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CHAPTER I

PROB LE

Statement of the Problem

The goal of the Air Force Motor Vehicle Program is to

provide effective support to Air -'orce organizations at

minimum overall cost. To accomplish this goal, it is

necessary that vehicles be scheduled for replacement at such

a time as to minimize total cost o ownership. To minimize

costs of ownership and operation, it is desirable that the

Air Force procure replaccments for only those vehicles which

are no longer economically retainable.

The vehicle replacement coding system for commercial

general purpose vehicles was developed in 1962. The data

and experience which were available at that time were

limited; therefore, the factors which were developed were

somewhat arbitrary (20). With the advent of new maintenance

and utilization reports, data may exist to provide an eval-

uation of the quality of the commercial motor vehicle

replacement coding system. I

Definition of Terms

Throughout this thesis references are made to criteria,

variables, an factors. For the putpose of this thesis a

criterion will be -onsidered as a standard, rule, or test

I1

_____ ____ ___
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used to form a decision to keep or replace a vehicle. The

criterion is composed of two parts, a variable and a factor.

In this thesis, the variable is defined as an attribute

which may assume a succession of values which need not be

constant. Examples of such variables that will be fre-

quently mentioned are age, mileage, and one time repair

limits. A factor will be the value or coefficient assigned

to a variable. An example of a factor which would be used

with the variable "miles" is 72,000. The factor and vari-

able combined (i.e., 72,000 miles) form a criterion.

In addition, numerous references will be made to the

economic life span of a vehicle. As used in this thesis,

the economic life span of a vehicle refers to the period of

timc that a vehicl can be operated with a coLinual decline

in the vehicle's average annual cost. In other words, the

economic life span of a vehicle will start when it is new

and end at such time that its average annual costs change

from a decreasing trend to an increasing trend. Annual

costs include all costs associated with the ownership of the

vehicle such as depreciation, operation, maintenance, down-

time, etc. Figure 1-1 illustrates the economic life span of

a vehicle.

Background

The replacement program for motor vehicles within the

military services has been subjected to close scrutiny, both

from within the Department of Defense and by Congress. For
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example, during the Department of Defense Appropriations

Hearings for 1968, Congressman Robert L. F. Sikes (Florida) ]
expressed Congressional concern by stating: "I question

whether the services are getting as much wear out of a

vehicle as they could [45:104]."

The USAF Auditor General has also expressed concern

regarding the replacement criteria for motor vehicles. In

a report of audit conducted in 1967, the Auditor General

criticized the use of age as a replacement variable. He

recommended that mileage and maintenance costs be considered

the primary variables for ascertaining vehicle replacement A

requirements (35:Tab A2).

The USAF Inspector General summarized the problem in a

report of inspection conducted in 1970 (41:3) by stating;

I

I
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For several years, congressional committees have
not been convinced that the Air Force vehicle
requirements computation methods were reliable.
As a result, buy rrocrnms have been subjected to
reduction, partially because AFLC and the Air
Staff had not defined any clear-cut criteria or
logic for determining vehicle requirements.

The replacement criteria currently utilized evolved

from a Department of Defense (DOD) Ad Hoc Committee report

in 1962 which provided an age and mileage variable for each

major type of motor vehicle (e.g., sedan, pickup, ambulancc, [
etc.). Unfortunately, the source data available to estab-

lish the basic variables and factors were extremely limited

and, as a result, the criteria developed were arbitrary (20).

The results of the DOD Ad Hoc Committee of .962 formed

the basis of Department of Defense Instructiun (DODI)

4150.4, Renlacpment and Repair Cuidance and Life r:xpectan-

cies for Commercial Design Vehicles, dated 5 April 1963,

which prescribed specific replacement criteria for various

types of commercial vehicles (see Table 1-1 for selected DOD

life expectancy years and miles for commercial design

vehicles) (44:Table I).

The Air Force implemented the DOD Instruction by pub-

lishing Air Force Technical Order (TO) 36A-1-70, Maximum

Repai Allowances, Condition and !Manaaement Codes for USAF

Vehicles, on 10 June 1964. In TO 36A-1-70, the Air Force

established four replacement codes ("A" through "D"). The

proper code was to be as;igned to each vehicle to indicate

its condition as follows:



Table 1-1 A

SELECTED DOD LIFE EXPECTANCIES

Vehicle Life Expectancy
Ty2e Years Miles

Sedan 6 72,000

Bus, 37 passenger 8 84,000

Pickup Truck 6 72,000

Ambulance 8 60,000

Truck Tractor, 10 150,000
24,000-44,500 pounds

SOURCE: USAF TO 00-25-249, 'ximum Repair Allowances,
Replacement Codcs anv. Pr-oriLy Bu Program f r
USAF Vehicles, 22 January 1973.

Code A: Used to identify a vehicle eligible for
immediate replacement because one or any
combination of the three replacement
criteria had been exceeded.

Code B: Used to identify a vehicle eligible for
replacement within one year because of
exceeding the age or miles criterion.

Code C: Used to identify a vehicle eligible for
replacement within two years because of
exceeding the age or miles criterion.

Code D: Used to identify a "new" or "like new"
vehicle which had over two years of life
remaining [37:61.

The technical order also provided a series of tables

for each type of vehicle which prescribed the maximum amount

of funds that could be expended at any one time for Lhe

repair of a vehicle. Each table provided an allowance factor

4I
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based on the age and miles accumulated by that vehicle. The

appropriate allowance factor was selected by determining

which variable (age or miles) provided the smaller factor.

The allowance facto. was multiplied by the acquisition ccat

for that vehicle to determine the one time repair limit. The

following example describes the repair allowance table and

provides calculations for a light sedan.

EXALMPLE: A light sedan has a life expectancy of six
years and 72,000 miles. The maximum one time repair
allowance factors for the light seaan are:

Accumulated Age (years) : 1 2 3 4 5 6

Accumulated Mileage
(thousands) : 12 24 36 48 60 72

Maximum One Time Repair
Allowance Factor: 83% 67% 50% 33% 17% 5%

In the fifth year, only $476.00 should be spent on a
sedan based on a unit cost of $2,300, provided the
mileage criterion had not been exceeded. For a four
year old vehicle which has acctu,.,late 4 72,000 miles,
only $140.00 would be allowed for one time repair
(i.e., .05 x $2,800). All costs, dir ct and indirect,
are included in the expenditure cons' eration. Direct
costs are those material and labor e> enses which can be
identified to the repair of a c vehicle.
Indirect costs for this vehicle inc lide a proportionate
share of expenses associated with t e repair process,
but cannot be directly attributed t any specific
repair job (16].

Until 1967, exceeding any of the three replacement

criteria of age, miles, and one time repair limit contained

in TO 36A-1--10 was sufficient justification to assign code

"A" to a vehicle (15). In 1967, Headquarters United States

Air Force (HQ USAF) (36) directed that vehicle replacementI

LI
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would be accomplished in the following order of priorities:

Priority I: This priority would identify those
vehicles which had exceeded any combi-
nation of two elements or replacement
criteria (i.e., age and miles, age and
one time repair, or miles and one time
repair).

Priority II: This priority would identify those
vehicles which had exceeded the one
time repair allowance.

Priority III: This priority would identify those
vehicles which had exceeded either the
age or the miles criterion.

The Air Force policy then included only those vehicles which

had exceeded two of the three criteria as part of the budget ]
request to Congress.

Brigadier General A. A- Riemondy, Directot of Supply

and Services, Deputy Chief of Staff for Systems and I
Logistics, HQ USAF, explained to the House Appropriations

Committee that the Air Force had calculated vehicle replace-

ment requirements for the past two years by applying two of

the three criteria at the same time rather than just letting

one of the criteria prevail. When questioned further the

following year by the House Appropriations Committee,

General Riemondy stated that the Air Force had realized

savings ini excess of $22.8 million since the procedure had

begun three years earlier (46:471; 47:542).

In 1968 and 1969, Congress requested that additional

detail be provided as part of the justification for funding

the Air Force budget request for motor vehicles. In essence,
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Congress asked for the specific reasons that the "A" coded

vehicles had to be replaced. To secure the required data,

it was necessary for HQ USAF to request that each command

identify how many vehicles met each of the replace criterion

established. To identify the specific criterion necessi-

tated a more extensive and costly definition process than

had been required under the three priorities for replacement

estalblished in 1967 (18).

In consideration of the requirement by Congress to

identify specific reasons for replacement, the Air Force

stratified the four replacement codes ("A" through "D") to

a system of 16 codes. See Table 1-2 for a comparison of the

old and the new replacement codes (37:6; 38:5-1). The strat-

ified coding sy.-:em not. only permitted the Air Force to pro-

vide the necessary detail to Congress for budget justifica-

tion, but it also provided a more detailed evaluation of the

Air Force motor vehicle fleet for management purposes. The

new coding system was formally implemented by the publishing7

of the revised TO 36A-1-70 on 15 July 1970.

In 1971, the Air Force began to experience the impacts

of the previous Air Force policy of replacing only those

vehicles which met a combination of two of the three replace-

ment criteria. An analysis by the Air Force Logistics

Command (AFLC) during 1972 revealed that support costs for

the vehicle inventory had significantly increaLd between

Fiscal Year (FY) 1971 and FY 1972. Support costs for the

commercial general purpose portion of the USAF fleet, for
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Table 1-2

COMPARISON OF OLD AND NEW (STRATIFIED)

REPLACEMENT CODES

Old Codes New (Stratified) Codes

A-- Replace immediately, A -- Replace immediately, has
has exceeded one or exceeded all three
more of the three replacement criteria.
replacement criteria.

B -- Replace immediately, has
exceeded both aoe and one
time repair limit.

C -- Replace immediately, has
exceeded both miles and
one time repair limit.

D -- Replace immediately,
exceeds the one time
repair limit.

E -- Reserved for special
reporting.

F -- Replace immediately,
obsolete.

G -- Replace immediately, has
exceeded both age and
miles criteria.

H -- Replace immediately, has
exceeded the age
criterion.

J -- Replace immediately, has
exceeded the miles
criterion.

B -- Replace within one K _- Replace in one year, will
year. exceed both age and miles

criteria.

L -- Replace in one year, will
exceed the age criterion.

M -- Replace in one year, will
exceed the miles
criterion.
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Table 1-2 (Cont)

C -- Replace within two N -- Replace in two years,
years. will exceed Loth the age

and miles criteria.

P -- Replace in two years,
will .xceed the age
criterion.

Q -- Replace in two years,
will exceed the miles
criterion.

D -- Over two years life R -- To be assigned when:
remaining.

(1) Codes A through Q
do not apply.

(2) A vehicle has been
repaired by depot

, level maintenance.

(3) A vehicle has been
remaiiufactuA -u with
a new registration
numbei.

SOURCE: USAF TO 36A-l-70, Maximum Repair Allowrnces,
Keplacement Codes and Priority Buy Pro.,L_:.. ror
USAF Vehicles, 10 JuiDid 2an 2January T93.

example, had increased over $110.00 per vehicle in the time

period analyzed. Expanding that average increase over the

entire Air Force vehicle fleet, there was an increase of over

$10.5 million in vehicle support costs in one fiscal year

alone (39:5). Therefore, beginning with the FY 1972 Pro-

curement Program, the Air Force returned to the previous

policy of considering a vehicle eligible for replacement

when only one of the three criterion was exceeded.

After over two years of experience with the stratified

replacement codes, the Air Force determined that additional

L " _
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codes would be necessary to provide identification o

specific periods in a vehicle's life. As a result, a-tion

was initiated in 1973 to restructure and adl the following

codes:

Code R: Assigned when a vehicle has reached one--half
(mid-life) of its normal life expectancy for
either the age or the miles criterion.

Code S: Assigned to a vehicle which has been repaired
by depot level maintenance. The vehicle will
remain in this code for 48 months, at which
time it will be assiqned the applicable code
based on the accumulated age, miles, or repair
costs.

Cod- T: Assigned wh-n codes A through S or code U do
not apply.

Ccde U: Assigned to a vehicle which is under war: anty,
either from the original manufacturer or the
Air Force remanufacture Frogram. Upon t .pira-
tion of the wcrrinty, the vehicle will I-
asqigned the pi,.ner code commenrurate with the
a,-cumulated age and miles [34].

Sco2e

For the purpose of this thesis the term commercial

general purpose vehicle will be used to describe a vehicle

designed by the manufacturer as a production model for com-

petitive commercial sale and usage. A commercial vehicle is

buiht to the manufacturer's specifications and is purchased

by the Air Force without major changes to the manufacturer's

general specifications. For consideration in this thesis the

term general purpose vehicle will be limited to vehicles

weighing less than 12,000 pounds and will not include special

purpose vehicles. Special purpose vehicles are vehicles
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designed specifically to meet a special military require-

ment, such as aircraft towing tractors and fuel servicing

vchicles. Also excluded from this study are fire zighting,

materials handling, and base maintenance vehicles.

The 15 May 1974 Air Force motor vehicle fleet consisted

of 96,900 vehicles with a value of over $1.046 billion (16).

Within the 96,900 vehicles were 61,252 commercial general

purpose vehicles. Because of size and multiplicity of types

in the commercial general purpose vehicle category, the

researchers selected for analysis the light sedan, station 4

wagon and the pickup truck. The light sedan, station wagon

and pickup truck constituted 33% of the commercial general

purpose vehicle category and were used by all commands in

all climates (16).

