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CHAPTER ONE 

1. INTRODUCTION AND RESEARCH METHODOLOGY 

 

1.1 BACKGROUND AND PROBLEM STATEMENT 

 On the majority of highway projects let by the Florida Department of Transportation 

(FDOT), each bidder has traditionally been allowed to choose which base material they would 

use to construct the project if they were awarded the contract.  This is accomplished by referring 

the bidder to the appropriate sheet in the FDOT Flexible Pavement Design Manual (FDOT, 

2002b), where the different options are grouped according to the capacity provided to support the 

expected traffic loads as presented in Appendix A.  In Section 5.5.2 of the manual, the contract 

specifies which group the bidder may choose from and each of the options within each group is 

designed to lend approximately the same support as measured by structural number.  Any choice 

within the group is acceptable and it is incumbent upon the bidder to choose the option that gives 

it the best chance of success in the bidding process.  In some cases, however, FDOT has called 

for a certain base type in lieu of the optional base concept.  In these cases, the department has 

traditionally made its decision based on unit prices of materials, labor, and equipment.   

 While there are several options listed within a single optional group, the choice usually 

comes down to an aggregate (usually limerock) base vs. a hot-mix asphalt (HMA) base.  In the 

past, deciding which alternative method to use was mainly based on a direct cost comparison 

based on unit prices of materials, labor, and equipment.  When using only this direct cost 

parameter, in most cases, the limerock alternative appeared to be the most cost effective.  

However, many FDOT practitioners feel that other parameters need to be taken into 
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consideration.  Some of these parameters include the effect of rain, the length of time to 

complete the project, the effect on the business community, project location, as well as other 

parameters.  An example provided by a contractor shows that limerock base material is less 

expensive but some or all of the savings experienced in the purchase may be offset by higher 

costs for excavation, MOT, installation, and finishing.  This example is presented in Appendix B. 

The FDOT needs comprehensive information to determine all the various parameters and 

to perform an economic evaluation of these two alternatives that will enable FDOT to determine 

the best alternative based on overall cost.  Such an economic evaluation will enable the FDOT 

practitioner to make a more reasonable and informed decision based on total cost/benefit 

parameters.  

 

1.2 RESEARCH OBJECTIVES 

 The objectives of this project are to develop, evaluate, and validate a model to determine 

which alternative (limerock base or asphalt base) would be the best choice economically, based 

on total cost.  The economic evaluation between the two most popular base alternatives will 

enable the FDOT practitioner to determine the best alternative for a particular project based on 

total cost/benefit parameters.   

 When considering total cost, the length of time to complete the project is an especially 

critical factor in terms of cost-effectiveness.  For example, if limerock base construction takes 

longer than that of HMA base, and as a result, the total project duration requires more time, the 

road user cost (RUC) of the project can become an important factor in determining a base option.  

In addition, longer construction time results in a higher construction engineering and inspection 
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(CE&I) cost.  Therefore, taking RUC and CE&I cost into account, using limerock base may not 

always be the most cost-effective option.  FDOT District Three (D-3) provides a graph for 

deciding working days of limerock base construction as presented in Appendix C. 

Figure 1.1 illustrates a simplified concept of total cost comparison.  HMA or limerock 

base option was assumed to be installed in the same area of a project to compare total costs.  The 

total cost of both the HMA and limerock base construction consists of direct cost, RUC, and 

CE&I cost.  RUC and CE&I cost are drawn as straight lines at the bottom of the figure.  For most 

construction projects, RUC are expected to be much higher than the CE&I cost.    

The direct cost of the HMA base option will be more expensive than for the limerock 

base option and this cost difference remains constant until the time when the HMA base option 

construction could be completed.  Once the HMA base option is completed, the cost difference 

between the two options will be gradually decreased because the limerock base option incurs 

RUC and CE&I costs for a longer construction time.  At a certain point in time, the total cost of 

the two options will be even and, after that point, the cost of the limerock option will be higher. 

 

1.3 RESEARCH APPROACH 

Work on this research consisted of accomplishing the following steps as illustrated in 

Figure 1.2. 
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Figure 1-2. Research Methodology 

 4 



1.3.1 Data Collection Process 

The research team conducted a comprehensive data collection process.  This data 

collection process included interviews, project visits, and project documents acquisition from the 

projects selected.   Data was collected from three completed projects and three ongoing projects 

for each base option.  The data collection process gathered project data for limerock and HMA 

bases including unit prices, quantities, direct costs of each option, individual workday quantities 

of work for the base item used, and the work hours of crewmembers and equipment.  Production 

rates of base construction were measured thereafter.  This data collection process is described in 

Chapter 3 in detail. 

 

1.3.2 Production Comparison  

The production rate of each base option was measured.  The research team separated the 

method of data gathering and analysis based on project characteristics.  For completed projects, 

project documents (daily diaries for limerock base and daily diaries and asphalt reports for HMA 

base) were obtained.  Active projects provided more accurate information.  For the active 

projects, a production measurement form was developed (Appendix D).  The production 

measurement form was given to the project inspectors who filled in the information accordingly.  

This form contains such information as date of operation, lift constructed, quantity for each 

subtask, work crew and hours, equipment number and hours, and incidents.  The information 

from the production measurement form was supplemented by daily diaries and, for HMA 

projects, the asphalt report.  Accomplishing these tasks provided the research team with daily 
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quantities of base construction for each workday.  The production rates of the two options were 

then measured.    

 

1.3.3 Other Cost Factors  

CE&I cost and RUC were investigated since those cost factors are very important when 

comparing total cost.  RUC has an especially significant impact on the total cost comparison.  

Therefore, RUC was studied in great detail as reported in Chapter 3. 

 

1.3.4 Development of Decision Tool 

 After considering production rates and cost factors, an economic evaluation tool was 

developed.  This result is presented in Chapter 6. 

 

 

Reference: 

Florida Department of Transportation. (2002b). Flexible Pavement Design Manual. Retrieved 
Jan 10, 2003, from 
http://www.dot.state.fl.us/PavementManagement/pcs/2002%20Flexible%20Pavement%20Manua
l.pdf 
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CHAPTER TWO 

2. DATA ACQUISITION FOR BASE CONSTRUCTION  

    

 In order to make a proper comparison between limerock and HMA base options, the 

research required a comprehensive data collection process with regard to base construction     

production and cost issues.  Therefore, the research team conducted an extensive data gathering 

process lasting over a year.  The objectives of the data collection process were to collect data for 

computing production rates based on production output and input, comparing direct costs, 

computing other cost factors, and comparing total costs.  The activities include: 

1. Finding general information that has an impact on base construction including general 

characteristics of both options.  Through interviews with practitioners, this information 

was obtained and is hereby described.  

2. Finding projects that use limerock base, HMA base, or both.   

3. Measuring the production rates of both options.  This task called for devoted cooperation 

on the part of the inspectors to make project data available to the research team.    

4. Comparing and computing the cost difference between the rates.  Based on the result of 

this, the cost difference was computed and this difference was used for the total cost 

comparison. 
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2.1 GENERAL CHARACTERISTICS  

 The research team performed direct interviews with the various contractors, pavement 

designers, project inspection personnel, highway designers, and material testing personnel.  As a 

result of these interviews, the characteristics of both base types were noted.   

 In FDOT District Two (D-2), the designer allows the FDOT Construction group decide 

which base type to use as long as the structural number is met.  There is no definite policy as to 

when different base types can be called for, but some districts have memorandums with 

instructions and others do not.  One such memorandum is shown in Appendix E. 

 According to the D-2 memorandum, “areas to consider for restricting the base course to 

asphalt is in urban areas on intersection improvement projects and reconstruction projects where, 

due to high traffic volume, expediting the construction of base material would be beneficial to 

the public.” (FDOT, 1996) 

 Limerock base construction is known to take a longer time but has a lower initial cost 

than asphalt base as described.  Some of the reasons for the longer construction time are listed 

below. 

1. A Proctor test is required on limerock - not on HMA (typically takes 3-7 days per lift for 

two lifts) 

2. Density must be achieved on each lift of limerock - only on the second lift of HMA 

3. Rain can ruin limerock base and require reconstruction.  Rain only delays the HMA 

operation until the surface dries. 

4. Soil stabilization is required for limerock in the roadway, but not for HMA 
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 Generally speaking, contract time is not altered depending upon which base is used even 

though estimates on time saved by using HMA base ranged from 15 - 50%.  Typically, if they 

finish a paving operation early, contractors choose not to open the lane to the traveling public 

and FDOT doesn’t shorten the project duration.  However, D-2 does often change the contract 

time duration when calling for HMA base by adding the base quantity to the asphalt pay item 

and eliminating the base item completely.  Since the prescribed formula for the calculation of 

time for the asphalt item differs from that for the base item, contract time may be reduced by this 

procedure.  On projects of great physical length, the actual time for constructing the limerock 

base may not be very different from that for constructing a HMA base because the proctor 

process can be started immediately on the first lift and by the time the first lift of limerock is 

completed, the density for the beginning of the first lift can be approved so the second lift can be 

commenced immediately.  Quality contractors have only minimal problems achieving density 

using either type of base.   

 

2.1.1 Limerock Base  

 Limerock base is a good, affordable, local product and is improving in quality as 

excavators are getting past the lower-quality material near the earth’s surface.  The material first 

removed from most pits was described by one pavement designer as “similar to the material 

commonly used in fertilizers.”  Limerock has many advantages when it comes to direct cost-

effectiveness.  Most of those interviewed said that contractors are just as adept at placing 

limerock base as HMA base.  However, it usually requires more time, as described. 
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 The biggest advantage of using limerock base is a lower initial cost compared to asphalt 

base.  Unless a contractor does not own a limerock pit and has to buy limerock from a competitor 

and transport it a long distance (hauling distance is a big factor in the cost of limerock), it is 

highly unlikely that limerock base will be more expensive to deliver to the project than HMA 

base. 

 The quantity of base required on a project can be a determining factor when deciding 

which base type to use.  Huge quantities tend to sway designers to limerock even in an urban 

environment.  One large project had an estimated $750,000 difference in base price between the 

two options. 

 Limerock is so much cheaper for some contractors that CW Roberts, a contractor with 

both a limerock pit and a HMA plant, regularly requests that he be allowed to haul any milled 

Recycled Asphalt Pavement (RAP) material off site and bring in limerock for shoulder 

construction instead of simply sweeping the RAP onto a shoulder and compacting it, a newly-

approved method of shoulder construction. 

 The other major advantage to limerock base is that trucks can haul the material to the 

project and dump it at any time - even when the placing equipment and crew are not available.  

The material can be stockpiled on the roadway until the dozer, grader and compactor are 

available to place it.  This allows the contractor to keep the other equipment busy performing 

other tasks until a prudent time to place the base material.  Of course with asphalt base, all 

components of the paving train must work simultaneously.  
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 Finally, according to the data obtained from the projects investigated and observations 

made, limerock base requires less labor to place than does asphalt base.  On the other hand, there 

are indirect costs to using limerock base not present in HMA construction such as: 

1. Barrier walls and other Maintenance of Transportation (MOT) items are needed for 

longer periods of time. 

2. A Water truck is needed. 

3. A Grader is needed. 

 Since trenches are cut deeper for limerock base construction and limerock base 

construction leaves the trench open longer than asphalt base construction, the safety factor is 

another disadvantage of using limerock base.  In addition, since the cut for limerock is deeper, 

there is more material that requires disposal.  Contractors know all the advantages and risks 

associated with limerock and almost always elect to take the risks and use it.  

 

2.1.2 HMA Base  

 HMA base is generally preferred in cases of small projects such as intersections and in 

highly urban areas where it is politically unwise to delay opening a project to traffic.  HMA is 

also good for dust and erosion control in urban areas.  HMA base gives more flexibility for 

MOT, but often this is negated because the contractor elects not to use the lanes paved with base 

for this purpose.  

 If the weather is good, the timesaving for HMA is basically tied to the speed of the lab in 

getting proctor test results on limerock base to the constructor.  In the Tallahassee area there 

seems to be less than a 10% time saving for HMA over limerock base because the labs are so 
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quick to render proctor test results.  This was the quickest time reported.  From a quality control/ 

inspection perspective, asphalt base requires more inspectors than limerock base.  

 There were rutting problems in the past with HMA base, but things have improved since 

more emphasis was placed on the shape of the aggregate.  However, there is no way to tell how 

the new SuperPave 12.5 mm base will perform as there is no past performance to analyze.   

Besides high traffic, urban areas and intersections, there is one other factor that can cause a 

designer to call for HMA base - the number of driveway connections.  Use of HMA makes for 

simpler connections than does use of limerock.  Use of HMA is good for the case of future 

milling and gives all concerned a “comfort zone” because once the first lift is down, weather 

ceases to be a major cause of concern.  Table 2-1 shows the summary of the features for each 

base option. 

