be known. If an agency has

to rent "outside" equipment to replacc one of its cquipment items, this is an cxtra cost

which must be borne by the agency.

The wages paid to the operator, of a machine that is down for repairs, must also
be considered in the total downtime cost of the machine. For some public agencics, this
cost will vary depending on how it can deal with the idle operator. Where collective
agreements are in place, there may be restrictions placed on how the operator can be

used once the machine he/she is assigned to is down for repairs. If the operator is not
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permitted to operate another type of equipment, or does not possess the knowledge and
experience to operate another type of equipment, the wages of that operator will be
another cost consideration in the downtime cost factor.
One method of determining downtime cost is by using the following formula:

Cy=DxHpxCy Equation 2-1

C,, = Downtime cost in a given year
D = Downtime percentage of existing machine
H, = Planncd annual usage of existing machine in hours

Cy = Hourly cost of replacement machine

2.2.4 Parts Inventory Cost

Another cost that must be considered in the total equipment cost, is the cost of
parts inventory and the carrying costs associated with stocking those parts.

The cost of parts inventory can be obtained from the agencies inventory records.
Ideally, parts should be categorized by equipment make. The cost of the same type of
parts items, may be different for machines in the same class of equipment, due to
differences in design of each particular make of machine.

The carrying charges incurred by the agency are also an important consideration
in the determination of the parts inventory cost. The method which this cost could be
determined, would be to aply the appropriate inflation factor as a function of time, to

the particular parts item.



2.2.5 Training Costs

The cost to train operators in the safe operation of the various equipment types
is also an important cost consideration in the total cquipment cost. This cost will vary
dzpending on the type of equipment involved.

Training can be done either in-house or providea by professional equipment
operator training schools. For large agencics, the in-house approach may be the best
alternative for the training for personnel. Using this method the operator could be
trained on the equipment item he/she may be required to operate once the (raining is
completed.

For smaller agencies, the professional equipment operator training school may
best suit their needs. These agencies will have less equipment to call on for in-house
training and will not have a great need to employ its own equipment operator training

personnel.

2.2.6 Obsolescence Cost

As an equipment item ages, there may be a cost associated with the obsolescence
of that particular type of machine.

As advances arc made in the technology of certain equipment items design, older
machines become less efficient than similar new machines. An additional cost is incurred
on the agency due to a decrease in the cfficiency of the older equipment item. The older
machine may have to work longer to produce the same result of that of a new similar

machine.



I in the quality of cqui such as stronger materials
and the accessibility of replacement parts will also have an affect on the obsolescence
cost of a particular equipment item.

Provided the appropriate information is available, the obsolescence cost can be
calculated from the following formula:

C, =P xHyx Cy Equation 2-2
Where

C,, = Obsolescence cost in a given year

P, = Production loss of existing machine in percent

H, = Planned annual usage of exisling machine in hours

Cy = Hourly cost of the replacement machine

2.2.7 Standardized Usage

When comparing the total equipment costs for the various equipment types,
consideration must be given (o the amount of usage each item of equipment receives.
To illustrate this, two similar equipment items are compared. An older machine may
have less total operaling and maintenance costs than a new machine. If an equipment
replacement analysis is done based only on these costs, the new machine would be
scheduled for replacement before the older machine. If, however, the usage of each
machine is incorporated into these costs, the results would be the opposite. This can be
represented by the following expression:

Cy Equation 2-3




Where

Cs = Standardized Operating and Maintenance Costs

Ty = Standard Operating Units for Equipment Type

T, = Actual Operating Units for Equipment Type

C, = Actual Operating and Maintenance Costs for Equipment Type

Figure 2.2 shows how usage of equipment can affect equipment costs.

It also

shows how these costs can be standardized for the purposes of equipment replacement

analysis.

COST COMPARISON OF EQUIPMENT BASED ON DIF

Standardized Annual Usage (hours):

Annual Equip. Cost, C,
- Machine *A"
Annual Equip. Cost, C,
- Machine "B

Annual Equip. Usage (hrs), Ty
- Machine "A"
Annual Equip. Usage (hrs), T,
- Machine "B"

Standarized Equip. Cost, Cy
- Machine "A"

Standarized Equip. Cost, Cy
- Machine "B"

Yeur |

33,165

21,079

1,750

1,660

34,113

22,857

Example C, =

Yeur 2

12,507

40,021

920

2,200

24,470

32,744

1800 hours per year

Year 3 Year 4 Year 5

27,402

46,905

1,200

1,900

41,103

44,436

34,501

59,531

1,400

1,950

44,358

54,952

40,836

40,035

1,530

1,600

48,042

45,039

1,800 x $40,035 = $45,039

T USAGE

Year 6

37,724

39,092

1,500

1,920

45,269

36,649

“Totl

186,135

246,663

8,300

11,230

237,355

236,677

Figure 2.2
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2.3 ANALYSIS TECHNI

Three types of equi analysis i will be di: d in this

section. They are:
1. Life Cycle Cost Mcthod
2. Interval Life Method

3. Nomographs

2.3.1 Life Cycle Cost Method
‘The life cycle cost method of cquipment replacement analysis refers to the
analysis of the various equipment cost factors previously discussed in Section 2.2.

Figure 2.3 shows a typical life cycle cost method for equipment replacement analysis.
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TYPICAL LIFE CYCLE COST METHOD

Equipment Identification —I
I

Equipment Cost

(a) Ownership

(b) Operating & Maintenance
(c) Downtime

(d) Parts Inventory

(e) Training

(f) Obsolescence

(g) Usage

Equipment Replacement
Analysis Model

I

Equipment Replacement List

Figure 2.3

This method calculates the total annual equipment costs. These costs are then
plotted against time. The optimum time to replace the equipment being analyzed, would
be when these costs are a minimum. Figure 2.4 shows the typical relationship between

these costs.
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RELATIONSHIP OF LIFE CYCLE COSTS

Minimum.
Cost, Lifetime
Relatlons of resale, 4
operating and iz
maintenance, and 3
annual costs for
vehicles. CosT
A
S —
-
Your 1 2 3 1 3 . 7
A= Resale Value
B = Operating and Maintenance Costs
C = Total Annual Costs for Period
Figure 2.4

A slight variation to this method is with the use of "average" annual equipment
costs.[4] In this method, the optimum replacement time is when average annual
equipment costs are a minimum. Figure 2.5 illustrates the relationship of these costs.

“The average annual costs[4] can be calculated from the following formula:

®
oS Equation 2-4
e

MAC, =

Where
MACy = Mean Annual Cost at Period R

P = Purchase Price al Time T=0



i
|
!

REPLACEMENT ANALYSIS BASED ON AVERAGE ANNUAL COSTS

1800




2.3.2 Interval Life Method

This method is used where the fleet owner uses age and/or mileage as fleet
replacement criteria. In this method the fleet owner replaces equipment that has reached
its replacement age or mileage criteria. This method is very simple and requires little
analysis. The data required for this method of analysis would be the age and/or mileage
of the cquipment. If the owner's mileage replacement criteria was 100,000 km, all
vehicles with oedometer readings greater than 100,000 km would be replaced. Similarly,
if the age replacement criteria was five years for a certain type of equipment, all vehicles

older than five years of age would be replaced.

