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Abstract

Price adjustments of selected commodities in highway construction are used in construction
contracting as away of limiting risks to the contractor arising from price fluctuations of these
commodities over the life of a contract. Fuel usage factors are commonly applied by state and local
agenciesin calculating fuel cost price adjustmentsin a contract specification that permits cost escalation
and de-escalation. The current federal factors, originally developed for Highway Research Board (HRB)
Circular Number 158 in 1974, are presented in the 1980 Federal Highway Administration (FHWA)
Technical Advisory T5080.3. The advisory contains fuel usage factors, in gasoline and diesd, for a
number of heavy construction activities, including excavation, aggregates, hot mix asphalt production and
hauling, and Portland cement concrete production and hauling. HRB Circular 158 established fuel usage
factors for structures and miscellaneous construction in gallons per $1,000 of construction cost, with no
provision for any adjustment for inflation.

NCHRP Project 10-81 isthe first research effort to revisit these factors on the federal level and
attempts to account for more than 30 years of inflation, commodity cost increases, and changesin
construction practices. The objectives of this research wereto (1) identify present highway construction
contract activities that are major consumers of fuel; (2) prepare fuel usage factors for these activities,
including those items of work presented in Attachment 1 of FHWA Technical Advisory T5080.3, for base
year 2012; and (3) develop arecommended practice for state DOTs to implement use of fuel adjustment
factors and adjust them for both state-specific conditions and changes in construction costs, methods, and
equipment.

The study team employed a three-pronged research methodol ogy to examine thisissue and
develop updated fuel usage factors. The primary methodology was a nationwide survey of highway
construction contractors using avariety of survey tools. The second methodology was an engineering
estimation of fuel usage per unit for numerous highway construction work items, which was undertaken
by ateam of veteran construction estimators. The third methodol ogy was a statistical analysis of the
Oman Systems BidTabs Database to determine if historical bid prices of construction pay items can be
modeled and correlated to historical fuel prices. The three methodol ogies complemented each other,
provided alevel of redundancy in the research effort, and resulted in a positive project outcome.
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EXECUTIVE SUMMARY

Price adjustments of selected commodities in highway construction are used in construction
contracting as away of limiting risks to the contractor arising from price fluctuations of these
commodities over the life of a contract. Fuel usage factors are commonly applied by state and local
agenciesin calculating fuel cost price adjustmentsin a contract specification that permits cost escalation
and de-escalation. The current federal factors, originally developed for Highway Research Board (HRB)
Circular Number 158 in 1974, are presented in the 1980 Federal Highway Administration (FHWA)
Technical Advisory T5080.3. The advisory contains fuel usage factors, in gasoline and diesd, for a
number of heavy construction activities, including excavation, aggregates, hot mix asphalt production and
hauling, and Portland cement concrete production and hauling. HRB Circular 158 established fuel usage
factors for structures and miscellaneous construction in gallons per $1,000 of construction cost, with no
provision for any adjustment for inflation.

NCHRP Project 10-81 isthe first research effort to revisit these factors on the federal level and
attempts to account for more than 30 years of inflation, commodity cost increases, and changesin
construction practices. The objectives of this research wereto (1) identify present highway construction
contract activities that are major consumers of fuel; (2) prepare fuel usage factors for these activities,
including those items of work presented in Attachment 1 of FHWA Technical Advisory T5080.3, for base
year 2012; and (3) develop arecommended practice for state DOTSs to implement use of fuel adjustment
factors and adjust them for both state-specific conditions and changes in construction costs, methods, and
equipment.

The study team employed a three-pronged research methodol ogy to examine thisissue and
develop updated fuel usage factors. The primary methodology was a nationwide survey of highway
construction contractors using avariety of survey tools. The second methodology was an engineering
estimation of fuel usage per unit for numerous highway construction work items, which was undertaken
by ateam of veteran construction estimators. The third methodol ogy was a statistical analysis of the
Oman Systems BidTabs Database to determine if historical bid prices of construction pay items can be
modeled and correlated to historical fuel prices. The three methodol ogies complemented each other,
provided alevel of redundancy in the research effort, and resulted in a positive project outcome.

The Original Fuel Factors Documents

Theorigina research on fuel usage factors includes Highway Research Circular Number 158 by
the Highway Research Board (now the Transportation Research Board) in July 1974. A mailed survey of
3,000 highway contractors netted 400 responses, and the FHWA compiled and analyzed the data. Factors
were computed for construction activities such as excavation, aggregate and asphalt production, and
structure construction. Each of these activities received a high, low, and average factor. Both diesel and
gasoline were included.

The Federal Highway Administration (FHWA) incorporated the Circular 158 factorsin Technical
Advisory T5080.3, originally released in 1980. The FHWA website provides the updated version of this
advisory. It contains methods for devel oping price adjustment provisions such as downward and upward
contract provisions, using an average of quotes to avoid manipulation, triggers based on afive percent
change in fuel price indices, and ad hoc adjustments on fuel usage factorsin cases of extreme elevation,
rough terrain, etc. It also provides the original fuel usage factors aswell as additional fuel usage factors
developed by the states.
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The Contract Administration Section of AASHTO'’ s Highway Subcommittee on Construction
(AASHTO SOC) maintains a spreadsheet that summarizes the current use of price adjustment clauses for
fuel, asphalt, cement, steel, and other highway materials. The 2009 version of a summary spreadsheet
includes general information regarding trigger values, indices, web references, general comments and
state DOT contacts. This set of literature also includesthe individua state policies for which the
spreadsheet provides web references.

M ethodology Development Phase

NCHRP Project #10-81 is divided into three major phases. The first phase proceeded as an initial
methodology development phase. The goals for this phase were to ascertain the data needs and
perceptions of state DOTs and contractors as well asto determine the fuel intensity of highway
construction tasks. These goals were accomplished using three methodol ogies, which are further
explained below: state DOT and contractor surveys of needs and perceptions, an initial engineering
analysis of fuedl intensity, and a statistical analysis of fuel intensity.

State DOT Survey of Needs and Per ceptions

The study team conducted a nationwide survey of state DOTSs. The purpose of the survey was to
ascertain the current implementation of fuel usage factors, the states’ satisfaction with their current
programs, and their perceptions on how to upgrade them. The survey, provided in a user-friendly
SurveyMonkey format, received responses from all 50 state DOTSs.

The use of fuel factorsin bridge/structure contracting is common, but severa flaws act asa
hindrance to their effectiveness. Fuels factors for bridges/structures were present in 20 states, 40 percent
of the total surveyed. When asked to divulge perceived flaws in bridge/structure fuel factors, 28 out of 37
states responded with at least one criticism. Changes in construction methods and fuel intensity and
differencesin structure type, size and complexity were perceived as the largest flaws, receiving 12
sel ections each.

Respondents had similar perceptions of the activities that were most fuel intensive. Asphalt
paving and grading/excavation were the decisive top choices when ranking construction activities by fuel
intensity, sharing all 48 first place rankings between them.

Respondents had mixed opinions on whether they desired fuel factors for a broader spectrum of
items. A total of 33 out of 47 states believe it is unnecessary to include fuel factors for additiona pay
items due to limited fuel use. Administrative burden was cited asjustification for limiting the number of
fuel factors by 16 states.

State DOTs had definite, athough sometimes conflicting ideas on the form fuel factors should
take and how often they should be updated. The ability to convert units of measure in the new system
received support from 26 states, while the inclusion of high-medium-low factor ranges would be useful
for 16 states. Urban/rural and hauling distance were the most popular options when selecting additional
variables for the system, receiving 20 and 19 selections respectively, although 16 states would not want
any additional variables. Seventy percent of states would like the system to be configured at the state (23)
or regional (12) level. A majority of 34 states would like the factors to be updated every five years or less.

State DOTs shared a high level of interest in new research on fuel factors. For example, amost
two thirds of those responding (30 out of 46) would begin afuel factor program or implement changesto
their fuel factor adjustments if presented with revised factors and a software tool. Only 12 states with fuel
factor programs would retain their existing methods, while five states who do not implement fuel factors
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would continue to refrain from utilizing them. Several states said they would evaluate the delivered
products and consult with the contracting industry before moving forward.

Initial Contractor Survey of Needs and Perceptions

The study team also conducted a nationwide survey of contractors. Designed as a precursor to the
more detailed Contractor Fuel Usage Survey, this survey explored the basic components of the fuel usage
experiences and methodol ogies of construction firms. An additional goal was to determine methods to
maximize the visibility and effectiveness of the later survey.

Nearly 80 percent of the responding contractors operate primarily in states that use fuel factors. A
sizable majority (39 out of 46) of responding contractors have updated their fuel consumption rates or
factors within the last three years, while less than athird of state DOTs have done the same. Individua
contractors would seem to have an incentive to update this information regularly as a means of increasing
bid accuracy and eliminating uncertainty.

Theresultsfor the contractor survey illustrate several trends that may be ameliorated by updated
fuel usage factors. Contractors update their fuel consumptions rates or factors more often than state
DOTs. Fluctuationsin commaodity pricing have alarger effect on contractors than DOTS, primarily due to
smaller operating budgets. Contractors would then have an incentive to update and maintain factors.
While 60 percent of the responding contractors expressed satisfaction with the accuracy of their primary
state's fuel factors, nearly 40 percent find them to be somewhat inaccurate at best. Inaccuracies can be
compounded if a contractor’ s estimating tool cannot cal culate the amount of fuel used on a project, which
nearly 40 percent of respondents indicated.

Initial Identification of High Fuel Use Pay Items

In addition to collecting state DOT and contractor perceptions on fuel intensity, the study
methodol ogy included two other methods designed to investigate fuel intensity. As part of the study
team’ s three-pronged approach to addressing the research problem, the project team conducted ainitial
investigation to identify construction pay items that had high fuel intensity. An expert panel of
professional estimators and contractors rated the fuel use of over 1,000 specific pay items. The ratings of
individual estimators were averaged to create a composite ranking of fuel use. Reviewer D isamember of
the research team and Reviewers A through C performed as consultants for the research team. Each
member of the panel possesses at least 25 years of experience in the highway construction and/or cost
estimation fields.

Theinitid engineering analysis consisted of three parts:

Creating alist of pay items to study by filtering unsuitable pay items
Creating aranking system to apply to the pay items
Performing the fuel use ranking of each pay item and pay item category

Historically, the most common categories of pay items used for fuel use factors are grading,
asphalt, base stone, and concrete pavement. All four of these categories ranked high in both the summary
and detailed analysis. Several items were later excluded due to being bid in small quantities or because of
the inclusion of lump sum pay items.
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Initial Statistical Analysis of Fuel Pricesand Bid Prices

Intheinitia statistical analysis, the objective was to examine which pay item prices are sensitive
to changesin fuel pricesin order to develop alist of items for which to develop fuel use factors. The
thesiswas that if thereis no association between fuel prices and pay item prices, it would not be necessary
to provide a price adjustment clause for those pay items.

Theinitid statistical analysis consisted of three steps. Thefirst step was to tabulate unit prices for
pay items over time. The second step was to develop price indices for fuel. The third step was to conduct
initial statistical analysis using pay item level bid data from the Oman Systems BidTabs database for 48
states.

The overall conclusion of theinitial statistical analysisisthat there is a positive relationship
between fuel prices and bid prices. The positive relationship is strongest where the significance of the
correlation is strongest. However, there is alarge amount of variation in the results for individual pay
items within the categories of construction. The negative coefficients indicate the fuel priceis not always
an important factor for determining bid prices for many types of purchases. It may be concluded that fuel
consumption is significant in most types of highway construction, but perhapsis not limited to only
certain construction activities as previous studies have suggested.

A magjor goal of theinitial analysis was to identify construction tasks that consume large amounts
of fuel and are fuel intensive. These items would be obvious candidates for newly calculated fuel factors.
Theinitid statistical anaysisindicated that alarger number of activities than previoudy envisioned are
heavy users of fuel and/or are fuel intensive. Many heavy construction tasks, such as asphalt paving and
grading, were confirmed as being heavy users of fuel. However, additional items appear to be more fuel
intensive than anticipated. For example, the roadway lighting/electrical and signalization categories
ranked second and third in the initid statistical analysis. Those categories did not rank within the top ten
of the other initial methodologies

Data Collection Phase: Final M ethodology

Following theinitial phase was the data collection phase. The data collection phase utilized the
three project methodol ogies to directly estimate fuel consumption. The survey approach provided much of
the data used in formulating the new factors. The engineering approach confirmed the survey data and
provided additional detail when the survey approach did not garner sufficient observations for particul ar
work items.

Final Contractor Fuel Usage Survey

Thefirst effort of the data collection phase was the Contractor Fuel Usage Survey. This effort
aided in the identification of heavy fuel use activities and alowed the project team to establish current
levels of fuel use across a variety of construction activities and project conditions. The project team
utilized severa surveys, including an Excel spreadsheet tool and several industry segment specific
SurveyMonkey surveys, to elicit contractor responses. In order to maximize contractor participation, the
project team received cooperation from several industry organizations, including the Associated General
Contractors of America (AGC), the American Road & Transportation Builders Association (NAPA), the
National Asphalt Pavement Association (NAPA), the American Concrete Pavement Association (ACPA),
and the National Ready Mixed Concrete Association (NRMCA).

In total, respondents provided over 500 fuel consumption observations for over 40 different
activities. As stipulated in the outreach efforts to highway construction contractors and organizations, this
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report provides results as an average of the valid responses for each activity and does not provide
information reported by individual respondents.

The fuel consumption estimates represent the simple mean (average) of all of the responses that
met two criteria. The first criterion was that the respondent provided the estimate in either the default unit
suggested in the survey or an alternative unit that the project team could convert to the base unit with a
conversion factor. For example, for most activities, a subset of respondents reported results in terms of
gallons consumed per hour. Conversion of these estimates to gallons per unit of work was not possible
without assuming a production rate.

The second criterion was that each individual response included in the estimate had to be within a
range that the engineering staff judged to be reasonable. In some instances, respondents provided
estimates that varied from the majority of estimates by afactor of ten or more. For example, one
respondent provided fuel consumption per unit estimates for the six types of milling that ranged from 8.8
to 9.5 times greater than the mean estimate for all the respondents. In each case, this respondent’s
estimate was at |least 6.6 times higher than any other estimate. These out of range estimates were not
included in the calculation of mean values.

The number of observations was sufficient to constitute a valid sample for most work
items. With the exception of severa outlying responses that would have skewed the cal cul ated
averages, the fuel usage estimates provided by the contracting community were within a
reasonable range of accuracy as determined by the research team’ s engineering experts. Results
within categories demonstrated consistency as well. The survey results provided utility
throughout the remainder of the project, especially as a means to complement and verify the
engineering results.

Final Engineering Analysis of Fuel Usage

Building on the results from the initial engineering analysis, which aimed to identify high fuel use
activities, the project team extended the analysis to calcul ate the fuel use per unit for each work task.
Using the initial phase calculations as well as estimated quantities of work for atypical project, the
project team was able to estimate a fuel usage factor for each work task. Asin theinitial engineering
analysis, the study team utilized an expert panel of four construction engineers and estimators. Each panel
member employed their industry expertise to compile alist of construction activities, assign equipment
and crews to work tasks, and calculate production rates. Panel members A, B and C each independently
calculated fuel use per unit for each work task. Panel member D acted as a mediator during this effort and
investigated discrepancies, resolved differences in calculations, and compiled the results.

The fuel use calculations, arrived at through a consensus-building process amongst the expert
engineering panel, provide accurate average fuel use specifications for avariety of work tasks prevalent in
the highway construction industry. While any given estimator might choose approaches and equipment
that differ dightly from those presented, the fuel use calculations provided in the chapter section represent
reaistic baseline numbers for a detailed set of average work tasks.

Final Statistical Analysisof Fuel Usage

The objective of the BidTabs statistical analysis was to estimate the fuel usage of construction
activities using a statistical model that incorporates changing fuel prices and bid prices. Thisincluded
specification of the model, testing of different combinations and forms of the variables, exploration of
lagged variables, evaluation of residuas and error terms, and exploration of different combinations of pay
items both within and across states.
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The origina methodology envisioned that the database would contain prices over three to five
years. The study team selected a start date of 1/1/2006 and an end date of 12/31/2010, resulting in three
additional months of data and afull five-year data set. In total, 363,137 separate pay items are available in
the Oman Systems BidTabs database. For these pay items, there were more than 4.1 million low bids.
Note that low bids are the unit price bid for the item in the winning low bid as opposed to the lowest bid
for that item.

The regression results produced by the analysis demonstrated some degree of consistency. The
fuel required for aton of asphalt is afactor of approximately 10 higher than for aton of base stone. The
fuel required for asphalt per square yard is dightly smaller than the fuel required for the pay item
grouping of bridges per square yard (mainly organic surface coatings). Drainage pipe has a higher fuel
requirement per linear foot than fencing, which in turn has a higher requirement than erosion control.
Guard rails require only slightly more fuel input per linear foot than roadway lighting/electrical.

On the other hand, however, several of the estimates generated by this analysis clearly do not
appear to represent actual fuel usage. For example, the statistical estimate of fuel usage for grading on a
cubic yard basis differs from the engineering and contractor survey estimates by alarge factor of
magnitude.

Despite the high level of aggregation, the number of statesis small for many pay item groups. For
example, seven pay itemsrely on datafor only one state, while 15 more rely on data from only two or
three states. State-defined pay items are at afiner level of detail than the pay item groups used for this
study. As aresult, the estimates for these groupings are not as robust as those for pay itemsthat are
common to many states.

The statistical analysis demonstrated that most highway construction activities consume large
amounts of fuel and are fuel intensive. However, the approach does not appear to have generated
estimates of fuel usage that would be accurate enough to contribute to the devel opment of the final fuel
usage factors. However, in developing these fuel factors, the results of the statistical analysis were
considered where it was felt that they might be useful.

Comparison of Fuel Usage Estimates and Fudl Factor Development Phase

Thefina project phase consisted of comparing the fuel usage data gathered during the previous
phase, modifying select items based on the knowledge of the expert engineering panel, and developing a
final fuel usage factor for construction work tasks. This phase also examined the alternative uses for the
final fuel usage factors.

Data Comparison and Fuel Usage Factor Development

In developing the final fuel usage estimates by pay item, the study compares the information
availablein the existing literature with the fuel usage data devel oped using the three project
methodol ogies. These sources are detailed below.

1) Technical Advisory T5080.3. Thistechnical advisory presents the fuel factors calculated in the
original effort during the Nixon era. These factors are still used by alarge number of contractors
and state DOTSs.

2.) Contractor Survey. The Contractor Fuel Usage Survey represents a cooperative effort by the
NCHRP, study team, and industry organizations to engage the highway construction contracting
community. The objective of this effort was to ascertain fuel use information from contractors
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representing a broad sample of regions, firm sizes, and project locations, and work activities.
Utilizing an Excel spreadsheet tool and severd iterations of a SurveyMonkey survey, this effort
resulted in over 500 data observations.

