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FOREWORD

This work was conducted for the Di rectorate of Facilities Engi-
neering, Office of the Chief of Engineers (OCE), RDT&E Army Program
6.27.3lA; Project 4A762731AT41 , “Design , Construction , and Operation
and Maintenance Technology for Mi l itary Faci l ities” ; Task 09,
“Facilities Operation and Maintenance ”; Work Unit 031, “Facilities
Engineering Equipment .” The OCE Technical Monitor was initially
Mr. F. Koettner, DAEN-FEB-E , who was succeeded by Mr. J. Mason,
DAEN-FEB-E.

The work was performed by the Engineering and Materials Division
(EM), U. S. Army Construction Engi neering Research Laboratory (CERL).
The CERL Principal Investigator was Mr. E. S. Lindow . Dr. G. Williamson
is Chief of EM. COL J. E. Hays is Commander and Di rector of CERL and
Dr. L. R. Shaffer is Technical Di rector.
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METHODOLOGY FOR ESTABLISHING
EQUIPMENT UTILIZATION
STANDARDS

1 INTRODUCTION

Problem Statement

The U. S. Army maintains more than 200 installations with physical
plants having a replacement value exceeding $65 billion. 1 Facilities
engineers are responsible for the maintenance and repair functions on
these installations , as well as for utility plant operation , fire pro-
tection , and other engi neering services. To accompl i sh their mission ,
facility engineers must manage equipment inventories valued at more
than $140 million. Economical and efficient use of this equipment
inventory demands contemporary management tools.

Background

Existing equipment management procedures have been reviewed by
several agencies,2 ’ including General Accounting Office (GAO), the
Amy Auditing Agency (MA), and the Office of the Chief of Engineers
(OCE). The problems identified through these reviews include :

1. Underutilization of some equipment

2. A lack of uniform and realistic utilization criteri a

3. Less than optimum distribution of equipment among installations

4. Use of equipment for other than the originally Intended purposes

5. A lack of cri teria for authorizing purchase

6. A lack of criteria for prioritizing acquisition requests

7. Diversion of operating and maintenance , Army (OMA) funds to
equipment acquisition

‘Faoilitiea Engineering Management Handbook (Directorate of Facilities
Engineering , Office of the Chief of Engineers , January 1976 [Draft]).

2lrffpro ved Inventory Management Could Provide Subetantial Economio~ forthe Army, LCD-76-205 (U. S. General Accounting Office, 21 Nov 1975).
3Deve loping Equipment Neede for Army Mieeione Requirea Conetant
Attention, LCD-75-442 (U. S. General Accounting Office, 10 May 1976).
‘F. Koettner, Memorandum for Record, DAEN-FEB , Ii Feb 1976.

7
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8. Requirement for extensive justification to procure equipment.

To improve equipment management procedures , a three-phase research
project was initiated . The project consists of the fol l owing elements:

Phase I--Development of a uniform procedure for establishing
realistic equipment utilization standards. These standards will pre-
scribe the minimum usage required for equipment retention as well as
optimal usage as a goal to minimize equipment ownership cost.

Phase lI--Development of Tables of Allowance which can be used to
identify the required minimum essential equipment fleet based on in-
stallation size, mission , and location and on the strength and capabili-
ties of the organization.

Phase 111--Development of an automated equipment inventory system
which will provide data retrieval and analysis capability at Department
of Army (DA), major comand (MACOM), and installation levels.

Pur pose -

The purpose of this report is to address Phase I of the project;
i.e., present a methodology establishing uniform , realistic equipment
utilization standards.

Approach

Phase I of this study involved reviewing and evaluating existing
Army equipment management policy ; investigating the needs and capabili-
ties of Facilities Engineers (FE) in equipment management; developing a
rational basis for establishing equipment utilization standards ; testing
and evaluating the methods on a sample of equipment; and presenting the
equipment utilization management procedures for implementation by the
Army.

This report suninarizes these accomplishments and discusses the
mathematical and computerized techniques developed. Details of the
mathematical methods are contained in the appendices .

Scope

The methodology developed in this study applies to the management
of all types of equipment. However, since the goal of the project is
to establish utilization standards for equipment in the Army Facilities
Engi neering Inventory , the assumptions , data col lection procedures,
and application of the methods are speci fically directed to that end .

8
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Technology Transfer

It is anticipated that the results of this study will be used in
establishing minim um and objective equipment utilization standards.
Their develi..,ment will have an impact on Army Regulation (AR) 310-34,
Equipment Authorization Policiea and Criteri a, and Common Tablee of
Allowance.
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2 EXISTING MAINTENANCE AND SERVICES
EQUIPMENT POLICY

Definition

Maintenance and Services (M&S) equipment is defi ned in AR 42O-83~as fol l ows:

M&S equipment includes all i tems of mobile equipment or
special purpose vehicles and/or equipment with an end
item acquisition cost of $1 ,000 or more which are used to
accomplish facilities engineering functions. M&S equipment
consists of the followi ng :

a. Mobile equipment. Mobile equ ipment is construction !
maintenance type equipment , power-operated , power-drawn , or
power propelled as differentiated from fixed or installed
equipment .

b. Special purpose vehicles . Vehicles which do not
meet the definitions of mobile equipment but which ar~specially confi gured for the accomplishment of the facilities
engineering mission and are not normally used for a’~.1ministra-tive support of other installation activities .

Summary of Applicable Publications

Numerous Department of the Army (DA) publ i cations have an impact
on the management and operation of M&S equipment. This section lists
the principa l publications and summarizes their impact on FE policy .

General

AR 310-34, Equipment Authorization Po licies and Cri teri a, and
Cctinmon Tables of Allowances (24 Feb 75), provides guidance on imple-
menting DA equipment allowance and authorization pol icy and prescribes
policy for including equipment in Tabl es of Distri bution and Al lowances
(TDAs).

AR 420-22 , Preventive Maintenance and Self He lp Prograjns (6 Jul
76), establishes preventive maintenance practices .

AR 420-10, FE--General ProVisions, Organization, FUflCtiOnB, and
Personnel (30 May 75), defines terms, policies , and operations of the
FE.

~Maintenanoe and Services Equipment and Facilities Engineering Shops,
AR 420-83 (12 Jan 76), p 1-1.

10



AR 11-28 , Economic Ana lysis and Program Evaluation for Resources
Management (2 Dec 75),  establishes DA pol icy for performing economi c
analyses .

AR 310-34, Equipment Utilization Management, establishes pol icy
and procedures for managing M&S equipment (presently in draft form).

Authorization

AR 310-49, The Army Authorization Documents System (10 Jun 75),
contains the basis for authorizing acquisition of M&S equipment.

Equipment Rental —

AR 420-83, M&S Equipment and FE Shops (12 Jan 76), permits equip-
ment rental when more economical than ownership. It gives a procedure
for performing the economic comparison.

Equipment Pools

AR 420-17, Real Property and Re8earch Management (13 Dec 76),
authorizes l oaning pooled equipment to other operating agenci es.

Interservice Support Agreements

AR 1-35 , Basic Policies and Princip les for Interservice, Interde-
pa rtmental, and Intera gency Support (29 Jun 73), authorizes the inter-
change of M&S equipment between DOD activities and meighboring federal
agencies within a 25-mile radius.

Acquisition

AR 420-17, Real Property and Research Management (13 Dec 76),
describes both acquisition and disposition procedures. It also lists
controlled items of M&S equipment (see AR 420-30, Supp lie8 and Equipment,
for additional information on controlled i tems).

AR 725-50, Requisitioning, Receipt and IsBue System (28 Jun 74),
describes the procurement process.

AR 750-1, Army Materiel Maintenance Concepts and Po licies (1 May
72), along with other ARs in the 750 series , prescri bes required mainte-
nance of M&S equipment .

Supp ly  Bu l l e t in  (SB)700-2 0,  Army Adopted/ Other Items Selected
Authorization/List of Reportable Items (Jan 77), is a supply bulletin
listin~ all Army-adopted M&S equipment as wel l as unit prices .

11
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Records

AR 420-83, M&S Equipment and FE Shops (12 Jun 76), describes usage
rates for job accounting purposes .

Technical Manual (TM)38-750, The Army Maintenance Management Sys-
tem (TAMMS) (Nov 72), presents requirements for operational , maintenance ,
and historical record keeping .

AR 420—16, Facilities Engineering Report8 (27 Jan 77),  specifies
reporting requirements for M&S Equipment.

Surveys

AR 570-7, Equipment Management: Equipment Survey Progra m (30 Jun 75),
describes procedures for conducting equipment surveys at installations to
ascertain equipment requirements.

Equipment Utilization Program

The purpose of an equipment utilization program is to obtain optimum
use and efficient management of equipment so as to meet mission re-
quirements with the minimum possible inventory. Equ i pment utilization
management programs have been established in U. S. Army Development and
Readiness Command (DARCOM), U. S. Army Training and Doctrine Command
(TRADOC ) , and U. S. Army Forces Command ( FORSCOM) through individual
MACOM regulations. 6 8  An Army-wide management program is presently in
draft form.’ Although slight differences exist In the utilization cri-
teria, the basis for all of these programs is identical .

