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1. INTRODUCTION 

1.1. Background 

State highway agencies own and maintain a substantial number of operations equipment assets, 
which are diverse in class, mileage, and conditions. The operations equipment are critical 
components for delivery of State highway agency programs, projects, and services and contribute 
to a significant portion of capital investments. They require recurring maintenance to preserve 
their value and level of performance, reliability, and readiness cost-effectively. As operations 
equipment age, they generally deteriorate, resulting in rising operations and maintenance costs 
and decreasing salvage values. The deterioration conditions and technological changes motivate 
agencies to replace a portion of their operations equipment fleet periodically. Newer equipment 
may feature a higher service level, value retention, and fuel efficiency.  

According to practical considerations also highlighted in the NCHRP Project 13-04 (Hamilton, 
2018), budget cuts often hit the replacement funds, as a fast solution to expenditure reduction. 
However, in the long run, keeping, operating, and maintaining an aged fleet may cost highway 
fleet agencies and public more than a younger fleet. For instance, maintenance and repair costs 
of an aged equipment increase, as does its downtime, both of which directly affect the service 
delivery and task accomplishment capacities. Besides, the service level of old equipment is often 
limited: its increased downtime hours lead to under-performance and/or inefficient performance 
of essential services. Therefore, rather than short-term solutions that may not efficiently save 
costs, fleet management forces shall be equipped with adequate tools and effective strategies for 
making long-range (i.e., 20-25 years) plans for replacement needs and budget of highway 
operations equipment.  

The existing replacement decision frameworks are usually based on a desire to minimize the total 
or expected life-cycle fleet costs, including those related to the acquisition, operations and 
maintenance, and salvage value. Yet, life-cycle costs may not capture the fleet management needs 
and budgets over a long-range horizon. Therefore, current practices, although representing 
scientific rigor and practical aspects of fleet management strategies, may lack the background 
required for long-range (i.e., 20-25 years) fleet management. In fact, there is no widely accepted 
process for determining the long-range plans for replacement needs and budget of the operations 
equipment.  

There is a need to develop a practically feasible and theoretically sound methodology for long-
range equipment replacement planning that accommodates the needs of highway agencies and 
their budget constraints.  

1.2. Objective 

The objective of this project is to develop a guide for the formulation of long-range plans for 
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replacement needs and budget of highway operations equipment. The Guide will include 
processes and tools for consideration in making investment decisions. Long-range is defined as 20-
25 years in this project. 

This interim report provides the research team’s findings on Tasks 1 to 3 and describes the 
proposed plan for Phase II of the project (Task 4) to be executed in Task 6. The team’s proposed 
plan for Phase II requires 15 months for completion and includes the following steps: 

1. Subtask 6.1: Identification of the Long-range Fleet Replacement Criteria – Two Months,  
2. Subtask 6.2: Calculation of the Required Funding Levels for Replacement Plans Annually and 

Over a Long-range Period – Four Months,  
3. Subtask 6.3: Development of What-if Scenarios – Three Months,  
4. Subtask 6.4: Validation of the Proposed Model – Six Months, and 
5. Subtask 6.5: Development and Validation of the Electronic-based Tool – Six Months. 

Note that some of the proposed steps will be performed in parallel. The interim report will also 
include descriptions on Tasks 7, 8, and 9.  

2. PHASE I 

To accomplish the project’s objective towards the completion of Phase I, the research team has 
completed the following tasks. 

2.1. TASK 1: Survey the Literature and State of the Practice  

The research team has conducted a thorough review of the literature and has 
identified publications relevant to long-range replacement planning of operations equipment and 
budget estimation and analysis of what-if scenarios. While the literature on equipment 
management plans is extensive, the research team could not locate many studies that directly 
address long-range planning. This fact highlights the importance of obtaining relevant information 
from fleet management practitioners to address knowledge gaps. The team reviewed practices, 
processes, and methodologies that could relate to the formulation of long-range plans for 
replacement needs and budget of highway operations equipment. This task consists of a synthesis 
of relevant published literature coupled with an agency survey. 

2.1.1. Review of the Publicly Published Work 

The literature presents various solutions to making investment decisions for highway operation 
equipment (e.g., Fan et al., 2015 and Hamilton, 2018). A variety of practices and strategies have 
been used by highway agencies to determine effective replacement criteria for operations 
equipment while taking the diverse classifications of the assets into careful consideration. For 
instance, as of 2002, Florida has used thresholds for mileage or age to determine equipment 
replacement priorities. For example, full-size pickups are replaced at eight years or 95,000 miles 
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and dump trucks at ten years or either 150,000 or 250,000 miles depending on capacity  
(Weissmann et al., 2003). Besides, Kim et al. (2009) conducted a study to improve the Oregon 
DOT’s existing fleet replacement model. The study confirmed that most DOTs used fixed 
thresholds as a primary factor in equipment replacement decisions. These fixed thresholds for 
replacement decisions do not yield the lowest fleet management costs, especially over a long 
horizon.  

Texas Department of Transportation (TxDOT) has used the Texas Equipment Replacement Model 
(TERM) to identify equipment items as candidates for replacement one year in advance. TxDOT’s 
equipment operations system (EOS) captures extensive information on all aspects of equipment 
operations. EOS considers three criteria for replacement: 1) equipment age, 2) life usage 
expressed in miles (or hours), and 3) life repair costs (adjusted for inflation) relative to original 
purchase cost (including net adjustment to capital value). In 1997, a SAS decision analysis tool was 
developed to assist TxDOT in its equipment replacement process (Weissmann et al., 2003). It is 
evident that these approaches did not consider fleet management costs over a long-range horizon. 
On the other hand, NCHRP Project 13-04 has developed a "Guide for Optimal Replacement Cycles 
of Highway Operations Equipment." The project identified a variety of factors that affect the 
replacement decisions including asset age, utilization measures, downtime hours, depreciation, 
maintenance and repair costs, fuel costs, purchase costs, replacement costs, obsolescence, and 
time value of money. The Guide includes tools and processes that aim to facilitate decision-making 
on optimal replacement cycles of on- and off-road highway operations equipment (NCHRP 
Research Report 879, Hamilton, 2018). 