3.) Engineering Analysis. For this methodology, the study steam convened an expert panel of
veteran construction engineers and estimators. The engineering team first collaborated to rank
construction activities by fuel use intensity and recommend items that should be further anayzed.
In later efforts, the engineering team then calculated the fud use for these activities under average
project parameters. This was done by cal culating the equipment needed for each activity, the fuel
consumed by this equipment, production rates, and the average length of time expected to
complete each project. Theresult isa calculation, for each work activity, that expresses the
gallons of fuel consumed per a unit of measures, such as the number of gallons of diesel fuel
consumed for each linear foot of sewer pipe.

4)) BidTabs Statistical Analysis. This experimental methodology attempted to track the relationship
between fuel prices and bid estimates. Unlike other elements of atypical construction bid,
commodity prices (including fuel) exhibit historical fluctuations due to market variables. This
methodol ogy attempted to isolate fuel prices, coalesce them to historical BidTabs dataas
maintained in the Oman Systems database, and observe any correlations.

For this effort, the research team compared data across the three study methodol ogies and the
original fuel factors as presented in Technical Advisory T5080.3. Where the research had enough data to
make a valid comparison, there was substantial agreement between the sources regarding activity fuel use.
In particular, the survey data validated the engineering estimates. Where there was disagreement among
the data sources, the engineering estimates were reassessed and generally revised to reflect the figures
garnered from the survey effort.

Other Potential Uses and Applicationsfor Project Data

The explored other potential applications of the fuel usage data. The primary intended audience
or “market” for the products of this study will be the state DOTs and in particul ar the contracting
authorities that request bids for highway construction or maintenance. However, this guidance will also be
useful for avariety of other entities and uses.

The study team undertook a variety of activitiesin order to explore these other potential activities.
Firgt, the study team queried selected state DOT representatives to ascertain whether they envisioned
additional usesfor the fuel factor data. Second, the study team reached out to the members of the study
panel for their input and assistance. In both instances, the inquiries polled respondents on their
impressions as to the usefulness of the data to potential users. Finally, the study team reviewed pertinent
literature collected throughout the study for information on potentia additional audiences.

The research revealed six major additional markets for the results of this study. Theseinclude:

Other agencies responsible for highway contracting

Agencies responsible for construction of facilities for other transportation modes

Assaociations representing industries that build highways or provide goods to highway builders
Officiasinterested in improving planning and budgeting

Contractorsinterested in better understanding and managing their fuel use or in preparing more
accurate cost estimates.

Researchers examining energy requirements, emissions and climate change
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A range of potential uses exists for the fuel factors data collected in this study. The data can be
used by entities other than state DOTs for both highway contracting and construction of facilities for other
transportation modes. Associations may value the datafor dissemination of information and policy
guidance for their members. Officialsinterested in improving planning and budgeting may find
information on fuel usein their projects extremely useful. At the same time, contractors interested in
better understanding and managing their fuel use or in preparing more accurate cost estimates will find
valuein the fuel factors. Finally, researchers examining energy requirements, emissions and climate
change, can use the data in preparing estimates, inventories and action plans.

Appendices and Other Resear ch Products

Several project efforts are included as appendices for this report. These efforts, which are briefly
described below, include the Recommended Practice and Model Specification and the Outreach and
Dissemination Plan.

Recommended Practice and M odel Specification

One of the mgjor research products of this project is the appendix that contains the Recommended
Practice and Model Specification. The Recommended Practice and Model Specification document
contains atable that displays the revised fuel usage factors and a so explains the procedures for
development and use of fuel price adjustment contract provisions. Exhibit ES-1 on the last page of the
Executive Summary contains the project work tasks, the original fuel usage factors (when available), the
revised and new fuel usage factors, and the units of measurement is provided on the following page. The
Recommended Practice and Model Specification also presents information on criteriafor application of
the fud usage factors, sample wording successfully used in specifications by various states, and example
calculations and worksheets. The document contains two payment adjustment clauses. The first model
specification is designed to be used by states that cal culate price adjustments through the use of aprice
index. The second model specification is designed to be used by states that perform price adjustments
with the actual fuel prices. Each of the specifications contains the following sections and elements:

The source for historical commodity prices (entered by user)

The positive and negative trigger values that trigger a price adjustment (entered by user)
The letting date and base commodity prices (entered by user)

Therelevant fuel factors (entered by user)

The price adjustment calculation formula

Definitions for formulainputs

Sample calculations

Project Outreach Plan

Another product of this research effort is the outreach and dissemination plan to publicize the
results of NCHRP Project #10-81. This project includes a variety of products that will be useful in
educating and assisting the highway construction community in the adoption of revised and updated fuel
usage factors. The outreach plan details a strategy to best inform the potential users of thisinformation,
including its existence, potentia benefits, and ease of use. The products of this effort include:

A list of action items

A list of stakeholdersto contact

A draft PowerPoint presentation for briefing agency executives on key products and
recommendations
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A plan for awebinar including a draft agenda, potential survey questions, and presentation
materials

A plan to further inform the highway construction community through presentation of the
research and results at annual meetings, conferences, and workshops.
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Exhibit ES-1: Fuel Usage Factor Summary Table

Category Item of Work Units FUF 1980 FUF
Clearing Gallong/Acre 191.200 200.000
Clearing Pipe Removal Gallong/L.F. 0.863
and Pavement Removal - Asphalt GallongC.Y. 1.397
Removal Pavement Remoygl - Concrete _ Gallong/C.Y. 0.562
Structure Demolition (House/Building) Gallong/Each 375.000
Structure Demolition (Bridge per S.F. of Deck) Gallong/S.F. 0.626
Excavation - Earth - Off Road - Long Haul Gallonsg/C.Y. 0.320 0.440
Excavation - Earth - Off Road - Short Haul GallongC.Y. 0.263
Excavation - Earth - On Road - Long Haul Gallong/C.Y. 0.687
Excavation - Earth - On Road - Short Haul Gallons/C.Y. 0.319
Excavation Excavation - Rock - Off Road - Long Haul Gallong/C.Y. 0.402 0.570
Excavation - Rock - Off Road - Short Haul Gallons/C.Y. 0.311
Excavation - Rock - On Road - Long Haul Gallong/C.Y. 0.740
Excavation - Rock - On Road - Short Haul Gallons/C.Y. 0.465
Strip Topsoil GallongC.Y. 0.167
Roadway Finishing GallongS.Y. 0.073
Base Stone Base Stone - Short Haul (Haul and Place) Gallons/Ton 0.406 0.510
Base Stone - Long Haul (Haul and Place) Gallons/Ton 0.558 0.810
Asphalt Production (Diesdl) Gallons/Ton 2.040 2570
Asphalt Production (Natural Gas) Gallons (GGE)/Ton 2.144
Asphalt Production (Natural Gas) (Support Equipment) Gallonsg/Ton 0.090
Warm Mix Asphalt Production (Diesel) Gallons/Ton 1.632
Asphalt Warm Mix Asphalt Production (Natural Gas) Gallons (GGE)/Ton 1.715
Warm Mix Asphalt Production (Natural Gas) (Support Egp.) Gallons/Ton 0.072
Asphalt Hauling (0-5 miles) Gallong/Ton 0.183 0.770
Asphalt Hauling (6-15 miles) Gallonsg/Ton 0.293
Asphalt Hauling (>15 miles) Gallonsg/Ton 0.514 1.070
Asphalt Placement Gallons/Ton 0.273 0.280
Milling - 0-1" (0-5 mile haul) Gallons/Ton 0.028
Milling - 0-1" (6-15 mile haul) Gallons/Ton 0.030
Milling Milling - 0-1" (>15 mile haul) Gallons/Ton 0.038
Milling - 2-4" (0-5 mile haul) Gallong/Ton 0.062
Milling - 2-4" (6-15 mile haul) Gallons/Ton 0.071
Milling - 2-4" (>15 mile haul) Gallons/Ton 0.090
Reinforcing Steel Gallong/Lbs. 0.004
Steel Beams Gallons/L.F. 0.180
Structures Substructure Concrete GallongC.Y. 4.700
Superstructure Concrete Gallonsg/C.Y. 4.150
Bridges Gallons/Contract $ 5.200 41.000
Bridges (per S.F. of deck) Gallong/S.F. 0.616
Concrete Production (Support Equipment) Gallonsg/C.Y. 0.090 0.430
Concrete Hauling - Short Haul Gallong/C.Y. 0.600 1.000
Concrete Hauling - Long Haul Gallonsg/C.Y. 1.100 1.000
Mi Concrete Placement GallongC.Y. 0.267 0.470
Conlcsrcéte Concrete C_urb/Gutter Gallong/L.F. 0.152
Concrete Sidewalk Gallons/S.F. 0.090
Retaining Wall (Cast-in-Place) Gallong/S.F. 0.646
Noise Wall (Pre-cast) Gallons/S.F. 0.304
Concrete Median Barrier Gallong/L.F. 0.309 0.300
. Large Pipe Crew Gallong/L.F. 4.338
EP)'ir ;‘g;g; Medium Pipe Crew GallongL.F. 1481
Structures Small Pipe Crew Gallong/L.F. 0.871
Drainage Structures Gallons/Each 26.175
Fence Gates Gallong/Each 4.200
Fencing Gallong/L.F. 0.043
Grassing (Hydroseeding) Gallong/Acre 3.497
Grassing (Seedbed Preparation) Gallong/Acre 10.000
Specialt Sodding GallongS.Y. 0.017
ltems y Guardrail Posts Gallong/Each 0.042
Guardrail - Steel Gallons/L.F. 0.037 0.230
Guardrail - Wire/Cable Gallong/L.F. 0.105
Intersection Signalization (2 lane) Gallong/Each 170.000
Intersection Signalization (4 lane) Gallong/Each 304.000
Pavement Marking Gallong/L.M. 4.500
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CHAPTER 1: BACKGROUND

Chapter 1 of this Final Report details the background information, purpose, and the existing
literature relevant to NCHRP Project #10-81. The Introduction section provides a brief overview of fuel
usage factors and the research problem that this report addresses. The Purpose section outlines the stated
goals and objectives of the project. The Literature Review presents and describes sources germane to the
project, including government sources, state DOT literature, academic studies, and media reports.

1.1 Introduction

Price adjustments of selected commodities in highway construction are used in construction
contracting as away of limiting risks to the contractor arising from price fluctuations of these
commodities over the life of a contract. The benefits to contracting agencies are bids that better reflect
actual construction costs, without added costs for risk of increased commodity cost. Fuel is one
commodity for which price adjustments are allowed. Fuel usage factors are commonly applied by state
and local agenciesin calculating fuel cost price adjustmentsin a contract specification that permits cost
escalation and de-escalation. The original fuel usage factors were originally published in Highway
Research Circular Number 158 by the Highway Research Board (HRB, now the Transportation Research
Board) in July 1974.

These factors, which were later incorporated in the 1980 Federal Highway Administration
(FHWA) Technica Advisory T5080.3, have remained unchanged for over three decades of despite the
continuous effects of priceinflation and changes in construction-dollar purchasing power, construction
methods, industry processes, equipment efficiency, and fuel type. HRB Circular 158 established gasoline
and diesdl fuel usage factors for excavation, aggregate, hot mix asphalt production and hauling, and
Portland cement concrete production and hauling. Additionally, HRB Circular 158 established fuel usage
factors for structures and miscellaneous construction in gallons per $1,000 of construction cost, with no
provision for any adjustment for inflation.

1.2 Purpose
The objectives of this research were to:
(1) Identify present highway construction contract activities that are magjor consumers of fuel;

(2) Prepare fuel usage factors for these activities, including those items of work presented in Attachment
1 of FHWA Technica Advisory T5080.3, for base year 2012; and

(3) Develop arecommended practice for state DOTs to implement use of fuel adjustment factors and
adjust them for both state-specific conditions and changes in construction costs, methods, and equi pment.
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1.3 Literature Review

Thisliterature review presents the most relevant and helpful sources available. Its purposeisto
provide necessary background information while framing the research objectives: factoring inflation and
thirty years of technological advancement into a dated set of fuel usage factors, reducing risk for both
agencies and contractors, and ensuring the availability of an improved system to state DOTs. The
following subsections of this chapter coincide with the major categories of sources utilized during the
research process. the original federal guidelines, more recent FHWA/AASHTO surveys outlining state
DOT practices, academic research conducted for state DOTs and other entities, information provided in
media reports, and citations from international sources.

1.3.1 Original Federal Guidelines

Theorigina research on fuel usage factors includes Highway Research Circular Number 158 by
the Highway Research Board (now the Transportation Research Board) in July 1974. A mailed survey of
3,000 highway contractors netted 400 responses, and the FHWA compiled and analyzed the data. Factors
were computed for construction activities such as excavation, aggregate and asphalt production, and
structure construction. Each of these activities received a high, low, and average factor. Both diesel and
gasoline were included. This early research did not fully investigate the effects of different terrain and did
not account for contingencies such as high atitude.

The Federal Highway Administration (FHWA) incorporated these factorsin Technical Advisory
T5080.3, originaly released in 1980. The advisory contains methods for devel oping price adjustment
provisions such as downward and upward contract provisions, using an average of quotes to avoid
manipulation, triggers based on afive percent change in fuel price indices, and ad hoc adjustments on fuel
usage factors in cases of extreme elevation, rough terrain, etc. It also providesthe original fuel usage
factors, which are reproduced in Exhibit 1-1 as well as additional fuel usage factors developed by the
states.

Exhibit 1-1: Fuel Usage Factors, Highway Research Circular 158/FHWA Advisory T5080.3

Diesel Gasoline
Item of Work Units Low |Avg. |High Low |Avg. |High

Excavation

Earth 0.27 0.29 0.30 0.11 0.15 0.21

Rock 0.37 0.39 0.42 0.17 0.18 0.22

Other Gallons/C.Y. 0.33 0.35 0.38 0.15 0.16 0.18
Aggregates

Onsite Production 025] o028 036 o008 009 0.1

Aggregate Base

0-10 Mi. Haul 0.24 0.27 0.33 0.22 0.24 0.28

10-20 Mi. Haul Gallons/Ton 0.35 0.42 0.54 0.27 0.39 0.49
Asphalt Concrete

Production 175] 243 350 007 014 01§

Hauling

0-10 Mi. Haul 0.28 0.33 0.34 0.35 0.34 0.53

10-20 Mi. Haul 0.30 0.49 0.56 0.35 0.58 0.89

Placement Gallons/Ton 0.06) 0.14 0.20 0.08 0.14 0.22
Portland Cement

Production 0.15 0.28 0.45 0.12 0.15 0.21

Hauling 0.33 0.48 0.67 0.52*

Placement Gallons/C.Y. 0.13 0.22 0.31] 0.08] 0.14 0.22
Structures Gallons/$1,000 10.00] 19.00 25.00 10.00 22.00 35.00
Miscellaneous Gallons/$1,000 10.00] 19.00 30.00 10.00) 19.00| 30.00

* Estimated due to insufficient data
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Prior to this study, these factors had not been revisited on the federal level since the issuance of
Technical Advisory T5080.3. Since the origina survey was conducted, the costs of fuel and structure
construction have changed and may be outdated due to changes in technology, work practices, material
haul distances and other factors. In addition, the original survey established gallons per $1,000 as the unit
of measure for work on structures, yet no adjustments for inflation have been conducted.

1.3.2 FHWA and AASHTO Surveys

Another important set of literature pertains to the current practices of the states. The Contract
Administration Section of AASHTO'’ s Highway Subcommittee on Construction (AASHTO SOC)
maintains a spreadsheet that summarizes the current use of price adjustment clauses for fuel, asphalt,
cement, steel, and other highway materials. The 2009 version of a summary spreadsheet includes general
information regarding trigger values, indices, web references, general comments and state DOT contacts.
This set of literature also includes the individual state policies for which the spreadsheet provides web
references. The most recent survey shows that 41 states utilize price adjustments on fuel, while 40 states
adjust asphalt pricing. Three states (Arkansas, Michigan, and Texas) adjust neither fuel nor asphalt
pricing.

Related to these first two itemsis state DOT research on fuel usage factors. The FHWA advisory
provides some of this data, but does not identify sources. In the 2008 The AASHTO SOC Survey, New
Jersey reported that they were “ currently working with industry to review fuel usage factors.” The larger
issue of rising costs and uncertainty has been addressed by many state DOTSs. The average price per ton of
asphalt in Florida, for example, increased from $34.66 in 1990 to $97.04 in 2008. Such increases
reinforce concerns with inflationary risks and doubts over the efficacy of current escalator clauses (Prasad
2010). The FHWA'’ s 2007 report “Growth in Highway Construction and Maintenance Costs’ pointsto a
nationwide issue, with 42 states reporting large increases in construction costs. The study identifiesrising
costs of each major commaodity input group as the primary cause. The study notes that other potential
causes, such as employee wages, insurance and engineering costs, and profits margins, experienced
gradual and/or limited growth (Federal Highway Administration 2007). Other FHWA studies, such as the
2006 “ Survey on Construction Cost Increases and Competition,” show large mgjorities of states facing
increased bid costs due to rising fuel/asphalt prices (AASHTO 2006). The sponsors of this study believed
that providing an updated set of fuel usage factors could alleviate some of these concerns.

Another interesting data point is the FHWA Highway Statistics series, which through 2005
provided Table PT-4 entitled, “Usage Factors for Mg or Highway Construction Materials and Labor.”
Thistable provides weighted averages for all federal-aid highway construction contracts over $1,000,000
on the national highway system reported as completed during calendar years 2002, 2003, 2004. The
estimate for petroleum products, defined as fuel and lubricants for equipment and trucks, is 12,279
gallons per million dollars of construction cost, down from 19,909 gallons three years earlier. Over the
same time period the usage of bituminous material declined only slightly, going from 344 to 329 tons per
$1,000,000. FHWA obtained the data in this table from Form FHWA-47, which FHWA used to develop
FHWA Highway Construction Cost Index. FHWA discontinued this form and the collection of this data
after 2004. FHWA has devel oped a new National Highway Construction Cost Index using data from
Oman Systems BidTabs data.
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1.3.3 Academic Research

Another set of literature consists of university-based research studies conducted for state DOTs
on various aspects of price adjustment clauses. One such study is the June 2007 “Best Practice for
Developing the Engineer’ s Estimate,” a SCDOT research project with FHWA funding, written by Karl
Niedzwecki, Greaton Sellers, and Lansford Bell of Clemson University. The study is concerned mostly
with comparing two methods of project cost estimation: the unit cost line item approach and the cost-
based approach. The authors reached the conclusion that cost based estimation requires impractical
investments in time and expertise and cannot be broadly adapted (Niedzwecki and Bell 2007). This
conclusion stands in contrast to the opinions of George Bradfield, chief estimator of the Georgia DOT,
who criticizes the inclusion of low bidsin the historical data and asserts that a cost based estimate is more
accurate and ultimately more cost-effective when applied to the project at hand (Bradfield). Also of note
in this study is Figure 1-2 (reprinted bel ow) which presents the results of a survey gquestion concerning the
data source fuel cost adjustments. Most states are currently using factors they devel oped over older
FHWA estimates. The Associated General Contractors of America (AGC) is currently absent from these
processes and the states acquire their fuel cost adjustments through other entities.