In essence, each program establishes utilization criteria (minimum
and objective) for selected categories of M&S equipment. The usage of
each piece of equipment in an installation ’s i nventory is recorded and
sumarized quarterly. This usage is then converted to utilization and
compared with the minimu m standard . Equipment which does not meet the
minimum utilization standard should be declared excess (i.e., turned in
to the Property Disposal Office for redistribution or salvage) or its
retention should be justified . The objective utilization standard is
not a decision criterion but a goal for effective equipme,it ownership.

blnetallation Equipment Management Program, AMC (DARCOM) R700 64
(20 Dec 1974).
‘Utilization of Maintenance and Services Equipment, TRADOC Regula-
tion 420—4 (30 Nov 1973).

8Utilization of Maintenance and Services Equipment, FORSCOM Regula-
tion 420-4 (6 Dec 1973).
‘Equipment Utilization Management, Change in Chapter 5 and Appendix F
of AR 310-34 (1976).

12
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Terms which apply to these programs are defined below .

1. Utilization . The normal operation or use of M&S equipment
for the purpose for which it was designed and obtained expressed in
hours of operation.

2. Utilization cri teria. Standards of use as established for
specific M&S equipment i tems.

3. Objective utilization cri terion . The percentage of utiliza-
tion considered as a reasonable goal for each item of equipment.

4. Minimum utilization criterion . The lowest acceptable per-
centage of utilization for an item of M&S equipment without documented
justification for its retention.

5. Percentage of utilization . The time an i tem is effectively
used during a specific time frame expressed as a percentage of a given
base figure, less ma intenance downtime.

6. Maintenance downtime (MDI). MDI commences wh€~n equipment is
turned in to the FE organization ’s maintenance shop for preventive
maintenance and/or other repair servi ces, including support maintenance ,
and ends when the i tem is reported ready for return to the user.
Normal preventive maintenance performed by the operator is not con-
sidered MDT. MDI is computed and expressed in hours during the normal
40-hour work week.

Utilization Criteria

The selected categories of equipment and their respective utili-
zation criteria are summarized in Table 1 for each of the existing
programs. Although there are some di screpancies, this comparison illus-
trates the general uniformity of existing cri teria in the four regula-
tions . This uniformi ty has resulted from the adoption of the original
standards established by AMC (now DARCOM) more than 10 years ago. These
original standards were developed by panels based on experience with
the various equipment categories . Revisions and additions to these
standards have been made purely on “engineering j udgment.” Thus , the
existing criteria are based on totally subjective assessments.

Percentage of Utilization

Percentage of utilization is calcu ’:ated for each piece of M&S
equipment quarterly. Actual equipment sage , -in hours, is converted
to utilization percentage through the following formula:

13
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% utilization = 
actu~~0

h~~~s used ~ [Eq 1]

where 500 = the total hours per quarter (based on 8 hours per
working day )

f’VT = maintenance downtime

5004VT = the hours per quarter the equipment was available
for use.

The definition of “actual hours used ” is critical to the uniform
application of Equation 1. Past reviews 1 0  of installation records showed
that three separate definitions were in use:

1. The number of hours that the equipment was actually operating

2. The total number of hours that the equipment was on a job
site

3. The number of hours from the time the equipment left the yard
(normal storage area) until it returned to the yard.

To alleviate this situation the following definition was proposed
for inclusion in AR 310_34 : h 1

The use of Facilities Engineering M&S Equipment will be
reported for actual operating time, transport time) and
limited delays (e.g., road roller waiting for asphalt to be
spread, or a loader waiting for a dump truck while at the
job site). Storage time at the job site for convenience
purposes will not be reported .

Dvsadvantagee in Existing Progr am

The major disadvantages In the existing equipment utilization
• program are related to the manner in which the utilization standards

were established anc~ to the method of calculating the percentage ofutilization.

The present utilization standards were established subjectively.
Thus , no rational basis Is provided for reviewing and updating the

‘~Dispositlon Form, Subject: Facilities Engineering M&S Equipment
Utilization Reporting, from DAEN-FEM-F to DAEN-FEB (19 Dec 1975).

~ D1sposition Form, Subj ect: Facilities Engineering I4&S Equipment
Utilization Reporting, from DAEN-FEM- F to DAEN-FEB (19 Dec 1975)
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standards nor for developing standard s for new equipment. Since equip-
ment cos ts , models , and productivity rates are constantly chang ing , a
rational basis for establishing realistic utilization criteria is a
necessity .

The drawbacks in computing the percentage of utilizatio n are
illustrated by the following two examples .

First , consider two bulldozers wi th the following utilization
data.

Bul ldozer A Bulld ozer B

Hours used 100 Hours used 200

MDI 300 MOT 0

Utilization 50% Utilization 40%

Bulldozer A was used only one-half as much as B. It was down 60 percent
of the time, while B was not out of coninission at all. Yet bulldozer A
has a higher percentage of utilization than B. Carrying this example
to the extreme, a piece of equipment could be used 1 hour , be down the
remaining 499 hours , and have a utilization of 100 percent. (Note that ,
using Equation 1 , if the equipment is down for the full quarter, its
utilization percentage becomes indetermi nant.)

The second example involves lawnmowers in various parts of the
country.

Texas Lawnmower Minnesota Lawnmower

Hours 500 Hours 200

MDT 0 MDT 0

UtilIzation 100% Utilization 40%

In this case, both l awnmowers were used as much as necessary during
the quarter. However, because of differences in growing seasons, the
Minnesota l awmower has a significantly lower utilization percentage.

To rectify these disadvantages and provide a uniform , Army-wide
equipment utilization program , realistic procedures for establishing
and implementing utilization standards are necessary. The remainder
of this report describes a rational method of establishing utili zation
standards for M&S equipment based on the economics of ownership, and
the procedures necessary for Implementing these standards to provide
a uniform and sound management program.
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3 BASIS FOR DEVELOPING UTILIZATION
STANDARDS

An effective equipment management program requires two types of
standards governing equipment utilization. A lower limit, defined as
the minimum utilization standard , is set as a management decision cri-
terion to determine if the workload meri ts equipment ownership. The
second standard , defined as objective utiliza tion , is set as a manage-
ment goal which stipulates optimum use for equipment after ownership
is justified .

The purpose of these standards is first to assure that mission
requirements are accomplished with the minimum essential equipment
fleet and , second , to optimize use of equipment on hand . The under-
lying basis , then , for establishing utilization standards is to pro-
vide economy in equipment ownership within DA. Thus , an analytical
framework for establishing the standards must incorporate equipment
ownership costs in its foundation .

Owning and Operating Cost Model

The owning and operating 0&O cost for a piece of equipment is a
function of multiple parameters which include depreciation , investment,
maintenance and repair (M&R), and operating costs. By formulating a
general 0&O cost model based on these parameters, the total cost of
equ ipment ownershi p can be derived for any type of equipment. Appendix
A presents the theoretical development of the O&0 cost model and the
physical interpretation of each of the parameters. The resultant
mathematical expressions for each of the cost parameters are as fol l ows.

Depreciation Coat (D)

-a~L
0= 

- 

[Eq2 J

Investment Cost (V)

V = 
WI (l-e d) [Eq 3]

a~i Ld

Maintenanc e and Repair Coat (M)

M = KpkL~ [Eq 4]
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Operating Cost (P)

P constant [Eq 5]

where 0 = the depreciation cost/hour of utilization

— V = the investment cost/ hour of utilization

M = the maintenance and repair cost/hour of utilization

P = the operating cost/hour of utilization

I = the initial cost of the equipment

F = the ratio of imediate resale value to initial cost

Ld = the average retention period of that type of equipment
in years -

p = the utilization rate in hours per year

I = the interest rate during the period of utilization

a,K,k = cost coeffic ients to relegate the model to specific
types of equipment.

By combining these parameters , the equipment O&0 cost (C) can be
determined as a function of the equipment1 s utilization rate. The
0&O cost model is