2.3.3 Nomographs
Commercially prepared nomographs[14] are available for equipment replacement

analysis. They are a graphical representation of the life cycle costing method previously

discussed. They are inexpensive, i ward and easy to use. These nomographs
can be used without any special mathematical or statistical skills. The information
required 10 usc these nomographs are:

1. Purchase price of the equipment

2. Total maintenance cost to date

3. The age of the equipment

4. The purchase price of a new machine
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NOMOGRAM FOR VEHICLE REPLACEMENT

Cagiar cost Cavcont
ol oresent pepra—

)
a

s
or rest e

Initial cost: $8,000. Totul maintenance cost to date:  $7,200. Age: 6 Years, Replacement Cost:
$14,000. Repluce the vehicle when the maintenance cost for the next year is projected at $3,300 or
greater.[14]

Figure 2.6

The projected cost of repairs for the next year will determine whether equipment
replacement is necessary.  Figure 2.6 shows a typical nomograph used for equipment

replacement analysis. This Iculates the. i issible "

maintenance costs for the next year. If the actual mainienance costs in tic next year

exceeds this amount, the equipment should be replaced.
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2.4 ECON LIFE MENT
PERF A

Equipment owners should be interested in obtaining the lowest possible cost per
unit of production.[12] In order to determine the most economical time to replace
equipment, accurate records of the various equipment costs associated with each machine
must be kept. Similarly, accurate records of the equipment performance indicators must
be maintained.

Typical performance irdicators can be hours of use or, volume of malerial
excavated. The fleet owner can then calculate a yearly production cost per machine in
terms of cost per hour of usage or cost per volume of material excavated.

The feet owner would consider replacing a machine, when the annual production
cost of the machine begins to increase. This method of analysis could be incorporated
into the life cycle cost method of equipment replacement analysis discussed in Section

233
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Chapter 3

FORECASTING TECHNIQU
3.1 INTRODUCTION

Decisions in the private and public sector[15] depend on the pereeptions of future

outcomes that will affect the benefits and costs of possible alternative courses of action.
Since these alternatives take place in the future, they must be forecast.

Accurate forecasts of future equipment costs will help the fleet owner make the

equipment replacement decision prior to the end of the equipment’s cconomic life. This

will enable the fleet owner to avoid spending excessive amounts of monies on certain
types of repairs, and also provide the lead time required in some arcas, to order the new
replacement vehicle.

An y useful form of

T is time series analysis, A time
series is a set of statistical obscrvations arranged in chronological order. In the case of
fleet replacement analysis, thesc obscrvations would be the annual total costs for a picee
of equipment.

The prediction of any time scries in flect replacement analysis involves the
examination of past equipment costs. Methods of time scrics analysis are descriplive in
nature and do not provide for probability statements concerning future events. [t is

important to note that these methods must be always supplemented by sound subjective

judgement. Figure 3.1 shows a typical forecasting process.[16]
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THE FORECASTING PROCESS

DEFINE THE
FORECASTING PROBLEM

STEP 1
COLLECT AND
PREPARE THE DATA STEP 2
SELECT AND APPLY
FORECASTING METHODS
STEP 3
STEP 4
TRACK FORECAST
ACCURACY
STEP 5
UPDATE FORECASTS AND
FORECASTING SYSTEM
STEP 6

Figure 3.1

3.2 METHODS OF FORECASTING FUTURE YEARS’
COSTS

The following types of forecasting methods shall be investigated:
1. The Mecthod of Least Squares

2. Sccond Degree Polynomial Function

3. Logarithmic Trend Line

4. Moving Average Method



5. Exponential Smoothing

6. Box-Jenkins Method

3.2.1 Method of Least Squares
‘The method of least squares is used to fit trend lines because of its simplicity.

It should be recognized that while using this method for times series analysis, the usual

ic ions made in ion analysis are not met. This is because in
time series analysis, time is the independent variable, "X" and cquipment costs the

dependent variable "

. Itis not reasonable to think of the deviation of actual equipment
costs in a given year from the computed trend value as a random crror, Also, the

of i

in ion analysis is not met in the case of time series
analysis. Equipment costs in a given year surely are not independent of what they were
in the preceding year.

The method of least squares produces a straight line in the form of the following
equation:

Y, =a + bX, Equation 3-1

Where

Y, = Equipment Cost at Time T

a = Intercept on Y-axis

b = Slope of the Trend Line

X, = Time, t(in years)

The slope, b, of the trcad line is calculated from the following formula:
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bxy, - X0 €W

bres B —

Equation 3-2

Where

n = Number of Years of Data

The intercept of the trend line is calculated from:

a=y-bx

Equation 3-3
Where
y = Mecan of All Equipment Cost Data
X = Mecan of the x, Values
3.2.2 Forecasting a Second Degree Polynomial Function with the

h, f

res

The second degree polynomial trend line can be fitled[17] in the form of the
following equation:

Y, =a bX+BX?

Equation 3-4
Where

a = Y-axis Intercept
b, = Estimated Linear Effect on Y,

B, = Estimated Curvilinear Effect on Y,
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The trend equation co-cfficients are determined by solving the following three

equations simultaneously:

LEY =ma+bEX +b,EX Equation 3-5
LEXY, = afX + bEX, +b,EX, Equation 3-6
W E XYY, = af X, + b EX, + b EX Equation 3-7

3.2.3 Forecasting Using a Logarithmic Trend Line
The equation of the logarithmic linc that would describe the trend of a time series
is as follo'vs:
Log Y, = a + bx Equation 3-8

The constant, A, and slope, B, of this equation are computed as follows:

¥ log Y,
_= BT Equation 3-9
n

and

£ X, log Y,
Z X log Y, Equation 3-10

After "a" and "b" arc Y. can be by ituting values of

X (time) into the trend equation,



41

Logarithmic second-degree curves can also be fitted to time series in which the

trend is il ing at an i ing or ing rate. For
greater than the third degree, this method of forecasting is not recommended as curves
computed by such polynomials permit many changes in direction. These curves do not

have the smooth, continuous movement characteristic of a time series.

3.2.4 Moving Average Method of Forecastin,

‘The moving average method of forecasting is one of the simplest time serics to
use.[18] ‘This technique assumes thal the pattern exhibited by the historical data can be
represented by the arithmetic means of past data. The simplest moving average model

is in the following form:

Yo+ Yo Ty
M=Yy = ______ “quation 3-11
N
Where
M, = Moving Average al Time T
Y, = Actual Value of the Data at Time T
N = Number of periods included in the Moving Average
Y.,y = Estimate Valuc of Data at Time, T+1

Equipmen* cost data usually exhibits some form of increasing trend as a function
of time. The simple moving average method described above may be inappropriate in
these cases. 17a trend is present in the cost data, the simple moving average values will

lag behind the actual data. To correct for this problem, a double moving average My
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should be calculated. To calculate My, each value of My is treated as one data point and
a second moving average is calculated based on M; obscrvations. This can be expressed
by the following formula:

M, + My + .M,
Mo 2 o Equation 3-12
n

The double moving aver. ge forecast is based on the following formula:
My = a +bT Equation 3-13

“ denotes forecast value

The constant, "a,", and slope, "b", of the formula can be calculated as follows:

a, = 2M,- M Lquation 3-14
and
b = Ll (M, - MY Equation 3-15
-
In using equation 3-13 to develop the next year's equipment cost, t has a value
of I.