Table 2-1. Summary of the Features for Two Base Options 
                             Base options 
Features Limerock Base HMA Base 

Construction Time Proctor test required 
More work hours  

No proctor test required 
Fewer work hours 

Cost 

Low material cost  
Low initial cost 
High CE&I cost 
High RUC 

High material cost  
High initial cost (Plant setup) 
Low CE&I cost 
Low RUC 

Equipment required 

Material delivery truck 
Dozer (or loader) 
Grader 
Water truck 
Roller 

Material delivery truck 
Asphalt paver 
Roller 

Safety factor Lower  Higher  

Constructability Stockpiling possible More flexible for MOT 
Good for dust, erosion control 
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The major advantages of HMA base are:  

� “Water seal” effect of first lift 

� Less MOT cost  

� Lower inspection costs 

� Higher Safety 

� Potential earlier use of facility 

 

2.2 PROJECTS INVESTIGATED 

 The research team sought for a long time to find adequate projects for data collection.  It 

was especially difficult to find projects using HMA for base in sufficient quantities for proper 

analysis.  When finding the projects, the PI made an initial visit to each in order to establish data 

collection protocol between the research team and project personnel.   

 The research team gathered data from three completed projects and three ongoing 

projects per each base option as shown in Table 2-2.   

Table 2-2. Projects for Data Collection 
 Limerock base HMA base 

I-95 (Duval County) SR 207 (Flagler County) 

Capital Circle Capital Circle 

Completed Projects 

SR 500 (Alachua County) US 441 (Alachua County) 

SR 26 (Alachua County) SR 26 (Alachua County)  

SR 20 (Alachua County) SR 20 (Putnam County) 

Ongoing Projects 

Jacksonville Airport Access Road I-10 / I-110 
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2.2.1 Limerock Base  

I-95, Duval County 

� This project was completed before the start of this research project.  

� Limerock base was used on this project 

Capital Circle, Tallahassee 

� This project was completed before the start of this research project. 

� Two projects were constructed adjacent to each other during roughly the same time 

period by the same contractor.  One of the projects used asphalt base and the other used 

limerock base.  This was a unique and excellent opportunity to compare and analyze the 

two methods with a minimum of variables. 

SR-500, Alachua County 

� This project was completed before the start of this research project. 

� Limerock base was used on this project. 

SR 26, Alachua County 

� This was an ongoing project 

� There are both limerock and asphalt base components to this job, making it an extremely 

valuable one for this research.  This was a unique opportunity to compare and analyze the 

two methods with a minimum of variables.

� The research team regularly visited this project.  Visits were at least weekly.  The data 

gathered on this project was exceptional.  The CEI consultant, Jones, Edmunds, and 

Associates (JEA) graciously added a mailbox for the research team in their field office in 

Newberry.  The project Engineer left all relevant data and information in the box for UF 
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personnel to pick up.  Most weeks, the Project Engineer met with the students and took 

questions.    

SR 20, Alachua County 

� This is an ongoing project 

� The plans for this project call for limerock base 

� Base work began Mar 26, 2003 after a three-month delay.  It was scheduled to start in 

December, but was delayed due to the illness of a key contractor employee. 

� The CEI consultant, GAI, set up a data collection system based on the one used on SR 26. 

Airport Access Road, Duval County  

� This is an ongoing project. 

� The plans for this project call for limerock base. 

� This project was severely delayed.  Base work was to begin on the first work day in 

January but actually started in April. 

 

2.2.2 HMA Base  

SR 207, Flagler County 

� This project was completed before the start of this research project. 

� Asphalt base was used on this project 

US 441, Alachua County 

� This project was completed before the start of this research project. 

� Asphalt base was used on this project
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SR 20, Putnam County 

� This is an ongoing project. 

� The plans for this project call for asphalt base. 

I-10, Pensacola 

� This is an ongoing project. 

� The plans for this project call for asphalt base.

2.2.3 Timed Lane Closures  

 There are two distinct types of base construction projects that must be handled differently 

by agencies when they set out to determine the RUC for any construction project.  Therefore, 

they were handled differently for purposes of this research.  

� Lane widening/adding of paved shoulder 

This type of project requires lane closures and RUC will be a larger factor.  Stopwatch data is 

required on these. 

� Road widening (adding lanes) 

This type of project does not require lane closures.  Therefore, RUC is limited to the before/after 

construction comparison. 

 Three projects were chosen for the timing of lane closures.  An investigator visited the 

job sites and timed the traffic movements with a stopwatch several times.  Then the investigator 

rode through the lane closure several times and noted the amount of time it took from the 

moment he started moving to the moment that the speed limit was achieved past the closure.  

Since RUC in the work zone with a lane closure is a very critical factor, more extensive research 

was conducted as reported in Chapter 3.   
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2.3  DATA COLLECTION PROCESS 

Different data collection processes were employed for completed and active projects and 

limerock and HMA base construction.  Table 2-3 shows the characteristics of base types.  Data 

gathering requirements were determined by these characteristics. 

Table 2-3. The Characteristics of Base Types 
Base type Subtasks Crew members Equipment 

Dumping 
Spreading Limerock 
Compacting 

Foreman, Equipment 
operators, Labors  

Material delivery trucks, 
loaders, graders, water trucks, 

Spreading 
HMA Compacting Foreman, Equipment 

operators, Labors 
Material delivery trucks, 
Asphalt paver, roller  

 

2.3.1 Completed Projects  

The data was collected after-the-fact for the completed projects with the research team 

visiting consultant and FDOT offices to obtain the project documents.  The project documents 

included monthly or weekly estimates, daily diaries, and area computations.    

The monthly/weekly estimate documents have the records of what work has been 

accomplished on a monthly or weekly basis.  As shown in Appendix F, monthly/weekly 

estimates document such information as the item number, planned quantity, weekly/monthly 

increases in the cumulative quantity, unit price, and total price.  These documents thus provided 

the total quantity and unit price for each base item.  It was important to keep track of the quantity 

of base installed because occasionally daily diaries contained insufficient information to 

determine the daily quantity and it was very difficult to find the quantity after-the-fact.  For the 
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projects with limerock base, measuring actual quantity installed was not practical because the 

subtasks of limerock installation were often left unfinished at the end of the workday.   

 In the daily diaries, the inspectors recorded the base quantity by station numbers with the 

indication of the lift number.  Limerock base installation is broken down into the subtasks of 

dumping, spreading, and compacting (or finishing), and each subtask may be accomplished on a 

separate day.  In the documents, the inspectors specified the station numbers and work areas of 

each subtask separately.  The station numbers were used to find the proper location in the typical 

section drawings or area computation documents so that paving widths could be obtained and the 

paving quantity calculated.  For HMA base however, only the “placed” quantity with lift number 

was recorded because, even though HMA base installation requires subtasks of placing and 

compacting, the tasks were not left unfinished at the end of workday.  Therefore, the construction 

managers easily measured and conveyed the quantity of HMA base installed on a daily basis. 

 In addition, the work hours were recorded in daily diaries by personnel and equipment.  

Crew hours recorded consisted of those for the superintendent, foreman, skilled laborer, 

semiskilled laborer, common laborer, and trainee of each crew.  The number of each personnel 

type and their work hours were found from this source.  The list of equipment used was also 

recorded in the daily diaries.   

 

2.3.2 Active Projects 

 As described, the quantity measurement form was used for active projects.  From the 

information in the form, the number of lifts required varies depending upon the base group where 

different structural requirements call for different thicknesses.  When applying limerock base, the 
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shoulder area usually has less thickness than the mainline because the mainline requires more 

structural strength.  Thus, for the quantity input in the form, the thickness and width are 

separated by mainline and shoulder.  As with the completed projects, the station numbers were 

specified so that the researchers could keep track of the project progress.  This station number 

provides the geometric features when the plan document was looked to for a specific station 

number.   

 In addition, project documents of daily diaries and asphalt reports were procured by the 

research team for the projects with HMA base.  Asphalt reports provided more accurate 

quantities on a daily basis than did the daily diaries.  The research team could identify daily 

quantities by station numbers, number of loads, distance, width, area, and tonnage per base 

option and working day.  An example of an asphalt report is shown in Appendix H.   

 Regular visits were also made by the research team to closely monitor project progress.  

If the form filled out by the project personnel contained ambiguous information, the research 

team asked questions to clarify the matter. 

 

 

Reference: 

Florida Department of Transportation (1996). Memorandum. 
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CHAPTER THREE 

3. ROAD USER COSTS FOR HIGHWAY CONSTRUCTION PROJECTS INVOLVING 
A LANE CLOSURE  

 

This chapter is a paper submitted for publication to the ASCE Journal of Construction 
Engineering and Management, December, 2003 

 

3.1 INTRODUCTION 

 An important element in the prioritizing and planning of highway construction projects is 

the knowledge of how much the continued use of a substandard road in its present condition 

costs the users of the road on a daily basis.  Another, related, element is how much of an 

economic impact that any construction proposed to standardize or improve the road might have 

on those same users during the life of the construction project. 

 While most State Highway Agencies (SHAs) have performed Road User Cost (RUC) 

calculations for many years, there is no formal uniform method of calculation being used 

nationwide.  This leaves the states to follow their own processes or those developed by others 

(FDOT, 1997).  Even less formal is the way different states handle the calculation of RUC when 

a lane must be closed during construction.  The research team found almost no literature that 

actually employed a field study to validate any method.  The purpose of this paper is to 

demonstrate an RUC calculation method employed by the state of Florida through four case 

studies in which lane closures in the work zone were necessary and compare the results to those 

obtained using a newer, automated method working with the same data.    

 20 



 For the purpose of calculating RUC, the Florida Department of Transportation (FDOT) 

uses “Techniques for Manually Estimating Road User Costs Associated with Construction 

Projects.”  This method was developed during a research project conducted by the Texas 

Transportation Institute (TTI) and sponsored by the Texas Department of Transportation 

 According to the method, RUC is defined as “the estimated daily cost to the traveling 

public resulting from road improvement work (construction work) being performed.”  The cost 

comes from time delays caused by various conditions such as: 

< detours and rerouting, 

< reduced roadway capacity, 

< delay in the opening of a new or improved facility that prevents users from gaining a time 

benefit (TTI, 1999a). 

 

From the field studies, the research team measured delay time caused by the reduced 

roadway capacity that was the result of lane closures.  

 The method categorizes four different conditions and utilizes different analysis 

approaches for each category.  Both Table 3-1 and Table 3-2 were adopted from the method 

report.  Table 3-1 explains the attributes of each analysis approach, and Table 3-2 describes the 

project type for each analysis approach. 

 FDOT uses the TTI method for the calculation of RUC, but they apply a unique value of 

time (VOT), which will be described later.  With the field data collected, RUC was calculated by 

utilizing the FDOT method.  Then, the project data was again used to calculate RUC using a 

commercial software package called MicroBENCOST, which was also developed by TTI.  

Finally, the results rendered by the two methods were compared.   
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Table 3-1. Attributes of Analysis Approach (TTI, 1999) 
Analysis Approach Attributes 

Phase-by-Phase The calculated user costs can be used as the basis for liquidated 

damages for milestone completions of each phase or selected phases 

of the project.  This approach is most applicable to those projects with 

severe capacity restrictions during construction where phase 

completion time is critical. 

Before vs. After As opposed to a phase-by-phase approach, a “before and after” 

comparison of user costs focuses on the delay in final completion of a 

new or improved facility.  Each day the final improved facility is 

delayed is another day that users are unable to realize travel time 

savings and other benefits from the additional roadway capacity. 

During Construction 

vs. After  

This approach is a combination of the two described above, and is 

applicable to projects where the final improvements do not result in an 

increase in capacity, i.e., rehabilitation projects.  The during 

construction versus after approach compares the user costs associated 

with lane restrictions during construction against the user costs after 

the construction is completed. 

 
 
3.1.1 Project Descriptions 

 The research team selected four ongoing projects in north-central Florida with lane 

closures and timed the traffic movements with a stopwatch.  For the analysis of the projects by 

either method, the project must be placed into one of the categories shown in Table 3-2.  The 

“During Construction vs After” approach was applied since the projects analyzed in this study all 

fell into the fourth category of “rehabilitation in a rural area” (Table 3-2).  
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 The major difference between the methods used for “Before and After” and “During and 

After” is that while RUC for a typical project consists mainly of the difference in traffic flow 

before and after construction, a project involving a lane closure causes severe RUC during 

construction, and these costs must be included.  The “During and After” feature takes these costs 

into account. 

Table 3-2. Category of Projects for Application of RUC (TTI, 1999) 
Category Description of Projects Area Analysis Approach 

I 
 

Severe capacity reduction  
Critical completion time  

Urban Phase-by-Phase 

II Signalized/Diamond intersection Urban Before vs. After 

III 
 

Highway widening (not in I or II)  
New facility construction 

Urban or Rural Before vs. After 

IV 
 

Rehabilitation  
Non-capacity-added projects 

Urban or Rural During Construction vs. 
After  

 

 

3.1.2 Project Category 

 Rural rehabilitation projects typically include lane widening, resurfacing, and adding of 

paved shoulder in rural areas.  These types of projects usually require lane closures and, as a 

consequence, larger RUC occur during construction than for comparable projects without lane 

closures.   
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3.3.3 AADT 

 AADT is a determining factor when calculating RUC.  It is defined as “the summation of 

the yearly volume of traffic divided by the number of days in the year” (AASHTO, 1977).  

Because the average duration of lane closure for the four projects was about ten hours per day, 

AADT was modified to reflect the actual time of lane closure by using the hours of daily traffic 

distribution as presented in the TTI method.  Table 3-3 indicates hourly percentages of AADT 

during a 24-hour day (TTI, 1999a). 