The scope of this thesis was originally limited to

determining an optimal replacement point or the vehicles'

economic life span based on average annual cost. The

researchers recognize that other areas must be considered

to determine an overall optimum (i.e., maintenance manning

and facilities, spares availability, reliability). These

other areas will be addressed in evaluating the research

hypothesis.

Objectives

The Fpiriary purpose of this thesis was to determine the

validity of the current replacement criteria for commercial

general purpose motor vehicles within the Air Force. The

specific obectives were:

___ ___ __ |
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1. To determine what variables, factors, and analyti-

cal equations government and non-government activities

employ as indicators to deter-mine motor vehicle replacement

requirements.

2. To develop the optimum combination of variables and

factors to determine motor vehicle replacement requirements.

3. To determine if the Air Force is employing the

optimum combination of variables and tactors to identify

motor vehicle replacement requirements.

Research Question

What variables and factors do government and non-

government activities employ as criteria to determine motor

vehicle replacement requirements?

Research Hypothesis

The Air Force does employ the proper combinations of

variables and factors to dptermine motor vehicle replacement

requirements.

Methodol 2gy

Data for the research question was collected from

several different types of motor vehicle fleet managers.

The sources were not intended to be random samples, nor

necessarily statistically representative but were, as judged

by the researchers, typical of the various types of activi-

ties using fleets of commercial general purpose motor

vehicles. These data consisted of variables, factors,

analytical equations, and procedures used by the activities
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that responded to the researchers' request for information.

The data for the research hypothesis were obtained from

HQ AFLC. These data were accumulated as the result of the

testing of the Vehicle Integrated Management Reporting

System (VIMS) in the Air Force Logistics Command and the

Air University Command. These data consisted of vehicle

mileage, age, maintenance cost, down time, operating costs,

vehicle down for parts (VDP) time, vehicle out of commission

(VOC) time, and direct labor hours.

Chapter II describes the procedures planned in obtain-

ing the data for the research question and its analysis.

Chapter III describes the data received in response to

the request sent to the various activities to answer the

research question.

Chapter IV describes the procedures used in evaluating

the research hypothesis and the results thereof.

Chapter V summarizes the results of the research

question ind research hypothesis and presents the conclu-

sions drawn from the results, as well as recommendations

made by the researchers.

|I
I



CHAPTER II

RESEARCH QUESTION PROCEDURES

General

This chapter will describe in detail the methodology

and data sources used by the researchers in evaluating the

research question.

Research Question

What variables and factors do government and non-

government activities employ as criteria to determine motor

vehicle replacement requirements?

DaLa Reuuired

The research question was intended to be used to obtain

data with uh±ch to evaluate the research hypothesis. It was

the intent of the researchers that these data consist of the

procedures, analytical equations, variables, and factors used

by government and non-government activities to determine

commercial motor vehicle replacement requirements.

In this thesis, the v riable is defined as an attribute

which may assume a succession of values which need not oe

constant. Examples of such variables that will be fre-

quently menticned in this thesis are age, mileage, and one

time repair limits. A factor will be the value or

15
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coefficient assigned to a variable by which the variable and

factor combination form a criterion. For example, the

factor of "72,000" is combined with the variable "miles" to

form a criterion "72,000 miles." An analytical equation is

an expression of the relationship of selected factors and

variables which produces a mathematical result. A procedure

is the method or manner in which the activity proceeds to

apply and process the variables and factors to determine

when a vehicle should be replaced.

Source of Data

It was not the intent of the researchers to obtain a

random sample of the procedures utilized by all activities

using commercial general purpose motor vehicles. The intent

was to obtain sorie idea of the procedues and variables used

by several different types of motor vehicle fleet managers.

The sources selected were, in the judgment of the

researchers, typical of government and non-government

activities using fleets of commercial general purpose motor

vehicles. In order to provide for different usage rates and

climatic conditions, the researchers selected varied types of

activities in all parts of the continental Unite& States

(see Appendix A Lor the states selected by region). Requests

for data were dispatched to municipalities, taxicab com-

panies, rent-a-car" agencies, utility companies, professional

fleet management agencies, airline companies, and research

activities. Government agencies which were contacted for

I
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information included the General Services Administration

(GSA), the United States Postal Service (USPO), and the Ohio

SLaLe Department of Transportation. The four automobile

manufacturers were also requested to provide literature which I
they might make available to fleet managers to assist in the

determination of motor vehicle replacement requirements. I4
The list of the 40 activities from which vehicle replacement 4

information was requested is found in Appendix B.

Nature of Data

The data gathered to evaluate this research question

consisted of procedures, variables, and factors used by the

selected activities to determine mrntor vehicle replacement

requirements. In addition, supportive data in the nature of

studies and historical reports were also provided by some

respondees.

Planned Analysis of Data

The data received from the sources referenced in

Appendix B were thoroughly screened and categorized to deter-

mine if there were any common variables, analytical equa-

tions, and factors. Once the data was categorized, tables

comparing the variables and factors used by the Air Force and

the variables and factors used by other activities were pre-

pared. As previously mentioned, the researchers' intent was

to list and analyze the various analytical equations pro--

vided by the various activities, giving a complete

explanation of how the equation was used. As shown in
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Chapter III, the researchers obtained only two such

analytical equations, one of which could not be disclosed

and discussed due to proprietary rights. The other, pro-

vided by Public Technology, Inc., will be addressed in

Chapter III. The information contained in these tables was

intended to be used to evaluate the research hypothesis.

_.. I
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CHAPTER III

MOTOR VEHICLE REPLACEMENT PROCEDURE ANALYSIS

Background

As defined in Chapter I, the economic life span of a

vehicle is that period of time that a vehicle can be oper-

ated with a continual decline in the vehicle's averaae

annual costs. in the environment of the Federal 'overnment

the annual costs associated with the ownership of the

vehicle may include such considerations as depreciation,

operations costs, maintenance costs, and down time.

During the life of a vehicle these costs may vary

according to different patterns--some increasing, some

remaining relative stable, and others decreasing through

time. As a group, they comprise the annual costs of the

vehicle and it is this annual cost that is atpplicable to the

determination of the economic life span of the vehicle and

the determination of when the vehicle should be replaced.

One source used by the researchers quite appropriately

addressed the relationships between these costs:

Concentration upon one or the other of these cost
elements without considering the total will most
likely lead to a situation in which the equipment
manager is suboptimizing, i.e., choosing replace-
ment lives which lead to lower costs in one or
more of the clcments but result in higher over- I
costs [29-21.

19
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It is not uncommon in government activities, whether

they are Federal, State, or Local City Governments, to find

it easier to obtain operation and maintenance funds than it

is to obtain a large capital outlay of funds for vehicle

replacement. Therefore, the manager is often forced into

the situation of suboptimization as described above. This

situation is extremely unfortunate when in actual practice,

the reduction in capital expenditures may be overbalanced

by the rapidly escalating costs of maintenance, downtime,

and obsolescence which result from holding equipment beyond

its economic replacement point.

GelLeral

With this brief background, the researchers' f:'rst task

was to oLtain information from other activities as co how

they addressed these cost relationships. Therefore, the

remainder of this chapter will address the research question

portion of this thesis. "What variables and factors do

government and non-government activities employ as criteria

to determine motor vehicle replacement requirements?"

The researchers believed that it was first necessary to

use this procedure to obtain necessary data with which to

evaluate the research hypothesis. The intent was to obtain

data consisting of procedures, analytical equations, vari-

ables, and factors used by government and non-government

activities to determine commercial motor vehicle replacement

requirements.
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Data Description

The scope of the thesis was limited so that the term

commercial general purpose vehicle described a vehicle

available from competitive commercial sources and was

restricted to a weight of 12,000 pounds or less. The term

general purpose vehicle excluded special purpose, fire

fighting, materials handling, and base maintenance vehicles.

To further limit the scope of the thesis, the universe

selected was limited to the light sedan, station wagon, and

pickup truck types of vehicle ,-:hich constituted 33% of the

commercial general purpose vehicle category (16).

Data Source

As previously discussed in Chapter II, it was not the

intent of the researchers to obtain a random sample of the

procedures utilized by all activities, but to obtain some

idea of the proct1ures and variables used by several

different types of motor vehicle fleet managers. The

activities selected were believed by the researchers to be

typical of government and ncn-government activ. .. s uzing

fleets of commercial general purpose motor vehic;..- As

previously mentioned, the researchers selected varied types

of activities in all parts of the continental United States

(see Appendix A for the states selected ly region), so as to

provide for different usage rates and climatic conditions.

Requests for information were sent to 46 government and

non-government activities of which 25 responded with varied

_ _ _ ____ ____ ____ I
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types of data and information. In addition to those

activities contacted by letter, the researchers made tele-

phone contacts with four additional activities which were

able to provide supplementary data. See Table 3-1 for-a

detailed breakdown of the activities contacted and responses

received. The list of the activities from which vehicle

replacement information was requested is found in Appendix B.

As a result of the researchers' requests for data, some

activities provided the names of additional organizations

that might be able to provide some assistance. Therefore,

additional letters were sent and telephone contacts were

made with these activities.

Nature of Letter Sent

The letters forwarded to the activities explained the

purpose of the thesis being undertaken, the purpose of the

information, the type of data requested and how the data

would be used by the researchers. A sample of the general

type of letter used is found in Appendix C. This letter was

slightly modified as necessary to be appropriate for the

agency addressed.

Data Received

It was originally hoped that the data received from the

selected activities would consist of procedures, analytical

equations, variables, and factors used by the activities to

determine vehicle replacement requirements. It was also

anticipated that supportive data in the nature of studies

~- -
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and historical reports would be provided by some of the

respondees.

As illustrated in Table 3-1, 47% of the addressees

responded to the researchers' request for information. Of

those that did respond, 59% (28% of the activities

addressed) provided positive responses, that is, indicated

that their procedures were either objective or subjective

and could be documented to the extent that they were of

assistance in the evaluation of the research question. The

other 41% of the respondees indicated that they had no

procedures or that their procedures were so subjective that

no attemp.s were made to explain them to the researchers.

Only two of the respondees that actually operated a

fleet of vehicles indicated that they had a definite

procedure that they followed in determining their vehicle

replacement requirements. The other fleet operators either

let the determination be made by the maintenance personnel

or the departmental personnel to which the vehicles were

assigned with only rough guidelines sct for criteria and

variables. The variables used by the respondees, either in

set procedures or guidelines, are illustrated in Table 3-2.

As shown in Table 3-2, there appeared to be very little

similarity in the variables and factors used by the various

activities. For example, none of the government activities

that responded used the same factors. While there was some

similarity in the ages of the vehicles, the miles used and

consideration of other variables varied considerably. There

_ _ _ _ _-
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Table 3-2

VARIABLES/rACTORS USED BY
RESPONDEES

VARIABLES

MAINT/OPER DC.'N OBSOLES-

ACTIVITY AGE/YRS MILES COST TIMIE CENCE TYPE OF VEHICLE

GOV'T:
AF 6 72K Sedan, station

wagon and
pickup

GSA 6 60K * Sedan and
pickup

US POSTAL DEPT 6 42K 1 1/4T pickup
4 96K 1/2T pickup

OH DEPT TRANS. 3 65K Sedan
4 Pickup

AUTO :*u'sR NO VARIABLES OR CRITERIA PROVILLD I

AUTO LEASING I 25K 1.44€/mi.
2 40K 1.44€/mi0

AIRLINES:
A NO VARIABLES OR FACTORS PRO IDED
B * * All

MUNICIPALITIES:
A S 50K Sedan

7 70K Pickup
6 60K Sedan
5 60K a * Pickup

C 5 60K Sedan
8 60K * Pickup

UTIL. CO. 1-8 85K 2-30/mi. * Sedan
7 100K * Pickup

TAXICAB CO. DRIVER OWNED AND MAINTAINED

RESEARCH ACT.
A a a All
B 0 a * All

AUTO/FLT MGT ACT
ALL 0 a All

' Identified as used but no factors given.



26

appeared to be closer similarities among the three munici-

palities, A, B, and C; however, this can be partially

explained by the fact that two of the municipalities are

using information and guidance provided by two of the

research activities contacted, American Public Works

Association and Public Technology, Inc. The American Public

Works Association and Public Technology, Inc., procedures

and information are further discussed in a later section of

this chapter.

Review of Responses

The primary thought behind soliciting information from

fleet managers throughout the nation was that th'

researchers believed that in all probability the major AI
commercial and major municipalities fleet operators would be

using some management science method of determining when to

ieplace their vehicles. It was also believed that some of

the activities would have sufficient experience such that

they would be able to provide some vehicle historical data,

policies, procedures and recommendations as to how their
I

programs could be improved. So that the contacted activities

wouldn't believe that this information exchange was strictly

a one way flow--from them to the researchers--copies of the

abstract of the thesis were offered those activities that

provided assistance.