Exhibit 1-2: How States Obtain Fuel Cost Adjustments

Source Bid History | Cost-based/Combo

Through AGC contacts or resources 0% 0%
Use of quoted FHWA adjustment factors 23% 0%
Use of US DOT resources 0% 13%
Use of state DOT factors developed through self-determined investigation 38% 13%
Other 38% 38%

The second volume of the report uses the SCDOT bid data to conduct statistical analysis of the
influence of fuel price fluctuations on bid prices. The authors note, “ The SCDOT Research Steering
Committee identified atotal of 44 different pay items, also referred to as Unit Cost Line Items, which
were believed to be impacted by fuel and asphalt price” (Sellers and Bell 2007). The authors conclude in
thefirst volume that the unit cost lineitem is preferable to the cost based method. Two of the most
substantial limitations relate to the long term nature of the unit cost lineitem: prices can be affected by
past unbal anced bids, while database prices for items could have been affected by now-irrelevant
economic conditions. With the prices of 44 items being affected by fuel cost, which historically fluctuates
quite rapidly, state DOTsthat use the unit cost line item (currently 30 out of 50) seemtobeat a
disadvantage. It islater demonstrated that the engineer’ s estimate can often take up to ayear to adjust to
fluctuationsin the low bid. Sellers and Bell believe this effect is caused by the unit cost line item
methodology, asits historically averaged price indexes would be unresponsive to rapid changes. They
conclude, “Many of the unit cost line items examined in this research have bid prices correlated with
either the fud price index or bidding volume. Many of the items tended to rise or fall with the cost of fuel
as price trended up or down.” The use of statistical analysis of bid data on pay items with fuel price
indexesis significant, because thisis one of the methodologica approaches examined in this study.

Another university study isthe “Evaluation of Fuel Usage Factorsin Highway Constructionin
Oregon” by Ken Casavant, Professor at Washington State University, with co-authors Eric Jessup and
Mark Holmgren. This study confronts many of the same research problems addressed in this study. This
analysis compiles information regarding how other states address the issue of inflation in fuel factors and
devel ops an approach to updating the estimation of fuel factors used for various types of structures. The
authors present three major errors with the current fuel adjustment system. The first is the effects of
inflation on construction costs exacerbated by the failure to correct for the effects of inflation on the 1980
fuel adjustment factors for structures and miscellaneous costs. The second isimprovementsin
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construction practices and fuel efficiency. Lastly, fuel preferences have shifted, with the change from
diesel to natural gasin asphalt plants being the most notable (Holmgren et. a. 2010). The study proceeds
with an overview of state practices for formulating fuel adjustments and a survey of state DOTS, which
found that most consider their current fuel adjustments to be fair despite contractor complaints and
recently implemented or planned changes in many of their fuel adjustments. Two primary
recommendations are presented. The first isto cut the fuel usage factors for structures approximately in
half, from nineteen to nine for cast-in-place and from ten to five for pre-cast. A review and recalculation
of fuel usage factors every three yearsis aso suggested.

A third study in this group is a 2009 paper “Materia s Risk Management -- Beyond Escalation
Clauses and Price Indexing,” by Larry Redd of a private firm and Tim Hibbard, Assistant Chief Engineer,
Operations, Wyoming Department of Transportation. The paper discussed the recent WY DOT study,
“Asphalt Risk Management at WY DOT.” That study examined outcomes after three years of an
escalation “option” for contractors. The WY DOT escalation clause stipul ates that contractors must opt in
within 10 days of the pre-construction conference. Triggering of the escalation clause occurs after a 10
percent change in the base price of the commodity. The contractor will then be reimbursed for 90 percent
of upward index movement, whereas they would pay back 90 percent of downward movement to
WYDOT. The study encompassed athree year period from 2006-8 with careful attention paid to summer
2008, when a pronounced spikein ail prices resulted in remarkable volatility in asphalt price and
availability (the price of asphalt ballooned from approximately $350 per ton to $700 per ton during the
construction season). Although the agency disbursed over $7,000,000 in repayments during the summer
of 2008, assuming a substantial amount of contractor risk in the process, WY DOT expressed its
satisfaction with its current mechanisms for price adjustment (Redd and Hibbard 2009). Contractors did
not achieve full protection from the volatility of the market. Some contractors ended up paying more to
their suppliers than the adjusted price due to short term increasesin the supplier’ s pricing. This difference
was not covered by WYDOT as the suppliers' prices were aready over the index amount. One contractor
received a higher than expected bill from his supplier, who was cal culating cost based on the previous
month’ s index even though commaodity prices had begun to decline. Additionally, WY DOT does not
cover adjustments when a contractor has afixed price agreement with a supplier. In this case contractors
have to hope that suppliers will honor the agreed upon price. In addition, concerns arose that price
indexing may have long-term adverse consequences in the asphalt market regarding price competition.

“Fuel Price Adjustment Techniques: A Review of Industry Practice,” prepared by Rutgers
University at the behest of The Monmouth County (NJ) Department of Human Services, provides a useful
overview of the different types of fuel adjustments aswell as their varying implications (Rutgers
University 2004). The main methods presented are contract pricing, fixed price with adjustment, direct
refueling using agency-operating fueling facilities, and floating price-direct cost reimbursement. The
study also offers several observations about the use of fuel price provisionsin bidding and construction.
For example, fluctuation in fuel price createsrisk that is detrimental to all parties involved, and expecting
the contractor to bear all the risk will often portend inflated costs as a means to reduce liability. The
authors also have afavorable opinion of escalator triggers and re-adjustment as well.

Prepared for AASHTO by researchers at Arizona State, “Project Cost Estimating: A Synthesis of
Highway Practice” isabroad survey of current cost estimation practices by the states. Of particular
concern to the authors is the tendency for the actual costs of |arge transportation projects to exceed cost
estimations during planning and even the beginning of construction. The frequency and magnitude of
estimation errors remains anal ogous to projects from 70 years ago despite ostensible improvementsin
estimation methodology (Schexnayder et. al. 2003). The authors set forth several recommendations, such
astheinclusion of contingency budgeting and annual adjustments on inflation so costs would be in
current-year amounts. An update system of factors could improve estimation accuracy and make fuel
costs more predictable.
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Thefina university study isthe Georgia Tech Research Institute’'s“ A Study of Liquid Asphalt
Price Indices Applications to Georgia Pavement Contracting.” This study included a survey of state DOTs
and conducted statistical analysis of price trends using price indices. The authors weighed the costs and
benefits of implementing an asphalt index pricing system in Georgia. Expected costs included: high start-
up costs, increased costs and labor to generate the index, the manpower required to calculate adjustments
in the field, ahigher price paid for asphalt when the market price increases over the period of the contract,
possible price manipulation by suppliers, and possibly reduced contractor paymentsin the event of a
declinein liquid asphalt price. Anticipated benefits included: alower price for asphalt when market prices
decline, more rapid completion of contracts, no assignment of risk for contractors at the time of the bid,
more competition in the market from price risk reduction, and regional uniformity for Georgia and its
neighbors (Eckert and Eger 111 2005). Finding that the Georgia DOT had a lower quoted price on liquid
asphalt than any of its neighbors, each of which employs a price index, the authors recommended that the
Georgia DOT retain its existing protocols.

1.3.4 Media Reports

Another set of literature is comprised of news articles. Mediaitems can provide useful opinions
and identify contacts and data sources. For example, the Albany (New Y ork) Business Journal ran an
articlein 2008, entitled “ Asphalt Costs, Tied to Climbing Qil Prices, put the Squeeze on Paving
Contractors.” Written at the height of the surge in fuel costs during the summer of 2008, this article
examines the effects of rising asphalt prices on contractors. The New Y ork state index price for liquid
asphalt rose from $335 in July 2007 to $588 in July 2008. Subsequently, the price of aton of blacktop
jumped from $65 in April to $73 in June (Business Review (Albany) 2008). As aresult, contractors had
to weather both increased costs and falling demand as property owners increasingly canceled or
postponed jobs. The article included an interview with a State DOT official.

More recent media coverage further illustrates the volatility inherent in construction contracting.
The Illinois bituminous index rose 35 percent between October 2009 and March 2010. Upward movement
on most materiasis probable for the short term (Associated General Contractors of America 2010). One
effect of the ongoing recession has been plummeting demand for construction contracts, especially in the
private sector. Contractors are increasingly submitting bids that are lower than normal for public projects
in an effort to secure work. A new toll plaza on the Florida Turnpike, originally estimated to cost
$37,000,000, received alow bid of $17,000,000. Broward County engineer Richard Tornese comments
that bids for projects in 2008 and 2009 were 10 percent below budget estimates (Streeter 2010). The
competition is so intense in Louisiana that many contractors have resorted to examining winning bids for
errorsin an effort to reopen bidding on public contracts. The decline of private construction is one
underlying explanation for this glut of contractors. Although several recent hurricanes have necessitated a
large number of public projectsin Louisiana, future construction will dow as the state’' s large debt begins
to limit the amount of money it can borrow for construction (Roberts 2010).

1.3.5 International Sources

One of the aims of this study was to examine whether the international community had conducted
any research on fuel factors or fuel usage. However, little relevant literature was found, despite numerous
contacts with entities such as the United Kingdom’ s Highways Agency. Perhaps the best source currently
availableisthe “International Construction Cost Survey 2009,” published by Turner & Townsend. This
report has limitations, such as not including international pricing for fuel and petroleum based
commodities like asphalt, and is best viewed as a survey of general international economic trends. The
near disappearance of inter-bank lending and granting of loans forced the postponement or cancellation of
many planned projects. Many of the hardest hit countries are in Europe: construction costsin Scotland
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were predicted to fall by eight percent in 2009, and the construction sector’s contribution to the Irish
economy fell from 14-16 percent to 5-6 percent in 2009 (Emmett 2010). The most common attempt to
rectify the crisis has been to inject massive amounts of public fundsinto the construction industry with
the intent of creating jobs and improving infrastructure.

An article from Uruguay details the rise of construction costs in both Uruguay and Argentina. In
2009 overal congtruction costs rose by 10.8 percent, mainly due to increases in the prices of materials.
Inflation on materials and increased labor costs are expected to further raise costs (Sainz 2010). Thereis
no mention of the contribution of bridges and highways to that figure.
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CHAPTER 2: INITIAL RESEARCH AND RESEARCH
APPROACH

Chapter 2 of thisreport details the Initial Research and the Research Approach undertaken by the
study team. Specifically, this chapter provides an overview of theinitia efforts conducted using the three
study methodologies: statistical analysis, engineering estimation analysis, and DOT and contractor
surveys of fuel usage. Theinitia efforts under these methodol ogies were then evaluated and modified to
best ensure that the later data collection phase would be best suited to accurately measure highway
construction fuel use.

Asaninitia step, the study team surveyed all 50 state DOTs and a select number of construction
contractors. These responses informed the study team of the current state of fuel usage factor and price
adjustment clause implementation, perceptions of high fuel use activities, the analytical needs of the
targeted end users, and the features and information to include in the full contractor fuel usage survey.
The first two sections of this chapter describe the DOT and contractor surveys respectively. The third
section provides a brief overview of theinitial engineering estimation effort. The fourth section briefly
describestheinitial statistical evaluation of fuel intensity. The fifth section provides an overview of the
initial test efforts undertaken for each of the three research methodol ogies. This section includes a
discussion of the work performed for each of the three potential methodol ogies, the results, any
unanticipated occurrences, and any modifications made to the three approaches in preparation for the full
data collection phase of the project.

2.1 DOT Needs and Perceptions

The study team conducted a nationwide survey of state DOTSs. The purpose of the survey was to
ascertain the current implementation of fuel usage factors, the states’ satisfaction with their current
programs, and their perceptions on how to upgrade them. This report section presents the team’ s findings.
The first subsection describes the survey methodology. Subsections two through eight report on
individual sections of the survey. Subsection nine summarizes the DOT survey and offers conclusions.

2.1.1 Survey Methodology and Response

The study team provided the NCHRP study panel with a draft copy of the state DOT survey on
August 24, 2010. On September 1, 2010 invitations were sent out to officials from all 50 state DOTsto
participate in the online version of the survey available on SurveyMonkey. The survey requested a
response by September 10, 2010, and 28 state DOT s responded by the initial deadline. An additional
request was sent out to non-responding DOT officials on September 10, 2010. Additional requests were
sent out to non-responding DOTSs. The study team received the 50th state response on December 10,
2010. This chapter incorporates survey results from all 50 state DOTSs.

2.1.2 Extent of Fuel Factor Implementation
The first survey question asked the respondents whether or not their state uses fuel usage factors

to determine price adjustments for fuel. Among the 50 state DOTSs, 38 states employ fuel usage factors
while 12 do not. Exhibit 2-1 presents these results.
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Exhibit 2-1: Implementation of Fuel Usage Factors

Does your DOT use Fuel Use Factors in DOT contracts to
determine price adjustments for fuel price changes?

n=>50

This question shows that most states utilize some form of fuel factor. The scope of their useis not
uniform, however. Nebraska only adjusts for fuel on grading projects. Alabama does not use the term
“fuel factor” but adjusts for fuel price fluctuations in the case of hot mix asphat (HMA) and other
bituminous mixes. It also employs abid item for lump sum construction fuel.

Several states amplified their response regarding the future of their programs in response to other
survey questions. Oklahomaisin the process of composing a provision for fuel price adjustment but plans
have not yet been finalized. California currently does not employ fuel factors but is working with the
contracting industry to study the feasibility of adding them. Michigan does not utilize fuel factors and
currently has no plansto adapt them, citing alack of interest from local contractors.

2.1.3 Current Program

This section of the survey asked respondents to comment on the origin of their fuel usage factors
aswell asto describe their current systems. The first question in this section provided respondents with
the opportunity to select the sources for their fuel use factors. The most popular answer choices among
state DOTs were Attachment 1 in the origind FHWA Technical Advisory T5080.3 and
contractor/industry data, which 16 and 15 of the 37 states selected respectively. Internal DOT data
followed with 14 selections. Of the 37 affirmative respondents, 18 states selected a single option. Exhibit
2-2 displays atabulation of the sources of DOT fuel usage factors.
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Exhibit 2-2: Sources of Fud Factors

What are the sources of your current Fuel Use Factors (check all that apply)?

; Response Response

Answer Options Pefcent Cc?unt
FHWA Technical Advisory T5080.3 (Original 1980 Data in Attachment 1) 42.1% 16
FHWA Technical Advisory T5080.3 (Other State Data in Attachment 2) 13.5% 5
Internal DOT Data 37.8% 14
Contractor Supplied Data 13.5% 5
Contractor Organization/Industry Data 40.5% 15
Other Data Collected or Developed By Your State 35.1% 13
n=37
Total
Selected=68

In addition, 18 states further explained the source of their factors or entered an option not
included above. Note that collaboration with the contracting industry was mentioned six times, while four
states commented that their factors were quite old and/or had not been updated for some time. Exhibit 2-3
displays additional comments from state DOT s regarding the source(s) of their factors.

Exhibit 2-3: Additional Comments on Sour ces of Fuel Factors

State Response

Alabama Fuel factor for HMA production was developed jointly with industry reps

Connecticut Qil Price Information Service (OPIS)

Georgia The State Construction Engineer (now retired) developed the factors we
started to use in 2007

Idaho Factors were developed by the Department in consultation with industry

lllinois Meetings with Industry and Equipment manufacturers

Kentucky Unsure on what is used. This was done prior to my appointment to this
position. There were no records concerning the item

Louisiana Factors developed in the early 80's by materials and testing lab

Massachusetts | Our fuel usage factors were developed by the Highway Research Board in
Circular 158, dated July 1974

Minnesota OPIS daily rax fax

New Jersey The basic factors were unchanged - we added newer items using
comparable factors as part of an update of NJDOT's standard specification

New York Unknown, very old - historical data has been lost

Ohio ODOT used fuel usage factor information from other states. Productivity
Rates and Equipment Watch operating cost information was also
considered

Oregon Adjusted to Oregon. | don't know the process used to make the adjustments

Rhode Island They are only for bituminous items and are fixed at 2.5 gallons of fuel per
ton of bituminous

South Carolina | Developed in coordination with contracting industry

Tennessee Originally from T5080.3, but survey of industry personnel and DOT
calculations updated to current rates

Washington Developed by following FHWA Technical Advisory

West Virginia A task force was formed from the DOH, Industry (contractors and
suppliers), and local FHWA

10
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In arelated question, the survey queried respondents as to when the states’ factors were last
updated. The survey provided a set of responses ranging from within the past year to over 10 years ago.
The survey also included an option for unknown. Exhibit 2-4 provides a summary of the 37 responses
provided to this question.

Exhibit 2-4: Dates of Last Fuel Factor Updates

When were your Fuel Use Factors last updated?

Within
the last
year

Unknown 10.7%

25.0%

Within the last
2-3 years
21.4%

Over 10 years
21.4% Within
the last
4-5
years
14.3%

Within the last
6-10 years
7.1%

The responsesindicate that the fuel factors used by state DOTs are often quite dated. Only 16 of
the 37 respondents identified their factors as having been updated within the last five years. In contrast,
11 respondents replied that their factors had not been updated within the last ten years and another eight
did not know when they were last updated. Several respondents indicated that their factors were very old
and that they did not know when or if they had ever been updated.

The age of the fuel factorsis highly correlated with data source. For example, only 25 percent of
DOTs using the 1980 Attachment 1 data and 36 percent of those using internal DOT data stated that their
factors had been updated within the past six years (The North Carolina DOT conducted areview of the
1980 data and found that they were still acceptable for contracting in North Carolina). Conversely, ten of
16 DOTsthat utilize contractor based data have updated their fuel factors within the last six years.

The DOTs were then asked to identify which organizations were involved in the formul ation of
their state’ s fuel factor policy. The DOTs themselves had the highest rates of participation, with 28 out of
37 state DOT s (76 percent) being involved in the creation of their fuel factors. Contractor organizations
contributed slightly more than half the time. FHWA divisiona offices and contractors followed shortly
thereafter with approximately 43 and 38 percent participation respectively. Maryland and Vermont
reported that they took the fuel factor policies of neighboring states into consideration, although they did
not identify which states they consulted with. Exhibit 2-5 displays a tabulation of the organizations
involved in the creation of state fuel usage factors.