Table 3-3. Day Traffic Distribution (TTI, 1999) 
Hour % of AADT Hour % of AADT Hour % of AADT Hour % of AADT 

1 1.8 7 2.5 13 5.7 19 5.5 

2 1.5 8 3.5 14 6.4 20 4.7 

3 1.3 9 4.2 15 6.8 21 3.8 

4 1.3 10 5.0 16 7.3 22 3.2 

5 1.5 11 5.4 17 9.3 23 2.6 

6 1.8 12 5.6 18 7.0 24 2.3 

  

Assuming that lane closure hours for a typical work day start at eight o’clock in the 

morning and end at five o’clock in the evening, the summation of the percentage of AADT 

during the lane closure will be 59.2 percent of the total Daily Traffic Distribution.  Thus, AADT 

was adjusted by multiplying 59.2 percent (0.592) by the AADT, and the result is shown in Table 

3-4 by “AADT (adjusted).”  Table 3-4 illustrates the characteristics of the projects analyzed as 

part of this study.  
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Table 3-4. Project Characteristics  
 SR-241 SR-121 SR-100 SR-129 

County Alachua Union Union Levy 

Project Category Rural 
Rehabilitation 

Rural 
Rehabilitation 

Rural 
Rehabilitation 

Rural 
Rehabilitation 

Project Cost $ 2.9 million  $ 3.6 million $ 2.0 million $ 2.6 million 

Project Duration  236 work days 279 work days 260 work days 150 work days 

Days of Lane 
Closure 

170 days 100 days 90 days 70 days 

Typical Hours of 
Lane Closure 

7:00 AM -  
5:30 PM 

8:00 AM -  
7:00 PM 

9:00 AM - 
4:00 PM 

7:00 AM -  
5:00 PM 

AADT   7700 4700 5100 5200 

AADT (adjusted) 4558 2782 3019 3078 

 

 

3.2 TTI MANUAL METHOD 

 Using the  “During Construction vs. After” approach, RUC is simply calculated by 

multiplying the delay time resulting from the work zone condition (closing a lane) by the value 

of time.  RUC resulting from a work zone lane closure is calculated by Equation (3-1).  Each of 

the terms in Equation (3-1) is defined and discussed in the sections immediately following. 

 

  RUC = Delay Time X Value of Time X AADT (adjusted)                               (3-1) 

 

 Where Delay Time = (Time with lane closure) - (Time without lane closure) 
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3.2.1 Delay Time 

 Delay time in each work zone was measured by timing delays in the work zone with a 

stopwatch.  The experiment included ten visits to three projects (SR-241, SR-121, and SR-100) 

and four visits to SR-129.  The data from one visit to SR-100 was removed because delay times 

were greatly increased by a traffic accident.  These data were considered outliers.  For each 

project, three or four visits out of ten were made in the afternoon, and the rest were made in the 

morning.  Of the visits made to the SR-129 project, one was made in the afternoon.   

 During visits, the length of the lane closure was recorded due to variations in length 

based on conditions such as geometric features of the road and contractors’ choices.  The length 

of lane closures is limited to two miles by FDOT policy for safety reasons.  Figure 3-1 illustrates 

the design of the delay timing experiment.   

 

B

A

Inbound Stop Sign First Car Last Car First Car Last Car Cars after Stop Sign
(south) Time in Time in Time out Time out Last Car

Outbound Last Car First Car Last Car Cars after Stop Sign First Car Last Car
(North) Time in Time out Time out Last Car Time in Time in

A'

B'
 

Figure 3-1. Design of Delay Timing Experiment 

  

In Figure 3-1, the first car was stopped by the flagman, and its sitting time was measured 

(A).  Then, the sitting time (B) of the last car (in a row) was measured.  The number of cars in a 
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row was counted and recorded in multiples of five. When the number was less than five, 

however, the exact number was recorded.  By definition, the last car in a row always joined the 

line before the first car resumed travel through the work zone.  The waiting times of the first car 

and the last car were averaged to determine the Average Waiting Time of cars in a row.  Table 3-

5 shows example data used to measure the Average Waiting Time.   

 The researcher then actually drove through the work zone during each visit in order to 

measure Average Driving Time.  Because of time constraints and safety concerns, these 

measurements were done only a limited number of times (three or four times) per visit.  The time 

measurement consisted of the time it took the driver to slow down, stop, wait, resume travel, and 

re-obtain the posted speed limit.  Table 3-6 shows example data used to measure Average 

Driving Time. 

It is important to note that the same waiting time and driving time were measured for 

travel in both directions based on the same directional AADT distribution.  The researcher 

randomly measured waiting time at both ends of the work zone and confirmed similar results for 

traffic heading in both directions. 

 If work zone speed is defined as the distances traveled by each vehicle divided by the 

summation of travel times taken by each vehicle, then work zone speed was calculated and 

averaged as shown in equations (3-2) and (3-3).   

                    Work Zone Speed =
Time Driving Average  Time  WaitingAverage

closure) lane of (distance zone work  theofLength 
+

             (3-2) 

 

                     Average Work Zone Speed = 
sexperiment ofNumber 

 recorded speeds zone work of Sum                     (3-3) 
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Table 3-5. Example Data for Measuring Delayed Time  
Project: SR-241 Date: 11/22/02
Lane Closure Distance: 1 mile Running Time: 0.0428 Hours
Average Work Zone Speed: 6.95 mile/hour

Test 
Number

Time of 
Day

First Car 
Time out

Last car 
Time in

Last car 
Time out

Total Time 
Last Car

No. of car 
in a row

Waiting 
Time

Work Zone 
Speed 

(mile/hour)

1 7:26 AM 6:01 1:45 6:31 4:46 20 5:23 7.55
2 7:35 AM 9:37 3:14 10:07 6:53 20 8:15 5.55
3 9:37 4:34 10:26 5:52 30 7:44 5.82
4 7:51 AM 7:10 3:01 7:44 4:43 20 5:56 7.06
5 7:10 4:06 8:03 3:57 30 5:33 7.39
6 8:02 AM 8:51 3:01 9:21 6:20 20 7:35 5.91
7 8:51 4:24 9:41 5:17 30 7:04 6.23
8 8:15 AM 8:57 5:03 9:16 4:13 20 6:35 6.56
9 8:57 6:06 9:37 3:31 30 6:14 6.82

10 8:28 AM 5:22 3:09 5:54 2:45 20 4:03 9.07
11 5:22 3:39 6:10 2:31 30 3:56 9.23
12 8:37 AM 7:36 3:54 7:45 3:51 20 5:43 7.24
13 7:36 5:00 8:00 3:00 30 5:18 7.63
14 8:47 AM 7:12 3:22 7:37 4:15 20 5:43 7.24
15 7:12 6:30 7:54 1:24 30 4:18 8.74
16 8:57 AM 8:35 3:50 9:04 5:14 20 6:54 6.34
17 8:35 6:01 9:19 3:18 30 5:56 7.06
18 9:11 AM 8:55 3:47 9:19 5:32 20 7:13 6.13
19 8:55 5:52 9:39 3:47 30 6:21 6.73
20 9:22 AM 9:08 4:36 9:38 5:02 20 7:05 6.22
21 9:08 6:21 9:55 3:34 30 6:21 6.73
22 10:07 AM 9:02 5:44 9:29 3:45 20 6:23 6.70
23 9:02 7:20 9:48 2:28 30 5:45 7.21
24 10:19 AM 10:30 4:18 11:10 6:52 20 8:41 5.33
25 10:30 7:21 11:29 4:08 30 7:19 6.07
26 10:35 AM 7:58 1:57 8:10 6:13 10 7:05 6.22
27 7:58 6:10 8:15 2:05 20 5:01 7.91
28 7:58 7:58 8:35 0:37 30 4:17 8.76
29 10:43 AM 8:08 2:42 8:20 5:38 10 6:53 6.35
30 8:08 4:32 8:34 4:02 20 6:05 6.94
31 10:54 AM 7:57 1:41 8:13 6:32 10 7:14 6.12
32 7:57 5:58 8:35 2:37 20 5:17 7.64   

Table 3-6. Example Data for Measuring Work Zone Driving Time   
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Test 
Number

Distance 
(mile)

Time of 
day

Time for 
Distance

Time to 
speed 
limit

1 1.00 9:35 2:43 2:57
2 11:13 2:25 2:58

Average Driving Time 2:34 2:57

 

 



 In the first test shown in Table 3-5, for example, the Average Waiting Time of 20 cars in 

a row was 5 minutes and 23 seconds, and the Average Driving Time was 2 minutes and 34 

seconds, which is shown in Table 3-6.  By dividing the length of the lane closure of the day (1 

mile) by the sum of Average Waiting Time and Average Driving Time, a speed of 7.55 miles per 

hour was calculated.  Based on each work zone speed, an Average Work Zone Speed of 6.95 

miles per hour was measured on that day.     

 

3.2.2 Value of Time (VOT) 

 The American Association of State Highway and Transportation Officials (AASHTO) 

published “A Manual on User Benefit Analysis of Highway and Bus-Transit Improvement” in 

1977, called the AASHTO Red Book.  According to the manual, “a value is commonly placed on 

travel time savings by selecting a unit value of time and multiplying this unit value by the 

amount of time saved.  The manual also mentioned that travelers are willing to make money 

expenditure in exchange for time saving” (AASHTO, 1977).  

 The manual takes vehicle operator cost, vehicle operating cost, and accident cost into 

account for VOT.  For vehicle operator cost, the average hourly wage rate is multiplied by the 

number of adults per vehicle.  The average wage rate must be updated based on changes in the 

Consumer Price Index (CPI) and may vary from place to place.  The number of adults per 

vehicle depends on the trip type.  Table 3-7 shows the example in the manual. 
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Table 3-7. Example of Adults per Vehicle (FDOT, 1997) 
Trip Type Adult per Vehicle 

Work 1.22 

Social-recreational 1.98 

Personal business 1.64 

Average 1.56 
  

Vehicle operating costs include fuel, oil, tire, maintenance, and depreciation and VOT 

may also be updated by using the formula introduced in the AASHTO Red Book as shown in 

Equation (3-4) and presented in Table 3-8 (TTI, 1999a).  

VOT in question year = 
year basein  CPI

yearquestion in  CPI  X VOT in base year                        (3-4) 

 

Table 3-8. Updating Value of Time (TTI, 1999) 

Vehicle Type  
Value of Time from  

1990 ($/ hour) 
Value of Time Adjusted 

to 1998 ($/ hour) 

Small passenger car  $9.75 $12.16 

Medium/large passenger car  $9.75 $12.16 

Pickup/van $9.75  $12.16 

Bus $10.64 $13.27 

2-axle single unit truck  $13.64  $17.01 

3-axle single unit truck  $16.28  $20.30 

2-S2 semi truck  $20.30  $25.32 

3-S2 semi truck  $22.53  $28.10 

2-S1-2 semi truck  $22.53  $28.10 

3-S2-2 semi truck  $22.53  $28.10 

3-S2-4 semi truck  $22.53  $28.10 
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3.2.3 Example Using FDOT Method 

 FDOT basically uses the TTI manual method with a slight alteration in the calculation of 

VOT.  In calculating the VOT, FDOT combines vehicle operator cost and operating cost, 

excluding accident cost because the expected accident rates may not change significantly after 

road improvement.  The operating cost, however, is considered because the cost varies 

significantly depending on how much vehicle speed changes with the improvement.  For 

example, the user cost per hour used by FDOT in 1995 was: 

    $ 8.55 : Average hourly wage rate of vehicle operator 

 + $ 2.88 : Average hourly operating cost  

    $ 11.43 /hour /vehicle 

 

 This value, however, must be updated based on economic indicators (CPI) as described.  

The CPI of 1995 and 2003 are 139.1 and 157.2, respectively, so the VOT is converted by the 

formula shown in equation (3-5).  

   VOT 2003 = 
1.139
0.157  X $ 11.43 = $12.92                                               (3-5) 

 

  FDOT multiplies the derived VOT by the amount of time delay caused by the work zone 

lane closure.  Some state Departments of Transportation apply the same method as FDOT except 

that VOT is multiplied by some factor that causes the result to better satisfy the needs of that 

agency.  Illinois DOT, for example, multiplies the VOT by the average number of passengers per 

vehicle, which is 1.25 (FDOT, 1997). 
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3.2.4 Result From Field Studies 

            The results reported in this section were derived using the FDOT method described 

above.  Table 3-9 shows the result of measurements for the four projects.  Once work zone speed 

on a given day was averaged, the distance (length) of the lane closure was divided by the 

Average Work Zone Speed to calculate the time within the work zone.  This is the “During” part 

of the “During vs. After” method.  

 The distance of the lane closure again was divided by the posted speed of the work zone 

area, and the time without the lane closure zone was calculated.  This is the “After” part because 

a rehabilitation project (non-capacity added) usually results in no change in posted speed after 

construction.  Posted speed may be increased, however, if the construction includes adding a 

paved shoulder.  If this is the case, then the travel time without the work zone would be reduced, 

and as a consequence, the Daily Delay Cost would be increased. 

 Delay time is calculated by subtracting the travel time without the work zone from the 

travel time with the work zone.  This value is multiplied by the VOT to derive the Daily Delay 

Cost per vehicle.  Finally, multiplying the adjusted AADT to the Daily Delay Cost per vehicle 

provides a Total Daily Delay Cost. The Total Daily Delay Cost is summarized in Table 3-10. 