C = D + V + M + P  [Eq6]

or , by substituting Equations 2 through 5 in 6,

- LI FT all d k kC = 
— 

+ ‘
~~~ (1—e ) + Kp Ld [Eq 7]

a P L d

From Equation 7, the 0&O cost for a type of equipment can be
determined for any utiliza tion rate p when the equipment is retained for
Ld years . This computed 0&O cost is the cumulative cost in dollars per
hour, i.e., the total 0&O cost divided by the total number of hours of
utilization. The following section presents the procedure for employing
the O&O cost model in establishing minimum and obj ective utilization
standards for M&S equipment. 
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Minimum Utilization Standard

The minimum utilization standard is the lowest l evel of equipment
usage which would merit ownership (exclusive of special items , the
retention of which must be supported by documented justification).
Then, from a cost standpoint , the minimum utilization standard is the
utilization rate below which it would not be economically justifiable
to purchase or retain the equipment. Since the work on which equipment
utilization is predicated must still be performed , this definition
implies that an alternative means of access to equipment may be more
economical than ownership. The general alternative to owning equipment
is renting or leasing * it. Thus , the minimum utilization standard will
be that rate at which the cost of owning and operating the equipment
will be less than or equal to the cost of renting the same type of
equipment , i.e., cost of owning ~ cost of renting . Since the user ’s
cost for renting includes the equipment rental rate (R) and the operat-
ing cost (P), the minimum utilization standard , in terms of the 0&0
cost model is

D + V + M + P � R + P  [Eq8]

Then, from Equation 7, the minimum utilization standard is the utili-
zation rate which satisfi es the relationship

-ap . I -ap.,,. L
F mm d~ ~

FT11 t , , lf l  d~~~~
- e 

L + 
1 £~ I-e 

2 + KUF.. L~ R [Eq 9]
~‘min d allmjn Ld 

mm

where the operating cost (P) is cancelled out.

Objective Utilization Standard

The obj ective utilization standard is a goal for optimal equipment
usage. In economical terms , it is defined as the utilization rate at
which the cumulative cost of owning and operating the equipment would be
minimized . This concept Is illustrated in Figure 1. As the hours of
utilization increase , the cumulat ive costs for investment and deprecia-
tion decrease (in accordance with Lquations 2 and 3). However, the
M&R costs concurrently increase (in accordance with Equation 4). Thus ,
the cumulative 0&O cost will decrease to a minimum point and then in-
crease as the M&R cost becomes dominant. This minimum point is the
objective utilization standard , 

~obj

*The term “rent ing” will be used to represent e i ther renting or leas ing.
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UTiLIZATION RATE (HR/YR)

Figure 1. Typical equipment cost curves .

Mathematically, from Equation 7 , the obj ective utilization stand-
ard is the utilization rate 

~obj 
which satisfies the equation

I 1 F 
-auOb~

Ld 
~F 

-aUOb~
Ld k k• Cmin = 

( - e  
.L + 

m I(l-e ) + Kp0~~L~ + P [Eq 10]
obj d auOb~

Ld

This rate can be determined from the solution of the partial differential

-auLd(.~.c ) 
— 

(.
~

) 
— ~I(l-Fe ) 

+ 
iFI (l e 

+ KpkLI
~ + p — ] 0

~ ~‘~~obj ~ M~ ’obj ‘~ d aU2Ld 
d 

~~
11obj
[Eq 11]

where, in differentiating the equation , the constant P is dropped . The
possibility that the minimum O&O cost will correspond to an unrealistic
utilization rate should be noted . This situation can occur when the
equ ipment has a high initial cost and relatively low M&R cost. In this
situation , illustrated by Figure 2, a maximum realistic utilization rate
(p ’) is assumed as the objective utilization rate . For this study , p ’
is taken to be 2000 hours/year (i.e., the rate if the equipment is used
8 hours per day throughout the year).
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UTILIZATION RATE (HR/YR)

Figure 2. Cost curves where 
~obj >
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14 PROCEDURE FOR ESTABL ISHING
UTILIZATION STANDARDS

Effect of Inflation

Since the component costs in the 0&0 model accrue at various rates
throughout the period of equipment retention , the effect of inflation
must be considered in app1ying the model. To provide a uniform basis
for analysis , equ ipment costs can be normalized to remove inflation
effects by discounting them to a present worth or to a worth in any
convuon base year. Although either method may be used in calculating
the utilization standards , discounting to a common base year was
selected in this study. This method was chosen because many equipment
data sources present costs in a manner which lends itself to discounting
by economic indices .* Procedures for discounting equipment costs are
given in Appendix B.

Categorization of Equipment

Since it is impractica l to establish utilization standards for each
model of every type of equipment in the FE’s inventory , equipment items
must be categorized by their inherent characteristics. Utilization
standards can then b~ established for each equipment category.

In defining equipment categories , the type, purpose , capacity ,
method of propulsion , and initial cost should be taken into account.
Considering these factors and using Appendix E of TM 38-750 as a list-
ing of the M&S equipment population , Table 2 was deve1oped as an
initial categorization of M&S equipment for which standards could be
developed .

An additional restriction to applying standards to M&S equipment
is the criticality of the i tem. Some pieces of equipment , termed
“dedicated ,” are requi red for health , safety , or other emergency situa-
tions (e.g., ambu l ances and fire trucks). Since this dedicated equip-
ment must be constantly ava i la ble , utilization would not be realistic
indicator of the need for the equipment. Thus, typical types of dedi-
cated equipment were omi tted from Table 2.

*Economjc indices are published by the U. S. Department of Labor ,
Bureau of Labor Statistics.
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Table 2

M&S Equ ipment Categories

ECC* NOMENCLATURE

N CONST RUCTION EQUIPMENT

NA Crusher , rock
Washing and screening plant

NB Mixers , Bitumi nous material
Mixers , concrete
Payers, concrete
Paving machine , Bituminous material

NC Ditching machine
Scra per , Earth-moving, towed

ND Tractor , FT, light
Tractor , Fl, heavy
Trac tor , Fr, medium
Trac tor , wheeled, DED

NE Grader, road, MTZD
NF Crane-shovel
NG Loader , scoop
NH Rollers , motorized
NJ Drilling machine

P MATERIAL S-HANDLING EQUIPMENT

PA Crane truck , ware house , 10,000 lb
PB Truck, lift fork
PE Trac tor , wheel ed, ware house

V SPECIAL—DESIGN VEHICLES

VC Truck , F. F.
VD Truck , hopper
VE Truck , maintenance
VF Truck , refuse
VJ Truck Tractor , 1 HC , 5 Ton, 4 X 2
VT Tra i ler, F. F. , Pump Water , 500 GPM

27
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Tabl e 2 (Continued)

ECC* NOMENCLATURE

I~ COMMERCIAL-DESI GN VEHICLES

IG Semitrailer , l owbed
IG Semitrailer , tank
IC Semitrailer , van
II Truck , cargo
IJ Truck , carryall
1K Truck , dump
IM Truc k, panel
10 Truck, stake
IP Truck, tank
IQ Truck, tractor
IR Truc k, utility
IS Truck, van
IT Truck , wrec ker

*ECC is the equipment category code from TM 38-750.
tEquivalent ECC i.e., the alphabetic part of ACVC (Army Comercial
Vehicle Code).

Calculation of Utilization Standard s

Each equipment category encompasses i tems from various manufac-
turers , as well as different models from a single manufacturer. Although
similar in thei r initial price , usage , and capacity , the O&O cost par-
ameters for all items within a category will not be identical. There-
fore , to establish unifo rm standard s for the entire equipment category ,
a procedure for calculating the standard s is required which reduces the
impact of cost parameter variation s within the category.

Figure 3 illustrates the calculation procedure used to accomodate
various equipment models within a s in9le category . This procedure
averages the Umln and ~ob 

for each model to obtain the utilization
standards for tñe equipmePlt category.

The required i nputs for calculating 
~~ 

and 
~ b~ 

for eac h model
are: m n 0 3

I, the initial price of the equipment model

Ld) the average retention period of the equipment

1, the interest rate

28
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R, the rental cost for the equipment model

F, the ratio of immediate resale value to I

a , the depreciation curve coefficient for that model

k , the M&R cost parameter exponent for that model

K, the M&R cost parameter constant for that model.

The input variabl es I and Ld are considered given for each equipmentmodel since they may be directly obtained from SB 700-20 (I) and
AR 310—34 (Id). The interest, i , is given as 10 percent for all equip-
ment categories (from AR 11-28). The rental rate , R , is the nationally
averaged rate for that model . The depreciation coefficients , a and F,
are computed from nationally averaged depreciation data for that model.
The M&R coefficients, k and K, are computed for individual pieces of
equipment of that model and the average values used in the calculation
of standards for the model .

Substituting these data in Equations 9 and 10, the average utiliza-
tion standards for that model can be determined . When standards for
an appropriate sample of models have been calculated , the arithmetic
averages are taken as the l1~j~ and Uobj for the equipment category .

Since M&R costs by model were unavailable on a national scale ,
an adequate sample of actual M&R cost data is necessary to define this
cost parameter. Optimal use of national data sources is made in de-
fining other input parameters. Proceeding in this manner , representa-
tive utilization standards can be established for each category of
equipment .

Cc~npu ter ized Solution

As discussed in the previous chapter , utilization standards from
Equation 9 (for the minimum standard ) and Equation 10 (for the objective
standard ) are computed . Since solving these equations manually becomes
cumbersome , a computer program was developed for computing the minimum
and obj ective utilization standards. The program is described in
Appendix C.

Sam ple Results

Utilization standards for several types of equipment were calculated
using the procedures developed in this chapter. Table 3 lists the
minimum and objective standards based on the O&O cost of the equipment.
Also shown in this table for comparison are the existing standards from
AR 310-34. The existing standards are given as a percentage; multiplying
this percentage by 2000 hours gives the utilization rate in hours per
year.

30 

—~~~~-- -— —— - • - - - - - - -V - -V  
~~~~~~~~~~~~~~~~~~~~~



Table 3

Sample Utilization Results

Minimum Utilization Obj ective Utilization

by O&O by AR 310-34 by 0&O by AR 310-34
Equipment Type Cost Model % hr/yr Cost Model % hr/yr

Trac tor , Fr, heavy 344 30 600 1013 50 1000

Tractor , Fl, light 286 30 600 1129 50 1000

Loader , wheel 361 15 300 1144 30 600

Roller , motorized 458 10 200 1126 25 500

Grader, road , 437 15 300 1485 30 600
motorized

Appendix D contains a detailed example of the application of the
calculation procedure devel oped in this chapter .