11
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Exhibit 2-5: Organizations Involved in Fuel Factor Creation

Percent Involved

100
90
80
70
60
50
40
30
20 -
10

21.1
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\Q

n=37
Total selected: 97

The vast mgjority of DOTs who responded (29 out of 36) have shared or are willing to share their
fuel factors with outside organizations such as municipal or local agencies. Several commented that their
fuel factors were available online, while others stated that the factors are public information. Some
respondents provided more specific situations in which they would share the factors, such as if requested
by county governments and consultant engineers (Minnesota) or on projects where LaDOT writes the
specifications (Louisiana).

The survey also ascertained the current abilities of states DOTS, through software or other means,
to develop and/or calculate fuel factors and price adjustment clause payment. Exhibit 2-6 provides the

results.

Exhibit 2-6: DOT Fuel Factor Development and Calculation M ethodology

40
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i 16 m Develop Factors
. 11 Calculate Factors
iy 7
. 3
2 1
None Excel Custom  Other System n=37

Spreadsheet Application
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Only three states have software programs used to devel op the fuel factors themselves: Minnesota
and Nevada, which use an Excel spreadsheet program, and Arizona with a custom WEB application. Each
of these states has updated their fuel factors within the last three years. Approximately half of the states
(23) use Excel spreadsheets and custom applications to calculate price adjustment clause payments. The
other systems option yielded 11 responses. Five states employ Site Manager, Arizona uses another WEB
application, Maine uses Transport — CAS, West Virginia uses the Project Record System (PRS), New
Jersey uses the Automatic Construction Estimate System, and North Carolina uses HICAMS, an in-house
calculation index. Alabama, Illinois and Utah do not currently have applications to calculate price
adjustment clause payments.

2.1.4 Bridges/Structures and Design/Build

Animportant goal of the survey isto gaininsight on the current state of fuel factor application in
bridge/structure contracting. The study team composed questions designed to determine current practices,
perceptions and future improvements. The first question in this section asked state DOTs if they use fuel
factorsin bridge/structure contracting. Of the 37 responding states that employ fuel factors, 20 have
factors applicable to bridges/structures (including decking). These states are concentrated in the east and
west.

Exhibit 2-7 provides the results of a question asto how the DOTs devel oped fud factors for
structures/bridges. Ten state DOT s responded that they use fuel factors for appropriate items. Eight states
use other methods. Arizona and Georgia are the two states that employ percentage of cost. States that
selected the “We do not develop Fuel Use Factors for structures/bridges’ option have been omitted.

Exhibit 2-7: Methods of Developing Bridge/Structure Fuel Factors

Percentage of
Cost
2

Fuel Use
Factors
10

n=20

The survey form provided the 12 states that chose “Other” with an opportunity to describe their
fuel factor development methodology. Six out of 12 states chose to elaborate; Exhibit 2-8 displays their
comments.

13
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Exhibit 2-8: Details of Other Fuel Factor Development Systems

State Response

Connecticut Based on contract value which is currently set for
contracts greater than 50 million dollars. Please refer
to specification for information on how factor derived

Idaho Developed in consultation with industry

New York Unknown

Oregon The factors are in gallons per $1,000 of work

Pennsylvania Diesel Fuel Use Factor of 4 gallons per $1000 of work
performed applied to applicable component items
only.

South Dakota Data submitted by contractor

Exhibit 2-9 provides the responses concerning perceived flaws associated with fuel factors for
bridges/structures. The two largest areas of concern are changes in construction methods and fuel
intensity and inaccuracies due to differing structure types, sizes and complexities. Each of these options
received 12 selections. Changing construction is an understandabl e response for states who have not
updated their factors for some time, as seven of the respondents who chose this option either have not
updated their factors within the last six years or do not know when the factors were last updated. This
may be explained by changes in construction technology, improved fuel efficiency, and other factors that
may have changed over the last six years or more. The differences in construction methods option and the
lump sum option followed with 11 and 10 selections respectively. Exhibit 2-10 provides substantive
responses from the other category. Half of the six responses cited low fuel intensity for theseitems.

Exhibit 2-9: Perceived Problems

What problems do you perceive with Fuel Use Factors for structures/bridges? (check
all that apply)

: Response Response

Answer Options Percent Count

Inaccuracies due to inflation 13.5% 5

Inaccuracies due to differing structure types, sizes 32 4% 12
and complexities

Many items are bid lump sum 27.0% 10

Changes in construction methods and fuel intensity 32 4% 12

over time

Differences in construction methods 29.7% 11

None 24.3% 9

Other (please specify) 29.7% 11

n=37

Total

selected =70

14
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Exhibit 2-10: Other Bridge/Structure Fuel Factor Concerns
State Response

Colorado Fuel use factors are for items of work, i.e. pile driving or
caissons, not by structure type, size or complexity. Any item
of work that fuel usage can be measured can have a factor
calculated for it based on unit of measurement, i.e. gals/ft.
for pile or caissons. But Fuel PAC's should only be used for
high fuel consumption items. They are not for every item.
The idea is try to reduce the risk on Contractors, not totally

eliminate it.
lowa Comparatively smaller amounts of fuel used.
Massachusetts | All of the above, except “None”
Mississippi Typically the fuel usage in this area of construction is not as

high as other areas such as excavation and fuel
adjustments may not be necessary. Some contractors may
include fuel usage in their unit prices so the adjustment may
not be necessary.

Pennsylvania | Since Fuel Use Factor is applied to applicable component
items only, portions of the monthly lump sum payment
amount must first be reduced to discount non-applicable
component items before factor can be applied

West Virginia Small quantities on the items we adjust

The survey also queried respondents as to their methods for fuel factor adjustment in the
circumstance where the state used design/build contracts or lump sum items for bridges/structures. Of the
37 states who responded, 20 chose one of the following options: Gallons per contract dollar, percent of
cost, contractor estimated quantity, DOT estimated quantity, supplied invoice, or not important. The
methods varied widely across states. For example, five states use gallons per contract dollar, three use
percent of cost, three use a contractor estimated quantity, four use a DOT estimated quantity, and four use
asupplied invoice. Of the 37 responses, 17 were under the “Other” category. Ohio stated that they use,
“Contractor provided quantity based on calculated plan line verified through in-place measurements by
the DOT,” while Maryland applies fuel factors after receiving alump sum breakdown from the design
builder. Seven states responded that they do not adjust on design/build contracts and lump sum items. The
remaining states either have not considered the issue or do not use fuel factors for bridges/structures to
begin with. Exhibit 2-11 provides a tabulation of the selected methods for design/build and lump sum
adjustments.

15
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Exhibit 2-11: Methods for Design/Build and Lump Sum Adjustments

There are contracts or items within contracts that are not unit
based. For example, some states use design/build contracts or
lump sum items for bridges. What method is best used for these
contracts or items?

Gallons per
contract dollar
13.2%

Percent of cost
7.9%
Other
47.4% Contractor
estimated quantity

7.9%

DOT estimated
quantity

) oo 105%
Not important _—— Supplied invoice n=37

2.6% 10.5%

Thefina question of this section asked the DOTsto volunteer any ideas they had for improving
fuel adjustments for bridges/structure design/build contracts and lump sum items. Four states responded.
The most detailed suggestion came from Pennsylvania, which responded, “For lump sum structures and
design/build projects, contractor must submit component item breakdown for use in determining
payments, as well as computing price adjustments.”

2.1.5 Perceptions - Fuel Intensity/\Volatility

The objective of this section of the DOT survey was to determine the fuel intensity of various
construction activities with the goal of pinpointing certain types of pay items that could benefit from
updated fuel factors. DOTs were asked to rank the following construction activitiesin terms of fuel
intensity (defined in terms of gallons of fuel used per contract dollar): Grading/Excavation, Drainage,
Asphalt Paving, Concrete Paving, Base Stone/Aggregates, and Structures. Ties were not alowed. A
ranking system was devised that gave each activity an average hierarchical rating. A “most” rating is
worth one paint, a“2™ most” rating is worth two points, and so on. The total assigned points for each
activity were then added together and divided by 34 (the number of respondents) to determine each
activity’ s average ranking. Exhibit 2-12 provides the responses to this question and the average ranking of
each activity.
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Exhibit 2-12: Fuel Intensity by Construction Activity

Please rank these activities in terms of fuel intensity, in gallons per contract dollar, in highway construction in
your state (use your best judgment for ties):

Answer Options Most | 2nd Most | 3rd Most | 4th Most | 5th Most Bt Lozt R
(Least) | Average

Asphalt Paving 25 16 6 0 0 1 1.69
Grading/Excavation 23 17 6 1 1 0 1.75
Base Stone/Aggregates 0 8 20 12 7 1 3.44
Concrete Paving 0 2 10 18 9 9 4.27
Drainage 0 3 5 9 16 15 4.73
Structures 0 2 1 8 15 22 5.13
n=48

Grading/excavation and asphalt paving dominate the top of the list, securing 100 percent of the
first place selections and slightly less than seventy percent of the second place selections between them.
Both activities require heavy machinery and equipment with high fuel consumption. Asphalt paving also
necessitates the inclusion of petroleum-intensive asphalt cement. Strictly speaking for the purpose of fuel
factors, asphalt is considered a material and is not fuel. However, it is not clear if this convention was
assumed by the respondents. Structures came in asthe least fuel intensive activity. Overall fuel
consumption on bridge/structure projects is significant but additional costs such as the purchase of
materials and staff salaries lower the percent contribution. Vermont suggested adding cold planing and
reclaiming to the list of fuel intensive activities, New Jersey suggested milling, and Connecticut
suggested environmental excavation and disposal of hazardous or contaminated materia s and site work
on building construction for rail yards, airports and train stations.

The states were asked if recent fuel price fluctuations (such as during the summer of 2008) had
altered their data/analytical needs when conducting fuel price adjustments. A large mgjority, 39 of the 48
states that responded to the question, replied that their existing methods remained sufficient. Exhibit 2-13
provides the responses of the other nine states. In general, these nine states made incremental changesto
their programs. Exhibit 2-13 provides state responses regarding the effects of fuel price fluctuations.

Exhibit 2-13: Effects of Fuel Price Fluctuations

State Response
South Carolina | Expanded catalog of items eligible for fuel adjustments.
Arizona We updated the formula

During 2008 construction season, DOT did attempt to develop projections of potential
price adjustment expenditures for planning purposes. This was primarily due to
fluctuations in the cost of asphalt cement; however, diesel fuel was also included.

Pennsylvania

Vermont Difficult to account for market volatility and time to respond for project budgets.
Minnesota Changed from a 50% change from the base to 25%.

West Virginia We had to watch the adjustment levels and budget appropriately

New Jersey Construction Industry has appealed to NJDOT to revise its fuel usage factors

Adjustments have been made to the formula for determining fuel cost and adjustment to
better represent use and costs.

Connecticut

Ohio Ohio has had a fuel price adjustment in place since 2005. Obtaining and maintaining

index information has necessitated data collection and adjustment processing.
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2.1.6 Perceptions - Pay Item Selection

The survey posed several questions related to pay item selection. Responses from state DOTs
were useful in developing alist of pay items for which the study would develop fuel factors.

When asked how to account for fuel use on pay items not aready included in their state’s
adjustment programs, a majority of 33 out of 48 states (68 percent) stated that additional factors were not
necessary as the fuel use on additional itemsis limited. Only respondents from Idaho, Montana,
Nebraska, New Jersey, Virginiaand West Virginiaindicated that they would add fuel factors for
additional items. New Jersey is considering using a contract wide gallons per construction contract dollar
application. Several respondents intimated that some new factors would be beneficial, but only for larger
projects or items.

The next question queried respondents on the reasons for limiting the number of pay items.
Insignificant fuel use for such items was cited by 31 states, 16 chose administrative cost/time, and ten
stated alack of contractor interest. The respondent from Colorado indicated that fuel factors should only
apply to high fuel use items, mentioning that the goal of afuel adjustment program should be to lessen
contractor risk without eliminating it completely. In asimilar vein, the respondent from South Carolina
stated that fuel adjustments and other indexes can lead to reductions in payments, something that
contractors would like to avoid on low impact pay items. The respondent from New Jersey replied that
NJDOT has been unable to quantify afuel factor for theseitems.

Thelast question in this section aimed to gauge opinions on how subcontractors should be
compensated for fuel cost changes. Eight, six and five states selected “ Not applicable, little fuel used,”
“Add additional Fuel Use Factors,” and “Use a percentage of cost method” respectively. The“ Other”
section netted 28 responses. The general theme of “ That’ s between the prime and the sub” made up 15 of
these 28 responses. Tennessee, Nevada and Mississippi responded that the fuel adjustment is applied to
the item of work and no distinction exists between primes and subs.

2.1.7 SystemDesign

This section of the survey was designed to provide the study team with feedback on the particular
elements that may be included in future deliverables such as the software tool.

The FHWA Technical Advisory T5080.3 provides low, medium and high values so adjustments
can be applied to specific project conditions. These may include grade, terrain, altitude, soil type, and
other variables. The majority of DOTS, 30 out of 46, said that this range of factors should not be included
in the new system. Exhibit 2-14 provides the relevant comments provided on this question.
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Exhibit 2-14: Comments Regarding L ow, Medium and High Values
State Response
Arizona It is helpful to the DOT to know the range of applicable fuel factors

Oklahoma | Could be helpful. Would need to review the results of the research to
see if there would be any benefit

Vermont Keep it simple, if possible

Nevada Does not address regional issues

Oregon | would prefer one number with methods to adjust for individual states,
regions etc.

New York | Don't need them for unit priced work. Folks will tend to pick the middle
number almost always

Utah The study should recommend ranges and each state or agency
should have the freedom to take the recommendations and implement
that which best fits their specific needs

Idaho Provided some guidance in how to apply the ranges was given
Mississippi | Fuel factors need to either apply or not apply to specific items of work,
the ranges would add to much subjectivity to the process

Colorado Maybe, CDOT would need to see the new system and test it to see
how it applies to CDOT projects.

Units of measure for pay items often vary from state to state. When asked if the ability to convert
units would be a helpful component of the new system, 26 states said it would, while 20 said it would not.
Only Pennsylvania and New Jersey mentioned having this capability with their existing systems. Nearly
30 percent of the responding states (13) would like both high-medium-low variables and conversion
ability, while 17 would want neither.

The survey included a question that presented an assortment of variables that afue factors
software system could account for. The states were asked to select the ones they wanted to be included
and were allowed to select multiple features. Exhibit 2-15 tabulates the 74 total options that were selected.

Exhibit 2-15: Preferencesfor VariableInclusion

19
5 16
12
I 8
X QQ’

25

= = N
(62 o (6)] o
1
- -
% B
“ |-
.
N
a_____E

-
&

0 -
(7 17 N X
Q K\ 9 O N Q
\&* {Q) (f)"b Q\O \,Q; . ,@0 ((\Q’ Q\’Z> $0 0‘6\
& IR NP 2
S & & 9 &
< N . N -
o & & & n=46
x 0(,5“\ Total selected: 113
<

Urban/rural and hauling distance each received the support of 20 and 19 DOTSs respectively, more
than 40 percent of the total participating. Differing hauling distances to and from construction sites will
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alter the relative contribution of fuel usein aproject budget, making the effects of price fluctuations more
noticeable. Variance in urban and rural construction characteristics, such as hauling distance, storage
capability and other factors, can likewise influence project fuel costs. Of the 46 responding states, 15
selected three or more variables. At the sametime, 16 states did not want any variables to be included.
Three respondents commented that such variables would incur added administrative and contractual
burdens that might not justify their inclusion.

The survey aso queried respondents as to whether fuel factor cal culation should be responsive to
varying levels of geography. Exhibit 2-16 provides the tabulation of the states’ preferences for geographic
level.

Exhibit 2-16: Geographic Preference

At what geographic level should the system
attempt to develop Fuel Use Factors?

Project
5

National level only
6

Regional
level only
12

More than 75 percent of respondents prefer a state or regional level for their fuedl factors. The two
“extreme” options garnered only about 24 percent combined support. This might be due to concerns that
national factorswould not be attuned to local conditions, while a project specific system might be too
cumbersome to manage efficiently.

The survey also asked the DOTs how often fuel factors should be updated as well as how often
they actually are updated. A cross-tabulation of these responses, which is presented in Exhibit 2-17,
indicates consistency between how often factors are updated and how often DOTs want them updated.
Only six of the 29 DOTs chose responses that were separated by more than one spot. This may signal
satisfaction with the current timing of fuel factor updates among the states, although it does not measure
the qualitative aspects of their fuel factor programs. For those DOTs who answered “Unknown,” three
wanted the factors updated every 2-3 years, three preferred every 4-5 years, and two chose no less than
every 10 years.

20



NCHRP 10-81: Fud Usage Factorsin Highway and Bridge Construction

Exhibit 2-17: Last Updates and Timing of Future Updates

How Often Fuel Usage Factors are Updated
How Often Should Within Withinthe | Withinthe | Withinthe
Fuel Usage Factors the Last Last 2-3 Last 4-5 Last 6-10 Over 10
be Updated? Y ear Years Years Years Years
Every Year 2
Every 2-3 Years 1 3 3 1
Every 4-5Years 1 4 2 1 4
Every 6-10 Years 1 4
No Lessthan 10
Years 1
Never 1

2.1.8 FuturePlans

The state DOTs were asked what actions they would take if they had access to updated fuel
factors and a software tool to reduce implementation costs. Exhibit 2-18 tabulates the 76 total responses
selected by the 46 responding states.

Exhibit 2-18: Anticipated Actionswith Updated Fuel Factorsand Software T ool
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Almost two thirds of the states surveyed (30 out of 46) would either create afuel factor
adjustment program or ingtitute changes to their existing programs. This includes four of the 12 states
without fuel factor adjustments. The other five non-factor states who responded (Michigan, Texas,
Wyoming, Montana, and Hawaii) would not make any changes. A total of 12 states with existing
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programs would retain their current systems as well. Approximately 45 percent of those surveyed (21 out
of 46) would update their factors with the revised factors. Under the “Other” category, eleven states
commented that they would evaluate the delivered products and determine how they would be used based
on their effectiveness. Of those eleven, three said they would collaborate with the contracting industry in
their evaluation process.

Several DOTs offered recommendations on items for which they would be interested in new or
updated fuel factors. Exhibit 2-19 provides these responses. Of note was interest in factors for guiderall
and non-standard HMA mixes.

Exhibit 2-19: Preferred Additions
State Response

Pennsylvania | Bituminous Pavement Milling

Vermont The equipment is changing quickly and there needs to be some way to
address new equipment, classes of equipment or ranges of power plants.

New York Guiderail

Colorado Non-standard HMA mixes like warm mix, shingle mixes, etc...
New Jersey Consider a fuel usage factor based on total contract cost and based on
contract type

The survey concluded by querying respondents as to any concluding comments they might have.
Exhibit 2-20 provides these comments. Responses were quite varied, recommending allowances for
geographic adjustments, periodic updating, simplicity, and gathering input from contractor organizations.