As each new data observation becomes available, new values for "a," and "b” in
equations 3-14 and 3-15 respectively, can be calculated. A new next year forecast can

then be determined.

3.2.5 Exponential Smoothing
Exponential smoothing is a widely used time-serics forecasting model.  New
forecasts are derived by adjusting the prior forecast to reflect its forecast error. In this

way, the forecasts are continually being revised based on past expericnce.
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offers several over other

as follows:

. Exponential smoothing models mesh very easily with computer systems.

)

. Data storage requirements are minimal compared to other forecasting

techniques.

w

. Exponential smoothing models react more quickly to changes in economic
conditions than do moving average models.

In single exponential smoothing, the forecast for the next year and all subsequent
years, is determined by adjusting the current year forecast by a portion of the difference
between the forecast and actual value.

‘The basic formula for single exponential smoothing is as follows:

Sy o= oY, + (1- )8, Equation 3-16
Where

S, = Single Exponential Smoothing Value

Y, = Actual Value in Time Period t

o« = the Smoothing Constant (0< o <1)

It can be shown that o is related approximately to the number of periods in a
simple moving average by the following formula:

x =

=N Equation 3-17
n+1
Another method of selecting an appropriate value for o« is by investigating a

graph of the data over time. If the plot shows little variation in the data, a small value
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of o should be chosen. If the plot shows great variations in the data, a corresponding
greater value of o« should be sclected by the user.

Other methods of exponential smoothing which can be used are: (APPENDIX D)

1. Double Exponential Smoothing

2. Winter’s Method (Seasonal)

3. Brown’s Linear Exponential Smoothing

4. Triple Exponential Smoothing

5. Adaptive - Response - Rate Exponential Smoothing

6. Holts Exponential Smoothing

3.2.6 Box-Jenkins Forecasting Metho

The Box-Jenkins Method of ing is a sclf-projecting time scries model.

This method of forecasting is based on statistical concepts and principles. The Box-
Jenkins method of forecasting can be used if the following requirements are mel:

1. Data representing the historical behaviour of what you want to forecast is

available.

2. This data is sufficient in quantity to establish a track record.

3. The forecasting required is short to medium term.

The computations involved in the Box-Jenkins method are much too labourious
and time consuming to perform by hand. A computer is an absolute must if the user is

to successfully utilize this forecasting method.
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Many commercially available Box-Jenkins programs are available through
commercial software distributions. Appendix E gives a listing and synopsis of those

software packages available.
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Chapter 4

FLEET REPLACEMENT MODEL FOR
PUBLICLY OWNED FLEETS

4.1 MODEL STRATEGY

‘The development of a fleet replacement analysis model for publicly owned fleets
(FRAPOF MODEL), requires the determination of a model strategy. The strategy being
proposed in this model is as follows:

1. The model must be adaptable and casily modificd to meet the users specific

needs.

2. It must have the ability to compile equipment data in a concise and logical

manner.

w

. It must have the ability to forecast future costs.
4. It must provide the user with an equipment replacement priority list.

The model will consist of five modules as shown in Figure 4.1.

4.1.1 Adapting and Modifying the Model

The FRAPOF Model developed will be adaptable to most spreadsheet computer
software packages. The intent of the model, is to provide the user with a spreadsheet
which will perform several mathematic functions using spreadsheel packages such as
Lotus 1-2-3.[19]

Using the existing software packages will serve two purposes:
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THE FLEET REPLACEMENT MODEL (FRAPOF)

EQUIPMENT INVENTORY
MODULE

EQUIPMENT COST
MODULE

FOREUASTING MODULE

FLEET REPLACEMENT
MODULE

PRIORITY MODULE

Figure 4.1

1. Eliminate the nced for complex computer programming by the user.
2. The model can be adapted and modified by users who are comfortable

working with their chosen spreadsheet software packages.

4.1.2 Compiling Equipment Data
The FRAPOF Model developed, will compile various types of information about
the cquipment being analyzed. This information will include the following parameters:
1. Equipment Identification
(a) Unit Number
(b) Equipment Class

(¢) Model Year
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2. Equipment Costs

4.1.3 Forecasting Future Equipment Costs
‘The FRAPOF Model can perform time serics forecasting by any of the techniques
described in this thesis. The model will calculate the equipment costs for one year into

the future. The method of forecasting chosen will be at the discretion of the user.

4.1.4 Replacement Priority List

The mode: will determine the optimum time to replace equipment and will provide
the user with a priority listing of this equipment. The priority list will be based on a
cost-benefit relationship as well as allow the user (o assign an cquipment importance
factor to each vehicle. This will show the relative importance of each vehicle to the

fleet.

4.2 EQUIPMENT INVENTORY MODULE

The equipment inventory module consists of a file containing information about
each equipment item in the fleet. Figure 4.2 shows the type of information o be
compiled.

The identification number can be determined in any form by the user. The only

requirement in selecting these numbers, is that they be unique to cach vehicle.



49

EQUIPMENT INVENTORY MODULE

EQUIPMENT INVENTORY
MODULE
IDENTIFICATION Izuutp. MODEL
NUMBER CLASS YEAR

EQUIPMENT
MANUFACTURER

PURCHASE
PRICE

EQUIP.
USAGE

Figure 4.2

‘The equipment class is a description of the type of equipment being studied.
Appendix F gives a listing of most types of equipment used by public agencies.

The model year indicates when the vehicle was manufactured.

The purchase price is the original price paid by the public agency for the
cquipment. This will be used in the priority module.

‘The equipment usage is the annual number of hours the machine worked in a
given year.

The equipment manufacturer is the producer of the equipment.

4.3 EQUIPMENT COST MODULE

The equipment cost module, is a record of annual equipment costs. Each of the

cquipment cost factors discussed in Section 2.0 will be incorporated into this module.
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This module consists of scparate files which record the annual costs for each
factor. They are then integrated into one file, where the total annual costs are compiled

for use in the forecasting and replacement modules.

EQUIPMENT COST MODULE

OWNERSHIP
cosTS
OPERATING AND
MAINTENANCE COSTS S
FORECASTING
MODULE
DOWNTIME COSTS }——— [
| TOTAL COSTS I»V 7|
PARTS INVENTORY COSTS I—l |
L FLEET REPLACEMENT
OBSOLESCENCE COSTS }——-— MODULE
TRAINING COSTS

Figure 4.3

The accuracy of the recorded data in this module is an important factor in the

validity of the results obtained in the forecasting, replacement and priority modules.

4.4 FORECASTING MODULE

The ing module is the ism where cqui s future costs are

predicted. Any of the forecasting techniques discussed in Section 3.1, can be used in this
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module. The primary objective of this module is to determine the predicted next year

cost for usc in the replaccment and priority modules.

4.5 REPLACEMENT MODULE

This module utilizes data from the equipment ~ost module and forecasting
modules discussed in Scctions 4.3 and 4.4, respectively. The purpose of this module is

to ine when equi costs are mini Using data base functions, the module

will provide the user with a listing of equi i The

will then be used in the priority module.