2.1.1.1.  Key Factors 

The research team has focused on identifying the factors that are perceived to be influential in 
long-range replacement planning. The team has reviewed a total of 32 documents on this topic, 
including ten technical reports (Fan et al., 2015, 2011; Gillespie and Hyde, 2004; Gransberg and 
OʹConnor, 2015; Hamilton, 2018; Johnson et al., 2018; Kim et al., 2009; Orcutt, 2013; Scora, 2017; 
Wyrick and Erquicia, 2008), two handbooks (Nichols and Day, 2005; US Fish and Wildlife services, 
2015), eighteen journal papers (Aronson and Aronofsky, 1983; Barringer, 2005; Davenport et al., 
2005; Drinkwater and Hastings, 1967; Eilon et al., 1966; Fan and Jin, 2011; Ghadam et al., 2012; 
Hartman, 2004, 1999; Jin and Kite-Powell, 2000; Khasnabis et al., 2003; List et al., 2003; Love et 
al., 1982; Macian Martinez et al., 2017; Mercier and Labeau, 2004; Mitchell et al., 2010; Redmer, 
2009; Weissmann et al., 2003), and two master theses (Mitchell Jr, 1998; Mørch, 2014). The 
factors that are significant in equipment management and replacement are perceived to be 
influential in long-range replacement as well. Table 1 shows a summary of these factors based on 
the review. 
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Table 1. Summary of the methodologies and factors that are used for equipment replacement by the reviewed studies. 
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Annual usage              X   X    X       

Pace of work                          X  

Repair cost X X  X        X      X X  X X   X  X 

Maintenance cost X   X X X     X  X  X X X X  X    X X X  
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2.1.1.2. Key Processes (budget estimation and analysis of "what-if" scenarios) 

State DOTs and transportation agencies often allocate a restricted budget for fleet maintenance 

and procurement. Some agencies experience a budget shortage to cover such expenses for the 

following fiscal year. In fact, a study by Chi et al. (2003) reveals that most State governments have 

applied various cutback-management strategies in the past two years to solve their budget 

deficiency. In an effort to identify those strategies, especially due to budget reductions, the Council 

of State Governments surveyed State DOTs on four strategies to deal with limited budget including 

(1) cutback management, (2) restructuring, (3) privatization, and (4) performance budgeting. 

Among State DOTs who used the cutback management strategy, 22 States announced personnel 

shortages, 19 States declared their cuts in spending and supplies, and 14 States announced their 

spending cuts on infrastructure. For instance, Wisconsin has stopped purchasing new equipment 

for the State fleet. Among State DOTs who used the privatization strategy, 24 States announced a 

raising in privatization over the past five years and 22 States reported more than 10%  privatization 

in their services and programs. Some of these services and programs include construction (mainly 

highway construction), maintenance, and engineering to provide cost savings. 

Budget management and resource allocation strategies are used at various agencies to ensure 

sufficient resources are available to cover the needs. For instance, (Maji and Jha, 2007) have 

usedan analytical approach to schedule highway infrastructure maintenance under budget 

constraints. Besides, Mathew et al. (2010) and Ngo et al. (2018) have applied resource allocation 

techniques with budget constraints for transit agencies. According to the study by Mathew et al. 

(2010), transit agencies mostly depend on federal funding for maintaining and renewing their 

transit fleet and therefore, it is critical to allocate the federal funding between the agencies with 

equity to maximize the remaining life of the entire transit fleet.  The study by Ngo et al. (2018) 

have considered several options to keep the bus fleet in productive and safe operations within 

limited funding constraints. Replacing the buses in their service life is the most desirable option 

for agencies, but the funding limitation makes this option less likely.  

Introducing decision support systems to long-range equipment management systems can save 

significant amount of time and effort to generate what-if scenarios. Numerous combinations of 

available inventory, fleet configuration, maintenance schedule, the number of purchasing and 

scrapping equipment units, and the forecasted demand makes the manual management systems 

very inefficient to generate a limited number of scenarios (Avramovich et al., 1982). Therefore, 

Avramovich et al. (1982) have developed a decision support system to help fleet managers in 

making operating decisions, planning for fleet configuration, and maximizing the profitability of 

the company.  It is hence very beneficial to develop a methodology and its associated tool to help 

fleet managers design what-if scenarios that facilitate their long-range plans for replacement 

needs and budgets of their operations equipment. 
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2.1.2. Review of Unpublished Work and State Agency Practices 

The team has surveyed different transportation agencies on their practices and research studies 

on long-range plans for fleet equipment replacement needs and budgets to address knowledge 

gaps identified in the literature. The research team has designed the survey with the objectives of: 

1. Identifying the factors contributing to the long-range plans for replacement needs and budgets 

of highway operations equipment, 

2. Determining the methods and processes that State agencies use in their long-range 

replacement practices,  

3. Determining the software packages that State agencies use for their long-range replacement 

practices, and 

4. Identifying the deficiencies involved in the existing processes and software packages. 

5. Determining the list of highway operations equipment types that need to be considered in 

long-range planning. 

The survey questions were developed in Qualtrics (Qualtrics, 2019) and sent to NCHRP for review. 

Then, the NCHRP comments were addressed. The survey was distributed to all the State DOTs and 

the District of Columbia DOT after NCHRP approval. A list of survey questions is included in the 

Appendix. The survey respondents have been queried in a concise fashion to learn and document 

valuable unpublished information in the U.S. In conducting the survey, the research team has 

adhered to the guidelines contained in the Procedural Manual for Contractors Conducting 

Research in the Transportation Research Board’s Cooperative Research Programs. Every effort has 

been made to ensure that the survey instrument receives a high response rate in a timely manner. 

Among these 51 state agencies, 15 DOTs have completed and returned the survey to date, which 

translates to a response rate of 29%.  Figure 1 shows the distribution of the survey participants in 

the US: California, Colorado, Florida, Idaho, Kansas, Kentucky, Louisiana, Maryland, Michigan, 

Minnesota, Missouri, New Hampshire, North Dakota, Tennessee, and Utah. 

 

Figure 1. State DOTs who participated in the survey (Marked in red). 
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Figure 2 shows the annual budget of participating State DOTs for equipment repair, maintenance, 

and purchase. Annual equipment repair and maintenance budgets vary between 1 to 30 million 

dollars and purchase budget is between 3.8-40 million dollars per year for all respondents except 

for Tennessee. Tennessee DOT funds its repair and maintenance costs through rental rates and 

therefore, did not report any budget for repair and maintenance. Figure 2 also shows that 

equipment purchase budget in most States is higher than the repair and maintenance budget, but 

Louisiana and Utah have reported an opposite trend.  

 

Figure 2. State DOT annual budget for equipment repair, maintenance, and purchase. 

Along with the information gathered in the literature search, the results of the survey will feed 

into the subsequent tasks. The outcome of the survey has been evaluated and summarized in the 

following section. 

2.2. TASK 2: Evaluate Gathered Information and Identify the Key Factors and 
Processes 

After conducting the literature review in Task 1, the team has analyzed the information gathered 

and identified key factors that could contribute to the formulation of long-range plans for 

replacement needs and budgets of highway operations equipment. In addition, the team has 

detected the best practices and processes that merit further investigation or improvement and 

discussed the advantages and deficiencies of the existing solutions. A summary of the findings is 

provided in this section. 