Contrary to expectations, very few of the fleet opera-

tors, excluding research activities and professional fleet

management agencies, that responded had any scientific

||_ I
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method of determining their vehicle replacement require- ,4

monts. Most activities had only rough guidelines such as

approximatcly six years age, approximately 60,000 miles, and

some consideration given to maintenance costs, downtime, and

obsolescence. Those .uidelines were strictly informal and

applied only when and how the particular individual making

the determination believed applicable. No formal pro-

cedures were documented, so there was never any assurance

that the same variables, criteria, or factors were used

from time to time. The research activities and professional

fleet management agencies contacted seemed to have a good

grasp on the management science methods of vehicle replace-

inent determination.

A more detailed review of the responses by type of

activity will be provided in the following sections.

Government Activities

The U. S. Postal Department has established scme pro-

cedures in their Postal Service Handbook M-2 for the

replacement of postal vehicles which are very similar to

those currevIly used by the Air Force, i.e., life expectancy

of six years, mileage expectancy of /2,000 miles with repair

costs limited by a percentage of the v-hic-le contract price

according to age in years (48). Motor vehicle replacement

standards published by the General Services Administration

(GSA) indicate that, "Passenger cars and station wagons may

be replaced when they have been operated for six years or

_ _ _ _ _ _ _ ___I
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60,000 miles whichever occurs first (14:38191." GSA did

not indicate that any other variables were used nor that

any cost relationships were used in conjunction with these

criteria. Likewise, the Ohio Department of Transportation

indicates that they use years of use and mileage as guide-

lines but do not indicate any other variables or cost

relationships (24).

Automobile Manufacturers

The automobile manufacturing companies were addressed

with the idea that they may accomplish a certain amount of

operations research in an effort to assist fleet managers

in the determination of the optimum time to replace a

vehicle. It was found that of the companies that respunded,

none provided the service mentioned nor did they have any

information in this regard (1;11;13).

Automobile Leasing Agencies

The automobile leasing agency that responded indicated

that they used mileage as the prime consideration for

passenger car replacement with secondary considerations

given to age and maintenance costs. If was noted, however,

that consideration was not given to retaining a vehicle over

two years of age (22). Even though the researchers previ-

ously believed that the response from the leasing agencies

would be similar to this, due to the leasee's interest in

cosmotology and body style currency, the researchers

believed that research of this nature would not be complete

' ,... n I I i = I I I I i - l-' '' " ] 1 I do
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without having made such contacts.

Airlines

Of the two airlines that replied, one indicated that

they had no set criteria and replaced each vehicle based on

a general subjective observation of its condition, age, etc.

(8). Eastern Airlines indicated that they were working

toward a computerized data collection system which would

include a vehicle replacement program. At the time of their

letter, however, they were required to operate with what

they considered as an unsatisfactory replacement method that

was based primarily upon subjective inputs from local

management with little or no objective criteria for

replacement (10).

The program that Eastern Airlines was in the process

of establishing was designed to provide:

1. Accurate replacement forecasts for each motorized

vehicle.

2. A basis for accurate budgeting of capital funds for

ground equipment replacement programs.

3. A sound basis for replacing vehicles at the most

economical period, thus reducing overall vehicle maintenance

costs. (See Appendix D)

Taxicab Companies

The taxicab company that zesponded indicated that the

vehicles were owned and maintained by the operators. I
Therefore, they did not have any information that would be

LI
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of assistance (4).

Utility Companies

None of the utility companies indicated that they had

any procedures in writing so that the replacement determina-

tions could be made objectively. Some of the respondees did

indicate that they used maintenance costs, dependability

(which is particularly important when responding to storm

damage), and further subjective evaluation by their mainte-

nance personnel (17:19;23).

Municipalities

One of the municipalities that responded indicated that

they did not use any procedures other than the subjective

opinion of the maintenance personnel or departmental

personnel (7). One activity stated that they used mileage,

age. dependability, and the advice of the city department to

which the vehicle was assigned to determine their replace-

ment requirements (21). Again, however, the replacement

decisions were made subjectively and no procedures were

documented for any objective considerations.

The City of Seattle (31) advised that historically they

have used age and mileage as a "rule of thumb" method and had

found that maintenance costs accounted for app;.oximately 25%

of the total ownership cost. They considered this 25% as a

small rise in costs which did not justify a complicated

method of determining optimum replacement Lime. At the time

of their letter, the City of Seattle was participating with
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the American Public Works Association (APWA) in developing

standards for defining and recording automotive costs with

the objective of creating a nationwide data bank that could

be used for comparisons. The APWA efforts will be addressed

in a later part of this chapter under Research Activities.

The City of San Francisco has developed a Recommended

Replacement Schedule for the various types of vehicles owned

by the city, which is generally accepted by their budget

authorities as being reasonable (32). Through their own

research, and the State of California Department of Public

Works, they have been able to verify that a general service

vehicle reaches its critical point at five years or 60,000

miles. They state that "At this point of service all

warranties have expired, the vehicle's dependability is

reduced, downtime increases, and major repairs are required

[Appendix El."

Research Activities

In Research Project 70-1, the American Public Works

Association is developing a manual on equipment replacement

analysis. This project has concentrated upon the develop-

ment of local equipment management information systems as a

preliminary step to the establishment of a nationwide equip-

ment data bank (2). To insure that the data bank contains

accurate and valid data, APWA is establishing standards that

agencies must meet in order to input information to the data

bank. APWA states that "These z-tandards will relate a
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primarily to the definition of terms, establishment of

repair type (of vehicles) oii which maintenance data arc

gathered, classification of vehicle types, and data bank

input formats [2]." When the data bank is established, APWA

will be able to provide requesting activities with vehicle

operating data aiid life cycle cost data (2).

Since this project had not been completed at the time

of their letter, the researchers were not able to further

pursue this endeavor. The researchers recommend that fur-

ther study and review of APWA Research Project 70-] be con-

ducted to determine if the Air Force could benefit from

their findings.

In addition to the above works, APWA has published a

Special Report No. 37, Motor Vehicle Fleet Management, which

provides an:

--equipment management system based on standards
and exception reporting, standard interval main-
tenance, parts inventory and warehouse control,
physical and performance specifications, optimum
utilization and replacement, and instzumentation
to monitor performance and standards. It shows
how to plot capital shrinkage and operating,
maintenance, and downtime costs into a combined
Lost that reveals break-even point, earnings
(savings), and replacement point (3:5].

Included in Appendix F is a reproduction of Chapter IX

of Special Report No. 37 which addresses motor equipment

replacement. The analytical model illustrated in the

referenced chapter gives weight to many factors that affect

the replacement decision.

The Public Technology Institute (PTI) has developed a
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vehicle replacement model. This model systematically

records the relevant costs which accumulate due to opera-

tion, maintenance, and vehicle depreciation; estimates the

typical costs of keeping and rmplacing a vehicle; and com-

pares a vehicle's pccformance against norms or set standards

to detect exception (28:2). For this model the vehicles are

grouped into functional vehicle classes. The grouped vehicle

information is summarized to reflect past cost patterns

which show economic lifetimes for each vehicle class. The

model also calculates the anticipated economic lifetime for

each specific vehicle compared to that oZ the average

vehicle in its class and calculates the maximum amount of

funds that are economically feasible to be spent on a one

time repair action. The model provides the manager with the

necessary information so that he can set and administer

policies but will not make the final decision of whether to

retain the vehicle or replace it. This decision is left toI
the manager after he has interpreted and applied his mana-

gerial judgment to the model's recommendations.

The Vehicle Replacement Package created by PTI consists

of five computer programs with associated documentation

(28:3):

1. A curve-fitting program.

2. An economic-lifetime program.

3. An ([pense-trend comparison program.

4. A repair-limits program.

5. A depreciation curve estimation program.



34

These programs are explained as follows (28:3-5):

The curve-fitting program (CURVEPIT) combines cost
data on similar equipment to determine patterns in
operating and maintenance expense. These patterns
are updated periodically with the most current figures
available.

The economic-lifetime program (LIFETIME) combines
expense patterns with effectile cost due to loss in
resale value (depreciation), to determine the point
in the equipment life cycle where rising operation
costs overshadow the loss in value. This length of
life is recommended as a replacement policy, since it
gives a minimum average cost per period (MACP),
usually expressed as minimum average annual cost. A
shorter life cycle costs more on the average due to
rising maintenance cost.

The trends comparison program (TRENDS) identifies
upcoming replacements and those vehicles which are
costing appreciably more or less than the average.

The repair limits program (REPAIRI) produces tables
of economic repair limits giving rules of thumb for
repair vs. replace decisions. A very real dilemma
arises when an older vehicle comes up for an unexpected
repair. Does its limited remaining life justify the
cost of the repair, or is the city better off getting
rid of the unrepaired vehicle and buying a new one?
If an upcoming repair will cost more than the corre-
sponding limit value, a city is better off selling the
vehicle in its unrepaired condition.

The depreciation curve program (DPRCURVE) shows the
patterns of declining resale values indicated by actual
experience. These patterns again by vehicle type, are
used to establish the net cost due to lost value for
each possible replacement cycle in the LIFETIME Program.

The information flow process in the PTI Vehicle Replace-

ment Package is depicted in Figure 3-1.

PTI advises that since their program is relatively new

and is still being tested by some activities, no single

activity is making full use of the program. Several munici-

palities such as Seattle, Washington; Ventura, California;

and Delray Beach, Florida, are working with the program and



35 z

Group Vehicles by
Equipment Class

Gather and Identify
identify - Decline in

Past Codes Resale Value

Maintain Permanent
Cost File

Estimate CostI
Patterns Due to Package

Operating, Maintenance, Program
and Decline in
Resale Value

ANNUAL OR QUARTERLY

REPC RTS

Economic Repair individual
Lif etime Limits Vehicle
Policies Assessment

Figure 3-1I

PTT! Vehicle Replacement Package Flow Process
SOURCE (28:4)



36

have successfully loaded certain portions of it for use

(30). Other municipalities, however, have started imple-

menting the programs but have been disappointed with the

immediate results due to the lack of vehicle historical data.

A PTI representative advises that before an activity

attempts to utilize this package, they must insure that they

have the necessary historical data on hand if they expect to

realize any immediate benefits.

Bell Laboratories has designed a computer model to aid

vehicle managers in the determination of whether to keep or

replace vehicles (6:1). This model is based on the more

applicable costs involved in acquiring, maintaining, owning,

running, and retiring a motor vehicle. In addition to

assisting in the decision to keep or replace a vehicle, the

model also has the capability to forecast the future costs

that will be experienced if the vehicle is retained as well

as the costs that would be incurred by a replacement vehicle.

These capabilities give the Bell Laboratories' program,

called Computerized Automobile Replacement Scheduling (CARS),

"added dimension as an aid in determining future capital and

expense resource requirements [6:1]."

The economic model developed by Bell Laboratories was

designed with the idea that it should contain all of the

costs that would be considered as applicable in the economic

life of the vehicle when determining if and when a vehicle

should be replaced. This would then allow the "manager to

evaluate alternative decisions concerning the rate at which
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vehicles are to be replaced on a vehicle group and on an

individual vehicle basis (6:2]." The model also assumes

that a retired vehicle will be replaced with a new vehicle

which will be used for the same purpose.

Costs that are included in the Bell Laboratories' model

include the amortized cost of a new vehicle, income tax,

repair costs, and running costs (6:4-6). If adequate histor-

ical data have been kept on record, the application of these

costs to the model does not present any problem. However,

Bell Laboratories believes that only the amortization and

income tax costs can be accurately projected into the future

for the current or replacement vehicles. Bell Laboratories

believes that "The pattern of future repair and running costs

...are not as clearly defined" and therefore are much more

difficult to deal with (6:6). The CARS program, therefore,

offers two "ways of estimating the pattern of repair and

running costs for futu:. replacement vehicles (6:6]."

The user may choose to allow the program to model the
past histories of vehicles that are still in operation
or have recently been retired and to use these esti-
mates for all future replacement vehicles, or he may
modify these models of past and current vehicle costs
to reflect an expected change in the operating charac-
teristics of new vehicles [6:6-7).

The CARS program is designed so as to allow various

quantitative analyses related to the replacement decisions.

These analyses include an analysis of the average economic

life of a vehicle, expected remaining lives of particular

vehicles, individual repair versus replace decisions, and

various sensitivity analyses for inflation rate, change in
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vehicle efficiency, and changes in the repair cost pattern

(6:7-11).

Bell Laboratories provided the researchers with an

analytical description of the economic model, but due to the

fact that the model was still being developed and improved

by Bell Laboratories, proprietary rights prevented further

disclosure and discussion of the CARS program in this thesis.

If further information is required by the reader, contact

should be made with Operations Analysis Applications Group,

Bell Laboratories, Halmdel, New Jersey 07733.

Dr. James Douglas, Associate Professor of Civil Engi-

neering, Stanford University (9:1), states that "When costs

are minimized to determine the economic life and time of

replacement of public works equipment, those most often for-

gotten are for downtime and obsolescence." Even though by

common sense alone it is obvious that these variables should

be considered, they are often neglected. Dr. Douglas sug-

gests (9:1) that perhaps the major reasons for their neglect

"is that they are somewhat intangible, hard to define, and

generally do not appear in the books of accounts."

In this study of the effect of downtime and obsoles-
cence, Dr. Douglas found that the inclusion of these vari-

ables not only i.ncreased the cost of ownership, but also

shortened the economic life of the equipment studies (9:12).