4.6 PRIORITY MODULE

This is the final stage of the FRAPOF Model process. This module uses
information from the equipment inventory, cost, forecasting and replacement modules,
to provide the user with a priority listing of equipment to be replaced. The module
calculales a replacement priority factor for each equipment replacement candidate. This

factor is based on the following formula;

Ci+ Cui - St )
= Equation 4-1
P,
Where
By = Priority Factor
Ci = Total Cost to Date Including Ownership Cosis

C,,y = Forecasted Equipment Cost Next Year
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Siy1 = Salvage Value of Equipment Next Year
P, = Purchase Price of a New Replacement Vehicle
This is the ratio of total equipment cost including the predicted next year cost to

the purchase price of the new replacement vchicle.
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Chapter 5

IMPLEMENTING THE FRAPOF MODEL
WITH AN EXISTING FLEET

5.1 INTRODUCTION

The FRAPOF Model described in Chapter 4, has been implemented with a
publicly owned fleet consisting of 252 vehicles. The total value of this fleet has been
estimated to be approximately $15,500,000. This agency budgets $1,500,000 annually
for equipment replacement, but, this amount has been reduced in some years by as much
as $500,000 due to budgetary restraints.

The agency does usc a fleet management model which was prepared by a
consulting firm, The model did not perform up to the expectations of the agency. The
model was modified by the agency’s own staff to produce a fleet replacement priority list
that was eventually acceptabic to the agency.

This model continues to be used by the agency although it is uncertain if the
model produces a true economic life cycle replacement program.

Annual capital budgets for the agency are approved during the months of April
or May each year. Typically, once approval is given, tenders are called and equipment
il finally received, a period of 6 months has passed. No method of forecasting is used

by the agency that would atlow for this delay in receiving the new equipment.
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5.2 FRAPOF EQUIPMENT INVENTORY MODULE

The following section deals with the implementation of the equipment inventory
module with the public agency. This module follows the format outlined in Section 4.2.

Appendix G shows the equipment inventory spreadsheet for this fleet.

5.2.1 Equipment Unit Numbers

The unit numbers chosen by the public agency were developed to provide the
following information:

1. Manufacturer

2. Classification of Equipment

3. Model Year

4, Identification Number

Figure 5.1 illustrates how the equipment unit numbers were developed by the

agency.

MANUFACTURER MODEL YEAR
(CASE)

_.7 F———A (198;)

302-5020

EQUIPMENT CLASS —I —[—— IDENTIFICATION
NUMBER

(FRONT END LOADER)

Figure 5.1
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5.2.2 Equipment Classification, Mod urer, and Pu

Price

“This dala is in the equipment inventory module for the purpose of quick reference
for personnel not familiar with the unil number coding. By simply looking at each unit
number, the user can get a description of the particular equipment item.

The purchase price of the equipment item is provided for two reasons:

1. It provides the user with a record of the equipment item cost.

2. This data is used in the replacement module to determine the annual

ownership cost of the particular unit. The ownership cost in this case is the

annual depreciation of the equipment item.

5.2.3 Annual Usage Iours
The annual usage hours are included in this module for two purposes:

1. It gives the user a record of annual usage on particular equipment items.

o

“These hours cari be used by the fleet manager for the purpose of standardizing
the cquipment cost of machines that have relatively low usage compared to
other vehicles in the same classification. This is discussed in Section 2.2.7.

The annual usage hours for this agency's fleet were incomplete and, therefore,
not used for analysis purposes in this model.

Figure 5.2 shows the first sheet of the equipment inventory module for this fleet.
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5.3 FRAPOF EQUIPMENT MODUL
‘The following scction discusses the implementation of the equipment cost module

of the FRAPOF Model as described in Section 4.3.

5.3.1 Ownership Costs

The only ownership cost used by this agency was depreciation. This was
calculated based on straight line depreciation as described in Section 2.2.1.1 using a
Lotus 1-2-3 spreadsheet. Appendix H shows a typical ownership cost spreadsheet for
this fleet. Figure 5.3.1 shows the first sheet of the ownership cost module for this fleet.

5.3.2 Operating and Mai e Costs

Operating and maintenance costs (O&M) for the flect were obtained from the
agency's fleet cost data records. This data has been compiled by the agency since 1983,
Information on equipment data prior to this date was not available. Figure 5.3.2 shows
the first sheet of the O&M Cost Module for this fleet.

The O&M spreadsheet for this fleet is shown in Appendix I.

5.3.3 Downtime, Parts, Obsolescence, and Training Costs
The agency did not have cost data for any of these cost factors that was in a

useful form.  Any information available was cither incomplete or inaccurate.
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5.4 FRAPOF FORECASTING MODULE
The forecasting module used for this flcet, utilizes all cost data available in the
equipment cost modules discussed in Section 5.3. The total cquipment cost for cach
equipment item is compiled in this module. A forccasting model, using the method of
least squares, calculates the total equipment cost for the "next year”. Figure 5.4 shows
the first sheet of the Forecasting Module for this flcet. Appendix J shows a typical

module spreadsheet for this flect.

5.5 FRAPOF REPLACEMENT MODULE

The FRAPOF replacement module w.es data from the cost and forecasting
modules, previously discussed, to determine if an equipment item requires replacement.
From Figure 2.3, it can be seen that equipment costs are minimum when the difference
in the equipment item's annual ownership cost and total equipment cost is minimum.
The FRAPOF replacement module uscs this theory to determine if cquipment
replacement is required. Figure 5.5 shows the first sheel of the Equipment Replacement
Module for this flect.

Appendix K shows a typical FRAPOF replacement spreadsheet for this fleet.
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5.6 FRAPOF PRIORITY MODULE

‘The order in which equipment, identified for replacement in the previous section,
is to be replaced is determined in the FRAPOF priority module. This module determines
a priority factor for each equipment item based on the ratio of the sum of the total
equipment costs lo date, 1o the cost to purchase a similar new equipment item. This is
shown in Equation 4-1. This module also provides the user with a cumulative purchase
price column, where any budgetary cut-off line can be drawn. Figure 5.6 shows the first
sheet of the Equipment Replacement Priority Module for this fleet. Appendix L shows

a typical priority module spreadsheet for this fleet.

5.7 DISCUSSION OF FRAPOF RESULTS FOR THIS

FLEET

1fall equipment listed on the priority module spreadsheet were to be replaced, the
total monics required would be $10,160,000. The annual equipment budget for this
agency is $1,500,000. It is obvious that this agency will have to increase its annual
cquipment budget, if it is to take advantage of the benefits of the economic life of its
equipment.  Mechanical repair costs for this fleet are likely lo increase if equipment
replacement is performed at its present rate. Itis inieresting to note that the total monies

required for repairs 1o equi in this fleet is i $4,900,000

per year (1991 dollars).
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As onc would expect, the equipment replacement priority list in Figure 5.6 shows
most of the older machines as those with the highest priority to be replaced. This is
because the saivage value of these vehicles is minimal and total maintenance costs are

high. I cases

where, a younger machine has a high replacement priority, the
maintenance costs for these vehicles have been extremely high compared to vehicles of
the same age in the same classification. The fleet owner may then be required to have

a closer look at the machines and use good judgement before replacing such vehicles.
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Chapter 6

CONCLUSIONS AND RECOMMENDATIONS

There are many challengcs facing flect managers in the 1990's.[20] Equipment
is becoming more and more cxpensive to buy as well as maintain. To ensurc monies
allocated for fleet replacement are spent in a cost effective manner, the fleet manager
must use an appropriate equipment replacement model.

A 1992 survey of public agencics indicated that most agencies do not reecive the

funding required to replace all cquipment scheduled for veplacement. In all cases, the

respondents did not have a quantitative method of determining the priority of such

of future equi costs was also an arca not considered by
these agencies.