Exhibit 2-20: Final Comments

State Response

Oregon The fuel factors that come from this study should have the capability to
be adjusted for different areas of the country. They should also provide
tools to update the fuel factors on a periodic basis.

Louisiana | Keep it as simple as possible, the more variables, the more mistakes.
From an audit standpoint we spend more time recalculating and
correcting adjustment errors in our fuel and asphalt adjustments that on
the rest of the construction items in a contract.

Colorado | Highly recommend that this survey be provided to contractor
associations for their feedback.

New It is likely that fuel usage varies based on contractor. Analysis should
Jersey look to normalize average usage among efficient contractors and not
simply average in inefficient contractors.

2.1.9 Summary and Conclusions

A large mgjority of the states surveyed employ fuel factorsin some form, but many states rely on
antiquated sources for their factors and/or do not update their factors regularly. Of the 50 states that
responded to the survey, 38 employ some form of fuel price adjustment using fuel factors on construction
contracts. The 1980 data in the FHWA Technical Advisory T5080.3 is the source of fuel factors for 21 of
these states. A mgjority of 21 states employing fuel factors have not updated their factors within the last
six years or do not know when their factors were last updated.

The use of fuel factorsin bridge/structure contracting is common, but several flaws act as a
hindrance to their effectiveness. Fuels factors for bridges/structures were present in 20 states, 40 percent
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of the total surveyed. When asked to divulge perceived flaws in bridge/structure fuel factors, 28 out of 37
states responded with at least one criticism. Changes in construction methods and fuel intensity and
differencesin structure type, size and complexity were perceived as the largest flaws, receiving 12
selections each.

Respondents had similar perceptions of the activities that were most fuel intensive. Asphalt
paving and grading/excavation were the decisive top choices when ranking construction activities by fuel
intensity, shared all 48 first place rankings between them. Recent fluctuations in fuel price affected the
data/analytical needs of nine states.

Respondents had mixed opinions on whether they desired fuel factors for a broader spectrum of
items. A total of 33 out of 47 states believe it is unnecessary to include fuel factors for additiona pay
items due to limited fuel use. Administrative burden was cited asjustification for limiting the number of
fuel factors by 16 states.

State DOTs had definite, athough sometimes conflicting ideas on the form fuel factors should
take and how often they should be updated. The ability to convert units of measure in the new system
received support from 26 states, while the inclusion of high-medium-low factor ranges would be useful
for 16 states. Urban/rural and hauling distance were the most popular options when selecting additional
variables for the system, receiving 20 and 19 selections respectively, although 16 states would not want
any additional variables. Seventy percent of states would like the system to be configured at the state (23)
or regiona (12) level. A mgjority of 34 states would like the factors to be updated every five years or less.

State DOTs shared a high level of interest in new research on fuel factors. For example, amost
two thirds of those responding (30 out of 46) would begin afuel factor program or implement changesto
their fuel factor adjustments if presented with revised factors and a software tool. Only 12 states with fuel
factor programs would retain their existing methods, while five states who do not implement fuel factors
would continue to refrain from utilizing them. Several states said they would evaluate the delivered
products and consult with the contracting industry before moving forward.
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2.2 Contractor Needs and Per ceptions

The study team conducted a nationwide survey of contractors. Designed as a precursor to the
more detailed Contractor Fuel Usage Survey, this survey explored the basic components of the fuel usage
experiences and methodol ogies of construction firms. An additional goal was to determine methods to
maximize the visibility and effectiveness of the later survey. The findings of theinitial survey are
presented in this report section. The first subsection explains the survey methodology and response. The
following five subsections, delineated by responsesin each survey category, enumerate the survey
findings. The seventh subsection summarizes the survey and offer conclusions.

2.2.1 Survey Methodology and Response

The study team provided the NCHRP study panel with a draft copy of the contractor survey on
September 29, 2010. The study team reviewed the comments and suggestions of the panel members and
made appropriate changes.

On October 11, 2010, the study team distributed invitations to participate in the online survey to
500 contractors. Contractors were selected through a random sample of bidsin order to ensure a
representative sample. This invitation requested that surveys be completed by October 25, 2010.
Additional invitations were sent on October 25 and November 1, 2010. Additionally, the study team
contacted several additional randomly selected contractors by phonein an effort to amplify participation.

These requests resulted in 63 survey responses. The response rate of 13 percent equalsthe
response rate of the original 1980 fuel factor survey disseminated by the American Road Builders
Association and the Associated General Contractors of America.

2.2.2 General Company Information

The 63 survey respondents include firm owners and presidents, vice presidents, chief estimators
and engineers, and other high-ranking company officials. The responding firms vary widely in size and
specialization. Firms with 100 to 200 employees represent the largest group of respondents with 20
responses, nearly athird of thetotal. Firms with 200 to 500 empl oyees followed with 18 responses. Small
firms with 100 employees or less garnered 20 responses. Very large firms of over 500 employees
accounted for five responses. Exhibit 2-21 displays the number of respondent firms by employment size
class.
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Exhibit 2-21: Firm Size of Survey Respondents

200-500
employees
18
(28.6%)

100-200
employees
20
(31.7%)

Over 500 0-50 employees
employees 9
5 (14.3%)
(7.9%)

50-100 employees
11
(17.5%)

n=63

The questionnaire queried respondents as to the primary and secondary types of work their firms

perform. The responding firms conduct varied operations. At least one response was registered for each of

the 11 provided work categories. Asphalt paving received the most responses and is the primary area of
operations for nearly half of the responding firms. More than half of the contractors selected the bridge
and grading categories as well. Additional contracting areas enumerated under the “ Other” category

include generd, civil, marine, and industrial contracting, building construction, base stones/aggregates,
and research. Exhibit 2-22 displays the areas of work of responding firms.

Exhibit 2-22: Areas of Work*

Whattype of work does your company primarily perform?
Answer Options Primary |2nd Most | 3rd Most | Response Count
Asphalt Paving 32 3 3 38
Bridge 13 13 6 32
Grading 7 18 10 35
Storm Sewer/Drainage 0 9 13 22
Concrete Paving 3 4 1 8
Water/Sanitary Sewer 3 1 5 9
Misc. Concrete 0 6 3 9
Electrical/Signalization 2 0 1 3
Clearing/Demolition 0 1 1 2
Landscaping 0 0 2 2
Pavement Marking 0 0 1 1
Guardralil 0 0 1 1
Other (please specify) 13
n=175

* Arranged by weighted ranking. “Most” responses are worth three points, “2"

Most” responses are worth two

points, and “3™ Most” responses are worth one point.
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The fina question in this section asked contractorsif the DOT in their primary state of operation
use fuel factors to determine price adjustments in construction contracts. More than 75 percent of
contractors (50 total) replied in the affirmative. Exhibit 2-23 displays these results.

Exhibit 2-23: Presence of Fuel Factorsin Primary State

No
13
(20.6%)

n=63

2.2.3 Estimating Methods

This section of the contractor survey investigated the estimating methods used by contractors.
The responding contractors utilize several different methodsto calculate fuel cost. Fuel consumption rates
by equipment type proved to be the most popular, garnering 24 of 46 responses, or slightly more than half
of the total. Smaller numbers of contractors selected percentage of equipment cost (nine), percentage of
total cost (six), and DOT supplied fuel factors (six). Exhibit 2-24 provides the estimation methods of
responding firms.
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Exhibit 2-24: Fuel Cost Estimation M ethods

Use DOT Fuel Use Other (please
Factors specify)
6 1
(13.0%) (2.2%)

Percentage of
Total Cost
6

13.0% i
(13.0%) Fuel Consumption

Percentage of Rates (by
Equipment Cost eqUIgTent)
9
(19.6%) (52.2%)

n=46

The contractors surveyed employ a variety of sources for their fuel consumption rates. Internally

developed rates received 24 responses. Equipment manufacturer’ s rates received 16 responses while
historical rates received 15 responses. One contractor uses gallons per second (GPS), while another
respondent did not know the source of hisfirm’s fue consumption rates. Exhibit 2-25 displays the
sources of contractors' fuel consumptions rates.

Exhibit 2-25: Sour ces of Fuel Consumption Rates

I Not Applicable (2)

Blue Book Rental
Rate Guide (6)

I Historical Rate (15)

Internally
I e Developed Rate
I Jquipment @
Manufacturer (16)
I Other (2)
0 5 10 15 20 25 30
n=46
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When asked when their fuel consumption rates or factors had last been updated, 23 out of 46
contractors indicated within the last year. Overall, 39 out of 46 respondents (more than 84 percent) have
updated their factors within the last three years. Based on the relatively rapid updating of their factors, it
appearsthat contractors have a strong incentive to keep their factors as current as possible in order to
facilitate accurate estimation. Two contractors commented that they update the factors when new
equipment is purchased.

Of the 46 responding contractors, 40 said that they use atool or software application to prepare
their estimates. The most popular method is using a commercial estimating system, which was selected by
22 respondents. An Excel spreadsheet application is used by ten contractors, or dightly more than afifth
of those responding. Two contractors use programs devel oped by a construction estimating firm. Exhibit
2-26 displays contractor use of estimating tools and software applications.

Exhibit 2-26: Use of Estimating Tools and Software Applications

Manual System Other System
0 2
(0%) (4.3%)

Internally No

Developed System 6
6 (13.0%)

(13.0%)

Excel Spreadsheet
10
(21.7%)

Commercial

Estimating System
22
(47.8%)

n=46

Sixty percent of contractors (28 out of 46) report that their applications have the capacity to
calculate the quantity of fuel needed for a project, while 17 out of 46 do not. One contractor, presumably
one of the six without atool or application, chose “Not Applicable.” Only three contractors using
commercia systems cannot calculate fuel quantities. Exhibit 2-27 displays contractor ability to calculate a
project’ s fuel quantity.
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Exhibit 2-27: Ability of Estimating T ools/Softwar e to Calculate Fuel Quantities

Not Applicable
1
(2.2%)

Yes
28
(60.9%)

n=46

A cross-tabulation of the data by firm size reveals that smaller firms are less likely to have the
ability to caculate fuel quantities used. Five of the six responding firms with less than 50 employees do
not currently have this capability. More than 80 percent of firms with 200 to 500 employees and both
firms with over 500 employees possess the capability to calculate fuel quantities.

2.2.4 Fuel Consumption Items

The contractors were asked to rank various construction activitiesin terms of fuel intensity. As
was the case with the DOT survey, asphalt paving and grading/excavation were the clear top two choices,
combining for 52 of 55 selections for the most fuel intensive activity. Grading/excavation is viewed as
more fuel intensive than asphalt paving, receiving 34 top selections compared to 18 for asphalt paving. In
comparison, asphalt paving received 25 first place selectionsin the DOT survey, with grading/excavation
receiving 23 first place selections. Exhibit 2-28 displays relative fuel intensity perceptions.

Exhibit 2-28: Fuel I ntensity by Construction Activity

Answer Options Most 2nd Most | 3rd Most | 4th Most | 5th Most el (oSt Rating DOT Rating
(Least) Average Average
Grading/Excavation 34 14 7 0 0 0 1.51 1.75
Asphalt Paving 18 21 10 2 1 3 2.20 1.69
Base Stone/Aggregates 1 13 21 11 6 3 3.31 3.44
Concrete Paving 0 1 10 23 14 7 4.29 4.27
Drainage 1 4 3 18 22 7 4.40 4.73
Structures 1 2 4 1 12 35 5.29 5.13
n=55

The contractorsidentified eight other fuel intensive activities. Five of these activities involve
asphalt and/or aggregates, and three relate to the handling and transportation of construction equipment
and materials. Exhibit 2-29 provides additional comments regarding fuel intensive activities.
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Exhibit 2-29: Additional Contractor-ldentified Fuel Intensive Activities
Respondent | Comment
Materials transport trucking
Line utility work
Quarrying aggregates
On-highway commuting
Materials handling
Milling
Transportation of aggregates for asphalt by barge
Plant fuel use
Delivery of asphalt
Cold Planing Asphalt

OO|NO|O[R|WIN|F

[E=Y
o

Nearly two thirds of the responding contractors (35 out of 55) believe that recent fuel price
fluctuations have not altered their analytical needs. Nineteen of the remaining contractors said that their
needs had changed and offered explanations (One contractor responded “Y es (please explain)” to this
question but put only a dash in the text box). Four respondents have increased their bids or included
escalators/hedging as an attempt to control cost. Exhibit 2-30 provides these responses.

Exhibit 2-30: Additional Contractor Comments on Experiences with Price Fluctuations

Respondent | Comment

1 We add a "fuel" factor as a lump sum to our bid based on the length of the project (for non-
covered items like concrete)

2 Price per ton of asphalt

3 No analytical tool can predict what the fuel price will be when a project has no fuel adjustment

4 Need to be able to quickly analyze cost data

5 Can't rely as much on our historical information, have to make projections based on current info

6 We have to add enough for fuel so that it doesn't kill us to do the job. We overestimate the cost
of fuel on purpose

7 Productivity concerns on minimums needed to be competitive and fuel conscious

8 We track spot prices to purchase prices and purchase futures based on spot prices

9 Plan for worst case
When fuel was stable it was more like a fixed cost on the project with little or no variation. When

10 it started having major fluctuations and with projects that extend over multiple months or years,
the fuel became a major concern

11 Seasonal pricing, futures, intensity of work and timing of major activities, theft control

12 Only price

13 Much more attention is paid to actual fuel unit pricing and how it relates to the rates posted by
the DOT

14 Had to attempt to bid in fuel escalators from suppliers

15 We now factor fuel in our bids

16 Petroleum based material cost fluctuations

17 Fuel consumption and pricing are monitored much closer now than in the past

18 We look at fuel per piece of equipment annually, project drying cost, and trucking fuel
requirements for large jobs

19 Fuel cost is analyzed with every large bid and protected sometimes by hedging
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2.25 Perceptions

The responding contractors had varying opinions on how to account for fuel usein excluded pay
items. Sixteen would prefer to add additional items through industry consultation and thirteen would add
fuel factorsto other items of work. However, fourteen said that the fuel use for other pay itemsislimited
and fuel factors should not be extended. Two contractors recommended eliminating fuel factors
altogether:

“ Eliminate fuel use factors and use a more equitable and accurate method of accounting for the
risk of fuel cost escalations. Fuel use factors are not equitable even on the traditional itemsthey are
applied to. Fuel useis very dependent on type of equipment owned, more so than what work is
performed.”

“ Drop the use of fudl factors and use three lump sumitems 1. grading 2. paving and 3. structures
to allow the contractor to place the fuel dollars he wishesto be indexed in the program. Dueto timing
and fuel pricing the major work disciplines need to each have their own fuel item. On medium and long
termprojectsit is possible for the grading work to experience a significant windfall while on the paving
work, can lose significant fuel dollars, and vice versa, and all due to timing of the work versus actual fuel
prices.”

Approximately half of the responding contractors (25 out of 51) pass along fuel price adjustments
to their subcontractors, while 14 do not. The remaining twelve utilize varying practices. Three contractors
said it depends on the subcontractor’ s quote, two said that price adjustment clauses are negotiated, and
two said that price adjustment inclusion can occur if the subcontractor requestsit.

When asked to provide opinions on how to compensate subcontractors for increased fuel costs, 23
contractors approve of adding additional fuel factors, while using a percentage of cost method and not
extending fuel factors due to limited fuel use each received support from 10 contractors. Eight contractors
selected the “ Other” category and enumerated their preferences. Exhibits 2-31 and 2-32 display contractor
preferences for reimbursing subcontractors and additional comments on the topic, respectively.

Exhibit 2-31: Preferencesfor Compensating Subcontractors

Not applicable,
little fuel used
10
(19.6%)

Use a percentage
of cost method
10
(19.6%)

Add additional

Fuel Use Factors
23

(45.1%)

n=51
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Exhibit 2-32: Additional Contractor Methods for Subcontractor Compensation

Respondent | Comment

1 They should get the increase/decrease on the item they are doing

2 Grading & Asphalt subs are compensated

3 Set up terms and conditions under subcontract by type of work and amounts of fuel being used

4 Generally negligible, but depends on which items of work are subcontracted.

5 Negotiate adjustment factors with subs based upon agreed upon usage

6 WYDO_T_'s method is a percentage of cost_method, which we pass on to any sub that chooses
to participate when we choose it on the prime contract

7 Non-factor unless the subcontractor states it in their quote

8 Allow the contractor to manage

When asked what approximate percent of the contract dollars they received from the state DOTs
were subcontracted, 86 percent (44 out of 51) selected an option of 30 percent or less. The selections “11-
20 Percent” and “21-30 Percent” were chosen by 20 contractors each. Only two respondents sel ected
“Over 40 Percent.”

In asimilar vein, contractors were asked what percentage of their DOT contract dollars were
performed as a subcontractor. A substantial majority of 94 percent (48 out of 51) operate as
subcontractors for 40 percent or less of their DOT project dollars, and 31 out of 51 did so 20 percent of
thetime or less.

The fina question of this survey was designed to gauge contractor satisfaction (or lack thereof)
with their primary state DOT’ s fuel factors. Sixty percent (30 out of 50 respondents) believe that their fuel
factors are somewhat accurate. Twenty-six percent (18 out of 50) stated that their factors are somewhat or
very inaccurate. Exhibit 2-33 displays perceptions on fuel factor accuracy.

Exhibit 2-33: Accuracy of Fuel Usage Factors

Very inaccurate

Somewhat inaccurate

Very accurate 2
(4.0%)
n=50 0.0% 10.0% 20.0% 30.0%  40.0% 50.0% 60.0% 70.0%

5
(10.0%)

18
(26.0%)
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Severa contractors offered additional comments. Two express general satisfaction with the
current factors, one mentions the dualistic nature of price adjustment clauses, and another comments on
the difficulty in creating and utilizing a single fuel factor. Exhibit 2-34 displays additional comments
regarding fuel factor accuracy.

Exhibit 2-34: Contractor Comments on Fuel Usage Factor Accuracy

Respondent | Comment

1 Concrete paving, asphalt and grading are the largest pay factors and they seem adequate

2 When the fuel decreases, it takes too much money away from the contractor, and when it
increases, it gives too much money to the contractor

Fuel consumption rates vary as to haul lengths, method of work, type of materials, and
3 grades, All these factors have major impacts to fuel consumption and make the use of a
single fuel factor inaccurate from the beginning

4 Seems close

S The paving diesel factor only covers about 50% of the fuel used

2.2.6 FuturePlans

Seven contractors responded with pay items that they would like revised or for which they would
favor the development of additional fuel factors. Four of the seven would like transportation and hauling
to be added. Two contractors support the addition of bridge/structure pay items. Exhibit 2-35 displays
contractor comments regarding additional or updated fuel factors.