 

3.3 MicroBENCOST APPLICATION   

 After calculating the RUC using the FDOT method, the RUC was recalculated using 

MicroBENCOST 2.0 software, and the results were compared.  MicroBENCOST version 2.0 is a 

software for analyzing benefits developed by TTI (1999b). 
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Table 3-9. Result of Daily Delay Cost 
Value of Time (VOT) 12.92 $/car/hour

Project SR-241 (Alachua County)
AADT (adjusted) 4558 car

Date Test No.Distance 
(Mile)

Work Zone 
Speed 

(Mile/Hour)

Time with 
Work 
Zone 
(Hour)

Posted 
Speed  

(Mile/Hour)

Time 
without 

Work Zone 
(Hour)

Delayed 
time 

(Hour)

Total Daily 
Delay Cost 

($/day)

11/22/2002 21 1 6.95 0.1439 55 0.0182 0.1257 $7,402.57
11/25/02 23 1 9.04 0.1106 55 0.0182 0.0924 $5,443.59

12/16/2002 15 1.2 10.15 0.1182 45 0.0267 0.0916 $5,391.91
1/6/2003 27 0.4 9.88 0.0405 45 0.0089 0.0316 $1,860.72

1/24/2003 18 1.2 10.21 0.1175 55 0.0218 0.0957 $5,636.52
2/4/2003 19 1 11.3 0.0885 55 0.0182 0.0703 $4,140.73

2/12/2003 33 0.8 11.72 0.0683 45 0.0178 0.0505 $2,972.83
2/19/2003 36 0.5 11.22 0.0446 55 0.0091 0.0355 $2,088.95
2/24/2003 35 0.6 14.07 0.0426 55 0.0109 0.0317 $1,868.84
3/14/2003 26 0.8 13.94 0.0574 55 0.0145 0.0428 $2,523.02

                Average Daily Delay Cost: $3,932.97

Project SR-121 (Union County)
AADT (adjusted) 2782 car

Date Test No.Distance 
(Mile)

Work Zone 
Speed 

(Mile/Hour)

Time with 
Work 
Zone 
(Hour)

Posted 
Speed  

(Mile/Hour)

Time 
without 

Work Zone 
(Hour)

Delayed 
time 

(Hour)

Total Daily 
Delay Cost 

($/day)

1/10/2003 22 1.8 15.83 0.1137 55 0.0327 0.0810 $2,910.75
1/15/2003 16 1.4 15.33 0.0913 55 0.0255 0.0659 $2,366.89
1/17/2003 27 1.4 16.45 0.0851 55 0.0255 0.0596 $2,143.60
1/28/2003 21 1.4 16.52 0.0848 50 0.0280 0.0568 $2,040.53
1/31/2003 24 1.1 14.65 0.0751 50 0.0220 0.0531 $1,908.30
2/4/2003 23 1.3 12.62 0.1030 55 0.0236 0.0793 $2,851.83

2/14/2003 16 1.4 9.35 0.1497 55 0.0255 0.1242 $4,464.42
2/21/2003 24 1.6 19.83 0.0807 50 0.0320 0.0487 $1,749.31
2/26/2003 24 1.6 16.00 0.1000 55 0.0291 0.0709 $2,548.25
3/4/2003 28 0.7 17.37 0.0403 55 0.0127 0.0276 $991.02

                Average Daily Delay Cost: $2,397.49

Project SR-100 (Union County)
AADT (adjusted) 3019 car

Date Test No.Distance 
(Mile)

Work Zone 
Speed 

(Mile/Hour)

Time with 
Work 
Zone 
(Hour)

Posted 
Speed  

(Mile/Hour)

Time 
without 

Work Zone 
(Hour)

Delayed 
time 

(Hour)

Total Daily 
Delay Cost 

($/day)
7/24/2003 16 1.1 12.27 0.0896 55 0.0200 0.0696 $2,716.71
7/25/2003 9 2.3 16.16 0.1423 60 0.0383 0.1040 $4,056.31
8/1/2003 9 2 14.1 0.1418 60 0.0333 0.1085 $4,232.51

8/11/2003 13 1.8 19.38 0.0929 60 0.0300 0.0629 $2,452.64
8/15/2003 33 0.4 13.22 0.0303 60 0.0067 0.0236 $920.16
8/19/2003 26 0.4 11.66 0.0343 50 0.0080 0.0263 $1,026.05
8/21/2003 23 0.8 13.17 0.0607 55 0.0145 0.0462 $1,802.00
8/28/2003 27 0.4 10.03 0.0399 50 0.0080 0.0319 $1,243.51
8/29/2003 22 0.4 10.82 0.0370 50 0.0080 0.0290 $1,129.93

                Average Daily Delay Cost: $2,175.54

Project SR-129 (Levy County)
AADT (adjusted) 3078 car

Date Test No.Distance 
(Mile)

Work Zone 
Speed 

(Mile/Hour)

Time with 
Work 
Zone 
(Hour)

Posted 
Speed  

(Mile/Hour)

Time 
without 

Work Zone 
(Hour)

Delayed 
time 

(Hour)

Total Daily 
Delay Cost 

($/day)

3/21/2003 20 1.4 12.70 0.1102 55 0.0255 0.0848 $3,371.58
3/26/2003 17 1.7 15.33 0.1109 55 0.0309 0.0800 $3,179.88
4/4/2003 18 1.5 14.58 0.1029 45 0.0333 0.0695 $2,765.74

4/11/2003 11 1.7 11.97 0.1420 50 0.0340 0.1080 $4,295.78
                Average Daily Delay Cost: $3,403.24  
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Table 3-10. Summary of Average Daily Delay Cost 
Projects AADT Adjusted Average Daily Delay Cost 

SR-241 4,558 $3,932.97 

SR-121 2,782 $2,397.49 

SR-100 3,019 $2,175.54 

SR-129 3,078 $3,403.24 

 
 

 As mentioned, RUC for rehabilitation projects mainly comes from the user cost 

difference between “during improvement” with existence of a work zone and “after 

improvement” with no work zone.  Figure 2 shows the structure of the MicroBENCOST (TTI, 

1999b) that was applied to compute RUC.   

In Figure 3-2, the RUC during improvement was first retrieved by inputting the 

appropriate information for the existing route in each category.  This information includes work 

zone information in the Traffic Operation Category. Then, new values for the proposed route 

(after improvement) were entered, and the RUC for the new roadway was calculated.  The 

difference between the two calculations was used to derive the user benefit value, which was 

used in calculating the daily RUC caused by the improvement.   

 

3.3.1 Project Information 

 First, general project information such as area type, project type, and total construction 

cost was entered.  “Area” is divided into rural and urban areas.  “Project Type” has seven  

 34 



Project Information

Area type

Project type

Total Construction Cost

Additional Information

Discount rate

Year when improvement completed

Automobile vehicle type parameters

(VOT)

Automobile unit cost

(fuel, oil, tire, maintenance)

Truck vehicle type parameters (VOT)

Truck unit cost

Overall Route

Road classification

Percent of truck

Method of editing traffic data

Type of traffic distribution

Route Segment

Length of the segment

Number of lanes

Traffic Information

Initial AADT

Growth rate

Traffic Operation

AADT (Base year)

Design / Posted speed

Work zone

Geographical Information

Median width

Lane width

Overall Route

Road classification

Percent of truck

Method of editing traffic data

Type of traffic distribution

Route Segment

Length of the segment

Number of lanes

Traffic Information

Initial AADT

Growth rate

Traffic Operation

AADT (Base year)

Design / Posted speed

No Work zone

Geographical Information

Median width

Lane width

Existing Route with Work zone Proposed Route without Work zone

RUC

Savings in time

costs

  

Figure 3-2. Structure of MicroBENCOST with Work Zone (TTI, 1999b)  
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options: added capacity, bypass, intersection/interchange, pavement rehabilitation, bridge, safety, 

and highway-railroad grade crossing.  All of the projects selected for this study fall into the 

“pavement rehabilitation” category.   “Total Construction Cost,” another information field, is 

self-explanatory. 

 

3.3.2 Additional Information 

 Additional information includes the discount rate, year of improvement completion, 

automobile vehicle type parameters (VOT), automobile unit costs (fuel, oil, tire, maintenance), 

truck vehicle type parameters (VOT), and truck unit costs.      

 Automobile vehicle type and truck type parameters (VOT) for the state of Florida are  

$12.92 and $22.36 for automobiles and trucks, respectively (TTI, 1999).  Automobile and truck 

unit costs refer to the costs of fuel, oil, tire, maintenance, and depreciation.  These costs are also 

adjusted to reflect current cost escalation. 

 

3.3.3 Overall Route Information 

 Road classifications are consistent with roadway classifications defined in Chapter 334 of 

the 2002 Florida State Statutes.  According to the statutes, 

1. “Functional classification means the assignment of roads into systems according to the 

character of service they provide in relation to the total road network.  Basic functional 

categories include arterial roads, collector roads, and local roads which may be subdivided 

into principal, major, or minor levels.  Those levels may be additionally divided into rural 

and urban categories.”  
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2. “Arterial road means a route providing service which is relatively continuous and of 

relatively high traffic volume, long average trip length, high operating speed, and high 

mobility importance.  In addition, every United States numbered highway is an arterial 

road.” 

3. “Local road means a route providing service which is of relatively low average traffic 

volume, short average trip length or minimal through-traffic movements, and high land 

access for abutting property.”  

4. “Collector road means a route providing service which is of average traffic volume, 

average trip length, and average operating speed.  Such a route also collects and 

distributes traffic between local roads or arterial roads and serves as a linkage between 

land access and mobility needs” (State of Florida, 2002).  

  

 For the percent trucks, the default value of 9.66 percent was applied.  The method of 

editing traffic data allows the user to select from three traffic-forecasting methods: intermediate 

and forecast volumes, annual growth rate, and volumes for each year. Annual growth rate was 

applied from those options.  The program presents two traffic distribution options.  One presents 

AADT by the hour of the day and the other by the hours of the year.  For this study, the research 

team chose to use AADT by the hour of the day.       

                                                                             

3.3.4 Traffic and Geographical Information  

 Once the overall route data are entered, additional route information such as traffic and 

geometric information also can be input as needed.  In the traffic information section, initial 

AADT, growth rate, and traffic distribution during the 24-hour time period are specified.  For 

geometric information, the widths of medians, lanes, and shoulders can be specified. 
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3.3.5 Route Segment 

 The length of the segment and the number of lanes are decisive factors for the calculation 

of RUC for existing and proposed segments.  The route segment data is specified in the traffic 

operation section.  Here, design and posted speed were assigned based on the design of the road.  

Design speed was obtained from the typical section drawing in the construction documents.     

Table 3-11. Input Data for SR-241 
Data in Question Value Data in Question Value 

Area Type Rural Initial AADT 4,558 

Project Type Pavement 
Rehabilitation 

Growth Rate 10 % 

Total Construction Cost $29,000,000 Lane Width 3.6 meter (12 
feet) 

Discount Rate 5 % Shoulder Width 1.2 meter (4 feet) 

Year when Improvement 
Completed 

2003 AADT (Base year) 6,500 

Road Classification Minor Arterial Segment Length 
   

1.2 mile  

Percent of Truck 10 % No. of Work Zone 
   

1  

Method of Editing Traffic 
Data 

Volumes for 
each year 

No. of Days Work Zone 
in Place  

236 

Type of Traffic 
Distribution 

Hour of Day Beginning / Ending hour 
of Lane Closure 

7:00 -18:00 
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Work zone information includes information such as the number of days the work zone is 

in place and beginning/ending hours of lane closure.  Table 3-11 shows the input values for the 

SR-241 project as an example. 

 

3.3.6 Results of MicroBENCOST 

 Table 3-12 shows the results of the MicroBENCOST analysis.  As mentioned, Cost 

Benefit was calculated by subtracting the RUC of  “After Construction” from that of “During 

Construction.”  The amount of Cost Benefit was then converted to daily RUC. 

Table 3-12. Result of MicroBENCOST 

Projects 
During 
Construction ($) 

After  
Construction ($) 

Cost Benefit  
($/year) 

RUC  
($/day) 

SR-241 2,731,000 1,578,000 1,153,000 3,159.90 

SR-121 1,495,000 798,000 697,000 1,910.59 

SR-100 1,624,000 867,000 757,000 2,073.97 

SR-129 1,656,000 884,000 772,000 2,115.07 

 

3.4 DATA ANALYSIS SUMMARY 

 Table 3-13 is the summary of RUC for the four projects based on the information 

presented in Table 3-9.  In both methods used, AADT was a determining factor in the calculation 

of RUC because the delay cost per car was multiplied by the AADT to calculate the total daily 

delay cost.  Figure 3-3, which represents how AADT is related to RUC by using the FDOT 

method, shows that the volume of AADT is related to the amount of RUC.  However, the RUC 
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of SR-121 is higher than that of SR-100 in spite of a lower AADT.  The reason is that the length 

of the lane closure on the SR-100 project was only 0.4 miles for four experimental days out of 

ten, and shorter distances cause smaller delays, resulting in lower RUC.  Figure 4 shows that the 

MicroBENCOST application calculated an increased RUC as the AADT increased.  This result 

validates the FDOT method because, as presented in Table 3-13, Figure 3-3, and Figure 3-4, 

RUC as calculated by the two methods were comparable. 

