The primary function of equipment managers is to provide the proper equipment, at the right time and at the lowest
overall cost. A major task in accomplishing this function is fleet planning, which involves identifying the requirements
of equipment users, developing optimal strategies to meet those needs, and putting the plan into action. Economic
equipment replacement is a complex portion of this process. and the main thrust of this research project is to develop an
automated computer software to assist in replacement decisions and prioritize units for replacement. This research report
is an interim documentation of the first two phases of this research project. namely the data analysis and the
development of a framework for the computerized system. The next reports of this project will respectively document in
detail the research conducted and the software development, providing a user manual for software implementation. The
final report of this series is a brief project summary report (PSR) of the research development and implementation.
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original purchase cost. Using the dump trucks with tandem rear axles again as an
example, the current threshold in TxDOT's TERM system for the repair cost is 100
percent.
PROJECT OBJECTIVES

The current TERM provides TxDOT with a very good tool to make equipment
replacement decisions. However, the equipment life-cycle costs are taken into account
in a simplified manner, and the data reports are not fully automated. A comprehensive
equipment repiacement method should include the following steps:
(1) Identify units targeted for replacement,
(2) Obtain replacement requests ·from users,
(3) Apply an economic analysis model,
(4) Prioritize replacement units,
(5) Develop new equipment specifications,
{6) Acquire new equipment, and
(7) Dispose of old equipment.
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deliverable (Phase Ill); and findings of Phase II (data analysis) affect the development
of Phases I and Ill.
REPORT OBJECTIVES AND ORGANIZA"riON

Report Objectives

The nature of this project implies a strong interaction between the project staff,
TxDOT Project Director, and the Project Advisory committee. Several decisions were
made in concert with TxDOT, especially at two important points: at the end of Phase II,
and at the beginning of Phase Ill. A seminar with the Project Director, the Project
Advisory committee, and the researchers was held on April 19, 2001, to discuss data
validation, format of the software output, replacement criteria, and overall system
framework.
The objectives of this report are twofold:
(1) To document the research progress to date, and
(2) To document the decisions made about the direction of the remainder of the
project.

2

...

3

4

and replacement decisions. The variables selected from EOS for use in the new TERM
are listed below. They were later organized into two separate data sets, one with retired,
the other with active equipment. The system data sets are documented in detail in
reports 4941-2 and 4941-3.
Date Variables

Date of last database update
Date equipment was received
Date retired
Life-Cycle Cost Variables

Purchase cost
Resale value, only if retirement code is 2,7,8 or 9
Repair expenses during database update year
Gasoline expenses during database update year
Gallons of gasoline consumed during database update year
Diesel expenses during database update year
Gallons of diesel consumed during database update year
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Retirement code, 1 through 9, according to EOS data dictionary page 13.
DATA VALIDATION RESULTS
Date Variables

A remarkable 100% accuracy was found for these types of variables. For
example, the retirement date was always greater than the receipt date, the receipt date
was always less than the corresponding database update, and so on.
The only instances of equipment units in use without a receipt date refer to
recently received units whose receipt date has not yet been logged. This is of no
concern for the replacement methodology, since new equipment units are not
candidates for replacement. The receipt date will become available in later EOS files,
for future use when the equipment unit gets older and closer to replacement.
Cost Variables

Purchase cost and resale values are consistent. There were no negative
numbers for purchase costs or resale values. There were no instances where purchase
cost was Jess than the resale value. There were no instances of resale values attributed
to the wrong equipment status or retirement code.
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within a reasonable unit price for all categories except "other fuels". For the latter type,
the recorded value includes the fuel price and the tax sticker, so the quotient between
expenses and quantity is meaningless. Table 2.2 shows the tolerances established by
the Advisory Committee, and the number of records containing unit prices above the
tolerance. Gasoline and diesel records are almost 100 percent within range, while
generic items, such as "other fluids" and "oil", have more records outside range.
Perhaps the tolerance should be greater for these types of generic expenses.
Table 2.2 To/e;ance and Consistency of Fuel and Fluids Prices (expenses/quantity)