Exhibit 2-35: Contractor Comments on Additional or Updated Fuel Usage Factors

Respondent | Comment

Bridge items

Grading & excavation, hauling (stone/ earth/ demo)

The production of hot mix asphalt mixes

Trucking

Storm Drainage items, box culvert items, box bridge items, bridge items

Ol |bh|W|IN|F

Transportation costs (trucking/barge)

Item 502-01- There should be two separate diesel fuel indices calculated. Plant drying
fuel should be separate from transportation and paving fuel usage. There should also be
7 factor for trucking and barging aggregate.

Item 501-01 Should be eligible for the asphalt index for square yard patching items.

The fuel usage factors should be re-evaluated for all pay items

Two contractors provided comments for improving or refining the use of fuel factors. One
recommended the automation of index price adjustments as a means of ensuring accuracy. The other
suggested studying the system employed by the Wyoming DOT.

Six contractors provided advice on how the study team can maximize participation in the later
fuel use survey. Several contractors suggested addressing the survey to estimators, project and equipment
managers, and accountants. Another suggested working through the Associated General Contractors of
America (AGC) and the National Asphalt Pavement Association (NAPA). Exhibit 2-36 displays these
and other contractor suggestions.
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Exhibit 2-36: Contractor Suggestionsfor the Fuel Use Survey Distribution

Respondent | Comment

1 Equipment managers and estimators
2 Work through AGC, NAPA, etc.

Contact the organizations estimators and project managers. They are the ones who deal
3 with fuel adjustments on a regular basis and can provide the most input

DOT Road Builder Associations
Keep it short and sweet

This topic has broad applicability to off-road emissions reduction targets. The more
4 accurate and broad the dataset, the better we will be able to respond to US
EPA/California emissions mandates

5 Address inquires to the accountants

6 Paving contractors are primary users of fuel. This group should be main focus

2.2.7 Summary and Conclusions

Nearly 80 percent of the responding contractors operate primarily in states that use fuel factors. A
sizable mgjority (39 out of 46) of responding contractors have updated their fuel consumption rates or
factors within the last three years, while less than athird of state DOTs have done the same. Individual
contractors would seem to have an incentive to update this information regularly as a means of increasing
bid accuracy and eliminating uncertainty.

The most popular method of fuel cost estimation is fuel consumption rate by equipment type,
whichis used by 52 percent of responding contractors. Contractors most often utilize internally devel oped
rates, although historical rates and rates supplied by equipment manufacturers are al so popular. Eighty-
seven percent of responding contractors employ a software application or estimating tool, with
commercial estimating services being the most popular option. More than 60 percent of responding
contractors report that their estimating tools are capable of calculating fuel use, although nearly 40
percent are not capable of doing so.

The contractors and DOTs arein broad agreement over the fuel intensity of various construction
activities. Although the contractors believe that grading/excavation (rather than asphalt paving) isthe
most fuel intensive work type, the rankings of the remaining activities were the same in both surveys.
About two thirds of contractors replied that recent fuel price fluctuations had not affected their analytical
needs. This percentage is lower than the 81 percent of state DOTs who believe similarly.

More contractors pass on price adjustments to their subcontractors than not. Slightly less than half
of the responding contractors believe that additional fuel factors should be added to cover subcontractors
increasing costs. Large majorities of contractors subcontract between 11 and 30 percent of their DOT
contract dollars and perform less than 40 percent of their DOT contract dollars as a subcontractor.

More than 60 percent of contractors believe that their state’' s fuel factors are somewhat or very
accurate. The remaining 36 percent believe them to be somewhat or very inaccurate.

Theresults for the contractor survey illustrate several trends that may be ameliorated by updated
fuel usage factors. Contractors update their fuel consumptions rates or factors more often than state
DOTs. Fluctuationsin commaodity pricing have alarger effect on contractors than DOTS, primarily due to
smaller operating budgets. Contractors would then have an incentive to update and maintain factors.
While 60 percent of the responding contractors expressed satisfaction with the accuracy of their primary
state' sfuel factors, nearly 40 percent find them to be somewhat inaccurate at best. Inaccuracies can be
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compounded if a contractor’s estimating tool cannot cal culate the amount of fuel used on a project, which
nearly 40 percent of respondents indicated.
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2.3 Initial Engineering Estimation of Fuel Intensity

As part of the study team’ s three-pronged approach to addressing the research problem, the
project team conducted an initial investigation to determine construction pay items that had high fuel
intensity. An expert panel of professional estimators and contractors rated the fuel use of over 1,000
specific pay items. The ratings of individua estimators were averaged to create a composite ranking of
fuel use. Reviewer D isamember of the research team and Reviewers A through C performed as
consultants for the research team. Each member of the panel possesses at |east 25 years of experiencein
the highway construction and/or cost estimation fields.

This analysis consisted of three parts:

Creating alist of pay items to study by filtering unsuitable pay items
Creating aranking system to apply to the pay items
Performing the fuel use ranking of each pay item and pay item category

231 The Expert Panel

Theinitid engineering estimation was conducted using a four person expert engineering panel.
Each member of the panel estimated the relative fuel intensity of over 1,000 specific pay items and 31
summary categories. The four panel membersincluded:

Expert Panel Member A isacivil engineer and former district engineer and contracting officer
inthe U.S. Army Corps of Engineers. He has over 30 years of experience in the heavy/highway
construction industry as an estimator, project manager, division manager, operations manager,
and vice president.

Expert Panel Member B has nearly 35 years of experience with the Georgia Department of
Transportation, has estimated or supervised estimation for over 8,000 DOT projects, is athree
time chairperson of the Transportation Estimators Association, and has been elected to the
FHWA'’s Peer Team Review.

Expert Panel Member C is aveteran consulting estimator for the heavy construction industry
with 30 years of experience.

Expert Panel Member D has over 25 years of experience in the road building industry, isthe
creator and primary developer of the BidTabs Professional and ProEstimate line of estimating
software, and assisted in the devel opment of the FHWA Highway Construction Cost Index.

2.3.2 Pay Item Sdlection

Thefirst part of this analysis was to develop criteriafor filtering the list of pay itemsto eliminate
unsuitable pay items. The source of the data was the BidTabs Professional database devel opment, which
containsall pay item pricesfor all DOT contracts in 48 states (Alaska and Hawaii are not included). This
database also divides items among 31 pre-defined categories of pay items which are assigned to every
standard pay item in the database.

Thefirst step in devel oping the database was to exclude older data. The decision was made to
eliminate data prior to 2006. The second step wasto eliminate data for bids that were not awarded,
leaving the low bid only. The third step was to eliminate lump sum pay items and non-standard pay items.
Since each of these bid were for a unique construction item, there is no basis for comparison amongst
them. The final step wasto eliminate pay items with abid frequency of less than 100 bids during the
selected time period. Items that are purchased so infrequently would not be useful for inclusionin the
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final fuel factor database. The results of the program generated alist of 1,176 pay items across all states
and across all pay item categories.

2.3.3 Fud Intensity Ranking

The project team developed a scaleto use in the classification of pay items based on “fuel
intensity.” The scale ranges from one to five (1-5) with items marked as a 5 being “heavy use” and items
marked asa 1 being “light use.” In order to have a better understanding of the actual fuel useasa
percentage of cost, the team identified two known very heavy use items: (a) on-road truck haul excavation
and (b) off-road truck haul excavation. These tasks include only labor and equipment cost and heavy fuel
consumption equipment. The team priced these items to determine the fuel cost as a percentage of the
total cost and this value allowed the team to establish an upper end value for “high use” items. From this
analysis the team then established ranges to use in the fuel ranking. The fuel cost strictly as a percentage
of the pay item cost (equipment, labor, etc.) was 22 percent and 28 percent. Adding 10 percent overhead
and 10 percent profit to this pay item yielded afuel cost percentage of 18 percent and 23 percent of the
estimated bid price.

Using this range of values as the high end due to hauling being a very fuel intense activity, the
project team used avalue of over 15 percent as the top end fuel ranking. Breaking this down into five
categories, the project team set the fuel ranking system as follows:

L ess than one percent
Oneto five percent

Six to ten percent
Eleven to fifteen percent
Over fifteen percent

O wWNPE

These values provided a guide to the expert panel.
234 Ranking of Fud Intensity

Once the pay item list was created and the ranking method determined, each member of the
expert estimating panel assigned a value to each pay item. In addition, each team member assigned a
ranking to each of the 31 summary pay item.

Exhibit 2-37 provides fuel use rankings at the 31 summary pay item level. Thefirst four columns
provide the ranking selected by the four reviewers at the 31 summary level. Thefifth provides the average
of the four rankings. The sixth column shows the range of the rankings as a measure of the variation. The
final column provides the average of the values for the detailed pay items within each category.
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Exhibit 2-37: Fuel Use Rankings by Categor y*

Reviewer Detail
Category A B C D | Average| High-Low | Average
GRADING/EXCAVATION 5 5 5 5 5.00 - 4.67
CLEARING 5 3 4 5 4.25 2.00 3.24
MOBILIZATION 5 4 4 3 4.00 2.00 2.41
BASE STONE 3 4 4 4 3.75 1.00 2.85
MISC STONE/RIPRAP 5 3 3 3 3.50 2.00 3.00
CONCRETE-PAVEMENT 3 3 4 4 3.50 1.00 2.99
ASPHALT 2 4 4 4 3.50 2.00 2.83
EQUIPMENT/LABOR 3 4 3 3 3.25 1.00 4.25
UNDERDRAIN 5 1 3 3 3.00 4.00 3.08
BRIDGE 3 3 3 3 3.00 - 2.32
DRAINAGE-PIPE 3 2 3 3 2.75 1.00 3.01
DRAINAGE-INLETS/CATCH BASINS 3 1 4 3 2.75 3.00 2.30
CONCRETE-MISC 3 1 4 3 2.75 3.00 2.12
EROSION CONTROL 4 1 4 2 2.75 3.00 2.01
UTILITY-WATER 3 2 3 2 2.50 1.00 2.63
UTILITY-GAS 3 2 3 2 2.50 1.00 2.63
UTILITY-SEWER 3 2 3 2 2.50 1.00 2.63
RETAINING WALL 3 2 3 2 2.50 1.00 2.50
CONCRETE-CULVERTS 3 1 3 3 2.50 2.00 2.30
TRAFFIC CONTROL 4 2 2 2 2.50 2.00 2.02
GRASSING 3 2 2 1 2.00 2.00 2.51
GUARD RAIL 3 1 2 2 2.00 2.00 2.20
FENCING 3 1 2 2 2.00 2.00 2.17
MISC ELECTRICAL 3 1 3 1 2.00 2.00 1.77
ROADWAY LIGHTING/ELECTICAL 3 1 3 1 2.00 2.00 1.77
STRIPING/PAVEMENT MARKING 3 1 2 2 2.00 2.00 1.75
SIGNALIZATION 3 1 2 2 2.00 2.00 1.57
SIGNS-PERMANENT 3 1 2 2 2.00 2.00 1.50
BUILDINGS/MISC STRUCTURES 3 1 3 1 2.00 2.00 1.31
PAINTING STRUCTURES 2 1 2 1 1.50 1.00 1.75
ALTERNATES/BONUS/TIME 1 1 1 1 1.00 - 1.63
*Fud intensity is estimated on alto 5 scale with 1 being the least intense

2.3.5 Initial Recommendations

Historically, the most common categories of pay items used for fuel use factors are grading,
asphalt, base stone, and concrete pavement. All four of these categories ranked high in both the summary
and detailed analysis. Exhibit 2-38 below breaks down the categories into three sections of high, medium
and low fuel use based on the rankings. The pay items are listed from highest to lowest fuel use within
each column.
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Exhibit 2-38: Ranking of Pay Item Categories by Fuel Use

High M edium Low

Grading/Excavation Drainage — Pipe Grassing

Clearing Drainage — Inlets Guardrail

Mobilization Concrete — Misc Fencing

Base Stone Erosion Control Misc. Electrical

Misc Stone/Riprap Utility — Water Roadway Lighting

Concrete — Pavement | Utility — Gas Striping/Pavement Mark

Asphalt Utility — Sewer Signalization

Equipment/Labor Retaining Walls Signs— Perm.

Underdrain Concrete — Culverts  [Buildings/Misc. Structures

Bridge Traffic Control Painting
Alternates/Time

Several pay item categories in the high group have been removed from this list. These categories
and the reasons for their exclusion are presented in Exhibit 2-39 below.

Exhibit 2-39: Excluded Pay Item Categories

Pay Item Category

Justification for Exclusion

Equi pment/L abor

This category consists of equipment rental or labor hour pay itemsand is
used only by avery limited number of states and is rarely used by those
states.

Clearing

This category istypically bid utilizing lump sum pay items.

Mobilization

This category istypically bid utilizing lump sum pay items.
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24 Initial Statistical Analysisof Fuel Intensity

This report section documents the devel opment of the BidTabs data base that the study team
analyzed as part of this project. In thisinitia effort, the objective was to examine which pay item prices
are sensitive to changesin fuel pricesin order to develop alist of items for which to develop fuel use
factors. Thethesiswasthat if there is no association between fue prices and pay item prices, it would not
be necessary to provide a price adjustment clause for those pay items.

Theinitid statistical anaysis consisted of three steps. The first step was to tabulate unit prices for
pay items over time. The second step was to develop price indices for fuel. The third step was to conduct
theinitial BidTabs statistical analysis.

24.1 Selecting Pay Itemsfor the Development of New Fuel Usage Factors

The study team designed the database so that it would contain prices over threeto five years. The
study team selected a start date of January 1, 2006, and an end date of September 1, 2010. In total, data
are availablein the Oman Systems BidTabs database for 335,564 separate pay items. For these pay items,
there are almost 3.6 million low bids. Note that low bids are the unit price bid for the pay itemin the
winning low bid as opposed to the lowest bid for that pay item. Exhibit 2-40 summarizes the process of
filtering the pay items used for analysis.

Exhibit 2-40: Number of Pay Itemsand Bid L ettings from 1/1/2006 to 9/1/2010

Options Number of Pay Items |Number of Bids
Low Bids Only 335,564 3,597,517
Also Exclude Non-Standard Pay Items 171,381 3,289,606
Also Exclude Lump Sum Pay Items 157,407 2,973,784
Also Exclude Pay Items Bid Less than 100 Times 6,338 1,799,740
Also Exclude Pay Items with Less than 3 Years of Data 5,965 1,723,059

To prepare the database, the study team excluded records that were not suitable for the analysis.
Thefirst step was to exclude non-standard pay items. Non-standard pay items are items which do not
have the same definition or units from one project/bid to another. Therefore, there is no price per unit of
work. Thereisno ability for the analysisto compare unit price across projects or over time. Thereis ho
ability for the analysis to regress unit price against fud prices to assess the existence of arelationship or
correlation. Note from the table above that the exclusion of non-standard pay items from the sample does
not have alarge impact on the total number of records included in the study. Although the number of pay
items excluded is alarge percentage of the total number of pay items, these items were bid much less
frequently than standard pay items, resulting in a much smaller percentage drop in the number of records
included in the study.

The second step was to exclude lump sum pay items. Lump sum pay items are items for which
the bid quantity is essentially equal to one. For example, build one bridge or pave one section of road. In
this case, there is once again no price per unit of work and therefore no ability for the analysis to compare
unit price across projects or over time. There is no ability for the analysis to regress unit price against fuel
prices to assess the existence of arelationship or correlation. The exclusion of non-standard items only
reduces the number of pay items by about 14,000 but again reduces the number of bids by only about ten
percent.
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Thethird step was to exclude pay items that the issuing state DOT did not put out for bid with
much frequency. In this case, the analysis excluded pay itemsif there were less than 100 lettings of that
item over the examination period, or approximately 22 bids per year. The research team determined that
this average of 22 observations per year provided sufficient datato determine both means and variability
in each year. The purpose of excluding pay items with very few bidsis that the small sample size may
hamper the ability to accurately assess the existence of arelationship or correlation. The exclusion of
these pay items reduces the number of pay items drastically to about 2 percent of the original number of
pay items, but reduces the number of bidsto only about half of the original number of pay items. Note
that the average number of records for the pay items excluded from the analysis was only 7.8 over the
examination period.

The fourth step was to exclude pay items that were not used during the critical 2008 time period
when fuel prices were fluctuating. The analysis examined the first bid date and the last bid date for each
pay item to remove all pay items with less than a three-year range of data. This action removed lessthan
400 pay items.

Thefina database contained approximately 1.8 million records providing data on 5,965 pay
items. The mean number of bids per pay item was approximately 284. The database included state, pay
item number, pay item description, unit, quantity, amount (in dollars per unit), a category identifier
developed by Oman Systems, and the bid date.

2.4.2 Tabulation of Diesdl Fuel Price Index

The second step was to tabulate price indices over the same period. Highway construction
projects are known to use large amounts of diesd fuel for equipment use. Diesdl fuel pricesalso serveas a
surrogate for the price of other petroleum-product-based inputs to highway construction such as asphalt,
paint and sealers. In addition, many other inputs to highway construction such as concrete and steel have
high fuel-use input requirements and high transportation costs to the work site.

The available dataindicate that fuel costs have become a more important component of
construction costsin general. For example, in 1998 the Bureau of Economic Analysis (BEA) nationa
input-output matrix had atotal input requirement coefficient of 0.029 (2.9 cents per dollar output) for
petroleum and coal-based products used by the construction industry as awhole. By 2008, total input
requirement of petroleum and coal -based products had increased by almost a factor of threeto 0.083 (8.3
cents per dollar output). Given the reduction in fuel costs since 2008, it is likely that the 2010 BEA
benchmark revision will have a smaller coefficient. Fuel is an important input to highway construction
activities and petroleum products represent arelatively larger proportion of thetotal costs of production
than for the construction industry in general.

While fuel and petroleum-based products are important component of production costs for the
construction industry when viewed on atotal requirements basis, the direct input requirement of fuel and
petroleum-based products is somewhat smaller (2.2 cents per dollar output in 1998 and 6.1 cents per
dollar output in 2008). The lower level of direct costsis dueto the relatively large embodied energy
content of other input materials such as concrete and steel. Given these figures, and applying an extra
factor of two to account for the fact that highway construction is more fuel-intensive than construction in
general, it suggests that the direct cost of fuel and petroleum-based products represented somewhere
between two percent and five percent of production costs for highway construction in 1998, rising
perhaps to arange from six percent to 12 percent in 2008, and falling since then to somewhere below ten
percent of production costs. To put these costs in perspective, employee compensation costsin the
construction industry rose from 30 cents per dollar output to 35 cents per dollar output between 1998 and
2008.
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Despite the relatively small (ten percent) share of direct fuel costs per dollar output, diesel fuel
prices have ranged both up and down by over afactor of three from 2004 to 2010. It is reasonable to
expect that thislarge variation in diesel fuel price and other petroleum-based product prices has had a
measureable impact on the bid prices received for highway construction projects. The statistical analysis
attempted to find empirical evidence of this relationship.