Table 3-13. Summary of RUC 

Projects 
AADT 

Adjusted 

Average 

Distance 

Average Work 

Zone Speed 

Posted 

Speed 

RUC by FDOT 

(TTI Method) 

RUC by 

MicroBENCOST 

SR-121 2,782 1.37 15.40 54 $2,397.49  $1,910.59  

SR-100 3,019 1.07 13.42 56 $2,175.54  $2,073.97 

SR-129 3,078 1.58 13.65 52 $3,403.24  $2,115.07  

SR-241 4,558 0.85 10.85 52 $3,932.97  $3,159.90  

  

RUC with AADT by FDOT method
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Figure 3-3. RUC and AADT by FDOT Method 
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RUC with AADT by MicroBENCOST
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Figure 3-4.  AADT and RUC by MicroBENCOST 

 

Work zone speed does not appear to be directly related to RUC.  Even though vehicle 

waiting time depends mainly upon the length of a lane closure, a long waiting time does not 

necessarily mean slow work zone speeds.  Many factors that have no relationship to the length of 

the lane closure could affect the speed of traffic through a work zone.  The work zone speed is 

compared to RUC in Figure 3-5.  It is observed that the AADT is a far more important factor 

than the work zone speed when calculating RUC using either the customized TTI manual method 

employed by FDOT or MicroBENCOST.  

 41 



RUC with Work Zone Speed
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Figure 3-5. Relation between Work Zone Speed and RUC 

 

3.5 CONCLUSION 

 The research team presented the actual field case studies in this report for the purpose of 

reporting the findings of the team in the calculation of RUC for projects with lane closures in the 

work zone and comparing two popular methods for this calculation.   

 Several factors contribute to RUC for any construction project involving lane closure.  

Among these are AADT, work zone speed, and length of lane closure, with the most important 

factor being AADT.  The results proved that high RUC consistently occurs where high traffic 

volume (AADT) exists.  

 Because all four projects analyzed were rehabilitation projects in rural areas with less 

than 10,000 AADT, relatively small RUC values (less than $4,000 per day) were calculated 

using both methods (FDOT and MicroBENCOST).  Using the same methods, however, the 

results would be completely different if the project analyzed were located in an urban area with a 

high AADT.  
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 The two methods of RUC calculation used in this study yielded similar results; thus, 

either will yield satisfactory results when calculating RUC on highway construction projects with 

lane closures.    
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CHAPTER FOUR 

4. ANALYSIS BY TOTAL COST COMPARISON 

 

 With the data obtained, an analysis method was developed by considering the 

factors of cost information, production rates, RUC, CE&I cost, and total cost.  In order to 

design the method, certain pieces of information discovered during the interview process 

were treated as assumptions.  These assumptions include: 

1. The direct cost of limerock base is almost always less than that of HMA base. 

2. The production rate of limerock base is usually lower than that of HMA base. 

3. Higher RUC and CE&I cost usually occur for limerock base construction than for 

HMA base. 

4. The total cost analysis should take each of the facts listed above into 

consideration. 

 

4.1 DIRECT COST COMPARISON 

For the direct cost comparison, the unit prices that the successful bidders 

contracted for the base item were used because when the contractor submitted the unit 

price to the owner (FDOT), the price included all material and installation costs related to 

the base construction.  As described in Chapter 2, when compared to HMA base, 

limerock base requires higher costs for excavation because a thicker base layer is 

required.  Also, more work hours are needed for labor and equipment because of the 

complexity of subtasks.  However, the unit price submitted by the contractor was 
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calculated with those costs taken into consideration.  Therefore, direct cost comparison 

by unit price takes all cost factors required for base construction into account.         

 The unit costs and quantities contracted are presented in Appendix I.  In the table, 

total quantity and unit prices are identified based on each base item.  Since the unit price 

of HMA base is more expensive than limerock base in the same optional base group, the 

direct cost difference within a single project can be computed by simulating the replacing 

of the quantity of limerock base with HMA.  This is a scenario of  “what if HMA had 

been used?”   

In order to accomplish this scenario, the unit price of HMA for the same structural 

(optional) group of the limerock in use should be obtained from the historical data.  

However, this unit price may vary by project size (base quantity), project time, and 

project location.  If the unit price of HMA within the same optional group is not obtained 

by historical data, it is calculated based on the structural number (SN) from HMA unit 

prices in other optional base groups.   

 According to Huang (1993), SN is a function of layer coefficients, layer 

thickness, and drainage coefficients and can be computed from equation (4-1). 

 

            SN1 = a1 x D1 x m1                     (4-1) 

Where a= layer coefficient, D=layer thickness, m= drainage coefficient 

  

FDOT assigns a unit structural number for each base material.  For example, the 

unit SN of limerock base is 0.007 and that of HMA is 0.012 per millimeter.  The SN of 

each base option is the unit SN multiplied by the thickness required.  For instance, Base 
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Option Group 9 requires 260 mm-thick limerock base material to have a structural 

number of 1.82 by multiplying 260 mm by 0.007 while HMA base requires only 150 mm 

to get the equivalent structural number.  If the HMA unit price for optional group 13 is 

available, the price is divided by 2.4, which is the structural number of Base Option 

Group 13.  This renders the unit price per structural number.  Then, the value is 

multiplied by 1.82 to get the equivalent unit price of HMA for Base Option Group 9.  

This is illustrated in Chapter 5 with data from project SR 26.  

 The next step is to decide the production rate of HMA base construction.  The 

research team conducted statistical analysis to measure the average production rate of 

HMA base.  Once the production rates of limerock base construction for three ongoing 

projects were measured, a calculation was performed where HMA base was assumed to 

be used in the limerock base area.  The mean value of the HMA production rate was 

applied to calculate the production time and this process yielded a construction 

timesaving as a result of using HMA base instead of limerock.  This production rate 

comparison is described in following section.  

 

4.2 PRODUCTION RATE 

 The production rate of each option was computed from project documents and 

other forms given to the research team.  The contents of the data were described in the 

prior section entitled Data Acquisition for Base Construction. 
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4.2.1 Production Input 

 “Crew Work Hours” and “Work Day” for base construction were considered the 

input values for the operation.  The rationale of employing crew work hours for the input 

is that, even though both base operations are equipment-intensive, there was only one 

crew for the operation most of time, and this crew’s hours include equipment operation 

hours as well.  In other words, the crewmembers must have been working while the 

equipment was in operation.  If the contractors employed more than one crew during a 

single workday, the crew hours were multiplied by the number of crews.  

 It is important to note that the crew work hours were adjusted in order to separate 

the crew work hours used only for base construction since the same crew could work for 

base, structural, and friction courses at different locations on the project on the same 

workday.  The research team assumed that each lift of paving requires approximately the 

same number of work hours regardless of the course.  For example, if the paving crew 

finished the first lift of base course and the first lift of structural course in different areas 

on the same workday, the actual area of base course completed was divided by the sum of 

the areas of base and structural courses in order to calculate an adjustment factor.  Then, 

the crew work hours for the day was multiplied by the adjustment factor to derive the 

crew work hours for the base course.    

 Workday is another yardstick for measuring input quantity.  The crew work hours 

per each working day were usually consistent, say, 10 hours per day.  However, the 

contractor was sometimes faced with the situation that they had to stop working early.  

For example, afternoon rain is a regional weather characteristic and is one of the major 

reasons for the early stoppage.  The other reason for early work stoppage was out-of-
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sequence work.  For instance, if the contractor did not prepare enough subgrade, the base 

crew stopped placing the base course due to the work sequence. 

 For both limerock and HMA base operations, the research team recorded crew 

work hours for each working day and added all work hours and working days at the end 

of the data collection to calculate the average production rate.  These input data include 

time for all subtasks performed for the base construction.  In the end, however, it was 

decided that “work days” was not a reliable input measure for the purposes of this 

research and from that point on, all production calculations were made using work hours. 

 

4.2.2 Production Output  

In order to quantify production output for HMA base, the quantity of base was 

measured by square meters of surface area installed because base course is usually 

constructed in more than one lift.  The number of lifts depends on the base option 

(thickness) as explained.   

 The other way to measure the output was calculating total lane miles when the job 

was completed.  The lane mile measurement includes the mileage of all mainlines and 

turning lanes, but excludes shoulders.  This method is valid only when comparing both 

base options without the production of shoulder areas.  

 

4.2.2.1 Production output for HMA base   

For HMA base construction, if the contractor completed a certain amount of area 

in a certain lift, the completed area is divided by the number of lifts required for the base 
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construction.  This value returns the surface area completed on a daily basis.  This is the 

same way that the inspector measures the base bid item for payment purposes.  

Since the research team obtained more accurate data from active projects than 

completed projects as explained in Chapter 2, three active projects of I-10, SR-26, and 

SR-20 (Putnam) were analyzed to calculate the average daily production rate of HMA 

base construction.  The daily production rate of HMA was calculated by dividing the 

daily production output (surface area completed) by the production input (crew work 

hours) on a daily basis.  This production data is shown in Appendix J.     

 After getting daily production rates and mean values of the rates from the 

projects, statistical analyses were performed to compare the production rates of HMA 

base construction for three active projects.  The hypothesis of the analysis (H ) is that the 

mean values of the production rates of three HMA base projects are not the same.  If 

H cannot be rejected, the means are concluded to be the same.   

a

o

 H : µ = µ = µ 3  o 1 2

 H : Not all the means are same. a

In order to compare three mean values, the required number of lifts must be the 

same since the production rate was measured and averaged by surface area completed.  

Even though the projects required different base options, three lifts were required for the 

construction as shown in Table 4-1.   
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Table 4-1 Summary of Active Projects with HMA Base 

Projects Optional 
Group 

No. of  
lifts 

µ 
(m /day) 2

Work 
days 

I-10 11 3 171.8 34 
SR-26 (Alachua) 13 3 134.7 49 
SR-20 (Putnam)  15 3 122.3 12 

     Where µ =Average production rate 
 

Before comparing the means, the normality test was performed by using Mini-tab 

software.  The results are shown in Figures 4-1, 4-2, and 4-3.  The x-axis of the graph 

indicates the daily production rate.  The production rates of the three projects turned out 

to be normally distributed as shown in the figures.  Then, the mean comparison was made 

in SAS statistical software.  Table 4-2 shows the result of the analyses. 
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Figure 4-1. Normality Test for Production Rate (I-10 Project)  
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Av erage: 134.669
StDev : 83.5417
N: 49

Anderson-Darling Normality  Test
A-Squared: 0.390
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Figure 4-2. Normality Test for Production Rate (SR-26 Project) 
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Figure 4-3. Normality Test for Production Rate (SR-20 Project) 

 

Table 4-2. SAS Output for Comparing Four Means 
General Linear Models Procedure 
Source DF Sum of Squares Mean Square F-value P-value 
Model 1 25439.91 25439.91 3.97 0.0493 
Error 93 596002.02 6408.62 - - 
Total 94 621441.93 - - - 
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With a P-value of 0.0493 retrieved, H (µ 1 = µ = µ ) could barely be rejected at 

the α = 5% level (0.05 > 0.0493), and the means could be concluded that at least two 

means are not same at the α = 5% level.  However, because the P-value is very close to 

0.05, Tukey’s test was performed to further analyze the multiple mean comparisons as 

shown in Equation (4-2).   

o 2 3

W =)(x n
MSe  qα          (4-2) ),( νt

Where, W = Test Statistics  )(x

=MSe Error Mean Square 
     n = Number of Replications per Treatment (Working days) 

            = Number of Treatment (Projects) t
                 ν = Error Degree of Freedom  
 

Since the value of is not the same among the three treatments (projects), the value is 

calculated by Equation (4-3) as recommended (Miller, 1981). 

n

     
3

1
2

1
1

1
nnn

tn
++

=                              (4-3) 

Where n1= 34, n2= 49, n3=12, t=3  

 

In Tukey’s Test, if the value of W  is larger than the difference between the 

mean values, the means can be concluded to be different.  However, the value of W (  

was 57.01 in the test and the difference between the largest mean (172.8), and the 

smallest mean (122.3) was 50.5, which is smaller than W .  Therefore, it can be 

concluded that all the means are equal at the α = 5% level.  This result can be interpreted 

that, as long as the number of lifts were same, the production rates of the HMA bases 

were statistically consistent among the three projects investigated. 

)(x

)x

)(x
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4.2.2.2 Production Output for Limerock Base   

Daily output of limerock base construction was not measured the same way as for HMA 

base.  As described, the subtasks of limerock base are not performed on a single workday.  

For example, the contractors dump limerock material on site (stockpile) on a workday 

and spread it on a later day.  Then the contractor may compact the same area on various 

days (often the same area 3-5 times) in order to obtain the required density.  Therefore, 

the research team measured total work hours and days of limerock construction and total 

quantity completed during the data collection time frame.  By dividing the total output by 

the total input, the average production rate of the limerock construction was calculated.  

 In the SR-26 Project for example, total output of limerock base was 93,494.65 m2, 

and the input was 1073 crew hours (CH).  By dividing the finished area by crew hours, 

the production rate was measured as shown in Equation (4-4).  The production rate was 

then 865.69 m /WD and 87.13 m /WH.  The SR-26 project is described in greater detail 

in Chapter 5, entitled “Pilot Study for Economic Comparison.” 