The criteria used ine a flect plan vary ing on whether

the fleet being analyzed is publicly cwned or privately owned. For publicly owned
fleets, age, mileage, operating and maintenance costs, politics and safety are important.
For privately owned fleets, depreciation, price, replacement tliming, mileage, operating
and maintenance costs, taxes, safety and company image arc of primary importance. The
respondents of the 1992 survey indicated that the criteria used by them were age,

mileage, i costs or some ination of these factors.

Many fleet management software packages arc available to the flect manager from
software vendors. The flexibility of these packages was found Lo be a problem for some

agencies. It has been stated that most compulerized flcet management packages are not
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appropriate for municipal applications. Despite the variety of programs and systems
available, many facts and fantasies arise after thesc systems are implemented.

‘Three types of analysis techniques are available to the fleet manager. They are
the life cycle cost method, the interval life method and commercially prepared
nomographs. Each of these methods involve varying levels of complexity. The type of
method used by the fleet manager depends on the requirements of the public agency.
Each method requires accurate equipment data. The validity of the fleet replacement
plan produced, is dependent on the accuracy of this equipment data.

Forecasting of future equipment costs will help the fleet manager decide when
cquipment should be replaced before the end of its economic life. This will give the fleet
manager the lead time necessary to order the new equipment and avoid any unnecessary

on old cqui selected for in the near future. Several

forecasting techniques are available. Some of these include; the method of least squares,
second degree polynomial curve fitting, logarithmic trend lines, moving averages,
exponential smoothing and Box-Jenkins methods.

Fleet replacement analysis for publicly owned fleet (FRAPOF) should have the

following characteristics:

. It should be adaptable and easily modified by the user.

[

- 1t must compile equipment data in a logical and concise manner.

. Itmust have for~casting capabilities.

=

- It must provide the user with a replacement priority list.
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A flect replacement model for publicly owned fleets (FRAPOF) proposed in this

thesis, consists of five modules. These modules are:

. The Equipment Inventory Module

o

. The Equipment Cost Module

Ld

The Forecasting Module

a

. The Fleet Replacement Module

©w

. The Priority Module
This model was used with an existing fleet of approximately 252 vehicles. The
results of the equipment replacement analysis indicates that increased funding should be

allocated to this agency's equipment budget.
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APPENDIX A

THE FLEET REPLACEMENT QUESTIONNAIRE
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QUESTIONNAIRE

‘What method of Flect Replacement Analysis docs your organization use?

Does your organization use computer software for Fleet Replacement Analysis?

(Please specify.)

Does this software do everything you would like it to do with respeet 10 Fleet

Replacement Analysis? (Plcase specify.)

Does your organization receive sufficient funds cach year to replace all equipment

which should be replaced, according to your Fleet Replacement Ana

If the answer to 4 above is NO, how do you decide the order in which equipment

is to be replaced?

Who is for Fleet Man: nt in your organization?

NAME:

ADDRESS:

PHONE: FAX:
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APPENDIX B

COMMERCIALLY AVAILABLE
FLEET MANAGEMENT SOFTWARE
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Analysis of Software

The following appendix provides informatior on software packages presently available
for fleet management purposes. The software listed shows the program name, vendor,

memory required, hardware requircments and a synopsis of the software.
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Program name: AGECON
Vendor: Oliver Markeling Inc.
Suite 704
3455 Drummond Street
Montreal, Quebec
H3G 2R6
Memory required: 256K
Hardware: [BM-PC and IBM Compatible

Synops

Fleet replacement program which provides the user with information on when
the economic replacement time occurs for specific equipment items. User required to
input the purchase price of new similar equipment, operating and maintenance costs, and

approximale resale value of existing cquipment. Inquire for price.



Progi»m name: MESIS
Vendor: ACT Computer Services Ltd.
1735-170 Street
Edmonton, Alberta
Canada T5M 3W7
Memory required: 640K
Hardware: IBM-PC, PC/XT, PC/AT; hard disk required.

Synopsis: Six modules for fleet including fleet i ion and control;

servicing and repairs, fuclling and preventative maintenance fleet safety, revenue
accounting and fleet support. System design and application determines price, so inquire

vendor,

Program name: EZ-FLEET
Vendor: ATE Management & Service
Technical Products Division
617 Vine Street / Ste.800
Cininatti, OH 45202
Memory required: 256K
Hardware: IBM-PC, PC/XT, PC/AT, Tandy 1000, 1200, 2000
Synopsis: Hand-held data collector inputs vehicle check to personal computer. Reports
service flow by station, daily servicing statistics, exception report (vehicles not serviced),

pm schedule, fluids usage exception report.
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Program name: VEHICLE CONTROL PLUS
Vendor: Burke & Associates
14291 cast Fourth Avenue
Suite 270
Aurora, Co 80011

d: 512K

Memory requi;
Hardware: IBM-PC, PC/XT, PC/AT, recommended 10 MEG Hard Disk

3 i ive fleet system. Processes single or multiple work

orders.  Allows reporting of history, repair order logs, fuel/oil purchase logs, PM

hedwing with other sort ilities. APWA, ATA or user defined classifying codes.

Program name: BTML/EMS

Vendor: Byrd, Tallamy, MacDonald and Lewis
2921 ‘Telestar Court
Falls Church, VA 22402

Memory required: "S6K

Hardw. IBM-PC, PC/XT, PC/AT

Synopsis: Inventory, pm scheduling and work orders, maintenance and repair tracking
(by unit), shop management analysis (productivity and resource use), total user costs (by

cquipment class: operating expenses; overhead, depreciation, and replacement costs.
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Program name: EQUIPMENT MANAGEMENT

Vendor: Carter Associates Inc.
2835 Camino Del Rio South
San Diego, CA 92108
Memory requi..d: 640K
Hardware: IBM-PC, PC/XT, PC/AT
Synopsis: Data base manager. Includes fleet inventory, fuel and repair tracking,

performance analysis, pm scheduling. Inquire vendor for price.

Program name: FLEET MANAGER
Vendor: Chesapeake Computer Group
600 Court Street
Portsmoth, VA 23704
Memory required: 256K
Hardware: IBM-PC, PC/XT, PC/AT; Apple I; requircs hard disk.
Synopsis: Sepa:ate dbase modules include (1) accounting-billing, purchase history by
part, life cycle costs for equipment-uaits and classcs (2) parts inventory; monitors stock;

(3) fuel/oil consumption; (4) cost analysis; (5) pm scheduling, and (G) repair analysis.
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Program name: TREMAIN
Vendor: Cochrane Associates Inc.
Consulting Engincers
236 Huntington Avenue
Boston, MA 02115
Memory required: 256K
Hardware: IBM-PC, PC/XT, PC/AT, Apple

and inventory

ynopsis: An equi information,

management program. Price is for a lease/purchase plan, $500 to $800/month.

Program name: CFA-VHRS

Vendor: Computerized Fleet Analysis Inc.
205 West Worth Avenue
Villa Park IL 60181

Memory required: 128K

Hardware: IBM-PC, PC/XT, PC/AT

ynopsis: Tracks i i and operating cosls, analyzes repair detail,
controls part inventory costs and analyzes part usage. lour modules: cost listing;

maintenance reporting; detailed inventory listing; part usage tracking.
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Program name: CON-TRONIX Il
Veador: Con-tronix
3663 East Garden Place
Qak Creck, WI 53154
Memory required: 512K
Hardware: IBM-PC, PC/XT, PC/IAT

Synopsis: Covers cquipment records and reports, parts inventory, gencration of work

orders. Created for treatment plant

Program name: MCMS
Vendor: Control Software Inc.