Automated/Fleet Management Activities

Of the seven automated/fleet management activities
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contacted, five provided information that was helpful in the

accomplishment of the research question. Review of the

responses received revealed that the variables considered in

the replacement determination were basically the same as

those used by the Air Force, e.g., age, mileage, and rnainte-

nance costs. In addition, they considered another variable

identifying resaleability.

A close review of the automated/fleet management

activities also revealed that their primary customers are

commercial activities that have fleets of automobiles for

salesmen, representatives, and executives. Consequently,

these activities assign a high priority to vehicle cosmo-

tology and body style currency as well as maintenance and

operating costs. With this emphasis on vehicle currency,

the activities replace their vehicles at approximately two

years of age and/or approximately 40,000 miles. Considering

these two variables, age and mileage, some automated/fleet

management activities also considered the time of the year

that a vehicle should be replaced so as to obtain the highest

resale value. To illustrate these points, Table 3-3 reflects

the recommendations that Peterson, Howell and Heather, Inc.

(PHH), Paltimore, Maryland, (27;3) provided in their

22 July 1964 newsletter to their clients concerning standard

and intermediate size cars.

While these recommendations were published under condi-

tions when an energy shortage was not a factor, the table

does illustrate the importance that PHH places on timely

I ! I II I I I I I I II I I IomI"
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Table 3-3

VEHICLE REPLACEMENT RECO:MMENDATIONS
BY PETERSON, HCWELL, & HEATHER, INC. 1964

Monthly Mileage Annual Mileage
Rate Rate Replace

Over 3300 40,000 plus After 12 months, on
first birthday, but
limited to October,
November & December

2500 - 3300 30,000 - 40,000 18-month cycle --
April alternating with
October, May with
November

2000 - 2500 24,000 - 30,000 After 24 months, on
second birthday

1500 - 2000 18,000 - 24,000 30-month cycle --
April alternating with
October, May with
November

1000 - 1500 12,000 - 1.8,000 After 36 months, on
third birthday

Less than 1000 Less than 12,000 After 48 months, on
fourth birthday

____ __ _ __ _____ _ __ _ _
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resale value, age, and mileage below 50,000. Subsequent to

the energy shortage, PHH has malJe some temporary changes to

the above policies so as to allow for unstable conditions

until such time that economic conditions once again stabilize

to a certain degree.

Summary

The results from the inquiries described in this chapter

did not provide the information expected by the researchers.

The replies did reveal several somewhat surprising findings,

however.

The researchers believe that it is quite significant

that a very small fraction of the municipalities, utility

companies, or conrmercial fleet operators, other than the

professional automated/fleet management activities, employed

any economic analysis methods to objectively determine when

their vehicles should be replaced. While a few activities

were in the process of generating historical vehicle infor-

mation management data, fewer yet were anywhere near the

implementation of an objective system. Most activities con-

tacted wer.i using some type of substitute methods which

considered age, mileage, and the mechanics' subjective

analysis, with the most weight being applied to the latter.

The most valuable information was received from the

three research activities contacted. Each activity had an

aggressive operation and was very willing to share their

knowledge, experience, and mathematical findings with the
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researchers. The analytical models provided a systematic ii
and objective economic analysis of the replacement versus

continued operation question.

With the emphasis that the automated/fleet management

activities placed on cosmotology, body style currency, and

resaleability, the researchers believed that the information

provided by these activities was of very limited use to tihe

evaluation of the Air Force vehicle replacement procedures.

While the Air Force is concerned about the outside appear-

ances of thair vehicles, it places very little importance

on whether or not the body styles are the latest. The Air

Force is also concerned about the resaleability of the

vehicles, but to date has not placed the emphasis in this

area that is currently being applied by the automated/fleet

management activities.

Although the research question did not provide the

analytical equations and techniques expected by the

researchers, it does show that many activities do use the

same variables that have been used by the Air Force, i.e.,

age, miles, and maintenance costs. Since the expectations

of the researchers were not fully realized, it was necessary

to restructure the research hypothesis to addrcss an evalua-

tion of the variables used by the Air Force.



CHAPTER IV

RESEARCH HYPOTHESIS

General

This chapter will describe in detail the methodology

and data sources used by the researchers in evaluating the

research hypothesis. In addition, the base population for

this thesis will be identified.

Population Description

The scope of this thesis has been limited so that the

term commercial general purpose vehicle will describe a

vehicle which is available from competitive commercial

sources and is restricted to a weight of 12,000 pounds or

less. The term commercial general purpose vehicle will

exclude special purpose, fire fighting, materials handling,

and base maintenance vehicles.

The universe selected for this thesis was limited to

the light sedan, station wagon and pickup truck types of

vehicle. These three types constituted 33% of the commercial

general purpose vehicle category at the time this research

was conducted.

The population selected for the purpose of this thesis

consisted of all sedans, station wagons and pickup trucks

maii tained by the vehicle maintenance facilities on the

43



44

bases of the Air Force Logistics Command (AFLC) and Air

University (AU). The testing of the research hypothesis was

accomplished using census data from the population for the

period 1 October 1972 to 30 September 1973.
•I

Research Hypothesis

The Air Force does employ the proper combinations of

variables and factors to determine motor vehicle replaceir;nt

requirements.

Background

As was shown in Chapter II, the analytical equations use

used by commercial activities and other governmental agencies

which were to have been obtained from the research question

were to be evaluated using Air Force historical maintenance

data. The results of this evaluation were to be compared to

the results using current Air Force variaiJes and factors in

order to determine which indicators provided a minimum total

annual operating cost per vehicle.

Because of the types of data received in response to

the research question, specific analytical equations could

not be identified for testing the research hypothesis. The

results of the research question, however, did indicate that

many of the commercial and governmental activities were

using the same variables as the Air Force (age, accumulated

mileage and repair costs). The researchers therefore

decided to test the variables used by the Air Force using

the historical maintenance data collected.

I
_____
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The three commercial general purpose vehicles selectad

by the researchers for analysis (sedan, station wagon and

pickup truck) are accorded the same life expectancy: age is

six years, mileage is 72,003, and the repair allowance is

established by a chart contained ii, Air Force TO 36A-1-70.

The scope of this effort was limited to analyzing the age

and mileage variables, since the repair allowance tables are

predicated on the age and accumulated mileage of the vehicle

being evaluated. Should the results of the analysis of the

research hy-othesis show that either of the factors used with

the variables are wrong, or the current variables and and/or

miles are unnecessary for considering a vehicle for replace-

ment, the repair tables will have to be analyzed through a

separate research effort.

Source of Data

The Air Force Vehicle Integrated Management System

(VIMS) was being implemented at all Air Force bases world-

wide at the time this thesis was written. For this research

effort, the data prepared and submitted by the Air Force

Logistics Command (AFLC) and the Air University (AU) were

used. These two commands were participating in the VIMS

implementation by serving as test or pilot commands so that

the output data from these two commands could be evaluated

and revised as necessary before full implementation was

initiated. Because of the time constraints for the comple-

tion of this thesis, only the data from these two commands

were available for analysis. The specific data employed by

I
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the researchers represented all sedans, station wagons and I
pickup trucks reported monthly by AFLC and AU for the period

1 October 1972 to 30 September 1973.

Nature of the Data Utilized I

The data obtained from the Vehicle Integrated Manage-

ment System (VIMS) provided an in-depth analysis of the

vehicles selected for analysis. For each type of vehicle,

the data were subdivided into the sixteen replacement codes

in use where this research effort was conducted. For each

replacement code, information such as average mileage driven

for the period, costs of operation (per vehicle and per

mile), and out-of-commission rates were obtained. See

Appendix H for the specific data elements included in the

VIMS report.

Data Collection Technioues

The Vehicle Integrated Management System (VIIMS) is d

management reporting system initiated at base level by the

vehicle maintenance activity. When a vehicle is placed in

the vehicle maintenance activity, an incoming inspection is

performed on the vehicle by a vehicle operator. During this

inspection, the inspector completes Department of Defense

(DOD) Form 1351-2, "Vehicle Inspection Record," on which he

records the various factors leading up to the determination

of the replacement code to be assigned to the vehicle. Once

thp 'r ecn is completed, the information entered on the

DD Form 1351-2 is verified by the quality control inspector
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and the completed form is sent to the transportation

activity's Reports and Analysis (R&S) Section.

The R&A personnel extract the pertinent data from the

DD Form 1351-2 and keypunch the data for loading on the

base Burroughs 3500 (B-3500) computer. Once the data are

loaded and verified by the R&A personnel, the B-3500 corn-

puter internally verifies inventory and vehicle registration

number data with the base supply computer. Any data not

verified by the base supply computer will be rejected by the

B-3500 in the form of an error message.

Verified data are then stored in the base B-3500 until

the 15th day of each month when the data are automatically

transmitted to the Warner 2kbix* Air Logistics Center's

B-3500 computer for consolidation. These data are then

transformed into the VIMS worldwide reports which are pro-

vided to the major commands, HQ AFLC and HQ USAF for manage-

ment purposes.

Method Employed

In order to evaluate the validity of the variables age

and mileage, the researchers employed multiple regression

analysis. In such analysis, two types of numeric variables

are used. Independent variables are those variables which,

when assigned a value and taken either alone or with other I
independent variables, create an effect on the value of the 3
dependent variable. Dependent variables are those va51Jables

which are hypothesized to be influenced by the independent

variables. The values of the dependent variable will change I
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based on the number and type of independent variables used.

To measure the effect that different independent

variables had on the selected dependent variables, the com-

puterized "Stepwise Multiple Linear Regression Program"

(SMLRP) was employed (12). The SMLRP model is a stepwise

regression program in which the computer carries out the

regression for each independent variable in turn. The

results of the multiple regression can then be analyzed to

determine which independent variables had a statistically

significant effect on the dependent variable selected for

evaluation.

The nature of the data did not permit the researchers

to compute a cost oriented regression equation which would

include both the age and accumulated mileage of the vehicles

tested. As such, a full range of statistical tests could not

be conducted to determine the significance of age and accumu-

lated mileage to the cost per mile or cost per vehicle.

Two models were therefore constructed. The first model

considered the age of the vehicles being tested, and the data

used consisted of those vehicles which were categorized as

ovex-aged (Replacement Code H), six years old (Replacement

Code L) or five years old (Replacement Code P). The second

model was developed around the accumulated mileage data

available. The observations used were restricted to those

vehicles categorized as exceeding 72,000 accumulated miles

(Replacement Code J), between 60,000 and 72,000 accumulated

miles (Replacement Code M), or between 48,000 and 60,000

IUN
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and 72,000 accumulated miles (Replacement Code M), or

between 48,000 and 60,000 accumulated miles (Replacement

Code 0).

In both models, the rates per mile were considered to

be the most appropriate dependent variables. Rates per

vehicle per month were also considered as dependent vari-

ables, but were discarded when the miles per group of A

vehicles were analyzed. In the group of data concerning the

age of the vehicles, it was discovered that vehicles over

six years old were driven an average of only 65% as many

miles per month as the five year old vehicles. A similar

analysis of average miles driven per month for the vehicles

grouped by accumulated mileage produced similar results

(see Appendix G). As such, the analysis clearly indicated

that the newer vehicles and the vehicles with less accumu-

lated mileage were driven considerably moce miles per month

and therefore a meaningful comparison of cost per vehicle per

month would not be appropriate. The researchers therefore

decided to utilize rates per mile driven per month as the

dependent variables for the analy!is of the research

hypothesis.

Results of Analysis

The analysis was divided into two categories: vehicles

grouped by age and vehicles grouped by accumulated miles.

For both categories, a confidence level of 0.95 was selected

for the analysis by the researchers. This confidence level

means that the researchers are confident that the null

iI
L
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hypotheses will be false 95% of the time that Lne

researchers say it is false.

Age Cateqory

For this analysis, the vehicles were grouped in three

sub-groups of over-aged (Code H), six years old (Code L) and

five years old (Code P). The first test in the analysis con-

sisted of determining the effect that the age of the vehicles

had on the cost per mile to operate that vehicle. The

results of this test produced no statistical significance to

indicate that the age of the vehicle had any bearing on

predicting the cost per mile to operate a vehicle.

A second test attempted to determine the effect that

age had on the number of direct labor hours required to

maintain the vehicles for the period. Again, there was no

significance detected between the age of the vehicle and the

number of direct labor hours expended on the vehicle.

Further tests were conducted to determine if the age of

the vehicle had any effect on either the Vehicle Out-of-

Commission (VOC) rates or the Vehicle Down For Parts (VDP)

rates of the vehicles being tested. The results of these

tests indicated that there was no evidence to suggest that a

vehicle over six years old experienced a significantly

greater out-of-commission rate or down for parts rate.

From the results outlined above, the researchers drew

the conclusion that the variable "age" could be considered

as unnecessary in evaluating a vehicle for replacement. See
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Appendix G-1 for the specific mathematical and statistical

computations.

Mileage Category

For this analysis, the vehicles were grouped in three1

sub-groups of over 72,000 accumulated miles (Code J),

between 60,000 and 72,000 accumulated miles (Code M), and

between 48,000 and 60,000 miles (Code Q). The first test

consisted of determining the effect that accumulated mile-

age had on the cost per mile to operate that vehicle. The

results of the test indicated no statistical significance

between the accumulated mileage and the cost per mile.