2 2

 

 Production Rate of Limerock Base =  
Hour Work 

(m2) Finished Area       (4-4) 

  

4.3 ROAD USER COSTS (RUC) 

 Calculations of RUC when the work zone requires a lane closure was described in 

Chapter 3.  If there was a lane closure, RUC was very high and this cost went up 

significantly in an urban area with high AADT.  Lane closure is usually required for 

rehabilitation projects.   
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 The projects investigated with regard to base construction comparison fell into the 

category of “adding capacity”.  In “adding capacity” projects, the final completion of a 

new or improved facility reduces RUC significantly when compared to RUC of the 

existing road.  Therefore, “each day that the final improved facility is delayed is another 

day that users are unable to realize travel time savings and other benefits from the 

additional roadway capacity” (TTI, 1999).  RUC of “adding capacity” projects could be 

found in the TTI manual as introduced in Chapter 3. 

 

4.4 CE&I COST 

 CE & I cost mainly depends on the hourly average wage rate of project inspection 

personnel and their time adjustment factor.  The state of Florida statewide salary and 

wage rates were obtained (Appendix L) and from the wage rates, the time adjustment 

factor was assumed to be a portion of the time that the worker would spend on a single 

project.  Table 4-3 shows the average wage rate and hourly CE & I cost respectively for a 

FDOT project.   

Table 4-3. CE& I Cost 

Tile CCEI Salary 
Rate Adj. Factor Cost

1 Senior Project Engineer 38.76$               5% 1.94$            
2 Project Administrator 31.71$               10% 3.17$            
3 Contract Support Specialist 23.75$               2% 0.48$            
4 Office Manager 16.41$               2% 0.33$            
5 Senior Inspector 22.13$               50% 11.07$          
6 Inspector 18.47$               100% 18.47$          
7 Inspector- Asphalt Plant 19.58$               100% 19.58$          
8 Seceretary/Clerk 13.65$               5% 0.68$            

Limerock HMA
36.13$          55.71$          Hourly CE & I Cost 
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4.5 ECONOMIC COMPARISON 

 Once the differences of direct cost, production rate, RUC, and CE&I cost were 

quantified, a total economic comparison was made.  The research team conducted a pilot 

case study based on the SR-26 project, which used significant quantities of both base 

options in a single job, making the comparison both simple and relevant.  This pilot study 

is presented in Chapter 5.  With the data from the project, economic comparison was 

made based on the total cost. 

From the pilot study, a cost decision tool was developed in order to apply the 

method to other projects as described in Chapter 6.   
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CHAPTER FIVE 

5. PILOT STUDY FOR ECONOMIC COMPARISON  

 

5.1 GENERAL INFORMATION 

 Project SR-26 was selected for the pilot case study because there are large 

components of both limerock and asphalt base, making it an extremely valuable project 

for the comparison of base cost and production.  The project involved adding two lanes to 

the existing two-lane road through rural Alachua County into the city of Newberry.  The 

total project length was 8,097 meters (5.03 miles).  The construction of both bases was 

started November 22, 2002 and completed on August 6, 2003.  

 The low bidder for the SR-26 project chose to use 100 mm (Base Option 1) and 

260 mm limerock base (Base Option 9) in the rural part of the project and 200 mm HMA 

base (Base Option 13) for the urban section.  Base Option 1 was used for the shoulder 

base only.  General information for each base option is shown in Table 5-1.  As 

explained, FDOT assigns a unit SN for each base material, and the SN of each base 

option is the unit SN multiplied by the thickness.   

 

Table 5-1. SR-26 Base Description 
Item Description Thickness Plan Qty Unit Unit Price SN 

   Base Option 1 (Limerock) 100 mm 28,286.00  m2 $3.90 0.7 

   Base Option 9 (Limerock) 260 mm 69,424.00  m2 $7.20 1.82 

   Base Option 13 (HMA) 200 mm 45,418.00  m2 $18.60 2.4 

 

56 



5.2 DIRECT COST COMPARISON 

 FDOT limits the maximum thickness of a single lift of limerock base and HMA 

base to 200 mm and 75 mm respectively as shown below (FDOT, 2004).    

Limerock Base 
200-5.2 Number of Courses: When the specified compacted thickness of 
the base is greater than 6 inches [150 mm], construct the base in multiple courses 
of equal thickness. Individual courses shall not be less than 3 inches [75 mm]. The 
thickness of the first course may be increased to bear the weight of the construction 
equipment without disturbing the subgrade. If, through field tests, the Contractor 
can demonstrate that the compaction equipment can achieve density for the full 
depth of a thicker lift, and if approved by the Engineer, the base may be 
constructed in successive courses of not more than 8 inches [200 mm] compacted 
thickness. 
 
HMA Base 
234-8.1.3 Thickness of Layers: Construct each course in 
layers not to exceed 3 inches [75 mm] compacted 
thickness. 

 

 Therefore, limerock base in the shoulder area (Base Option Group 1, 100mm) was 

constructed with  one lift while the base in the mainline area (Base Option Group 9, 260 

mm) required two lifts.  HMA base (Base Option Group 13, 200mm) required three lifts 

of HMA: 75, 50, and 75 mm.  Figure 5-1 and 5-2 shows the typical section drawings of 

each base option. 
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Figure 5-1. Typical Section for HMA Base 

Figure 5-2. Typical Section for Limerock Base 

  

Since the unit of measure for base options is square meters for this project, the 

varying base thicknesses makes the unit price difference between the two limerock bases.  

The unit price of HMA base (Base Option 13) was 477% and 258 % of the price of each 

limerock base respectively as shown in Table 5-1.   

This comparison however is not a direct comparison because the strength 

requirement for the options in Base Option Group 13 is much higher than those for Base 

Option Group 1 or 9.  The research team attempted, therefore, to obtain data from both 
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FDOT and industry sources on prices for the HMA options for Base Option Group 1 and 

9 for comparison purpose.  However, the search was unsuccessful.  Even if those average 

prices had been found, they would not have been totally reliable for the purpose intended 

because prices vary greatly based on the unique characteristics of each project. 

Therefore, the base price comparison was performed based on price per SN.  By 

dividing the unit price by the SN, the price per SN can be calculated as shown in Table 5-

2.  Compared to the cost per square meter, the prices for the two methods are much more 

competitive when calculated by this method.  The unit price per SN of HMA base is only 

139 % and 196 % respectively over each limerock base.  Base Option Group 9 is cheaper 

per SN than Base Option Group 1 even though it was almost twice as expensive when 

comparing unit price only.  This is because the options in Base Option Group 9 provide 

much more structural strength than those in Base Option Group 1.   

Table 5-2. Cost per Structural Number  
Item Description Item Number Unit Unit Price 

Base Option 1 (Limerock) 2285701 $/m2/SN $5.57 

Base Option 9 (Limerock) 2285709 $/m2/SN $3.96 

Base Option 13 (HMA) 2285713 $/m2/SN $7.75 
  

 Base Option Groups 9 and 13 were compared since those two groups were used 

for mainline base.  Because Base Option Group 9 requires a SN of 1.82, the unit price of 

HMA base for Option Group 9 will be $7.75 multiplied by 1.82.  This price thus will be 

$14.11.  If this unit price is used for the SR-26 scenario, the direct cost difference is 

calculated by Equation (5-1) below.  

69,424 m2 x ($ 14.11-$ 7.20)=  $ 479,719.84   (5-1) 
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Where 69,424 m2 = Area of limerock base (option 9) 
 $ 14.11= Unit price of HMA base (option 9) 
 $ 7.20= Unit price of limerock base (option 9)  
 

5.3 PRODUCTION PARAMETERS  

 Table 5-3 below is the summary of the production rates of the two base types used 

on the project.  Work hours were calculated as the input value and area finished was 

calculated as the output value.  

Table 5-3. Productivity Parameters  
                                            Base Type 
Parameters Limerock Base HMA Base 

Input Work Hour 1073 406.7 
Lane Miles 11.2 7.8 

Output Area Finished (m2)  69,424.00  47,544.52 
Work Hours / Lane Mile 95.80 52.23  Production 

Rates Area Finished / Work 
Hour (m2) 64.70 116.9  

 

 By definition, the production rate is calculated by input divided by output or 

output divided by input.  Therefore, two production parameters were calculated - Work 

Hour per Lane Mile and Area Finished per Work Hour.  Lane Mile is the length of all 

lanes including turning lanes.   

 Work Hours per Lane Mile of the limerock base was 95.80 while that of HMA 

base was only 52.23 hours.  Area Finished per Work Hour values were 64.70 for the 

limerock base and 116.90 for the HMA base.  Hence, the production rate of HMA base is 

by the two measures 183 % and 180 % that of limerock base.  In order to compare the 

two base items homogeneously, the total area finished of each was divided by the total 
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work hours to calculate the HMA base production rate in Table 5-3.  The value 116.9 

m2/hour was different from 134.7 m2/hour, which was calculated earlier by simply 

averaging the daily production rates of HMA base construction (This value was used to 

compare the means of HMA base construction across three projects as described in 

Chapter 4).  

 

5.4 RUC AND CE&I COSTS 

 As described in Chapter 3, the final completion of a new or improved facility 

reduces RUC significantly when compared to the RUC of the existing road in adding 

capacity projects (TTI, 1999).  For instance, completion of the SR-26 Project will reduce 

RUC significantly after adding two lanes to the existing two-lane road.  Therefore, RUC 

is calculated by subtracting RUC (proposed condition) from RUC  (existing condition).  

Table 5-4 shows the RUC for adding capacity.    

P e

Table 5-4. Example of RUC for Adding Capacity (TTI, 1999)           
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The AADT of this stretch of SR-26 was 12,500 in the year 2002 (FDOT, 2002c).  

In Table 5-4, RUC  and RUC were $3,600 and $3,700 with the 10% trucks.  RUC was 

only $100 per day when subtracting RUC  from RUC .  Since the SR-26 Project is 

located in a very rural area, the low AADT of the project attributed to the extremely low 

RUC.  Therefore, to simulate a more urban project, the research team made an 

assumption of high AADT (40,000) and 15% trucks.  Under the simulated conditions, 

RUC was calculated to be about $6,800. 

P e

P e

 For CE&I costs, $36.13 and $55.71 were used for limerock and HMA base as 

explained in Chapter 4.  
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5.5 RESULT OF TOTAL COST COMPARISON 

 The area of limerock placed from Option Group 9 was 69,424 m² in the SR-26 

Project, and for the purpose of comparison, HMA base was assumed to be used for the 

same area.  Figure 5-3 shows the result of the total cost comparison.  In order to interpret 

the result and develop an equation of cost comparison, the following notations were 

developed. 

 

i. T : Duration of limerock base construction LR

ii. T : Possible duration of HMA base construction if used in the area of 
limerock base 

HMA

iii. T : Time when total cost of limerock equals to that of HMA E

iv. DC = Direct Cost of Limerock LR

v. DC = Direct Cost of HMA HMA

vi. DC = Direct Cost Difference  ∆
 

Then, the total cost can be calculated as in Equation (5-2) and (5-3). 

Total Cost of LR= DC  + (RUC + CE&I ) x T        (5-2) LR LR LR

Total Cost of HMA= DC  + (RUC + CE&I ) x T        (5-3) HMA HMA HMA
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Total Cost Comparison
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Figure 5-3. Total Cost Comparison of SR-26 Project 
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The direct cost difference can be calculated as in Equation (5-4).  
 

∆DC = (T – T ) x (RUC + CE&I )                               (5-4) E HMA LR

 
 
From the Equation (5-4), the value of T can be calculated as shown in Equation (5-5). E

 
T  = T + (∆DC /  (RUC + CE&I )                                    (5-5)  E HMA LR

 

Finally, the result of the total cost comparison can be measured by comparing T  

and T .  Because T  is the time when the total costs of limerock and HMA base are 

equal, if the duration of limerock base is larger, the total cost of limerock base 

construction is more expensive than that of HMA base.  It can be summarized as below.  

E

LR E

 

(CASE 1) If T < T , LR is cheaper than HMA. LR E

(CASE 2) If   T > T , HMA is cheaper than LR. LR E

 

From (CASE 2), the additional cost of limerock base can be calculated by Equation (5-6).  

 

    Additional cost of limerock base= (T -T ) x (RUC + CE&I )          (5-6)   LR E LR

 

The duration of HMA base (T ) was calculated by dividing the area of 

limerock base (69,424 m²) by the production rate of HMA base (116.9 m²/hour) and then, 

the total hours were divided by 8 hours per day to obtain workdays.  For the SR-26 

Project, the values are given below.   

HMA

 

 

65 



i. DC = $979,572.64 HMA

ii. DC = $499,852.80 LR

iii. ∆DC = $479,719.84  
iv. T  = 51 days HMA

v. T = 135 days LR

vi. RUC: $100 /day (AADT: 12,500, 10 % trucks)   
vii. CE & I :  $36.13 /hr x 8 hours = $289.04 /day LR

viii. CE & I : $ 55.71/hr x 8 hours = $445.68 /day   HMA

 

By using Equation (5-5), the value of T was calculated as below.  So limerock was the 

more economical choice for this project due to the extremely low RUC. 

E

T  = T + (∆DC /  (RUC + CE&I )= 1285 (> 135) E HMA LR

 

However, when the research team simulated this procedure for the same project 

with an assumed RUC AADT of 47,500 with 15 % trucks, the RUC rose from $100/day 

to $12,500/day.  Again using Equation (5-5), the result of further analysis showed that the 

value of T  was 88.5.  Thus, HMA base would have been cheaper than limerock base in 

this scenario because the limerock construction took longer than 88.5 days.  This cost 

comparison tool was further developed as described in Chapter 6 with an automated 

system generated in an Excel spread sheet.   