2.2.1. Identifying the Key Factors and Processes from Publicly Published Work 

The research team has identified the influential factors used in equipment management and 

replacement practices. This section provides a summary of the factors and suggestions for long-

range analyses. Table 2 summarizes the factors extracted from the reviewed documents. This table 

has 34 factors along with their definitions.  
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Table 2. Summary of influencing factors in equipment replacement policies. 

No. Factor Definition 

1 Equipment type Equipment type such as Truck, Loader, … 

2 Equipment age Time in service 

3 Initial age Age of equipment when were newly acquired 

4 Utilization Life-to-date usage based on different criteria such as mileage/hour, … 

5 Annual usage Total yearly usage in terms of mileage, hour, engine hour, … 

6 Pace of work Working hours of equipment per day 

7 Repair cost Life-to-date repair costs including new parts and labor 

8 Maintenance cost Preventive and regular services including labor and parts 

9 Downtime hours Idle hours 

10 Reliability Frequency of repairs 

11 Budget Budget limitation for replacement  

12 Purchase cost The initial paid cost for acquiring equipment 

13 Advance deposit  Leasing or advance deposit cost 

14 Discount rate The minimum interest rate 

15 Depreciation rate Market value reduction of equipment due to age, obsolesces, … 

16 Fuel consumption Average daily, monthly, or annual fuel consumption 

17 Fuel cost The unit price of fuel 

18 Fleet size The size of the fleet size for each type of equipment 

19 Remaining asset value Current market value of equipment 

20 Salvage value Scrap value 

21 Tire cost The cost of buying new or repairing tires 

22 Rental income Value of equipment as rental 

23 Working condition Working area condition in terms of temperature, terrain, … 

24 Useful life period Life expectancy based on historical data or experience 

25 Safety Safety features of a vehicle in terms of break types, airbags, … 

26 Insurance cost Insurance cost for liability, fire, theft, … 

27 Emission Official policies on the emitted emissions of equipment 

28 Operator cost labor expenses 

29 Operator style Operator moral 

30 Physical condition  Body condition of equipment in terms of damage, rust, … 

31 Parking cost Rental costs of parking 

32 Parts availability Availability of repair parts 

33 Lead time 
The time between the replacement of an order and delivery of new 

equipment 

34 License cost Cost of renewing license tabs 

35 Obsolescence The process of becoming obsolete, outdated, or no longer needed 

   

Among the factors in Table 2, cost-related factors have a significant role in most of the reviewed 

literature. For instance, life-cycle cost analysis (LCCA) uses the ownership and operational costs of 

equipment over a period of time and suggests its optimal life cycle (Gransberg and OʹConnor, 

2015). Repair-cost-limit policies use the repair frequency and costs of equipment to find a cost 

limit, beyond which vehicles should be replaced (Drinkwater and Hastings, 1967; Love et al., 1982). 
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Mathematical programming techniques also minimize total costs as an objective function 

(Hartman, 2004).  

Cost-related factors can be divided into two major groups of ownership and operating factors. The 

ownership factors are usually fixed costs that incur each year regardless of whether the equipment 

is operated or not. The main ownership factors are purchase cost, depreciation, discount rate, and 

insurance cost. The second group of factors is operating costs that are due to the usage of a vehicle 

and can vary based on their operating hour, equipment type, location, working condition, and age. 

The main operating factors are repair and maintenance costs, and fuel price and consumption. 

The discussed factors should be considered over the lifetime of the equipment; thus, interest rates 

and utilization of equipment over time influences such factors.  

Most existing replacement methods utilize only a few of the factors presented in Table 2. For 

instance, Redmer (2009) used the discount rate, purchase cost, age, depreciation rate, 

maintenance cost, fuel price and consumption, utilization, and remaining equipment value in an 

optimization program to minimize the total operating and ownership costs in a fleet of specialized 

trucks, tractors, and trailers. Johnson et al. (2018) surveyed fleet management strategies that are 

used in the State of Minnesota. Their survey results showed that some counties use a multi-

criterion system that ranks equipment based on their age, annual mileage, reliability, maintenance 

and repair costs, physical condition, and energy efficiency. Gransberg and OʹConnor (2015) 

considered purchase cost, annual usage, salvage value, useful life, depreciation, and tire costs to 

evaluate different replacement policies using the dump truck data of Minneapolis Public Works 

Fleet Services Divisions. Accordingly, the data availability, relevance, and importance of factors 

vary for different equipment types. 

The available studies did not consider the future technology trend into fleet management and 

budget allocation policies. For instance, the introduction of electric, connected, and autonomous 

vehicles with different operating characteristics, costs, and utilization capabilities will disrupt long-

term decisions. The available approaches are not able to capture such technological trends, and 

hence public and private agencies will have an urgent need for a new and flexible framework that 

can assist them with their fleet management policies. In this project, the factors that are shown in 

Table 3 can be considered.   
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Table 3. Influential factors in long-range analysis. 

No. Factor Importance 

1 
Equipment 

type 

Different equipment types have different functionality, purpose, costs, etc. Hence, 

replacement policies should be designed for each equipment type (or group of similar types) 

separately for long-range replacement analysis.  

2 
Equipment 

age 

Many replacement policies use an age-based criterion for equipment replacement. 

Moreover, several other influencing factors such as maintenance and repair costs, and 

utilization are correlated with the age of equipment. Hence, it is a significant factor for long-

range equipment replacement. 

3 Utilization 
Utilization is a key factor that influences the maintenance and repair costs, useful age, fuel 

consumption, etc. Thus, this factor should be considered in long-range replacement analysis. 

4 Repair cost 

Repair costs are one of the major recurring costs of operations equipment. This factor can be 

used to determine whether the benefits of using a piece of equipment surpasses its costs. 

Moreover, several replacement policies rely on this factor for replacement decisions. 

5 
Maintenance 

cost 

Maintenance cost is also a recurring cost of operations equipment. Besides, in long-range 

analysis, equipment with new technologies may require different maintenance intervals and 

needs that should be reflected in the long-range management policies.  

6 
Downtime 

hours 

An unutilized equipment unit reduces the total utilization of the fleet and increases the 

maintenance and repair costs to bring the unit back to the service. Maintenance and repair 

costs have significant impact on operations cost and the consideration of downtime hours 

provides an additional estimation for these costs in long-range analysis.  

7 Budget 

One of the main constraints of making replacement decisions is the available budget. This 

factor directly influences the flexibility of purchasing new equipment or keeping the fleet 

size. Therefore, this factor is critical for long-range analysis.  

8 
Purchase 

cost 

Purchase cost is one of the major factors that consumes available budgets for equipment 

replacement and needs to be considered in long-range planning.  