993 Old Eagleschool Rd.

Wayne, PA 19087
Memory required: 640K
Hardware: IBM 43XX, 30XX, OR 9370
Synopsis:  Six mainframe modules for flect equipment maintenance and support.
Includes parts purchasing, warranty management, fluids, labour, tire control. Can handle

from 50 to 10,000 picces. Some applications for personal computer. Inquire vendor.
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Program name: TIMS
Vendor: Coverdale, Gary
Bispac Systems
9256 Madison Avenue
Orangevale, CA 95662
Memory required: 256K
Hardware: IBM-PC, PC/XT, PC/AT
Synopsis: Vehicle maintenance reporting system which is work order driven. Maintains
inventory levels and costs, computes costs per operating mile for each vehicle, broken
down by parts, labour and fucl loads. Can establish PM alerts based on calendar or

miles.



Program name: VMS
Vendor: Creighton, Rogerand Assoc.
274 Deleware Avenue
Delmar, NY 12054
Memory required: 128K
Hardware: IBM-PC, PC/XT, PC/AT
Synopsis: Provides vehicle data, includirg historical usage, fuel consumption, Y-T-D
maintenance costs by vehicle component, tire mileage, key performance indicators and
pm warnings; also fleet analysis on usage, fuel, maintenance costs. Also tire inventory

report.
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Program name: School Bus Management System
Vendor: Creighton, Roger Assoc.
Memory required: 128K
Hardware: [EM-PC, PC/XT, PC/AT
Synopsis: provides vehicle data, including historical usage, fuel consumption, Y-T-D
maintenance costs by vehicle comporent, *ire mileage, key performance indicators and
pm warnings; also fleet analysis on usage, fucl, maintesance costs. Also tire inventory

report,

Program name: GEMS
Vendor: Diagonal Data
9700 Newton Avenuc
Bloomington, Mn 55431 ]
Memory required: 512K
Hardware: IBM-PC, PC/XT, PC/AT
Synopsis: Six modules which integrate for management of flect maintenance. Includes

parts, fuel, equipment inventories. Tracks work orders, job cosling. Provide:

ception

reporting, i status, vehicle i i i Inquire

price.
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Program name: VEHICLE CTRL, VMRS
Vendor: Display Data Corporation

Exccutive Plaza IV

Hunt Valley, MD 21301
Memory required: 256K
Hardware: 1BM-PC, PC/XT, PC/AT, Apple I+, Apple lle
Synopsis:  For 130 to 3500 units; analysis by unit of fuel/oil consumption, running and

repair costs and repair order analysis; designed for truck fleets.

Program name: Equipment Maintenance Management System

Vendor: Elke Corporation

998 Zane Ave.,N.

Golden Valley, MN 55422
Memory required: 256K

Hardware: IBM-PC, PC-XT, PC-AT

Synopsis: Functions include machine ification tracking, p ive and p

pai history tracking. May be used in

g, mining, i icipalities and ion ficlds.
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Program name: Vehicle Cost Analyzer
Vendor: Ernst & Whinncy
1225 Connecticut Ave.,N.W.
Washington D.C. 20036
Memory required: 128K
Hardware: IBM-PC, PC-XT, PC,AT; requires fixed disk.

Synopsis: Computes life cycle costs. Compares vehicles cost under alternative purchase

decisions; maintenance policies; and replacement d tates  sensitivity

analysis of critical assumptions regarding inflation, capital costs, ete. Inquire price.

Program name: Fleet Controller
Vendor: Fleet Computing International inc.
P.O. Box 14698
Albuquerque, NM, 87191
Memory required: 512K
Hardware: IBM-PC, PC/XT, PC/AT; required hard disk
Synopsis: Uses MDBS, specialized database system to track systems, fluid usage (diesel
fuel, engine oil, automatic transmission fluid) schedule pm, provide vehicle inventories,

mechanic seniority lists, etc. Inquire vendor for price.
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COST CONTROL

Program name: I
Vendor: Fleet Distribution Inc.

P.0. Box 98704

Atlanta, CA 30329
Memory required: 64K
Hardware: IBM-PC, PC/XT, PC/AT
Synopsis:  Fleets from 10 to 1000 units. Output from daily fuel and repair data: (1)
mileage and fuelling history; (2) fuel costing and disbursement, (3) unit repair history,

and (4) analysis of shop outsiuc vendor costs, mechanic hours,

Program name: Fleet Tracker/PC
Vendor: GTE Data Services
First Florida Tower
P.0. Box 1548
Tampa, FL 33601
Memory required: 640K

Hardware: IBM-PC, PC/XT; 20 MR hard disk

Synopsi Tracks fleet maintenance operations : pm, repairs, parts inventory,
mechanics, vendors, labour, parts location. Multi-user version can produce 80 reports.

Inquire price from vendor.
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Program name: MAINSAVER
Vendor: J. B. Systems, Inc.

21600 Oxnard St./#640

‘Woodland Hills, CA 91367
Memory required: 256K
Hardware: IBM-PC, HP-PC, Microdata PC, Wang PC, A T & T PC
Synopsis: Can generale corrective and pm work orders, tracks inveatory and labour by
equipment or facilities, maintenance history reports and cost reports. Vendor information

management and automatic parts re-ordering optional. Inquire for price.

Program name: MAINTENANCE MANAGEMENT SYSTEM
Vendor: Jentech Controls, Inc.
Route 1, Box 93
Gresham, WI 54128
Memory required: 128K
Hardware: IBM-PC, XT, and iBM compatibles; Apple Ilc

Synopsis:  For up to 500 pieces of i Five it (0]

information; (2) PM: scheduling by date or run hours; (3) Equipment run hours; (4)

Work history; (5) Parts inventory; by part number, location, reorder report.
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Program name: FLEET MAINTENANCE MODULE

Vendor: LWFW Group - GTE Intech
12700 Park Central /#1805
Dallas, TX 75251

Memory required: 640K

Hardware: IBM-PC, PC/XT, PC/AT

Compiles vehi i dala; tracks p ive/p
analyzes proposed capilal investments; rclates resources to accomplished work; tracks

cmployee performance; schedules work, analyzes services levels.

Program name: CHRIS

Vendor: MCS Group, Inc.
2465 West Chicago
Rapid City, SD 57702

Memory required: 256K

Hardware: 1BM-PC, PC/XT, PC/AT

Synoj ‘Tracks cquipment usage and c Equipment make, model, serial number,

plus i it preciati MTD, YTD, direct cost
breakdowns, repair & fuel costs per mile/hour. Cash flow budgeted expenses, etc. vs.

actuals. Inquire price.
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Program name: FLEET COMMAND

Vendor: Mainstem Corporation
130 Sewaren Avenue
Sewaren, NJ 07077-1299

Memory required: 640K

Hardware: Unisys B25

Synopsis:  Ten modules for flect management and support including equipment

records,work order p ing, mechanic p: ivity, pm ing, vendor info, parts
inventory, fuel usage, billing. Primarily mainframe, but some p.c. applications.

Inquire.