E
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CHAPTER 6 

6. DEVELOPMENT OF COST DECISION TOOL 

 

 Based on the findings from earlier chapters, the research team developed a tool 

that compares the total cost of limerock base and HMA base.  This tool, called a Cost 

Decision Tool (CDT), will provide users with economic evaluations for limerock and 

HMA base options.  Figure 6-1 shows the overall process model of the CDT.  This model 

consists of two parts: Data Inputting and Data Processing.   

 

6.1 DATA INPUT 

 The data input process requires the user to input the direct cost, CE&I costs, 

RUC, and proposed duration for both bases of limerock and HMA.   

 

6.1.1 Inputting Direct Cost  

Direct costs should be obtained from contract documents such as the Summary of 

Pay Items.  FDOT applies the unit bid method for the majority of roadway projects, and a 

project is contracted based on the price of each bid item under the unit bid method.  Each 

base option has the unit and quantity values furnished by FDOT and the unit price bid by 

the contractor.      
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Figure 6-1. CDT Process Model  

 

  The user first inputs the quantities and unit prices for limerock base and the CDT 

generates the same quantities for HMA base and the unit price for HMA must then be 

entered.  The unit prices of HMA should be obtained from historical data if such 

information is available.  Otherwise, they can be calculated based on unit prices per SN 

calculated from other project data as explained in Chapter 4.  The CDT then calculates 

the total direct cost and direct cost difference.  Figure 6-2 is a snapshot of the direct cost 
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input process in the CDT.  The data from the SR-26 Project was used to demonstrate the 

process. 

Input Limerock Option     
Optional Base Quantity (SM) Unit Cost Cost 
1-1. Option 1      $                -    
1.2. Option 2      $                -    
1.3. Option 3      $                -    
1.4. Option 4      $                -    
1.5. Option 5      $                -    
1.6. Option 6      $                -    
1.7. Option 7      $                -    
1.8. Option 8      $                -    
1.9. Option 9 69,424.00  $           7.20   $   499,852.80  
1.10. Option 10      $                -    
1-11. Option 11      $                -    
1.12. Option 12      $                -    
1.13. Option 13      $                -    
1.14. Option 14      $                -    
Total  69,424.00    $   499,852.80  
        
Input HMA Option     
Optional Base Quantity (SM) Unit Cost Cost 
1-1. Option 1      $                -    
1.2. Option 2      $                -    
1.3. Option 3      $                -    
1.4. Option 4      $                -    
1.5. Option 5      $                -    
1.6. Option 6      $                -    
1.7. Option 7      $                -    
1.8. Option 8      $                -    
1.9. Option 9 69,424.00  $         14.11   $   979,572.64  
1.10. Option 10      $                -    
1-11. Option 11      $                -    
1.12. Option 12      $                -    
1.13. Option 13      $                -    
1.14. Option 14      $                -    
Total  93,494.65    $   979,572.64  
        

Category LR HMA   
Direct Cost ($) $499,852.80 $979,572.64   
Difference of DC $479,719.84   

 
 
 

Figure 6-2. Direct Cost Input in CDT 
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6.1.2 Inputting CE&I Costs and RUC 

 Next, CE&I cost data must be entered.  The CDT allows the user to input CE&I 

cost data for limerock and HMA separately on a per-hour basis.  The user then needs to 

input daily work hours by using the scroll bar, and the CDT calculates daily CE&I costs. 

 The RUC value is input after the user determines the AADT of the project 

location.  RUC can be calculated by any number of manual methods such as the TTI 

manual method or the FDOT method or by using software such as MicroBENCOST as 

described in Chapters 3 and 4.  Figure 6-3 shows a snapshot of the CDT at the point 

where the user inputs CE&I cost and RUC data.          

  

CE & I Cost         
Unit Wage Rate 2.1. Wage Rate LR  $    36.13  $/hr   
  2.2. Wage Rate HMA  $    55.71  $/hr   

Daily Work Hours 
 

8  hours   
CE & I Cost LR  $   289.04  $/day   

          
Road User Cost (RUC)       

RUC   $6,800.00 $/day   

    
  

    
Figure 6-3. CE&I costs and RUC Input in CDT 

 

6.1.3 Inputting Duration 

 The expected duration for limerock base construction is then input, followed by 

the duration of the work if HMA were chosen.  If historical records are not available, the 

production rate as calculated in Chapter 4 may be used to calculate the duration since the 

statistical test showed that the production rates of three ongoing projects were not 
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different at the α = 5% level.  Figure 6-4 shows a snapshot of the process of inputting 

duration. 

  Duration   LR HMA   
  Expected Days 135 51   

 Te* 85.5   
Te: Time when total cost of LR is equal to that of HMA.   

    
 

Figure 6-4. Duration Input in CDT 

 

6.2 DATA PROCESSING 

 Once the expected durations of limerock and HMA are input, the CDT calculates 

the value of T .  Again, T is the time (duration) when the total cost of limerock equals 

to that of HMA.  After comparing the value of T  to the duration of limerock work 

(T ), the CDT returns the result of its economic evaluation.  

E E

E

LR

The CDT provides the answer of which base material will be the most economical 

for a particular project.  If T is shorter than T , limerock is a less expensive option 

than HMA.  The CDT calculates the cost difference by subtracting the total cost of 

limerock from the total cost of HMA base.  If T is longer than T , HMA is a less 

expensive option than LR.  The CDT calculates the extra cost of limerock base as shown 

in Equation (5-6) in Chapter 5.  Figure 6-5 shows a snapshot of the result in the CDT. 

LR E

LR E

     

Additional cost of limerock base= (T -T ) x (RUC + CE&I )          (5-6)   LR E LR
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Result HMA is cheaper 
      
How much cheaper?  $                     (6,263.68) 

Figure 6-5. The Result of CDT 

 

 In Chapter 6, the structure and process of the CDT has been described.  By using 

the CDT, the research team performed cost evaluations for other projects.  This process is 

presented in Chapter 7.      

 

 

Reference: 
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73 



CHAPTER SEVEN 

7. CASE STUDIES AND RESULT ANALYSIS 

 

 The research team applied the CDT to all the limerock base projects investigated 

as part of this study.  The procedure of CDT was presented in Chapter 6.  It is important 

to note that: 

1. Prices and quantities for the mainline area where limerock base was constructed were 

replaced with prices and quantities for HMA base to compare the total costs.  In order 

to calculate the unit price of HMA for the various base options, unit prices per SN 

($7.75 /SN) obtained from the SR-26 Project were used by multiplying the price by 

the SN required for the respective limerock options in use.   

2. The CE&I costs from the SR-26 Project were used because all the projects were 

performed within two years of this project.  Changes in CE&I costs over a two-year 

time period are minimal. 

3. The tables presented in the TTI manual (1999) were used to calculate RUC.  Again, 

RUC depends on AADT and percent trucks.  Ten percent trucks for the rural projects 

and 15 % trucks for the urban projects were applied.    

4. The duration of limerock base construction was obtained from the project data, and 

the area of limerock base was divided by the production rate of HMA (116.9 m /hr) 

to calculate the total work hours required if the HMA base had been used.  Then, the 

work hours were converted to workdays to calculate the number of workdays of base 

construction would have been necessary if HMA had been used.  

2
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7.1 SR-20 (Alachua County) 

 Table 7-1 shows the cost and production data of the SR-20 Project.  

Table 7-1. Cost and Production Data of SR-20 (Alachua)  
Item description Item Number Plan Qty Unit Unit price 

Base option1 2285701 21,167.00 m 2  $7.95 
Base option 6 2285706 76,593.00 m 2  $7.00 

     

Total SM completed by  7/28/2003 19,422.00  

Total WH for work finished by 7/28/2003 467  

Total Lane (Mile) 3.35  

Total work day 50  

m /WH 2 41.59  
WH/LM 139.40  

 

19,422.00 m of Base Option Group 6 limerock was completed as of July 28, 

2003.  The area quantity was input in the CDT to determine the direct cost difference 

when HMA base was used.  The unit price of HMA for Base Option 6 was calculated by 

multiplying 1.44 (SN for Option 6) by $7.75 /SN (unit price per SN), which was obtained 

from the SR-26 Project.  

2

 Because the project is located in a rural area with an AADT of 11,500 and 10% 

trucks, RUC were only $100 per day (FDOT, 2002c).  T was 50 days, and T  was 

calculated when dividing the area by 116.9 m /hr and dividing the value again by 8 

hrs/day.  This calculation returns a 21-day duration.  These data were input to the CDT 

and Figure 7-1 shows the result in a screen shot of the CDT. 

LR HMA

2
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Input Limerock Option     
Optional Base Quantity (SM) Unit Cost Cost 
1-1. Option 1      $                -    
1.2. Option 2      $                -    
1.3. Option 3      $                -    
1.4. Option 4      $                -    
1.5. Option 5      $                -    
1.6. Option 6 76,593.00  $           7.00   $   536,151.00  
1.7. Option 7      $                -    
1.8. Option 8      $                -    
1.9. Option 9       
1.10. Option 10      $                -    
1-11. Option 11      $                -    
1.12. Option 12      $                -    
1.13. Option 13      $                -    
1.14. Option 14      $                -    
Total  76,593.00    $   536,151.00  
        
Input HMA Option     
Optional Base Quantity (SM) Unit Cost Cost 
1-1. Option 1      $                -    
1.2. Option 2      $                -    
1.3. Option 3      $                -    
1.4. Option 4      $                -    
1.5. Option 5      $                -    
1.6. Option 6 76,593.00  $         11.16   $   854,777.88  
1.7. Option 7      $                -    
1.8. Option 8      $                -    
1.9. Option 9      $                -    
1.10. Option 10      $                -    
1-11. Option 11      $                -    
1.12. Option 12      $                -    
1.13. Option 13      $                -    
1.14. Option 14      $                -    
Total  93,494.65    $   854,777.88  
        
        

Category LR HMA   
Direct Cost ($) $536,151.00 $854,777.88   
Difference of DC $318,626.88   
        

  
   

     
        

Figure 7-1. The CDT Simulation for SR-20     
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CE & I Cost       
Unit Wage Rate 2.1. Wage Rate LR  $    36.13  $/hr 
  2.2. Wage Rate HMA  $    55.71  $/hr 

Daily Work Hours 
 

8  hours 
CE & I Cost LR  $   289.04  $/day 

        
        

        
Road User Cost (RUC)     

RUC   $100.00 $/day 
        
    
    

Duration   LR HMA 
  Expected Days 50 20.8 
  Te* 839.8 
Te: Time when total cost of LR is equal to that of HMA. 
    

 

 

 

Result LR is cheaper 
      
How much cheaper?  $                   307,254.37  

Figure 7-1. The CDT Simulation for SR-20 (continued)    

  

As shown by the CDT result, the limerock base option was more economical for this 

project.  Even though the production rate of HMA base construction over limerock base was 

281%, the very low RUC led to this result. 
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7.2 SR-500 (Alachua) 

 Table 7-2 shows the cost and production data for the SR-500 Project.  

Table 7-2. Cost and Production Data of SR-500 (Alachua)  
Item description Item Number Plan Qty Unit Unit price 

Base option 1 2285701 45,555.00 m  2 $5.15 

Base option 9 2285709 121,946.42 m  2 $7.00 
     

Total SM completed by  9/16/2002 121,946.42  

Total WH for work finished by 9/16/2002 1843.00  

Total Lane (Mile) 21.326  

Total work day 203  

m /WH 2 66.17  

WH/LM 86.42  
 

121,946.42 m of Base Option Group 9 limerock was completed on September 16, 2002.  

The area quantity was input in the CDT to determine the direct cost difference when HMA base 

was used.  The unit price of HMA for Base Option 9 was calculated by multiplying 1.8 (SN for 

Option 9) by $7.75 /SN (unit price per SN).  

2

Because the project is located in a rural area with an AADT of 13,000 and 10% trucks, 

RUC were only $200 per day (FDOT, 2002c).  T was 203 days, and T  was found to have a 

134-day duration.  These data were input to the CDT and Figure 7-2 shows the result in a screen 

shot of the CDT. 

LR HMA
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CE & I Cost       
Unit Wage Rate 2.1. Wage Rate LR  $    36.13  $/hr 
  2.2. Wage Rate HMA  $    55.71  $/hr 

Daily Work Hours 
 

8  hours 
CE & I Cost LR  $   289.04  $/day 

        
        

        
Road User Cost (RUC)     

RUC   $200.00 $/day 
        
    

 

Duration   LR HMA 
  Expected Days 203 134 
  Te* 1867.04 
Te: Time when total cost of LR is equal to that of HMA. 
        
    

 

Result LR is cheaper 
      
How much cheaper?  $                   813,783.86  

Figure 7-2. The CDT Simulation for SR-500     

  

As shown by the CDT result, limerock base option was more economical for this project.  

Even though the production rate of HMA base construction over limerock base was 177%, the 

very low RUC led to this result. 
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7.3 Capital Circle (Tallahassee) 

 Table 7-3 shows the cost and production data of the Capital Circle Project.  