Item

Tolerance
($/gallon or quart)
$0.5Q-$2.00

Gas
Diesel

J

Hydraulic and other fluids

Records outside
tolerance range
379

$0.4Q-$2.00

274

$1.00-$5.00

12,112

I

99.7%

I
I

99.8%
i

I

89.8%

I

1

Oil

Accuracy

$1.00-$4.00

7

31,571

73.8%

I

records with usage values greater than 2,080, resulting in an accuracy level of 99.8%.
Values below 3,000 could represent full-time or full-time plus weekend overtime,
as long as downtime values are zero. There were 180 data points with usage between
2,080 and 3,000 hours and downtime greater tl1an zero. Since there are 8, 760 hours in
a year, values greater than this number are impossible. There were only 6 records with
impossible values, as shown in the sixth row of table 2.4. In spite of their negligible
frequency, these records will be flagged.
Mileage ranged from 1 to 120,684. The maximum number of hours in a working
year of 52 weeks and 8-hour days is 2,080. Assuming an average speed of 40 mph,
and full-time, 5-days-a-week, year-round usage, the maximum mileage per year should
be 83,000. There were only 24 instances of mileage~80,000 in the combined 6-year
database. One instance was an automobile and the others were trucks. A frequency of
occurrence of 24 data points is negligible, so mileage data below 80,000 miles/year will
be considered accurate, while values greater than 80,000 will be flagged.
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classcode is correct in the voucher.
2. Egujpment units that changed to a different size/power category. Example:
Unit 01246, received on 09/16/87, appears as classcode 90030 (grader,
motor, class Ill, 125 to 149 H.P.) in the 08/25/97 database update, and as
classcode 90040 (same equipment, 150 H.P. and greater) in the 08/30/95
database update. Advisory Committee recommendation: use the latest
classcode.
3. Truck mounted devices previously classified as a more generic truck
classification. For example. Units 03555F and 033556F changed from
classcode 530010 (truck, all body styles except conv. dump/wrecker,2550028900gvwr) to 1010 (aerial personnel device, truck mounted}. Advisory
Committee recommendation: assume that the classification is accurate,
since it is more detailed.
4. IDs from retired equipment being assigned to newer equipment. If both units
are remaining in the analysis, one of them should be assigned a different ID
for analysis purposes. For example, 10=02031 E was assigned to a classcode
174020 pneumatic roller that was retired in 1994, and then reassigned to a
classcode 17001 0 roller received in 1996. If the analysis includes the year
1995, then one unit should have a different ID. Advisory Committee
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2. They may appear in more than one database as retired.
Equipment status. retirement code. and fuel consumption
Equipment status, retirement code (if retired), usage and fuel consumption must
be consistent. For example, equipment status .. Q" (requisitioned) must have zero usage
and fuel consumption; and so must retired equipment after retirement date.
For every record, the results indicate that the equipment status variable is
consistent with the retirement code (when appropriate) and with the maintenance and
usage values.
Are the resale prices and the equipment status consistent?
Yes. All equipment pieces that had a recorded resale price also had status of either X
(retired, payment pending) or Z (retired).
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6. Hourly usage values greater than 8,760 hours/year, as well as mileage values
greater than 80,000 miles/year, will be flagged.
7. Downtime values greater than 2080 hours/year will be flagged. In addition,
values greater than 8,760 will also be flagged.
8. Equipment units with status "P" (purchase order), and no entry for date of
receipt, are not part of the life~cycle database, because it is not necessary to
create another record for units that don't have a cost history yet. They will
become part of the system data set when the next EOS file is added to it.
Summary and Conclusion

The historical data base, extracted from TxDOT comprehensive EOS database is
remarkably accurate, with 99.5% of all data records passing all consistency checks
devised by the research team. Nevertheless, the equipment replacement software will
contain code to flag these inconsistencies and, whenever applicable, options to enter
corrections. The levels of tolerance and other actions for data validation were selected
in concert with the project's Advisory Committee.
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for equipment units received on fiscal year 1990 (09/01/1990) or later. These units
comprise about 43 percent of the database. The other 57 percent were received before
the oldest available data records, and as such have a truncated life-cycle history. There
is a need to develop a methodology for immediate use with the older units, which are
more likely to be in need of replacement.
Another important result to consider is the literature review conducted in the
beginning of this project. It indicated that most agencies do not rely on life-cycle cost
alone, for several reasons. Among these are controversies in inflation and discount
rates, the fact that the equipment usage (mileage or hours) cannot explicitly appear in
the life-cycle cost function, the fact that real life-cycle curves are not as smooth as
theory indicates, and difficulties in discriminating between high repair costs (which
should indicate high replacement priority) and cost of a major equipment upgrade
(which should indicate the opposite).
Considering that life-cycle cost methodology has inherent disadvantages and
should not be used as a sole criteria to replace equipment, and considering that right
now it can only be applied to the newest 43 percent of the fleet, the research team
recommends the system framework depicted in figure 3.1. This framework has four
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reports by district and activity.

Life-Cycle Module
The life-cycle module will be used to inspect the status of the equipment lifecycle history and use it as one of the criteria for replacement. It will calculate a life-cycle
cost (LCC) value using the variables listed in chapter 2, allowing the user to input
inflation and discount rates.
The module can also rank units for replacement based on LCC. This would result
in a replacement priority list based on LCC alone: the higher the slope of the life-cycle
cost curve, the higher the replacement priority. The reader is referred to research report
4941-2 for details on the development of the life-cycle cost functions and replacement
criteria.