Sensitivity Analysis

In applyi ng a model to a real-worl d situation , the impact of
averaged , estimated , or possibly inaccurate input data must be investi-
gated. In establishing utilization standards, various input cost
parameters are requi red . As descr ibed in this report, these parameters
can be derived from historical records , nationa l averages , or other
published data . To determine the effec t that each parameter has on
the resulting minimum and objective utilization standard , a sensitivity
analysis was per-formed . The procedure employed and the results of the
analysis are provided in Appendix E.

From this analysis, the minimum utilization standard was deter-
mined to be sensitive to fluctuations in the rental cost. It also
demonstrated a sensitivity to I, and , to a lesser degree , to F. The
latter sensitivity is accentuated for equipment with a relatively low
purchase price. Wi thin the range examined , sensitivity to a, L

~
j, K,

and k is not significant. The variables R, F, and I, to which ii,njn
does exhibit a sensitivity , have the least probability of erroneous
selection since data sources on these variables are readily available.
Even when an average value is used (e.g., price of similar equipment
from severa l manufacturers or rental rate In di fferent geographic
loca tions) , the range of the Individual values for R, F, and I should
seldom exceed 10 percent. Thus, the model is capable of providing
realistic minimum utilization standards.

• 31

— —--——- - -- -— • — --—--- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 



~- • - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

The objective utilization standard is highly sensitive to k. It
exhibits some sensitivity to I , La, and K in the range exami ned and
negligible sensitivity to a and F. The sensitivity to k demonstrates
the necessity of obtaining representative data for M&R costs in order
to produce realistic objective utilization standards .

It should be recognized that , of the two utilization standards,
the minimu m utilization is more critical since it forms a decision
criterion (i.e., purchasing versus renting), while the objective is a
management tool . Al though precision of all inputs to the model is
essen tial , special consideration should be devoted to those variables
to which 

~‘min 
is sensitive .

Implementation of Utilization
Standards

Minimum and objective utilization standards , in terms of hours
per year, can be established rationally by using models developed in
this study. As wi th many economic analysis techniques , the availability
of historical cost records is the limiting factor in the precision of
the standards developed . Their precision can be enhanced by using
accurately recorded historical costs from a large sample of equipment
in each category . Where possibl e, this sample should include records
for each type or model of equipment covered by that category .

Because of the Army ’s large M&S equi pment inventory and the scope
of its reporting requ irements, Army records should be sufficient to
establish the necessary M&R cost parameters for each equipment category.
Pertinent M&S equipment records include:

DA Form 2400--Equipment Utilization Record

DD Form 314--Preventive Maintenance Schedule and Record

DO Form 2404--Equipment Inspection and Maintenance Worksheet

DA Form 2408-9--Equipment Control Record

DA Form 2408-1--Equipment Daily or Monthly Log

DA Form 2405--Equipment Maintenance Log

DA Form 4125--Time and Distribution Register.

The cos t parameters for investment, depreciation , and rental can be
adequately determined from nationally published sources, as descri bed
in Appendix A.

Equipment utilization standards developed using the procedures
of thi s report should be appl ied i n a manner simi lar to the exis ting
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policy (see Chapter 2). That is , utilization records should be kept
for each piece of M&S equipment , the actual usage should be compared
with the minimum standard to define underutilized equipment , and the
actual usage should be compared with the objective standard to aid
management in its goal of optimum equipment usage. The new utiliza-
tion standards , however , w ill be expressed in hours per year , and thus
their application will require that actual usage also be tabulated on
a yearly basis.

Actual usage on an hours-per-year basis will average out peak and
s lack equipment demands , thereby reducing the frequency wi th which
essential equipment must be justifi ed during slack peri ods. Also ,
this method will allow direct appl i cation of the standards to seasonal
equipment as well.

The actual equipment utilization should be tabulated monthly, with
the utilization rate being the usage for the immediately precedi ng 12-
month period . This procedure will provide equipment managers with
constant information on equipment utilization and thus provide more
frequent opportuniti es for employing management techniques to in~rov~overal l equ ipment utilization.

Reporting equipment utilization and justification of underutilized
equipment to higher echelons should be performed annually (semiannual
reports are now required). However, since utilization information
will be available monthly, conscientious management would dictate that
equipment that is consistently underutilized be identified and declared
excess as early as poss ible .

Applying utilization standards as prescri bed above will not in-
crease the FE manual record-keeping requirements. With implementation
of the Integrated Facilities System (IFS) at installations , manual record
keeping will actually be reduced since DA Form 2400 and Forms AMC l568-R,
TRADOC 590-R, and FORSCOM 590-R will become unnecessary.

Information contained in the present IFS equipment utilization
report is shown in Table 4. With only slight modification this report
can be adapted to the application of utilization standards as proposed
herein. The recommended report format is given in Table 5. The utili-
zation tabulation for year-to-date (YTD ) is changed to utilization
rate, i.e., actual use during the preceding 12-month period . Additional
columns are provided for the minimum and objective standards for each
piece of equipment and for identifying underutilized equ ipment. Al-
though maintenance downtime would no longer be included in computing
utilization , this information is retained in the report as a management
tool .
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5 CONCLUSIONS

The following conclusions can be drawn from this study :

1. Realistic utiliz ation standard s can be established for M&S
equipment based on an economic analysis of O&0 costs.

2. Necessary data for determining the utiliza tion standards are
available.

3. Utilization standards , given in hours per year, can be applied
uniformly to M&S equipment including seasonal equipment. Comparing
these standards to equipment usage for the immediately precedi ng 12
months provides advantages over the existing procedure.

4. Implementation of these standards will not requi re additiona l
record keeping by the FE.
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NOTATION

a Shape coefficient of equipment depreciation curve

C ($/hr) Cumulative cost/hr of owning and operating equipment

D ($/hr) Cumulati ve depreciation cost/hr of equipment

F Ratio of initial resale value to initial cost of equipment

H (hr) Hours of utilization equipment

HR (hrs) Depreciation period of equipment

I ($) Initial investment of equipment

K Scale coefficient of equipment maintenance and repair curve

k Shape coefficient of equipment maintenance and repair curve
(KS in computer program)

L (years ) Equipment life : number of years that equipment is to be kept

M ($/hr) Cumu l ative maintenance and repair cost/hr of equipment

O ($/hr) Cumulative operating cost/hr of equipment

S ($) Resale value of equipment

j.i (hrs/ Utilization rate of equipment: number of hours/year that
year) equipment is utilized

V ($/hr) Cumulative investment cost/hr of equipment
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APPENDIX A :

THEORETICAL DEVELOPMENT OF OWNIN G
AND OPERATING COST MODEL

The owning and operating (0&0) cost of a piece of equipment in-
clu des all expenditures , both fixed and variable , which can be at-
tri buted to the acquisition and use of that equipment throughout its
retention period. These expenditures are defined by the equipment
cost parameters: depreciation , i nvestment , maintenance and repair ,
and operating costs. In expressing O&O cost as a function of these
parameters , the cumulative cost per hour is used . The cumulative
cost per hour is the total cost (in dollars ) divided by the total hours
of utilization (in hours) for a given period of time . Since the ex-
tent of individual equipment utilization differs, the cumulative cost
per hour provides a uniform basis for comparison of 0&O costs.

In developing a model for equipment O&O costs, the effect of
i nflation must also be considered since costs accrue over several
years. Equipment costs can be normalized to remove inflation effects
by discounting them to a present worth or to an equivalent worth in
any given base year. Since many equipment cost data sources use economic
indices as published by the Department of Labor , Bureau of Labor Statis-
tics , this method of discounting costs to a base year will be employed
in the 0&0 cost model .

The following sections of this appendix present the mathematical
formulation of the 0&O cost model and the physical interpretation of
the component variables.

Model Formulation

Dep reciation Cost

Depreciation is the cost associated wi th the equipment ’s loss in
value due to usage and age. Total depreciation is the difference be-
tween the price paid for the equipment and the price obtained when the
equipment is sold or traded. Depreciation cost per hour is then the
total depreciation divided by the hours of equipment utilization .

V 
Several methods have been proposed for estimating equipment de-

preciation (e.g., straight line , declining balance , sum-of-the-year
digit). Each method employs an estimate of the equipment ’s life and
a formu’a for assigning a portion of the total depreciation to each
period in that life . In reality , however, the equipment ’s resal e value ,
and thus the total depreciation , Is dependent on factors In additi on
to age . The mechanical condition , manu facturer, geographic location ,
introduction of more efficient models, and economi c market will also
influence the resale value.

40
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To account for these factors , equation Al was developed to ex-
press the resale value (S) as a function of utilization hours (H).
Figure Al illustrates this relati onship. Since the resale value w i fl
never equal the initial investment (I), the ratio (F) of imediate
resale value at time of purchase to initial investment has been intro-
duced. In addition, the coefficient (a) is provided to account for the
rate at which the resale value declines. Thus , this relationshi p pro-
vides the flexibility of expressing resale value for any type of
equipment at any point in the equipment ’ s utilization life .