A second test analyzed the effect that accumulated

mileage had on the number of direct labor hours required to

maintain the vehicles for the period. The results of this

test did show a statistical dependency between the number of

direct labor hours required per vehicle and the fact that the

vehicle had accumulated over 72,000 miles.

Although further tests indicated that there was no

evidence in increasing VOC or VDP rates for vehicles accumu-

lating over 72,000 miles, the researchers drew the conclu-

sion that the variable "accumulated mileage" is in fact a

necessary consideration for determining the eligibility of a

vehicle for replacement because of the effect that the

accumulated mileage had on the number of direct labor hours

required. Although there was an increasing trend in direct

labor hours for vehicles over 72,000 accumulated miles, the
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researchers could not determine if the factor 72,000 was in

fact optimum. Confirmation of a valid mileage limit will

have to be accomplished through economic analysis and is

beyond the scope of this thesis.

Summary

From the results of analyzing the research hypothesis,

the researchers have concluded that the accumulated mileage

on a vehicle does constitute a valid consideration in evalu-

ating a vehicle for rcplacemen. The mileage criterion,

howcver, did not appear to present a strong case for replace-

ment. Further analysis using worldwide data is necessary to

determine if the accumulated mileage criterion should be

retained or used until a better measure of replacement is

determined.

The researchers have further concluded that the variable

age does not appear to be a valid consideration in evaluating

a vehicle for replacement. Further research in this area

should be conducted once sufficient Air Force maintenancce/

utilization data become available as 'he VIMS is fully

implemented.

I



CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

Purpose

The purpose of this chapter is to permit the

researchers to state conclusions which have been derived as

the result of evaluating the research question and the

research hypothesis. Furthermore, any recommendations to be

provided by the researchers will be stated herein.

Research Question

Early in the review of the responses received by the

researchers as the result of the research question, it

became evident that any formal programs in use by commercial

activities were utilized only to compliment the judgment an"

experience of key management personnel. Furthermore, many of

the criteria and evaluation procedures used by the key

managers had not been documented. This fact could not help

but disruipt the continuity of operations once the managers7

"in-the-know" had departed.

The researchers do not mean to suggest that programs or

models, whether computerized or manual, should totally

replace the evaluation or decision of a manager. A model or

program is only a diagnostic tool and the resulting findings

or recommendations must be subjected to the manager's

53
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interpretation and judgment. For continuity of operations

in any dctivity, however, total programs and procedures must

be fully documented and updated as necessary.

The greatest problem which faced managers in practi-

cally all activities contacted was the lack of historical

maintenance/utilization data on which to base criteria or

proo-ams. This same problem was identified as one of the

causes for the seemingly slow introduction of computerized

vehicle maintenance/management systems. The efforts of the

American Public Works Association to construct a centralized

data bank for the gathering of historical data from various

sources arc particularly commendable.

After extensive evaluation of the programs and litera-

ture provided as the result of Lhe research question, the

researchers have concluded that the vehicle replacement

methods employed by the Air Force are at least equal to those

of some commercial activities and superior to most.

One additional area which the researchers identified

concerned the duplication of research efforts by commercial

and government activities. In many instances, for example,

commercial activities were analyzing certain areas which the

Air Force had already. investigated and documented. Institu-

tion of lines of communication in the vehicle management

industry, particularly between commercial and Department of

Defense activities, would prove beneficial to both parties.

The researchers recognize that there is a great deal of

competition between commercial activities and that

= = = = -=-- -=
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proprietary rights cannot be violated. The exchange of

ideas and data on a periodic basis between vehicle manage-

ment functions, however, would possibly allevia- -ostly

duplication of effort and enhance the overall goal of

obtaining better ways to manage vehicular assets.

Research Hypothesis

The results of the research hypothesis were somewhat

less conclusive and corcrete than originally projected by the

recarchers. As such, a positive rejection or 1ack of

rejection of the research hypothesis was not possible.

The results of this research cffort did, however, point

out possible considerations for further research. Of partic-

ular interest to the researchers was the fact that the age of

the vehicle did not seem to be a necessary consideration in

evaluating a vehicle for replacement.

Should further research confirm that the age of the

vehicle need not be considered, several changes resulting in

benefits could become evident:

1. Restructuring of the Replacement Codes. As was

shown in Chapter I, the Air Force was using 16 replacement

codes at the time this research effort was conducted, with

plans to add additional codes (see Table 1-2). Elimination

of the age criterion could reduce the sixteen codes to ten.

For example, a seven year old sedan which has accumulated

62,000 miles would be coded as requiring replacement in one

year for mileage iather than immediately for age. This

would permit the Air Force to receive more service from
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equipment which is not replaced solely because it is con-

sidered too old.

2. Restructuring of the Repair Allowance Tables. The

repair allowance tables prescribed in TO 36A-1-70 at the

time this thesis was accomplished are dependent on both age

and mileage. If age is eliminated from consideration, the

restructuring of the repair allowance tables would be

required. The seven year old sedan with 62,000 miles which

was used in the above example could be allocated more repair

costs. With age as a consideration, the repair allowance

would be 5%; however, with age not considered, the repair

allowance would be 17%, thereby allnwing more repairs to
extend the service life of thp vehicle (16).

3. Other considerations. Elimination of the age

criterion and reducing the number of replacement codes would

considerably reduce the possible confusion in deciding which

replacement code to apply.

Although the researchers have concluded that accumulated

mileage should remain a consideration for replacement, the

conclusion is based on a lack of other definitive criteria.

Further research could result in the identification of more

meaningful replacement criteria at which time accumulated

mileage could be discarded.

Recommendations

As the result of this thesis, the following recommenda-

tions are offered:
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1. At the time this rescarch effort was underway, the

historical data bank of vehicle maintenance information

being developed by American Public Works Association (APWA)

under APWA Research Project 70-1 had not been completed.

The researchers iecommend that the Air Force evaluate the

project once it is completed to determine if any benefits

could be derived.

2. The researchers recominend that the Air Force

initiate action to establish a periodic vehicle management

symposium for commercial and federal agencies so that ideas

and programs of mutual interest could be discussed and

exchanged,

3. Further analysis is recommended to determine if the

age of a vehicle ib a valid variable for evaluating the

vehicle for replacement. Once the Air Force Vehicle inte-

grated Management System (VIIS) is fully operational, data

should be gathered so that vehicles of specific age thrcugh

the entire life of the vehicle can be evaluated.

4. The researchers recommend that the accumulated

mileage variable be subjected to further analysis once

worldwide Air Force data become available to determine if it

is necessary in evaluating a vehicle for replacement.

5. It is further recommended that any variables which

are determined to be necessary in vehicle replacement evalua-

tions be subjected to extensive economic analysis to deter-

mine a valid expectancy level for each variable.

I



APPENDIX A

STATES FROM WHICH
NON-GOVFRN, :NT ACTIVITIES WERE

SOLICITED FOR VEHICLE REPLACEMENT
POLICIES AND PROCEDURES

Northeast Region

New York
Pennsylvania

Northcentral Region

Michigan
Ohio
Illinois

South Region

Texas
Florida
Georgia

West Region

California
Washington
Colorado
New Mexico
Arizona

SOURCE: Regions are as described in U. S. Department of
Commorce, Bureau of the Census, "Geographic
Identification Code Scheme," April, 1972, p. iii.

Preceding page bank 59



APPENDIX B

GOVERNMENT AND NON-GOVERNMENT
ACTIVITIES SOLICITED FOR INFORMATION

Government Agencies (7)

Department of Agriculture
Defense Nuclear Agency
Department of Conunerce
United States Postal Service
General Services Administration
Ohio Department of Transportation
National Highway Traffic Safety Administration

Non-Government Agencies

Automobile Manufacturers (6)

General Motors Parts Division
General Motors Corporation
Ford Motor Company
American iotors Corporation
Chrysler Corporation
Chrysler Corporation--Parts Division

Rent-A-Car Companies (3)

Hertz

National

Airlines (4)

United Air Lines
Eastern Air Lines
Delta Air Lines
Trans World Air Lines

Municipalities (6)

City of Philadelphia
City of Chicago
City of Detroit
City of Seattle
City of San Francisco
City of Dayton

Preceding page blank

I



62

Utility Companies (8)

Ohio Bell
Bell of Pennsylvania
Pacific Telephone
Mountain Bell
Dayton Power & Light Company
Detroit Edison
Philadelphia Gas Works
Houston Light & Power Company

Taxi Companies (5)

Yellow Cab Company of San Diego
Diamond Cab Assn, Miami, Florida
Yellow-Checker Cab Co., Albuquerque, New Mexico
Yellow Cab Company, Phoenix, Arizona
Yellow Cab of Philadelphia

Research Activities (2)

American Public Works Association
Public Technology, Inc.

Automated/Fleet Management Activities (5)

National Automobile Dealers Assn.
Lever Brothers Co.
Motor Vehicle Manufacturers Assn.
National Association of Fleet Administrators
Peterson, Howell, & Heather, Inc.

Telephone Contacts

Research Activities (1)

Bell Laboratories

Automated/Fleet Management Activities (2)

Control Data Corporation
McCoiLlugh Leasing

I



APPENDIX C

SAMPLE COPY OF THE GENERAL
TYPE LETTER SENT TO ACTIVITIES
REQUESTING DATA AND INFORMATION

Dear Sir

We are graduate students of the School of Systems and
Logistics, Air Force Institute of Technology, and are
conducting thesis research in the area of motor vehicle
management. The purpose of our research is to determine
an optimum method and combination of variables and factors
that may be used in determining fleet motor vehicle
replacement requirements.

We believe that this study will help reduce management
costs in operating the motor vehicle fleets as well as
provide guidance for future studies. Your assistance is
requested in this matter to help insure that the study
thoroughly covers the subject.

Would you please provide us copies of the policy, pro-
cedures and criteria used by your oroanization to deter-
mine motor vehicle replacement requirements. Because of
the limited scope of our efforts, we are primarily inter-
ested in the sedan and one-half ton pickup truck types of
vehicles. In addition, any quantitative data (i.e., miles
accumulated, annual maintenance costs, total maintenance
costs, etc.) and/or studies used by your activity to deter-
mine your motor vehicle replacement procedures and criteria
would be greatly apprcciated.

For your convenience, please find enclosed self-addressed
pro-paid mailing labels. Should you desire an abstract
from our findings, please so advise when you provide the
information contained in our request.

Your contribution to this research study will be appreciated
and should measurably contribute to the requirements of Air
Force sponsored research.

Preceding page blank
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APPENDIX D

G.E. A..S.

Ground Support Equipment Replacement Analysis

Report f999

Purpose of Report:

- To provide accurate replacement forecasts for each motorized vehicle in
Eastern's inventory.

- To provide a basis for accurate budgeting of capital fumds for ground
equipment replacement programs.

- To provide a sound basis for replacing ground equipment at the most
economical period, thus reducing overall vehicle mainrenance costs.

- See attached data source list.

Distribution:

- One copy of report to Ground Equipment Control.

Frequency:

- One copy of report every 6 months.

Field Exlanaticr:

1. Date - Six digit field for date that computer generates the report (06/15/74)

2. Fleet Code - Three digit field indicating the fleet or vehicle type.

3. Vehicle I.D. Number - Hax.i-a six alpha/numeric character field to indicate
vehicle identification number.

4. Station Code - Three alpha character field indicating the starion location
of the vehicle (MIA, AIL).

5. Fleet Avg. 'T' - Maximum three alpha/numeric character field Indicating the
average of all period 'T' within the indicated fleet code for all E.A.L.
Print IDA if insuffici-at data is available.

2
6. R - Maximum five alpha/numeric character field Indicattig the index of

daterxmiuation of the regression line.
7. Period 'T' - Maximum three alpha/ntmeric character field indicating the

number of the month (since the vehicle was purchased) that the AWC (average
monthly cost) hits a minimum before it begins to increase. Print IDA, if
Insufficiceat data is available.

Preceding page blank 66
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8. Variance to Avg. 'T'- Maximum four alpha/numeric character field indicating
the variance or difference (plus + or minus -) between fleet Avg. 'T' and
period 'r'. Print IDA if insufficient is available.

9. AMC - Maximum seven alpha/numeric character field indicating the dollar
amount of the AMC ( AVERAGE MONTHLY COST) during the indicated period 'T'
Print IDA if insufficient data is available.

10. Calculated Repl. Date - maximum six alpha/numeric character field indicating
the calculated replacement date of the vehicle. If insufficient data Is

available, print "IDA" followed by the number indicating the quantity of
periods calculated without reaching 'T', i.e.. if the computer is limited
to running a projection equal to the number of periods of historical data,
then a 36-month old vehicle could only be calculated through 72-months. If
period 'T' is not reached in 72 months, then the computer would print IDA 72.

I?

Ii
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G.E.A.R.S. Replacement Forvmula:

Cchaiu [ S' T t- + )t 
l  T

Data Source for Formula:

NOTE: * Denotes hultiplication

R- Original Price (Source Document AA. Field 23)

S(T) - Salvage Value Function, Derived as follows:

9 - Terminal salvage value (scurce document AA, Field 23A)

X a No. wnths equirment will be depreciated (source document AA, Field 23B)

T a No. months for which the AC (average monthly cost) is being calculated.