Multi-Attribute Ranking Module and Proposed Replacement Criteria
The ranking module is an improvement on the currently used threshold method.
It will rank units for replacement based on a weighted average of the percentiles of
different attributes selected by the user, such as downtimes, repair costs, usage, life
cycle cost, and others. The ranking is made based on equation 3.1
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for the attributes "downtime" and .,mileage":
• Calculate the cumulative percentiles for recorded downtimes and mileages
within a certain class code and District selected by the user (e.g. the highest
downtime will have a 100 percentile the highest mileage will also have a 100
percentile).
• Compare the recorded downtimes for each individual unit with the percentiles,
to obtain the percentile rank of each unit within that particular class code and
District.
• Do the same for the mileage.
• Calculate the weighed average for each unit using equation 3.1. Weights are
provided by the user.
• Sort the resulting variable "rank" in descending order to and print the
replacement priority list based on downtime and mileage, for that particular
class code in the selected District.
The main advantages of the multi-attribute based ranking method are:
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Research Report 4941-2 documents in detail the research that led to the system,
including the literature review, and the development of the analysis data sets, the lifecycle cost functions, the frequency functions for the replacement priorities, the
replacement criteria, and the system supporting data files.
Research Report 4941-3 documents in detail the development of the software
framework, and is a standalone user manual for the automated TERM (TxDOT
Equipment Replacement Model).
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with the rest of the fleet's condition, instead of threshold values or minimum
values of any kind.
The proposed approach requires a comprehensive historical database of
equipment attributes, and it is the only approach that allows the manager compare the
challenged unit to all other active units within a desired class or group. The attributes
used for comparison can be selected by the manager, and include, but are not restricted
to, life-cycle costs, operational costs, repair costs, cumulative usage, and other criteria.
The priority ranking is calculated for the combination of attributes and relative weighs
selected by the manager. The replacement budget can be matched to the units on the
top of the replacement priority list.
The development of this proposed approach is thoroughly discussed in the next
report of this series (4941-2). This approach was programmed into the software and will
be implemented at TxDOTs General Services Division-Purchase and Equipment
Sections for immediate use. The software manual is documented in research report
4943-3.
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database, and program a computer to analyze all their interactions. For example,
sometimes frequency of failure is more important to a replacement decision than its
duration, sometimes it is the opposite.
The overview of mathematical models for replacement indicates that, in real life,
the factors affecting replacement decisions are too complex to be reduced to a
mathematical equation, and qualitative opinions from experienced managers must be
considered for optimal decisions. Apparently, this is why strategies based solely on
mathematical or economical models have not received wide acceptance.
Conclusions

In summary, the overall results of the survey and the literature search indicated
that:
.• The prevalent mentality in the private sector is that replacement decisions
should be based on experience, and a sophisticated replacement program is
not cost-effective. However, the few private agencies that did develop
replacement strategies reported savings.
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finalizing this project, and NY-DOT, are in the process of updating their
replacement methodology.
• One of the most useful tools for managers is a way to easily rank replacement
priorities within a desired group.
• TxDOT seems to have one of the best organized methodologies, and one of
the most comprehensive databases, allowing replacement priorities to be
automatically calculated.
Some companies indicated lack of a comprehensive equipment data base as one
of the hurdles that preclude a more sophisticated replacement strategy. TxDOT already
has a very comprehensive database, as well as a working replacement methodology.
Any improvement over the existing methodology must take full advantage of the EOS
database, adding new criteria without losing sight of a wealth of experience using the
current method.

Significant Finding
Replacement strategies are very important for fleet managers, and as such have
been and still are the subject of many studies. The literature review, along with the
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The most important finding of all this literature review is that, conceptually, all
strategies above are the same. They compare the condition of a challenged unit to
some pre-determined threshold, which can be age, usage, downtimes, etc. (groups 1
and 6), cost ratios (groups 2, 4 and 5), or ·a probability of failure (group 3). None of
these strategies provide a way to directly compare units with the rest of the fleet-in
other words, a way to look at the entire fleet (or a desired subgroup) and see where the
challenged unit stands in comparison with the fleet, rather than pre-determined values,
thresholds, or cost ratios.

Recommended Strategy
This project proposed and developed a new equipment replacement approach,
the multi-attribute priority ranking. It balances elements of several of the approaches
above, and allows the manager to rank replacement priorities based on comparison with
the rest .of the fleet instead of threshold values or minimum values of any kind. This
approach requires a comprehensive historical database of equipment attributes, and it
is the only approach that allows the manager to compare the challenged unit to all other
active units within a desired class or group. The attributes used for comparison can be
selected by the manager, and include, but are not restricted to, life-cycle costs,
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manual). The researchers will also write the required PSR (Project Summary
Report) in the standard format.
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