S = FIe
_aH 

[Eq Al]

where S = resale value at H hours of utilization,

H = hours of equipment utilization ,

I = initial cost of equipment including purchase price ,
delivery , service , etc .

F = ratio of resale value at H = 0 to the initial equipment
cost, I.

S

‘I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~ t)~~~~~~~~~~~~~~~~

Figure Al. Resale value as a function of utilization hours .

From~e~uation Al , tota l depreciation can then be expressed as
I - FIe a and the depreciation cost per hour (D) is

D = 
I_ FI~

-aH 
[Eq A2]

41 

— -V-~~~~ -
-

- V

~~~

-

~~~~~~~~~ S

V

.
.
. 

- -_

- I - - ~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~-- -- - —



The hours of utilization (H) can be expressed in terms of the equip-
ment ’ s utilization rate (u in hours per year) and the period the equip-
ment is kept CL in years ) by H = ~iL. Depreciation as a function of
utili zation rate Is then

r -apL
D = ~—~Ie V [Eq A33

Investment Co8 t

The investment cost for equipment typically inc ludes interest on
the money invested and all taxes , licensing, insurance , and storage
fees. For the government-owned M&S equipment being considered , the
stated fees are not i ncurred , but the interest on money invested must
be considered in accurately assessing O&O cost. Thus , the investment
cost would be the cumulative interest on the value of the equipment
over the period of its retention.

The method commonly used* for estimating this investment cost is
based on the average value of the equipment during its useful life .
From equation Al , the average value of equipment (S 

~ 
) can be determined

as fol lows : a g

= FIe
_aH

rH
= o’~ SdH = & FIe~~ dH

avg H H

... FI , —a H5avg - 
~~~ ~l-e

And i n terms of utilization rate ii

Say9 = 
~~r 

(l-e~~~ ) [Eq A4 )

The investment cost per hour (V) ,  when the interest rate is i, can
then be expressed by

V = iF~ (l~e~~~ ) [Eq A5]
a~~L

*pej rifoy, R. L., Construction Planning, Equipment, and Methods (McGraw
Hill , 1956), p 50.
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Maintenance and Repair Coat

Maintenance and repair (M&R) costs are those incurred to keep and
restore operational capacity of equipment. These costs occur irregularl y
throughout the equipment ’s retention period . Figure A2 i llus trates a
typical plot 0f actual M&R cost per hour versus utilization hours (solid
l ine). The peaks represent the instant at which the M&R is performed on
the equipment . To approximate this relationship the best-fit smooth
curve (dashed line) can be expressed by

M = K H k [Eq A6] -

where M = cumulative maintenance and repair cost per hour of utilization

H = hours of utilization

K = a scale constant

k = a sharp coefficient.

As a function of utilization rate, this becomes

M = KU~Lk . [Eq Afl

N

,
~~~~LACTUAL

UTILIZATION (NOUN$)

Figure A2. M&k cost vs utilization .
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Since each type and model of equipment will have a unique M&R
— cost history , the coefficients K and k are used to defi ne the curve

characteristics for specific equipment.

Operating Cost

Operating cost includes final , operator’s wage, and other costs
necessary for the equipment operation. These costs will vary slightly
due to mode of operation , geographic locale , and equipment age. How-
ever, in estimating the cumulative operating cost per hour , this
deviation becomes insignificant. Thus , for this analysis, the operat-
ing cost per hour is expressed by the constant P.

O~O Cost Model

The owning and operating cost of a piece of equipment, as a func-
tion of its utilization rule and retention period , can now be expressed
by integrating the previously discussed cost el ements as fol lows:

C = depreciation + investment + maintenance and repair
+ operating

C = D + V + M + P

T! 1  F —apL~ ~C T / 1  -apL~ k k= ~~ ‘ + ~~‘“‘~~~~~~ ‘ + ~~ L + P [Eq A8]
a p L

where C = cumulative 0&O cost per hour of utilization.

This model provides the cumulative O&O cost per hour for equipment
which is employed at an annual utilization rate of p for a period of
L years . Thus , the equipment O&O cost is dependent on both p and L.

Figure A3 can be used to illustrate the interrelationship of C, p,
and L in equation A8. For a given value of life, section A-A shows
the relationship of O&0 cost to utilization rate . Similarly, at a
given utilization rate, section B-B shows the relationshi p of O&O cost
life or retention period . This figure demonstrates that there is not a
unique combination of p and I for each O&O cost, and thus the solution
of equation A8 will requi re that either p or L be known .

Since the O&O cost model was developed for establishing utilization
standards, the equipment retention period , L, must be specified in order
to obtain O&O as a function solely of utilization rate in equation A8.
For plann ing purposes, DA has established “years of useful l ife” for
M&S equipment (see Table 1 in text). This life for each equipment type
was determined from experience and manufacturers ’ recomendations as
the average number of years the equipment can be expected to be used.
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Applying these values as the equipment design life (Ld) in Equation 9produces the following equation in which O&O cost can be solved as a
function of utilization rate.

-auLd
C = I(

l_Fe
L 

) + 
iFI(l-e ) + KpkL~ + ~ [Eq A9]

a PL d

Parameter Interpretation

The previous section identifi ed the parameters in the O&0 cost
model and presented the theoretical formulation of the model . This
section defines each of the variables composing the cost parameters
and presents sources of data acquisition and procedures for interp ret-
ing the parameters quantitatively.

Depreciation Cost

The depreciation cost (D) was given by Equation A3 as
-apL

~~_ I-FIe —

Thus , to determine depreciation cost requires that the variables I, L ,
a, and F be known .

The initial cost of equipment (I) includes purchase price and
del ivery and service costs. For each model of equipment , I can be

V precisely determi ned from manufacturer’s price quotations , the Green
Guide,* or other s i m i l a r  sources. This cost must then be discounted
to the base year of the analysis by economic indices as described in
Appendix B.

The equipment retention period (L) is the time in years over which
V the equipment will be used . As described in the previous section, for

this application of the O&O cost model , the retention period is assumed
to be the average number of years the equipment will be kept in use.
This period is given for M&S equipment categories in AR 310-34 and is
defined in the 0&O cost model as design life Ld. For equipment not
listed in AR 310-34, manu facturer ’s recommendations may also be used to
determi ne Ld.

The depreciation curve coefficient (a) and the ratio (F) of
immediate resale value to initial cost can be determined from resale V

*Natlonal Research and Appraisal Company , Green Guide: The Handbook of
New and Used Construction Equipment Values (Equipment Guide Book Co.,
1 977).
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value data. The resale value (i.e., the dollar value obtained by sale ,
trade—in , or salvage of the equipment) must be obtained at various
hours of utilization and discounted to the base year of the analysis.
A semi log plot of these data , as shown in Figure A4 , results  in a
linear trend and can be expressed by Equation Al:

S = FIe~~
The slope of this function is a log e, and the intercept on the resale
value axis is F!.

~ ri 
�~~IL~, 

... $LOPE ‘0.4343 a

HOURS OF UTLIZAT~ N (UNEAA SCALU

Figure A4. Resale value vs utilization.

By selecting two values of utilization (H1 and H2) and their correspond-
ing resale values S1 and S2, the deprec i at ion coeffic ient a can be
determined as follows :

lo g S1 = log Fl - aH 1log e

log S2 = log Fl - aH2log e

log S1 - log S2a = iog e (H
2-H1)

log S - log S
or a - -O.4343(H1-H21 

q

Knowing a, F is determined by finding the value of S3 at H3 = 0.

log S3 = log S2 + O.4343(a)( H2 ) [Eq A l l ]
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S
3F = T [Eq A12]

The required resale value -utilization data can be obtained from
historical records, the Green Guide, Construction Equipment Cost Guide,*
or similar sources. In determining the best-fit straight-line rela-
tionship for the plotted data, some scatter in the data points can be
expected at very low and very high utiliza tion. However, withi n the
range where normal trade-in would occur , typical data exhibi t a linear
trend. For this reason , in determining the coefficient a, values for
utilization should be selected within the intermediate range. When
large amounts of data are to be analyzed , a computerized regression
routine may be used for these computations.

Investment Cost

The investment cost (V ) was defined in Equation A5 by

— iF I  ,
~ 

—apLV - —a--- ~.-e
ap I

The variables F , I, I, and a are determined as described in the previous
section. The i nterest rate , i, used in this study is iO percent as
specified in AR 11-28 , Economic Analysis and Progra m Evaluation for
Resource Management.

Maintenance and Repair Cost

The maintenance and repair cost (M) was defined in Equation A6 by

M = K H k 
- -

The coefficients K and k must be determined for each type of equipment .
These coefficients can be empirically determined from historical M&R
records. A log-log plot of M&R cost data (discounted to the base year
of the analysis as per Appendix C) versus utilization hours produces
a linea r trend , as shown in Figure A5, where the slope is k and the
intercept on the M&R cost axis is K.

*Neely, ~~ár , Jr., Cons truction Equipment Coat Guide, Technical Report
P-52 Basic Introductjon/ADA01 6788; Vol I/ADAO17271 ; and Vol II/ADAO1 691O
(U.S. Army Construction Engineeri ng Research Laboratory [CERL], Nov 75).