Program name: FLEET*MATE
Vendor: Multisystems, Inc.
1050 Massuchusetts Ave.
Cambridge, MA 02138
Memory required: 640K
Hardware: IBM-PC, PC/XT, PC/AT,; hard disk required
Synopsis: Processes work orders, tracks daily mileages, fuclling, inspections repairs,
vehicle histories. Maintains parts inventory; prompts user to reorder; posts costs and

quantity adjustments; reports servicing, lists work orders. Inquire vendor for price.



Program name: VEMS
Vendor: National Business Control Systems
12703 A Rescarch Bivd.
Austin, TX 78759
Memory required: 256K
Hardware: [BM-PC, PC/XT, PC/AT
Synopsis:  Uses standard data codes developed by American Trucking Association.
Features unit maintenance history, unit costs, cost per mile, hour or day, tracks life

warrantics and normal service expectations.

Program name: Penlon/Maintcnance series
Vendor: Penton Software Inc.

420 Lexington Ave.

Suite 2846

New York, NY 10017
Memory required: 512K

Hardware: 1BM-PC, PC/XT, PC/AT

Synopsis: Four modules. 1 ing, systems 1I: cqui history,
purchase order tracking, spare parts; 111: fixed asset system, warranty forms design; IV:

voice ition and mai ilities. Inquire vendor for price.




Program name: EMS/PC
Vendor: Prototype Incorporated
S R Box 170 MKB
Kamuela, Hawaii 96743
Memory required: 512K
Hardware: [BM-PC, PC/XT, PC/AT
Synopsis: Flect management program adapted for PC. Tracks parts and fuel, maintains
dbase of work and purchase orders, keeps pm and repair histories, analyses labour, costs

for repair and pm. Reports fuel and oil consumption.

Program name: LANTA PARTS INVENTORY PACKAGL
Vendor: TIME Support Center )
Vanderbuilt University
P.O. Box 1563, Station B
Nashville, TN 37235
Memory required: 256K
Hardware: IBM-PC, PC/XT, PC/AT; hard disk recommended.
Synopsis:  Uses dbase II, version 2.4. Parts inventory and analysis.  Allows
maintenance manager lo track parts, quantitics, locations. Best for small/medium sized
transit agencies. Monitors incoming-outgoing parts, vendor info., value of current

inventory.
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Program name: UTILFLEET
Vendor: Tecnomics Micro Software

100 Ardmore Strect

Blacksburg, VA 24060
Memory required: 256K
Hardware: IBM-PC, PC/XT, PC/AT, Radio Shack TRS-80
Synopsis:  Monitors fuel, scheduled maintenance, repairs, insurance, licences,
depreciation, and two other costs the user specifies. Computes and prints an individual
report for cach vehicle that shows itemized and total costs; produces cost comparison

charts.

Program name: FLEET MAINTENANCE SYSTEM
Vendor: Turley, Ron and Associates

1642 West Sequoia

Phocnix, AZ 85027
Memory required: 128K

Hardw IBM-PC, PC/XT, PC/AT; Novell Netware

Synopsis:  Tracks vehicle costs, aids p: i i ing; provides
repair history.  Also includes repair order system, fuel inventory and control, parts

inventory. Optional: tire inventory and control; fuel state tax reporting. Price varies.
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Program name: TASKFORCE
Vendor: Uniforce Corporation

Fleet Management Systems

P.O. Box 1299

Princeton, NJ 08542
Memory required: 640K
Hardware: IBM-PC, PC/XT, PC/AT; hard disk required.
Synopsis: One of four modules for fleet cquipment maintenance management. Processes
work orders; reports on exception; forecasts future pm; controls shop work; organizes

backlog by priority & estimated labour. Inquire price from vendor.

Program name: VehicleCTRL
Vendor: Uniforce Corporation

Fleet Management Systems

P.O. Box 1299

Princeton, NJ 08542
Memory required: 640K
Hardware: Apple (130 units); IBM-PC (600 units); IBM-PC/XT (3500 units)
Synopsis: Automatically updates repair orders, fucl/oil purchases, and pm cntries to
appropriate unit record. Schedules pm up to one year. Reports vehicle historics, repair

order logs, etc. Analyses total running costs for each vehicle. Inquire price.
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Program name: DATAFORCE
Vendor: Uniforce Corporation
P.O. Box 1229
Princcton, NJ 08542
Memory required: 640K

Hardware: IBM- PC, PC/XT, PC/AT

Synopsis:  Onc of four modules for fleet
Equipment data base including mechanic skills and personnel data. Also labour
performance & analysis, parts, labour, fuel audits; budget allocation, replacement

analysis.

Program name: PARTSFORCE
Vendor: Uniforce Corporation
Fleet Management Systems
P.0. Box 1229
Princeton, NJ 08542
Memory required: 640K

Hardware: IBM-PC, PC/XT, PC/AT; hard disk required.

Synopsis:  One of four modules for fleet equi i Uses

VandeMark Methods for inventory control and forecasting; calculates EOQ, order points,
safety stock; tracks purchase orders; parts issues and transfers. Inquire vendor for

prices.
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Program name: MMS-II
Vendor: Unik Associates
12545 W. Burleigh
Brookfield, WI 53005
Memory required: 256K
Hardware: IBM-PC, PC/XT, PC/AT
Synopsis: Integrated system which produces pm schedules, work orders, parls and
labour costs, equipment history, repair cost summary, downtime summary, parts

inventory on hand, reorder points, and usage history.

Program name: MAINTENANCE MANAGEMENT
Vendor: Unik Associates
12545 W. Burleigh
Brookfield, WI 53005
Memory required: 128K
Hardware: IBM-PC, Apple lle
Synopsis: Allows you to maintain records and gencrate reports on equipment history and
pm, work orders and produclivity, inventory control. Equipment history includes

manufacturer, model, purchase date and location for cach picce of equipment.
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Program name: FMS: Fleet Maintenance Program
Vendor: Veclor Solutions

1355 Terra Vistal.ane

Colorado Springs

Colorado 80911
Memory required: 256K
Hardware: IBM-PC, PC/XT, PC/AT

Covers six main service areas including work order, tire use, part use, fluid

Synops

(fuel, oil, coolant, ATF, PSF) use, pm, and mechanic labour services. Manual anadem

disk for $25.00. Inquire vendor for price,

Program name: FLMS
Vendor: Wood Technologics
4550 Kearny Villa Rd.
Suite 118
San Dicgo, Ca 92123
Memory required: 512K

Hardware: IBM-PC, PC/XT, PC/AT

Synopsis:  Ninc modules for i fleet
including work orders, pm, emissions certification, labour analysis, pool vehicle, bulk

fuel ing, mechanic work assij vehicle analysis and charge back. Inquire.
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APPENDIX C

EQUIPMENT REPLACEMENT ANALYSIS
USING AVERAGE ANNUAL EQUIPMENT COST



Mecan Annual Cost MAC; =
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Replacement Analysis Worksheet