9 Discount rate 

The value of money varies over time due to inflations and it affects all monetary costs in an 

analysis. Therefore, the discount rate is important to be considered in long-range analysis to 

provide the same benchmark for various costs throughout the years of operation. 

10 
Depreciation 

rate 

The comparison of the remaining value of an equipment unit and its operating cost is one 

way to find the replacement period. The depreciation rate provides an estimation of the 

remaining value of each equipment unit and shall be included in long-range analysis.  

11 
Fuel 

consumption 

Fuel consumption affects equipment operating costs. Besides, the advancement of 

technology may influence the fuel consumption. Hence, it is important to consider this factor 

in long-range analysis.  

12 Fuel cost 

The unit fuel price along with fuel consumption constitute major portions of equipment’s 

operating costs. This factor is significantly influenced by the global market and alternative 

fuel sources that can emerge in the future and shall be considered in long-range planning.  

13 Fleet size 
The number of equipment units of certain type in a fleet influences the service they provide 

as well as the associated costs. Therefore, it needs to be included in long-range planning.   

14 Salvage value 
Salvage value will influence equipment replacement decisions and can be considered in long-

range analysis.  

15 Obsolescence 

Obsolete equipment may not be technically or economically compatible with new ones. 

Obsolete equipment may not be as efficient as newer equipment in terms of operations and 

fuel consumption with lack of part availability. In addition, it can be costly to upgrade 

obsolete equipment to meet the new standards such as safety or emission. Therefore, 

obsolescence needs to be considered in long-range planning.  

16 Reliability Frequency of repairs 

17 
Physical 

condition  
Body condition of equipment in terms of damage, rust, … 
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2.2.2. Identifying the Key Factors and Processes from Unpublished Work and State Agency 
Practices  

The team has evaluated the outcome of unpublished work through a State agency survey, 

administered in Task 1, to identify key factors, currently used processes, and existing software 

packages. The outcome is summarized in this section. 

As mentioned in Section 2.1.2, the agency survey aims to (a) evaluate the importance of factor 

identified through literature review, (b) investigate the existence of methods, practices, and 

software packages and their applicability to long-range planning of operations equipment, and (c) 

identify the list of equipment with significant value to be considered in long-range management 

practices.  

The first aim is queried in one question with 28 factors and choices on the impact and data 

availability of each factor in long-range decision-making practices. The choices for “impact” are 

categorized into “None”, “Little”, and “High” and options for “data availability” are “Available for 

all equipment types”, “Available for some equipment types”, and “Not available” of each factor.  

Factors shown in Figure 3 are ranked based on importance for long-range planning, and the top 

10 factors based on the received responses are summarized in Table 4. Each column shows top-

ten factors that most State DOTs declared as high-, little-, or no-impact factors. For instance, 

Equipment age, Accumulated utilization, and Replacement budget are reported as the most 

influential factors in long-range equipment management. Besides, most state DOTs declared 

Maintenance cost, Frequency of repairs, and Fuel consumption as top three factors with little 

impact on long-range planning. Climate condition, Terrain condition, and Fuel price are the top 

three selected factors with no impact on long range planning.  

 

Figure 3. Impact of each factor for long-range equipment replacement. 
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Table 4. Factors with the highest response rates that impact the long-range replacement 

decisions. 

Rank 
Impact Choice 

High Little None 

1 Equipment age Maintenance cost Climate condition 

2 Accumulated utilization Frequency of repairs Terrain condition 

3 Replacement budget Fuel consumption Fuel price 

4 Annual utilization Purchase cost Salvage value 

5 Expected useful life Downtime hours 
Current equipment market 

value 

6 Repair cost Equipment emission level Equipment emission level 

7 Purchase cost Annual utilization Equipment safety 

8 Physical equipment condition Equipment technology Lease cost 

9 Criticality Parts availability Rental cost 

10 
Age of equipment when 

acquired 
Equipment safety 

Age of equipment when 

acquired 

    

Figure 4 presents the frequency of responses on data availability for different factors. It also 

indicates the percent data availability for each equipment type. For instance, based on the 

responses, all State DOTs record Equipment age and Fleet size.  

 

Figure 4. Data availability for each factor.  

Table 5 summarizes the factors that have the highest frequencies for each data availability choice 

(i.e., “Available for all equipment”, “Available for some equipment”, and “Not available”). The 

ranking shown in 0 indicates that Purchase cost, Repair cost, and Maintenance cost are available 

for all equipment types in the participating State DOTs (in addition to Equipment Age and Fleet 



NCHRP Project 13-06 Interim Report 

14 

Size). Besides, Physical equipment condition, Lead time for replacement, and Current equipment 

market value are available for some equipment types. However, data on Climate condition, Terrain 

condition, Equipment emission level, and Safety are not available in the DOTs that participated in 

the survey.  

Table 5. Factors with the highest data availability rates. 

Rank 

Data Availability Choice 

Available for all equipment types 
Available for some equipment 

types 
Not available 

1 Equipment age Physical equipment condition Climate condition 

2 Fleet size Lead time for replacement Terrain condition 

3 Purchase cost Current equipment market value Equipment emission level 

4 Repair cost Frequency of repairs Equipment safety 

5 Maintenance cost Criticality Rental cost 

6 Accumulated utilization Equipment technology Lease cost 

7 Age of equipment when acquired Parts availability Obsolescence 

8 Annual utilization Equipment emission level Parts availability 

9 Fuel consumption Obsolescence Equipment technology 

10 Replacement budget Expected useful life Current equipment market value 

    

Furthermore, the survey respondents have been asked whether they currently use any processes 

to make long-range plans for replacement needs and budget of operations equipment. Ten out of 

fifteen agencies declared that they utilize state-of -practice processes to make long-range 

decisions for equipment replacement. Figure 5 shows a color-coded geographical distribution of 

States for usage of such processes (Green for using and Red for not using). As indicated, Idaho, 

Colorado, North Dakota, Minnesota, Missouri, Louisiana, Kentucky, Tennessee, New Hampshire, 

and Maryland DOTs utilize approaches for making long-range replacement decisions. However, 

California, Utah, Kansas, Michigan, and Florida DOTs do not use any tools for this purpose.  

 
Figure 5. Usage of state-of-practice processes in long-range replacement decisions in the US 

(Red: States that do not use any processes – Green: States that use processes). 
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The survey respondents who use a process to make long-range decisions are asked to declare their 

(a) methodology and (b) software packages as well. Figure 6 shows five methods that agencies 

may use to make long-range decisions.  

 

Figure 6. Processes used by State DOTs for long-range replacement planning. 