For S(T) > S -. S(T) - 8 - (B/v * T)

For S(T) s --.. S(T) - S

i 0.00949 minimum return on investment per month

AKC - (C chain * i)

E - monthly maintenance expense, aerLved as followa:

I source document B,(Field 13 & field 1/.) + (Field 22 * $10.00)t I

source document BB,(Fleld 12 * Field 13) + (Field 18 * $10.00)

Total E for applicable month.

NOTE: Z is to be read into a linear regression program to obtain the regression
coefficients (A 4 B1) and also the "Index of Determination", R2, where E
Is the dependent variable and t (time in months) is the independent variable.

E(t) a Expense function (average expense per month)

2(t) - A + (B1 * t) + (El * (Cr-)) where t is time to months.

2

In order to enter maintenance expense history which occurred previous to G.E.A.R.S.
Implementation, source document E will be used to enter up to six years (72 months)
history Into the computer files.

.........
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G.EA.lt.S.

Ground Support rF4u ent Rel]cetnc.t na lysis
Date Source for Report 0999

REPORT
FIELD SOURCE DOCUMENT FIELD

- Date Report Generated by Computer

2 aAA 5

3 - M 8
or B 3
or BB 8

4 AA2

5 • Avg. of all T's within applicable fleet code

2
6 r2 is derived from regression analysis.

7 T is derived from replacement formula.

The difference between fields (5) and (7)

9 AMC La derived from replacement formula.

10 Sum of purchase date and T indicated in month and year.
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APPENDIX E

CITY AND COUNTY OF SAN FRANCISCO

PUMCIIASING U)EPARTMENiT
Soo QU INfICT

*AH NANISCO CAIF 113*AUTOMOBILE LEASING STUDY

AND
REPLACEMENT RECOMMENDATIONS

NovcMSER 1960

DATA AMENDED TO

JAN. 1974s

UPON THE: REQUEST OF iTHE FINANCE COMMITTEE Of THE BOARD Of SUPERVISORS,

INROLON MR. THOMAS J. MELLON, CHIEF ADMINISTRATIVE Oft'*CtER, A STUDY WAS

INITIAYCO ST THE PUR.CHASING UEPARTMENT, CENTRAL SHOPS. AS TO THE FEtASISILITY

Or LEASING AUTOMOBILES FOR USE BY THE CITY AND COUNTY Of $AN FRN~ISCO.

THIS STViDY $AS PRESENTED TO THE COMMITTEE AT ITS MrLTING Of DECEMBER

15, 1965 WITH YHE CONCLUSION THAT, EXCEPT FOR CLASS B AUTOMOSILCI, LEASING

PRESENTED LITTL.E ADVANTAGE TO THE CITY.

IN CON.jUCTION WITH THE REPORT SuBJECT, THEC PURC04ASING DEPARTMENT ANO

CONTROLLERIS OFFICE REPACSIENTATIVES REVIKWED THE CITY'S FLEET MANAGEMIENT AND
FINANCING PROCEDURES AND MADE ruRTHER RECO0MMONATIONS BASED ON4 7HE PREMISE

THAT TU[ OVER-ALL G*SI Of A VEHICLE INCLUDES1

1. ORIGINAL PURCHASE PRICE
2. OPERATIONAL COST

3. MAINTENANCE COST (DowN TIME)
4.L DISPOSAL VALUE (CRLIToi)

ADWITH THE KNOWLEDGE THAT OVERNTHE PAST SEVERAL YEARS ToE (1) O0IGINAL

PURCHASE PRICE H4AS INCREASED APPROXIM4ATELY 70%, WHEREIN WAGE INCREASES RE-

LATIES TO (3) MA IN TENAHCIZ COOSTS 14AVE IISEN 143%. IT CAN 49 ANTICIPATED WAGE
COSTS WILL CONTINUE TO INCREASE AT A FASTERn RATE THAN THE COST Or VICHICLES.

IT WAS THEREFORE, CONCLUDED THAT IT WOULD SE To THE BEST INTEREST'OF

THE CITY AND COUNTY TO ESTABLISH A REPLACEMENT CRITERIA MORC IN KEEPING WITH
MODERN FLEE T "ANAGEENIIT PRACT I cE. THI P3 OLI CT WOULD PROV IDE FOR AN EARLIECR
DISPOSAL *ATE. 17 WOULD ALSO RESULT IN LOWER MA INTENANC9 COST AND HIGHT

DISPOSAL VALUE PER UNIT OF EQUIPMENT. ADDITIONALLY, IT WOuLD PROVIDE THE
ADVANTAGE OF PERMI1TTING THE INITIATION4 Of A PACVENTATIVE 4A INTENANCE AND0

INSPECTION PROGRAM ON THE PRESENT7 FLEET Of "GiENERAL SERVICE" VKHICLLSI As

RECOMMENDED BY TNE FORGES STUDY WITHOUT YHE NtE oF ADDITIONAL EMPLOYMENTS.

RECOMENDED REPLACEMENT SCHCDULES

GENERAL SERVICE VEHICLES

COMPACT CARS - CLASS 8-9 4YEARS OR 50,000 MILES
CLASS (STD. & INT'MED.) 5-6-? 5 YEARS oR 60,000 MILLS
CLASS 2-3-4 5 YEARS oR 60,000 MILES
CLASS I FULL MAINTENANCE LEASE-

3YEAR MsxiMUMm

LIc"T TRUER. (YI - ToN CLASS) 6 YEARS oR 60,000 MILES

Preceding page blank 72
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POLICE VLHICLESZ

STAR CARS (BLACK ANO WHITE) CLASS Ou 7 2 YCARS, OR 70,000 MILES
UNOECOVER CARS - CLASS 7 4 YEARS, OR 60,000 MILES
PATROL WAGONS 4 YLARS, OR 1001000 MILES

MOTORCYCLES SOLO 5 YEARS, om 140,000 MILES
MOTORCYCLES 3 WHEELS 4 YEARS, OR 35,000 MILES
CLASS 1 4 TEARS MAXIMUM

FIRE DEPARTMENT VEHICLES (PASS. CARS):

CLASS 5-6 5 YEARS, o0 60,000 MILES'
9 ANo C CLASS 2-3 5 YEARS, OR 60,000 MILES*
LIGHT TRucKs (& To )i TON CLASS) 6 YeARs, OR 60,000 MILES

INCLUDES LINC AND RELIEF SERV ICE

** INCLUDES LINE, 4TARV ANO RELIEF SERVICE

SHERIFF'S VEHICLES:

STAFr CARS - C .Ass 6-7 5 YEARS, OR 60,000 MILES

ROAD CARS (STATION WAGON) CLASS 6-7 4 YCANS, of 75,000 MILES

FACTORS THAT REQUIRE CONSIORATION BE GIVLN TO ESTALISHING A Fla"

AEPLACEMENT POLICY FOR THE CITY FLEET&

A) VEHICLES PURCHASED AT FLET PRICE A
8) VEHICLES MAINTAINED AT PREVAILING UNION WAGES

2) COST O STANDARD AUTOMOTIVE UNITS HAVE SHOWN NOMINAL

INCREASES OVER PAST SErVRAL YEARS.

EXAMPLE - 1960, 4 coon SEDAN 0 $1975.00 (CLASS 6)
1974, 4 DOOR sEDAN 0 3300.00

67% INCRCASC

1960, PICKUP 0 $1741.00
19741, o 3000.00 72% INCREASE

3) CRAFT WAGES INCREASED 143% IN 14 YEARS

1959-60 RATE - 5123.40 PER WEEK

1973-74 RATE - 300.60 PER WEEK

IN¢REASE T 2) 143% INCREASE

) NUMsEA OI
r 
UNITS HAINTAINED IV CENTRAL SHOPS WAS INCREASE As

• OLLOWS t

A) PAISErNoit AUTOS: JULY 1, 1961 - 509 UmNIT S
DEc.30, 1973 - 820 UNIT&

INCREASE 3Ti 61% INCRASE

) Lr.r TRusiSI JULY 1, 1961 - 148 UNITS
Occ.30, 1973 - 350 UNITS

INCREASE 2 uNITS 136% INcncAsE

_ _ _
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C) OVERALL FLEET INCREASE:

JULY is 1959 - 1573 UN ITS

DEC. 30, 1975 - 2540 UNI Ts

INCREASE '~761% INCREASE

5)PRESENT BUDOETARY PROCEDURE *EQUIRED EXCESSIVE TIME TO PROVIDE

REQUIRED REPLACEMENT. THIS OFTEN RESULTS IN REPAIR COSTS OUT

Of PROPORTION To THE VEHI1CLE WORTH, PARTICULARLY WHEN AN OVERAGE

VEHICLE SUFFEI4b EXTENSIVE DAMAGL OR RLQUIRES MAJOR MECHANICAL REPAIRb.

6) FAILURE oF DEPARTMENTS To PROJECT NEEDS5 AND BUDGET FOR REPLACE-

MEN4T VEHICLES IN TIME TO AVOID MAJOR REPAIR/MAIPWTENANCC.

Toot DARTNELL SURVjLV ON AUTOMOTIVE PRACTICES ANO CONTROLS SHOWS TH4AT IN

PiEDIUM ANn LARlGE COMMERCIAL FLEETS AND VEHICLES ARE DRIVEN ON A AVERAGE or

.20,000 MILES PER YEAR AND ARE DISPOSED Or AT ADOUT 60,000 MILES OR fErWEEN
2
N0 AND 3RDo YEAR IN SERVICE.

IT IS NO0TED IN THIS SURVEY THAT PUBLIC UTILITIES SRE GENERALLY LOWER

MILEAGE FLEET$ AND TERD TO KEEP THEIR VEHICLES IN SERVICE ABOUT 5 YEARS.

HERE THE PRCFERNEO "PUBLIC IMAGE" IS ONE Or ECONOMYl RATHER THAN PRES-

TiCe. THE REGENCY Or THE MODEL IS NOT A CONS IOCRAIION IN T14E POLICY Or

A RECENT STUDY Or LOCAL PUBLIC UTILITIES AND HEIGI4SORING eoYERm4EIlNAL

OPERATIONS INDICATIE THAT 5 YEARS nR 60,000 MI1LES IS AN AVERAGE LIFE SERVICE

FOR A LIGHT VEHICLE. THE CONSENSUS OF OPINION IS THAT MAINTENANCE COT

INCREAS. RAPIDLY BEYOND THAT POINT, WHILE VEHICLE EFFICIENCY AND DRIVER

ACCEPTAS IL ITV IS DECREASING.

DETAILED STUDIES AND RECOMMENDATIONS MADE BT THL AMERICAN PUBLIC WORKS

Assoc. AND THE STATE Of CALIFORNIA DEPARTMENT OF PUBLIC WORKS INDICATE

SIMILAR FINDINGS.

THESE RECOMMENDATIONS ARE VERIFIED BY CENTRAL SHOP$ EXPERIENCE IR OUR

INVOLVEMIENT WITH THE CITY FLEET. WE NAVE FOUND TH4AT THE VEHICLE REAGHES

ITS CRITICAL POINT AT 5 YEARS, OR 60,000 MILES.

AT THOS POINT Or SERVICE ALL WARRANTIES HAVE EIP IRCO, THE f'.#LE*

DEPENDABILITY IS REDUCED, DOWN TIM4E INCREASES AND MAJOR REPAIRS ARE REQUIRED,.

HIGHER MILEAGE FLEET OPERATIONS THAN THE AUDVE RECOMMENDATIONS ARE

ECONOMICAL ONLY WHEN THC VEHICLES ARE MIGMWAY OPERATED . IN SUCv A CASE

100,000 OR MO0RE MILES CAI BE OBTAINED) IN 2 To 4 YEARS SERVICE.

THE FLEET OPERATED BY THE CITY OF SAN FRANCISCO IS ESSENTIALLY A LOW

MI1LEAGL OPERATION DRIVEN UNDER EXTREME CONDITOyoNS. THE COmPARAkT9VELY 10ALL

AREA or THE CITY, ITS VAk!&.; TOPOGRAPHY AND CONGESTED TRAFFIC QUICKLY TAKES

ITS TOLL OF OUR VEHICLES.

WE THEREFORE STRONGLY URGE THAT THIS RECOMMENDED REPLACEMENT SCHEDULE

9E PUT INTO EFFECT AND BECOME THE POLICY OF THE CITY AND COUNTY Or SAN

FRANCS t CO.