Table 7-3. Cost and Production Data of Capital Circle (Tallahassee) 
Item description Item Number Plan Qty Unit Unit price 

Base option 9 2285709 15,600.00 m  2 $6.65 
Base option 16 2285716 20,043.66 m  2 $8.58 

     

Total m  completed by  2 6/17/1999 35,643.66  

Total WH for work finished by 6/17/1999 396.5  

Total Lane (Mile) 6.68  

Total work day 42  

m /WH 2 89.90  
WH/LM 59.31  
 

35,643.66 m of limerock from Base Option Groups 9 and 16 was completed on June 17, 

1999.  The area quantity was input to the CDT to determine the direct cost difference when 

HMA base was used.  The unit prices of HMA for Base Option Groups 9 and 16 were calculated 

by multiplying 1.8 (SN for Option 9) and 2.72 (SN for Option 16) by $7.75 /SN (unit price per 

SN).  

2

Because the project is located in an urban area with an AADT of 87,500 and 15% trucks, RUC 

was much higher ($44,000 per day). (FDOT, 2002c)  T was 42 days, and T  was calculated 

by dividing the area by 116.9 m 2 /hr and dividing the value again by 8 hrs/day, yielding duration 

of 39 days.   

LR HMA

 Even though the project was located in an urban area, resulting in much higher RUC, 

limerock base construction was still the more economical option for this project.  If the limerock 

construction had taken more than 47 days, HMA base would have been more economical.   
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7.4 I-95 (Duval County) 

 Table 7-4 shows the cost and production data of the I-95 Project. 

Table 7-4. Cost and Production Data of I-95 (Duval)  
Item description Item Number Plan Qty Unit Unit price 

Base option (Base group M8) 2285708 139,606.00 m  2 $7.97 

Base option (Base group M12) 2285712 166,385.00 m  2 $10.74 

     

Total SM completed by  5/31/2002 255,847.45  

Total WH for work finished by 5/31/2002 3015.00  

Total Lane (Mile) 46.930  

Total work day 377  

m /WH 2 84.86  

WH/LM 64.24  
 

255,847.45 m of limerock from Base Option Groups 8 and 12 were completed as of May 

31, 2003.  The area quantity was input to the CDT to determine the direct cost difference when 

HMA base was used.  The unit prices of HMA for Base Options 8 and 12 were calculated by 

multiplying 1.68 (SN for Option 8) and 2.28 (SN for Option 12) respectively by $7.75.  

2

 Because the project was located in an urban area with a high AADT (62,500) and 15% 

trucks, the RUC was high ($24,000 per day).  (FDOT, 2002c)  T was 377 days, and T  was 

found to be 264-days.  These data were input to the CDT and Figure 7-3 shows the results in a 

screen shot of the CDT. 

LR HMA
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CE & I Cost       
Unit Wage Rate 2.1. Wage Rate LR  $    36.13  $/hr 
  2.2. Wage Rate HMA  $    55.71  $/hr 

Daily Work Hours 
 

8  hours 
CE & I Cost LR  $   289.04  $/day 

        
        

        
Road User Cost (RUC)     

RUC   $24,000.00 $/day 
        

 

Duration   LR HMA 
  Expected Days 351 264 
  Te* 329.75 
Te: Time when total cost of LR is equal to that of HMA. 
        

 

Result HMA is cheaper 
      
How much cheaper?  $                  (516,116.94) 

Figure 7-3. The CDT Simulation for I-95    

 

As shown by the CDT result, the HMA base option was more economical for this project. 

 

7.5 SUMMARY 

   Table 7-5 summarizes all projects investigated.  From the result of the case studies, the 

research team showed that the projects in rural areas with their inherent low RUC, tended toward 

the limerock option.  However, in urban areas with high RUC, the usage of HMA can be justified 

by the total cost comparison. 
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Table 7-5. Summary of Case Studies 
Projects SR-20 SR-500 Capital Circle I-95 

Location Rural Rural Urban Urban 
% Trucks 10% 10% 15% 15% 
AADT 11,500 13,000 87,500 62,500 
RUC $100 $200 $44,000 $24,000 
CE & I  LR $289.04 $289.04 $289.04 $289.04 
DC  HMA $854,777.88 $1,701,152.56 $640,140.35 $4,104,824.05 
DC  LR $536,151.00 $853,624.94 $275,714.60 $2,499,990.63 
∆DC $318,626.88 $847,527.62 $364,425.75 $1,604,833.42 
Production 
rate 
(m /hour) 2

41.59 66.17 89.90 84.86 

T  HMA 21 134 39 264 
T  LR 50 203 42 351 
T  E 839.8 1,867 48 330 
 

 It is possible to reverse the analysis procedure of course.  Instead of replacing the 

limerock area with HMA from the limerock base projects, the HMA area could be replaced with 

limerock from the HMA base projects and if this analysis was performed, it is expected that the 

results would be consistent with those found during this investigation.   
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CHAPTER EIGHT 

8. CONCLUSION  

 

   The effort made by the research team to perform an economic evaluation between the 

limerock and HMA base options includes:  

� The research team conducted an extensive data collection process with the help of 

construction project personnel, gathering data from various sources including interviews, 

project visits, and project documents.  

� The direct cost difference between two base options was calculated by applying the unit 

price per SN.  This method was valid to determine the direct cost difference between two 

options within the same optional base group, especially when historical data are not 

available.  

� The research team determined the production rate of HMA base construction for three 

active projects.  The projects included both urban and rural projects.  The statistical 

analysis showed that the production rates were consistent if the number of lifts is the 

same.  

� RUC were a determining factor in total cost comparison.  The method of calculation of 

RUC can and should be customized to project type (rehabilitation or adding capacity).  If 

a lane closure is required, higher RUC are expected as presented in Chapter 3. 

� From the SR-26 Project, the research team measured the production rate of both options.  

Because of the homogeneity of the data (same contractor, time, and location), this project 

was used for the pilot study as presented in Chapter 5. 
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� From the pilot study of the SR-26 Project, the research team developed the CDT that 

effectively performs a cost comparison as presented in Chapter 6. 

� The CDT was used to evaluate other projects investigated as presented in Chapter 7.  

From the evaluation, it was found that project location was a significant factor because 

the high AADT causes high RUC, which is a decisive factor in the total cost comparison. 

 

Even though the direct costs of limerock base were lower than those for HMA base, 

limerock base is not always more economical when considering total cost.  High RUC and CE&I 

costs may justify the use of HMA base.  Typically, this means the higher the AADT and the 

longer the expected duration of base construction, the more likely it is that HMA is the most 

economical choice in base material. 
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APPENDIX A 

PLEXIBLE PAVEMENT DESIGN MANUAL 
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5.5.2 Base 

For the purpose of base determination, FDOT allows the contractors to choose the least 

expensive material as described below (Adopted from Flexible Pavement Design Manual):   

Except as limited by Standard Index 514 or as may be justified by special project conditions, the 

options for base material should not be restricted.  Allowing the contractor the full range of base 

materials will permit him to select the least costly material, thus resulting in the lowest bid price. 

 Unbound granular base materials are generally the least expensive.  Project conditions 

may dictate restricting the base course to Asphalt Base Course.  The following conditions may 

warrant restricting the base course to Asphalt Base Course (Type B-12.5) if the additional cost 

can be justified: 

< In an urban area, maintenance of access to adjacent business is critical to the extent that it 

is desirable to accelerate base construction.  

< The maintenance of traffic scheme requires acceleration of base construction in certain 

areas of the project. 

< High ground water and back of sidewalk grade restrictions make it difficult to obtain 

adequate design high water clearance from the bottom of a thicker limerock base.  The 

thinner asphalt base can help increase the clearance.  NOTE that asphalt base requires a 

well-compacted subgrade, as does limerock base.  It is usually necessary to have two 

feet(0.6 m) clearance above ground water to get adequate compaction in the top foot(0.3 

m) of subgrade.  In areas where this cannot be obtained, the District Drainage Engineer 

should be consulted for an underdrain design or other methods to lower the ground water. 

< The configuration of base widening and subgrade soil conditions are such that 

accumulation of rainfall in excavated areas will significantly delay construction. The 

Pavement Design Engineer should become familiar with the material properties, 

construction techniques, testing procedures, and maintenance of traffic techniques that 

may enter into the decision to restrict the type of base material to be used.  Consultation 

with the District Construction Engineer and the District Materials Engineer should be 

done prior to making any decision
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 A decision to restrict base course material to an Asphalt Base Course throughout a 

project must be documented and approved by the District Design Engineer.  A copy of 

the documentation shall be furnished to the State Pavement Design Engineer. 

 Base courses are normally set up under Optional Base Group (OBG) bid item. On 

projects where the Pavement Design Engineer would like to use Asphalt Base (Type B-

12.5) on a part of a project and allow multiple base options on other parts of the project, 

the Pavement Design Engineer should change the Optional Base Group (OBG) Number 

by one and specify Asphalt Base only for the area where it is required. 

 An example of a project where this may occur would be on a project where OBG 

6 is recommended and the Pavement Design Engineer encounters an area of high water.  

The option would be to use Type B-12.5 from OBG 7. Another option would be to use 

Type B-12.5 from OBG 5.  In both cases the structural asphalt thickness can be adjusted 

to meet the structural number requirements and allow for separate unit prices. 

 The Optional Base Group should not exceed Optional Base Group 12 for unbound 

granular base materials, except for trench widening where up to Optional Base Group 14 

may be used. 
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APPENDIX B 

AN EXAMPLE OF COST COMPARISON 
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APPENDIX C 

WORKING DURATION FOR LIMEROCK BASE CONSTRUCTION 
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APPENDIX D 

PRODUCTION MEASUREMENT FORM 
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APPENDIX E 

MEMORANDUM FOR THE USAGE OF HMA BASE 
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APPENDIX F 

MONTHLY / WEEKLY ESTIMATE DOCUMENT 
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APPENDIX G 

DAILY DIARIES 
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Daily Diary from Capital Circle Project 
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APPENDIX H 

ASPHALT PAVING REPORT 

 

 

 

 

 

 

 

 

 

 

 

 

Asphalt Report from SR-26 Project 
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APPENDIX I 

COST DATA 
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COMPLETED PROJECTS: LIMEROCK BASE 

I-95 

 

Item description Item Number Plan Qty Unit Unit price 
Base option 8 2285708 139,606.00 SM $7.97 
Base option 12 2285712 166,385.00 SM $10.74 

 
 
Capital Circle 
 

Item description Item Number Plan Qty Unit Unit price 
Base option 4 2285704 2,740 SM $5.26 
Base option 9 2285709 15,570 SM $6.65 
Base option 16 2285716 87,875 SM $8.58 

 

 

SR-500 
 

Item description Item Number Plan Qty Unit Unit price 
Base option 1 2285701 45,555.00 SM $5.15 
Base option 9 2285709 124,900.00 SM $7.00 
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COMPLETED PROJECTS: HMA BASE 

SR-207 
 

Item description Item Number Plan Qty Unit Unit price 
Base option 12 2285712 47,418.00 m2 $14.26 

 

Capital Circle 
 

Item description Item Number Plan Qty Unit Unit price 
Base option 6 2285716 5,333 SY $4.85 
Base option 10 2285710 7,189 SY $7.27 
Base option 13 2285713 69,477 SY $9.70 
Base option 14 2285714 197 SY $10.50 

 

US-441 

Item description Item Number Plan Qty Unit Unit price 
Base group M1 2285701 10,370.00 M2 $4.87 
Base group M15 2285715 16,953.00 M2 $13.60 

 2285715 A 30,312.00 M2 $15.34 
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Active Projects: LIMEROCK BASE 

 
SR-26 (Alachua) 
 

Item description Item Number Plan Qty Unit Unit price 
Base option 1 2285701 28,286.00 m2 $3.90 
Base option 9 2285709 93,218.00 m2 $7.20 

 

SR-20 (Alachua) 
 

Item description Item Number Plan Qty Unit Unit price 
Base option1 2285701 21,167.00 m2 $7.95 
Base option 6 2285706 76,593.00 m2 $7.00 

 

JAX Airport Access Road 
 

Item description Item Number Plan Qty Unit Unit price 
Base option 1 2285701 10,136.00 m2 $5.39 

Base option 10 2285710 63,345.00 m2 $10.61 
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ACTIVE PROJECTS: HMA BASE 

SR-26 

 
Item description Item Number Plan Qty Unit Unit price 

Base option 13 2285713 45,418.00 m2 $18.60 
 

SR-20 (Putnam)  
 

Item description Item Number Plan Qty Unit Unit price 
Base option 1 285701 552.00 Ton $60.00 
Base option 15 285715 86,000.00 Ton $48.00 

 

I-10 
 

Item description Item Number Plan Qty Unit Unit price 
Base option 1 285701 194.00 SY $16.00 
Base option 4 285704 134,865.00 SY $9.90 
Base option 6 285706 15,573.00 SY $12.30 
Base option 9 285709 23,816.00 SY $14.75 

Base option 10 285710 26,581.00 SY $16.00 
Base option 11 285711 184,912.00 SY $17.20 
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APPENDIX J 

PRODUCTION DATA FOR HMA BASE CONSTRUCTION 
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SR-26 
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SR-26 (CONTINUED) 
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I-10 
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SR-20 (PUTNAM COUNTY) 
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APPENDIX L 

CE&I COST: FLORIDA CCEI SALARY RATE STATEWIDE  
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