Among different processes, the “Target threshold” is selected by 60% of respondents as the most 

popular method. Then, the “Experience-based judgment” is chosen by 50% of State DOTs. The 

“Life-cycle cost analysis” and “Commercial software” are other processes selected with a 40% 

response frequency. Finally, only 30% of respondents have chosen “Mathematical modeling” as a 

method adopted for long-range planning in their agencies. Table 6 specifies the State DOTs that 

use each of these five processes. Note that each State DOT may use more than one process to 

make the long-range replacement decision.   

Table 6. Key processes used by State DOTs in long-range replacement planning. 

Process State DOTs 

Target threshold Kentucky, Maryland, Colorado, Missouri, Minnesota, North Dakota 

Experience-based judgment Tennessee, Colorado, Missouri, Louisiana, New Hampshire 

Life cycle cost analysis Kentucky, Colorado, Minnesota 

Mathematical modeling method Colorado, Missouri, North Dakota, Kansas 

Commercial software Kentucky, Colorado, New Hampshire, North Dakota 

  

Table 7 lists the State DOTs who declared the use of software packages for their long-range plans. 

As indicated in the table, State DOTs use a variety of packages with different advantages and 

disadvantages. The responses can confirm the need for the development of a software application 

that incorporates processes for long-term replacement needs and budgets of highway operations 

equipment with the flexibility to design and evaluate what-if scenarios. 
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Table 7. Existing software used for replacement planning with their pros and cons. 

State DOT Software Name Advantages Disadvantages 

Kentucky Agile Assets Completely manage entire fleet - 

Maryland Maximo Designed specifically for fleet 
Somewhat of a steep learning 

curve for operations 

Colorado dTIMS and AIMS 
Takes age, utilization, maintenance 

costs, and criticality into account 

Does not take condition into 

account 

New 

Hampshire 

AssetWorks and excel 

spreadsheets 
Data collection 

Still the need for manual 

manipulation of data 

North 

Dakota 

AssetWorks, FA Suite, 

and PeopleSoft 
- - 

Kansas 

An in-house developed 

software (using 

mathematical 

modeling) 

- 

Project maximum of 10 years 

forward only for existing 

equipment (based on age and 

utilization) 

Florida 
Infor EAM fleet 

management system 

Statewide implementation 

(estimated to take about 12 to 18 

months to work and generate good 

reporting) 

- 

California 
Microsoft Excel and 

Access 
Analyze data Only short-range 

Minnesota 

Assetworks M5 for fleet 

information 

management system 

Data from this system is fed into an 

Excel spreadsheet for long-term 

replacement planning 

- 

Idaho 

Agile Assets (to be 

upgraded in January 

2020 from v7.0 to v7.4) 

Tracking operational costs, 

inventory management, etc.; 

Replacement planning reporting 

and analysis in the updated version 

No long-range planning 

capability in the current version 

    

The last aim of the agency survey, on the importance of long-range planning for each equipment 

type defined based on NAFA classifications, is quarried by a question with 23 equipment types, 

choices of “Not important”, Somehow important”, and “Very important”, and a descriptive “Why 

is it important?” option. 

Figure 7 presents the importance of long-range replacement planning for each equipment type 

based on the collected responses. For instance, Straight truck with dump bed (Dump truck) is 

shown as the most important equipment type for long-range decision-making as 93.34% of 

respondents selected the “Very important” option for this equipment type. The reasons for this 

selection by the responding State DOTs are declared as “higher utilization and keep operational 

cost at a minimum level”, “utilizing for snow plowing”, “cost”, “quantity”, and “mission-critical.”. 

Besides, Bucket truck and Wheeled loader follow the dump trucks in terms of importance for long-

range decision-making, as “Very important” is chosen by 92.86% of respondents. The reasons were 

mentioned as “higher utilization”, “mission-critical”, “high replacement cost”, and “quantity” for 

both equipment types. Besides, the special usage of each equipment type (e.g., the use of Bucket 

trucks for “signs, forestry, and lighting” and Wheeled loader for “winter operations”) has been 
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pointed out in the responses as well. Furthermore, more than 60% of respondents declared that 

Pickup truck, Wheeled grader (Motor grader), and Truck tractor were “Highly significant” in long-

range planning due to their “high replacement cost.” The main sources of high replacement costs 

are “high utilization” and “quantity” in Pickup trucks and Truck tractors and “high purchase cost” 

in Wheeled graders.   

As observed in Figure 7, more than 50% of the respondents selected Automobile, Drill, Straight 

truck with flat bed, Trailer, and Van  as “Somehow important” in long-range replacement planning 

due to their “lower utilization”. 

 

 

Figure 7. Importance of long-range replacement planning for each equipment type. 

2.3. TASK 3: Assess the Identified Factors 

The team has evaluated the relevance of factors identified in Task 2 and recommended factors 

with more significant effects for use in the formulation of long-range plans for replacement needs 

and budgets of highway operations equipment. The shortcomings of the identified models, 

practices, and processes have been studied as well.  As revealed in the survey outcomes, many 

respondents do not use any method, process, or tool for long-range replacement plans and the 

State DOTs who do, face the disadvantages of using such tools. Therefore, a framework with an 

associated electronic tool and a Guide is needed to assist the State DOTs in their long-range fleet 

management decisions. The collected survey responses provide invaluable information about the 

importance of long-range decision-making for the budget and needs of different equipment types 

as well as the impact of different factors on making such managerial decisions. Considering the 

reviewed studies in the literature and the evaluated responses of the survey, the research team 
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will consider the equipment types in Table 8 for data collection and analysis in Phase II. Note that 

the tool, to be developed in Phase II, will be flexible enough to allow users to add other equipment 

types for further analyses. The research team will consider the equipment types covered in NCHRP 

project 13-04 as well. Table 8. Equipment types to be considered for data collection and analysis in 

Phase II research. 

No. Equipment Type No. Equipment Type 

1 Straight truck with dump bed 9 Tracked loader 

2 Bucket trucks 10 Tractor mower 

3 Wheeled loader 11 Attachments 

4 Pickup truck 12 Straight truck with crane 

5 Straight truck with a special body 13 Straight truck with flat bed 

6 Wheeled Grader (Motor grader) 14 Automobile 

7 Tracked excavator 15 Sport utility 

8 Truck tractor 16 Van 

The data availability and the impact of each factor in Table 4 and Table 5 are considered in 

accordance with the reviewed literature to suggest the most critical factors for further analysis in 

the Phase II research. Table 9 includes the summary of factors that will be considered in Phase II 

of this project as they have high impacts on the long-range plans. The importance of each factor 

is listed in the table as well.   

Table 9. Factors to be considered in Phase II research. 

N
o

.  