Thedaily U.S. No. 2 Diesel Fuel Price (cents per gallon) was calculated as the arithmetic average
of three regiona price indices published by the U. S. Department of Energy. The three regional price
series represent daily market closing pricesin New Y ork area (New Y ork Harbor No. 2 Diesel Low
Sulfur. Spot Price FOB); the Gulf Coast (U.S. Gulf Coast No 2 Diesel Low Sulfur Spot Price FOB); and
Los Angeles (Los Angeles, CA No 2 Diesdl Spot Price FOB). The published data do not include prices
for weekends or U.S. oil market trading holidays. The research team imputed the last available pricein
these instances. For example, prices on aMonday holiday would match the last available spot prices from
the previous Friday.

2.4.3 Assessment of Bid Tabs Data

The highway construction bid data base includes over 3 million records with information on bids
submitted in the 48 states. Each pay item has a unique definition within each state and is provided in
terms of specific units. Variablesin the bid price data base include the quantity and unit bid prices, and
the bid date for each pay item. Dates range from January 1, 2006, to September 1, 2010. Since the project
was interested in theimpact of the large diesel fuel price swings, the first bid date and the last bid date for
each pay item were examined to remove all pay itemswith less than athree-year range of data. The three-
year reguirement ensures that the range of bid dates for the pay item includes the critical 2008 time
period. Pay items receiving less than 100 bids were aso removed.

The resulting data base included 5,965 pay items. The pay items were categorized into 29
summary categories used in the BidTabs database. A partial correlation analysis was run for each pay
item within each category. The partial correlation of the bid price with the diesel fuel price and the
significance level of the estimated partial correlation coefficient were then summarized by category. The
categories with the ten largest mean partia correlations coefficients are displayed below in Exhibit 2-41.

Exhibit 2-41: Ten Largest Mean Partial Correlation Coefficients by Category and
Significance L evel

Mean
Rank Category Correlation
1 Concrete - Culverts 0.099
2 Roadway Lighting/Electrical 0.092
3 Signalization 0.078
4 Retaining Wall 0.069
5 Bridge 0.062
6 Guard Ralil 0.058
7 Drainage - Pipe 0.052
8 Underdrain 0.050
9 Concrete — Misc. 0.045
10 Buildingg/Misc. Structures 0.045

The overall conclusion of theinitial statistical analysisisthat there is a positive relationship
between fuel prices and bid prices. The positive relationship is strongest where the significance of the
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correlation is strongest. However, there is alarge amount of variation in the results for individua pay
items within the categories of construction. The negative coefficients indicate the fuel priceis not always
an important factor for determining bid prices for many types of purchases. Further analysisis needed to
determine why thisisthe case. It may be concluded that fuel consumption is significant in most types of
highway construction, but perhaps is not limited to only certain construction activities as previous studies
have suggested.

A magjor goal of theinitial analysis was to identify construction tasks that consume large amounts
of fuel and are fuel intensive. These items would be obvious candidates for newly calculated fuel factors.
Theinitid statistical anaysisindicated that alarger number of activities than previoudy envisioned are
heavy users of fuel and/or are fuel intensive. Many heavy construction tasks, such as asphalt paving and
grading, were confirmed as being heavy users of fuel. However, additional items appear to be more fuel
intensive than anticipated. For example, the roadway lighting/electrical and signalization categories
ranked second and third in the initid statistical analysis. Those categories did not rank within the top ten
of the other initial methodologies.
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25 TheThreePronged Research Methodology

The first phase of the study examined three strategies for devel oping fuel usage factors. The study
team examined the strengths and weaknesses of each approach in preparation for the second data
collection phase of the project. This report section describes observations and lessons learned during the
first phase, assesses the strengths and weaknesses of each approach, and outlines the research approach
that was ultimately used in collecting the data and devel oping the fuel usage factors.

2.5.1 Issuesin Developing Fuel Usage Factors

This subsection discusses several issues that the study team encountered during the first phase of
the project. Thefirst is a discussion of the economic production function of construction activities and
how it relates to the observed fuel intensity rankings. The following section addresses the number of
updated and additional fuel factors. The last section discusses fuel factors for bridges and structures.

Under standing the Production Function

An underlying assumption in the literature and in the application of fuel factors by state DOTsis
that certain construction activities, such as grading and paving, are more fuel intensive than many other
activities. Both state DOT officials and contractors share this perception as indicated by the mutual
preference for selecting grading/excavation and asphalt pavement as the most fuel intensive activities.

However, the statistical analysis performed during the analysis of the BidTabs database indicated
that alarger variety of activities might have significant fuel use. In fact, the statistical analysis found
significant correlations between bid price and fuel prices for alarge variety of construction activities.

Exhibit 2-42 displays the fuel intensity rankings determined by each research method. It also
displays the fuel percent of cost rankings from Attachment 3 of the original Technical Advisory T5080.3.
Note that several work categories that rank in the top ten for three of the research efforts and the
Attachment 3 rankings (notably grading/excavation, asphalt paving, and base stone/aggregates) do not
appear in the BidTabs statistical analysis rankings, while the BidTabs statistical analysis contains items
that have historically been thought of aslessfuel intensive.

Exhibit 2-42: Rankings of Fuel Use by Activity

Research Method

Rank | Attachment 3 from TA5080.3 DOT Survey Contractor Survey Estimating Analysis | BidTabs Statistical Analysis
1|Grading/Excavation Asphalt Paving Grading/Excavation Grading/Excavation Concrete - Culverts
2|Asphalt Paving Grading/Excavation Asphalt Paving Clearing Roadway Lighting/Electrical
3|Base Stone/Aggregates Base Stone/Aggregates [Base Stone/Aggregates |Mobilization Signalization
4iConcrete Paving Concrete Paving Concrete Paving Base Stone/Aggregates [Retaining Wall
5|Bridges/Structures Drainage - General Drainage - General Misc. Stone/Riprap Bridges/Structures
6|Landscaping Bridges/Structures Bridges/Structures Concrete Paving Guard Rail
7|Roadway Lighting/Electrical Asphalt Paving Drainage - Pipe
8| Deck Repair/Minor Widening Equipment/Labor Underdrain
9| Striping/Pavement Mark Underdrain Concrete - Misc.

10 Bridges/Structures Buildings/Misc. Structures

A potential reason for this apparent contradiction is that the focusis often on total fuel use and the
dichotomy between heavy and light construction activities. An alternative is to focus on the full economic
production function.
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In economics, factors of production (or productive inputs or resources) are any commodities or
services used to produce goods and services. “ Factors of production” may also refer specifically to the
primary factors, which are stocks including land, labor (the ability to work), and capital goods applied to
production. For example, in productivity analysis, the U.S. Bureau of Labor Statistics defines the
production function as the combination of capita (K), labor (L), energy (E), materials (M), and purchased
business services (S) inputs, or KLEM S inputs.

For example, most observers would characterize asphalt paving as afuel intensive activity and
pavement marking as a non-fuel intensive activity. In the case of asphalt paving, the equipment used is
much heavier and has a higher fuel consumption rate. However, when examining the whole production
function, asphalt paving also requires more capital, labor, and materials. In particular, although liquid
asphalt is a petroleum product, it is not fuel and its consumption is not part of the fuel factor.

In the case of pavement marking, the equipment may only be one light vehicle with alow fuel
consumption rate. However, if thereis only one driver and very little material cost, fuel cost asa
percentage of total cost may actually rival or exceed the fuel cost percentage for asphalt paving.

Pay Item Flexibility

Theflexibility to alter the list of items or add new items varies considerably among the three
study methodol ogies. Including alengthy list of itemsin the contractor survey would reduce response
rates and increase processing time and costs. Once a survey is distributed, it becomes infeasible to add
new or additional items. In contrast, changes or additions to the list of items considered in the engineering
or statistical analyses can be accomplished with relative ease. For this reason, the proposed methodol ogy
for the survey included aflexible additional factor survey section. Contractors were allowed to writein
non-traditional items that they believed to be fuel intensive.

An important consideration was the analytical needs of the ultimate users. Different users have
different priorities and preferences. For example, while only five state DOTSs stated that they would prefer
additional fuel use factors, nearly 57 percent of the contractorsin theinitial survey recommended either
adding additional fuel factors or consulting with the construction industry to select new fuel factors.
Accordingly, the methodology envisioned two levels of detail in the final fuel factors. The basic product
isahard copy table containing alimited number of fuel factors, including the items commonly used by
state DOTsin price escalation clauses. The more detailed Excel spreadsheet tool alows the user to access
additional and more detailed fuel factors.

Structures

Fuel factors for structures presented a particular concern as the current factors are on a unit
consumption per thousand dollars of work basis. Therefore, as fuel and other input pricesvary, the
measure can become unreliable, especialy over time. The study team envisioned two methodol ogical
aternatives to address this problem. The first option was to include links and information regarding price
indices within the software tool. These indices allow the user to update the fuel factors to addressthe
effects of cost inflation. The second option wasto tabulate fuel factors on agallons per unit basis. The
study team ultimately included both of these options.
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25.2  Assessment of the Survey Approach

As part of thefirst phase of the study, the team conducted an initia survey of contractorsto
assess their ability and willingness to provide data on fuel usage estimates for bid items. In addition to
guestions concerning fuel factor administration and fuel intensity perceptions, the initial survey invited
suggestions for improving the response rate for the more comprehensive survey in the second project
phase.

Strengths of the Survey Approach

The survey approach relied on information gathered directly from the contractors who perform
construction activities. The original fuel factors research was also conducted in this manner. Contractor
survey results are easily understood among a non-technical audience.

Shortcomings of the Survey Approach

Similar to the engineering estimation approach, a contractor survey has the potential to be
influenced by responder biases. Contractors may allow their own experiences with fuel factors and fuel
costs, whether they are positive or negative, to influence their responses. The legitimacy of data obtained
using this method is dependent on a satisfactory response rate as well as a representative sample. A full
contractor survey is aso an expensive undertaking.

Recommendations, M odifications, and Final M ethodology

The study team estimated fuel usage directly from a survey of contractors. In the first project
phase, the team conducted an initial survey of contractors to assess their ability and willingness to provide
data on fuel usage estimate for bid items. Based on the findings and lessons |earned from that task, the
study team devel oped a survey of fuel usage. Oman Systems maintains a Contact Management System
that collects information on all of the firms bidding highway projects. The study team utilized this
database to develop alist of firmsto survey.

A stated goal for this project wasto exceed the 13 percent response rate achieved in the original
contractor survey, the results of which were published in Technical Advisory T5080.3. Theinitial Task 6
contractor survey matched this response rate. However, this required substantial follow-up efforts such as
phone calls. For the larger second phase survey, the study team made a concerted, multi-pronged effort to
maximize the response rate. As suggested by several contractorsin theinitial survey, the study team
targeted estimators and other personnel with knowledge of their firm'’s construction costs. Additionally,
the study team attempted to design a survey that was as brief as possible while till being able to capture
the needed data. The study team also contacted key industry associations to elicit their support.

25.3 Assessment of the Engineering Estimating Approach

For the initial engineering estimating analysis, an expert panel of four construction professionals
rated the fuel consumption of 31 work categories and over 1,000 individual pay items. The data used for
this effort came from Oman Systems' BidTabs database. In order to create a reasonable number of items
for analysis, the research team created severa parametersfor exclusion, including discarding lump-sum
and non-standard pay items, pay items that were bid less than 100 times, and pay items lacking sufficient
datafor the targeted 4.5 year time period. These efforts resulted in a data set comprising 1,176 unique pay
items from states nationwide. The expert pandl then created a1 to 5 fuel use scale with a5 rankings
indicating heavy fuel use. Each of the 1,176 pay items and 31 work categories was then issued afuel use
ranking informed by this scale.
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Strengths of the Engineering Estimating Approach

The engineering estimating approach employed a methodology that is transparent to the user. The
methods of the ranking of fuel use are clearly described and easily understood. The process of developing
estimates of fuel use, which was based on types of equipment, consumption rates and work rates, isaso a
method that laymen and engineers will readily understand. Items can be added relatively quickly and
inexpensively.

Shortcomings of the Engineering Estimating Approach

Therelative ranking of fuel use can be a subjective exercise. Aswitnessed in the first phase,
equally qualified estimators assigned different rankings for the same pay item. For example, out of the 31
summary work categories, the four members of the estimating team assigned identical rankings for only
three categories (grading/excavation, bridge, and aternates’bonus/time). The engineering estimation of
fuel use was also subjected to this limitation. Updating the entire set of engineering estimates requires
new estimates of equipment consumption rates and work rates, a medium cost activity that isaso
relatively time consuming.

Recommendations, M odifications, and Final M ethodology

In consultation with the study panel, it was agreed that the study team would estimate fuel usage
using engineering cost estimation software. Thiswould require the collection of fuel consumption factors
for specific pieces of equipment, the assigning of crews (comprised of labor, equipment, material) and
crew production rates.

254 Assessment of the Statistical Approach

Theinitid statistical anaysis of the BidTabs database examined the relationship between fuel
prices and bid prices. Pay items whose prices correlate with fluctuating fuel prices would be likely to be
fuel intensive and could be considered for inclusion in a price adjustment clause program. The BidTabs
analysis used the same parameters for exclusion as the estimating analysis as well as the additional caveat
that price information must have been available for the periods of rapid fuel price fluctuation in 2008.

Strengths of the Statistical Approach

The BidTabs statistical analysis had several potential strengths. One strength was that the analysis
uses an objective assessment of the correlation between fuel prices and bid prices based on historica data.
The analysis did not rely on subjective judgment to select items. This method a so had the advantage that
the analysis could be replicated in future years to update results. Since this method was based on data that
is collected on an ongoing basis, it would preclude the need for future surveys or data collection.

Shortcomings of the Statistical Approach

Statistical analysisisacomplex tool that is often difficult to explain to the layman. Statistical
analysis may not always provide the expected result in every case. In some instances, analyses may be
subject to problems such as multicollinearity, where several important variables are also correlated so that
only one can be included in the analysis. The anayses could also be subject to confounding variables and
could produce unexpected results. Theinitial statistical analysis did not clearly illustrate whether or not a
statistical analysis could produce direct estimation of fuel use.
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Recommendations, M odifications, and Final M ethodology

In consultation with the study panel, the study team decided to include the statistical analysisin
the data collection phase. Thisincluded a specification of the model, testing of different combinations and
forms of the variables, exploration of lagged variables, evaluation of residuals and error terms, and
exploration of different combinations of pay items both within and across states. The study team
integrated the KLEM S model into the analysis. The final analysis was designed to produce correlation
coefficients that would indicate fuel use.

255 Overview of the Final Research Approach

Exhibit 2-43 below presents the final methodol ogy utilized in the project from the initial scoping
efforts to the development of the final fuel usage factors. This methodology is presented in flow chart
form and indicates the sequential steps undertaken for each of the three methodologies, as well as areas
where the methodol ogies intersected with and complemented each other. The survey approach provided
much of the data used in formulating the new factors. The engineering approach confirmed the survey
data and provided additional detail when the survey approach did not garner sufficient observations for
particular work items. More particular details regarding the step-by-step process employed for each
methodology may be found in the following two chapters: Findings and Applications and Conclusions,
Recommendations, and Future Research.
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Exhibit 2-43: Project Methodology Flow Chart
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CHAPTER 3: FINDINGSAND APPLICATIONS

Chapter 3 presents the processes and results of the data collection phase. This phase involves the
application of the three research methodologies: the engineering analysis, the contractor fuel usage
survey, and the BidTabs statistical analysis. The study team designed each of these approaches to provide
independent calculations of fuel use for highway construction activities. Each section of this chapter
provides a sequential description of the research process undertaken and the results for each work item
examined.

3.1 Contractor Fuel Usage Surveys

This report section details the project team'’ s efforts to collect fuel use consumption information
from the highway contracting community. This effort aided in the identification of heavy fuel use
activities and allowed the project team to establish current levels of fuel use across a variety of
construction activities and project conditions. The project team utilized severa surveys, including an
Excel spreadsheet tool and several industry segment specific SurveyMonkey surveys, to elicit contractor
responses. In order to maximize contractor participation, the project team strived to ensure the
cooperation of several industry organizations.

This section contains four subsections. The first subsection describes the survey effort
methodol ogy, including survey design and dissemination as well as the industry collaboration process.
The second subsection displays respondent biographical information. The third subsection presentsthe
acquired survey data. The fourth subsection summarizes the chapter and offers conclusions.

3.1.1 Survey Methodology

This section describes the methodology employed by the study team to design and disseminate
the contractor fuel usage survey. It describesindustry cooperation, survey design, survey review and
approval, initia survey dissemination, and efforts to improve the survey response rate.

Initial Industry Cooperation

This survey effort benefitted from the support of several industry organizations. Soliciting
support from industry organizations was atactic that was strongly recommended by both the project
review panel and several contractors during theinitial survey effort. The American Road &
Transportation Builders Association (ARTBA), the Associated Genera Contractors of America (AGC),
the National Asphalt Pavement Association (NAPA), and the American Concrete Pavement Association
(ACPA) each agreed to cooperate with the project team and aid in survey review and dissemination.
Exhibit 3-1 displays the contacts within each organization, their title, their contact information, and
statements of support for the project.
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Exhibit 3-1: Initial Industry Contacts and Commitments

Organization | Liaison Title Statement of Support
AGC Senior Director, Highway and "AGC believes the Fuel Usage Factors Survey is a very
Transportation Division worthwhile project that will provide useful information for the

construction industry as well as state departments of
transportation. AGC is willing to disseminate the survey to our
contractors involved in highway, bridge, transit and other
transportation infrastructure construction. Once the results
are received AGC is equally committed to disseminating the
results to our state chapters and contractor members."

ARTBA Vice President of Policy and Verbal Commitment
Senior Economist

NAPA Vice President of Legislative "NAPA will be happy to help in any way possible to help
and Regulatory Affairs ensure the success of this project including assistance with

reaching the industry during the survey process."

ACPA Vice President of Highway and | "We appreciate the opportunity to provide input to this
Federal Affairs important effort.”

The project team also contacted two other organi zations whose contact information was provided
by a member of the NCHRP project panel. These organizations are the National Association of Minority
Contractors (NAMC) and the Associated Minority Contractors of America (AMCA). The executive
director of NAMC responded that the NAMC membership would likely not respond in large enough
numbersto be statistically significant and declined to participate. The project team attempted to contact
AMCA, several times but did not receive aresponse.