_  _ _  
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Figure A5 . Log-log plot of M&R cost/hour vs utiliza tion.

By selecting two values of utilization (H1 and H ) and their corres-
ponding M&R costs, k can be calculated as follow~:

log M
1 

= log K +  k log H1
log M2 = log K =  k log H2

log M2 - log M1k = 1og H2
_ log H1 

[Eq A13]

Knowing k, K is computed from

l o g K = l o g M1 - log Ill
K = antilog (log M1 

- k log H1 ) [Eq A14]

The M&R cost-utilization data can be obtained by collating his-
torical records from similar equipment . If these records are unavail-
able, national averages from the equipment industry* coul d also be

*For example , from the Caterpi llar P erfor in1~nce Handbook , 7th edition
(Caterpi llar Tractor Co., 1976).
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used. Since data scatter can be expected at low values of utilization ,
in computing K and k, utilization values in the better-fitting midrange
should be selected.

Operating Cost

The operating cost (P) was defined as a constant for each type of
equipment in the O&O cost model . It inc ludes operator ’s wage , fuel ,
and lubri cants . The operating cost can be determined from histori cal
records, or from national averages given by manufacturers , from Eng ineer-
ing News Record, etc. However, in applying the 0&O cost model to
establishing utilization standards for equipment, the operating cost
does not enter into the analysis (see Chapter 3), and thus quantifi cation
of this constant is unnecessary for the purpose of this study. 



APPENDIX B:

PROCEDURE FOR DISCOUNTING
EQUIPMENT COSTS

As described in Appendix A , the equipment costs used in the O&0
cost model must be discounted to account for the effect of inflation
and provide for a uniform basis of comparison . The method used to
discount costs employs economic indices as published by the Department
of Labor, Bureau of Labor Statistics. Table 81 is a sample of pre-
vailing economic indices for construction equipment.

To illustrate the use of the indices , consider a heavy tractor pur-
chased in 1 966 for an initial price of $41,900. If the base year for
the analysis is 1975 (i.e., all costs in the 0&0 cost model wil l be
equated to their dollar value in 1975), the initial price (I) of the
heavy tractor in 1975 dollars would be

= 
Econ Index (1975) I = 188.3 (~“~1 9Q~~ = $82 3571975 Econ Index (1966) 1966 95.8 ‘~ ‘ ‘

Note that the yearly economic index is an average index for that year.
If costs are tabulated monthly, the individual month’ s index should
be used.

In applying the 0&0 cost model , the initial price (I), the resale
values (5) at various utilization times , and the maintenance and repair
costs (M) for various periods of utilization must be discounted to a
base year. They can be discounted by applying the general formula:

Discounted Cost = 
~~~~~ t a Ct. ~ost~year) 

x Actual Cost [Eq Bl]

This formula can be easily applied to discount initial price and
resale value data . However , the maintenance and repair costs used ‘in
the O&O model are expressed in terms of the cumulative cost per hour.
Since M&R cost data are usually tabulated as the total cost in each year
of equipment operation , a preparatory step to reduce these data to a
cumulative cost per hour (i.e., cumulative costs to that time divided
by cumulative utilization to that time ) is necessary rior to applica-
tion of Equation Bi.

To facilitate the mathematical manipula tion of maintenance and
repair cost data , a computer program has been developed to discount
the data directly. This program, TRNSFM , is written in FORTRAN IV and
operates on a CDC 6000 series computer. It can be easily modi fied for
use on other ‘~omputers. The program listing is given in Figure Bl.
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The necessary i nput for the program is shown in Figure B2. The data are
i nput as integers except for card 1 (alphanumeric) and card 5 (real
numbers). Cards 1 through 5 are repeated for each piece of equipment in
the analysis. A blank card must follow the final input card . Typical
output of the program is shown in Figure B3.
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PROGRAM TRNSFM(IPIPUT,OUTPUT)
REAL X(l6),Y(16),IND(16),CIJM(l6),RES(16),CHR( 16 )
INTEGER NAME(8) ,BLANK
DATA BLANK!” “I

5 50 READ 100,(NAME(I),I=L ,*)
100 FORMA T( 8A10 )

IF(NAME( l  ) .EQ .BLA NK)ST OP
READ 15O,NUMBE~(150 F ORMA T(I l O)

10 READ 200 ,(HR(I),I=l ,l6)
200 FORMAT(l6F5.O)

RE A D 300 , (X ( I ) , I=l ,l6)
300 FORMAT(l6F5.O)

READ 350,(IND(I),I=l ,16)
15 350 FORMAT(16F5.O)

DO 600 I=l ,N LJMBER
Y(I)=x(I)/IND (I)
IF(I.EQ.l)CUM(I)=Y(I)
IF( I. NE. l)CUM( I)=Y(I)+CUM( I—i)

20 IF(I.EQ.1)CHR(I)=HR( I)
IF( I. NE. l)CHR( I)=HR( I)+CHR ( I—i )
RES( I )=CUM( I )/CHR(I)

- 600 CONTINUE
PRINT 700,( NAME( I ) ,I=l ,8)

25 700 FORMAT (///,lOX ,8AlO)
PRINT l000,( HR(I),I=1 ,NU MB ER)
PRINT 1100,( X ( I ) ,I=l ,NUMBER)
PRINT 1200,(IND(I),I=l ,NUMBER)
PRINT 1300,( Y(I),I=l ,NU MBER)
PRINT 1400,(CUM(I),I=1 ,NUMBER)
PRINT 1 500,(CHR( I ) ,I=l ,NUMBER)
PRINT 1600,(RES( I ) ,I+1 ,NUM BER)

1000 FORMA T(” HOUR “ ,16F8 0)
1100 F0RMAT~” COST “ ,16F8 0)

35 1200 FORMAT(” INDEX “ ,l6F8 3)
1300 FORMAT(” DISCO “,16F8 0)
1400 FORMAT(” CUMCO “,16F8 0)
1500 F ORMA T(” CU HR “ ,l6F8 0)
1600 FORMAT(” CO/HR “,16F8.3)

40 GO TO 5O
END

~
-L 

Fi gure Bl. TRNSFM program listing.
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Card Columns Input

1 1-80 Alphanum eric description of the equipment
2 9-10 Number of years in analysis
3 1-5

6-10 Utiliza tion hours in
11-15 year 1 , 2, etc. to a maximum

of 16 years

75:80
4 1-5

6-10 Cost incurred in year 1 , 2, etc.

75:80
5 1— 5

6-10 Relative economic index in
year 1 , 2, etc. (i.e., the index for the
base year divided by the index for
year 1 , 2, etc.)

75:80

Figure B2. TRNSFM program input.

CaterpIllar 08
Hour 1 322. 1124. 1577. 1411. 1276. 261. 1069. 188. 292.
Cost 14318. 0. 14681. 0. 6428. 8960. 8647. 2980. 1433.
Index .900 .933 .958 1.000 1.068 1.125 1.170 1.223 1.270
Disco 15909. 0. 15325. 0. 6019. 7964. 7391 . 2437. 1128.
Cumco 15909. 15909. 31234. 31234. 37252. 45217. 52607.55044. 56172.
Cu.Hr 1322. 2446. 4023. 5434. 6710. 6971. 8040. 8228. 8520.
Co/Hr 12.034 6.504 7.764 5.748 5.552 6.486 6.543 6.690 6.593

Figure B3. TRNSFM program output. 
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APPENDIX C:

COMPUTER PROGRAM FOR CALCULATION
OF UTILIZATION STANDARDS

The computer program UTLSTD can be used to calculate equi pment
minimum and objective utilization standards. The program is written
in FORTRAN IV and operates on a CDC 6000 series computer. It can be
easily adapted to other computer hardware.

The program computes the minimum utilization from Equation 9 by
finding the IJinin, which provides an 0&0 cost equal to or slightly
less than the rental cost:

_ a U . L d - a P .L d1 (1—Fe mm 
~) + iFi(1— 3 mm 

) + KMk. Lk < R
PminLd aP

~in
Ld 

mm d

The objective utilization computation determines the ~ bj whichminimizes O&0 cost from the following equation (Equation 1O~.

-ap k .Ld -ap ,..LA
c — 1(1-Fe 0,4 

) + iFI (l-e 
OijJ u~ 

+ K k Lk + Pmm - 

liobjI d aP
~b~

Ld 
1’obj d

Note that the minimum cost is found by the partial differential

(.
~

) = 0 and thus the constant P (operating cost) drops out

Input data for each piece of equipment consists of two cards

Card 1 Col 1-80 Al phanumeric description of equipment

Card 2 Col 1-10 1 Initial price of the equi pment, in  do l l a r s

11—20 A Shape factor of the depreciation cost curve

21-30 F Ratio of Initial salvage value to the new price
of equipment

31-40 L Useful life of equipment in years
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41-50 KS The exponent coefficient of maintenance and
repai r cos t element

51-60 K Scale coefficient of maintenance and repair
cos t element

61-70 R Rental cost of equipment in dollars per
hour.

Each input value on card 2 must have a decimal point. These cards are
repeated for each type of equipment to be analyzed . Two blank cards
must be inserted at the end of the data deck.

Figure Cl provides the UTLSTP program listing. Fi gure C2 is the
program output for two models in the heavy tractor category.

-4
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I- * *
* *

‘-. * *
C THE UTILIZATION STANDARDS PROGRAM
c
C

PROGRA M UTLSTD ( INPUT ,OUTPUT)
REAL K,KS,LD,F ,I,A,IS ,R,D IFF ,TEMP ,ND I FF ,ODIFF ,TEMP 1 ,TEMP 2,OND IFF
INTEGER UMZN. UTRY ,00BJ ,OUTRY ,NAME (8)

C
C
C READ IN THE INPUT DATA
C

5 READ lO ,(NAME(J) ,J=l ,8)
10 FORMAT(8A10)
50 READ 100,I,A ,F,HR,LD ,KS ,K,R
100 FORMA T (8F10.5)

IF(K.EQ.O. )STOP

C
C OBJECTIVE UTILIZATION STANDARDS: THE DO LOOP
C DETERMINES THE VALUE OF UI TLIZA TION RATE , IN
C INCREMENT OF 50 HOURS/YEAR , WHICH MEETS THE
C OBJECTIVE CRITERIA
C
C

IS=O. 10
LIMHR=2000
ODIFF=1 000000.
UNOBJ=O
DO 1000 OUTRY=lOO ,LIMH R
TEMP = (1 ._EXP(_A*OUTRY*LD))/(OUTRY*LD)
TEMP2=(1 ._F*EXP(_A*OUTRY*LD) )/(OUTRY*LD)
ONDIFF=K*(OUTRY*LD)**KS+I*TEMP2+( IS*F*I*TEMP)/(A*OUTRY)
IF(OND I FF .G E .O DIFF ) GO TO 1000
ODIFF=ONDIFF
UNOBJ=OUTRY

1000 CONTINUE

Figure Cl. UTLSTD program listing.
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C
C
C MINIMUM UTILIZATION STANDARDS : THE DO LOOP
C DETERMI NES THE VALUE OF UTILIZATION RATE , IN
C INCREMENT OF 50 HOURS/YEAR , WHICH MEETS THE
C MINIMUM CRITERIA
C
C
150 UMIN=O

DIFF=1 000000.
DO 500 UTRY=100,UOBJ
TEMP = (l ._EXP(_A*UTRY*LD))/(UTRY*LD)
TEMP2=(1 ._F*EXP(_A*LJTRY*LD))/UTRY*LD)
NDIFF=K*(UTRY*LD)**KS+I*TEMP2+I*F*TEMP*IS/(A*UTRY)_R
NDIFF=ABS(NDIFF)
IF (ND IF F .GE. D 1FF)GO TO 500
DIFF=NDIFF
UMIN=UTRY

500 CONTINUE
C
C
C PRINT OUT TH E COMPUTE R MiN iMUM AND OBJECT I VE RATES
C
C

PRINT 1200,(NAME(J),J=1 ,8),I,A ,F,LD,KS,K,R
1200 FORMAT(///,20X,8AlO ,/,20X ,” INITIAL PRICE , I

-Fl2.0,” DOLLARS” ,/,20X ,” DEPRECIATION SHAPE FACTOR ,A “,F12
- .7 ,/,20X,” INITIAL SALVA .iE VALUE : PRICE RATIO,F” ,Fl2.4,
—/,20X,” USEF UL L IFE , L “,Fl2 .l ,” YEARS” ,
-/,20X ,” M&R SHAPE FACTOR , KS “ ,Fl2.2,
-/,20X,” M&R SCALE FACTOR , K “,F12.7 ,
-/,20X,” RENTAL COST , R “ ,Fl2.2,” DOLLARS/KR”)

PRINT 1300 ,UMIN ,UOBJ
1300 FORMAT(21X ,”MI N I M UM UTILIZA TION RATE “ .120 ,” HOURS/YEAR” ,

-/,21X ,”OBJECT I VE UTILIZATION RATE “ ,120,” HOURS/YEAR” )
GO TO 5
END

Figure Cl (Continued)
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APPENDIX 0:

EXAM PLE OF UTILIZATION
STANDARDS CALCULATION
PROCEDURE

This appendix provides an example of the calculation procedure
discussed in Chapter 4 for establishing equ ipment utilization standards .
These calculations are for the equipment category “Tractor, Full Track ,
Heavy .” Within this category are several models for which standards
can be derived . The standards for the category can then be established
from the average of the standards for each model

A data sheet is used to facilitate the procedure of computing
standards for each model of equipment. Table Dl gives the completed
data sheet for the model Caterpillar 0-8, which is in the heavy tractor
equipment category. Following is a description of each line on the
data sheet.

Line 1: The equipment category is a grouping of similar models as
given in Table 2 (see Chapter 4).

Line 2: Name and description of the specific model within the cate-
gory can be found in SB 700-20 or TM 88-751.

Line 3: The initial price of the model and the date of the price are
given in SB 700-20. The base year selected for this analysis
is 1975. Economic indices for these years (see Appendix B)
are used to discount the initial price.

Line 4: The interest rate is 10 percent as given in AR 11-28.

Line 5: The average retention period for equ i pment in the heavy tractor
category is 12 years, as is given in AR 310-34 and TM 38-751 .

Line 6: Depreciation data for this model are taken from the Construc-
tion Equipment Co8t Ouide. * In this case the resale values
at each utilization time have been discounted to 1975, the
base year of thi s anal ys i s. For other data sources or base
years , the actual resale va l ue can be di scoun ted as descr ibed
in Appendix B. Figure Dl is a semilog plot of these deprecia—
tion data .

Line 7: The depreciation coefficient, a, is the slope of the deprecia-
tion data in Figure Dl. By selecting two values of utiliza-
tion and their corresponding resale values , a can be calculated
from this formula.

*Neely, Edgar , Jr., Construction Equipment CoBt Guide, Technical Report
P-52 Basic Introduction/ADA016788; Vol I/ADA017271 ; and Vol II/ADAO1 691O
(CERL , Nov 77).
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Line 8: The rat io , F, of initial resale to initial price is the
intercept on the resale axis of Figure Dl. It is calculated
from this formula using the discounted I from line 3.

Line 9: The ma intenance and repair cost at various utilization times
can be the averages for this model or the specific M&R
history for equipment of this model . For this example ,
actual M&R histories of several Caterpillar D-8’s were ob-
tained from a large construction company . The data listed
are for one piece of equipment. The M&R costs were discounted
using the TRNSFM program (see Appendix B). Figure 02 is a
log-log plot of these data .