Factor 

Frequency (%) based 

on the received 

responses in the 

survey Importance 

Impact

* 

Data 

Availability

** 

1 
Equipment 

age 
93.3 100 

Equipment age has a significant impact on replacement strategies 

and is recorded in all agencies. The response frequency with “high 

impact” selection reveals its importance in long-range planning. 

2 
Accumulated 

utilization 
80.0 86.7 

Accumulated utilization along with equipment age influence 

operating costs. The availability of accumulated utilization data 

and its significant impact on operating costs make it a critical 

factor in long-range planning. 

3 
Replacement 

budget 
80.0 66.7 

The replacement budget influences the ability to purchase new 

equipment vs. keeping the current ones. Moreover, the 

replacement budget might be uncertain especially for an extended 

period of time, which makes it a critical factor in long-range 

planning and budget management. 

4 
Annual 

utilization 
66.7 80.0 

Annual utilization shows the efficiency as well as the expected cost 

for each equipment unit in the fleet. Hence, using this factor helps 

determine the required budget and needs in long-range planning.  

5 
Expected 

useful life 
66.7 60.0 

Expected useful life may not be as available as the previous 

factors; however, the impact of this factor on replacement 

strategies cannot be neglected. The shortage of data can be 

compensated by the manufacturer’s recommendations.   
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N
o

. 

Factor 

Frequency (%) based 

on the received 

responses in the 

survey Importance 

Impact

* 

Data 

Availability

** 

6 Repair cost 60.0 93.3 

Repair cost is tractable in most of State agencies and due to its 

significant impact on operating costs, should be considered in 

long-range planning. 

7 Purchase cost 53.3 93.3 

The purchase cost of equipment can influence fleet composition 

and therefore, the quality of service.  Purchase cost is also one of 

the major factors that consumes available budgets for equipment 

replacement and needs to be considered in long-range planning. 

8 

Physical 

equipment 

condition 

53.3 26.7 

Although physical equipment condition has low data availability, it 

has a great impact on determining the replacement period for 

each equipment unit when the budget is limited. The reviewed 

literature also shows that some State agencies use it as a factor in 

experience-based replacement decisions.  

9 Criticality 53.3 33.3 

This factor shows the extent to which the equipment is considered 

essential to the performance of core agency functions directly 

related to the protection of public and worker safety, and asset 

preservation under emergency conditions. Therefore, despite low 

data availability, it needs to be considered in long-range planning.  

10 

Age of 

equipment 

when 

acquired 

40.0 80.0 

The age of equipment when acquired influences the efficiency and 

operating costs. It has a high data availability as well. Therefore, 

while only 40% of respondents selected it as a “high impact” 

factor, it needs to be considered in long-range planning.  

11 Fleet size 40.0 100 

The number of equipment units of certain type in a fleet 

influences the service they provide as well as the associated costs. 

Therefore, while only 40% of respondents marked it as “high 

impact” in long-range planning, the research team proposes to 

consider it.  

12 
Maintenance 

cost 
40.0 93.3 

Maintenance is a recurring cost of operations equipment. in long-

range analysis, equipment with new technologies may require 

different maintenance intervals and needs that should be 

reflected in long-range management policies. High data availability 

can facilitate more accurate replacement planning. Therefore, 

despite a 40% “high impact” response rate, the research team 

proposes to consider this factor in long-range planning.  

13 Obsolescence 33.3 0.0 

Obsolete equipment may not be technically or economically 

compatible with new ones. Obsolete equipment may not be as 

efficient as newer equipment in terms of operations and fuel 

consumption with lack of part availability. In addition, it can be 

costly to upgrade obsolete equipment to meet the new standards 

such as safety or emission. Therefore, while only 40% of 

respondents selected it as a “high impact” factor with not much 

data availability, the research team proposes to consider it in long-

range analysis.  

14 
Downtime 

hours 
26.7 46.7 

An unutilized equipment unit reduces the total utilization of the 

fleet and increases the maintenance and repair costs to bring the 

unit back to the service. Maintenance and repair costs have 
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N
o

. 

Factor 

Frequency (%) based 

on the received 

responses in the 

survey Importance 

Impact

* 

Data 

Availability

** 

significant impact on operations cost and the consideration of 

downtime hours provides an additional estimation for these costs 

in long-range analysis. Therefore, while only 26.7% of respondents 

selected it as a “high impact” factor, the research team proposes 

to consider it in long-range planning.  

15 
Fuel 

consumption 
20.0 73.3 

Fuel consumption affects equipment operating costs. Besides, 

advancement of technology may influence it. Hence, despite a 

20% “high impact” response rate, the research team proposes to 

consider it in long-range analysis. 

* Numbers show the response frequencies for selecting “High impact” for including the factor in long-range 

planning. 

** Numbers show the response frequencies for selecting “Available for All Equipment Types” in the data 

availability question. 
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3. PROPOSED RESEARCH PLAN FOR PHASE II 

This section entails the development of a proposed research plan for Phase II (Task 4), based on 

the findings of Tasks 1 – 3, to be executed in Task 6. The proposed plan will cover the development 

of rational processes, based on computational models, for formulating the long-range plans for 

the replacement needs and budgets of highway operations equipment. The plan will also present 

a tentative outline for the Guide and associated electronic tools for consideration and adoption 

by AASHTO. The team acknowledges that work on Phase II of the project will not begin until the 

interim report is approved, and the NCHRP authorizes the Phase II work plan.  

3.1. TASK 4: Developing a Proposed Plan 

The research team will develop a methodology (in Task 6) that calculates replacement budgets 

and needs over a long-range planning horizon. Fleet replacement criteria for different equipment 

types are inputs to this methodology. The research team proposes to use the optimal fleet 

replacement criteria developed in the NCHRP project 13-04 as the default values and will also 

allow the entry of user-defined criteria. The team will determine equipment pieces that are 

candidate for replacement based on the criteria annually over the long-range plan. The team will 

then determine the required funding levels for replacement plans per year, over a long-range 

period using models based on equipment pieces that are candidate for replacement, their 

purchase price, inflation rate, and other factors explained in Task 3. These models and processes 

will be validated through several case studies that will be created using data collected by NCHRP 

projects 13-04 and 13-05. The research team will collect additional data to complement the 

existing data and address long-range planning. Note that if replacement criteria include equipment 

utilization, the prediction models developed in NCHRP project 13-05 will be used to estimate 

utilization in future years of the planning period. What-if scenarios will be developed to facilitate 

analyzing the impact of fleet managers’ decisions, for instance, in case of increased/decreased 

budgets. Therefore, the managers can assess the impact of available funding levels on the fleet 

composition, utilization, etc. annually over a long term. The methodology allows fleet managers 

to explore the impacts of changing various fleet funding and/or replacement criteria. Outcomes 

to be explored by this model include (but not limited to) the following: 

1. impact on fleet class average age and maintenance costs due to changes in available funding 

(either more or less funding) 

2. funding required to achieve and maintain a target fleet age by class 

3. long-term impact (cost and availability) of not funding equipment replacement for one or more 

years 

4. other “what if” scenarios 

The team will develop an electronic-based tool that includes all the proposed computational 

models, what-if scenario buildings, and case study development capabilities as well as data input 
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and analysis features. The research team will prepare a technical memo to present their developed 

method, electronic tool’s capabilities and functionality, and associated results. Afterwards, the 

team will develop a Guide for the formulation of long-range plans for replacement needs and 

budget of highway operations equipment based on the findings of the Phase II research.  