RE. ECTFMUL 
1 ED

CITY SHOPS GEN'L. iv,1 T.
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IX. MOTOR EQUIPMENT REPLACEMENT

The ojtnsrf replacemns %--rsus contL'sl1-d eqtrpwe: ccnlreid to 04. g1icost expellizceocri
o~peration of ;.!t equipmnent urnit has proven to he one equ:icmss ha%ing the satnic general capacity and
of tlie rmost confusing- and le~st tinderstood of all the Service.
probit ms fac'sg tle eqipicont sl 'efile season The el.-merss of slhe economic repl.,cenen
aMd too chies is a lack of tilt rccuroed inforrmation anaysis c:n best be slluisared by a graph S!rc izet
needed for ational solution. costs insolsecd " ish she operation of an cqdjipmnrt

The contec solution tequices a reasonably ulrit prit~iar'ly are tursctaon; of 4t~ (obws~esecj nd
accurate koedeof fL~i:,cal costs and a ac.Lsi!cd sildes or hours I(usageJ, tile late at %l.1ci;

capabilay for estnoaiing fit ar. costs. llowes'r. these costs chaqc wish cIintied operatioi ptovzdes
because of iie rFrneral des~icncy in hiwrscal cottl, the cle:ntrss needid to deterinise costs or sa%,nij,s
the prot-!'m !-I )rn is 3an:n"' ... - s an.1i9)t resolkisg fa; iep! i:emneists.
ainalysis Sohotiule met~hods - such as treplacem-ents Chatt 2 represenis the various cost elementsI
based on timie in service or accumij.atr-d resultitig fro-m the 8-year operation of a truck,
mileage - frequently leA so ctiroricois deasiors. Tie ponchated for S8.053. It shows the vatious
only repl-wcent pobicy dsis %J1i assure treasonaibly cost curves in terms of annual cost.
accuratte decisions is a cost study of sthe indiv.dual Curve A. cost of downtime, illustrates st

ANNUAL. LOUIP14LNT COSTS AS A FUNC:TiON Of listS

M4C*O - Combined Coat

- 3000

co-P-Capital Shrink&&*

200

1 2 ~prats 3

-o ~ ~ ~ ~ ~ ~~ r of Li-feliteac--....--

100Chart 2

A6on~e- .-

- - -JA
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incie ~sine coil of uaul. jI,b1:iiiv tes-111iag ft()i" To determine file pnint tit thle truck's life when

*out-4f-Wita fi,4 % v. tc it is lclill~y loiw replacemtent would be jusified ccunin:~~ally. 311

dingt (beC f!l' ca t!I :i. Iruck. it avtS2 (11 e iili Mlust lic fladc Uf lim ;1i'liJc dallul ioil

shlper ti In~ iii iji As 1 .1-1 %; -ii. lit ,- I 3 ' n ~ -ick n-, n 9 veir pirir i. I et it lie

can tie Ctiln-rit 3 iLtlCV '1% %!,ding the ii:n of assuin~d (as explained litecr) that a new liu,:k can be

tile We (f 1".- sIraP.d. .;J ~ol ran~e wd b%, t0.r r.ictr Ised brF Sd.(.U)J ~ld %-; Ilive .i Uc.k .lu~

vnuinbcg to d2. s loti uui .1 n, ia, ;if,. In S?:i"n:3') c ,..'t )erws h-nce. 0-2ti the ro'al a'e r~cft of

irid.e' " ,. .!..-.. -'s..!. - -'.! bt . :ic I incidni? c.,tttil :liitikac. amounrts to

involve sij-h c!cni nis 3. idie r: ine tcsullii leont S3.Nh0 per year- On Ch~air 3. a horilonal tiile cr3%%a

equiproc n i nsil I subhstitute Si v.cs at lihe S3.870 %alue ultersecis the comthncd colt

emrloyed l i:. Downime cft is .n c,wiit3! elcimiei'I curve 4)f tilt ad tiaeL: betweeni the sii. h aid .iicnith

in any replir~eiient nv -md must noat he year This would he tlhe theoretinca t:rr,,c lo icpi3,:e

overlook;ed. the unit. pro~ idm:~d funds verc avaiabtc for

Curse B, cost of r;.a~nlemx'rmce. wiali.t he capital icPeplentas.

incrcasc in rn,,.ntcninC ani t: -; ..usts tm.c5cju5i i Rartly does go .tinnieft e~j.a esuch

accident) o%:r Cie hfc sp ;no; Ituck 3vataabl;ty of funds. Ti.: vaous ur :. i~Iunits

runse C co~c of i.~ .,flczrts ili: . -t Z4 iflsi c,: 'Fete for tic,. a, n the j I;r: :rnt uw ii tile

fuel. lubc, lites%, c:.~ anid nnst54i.%tuus best djo.utnented pie ieniiLIf, ,v flallaaai

opetainig 5' pilc' just if: atioln receives the more favorable

Curvec 1), cost of c~miMp hrdl e represents tile coniicaaon.

annual d&ctca~e in d:;p,...l i.., s~ tc,- !u of th! Usm;!ly favoredi are 0-'s -, equests u lticla develop

truck. I hais Laii: dhifi t he a- um,:manl's the Ilaai e cions in tia: fo.,in of i:L-.! . Iherecm're

evlato of m.e.r t -~a a stij -ic 1...) in tile Il~ adlIiirmsrasor rnu~t r''cp;Are hi inXXt 10

that it ,elates, to lte "blume Um.- %alue (if lte truck f'j)rniti :ii emt~masacs thec potenti~al ean s(%asiri )
tit ',.c clid of each year aid n cunsierably mocre th-A~ wiil acru: iorn tic capital expenuoiaes. Trills.

accula.C. 1:-.ne Inout Cr.!pt *acs. I

The crndcarve reprc-crits the sum of ctures the siv:nrs that can reaslt from improvementcs in

A. B. C. aud 1). and thus is the iota[ tannual c,.st uf seivicei icnjece'4

Ownara.'1 a iSmeCC1tz L!UL.k [,LA1ur.Cd at A plle Of A f. (..I. t ft-OLrId rile of ti-e tmu!, et direcict is

$8,000. that r.o icq~aecs will be *:cns;Jcrcd . hose trarning rate

411AP SC lOLsrII0e. SOUIPME.41 vILACIMIaf eTSIRM

5000 Old tnwch C4.bliedCoot M&PtAeeL~a. Criteria

k V 4 - 7 .4

criteria st lII

Char 3 a

3120
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b ecs thtan a pwcdcciid PiCCtttaYC (VI'the capital abreast of equipment improvcnicnis as thecy appear
expeliditure rc(Ilt'cil. Sit ti a polty'111 il e etfect uf on the nmarket and relay appropriate inf ormiationl to
fiioiru all dJcli'atimctn ill cas to tuike economic rte users.
ajit,h ' is in de I-iv.- of teir rcque,,is, It Mko has file 3. Within each equipment f'rop (Ai'WA (ndlel,
cric,- tOf I-yii jf'~ ;s .!'C of ~.nzi.It Z1A) z: ciii t;t. S-~Itlln WiJ. Jl.. UJill'.! toiI1~
itsually fi,lfo.ws ilt~t carning llttuatrs based on have the htrlicst average annuajl Linmt. Atiil~sts ticd
secctijic rt i ldcd it , inatton air lc controvcrsial only be cantied out for a nunibc-r of ulits comniribte
and tic it.f('iC fluteCo;ia:. to the prji.Ac ttuitib'r uf tc~ti lttthat cit be

kehriii ."' till I ( hbitt 3. t:e. rtle of saving if budre red.

tile tiock wei IC cild.t cd at sthe ntid of hie sixth year 4. In thc re plat;ing-tint s.-ciion:
woud lie ne?'.iiiic. Ir,..t the other it:iii. fr-1 icetnient a. Enter the description (if [lie rcj,!ictiig (fiew)
wcic it tile end of iei %.vetith Vcjf. the Savins woild unit. Using SIMantdI'd AI'WA nuinc iii'tic

aniounil to' S 190 r -r )o ar 1 '4,o tcsO 5 .'70). 1 Iha b. Entct the AI'%WA ( ode nmc fo'r tlhc uril.
wottld repieseiir at cannint rate oll 2 -1 pcteetit biscd c. Dc e tinn the a:(lIisittiin cost of! ite
ott is ict inuvcstfinct vi S7-90.3 (S,..Ln:J k~s S700). It replacing unit anid eunter tius amowunt in thne
is di iiul iuchiiian cmitiig raec (o.ih compete wi blank space pro~ided. litbt dealers ate
today's shun[ supil!y cr goverfirimciii fiitd.. lioweker, will ing to fu rttish icasonably 3.:xurauc
file idic of I1'.3 11. ;t en itii. at itni cuid of tile estuiate21s eovctinfig tile ~Cqalimtn col Uf
ci1 iiiii year should cqtt:ily the tinunI lt replacemnent new equipment. In im, .-c it's SS.(,t).

at tiA tirre. d. Estitmate the ica lc of tlie tepiacing
Blefore procceditg to thie pr:;cticaii solutlon of the unit at the end of its !ididlife and enter

PioUIN.T), let's coTM,1jcr What the rcsi1l would be it this amount in thme -. .,c piovvtdJ 1he
tlie ti uc. Itaj bccii tepi~cd at file endt of the sixth Truck Itue Book '% i .)_ a helturul etude in
yecni Iii this ease tli.i te ' uld be a loss (ne~aitie makinS this estiate. ir.t! ts case SiOO.

earning) of S!15,prf year. or 1-9 percent, based on a e- Enter the net ivietin she space
nel c~ipit.-' investment of S7,QOO provided. This is thec z~winsiliio cost less the

The grap!hs 11lu.1-ilm 1'y Cilti s 2 aid 3 ain to .resale value. In thii case 7i) 0
Orify the econoni'r pfohlmm inichi ed in equipmlent f. Refer to the Enuirtonti Unit Cost Sumnmary.,
ieplacctient. The fil'ures were selected to emphuaize Figure 25. Colt inins S. 7. 9. 11. 13. and I S.
ste piuictit anzd do oul ict.csuril, refilct ac't ai cost indicating the toatal cost of the aba. e APWA

data. They do, luiu.~Cstf, appuinatunate actual Code gioup wlinli has bceci in service
conditions which muight be encounutered in such a approximately A years. Determine the 5uni of

study. a e~e2~lthe amountsiniae intseclm .

for deigrcd or se n rpi~cnint tudes.In hisinColumn 2. n ne h euti h
paitictila cilse it pr-rltnn tilt an:!ly%1s ot die $8,000 space provided. In th:is casz the amount was
tru~k reerdt nl, ibling charts?2 and 3. S 2 1 .000. 1 his re pre sents tihe total

Ifere i h tpb se prrocdure. msaintentance. operating, and downime cost
1. Ree t fc It:;p:n,-nt kepliectient Data of aintlar units hastmsii 8 years of service.

report (Fig. 32) frtelasst year antd the first 6 g. Estinite the intrease in the abive cost
mrcoths of tite cutcnt year. Thcte ate 3 years resulting from 2nti~patcd price rics tn

invci.-ed in the repltitcnn study. fie lait complete wages, materials, anid iu;rflies and enter the
year, the current lear, and the inext or budget ye.r. percentage and doltar increawcs in ie- space
The listings %ill maitld ali thoir equipmient unit, provided. Lxpenten~c over the list I5 years
iiioa hing clig;bility ton relacement. indicatesf an aserage annual increase of 2.5

2. Conici withi the tupet-vsort rcspiritibe for percent in theic cost areas. in the ilnusiratron
the using agecueis, equipmlent opcitatiuns on fite the 8-year period would be %ub)CL( to a total

adc:qiia~y of equjiprmerus. about to be replaced. increase uf apprtoxiately 20 percent for an
tkctrinine whether thecy shou.ld bie tepliamcd in kird aveizoe over the period of 10 percent or
or by a change oh typi: and/or capacity. [sery eliotS S2,100.
shiould be i3toaI pr- ismdc a replacimciiti that niecs h. En let the hstima ted total cost of
the w~er's requirenienis arid can be mtaintained at mainteniance. operation, and &'wnitirne in

ftasonabie cost. The fleet administrator should keep the space provided, In this crx $2 1.000 pluts1
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EQUIPM.NT RLPLACFMENT ANALYSTS

Equipment No.

Date:

REPI.ACP. INIT

Description , Std. Life __years, AFWA Code

Acquisition Cost $ Total Maint. Oper. & Do rntime $

Blue Bock Value (Replaced) Add Z for Adjusted Cost $

Net Investment $

Total Cost years life $

Average Annual Cost Per Unit $ per year

REPLACED UNIT

Description , In Service Date Years Service-

La.t Yeat 19 Currenc Year 19 Budget Year 19

1. Blue Book value last year $ $_ $

2. Bluje Book value thic year -

3. Depreciation Cost $ I $ $

4. Kaintenance Cost

5. Operating Cost

6. Dovntime Coat

7. Total Cost

8. Z Increase over previou . yeirI -

EST[MAI FD E.ARMN1GS

9. Net Investment $ __$

10. Popiaced Cost $ $____ $

It. Average Replacing Cost

12. Earnings Per Year (_)

13. Earning Rate ___ z

FIGURE 36
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S2,100, or S23,100. conservative side. To estimate the annual
a. atir tlrc ltta co~t of ownership per unit in cost of mnainternance, it would be appropriaie

the space provided. Ira tis case Si1,900 plus to review the equipment fate containing the
S 23, 10J,. ori S3 1 S-30. Priced Copies Of all repair oile-rs issued

j. Enter tWe aitnaal as'rige cost of ownership dunng thc 6-w~onth period - tnt only to
pcr unit. In this ca-.t, S31.003J divided by 8 determine if any rai jobs were performed
or S 3.-1- 1U per yeair. but to get a "fe, I- for the particular unit.