Line 10: The M&R cost coefficient , k , is determined from this formula
by selecting two utilization times and their corresponding
M&R costs from Figure 02.

Line 11: Using k from line 10, this formula is used to compute the
M&R cost constant K.

Line 12: The rental cost for a Caterpillar D-8 is obtained from
Compilation of Nationally Averaged 1975 Rental Rates for Con-
struction Equipment.* Since the monthly rate is used , the
rental cost per hour is computed by dividing by 176 hours/month .
This cost is then discounted to the base period of the analysis.
Note that the rate is the average for 1975 and therefore must
be discounted to January 1975.

Line 13: The UTLSTD computer program is used to calculate the utiliza-
tion standards for this equipment model . The input values
for I , Ld, a , F, and R are taken from lines 3, 5, 7 , 8 , and
12 , respectively. These are the average values for all
equipment of this model . However , since the M&R cost parame-
ters K and k are for a specific piece of equipment , lines 9,
10, and 11 must be repeated for other equipment in order to
determine the average K and k for this model . Because of the
limited data available for this example , those calculations
were performed for five pieces of equipment. The average
values are : K = 0.0005566 and k = 1.02454 .

Line 14: The UTLSTD program output provides the average Umin and Uobfor this model of equipment.

*Co~pilation of Nationally Averaged 1975 Rental Ra tL’e f o r  Construction
Equipment (Associated Equipment Distri butors , 1976).
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Performing these calculations for several models of heavy tractor
gives the following results :

Model 
~min

1 341 998

2 331 995

3 397 101 0

4 _
Average 344 1013

From these results the utilization standards for the heavy tractor
equipment category would be: 

~
1min = 344 and 

~obj 
= 1013.
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Table Dl

Data Sheet for Heavy Tractor

1 . Equipment Category : Tractor . FT . Heavy

2. EquIpment Model : Ca tep i l l ar  D-8; Ser. H; 235 HP; 47 .900 lbs

3. Initial Price $41 .900 in 1966 (Econ. Index 95 .8)

Discounted to base Jan . 1975 (Econ . Index 170)

~ e~~i Init ial Price (41 .900) 574•353

4. Interest Rate. I • 10%

5. Design Life, • 12 years

6. Depreciation Data :

ECONOMIC UTILIZATION ACTUAL DISCOUNTED
!I. ~~ INDEX HOU RS (H) RESALE RESALE (5)

1000 56.066
2000 50,144
3000 44.686
4000 39.692
5000 35.162
6000 31 .096
7000 27,494
8000 24,357
9000 21 ,682

10000 19.472
11000 17.727
12000 16.445
13000 15.628

7. Depreciation Coefficient:

Log 5) - Log S2 log (52000)- log (190001.00001199a -O.4343(H1-H2) -O.4343()800-lO,200)

8. InItial Resale to Initial Price Ratio:

Log 5H0 Log 
~2 

+ 0.4343(a)(H2) Log(19000) + 0 4343(-0001199)

(10,200) - 4.8099

t 
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Table Dl (Continued )
9. M&R COSt Data:

DISCOUNTED
ECONOMIC UTILIZATION ACTUAL CU~SJLAT 1vEYEAR INDEX HOURS (H) M&R COST M&R COST/HOUR (Ml

2.638 3.28
3.955 3.90
5.610 4.72
7.040 5.70
8.642 5.11
8.957 8.52

10.239 7.73
10.610 8.2)

IC. M&R Cost Coefficient:

k : Lo i~
•
~ ~

-
~

-+8
~o~~ 

: ~~ ~~~ - 0.8265

II. ~~R Cost Constant:

K • antilog (Log N2 k Log H2) • log (8.25) - (0.8265) log (3000)

• .000444 9

12. Rental Cost:

$4653 per month 
____________ pci- week ____________ 

per day

____________per hou r

Year 1975 Economic Index 188.3

Discounted Rental Cost Per Hour, R - . - $23.87/hr

13. UTLSTD Program Input:

Equipment Category/Model : Heavy Tractor/Cat 0-8

I • $74 ,353
a 0 .0001 1 99
F • 0.8606

12 yea rs

k • 0.8265
K - 0.868
N • 23.87

14. UTLSTD Program Output

Minimum utilization standard • 341 hours/year

Objective utilization standard - 998 hours/year
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Figure Dl. Plot of depreciation data.
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APPENDIX E :

SEN SITIVITY ANALYSIS

Procedure

Three categories of equipment were selected for the sensitivity
analysis: heavy tractor, motorized roller , and roa d grader. Data
were collected for each to determine i nput cost parameters a, F, I , K,
k , and R. Using the 0&0 cost model , the minimum and objective utiliza-
tion standards were then calculated for each equipment type. Tabl e El
summarizes the results for the computed cost parameters and the
utilization standards .

Each of the cost parameters were then varied plus and minus 20-
percent of its original value. The utilization standards we re ca lcu-
lated for this variation in one parameter while the remaining parame-
ters retained their original values . From experience with the model ,
a 20 percent deviation is bel ieved to be a liberal estimate of the
poss ib le ran ge of these parameters .

Resul ts

Depreciation Coefficient a

Figures El and E2 illustrate the sensitivity of the utilization
standards to variations in a. As shown , variations in this parameter,
within the range examined , have a negligible effect on the resulting
minimu m and objective utilizatio n rates.

Resale Value Ratio F

Figures E3 and E4 show the impact of variations in F on the result-
ing utilization standards. For the minimum utili zation , the effect of
variation In F is negligible for the tractor and grader and , although
slightly more pronounced, considered insignificant for the roller. The
objective utilization is essentially insensitive to variations in F.

Initial Investment I

The sensitivity of the standards to variations in I is shown in
Figures E5 and E6. Minimu m utilization for the roller exhibits
significant sensitivity to I. This sensitivity can be attri buted to a
rela ti vel y l ower i ni t ial inves tment in compar i son to the grader and
tractor. For the grader and roller, a 20 percent change in I creates
just over 5 percent change in Umjn . In 

~obj’ 
a 10 to 15 percen t ch ange

is produced by the variation In I.
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Table El

Original Data for Sensitivity Analyses

TRACTOR ,FT ,HEAVY :INTERNATIONAL TD-25 SER. B 185 HP DSL DIR DRV
48562 LB
INITIAL PRICE , I 60831. DOLLARS
DEPRECIATION SHAPE FACTOR ,A .0001074
INITIAL SALVAGE VAL UE :PRICE RATIO ,F .8302
DESIGN LIFE , LD 10.0 YEARS
M&R SHAPE FACTOR, KS 1.02
M&R SCALE FACTOR , K .0004554
RENTAL COST , R 21.09 DOLLARS/HR
MINIMUM UTILIZATION RATE 356 HOURS/YEAR
OBJECTIVE UTILIZATION RATE 1127 HOURS/YEAR

ROLLERS,MOTORIZED; HUBER 1-58-H TANDEM GAS DRVN 11700 LB
INITIAL PRICE, 1 14525. DOLLARS
DEPRECIAT ION SHAPE FACTOR, A .0001192
INITIAL SALVAGE VALUE :PRICE RATIO ,F .9088
DESIGN LIFE , LD 10.0 YEARS
M&R SHAPE FACTOR , KS 1.22
M&R SCAL E FACTOR , K .0000115
RENTAL COST , R 2.79 DOLLARS/HR
MINIMUM UTILIZATION RATE 889 HOURS/YEAR
OBJECTIVE UTILIZATION RATE 1265 HOURS/YEAR

GRADER , ROAD MOTORIZED; LETOURNEAU WESTINGHOUSE 440-H 145 HP DSL
PWR 24345 LB
INITIAL PRICE , I 39657. DOLLARS
DEPRECIATION SHAPE FACTOR ,A .0001225
INITIAL SALVAGE VALUE :PRICE RATIO,F .7565
DESIGN LI FE , LD 10.0 YEARS
M&R SHAPE FACTOR , KS .93
M&R SCALE FACTOR, K .0003778
RENTAL COST , R 14.47 DOLLARS/HR
MINIMUM UTILIZATION RATE 321 HOURS/YEAR
OBJECTIVE UTILIZATION RATE 1668 HOURS/YEAR
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Figure E5. 
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Figure E6. Uobj VS I.
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M&R Coefficients K and k

The M&R cost is governed by the coefficients K and k. These
coefficients were varied separately wi th the results shown in Figures
E7 and E8 for K and Figures E9 and ElO for k. The minimum utiliza-
tion ’s sensitivity to K was not significant , but its sensitivity to k
was more pronounced. The objec ti ve utilization demonstrated sl ight
sensitivity to K and extreme sensitivity to k. Thus , within the
range analyzed , deviations in k have the most significance of all the
parameters on the resulting utilization standards.

Equipment Li fe  Ld
Figures Ell and El2 illustrate the sensitivity of the utilization

standards to variations in the equipment design life , Ld. As shown
the impac t on P1~j y 1 is negligibl e for variations of Ld in the range ex-
amined . For Uob,~ 

the effect is more pronounced . A 10 percent change
in Ld (e.g. specifying a retention period of 9 years when the equipment
is actually used over a 10 year period) produces approximately a 7 per-
cent change in TMobj
Rental Coat

Since the rental cost does not influence the computation of
only the sensitivi ty of Mmjn was examined . The results are shown tn
Figure E13, which illustrates that the roller exhibits a significant
sensitivity to R. The lower initial cost of the roller would indicate
a relatively lower rental rate and thus a higher sensitivity to changes
in the cost parameters. Although U~in 

for the grader and tractor are
not as sens iti ve, the change is not negligibl e (i.e., approximately
10-15 percent for the 20 percent change in R). -:

Summary

The results of the sensitivity analysis are summarized in Table E2.
This table presents the percent change in Pmin and ~‘obj 

for each equip-
ment category as the cost parameters vary Individually.
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Table E2

Sensitivity Summary

%t
~

l1 min A M obj
- Tra ctor Trac tor Grader

Roller Heavy Grader Roller Heavy

-1 0 %  -2  — 1  -l -1  — l  — 1

-5% -l 0 0 0 0 0
0 (889) (356) (321) (1265) (1127) (1668)

m a  +5% +1 0 +1 0 0 0
+10% +2 +1 +2 +1 +1 +1
— 1 0  — 4  — 1  — 1  — 1  — 1  — 1

- 5 -2 0 0 0 0 0
0 (889) (356) (321) (1265) (1127) (1668)

inF  + 5  +2 0 0 0 0 0
+10 +4 +1 +1 +1 +1 +1

-10 — 18 -10 -12 -5 -5 -5
- 5  — 9  — 5  — 6  -3 -3 -3
0 (889) (356) (321) (1265) (1127) (1668)

in I + 5 +12 + 5 + 6 +3 +3 +3
+10 +28 +10 +12 +5 +6 +6
-10 -24 - 6  - l  * * *
- 5  -19 - 3  0 +37 33 *

(889) (356) (321) (1265) (1167) (1668)
• in k 5 * + 8 + 3 -26 -24 +24

10 * +28 + 6 -43 -41 -41
-10 - 6  - l  0 + 5  +6 +6
- 5  - 3  0 0 + 2  + 3  + 3

(889) (356) (321) (1265) (1127) (1668)
inK  5 +4 0 0 - 2  - 3  - 2

10 +10 + 1  0 - 4 - 6  - 5
-10% + 1  + 3 +4 +8 +7 +8
-5% 0 + 1  + 2 +4 +3 +4
0 (889) (356) (321) 1265) (1127) (1668~l n L d +5% 0 - l  - 2  - 3  - 3  -4

+10% 0 - 2  - 2  - 7  -6 - 7
-10 +20 +14 +16
- 5  +10 + 7  +8

(889) (356) (321)
in R 5 - 9 - 4 - 6

10 -18 -8 -9

* Indetermi nate
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