In the remainder of this document, the research team will describe the proposed research plan in 

detail along with a tentative outline for the Guide. Figure 8 presents different tasks and subtasks 

entailed in the Phase II Research Plan, including Tasks 6 through 9. The research team will describe 

the proposed research plan (to be executed in Task 6) for each of the mentioned steps in detail. 

 

Figure 8. Schematic Flowchart of Phase II Tasks. 

3.1.1. Subtask 6.1: Identification of the Long-range Fleet Replacement Criteria  

The research team has reviewed the (a) publicly published work and (b) unpublished work and 

state agency practices (agency survey results), evaluated the gathered information, and assessed 

the identified factors and processes, as described in Sections 2.1 – 2.3 (Tasks 1 – 3). Based on the 

findings, the team has listed a set of key factors in Section 2.3 to be considered in the Phase II 

research plan for the formulation of long-range replacement plans. The team has identified a set 
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of equipment types to be included in the analyses as well; see Section 2.3 - Table 8. 

The research team will use the influential factors (from Phase I) and their associated thresholds 

(user inputs) and define replacement criteria to calculate the replacement needs and budgets for 

different equipment types. For example, the criteria can be defined as a certain age and specific 

mileage threshold. The team will incorporate the optimal replacement criteria from NCHRP 13-04 

as default values to provide a benchmark. The fleet managers will have the flexibility to define and 

use any suitable criteria (other than the default optimal ones) to create what-if scenarios and 

evaluate their impacts on their fleet management processes annually over a long range. This task 

will be completed in 2 months. 

3.1.2. Subtask 6.2: Calculation of the Required Funding Levels for Replacement Plans Annually 
and over a Long-range Period 

Figure 9 shows the proposed method to calculate the annual required funding over a long-range 

planning period. Using the defined criteria for equipment replacement in Subtask 6.1, the 

equipment pieces that are candidate for replacement are determined in each year over a long-

term period. Note that the criteria are defined for each equipment type. In particular, the team 

proposes the following steps to identify the number of candidate equipment units for replacement 

of a certain type annually over 25 years: 

− First, equipment units in the fleet that satisfy the replacement criteria are identified as 

candidates for replacement in the next year. For instance, any pickup truck with an in-service 

age of more than 15 years or an accumulated 150,000 miles will be marked as candidates for 

replacement in the next year.   

− Candidate equipment pieces for replacement in the following years (i.e., for the next 25 years) 

will be identified, based on the utilization metrics and other key factors in each year. For 

instance, the in-service age and accumulated mileage of the example pickup truck will be 

estimated in the following years. If either of them exceeds the replacement criteria, the 

equipment is marked as a candidate for replacement. In the default analysis, the equipment is 

replaced with a new one; however, fleet managers can override this decision.  

Note: The value of replacement factors needs to be estimated over future years (for existing 

and new equipment pieces). Utilization factors will be estimated using the prediction models 

presented in NCHRP project 13-05.  

− This process is revisited for each specific equipment unit. 

Knowing the number, type, and purchase cost of equipment units, the required annual budget is 

calculated using financial models that consider many factors such as inflation rate, depreciation 

rate, and other key factors identified in Task 3. Such inputs will help determine how much funding 

is required for the investment plans annually in a long-range planning horizon. The process follows: 
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The team denotes the number of equipment pieces of type ! in year " by #$% (e.g., #&$'()&*+,,	. =
70 means that 70 pieces of pickup trucks with GVW of less than 8,500 pounds exist in year one). 

The purchase cost of equipment type !  in year "  is shown by 	1$%  (e.g., 1&$'()&*+,,	. = $45,000 

means that the purchase price of pickup truck with GVW of less than 8,500 pounds is $45,000 in 

year one – Note: the research team will allow the entry of different purchase prices for equipment 

types that are purchased from different manufacturers). Then, 7$% represents the required budget 

for equipment of type ! in year " that is obtained by the product of number of equipment pieces 

and the unit price based on market realizations in year ", i.e., 

7$% = #$%	1$%. 
Note: In the calculation of required budget in the following years, the team will incorporate the 

inflation rate and other market-related as well as utilization-related factors into the 7$% calculations 

to ensure the required funding levels will be calculated accurately over the long-range period.  

Note: If a certain utilization threshold is used as replacement criteria, the utilization prediction 

models (developed in NCHRP 13-05) may also be used to estimate utilization in future years to 

adjust the replacement criteria in the following years .  

If the available budget changes in a year (or several years), the model will adjust the required 

funding levels over the years accordingly (based on the observed utilization levels, adjusted 

replacement criteria, among other key factors) and reflects the impacts on the replacement 

management processes in long-range plans. The steps are detailed below: 

− At the beginning of each analysis year, input values (including equipment types, key factors, 

and replacement criteria) will be obtained. 

− The available budget will be compared to the required funding level for that specific year.  

ü If the available funding is enough, the fleet managers will identify the candidate equipment 

pieces for replacement based on observed replacement factor values in that year and 

predicted values in the following 25 years. 

ü If the funding level is less that the required budget, the fleet managers will adjust the 

replacement criteria or their equipment replacement plan, and the proposed method will 

update the candidate equipment units for replacement. Alternatively, the proposed 

method can identify equipment pieces that can be replaced within the available budget. 

For this purpose, the equipment pieces will be ranked based on how much they have 

exceeded the replacement criteria (actual or estimated in future years), and those with the 

highest violation will be marked as candidates for replacement until the budget is 

consumed.  

−  The required funding level for the next year and the following years will be calculated based 

on observed and estimated changes in the key factors. 

Note that fleet managers need to repeat this process in future years, as shown in Figure 9,  so that 
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more accurate data, rather than estimations, can be entered in models and processes. This task 

will be completed in 4 months. 

 

Figure 9. Proposed process to calculate the required funding level annually over a long range. 