5. In thec replaced unit section: Should any question aiise, you irna.-it well
a. Enater thec descnprtioa of the unit to be cad] the unit onto the shop and have the

replaced, its rn-service date, arid total years dragnosimacinprcpare an estimate of the work
of sivice in the spaces provided. This needed to assure another 12 months of
inlwomtaon is Hited on the Equipinewi operaton. Once the costs of niairtriance.
Rrpla~c;ncnl fData lis:ama (rFi; 1). operation, and %'ownLrMC are estinii::J, the

b. The icr! -cemient analy'sis usu3!Ity is prenazrcd sana' routine is followed as in tire first
shortly after the middl: of the f.scal year in colu-mn.
antii-ti,-iia of thc appiroacfu. Lud~ei Near. For the cntres on Lines 4, S. and 6 under
There sOiculd be avaalabic a y.ear-cend report the column heading "Budgit Year," a careful
for th)e previous year of the Equipmeint estimate of these values is necessary. It is
Ripla.-caaew D11a (fig. 32) and a 6-month fairly certain that operating and downatime
listinf, fur the current year. Tt~o~e %%ill be costs will Liciease. the formner only shightly,
used an Cclerairnin', entraes, to " nmaede under the latter probably rather sharply. It is
the column headings "Last Year" and almost essenaI to prepare an estimate of the
"Current Yeaur," Linei 4. S, and 6. The Blue Cost Of repairs reouired to assure an
Book ,.Juats are cratered on Lanie I and 2 in addiutenal 12 months of operation. This plus
all three columns: tl'ev are avaihble '.om thre a review of' the equipment ile wall help in
Truck Bilue Book published by NalionA arnvang at a reasonably accurate estimate. A
MarkC IlReports, Inc., of C lucago. word of cautiun: Doii't be temupted to pad

c. Enter on Line 3 of alt three columns the this estimate. Tile record system, as dcsigned.
differcnce between the amounts shown on will soon hijlhlhit inaccuracies. It it more
Lines I and 2. important to retain the respect of finance

entries on lines 4. 5, and 6 may be read one." Once the entries for Lines 4, S, and 6
directly from the Equipment Replacement have been determined, the routine is the
Data Listing (Fig. 32) for that year. uane for the first column.
On Line 7 enter the total of Unes 3. 4, 5, As for !he example iltustrated by Figure 36. Line
and 6. On Line 9 enter Vic d!Iffercnce 8 shows the pcenrait3e InicreaSC Over the prevaous

between the acquisition cost (S8.600) and year in terms vif annual coil. It has been found thatI
the amount shown on Line 2. On Line 10 once the annual .:CSL begins to increase, the
enter the total cost fronm Line 7; on Line 11. picrcenta-ee in,:e~c tacti year it approxmnately
the average annual replacement cost doublc that of the prec-rous )car. This rule of thumb]
computed in the Rtyplacing Unit Section, on will help you c:heck the esinates in Columns 2 and 3.
Line 12. the difference between Lin~es 10 and An earning rate, as indicated on Line 13. is

11. On Line 13 enter the earning ratc. which reasonaably sure to rezeive favoarahle consideration
hs determined by dis~ding the earning shown when it raitges between 10 and 1S percent. famrinig
on Lute 12 bv' the net investment shown oar rates greater than IS percent are considered good
tine 9. investments in almo;t an Iii of business.

e. For entici on Lines 4, S. 6. under the The example ilustrated represents th.3 usual
colunin heading 'Caurrent Year." refer to the problem encountered %'hen analyzing trucks .rnd all

Equipmnent Replacement Data Listings (Fig. types of of f-highway equipment. Replacemnent studies
25) for the 6-month period of that year. involving sedans and station wagons frequently
Doubling the amnounts sblown on the listing indicate piofitable rcpla ;ernns after unusually short
for operating and downimne cost will be safe penreds of ownership.
enough, since this will be slilghtly on ihe There is a much higher demand for used
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passenger cars than for odlice types of motorized I year. This is particularly true of passenger cars
equipment. As a reull the capital shrinkagc rate may subject to high usage. For similar reasons, it
be substantially lcss. frequently is found that the purchase of

Governments art in a particularly favorable "top-of-the.line" pIssenger cars represent a lower
position to take advantage of ili siLuation since they ultimate cost to the government than strpped-down
usually are spared the taxc on new purchascs that are models of the same class.
imposed on private huyers. So it is not unusual for Accordingly the fleet administrator should
governments to experience a first-year depreciation constantly be aware of the used passenger car market.
rate as low as IU percent. Several publications provide this information.

The same type of ieplacement analysis applies to In summary, it can be stated that savings which
the passenger vehi le. As a re-ult of the conditions accrue from a replacement pol:cy based on economic
discusi'ed above, it is found that a favorible earning analysis will offset several tim,:s over the entire cost
rate (btcause of the low net investment) will occur of the record systems discussed herein.
and jusify seplaceient after as brief an ownership as

I
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APPENDIX G

RESEARCH HYPOTHESIS
STATISTICAL RESULTS AND

MATHEMATICAL COMPUTATIONS

The purpose of this appendix is to provide the mathe-

matical results and statistical computations used in evalu-

ating the research hypothesis.

This appendix is divided into two parts: Appendix G-1

contains the calculations for the vehicles which were cate-

gorized by age; Appendix G-2 contains the :alculations for

the vehicles categorized by accumulated mileage.

Within each division, there are five parts:

a) Average Miles per Vehicle Driven

b) Cost per Mile Driven for Period

c) Direct Labor Hours per Mile per Period

d) Vehicle Out-of-Commission (VOC) Rates

e) Vehicle Down for Parts (VDP) Rates

For the statistical analysis of the variables in this

appendix, a confidence level of 0.95 was used. This confi-

dence level means that the researchers are confident that

the null hypothesis will be false 95% of the time that it is

said to be false.

Preceding page blank 83
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APPENDIX G-1

AGE CATEGORIES

a) Dependent Variable: Miles Driven per Period per Vehicle

Independent Variables: Over Six Years Old

Six Years Old

Five Year- Old

Results

Independent Coefficient
Variable

Over Six Years Old 557.80
Six Years Old 755.65
Five Years Old 859.75

The results of the above analysis clearly indicate that,

as a vehicle gets older, it is driven fewer miles per month.

The following graph depicts the above results:
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200
100
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b) Dependent Variable: Cost per Mile per Vehicle I

Independent Variables: Direct Labor Hours per 1000

Miles

Over Six Years Old

Five Years Old

Results

Independent 2
Variable Coefficient F to Remove

DL Hours per 1000 Mi 0.005902 9114.15 .9757
Over Six Years Old -0.030832 0.14 .9815
Five Years Old 0.130626 2.59 .9819

Constant 0.065312

Of the three independent variables analyzed, neit-hcr

age variable was statistically significant at the 95%

confidence level (F critical = 3.90). Furthermore, the

age variables together accounted for only 0.62% of the

explained variation4

! !I
!I
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c) Dependent Variable: Direct Labor Hours per 1000

Independent Variables: Over Six Years Old

Six Years Old

Results

Independent
Variable Coefficient F to Remove R

Over Six Years Old 110.170427 0.98 .0085
Six Years Old - 1.625038 0.00 .0085

Constant 7.139582

Although there is a considerable rise in the coefficient

for the vehicles over six years old, neither variable tested

statistically significant to predicting the value of the

dependent variable. In addition, neither age variable

contributed significantly to the explained variation.

I
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d) Dependent Variable: Vehicle Out-of-Commission (VOC) Rate

Independent Variables: Over Six Years Old

Six Yearn. Old

Results

Independent
Variable Coefficient

Over Six Years Old -0.668083
Six Years Old 2.851372

Constant 4.612083

Statistical tests were not performed on this regression;

rather, the interaction between the coefficients was studied

to determine if a vehicle over six years old experienced

significantly higher out-of-commission rates. The

researchers recognize that the VOC rates are dependent on the

miles driven for the period; however, with the data available,

there does not appear to be a significant increase in VOC

rates as a vehicle exceeds the age of six years.
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e) Dependent Variable: Vehicle Down for Parts (VDP) Rate

Independent Variables: Over Six Years Old

Six Years Old

Results

Independent
Variable Coefficient

Over Six Years Old -0.897667
Six Years Old 0.920879

Constant 1.771667

Statistical analysis was not performed on this regres-

sion; rather, the interaction between the coefficients of

the deperdent variables was studied to determine if a

vehicle over six years old experienced significantly

greater out-of-commission rates because of parts nonavail-

ability. While the researchers recognize that the VDP rates

are dependent on the number of miles driven for the period, 1
the results of the analysis indicate that there does not

appear to be a significant rise in the VDP rates for vehicles

over six years old.

-4 I
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APPENDIX G-2

MILEAGE CATEGORY

a) Dependent Variable: Miles per Vehicle per Period

Independent Variables: Over 72,000 Accumulated Miles

Over 60,000, less than 72,000

accumulated miles

Over 48,000, less than 60,030

accumulated miles

Results

Independent
Variable Coefficient

Over 72,000 accumulated 1155.58
miles

Over 90,000 less than 1091.1972,000
Over 48,000 less Lhan 1453.48

60,000

As was evident in the vehicles categorized by age (see

Appendix G-l); the vehicles with more miles accumulated are

driven fewer miles per month. It is recognized that it is

common practice to send newer, less used vehicles on tzips

off-base involving gredter distances than on-base use. It

is still impossible to draw a meaningful comparison between

vehicles using rates per month when the mileage driven per

vehicle varies so greatly.

I

L
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The following graph depicts the above figures:
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I))fl~)Ci~c'f t\i'Y1ublC:Cost pc--r Mile per Vehicle

Ovc--i 7 2,00 CiiOz Aocu,.ated

Botween 4P-60, 000 )\ccumulatced

M~i1cs

1e :u3 Is

V ar ia bIe Co c ,ffi c j011L j' to Rer,cve

D-r Lah lirfi/i 000 0.022947 197.66 0. 5480

Over 72,000 0.lc O001.1,5 C. 00 0. 5512
4 8- 60. 0 00 M j '1 0 10', 206 0. (4q 51?

Neither accumulated meaevar-iible prux'ed to be

statistica11v significant at th2? 95 co~nFlIrence level

(F critical = 3.90). 'NeiLher variable contrih-uteud to the

ox :1ained v'ariationl in the regre-ssionr cuation.
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c) LbpoiJlu l t \,.iab.:C: Direct IH:nl ours per 2000 Lliies

indcpe:(ct Variabl es: Ovr 72, 000 Accu!r-uated 1i- les

Bet ween 60,00U-72,000 Miles

PC S u'Ii is

I ndcuc .;icxit

Variable, Cooffic ent F to )zlCove R

Over 72,000 3 ezs 2.045718 5.8 0.033
Between 60-7: 000 1 0. 62i531 0. 51 0.036

Co.ns I- a -L 3. 429281

In thi.; aia) ysis, the fact that a vehicle had accu:,iu-

lat. i cA'er 72,000 miles .:as stati.sticajlt s.-nificant at

th' 952 coIfidence I.-V._ (L;rticai 3.90). In addition,

the variablc "over 72,000 miles" accounted for over 3% of

the ex:.laincd variation. Considcration is then given to the

fact that the- vehicles which have accumulated over 72,000

miles aie driveri fewer miles per period than the vehicles

which have ac-cumulated fewer miles. If the higher mileage

vehicles haJ becn driven as many miles per period as the

lower milcagc vehicles, the statistical significance would

have been even ireator.



I) Dependent Variable: Vehicle OuL-of-Comi sion (VOC) Rat!c

Indc: one lent. \ai ) 1 e; Over 72,000 Accuiiul atotd Iiles

Between 60,000-72,000 1-ilcs

Results ]
I nd i-< I no '-: f O

Variahi e Coefficient
I

Ovui 72,030 '1 i, ; D -0.178959
Bct;-.'.cin 6t, 0CC-72,000 -0.870210

M i I c
Conlstant 10. 3 98 6 2

StatistaicAl analysi!- was not prformed on this regres-

sion; rather, the interaction of the vari.abie coefficients

. .,.diad tu ,,Lurmne if A vehi Ic ,..hich had accumulated

over 72,000 miles experienced more out-of-conmmission time

compared to a vehicle which had accumulatcd loss mileage.

The rcscarchors recogrLiZe that the out-of-conmission rates

are dependent on the number of iriles driven for the report-

ing period. The results of the analysis, however, indicate

that there dces not appear to be a significant rise in VOC

rates for a vehicle which has accumulated over 72,000 miles.

• -
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u) D;2i1:d~t VdriaIle: VehicIe Down for PartL.: (V)P) Rate

Ix1JcV.ndenl Variables: Over 72,000 mileas

Between 00, 000-72, 000 in ilcs

Re .< u I S

T ndCT-.L11'i(nt
Vari.bi e Coefficicnt

Over 72,000 r-._,les -2.717436
Between 60-72,000 miles -1.586736

Constait 5.344769

In this regression, the interaction of the vari.able

coefficients was studied to deterinine if vehicles accumu-

]atin, over 72,000 mjies e::v-crience more (-ot, ntime due to

parts nonavailability. Here, too, VDP rates are dependent

on miles driven per period; however, the analysis indicates

that there is no apparent rise in VDP rates for a vehicle

which has accumulated over 72,000 miles.

-i
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