P-Se +EXr
=

(n @) 3) @) ) ©) (U] ® ©)
Year  Original  Resale Depre- Total  Cummu- “Total lace- Mean
Purchase or ciation Yearly lative Costs ment Annual
Price Salvage Cost sum of Period Vehicle
Value Col. 5 Costs
231 1()+®)]
0} L) I8 [P-Syf x| IR] [MACy]
1 16,500 10,627 5,873 4,856 4,856 10,729 10,129
2 16,500 6,844 9,656 5.877 10,733 20,389 2 10,195
3 16,500 4,408 12,092 7,299 18,032 30,124 3 10,041%
4 16,500 2,839 13,661 8.520 26,552 40,213 4 10,053
5 16,500 1,828 14,672 9,741 36,293 50,965 5 10,193
6 16,500 1,177 15,323 10,963 47,256 62,519 6 10,430
7 16,500 758 15,742 12,184 59,440 75,182 7 10,740
8 16,500 488 16,012 13,306 72,746 88,758 8 11,095
9 16,500 315 16,185 14,427 87,173 103,358 9 11,484
10 16,500 203 16,297 15,448 102,621 118918 10 11,892

* APWA Equipment Manual
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APPENDIX D

OTHER EXPONENTIAL FORECASTING METHODS
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Double and Friple Exponential Smoothing

The concept of exponential smoothing can be extended to certain cases
where the demand changes over time. In Chapter 3, equation 3-16 gives the
relationship for single exponential smoothing. If this formula is applied to
the oulput of the initial smoothing function, this implies double exponential
smoothing has occurred. This process can be repeated again so that triple
exponential smoothing is achicved. These processes can be shown by the

following equations.[21]

S = X +(1-x)§,
o=« X +(- )8
S = xX +(- )8

Brown’s Linear Exponential Smoothin

This lincar- ial smoothing techni uses the following

rational. Since both single and double smoothing values log the actual data
whencver a trend exists, the difference between these two values can be
added (o the single smoothed value and adjusted for trend. The basic
cequations uscd in this process are:

S, = xY + (-8,



101
S = xS+ (-8,
“Where
S!, = Single Smoothed Statistic

S2, = Double Smoothed Statistic

Winter’s Method

This method applies the smoothing process three times:

1. To estimate the average value of the time serivs.

2. To estimate the trend component.

3. To estimate the scasonal index.

Each of the three stages has its own smoothing constant which can be
adjusted as the situation warrants. These individual modifications can be

made to any one of the constants without having to alter the others.

Adaptive-R Rate E. ial Si hi

This method is conceptually similar to single exponential smoothing.
The only difference is that the value of the smoothing constant varics. The
value of o« adapts automatically whenever a change in the data pattcrn

dictates that a change is desirable. The advantage of this method is that it



102
is capable of representing almost all data patterns. The basic equation for

adaptive-response-rate exponential smoothing is:

Yo = <Y+ (1-x)Y,

11 xponential Smoothi

Using this method, the trend present in the time series is dealt with
by a smoothing constant tha is different from the smoothing constant
applicd (o the actual observations. This technique gives some extra
flexibility to the analyst but it requires the use of two smoothing parameters.
Since two parameters must be quantified, the trial and error process of
finding the best combination of parameters may be costly and time-
consuming. The basic cquations in this method are:

S = Y, 4+ (1-o) (S +C)

C = BE\-8" )+ a-pCy
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APPENDIX E

BOX-JENKINS SOFTWARE PROGRAMS
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Software Vendors of Box-Jenkins Programs
Program Type of Batch/
Organization Address Name(s) Models Conversational

Applied Decisions 33 Hayden Ave. SIBYL/RUNNER  Univariate and Conversational

Systems, Inc. Lexinglon, MA Multivariate
02173
Automatic P.0. Px 563 PACK Systems  Univariste and  Conversational and
Forecasting Hatboro, PA and AUTOBJ Multivariate Batch
Systems, Inc. 19040
Gwilym Jenkins & 1700 licho Trail  GENISIS Univariste and ~ Batch
Partaers Ltd Norman, OK Multivariate
73069
IBM Coporation  Data Processing ~ APL Foreeasting  Univariate and

ivision and Time Series  Multivariate
1133 Westchester  Analysis

venue
‘White Plains, NY
10604

Charles R. Nelson 4921 N.E. 39thSt. PDQ. etal. Univiriste and ~ Conversational and
Associations. Inc.  Scattle, WA Multivariste Batch
SAS Insiitute, Inc. P.O.Dox 8000 SAS Univariste and ~ Conversational und
Cory, NC Multivariate Batch
Scientific
Compuing P.O.Box 625  The SCASystem  Univariste Conversational and
Associstes, Inc.  DeKalb, IL Multivariste Batch
60115
Statistical
Laboralory, lowa  c/o Bill Meeker  TSERIES Univariate Batch
Stute University  Roule |
Ames, 1A
50010
BMDP Stutistical
Software, Inc. 1964 Westwood ~ BMDP Univariate Conversational and
Boulevrd Multivariute Batch
Suite 202

Los Angles, CA
90025
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APPENDIX F

PUBLIC AGENCY EQUIPMENT TYPES
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Equipment Typically Used by Public Agencies

Portable Compressors Snow Blower Attachments
Sidewalk Plows Self Contained Snow Blowers
Loaders Compressor Trucks

1/2 Ton Pickups Rollers

I Ton Pickups Dozers

Vans Pothole Patchers

Small Pickups 5 Ton Dump Trucks
Garbage Trucks Tandem Dump Trucks
Tanker Trucks Sewer Jet

Automobiles Vacuum Trucks

Street Brooms Graders

Excavators Line Painters

Backhoe Loaders Scwer Drags

Gang Mowers
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APPENDIX G

FRAPOF EQUIPMENT INVENTORY MODULE
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Instructios r U FRAPOF Model

‘The FRAPOF model consists of two groups of files on diskette. One group
consists of the equipment cost files, the other group consisting of the analysis files. Each
cost file contains data about the various cost factors described in previous chapters. The
data in cach of the cost files can be combined into one file called "ALLCOST.WK1" for
use with the analysis files. This is done using the LOTUS command "FILE-COMBINE-
ADD". The cost data files to be combined are as follows:

1. 08&MCOST.WKI - operating and maintenance costs
2 DOWNTIME.WKI - downtime costs

2. PARTCOST.WKI - parls inventory costs

4. TRAINING.WKI - training costs

5 OBSOCOST.WKI - obsolescence costs

6. OWNCOSTS.WKI - ownership costs

‘The analysis files consist of the following files:

T EQUIPYL.WKI - 1991 equipment inventory file

2. ALLCOST.WKI - total equipment costs

k) FORECAST.WKI - forecasting module

4. REPLACE.WKI - replacement module
S. PRIORITY.WKI - priority module

A description of these files is found in Chapter 4.



The Forecasting Module

Cost data from the file called ALLCOST.WK1 is used in the forecasting module
file called FORECAST.WKI. By placing the cost data in the appropriate columns in the
spreadsheet, LOTUS 1-2-3 calculates the next year cost by pressing the F9 function key.
The Replacement Module

Data from the forecasting module called FORECAST.WKI is used in the
replacement module called REPLACE.WKI. By placing the data in the appropriate

columns, LOTUS 1-2-3 ines if the equi items in the should be

replaced. The F9 function key is used to perform this operation.
The FI lacement Priority Li

Prioritizing the fleet replacement list is done with the use of the "DATA SORT"
command in LOTUS 1-2-3. The SORT is done using the replacement priority factor as
the primary key in the DATA-SORT menu. This value is sorted in descending order.
The resulting sort provides the user with a fleet replacement priority listing. The
cumulative equipment cost column can be used to draw a linc for any particular budget

amount.
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