3.1.3. Subtask 6.3: Development of What-if Scenarios 

The team plans to provide the capability to evaluate the results based on changes in the input 

parameters such as available budget, fleet composition, and utilization. The research team will 

incorporate various scenarios in the methodology, along with an evaluation feature, and will allow 

fleet managers to create their own scenarios. For instance, what if the funding increases in year 2 

and decreases in year 7? What will be the impact on the fleet management processes over the 

years in long-term? Should a fleet manager replace some equipment pieces before their 

replacement criteria is met with the additional budget in year 2? Such analyses will facilitate fleet 

managers’ decisions regarding their investments. The scenarios will also address: 

1. impact on fleet class average age and maintenance costs due to changes in available funding 

(either more or less funding), 

2. funding required to achieve and maintain a target fleet age by class, 

3. long-term impact (cost and availability) of not funding equipment replacement for one or more 

years, and 

4. other “what if “ scenarios. 

This task will be completed in 3 months. 
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3.1.4. Subtask 6.4: Validation of the Proposed Model 

The proposed model and processes will be evaluated and validated through several case studies 

that will be created using data collected by NCHRP projects 13-04 and 13-05. The research team 

will collect additional data to complement the existing data and address long-range planning. 

Various decision-making conditions and scenarios will be tested to ensure that the proposed 

model works properly. If errors are found at this stage, the model will be re-visited to fix the 

problems. 

The research team has already identified a list of operations equipment being utilized in State 

DOTs to be included in the data collection plan. The equipment list has been summarized in Section 

2.3 - Table 8. The team will send a data collection request (after the NCHRP approval) to all State 

DOTs to obtain data from at least ten States appropriately distributed among the four AASHTO 

regions to ensure sufficient geographical coverage and develop representative models. After the 

data is collected and cleaned, the research team plans to use the data in the developed tool to run 

various case studies and draw managerial insights. Note that the development of the tool is not 

dependent on the requested data. In fact, data of equipment types listed in Table 8 will be 

collected to run various case studies using the developed tool and draw managerial insights. The 

tool will be flexible enough to allow users to add/delete equipment types for further analyses. 

The case studies will be created for States who will share data. The research team will collect their 

available budgets, costs, fleet composition, utilization, etc.  and create cases with variations in 

available budget (in current and future years), replacement criteria, and other inputs. Then, the 

team calculates the required needs and budget over the long-range planning horizon. Sensitivity 

analysis will be done to ensure that the proposed methods provide the expected output and 

whether the observed trends are sound. This task will be completed in 6 months. 

3.1.5. Subtask 6.5: Development and Validation of the Electronic-based Tool 

An electronic-based tool will be developed that incorporates all the capabilities mentioned in 

Sections 3.1.1 – 3.1.4. Details follow: 

a. Excel macro software development for the formulation of long-range plans for replacement 

needs and budgets of highway operations equipment 

The tool will have the capability of entering operations equipment data, available and 

projected budgets, replacement criteria, financial factors (e.g., inflation rate, depreciation 

rate), and current and projected equipment purchase prices. Note that NCHRP project 13-04’s 

replacement criteria for different equipment types will be used as default values and users 

have the capability to change them. 

The tool will incorporate the proposed methods to calculate long-range replacement needs 

and budget (as explained in Subtask 6.3). The tool will allow fleet managers to calculate the 

required funding level over future years and compare it to the available funds. The tool will 
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identify candidate equipment pieces for replacement. The tool will allow users to define 

customized scenarios and analyze their impacts on long-range equipment replacement needs 

and budgets.  

b. Excel macro software testing and validation 

The software’s capabilities will be assessed using the case studies developed in Subtask 6.4.  

c. Submission of the software application to the NCHRP for approval 

The research team plans to develop the electronic tool and share it along with its user manual 

with the panel (as soon as it is developed) through the NCHRP project responsible staff to 

facilitate the review process.  

This task will be completed in 6 months. 

3.2. TASK 7: Preparation of the Technical Memo 

The research team will prepare a technical memorandum containing a summary of the work 

performed in Task 6, including the electronic tool as well as a detailed outline of the Guide. The 

memo will be submitted to NCHRP for review. The Guide is an integral step for the success of this 

project. Its development will facilitate the mainstream adoption of the identified best practices 

and developed processes/methodologies. This task will be completed in 4 months that includes 

1.5 months for the review of the technical memorandum by NCHRP. 

3.3. TASK 8: Development of a Guide for Long-range Plans on Asset Replacement 
Needs and Budgets 

Using the outcomes of previous tasks (and addressing comments from the NCHRP review of Task 

7 technical memorandum), the research team will prepare the Guide. The research team will 

prepare the document for immediate implementation of best practices and associated tools for 

efficient fleet replacement plans in long-range planning periods. The research team’s current 

outline of the proposed Guide is provided in Table 10. The outline is formed based on the results 

of the literature review and the Phase I agency survey. Note that some of the sections of the 

proposed Guide will need additional information from the case studies as well. The research team 

will prepare instructions on the use of proposed recommendations in the Guide to ensure (a) 

proper implementation of the project’s outcomes and (b) fulfillment of the needs of highway 

agencies on the long-term highway operations equipment replacement planning. This task will be 

completed in 4 months. The descriptions of the Guide and electronic-based tool will be submitted 

to NCHRP at the end of Task 8. 

3.4. TASK 9: Preparation of Final Deliverables 

The research team will prepare a final report that covers all efforts and accomplishments 

throughout the project (i.e., PHASE I and PHASE II including all tasks, findings, and conclusions). 

The report will contain a plan to implement research outcomes in practice and additional research 
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needs if deemed appropriate. The final report will also cover the source and logic of the 

recommendations in detail. Copies of the final report and associated deliverables will be submitted 

to NCHRP no later than 3 months prior to the contract’s expiration date.  

Table 10. Tentative Outline of the Guide. 

Chapter Content 

1. Introduction Purpose 

Background 

Scope 

Document organization 

Instructions to use the Guide 

2. Equipment types  

3. Key factors and processes for 

long-range plans for Replacement 

needs and budgets of highway 

operations equipment 

Key replacement factors (particularly for long-term planning) 

Appropriate replacement criteria per equipment type 

Other considerations affecting long-range planning 

4. Rational processes, 

computational models, and 

electronic tools for long-range 

operations equipment 

replacement plans 

Model description to determine required funding levels for replacement 

plans (annually over long-range) per equipment class 

Electronic-based tool description 

Data collection/processing/analysis procedures for case studies 

Challenges, solutions, and other considerations 

5. Recommendations for 

implementation 

General recommendations in long-range fleet replacement management 

Training of best practices 

Future updates of the models and tools 

Benchmarking analysis 

Identifying opportunities to improve the solutions 

Other applications of models and tools 

Appendix A. References and 

resources 

References 

Technical materials 

Lessons learned 

Expected outcomes 

Appendix B. Case Studies The selected State DOTs (one by one) 
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APPENDIX: AGENCY SURVEY QUESTIONS 
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