Survey Design

The project team originally planned to conduct the contractor survey of fuel usage using
SurveyMonkey. However, the survey design envisioned by the project team was found to be
impracticable using thistool. The survey design necessitated sorting pay items by the contractor’s
primary state of operation as well as mgjor areas of work, adding alevel of complexity to the survey
design. SurveyMonkey could only handle this complexity if respondents manually entered work item
information, fuel consumption gquantities and units. The survey returns would then have to be manualy
compiled by the project team.

Thisredlization led the project team to a new survey template. The survey, constructed in a user-
friendly Excel format and entitled the Contractor Fuel Usage Survey (CFUS), contained the following
features:

An introductory page

A contact page

A page for background information (name of firm, state, areas of work, etc.)
A fuel consumption information page

A submission page

The introductory page provided a brief description of the project’ s goals and background. It also

provided alink to the official project description on the TRB website. The project team took specia care
to emphasize that individual firmswill remain anonymousin all publicly available research products.
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The contact page contained contact information for amember of the project team (subject matter
guestions) and the NCHRP Project Officer (study background, legitimacy, and other concerns).

The background information page was designed to collection information similar to the initial
contractor survey. This page inquired about the respondent’ s name, position, firm name, state, size, and
whether afirm works in urban, suburban or rural areas, among other data points. The respondent’s
selections of work category(s) determined the work items avail able on the fuel consumption page.

The next page in the survey was the fuel consumption information page. Based on the work
category(s) selected, the respondent was able to supply fuel consumption information for particular work
items. Respondents were able to provide fuel consumption information on as many items as they wish.
Units of measure were fixed, although the respondent had the option to fill in an alternative unit of
measure. Exhibit 3-2 provides a screenshot of a portion of the fuel consumption information page of the
survey. The darker areas were locked and could not be altered. The lighter areas allowed the respondents
latitude in their responses. A “Notes’ column was present to the right of the “ Gallons of Fuel Use per
Unit” column.

Exhibit 3-2: Fuel Use Consumption Screenshot
Alternative Unit of Measure| Gallons of Fuel

Work Item Description| Unit of Measure (if different) Use per Unit
Clearing - heavy Acres
Clearing - medium Acres
Clearing - light Acres
Clearing Structure demolition Acres
Pipe removal Each
Pavement Removal Linear feet

Thefina page was the submission page. This page thanked the respondents for their time and
effort. It aso provided instructions for submitting the completed survey. Respondents were then asked to
save their completed survey and email it to an email address dedicated to this survey collection effort. The
project team was able to download survey responses from this email and organize them into amore
manageabl e Excel database.

Draft Survey Review and Approval

The project team submitted a draft of the Contractor Survey of Fuel Usage and an accompanying
memorandum to the NCHRP Project Officer on May 27, 2011. The Project Officer set the deadline for
comments as June 20, 2011. The panel provided two comments. In response to a comment regarding
bridge demolition work items, the study team renamed the bridge work category “Bridge Construction
and Demolition” and added two additional work items: complete structure demolition and deck removal.
The other comment was an inquiry of atechnical nature regarding how to properly use the survey tool,
which was resolved shortly thereafter.

ARTBA reviewed the survey, provided an email sharing approval, and offered to distribute the
final version to ARTBA members. An email sent to the project team dated June 20, 2011 read in part,

52



NCHRP 10-81: Fud Usage Factorsin Highway and Bridge Construction

“...1 think that looks good and we are happy to help out. Just let us know about distribution when the time
comes— | am happy to forward thisto our contractor members.”

AGC likewise reviewed the survey, provided an email indicating their support, and offered to
distribute the survey to AGC members. An email to the project team dated June 20, 2011 read in part,
“...1 think the survey is fine and will forward to our members when finalized.”

The study team also worked with NAPA and severa of their member contractors to improve the
survey form. Specifically, NAPA input led the study team to split the Asphalt work category into two
separate production and hauling/placing work categories. The study team also utilized NAPA members to
conduct atest of the survey.

As suggested by NAPA, the project team also contacted the American Concrete Pavement
Assaciation (ACPA). The ACPA signaled their support of the project effort and committed to distributing
the survey to ACPA members.

Initial Survey Dissemination

Thefina survey form was distributed through the Oman Systems contact database and the above
industry associations on July 11, 2011 with a deadline for submission of July 29, 2011. The study team
subsequently extended the submission deadline to August 15, 2011 in an effort to increase the number of
survey returns. Unfortunately, this effort resulted in only 16 survey returns.

In an effort to elicit a greater number of survey responses, the study team then acquired the
ARTBA officiad membership list on August 23, 2011. Thislist contains over 2,600 members. The project
team devoted significant staff resources to calling as many ARTBA members as practicable. Between
September 12, 2011 and September 30, 2011, calls to more than half of the ARTBA membership resulted
in eight additional survey returns. In total, the initial dissemination effort and subsequent phone drive
effort yielded atotal of only 24 survey returns.

Subsequent Effortsto Improve Response Rate

In afurther effort to increase survey participation, project staff consulted with officials from
NAPA. The project team and NAPA decided to test asimplified survey directed toward a single industry
segment employing SurveyMonkey. Both the project team and NAPA felt that an industry-specific survey
would remove the need for a more sophisticated design, such asin the Excel version of the survey, by
significantly limiting the number of work categories and items. The project team submitted an asphalt-
specific SurveyMonkey survey to NAPA on November 9, 2011. The NAPA survey was distributed on
November 15, 2011 and garnered 89 responses within three days of release and 151 responses by January
9, 2012.

With the encouraging results from the NAPA survey in mind, the project team reached out to
ARTBA, ACPA, and the National Ready Mixed Concrete Association (NRMCA) to inquireif they would
release similar SurveyMonkey surveys. While NRMCA did not believe that their members would respond
in large numbers, they did provide the project team with internally conducted survey data regarding
concrete hauling and delivery fuel use. Thisinformation contains responses from 84 concrete contractors.
ARTBA and ACPA committed to disseminating SurveyMonkey surveys. Like the Excel survey, the
ARTBA SurveyMonkey survey contained each work item. The work categories and items were listed
sequentialy. ARTBA and ACPA disseminated their versions of the survey on January 9, 2012 and
January 19, 2012 respectively.
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3.1.2 Respondent Company Information

A total of 186 contractors replied to the Excel and SurveyMonkey solicitations conducted
for this effort, in addition to the 84 NRMCA respondents. In addition to inquiring about their
task-specific fuel usage, these two survey forms also allowed respondents to provide information
about their companies. This section presents relevant company metrics, including region, size,
whether they are located in urban or rural locations, and methods of fuel use calculation.

The survey of fuel usage was advertised to contractors across the country. The
respondents hail from 37 states. When sorted by the U.S. Census Bureau' s official regional
designations, the group of respondents includes 75 contractors from the South, 62 from the
Midwest, 27 from the Northeast, and 22 from the West. Exhibit 3-3 displays regiona and sub-
regional locations of responding contractors.

Exhibit 3-3: Regional and Sub-regional L ocations of Contractors
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Participating firms vary widely in size from 50 or fewer employees to over 500. Exhibit
3-4 displays the number of employees for the responding firms. More than two thirds of
respondents report company sizes between 50 and 500 employees.
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Exhibit 3-4: Size of Responding Construction Firms
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The responding contractors perform work in avariety of terrain types. Exhibit 3-5
displays how many contractors perform in urban or rural areas, or both. Nearly half of the
respondents (83) perform work in suburban areas or amix of urban and rural environments.

Exhibit 3-5: Typical Project L ocations for Responding Contractor s
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Respondents also provided information on how they calculate fuel costs during the
estimation process. More than three quarters of the respondents (142 out of 186) calculate costs
using equipment-specific consumption rates. Exhibit 3-6 displays contractor methods for
calculating fuel costs.
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Exhibit 3-6: Contractor Methods for Calculating Fuel Costs
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3.1.3 Fuel Consumption Data Collected

This section presents an overview of the data collected from all of the survey efforts and survey
instruments. In total, respondents provided fuel consumption information for over 40 different activities.
As stipulated in the outreach efforts to highway construction contractors and organizations, this report
provides results as an average of the valid responses for each activity and does not provide information
reported by individual respondents.

The fuel consumption estimates represent the simple mean (average) of all of the responses that
met two criteria. The first criterion was that the respondent provided the estimate in either the default unit
suggested in the survey or an alternative unit that the project team could convert to the base unit with a
conversion factor. For example, for most activities, a subset of respondents reported results in terms of
gallons consumed per hour. Conversion of these estimatesto gallons per unit of work was not possible
without assuming a production rate.

The second criterion was that each individual response included in the estimate had to be within a
range that the engineering staff judged to be reasonable. In some instances, respondents provided
estimates that varied from the majority of estimates by afactor of ten or more. For example, one
respondent provided fuel consumption per unit estimates for the six types of milling that ranged from 8.8
to 9.5 times greater than the mean estimate for al the respondents. In each case, this respondent’s
estimate was at least 6.6 times higher than any other estimate. These out of range estimates were not
included in the calculation of mean values.

Exhibit 3-7 provides the summary of the mean quantities of fuel reported per unit of activity. The
first column of the exhibit describes the general category of work such as clearing, grading, milling, and
asphalt or concrete paving. The second column describes the specific item such as grading items that vary
according to on-road and off-road, short and long haul and soil type and milling items that vary according
to depth and haul length. The third column presents the mean estimate of gallons of fuel consumption
while the forth column lists unit of measurement, such as gallons per cubic yard. The final column
provides the number of observationsin the survey sample. In total, survey respondents provided over 500
individual fuel usage observations.
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Exhibit 3-7: Survey Based Estimates of M ean Quantities of Fuel per Unit of Activity

Gallons of Fuel Number of

Category Iltem Consumption Unit Observations

Clearing (all types) 183.333 Acre 10

Clearing Pipe Removal 1.750 L.F. 3

Pavement Removal 2.675 S.Y. 3

Off-Road Short (Dirt) 0.382 C.Y. 8

On-Road Short (Dirt) 0.306 C.Y. 7

Off-Road Long (Dirt) 0.305 C.Y. 9

On-Road Long (Dirt) 0.372 C.Y. 8

Off-Road Short (Rock) 0.352 C.Y. 9

. On-Road Short (Rock) 0.411 C.Y. 7
Grading

Off-Road Long (Rock) 0.440 C.Y. 8

On-Road Long (Rock) 0.492 C.Y. 7

Borrow (Rock) 0.690 C.Y. 5

Strip Topsoil (Dirt) 0.442 C.Y. 7

Respread Topsoil (Dirt) 0.418 C.Y. 7

Roadway Finishing (Dirt) 0.192 S.Y. 9

0-1" (0-5mile haul) 0.028 S.Y. 9

0-1" (6-15 mile haul) 0.036 S.Y. 9

Milling 0-1" (>15mile haul) 0.046 S.Y. 9

2-4" (0-5mile haul) 0.052 S.Y. 12

2-4" (6-15 mile haul) 0.074 S.Y. 9

2-4" (>15mile haul) 0.098 S.Y. 9

Small Pipe Crew 1.600 L.F. 5

Storm Pipe Medium Pipe Crew 2.332 L.F. 6

Large Pipe Crew 3.308 L.F. 5

Hot Mix Structural (Place and Compact) 0.970 Ton 27

Hot Mix Surface (Place and Compact) 0.989 Ton 25

Hot Mix Leveling (Place and Compact) 1.026 Ton 25

Warm Mix (Place and Compact) 0.772 Ton 20

Asphalt Hauling 0.375 Ton 16

Prime and Tack 0.094 Ton 17

Plant (Diesel) 1.984 Ton 14

Plant (Natural Gas - BTU) 268806.308 BTU 15

Plant (Support Equipment) 0.111 Ton 13

Concrete Paving 0.300 C.Y. 7

Concrete Paving Concrete Hauling 1.140 C.Y. 84

Concrete Hauling 2.900 | Vehicle Hour 63

Structural Concrete | Structural Concrete 6.530 C.Y. 10

Total Observations 516

Comparisons of fuel usage across activities were difficult as the units are not comparable. For
example, the estimate for clearing was 183.33 gallons per acre while the estimate for pipe removal was
1.75 gallons per linear foot. Since the two estimates were in different units (acres and linear feet), the
gallons of fuel use were not directly comparable and therefore the exhibit did not rate one as more fuel

intensive than the other.
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However, some comparisons within categories were possible and, in general, the observable
differences followed expected patterns. For example, grading in rocky conditionsis generaly more fuel
intensive than grading sandy or dirt soils. Milling to greater depths and using longer haulsis more fuel
intensive. Warm mix asphalt requires less fuel than hot mix. Therefore, one may conclude that the survey
results were internally consistent as fuel intensities, where comparable, followed expected patterns.

3.1.4 Conclusion

This chapter presents the efforts of the research team to engage the contracting
community and ascertain their fuel usage for highway and bridge construction activities. In total,
the research team invited over ten thousand contractors to participate. Further efforts to maximize
participation include collaborating with several contractor organizations, creating multiple
versions of the survey form, and directly calling over one thousand highway contractors. The
contractors that responded to these efforts specialize in heavy construction activities and
encompass awide variety of locations, working conditions, and firm sizes.

In studying the results of the results of the surveys it became clear to the team that certain types
of information are easier to collect that other types. The response rates for genera gquestions that can be
answered with little or no additional effort was very high. However, the more detailed questions that
required additional analysisresulted in alow response rate.

Based on the examination of the comments and discussions with sel ected respondents, the study
team concluded that the reason for lower than expected response rates on these questions generally related
to the type of data collected by the contractors. The survey questions were designed to capture “fuel use
per unit of work.” A large percentage of contractors collect internal data based on equipment usage
(gallons per hour) but they do no calculate or retain data based on units of work (per ton or per cubic
yard). This made it difficult for respondents to supply meaningful datato the more general question of
“fuel use per unit of work” since they look at each project (and tasks within each project) with the specific
set of requirements for that project.

The number of observations was sufficient to constitute a valid sample for most work
items. With the exception of severa outlying responses that would have skewed the cal cul ated
averages, the fuel usage estimates provided by the contracting community were within a
reasonable range of accuracy as determined by the research team’ s engineering experts. Results
within categories demonstrated consistency as well. The survey results provided utility
throughout the remainder of the project, especially as a means to complement and verify the
engineering results.
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3.2 Engineering Analysis of Fuel Usage

The abjective of the engineering analysis was to estimate the fuel usage of construction activities
using engineering cost estimating techniques. The results of this effort, in conjunction with the statistica
analysis and Contractor Fuel Usage Survey, allowed the project team to formulate new and updated fuel
usage factors.

Building on the results from the initial engineering analysis, which aimed to identify high fuel use
activities, the project team extended the analysis to calculate the fud use per unit for each work task.
Using the initial phase calculations as well as estimated quantities of work for atypical project, the
project team was able to estimate a fuel usage factor for each work task.

This report section is divided into six subsections. The first subsection describes the expert panel
used to develop data el ements throughout this effort. The second subsection describes the creation of the
list of typical construction equipment and the tabulation of equipment-specific fuel consumption rates.
The third subsection describes the creation of the list of construction tasks for which fuel use was
estimated. The fourth subsection describes the process of assigning equipment and crew production rates
for each work task. The fifth subsection describes the process of calculating per unit fuel usage rates and
presents the results. The sixth and final subsection provides conclusions and next steps.

3.2.1 The Expert Panel

Asintheinitial engineering analysis, the study team utilized an expert panel of four construction
engineers and estimators. Each panel member employed their industry expertise to compile alist of
construction activities, assign equipment and crews to work tasks, and cal culate production rates. Panel
members A, B and C each independently calculated fuel use per unit for each work task. Panel member D
acted as a mediator during this effort and investigated discrepancies, resolved differencesin calculations,
and compiled the results.

3.2.2 Equipment Fuel Use

Thefirst step in the data development process was the compilation of fuel use by equipment type.
For this step, the study team first created a general list of construction equipment commonly used in
highway construction. Key data sources for this effort include the 40™ edition of the Caterpillar
Performance Handbook, which estimates the performance of awide variety of construction equipment,
and historical contractor data. Fuel usage estimates for other equipment were developed using the expert
panel. The fuel consumption rates are listed in “gallons per hour” and are for “average” working
conditions. These values are derived from manufacturers operating handbooks for the major pieces of
equipment as well as estimator experience for the minor equipment.

The equipment list is based on typical construction practices. Thelist of equipment that is
available to a contractor can have an impact on the crew makeup, production rates, and the ultimate cost
of awork activity. The project team created alist of equipment that is generally used within the heavy
construction industry and avoided specialty equipment where possible. Exhibit 3-8 displays the item of
equipment, fuel type, and fuel consumption in gallons per hour, as well as the data source for eachitem’s
fuel consumption rates. In total, fuel consumption rates are provided for 122 different pieces of
equipment. The top fuel consumer is atwin scraper which consumes 41 gallons of diesel fuel per hour.
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Exhibit 3-8: Construction Equipment and Fuel Consumption Rates

Fuel Consumption

Equipment Description Fuel Type (GPH) Source
Dozer D-10 Diesel 23.0 A
Dozer D-10  STANDBY Diesel 0.0 A
Dozer D-3 Diesel 2.2 A
Dozer D-5 Diesel 4.0 A
Dozer D-6 Diesel 5.0 A
Dozer D-6 RENTAL Diesel 5.0 A
Dozer D-7 Diesel 9.0 A
Dozer D-8 Diesel 12.0 A
Dozer D-8 RENTAL Diesel 12.0 A
Dozer D-9 Diesel 16.0 A
Dozer D-9 RENTAL Diesel 16.0 A
Dozer D-9 Push Tractor Diesel 16.0 A
Excavator Cat 315 Diesel 5.0 A
Excavator Cat 324 Diesel 7.0 A
Excavator Cat 336 Diesel 11.0 A
Excavator Cat 345 Diesel 15.0 A
Excavator Cat 345 SPARE Diesel 0.0 A
Excavator R/T Cat 316 Diesel 5.0 A
Excavator W/ Hoeram Diesel 11.0 A
Excavator/Front Shovel Cat 5130 Diesel 40.0 A
Generator Cat 150 kw Diesel 6.0 A
Generator Cat 35 kw Diesel 3.0 A
Haul Truck Articulated 25 Ton Diesel 7.0 A
Haul Truck Articulated 30 Ton Diesel 8.0 A
Haul Truck Articulated 40 Ton Diesel 11.0 A
Haul Truck Rigid 100 Ton Diesel 23.0 A
Haul Truck Rigid 50 Ton Diesel 12.0 A
Haul Truck Rigid 70 Ton Diesel 16.0 A
Loader R/T 938 Diesel 4.0 A
Loader R/T Cat 914 Diesel 3.0 A
Loader R/T Cat 980 Diesel 8.0 A
Loader R/T Cat 992C Diesel 31.0 A
Loader R/T Cat 950 Diesel 4.0 A
Loader Skid/Steer Diesel 3.0 A
Loader Track Cat 953 Diesel 7.0 A
Loader Track Cat 973 Diesel 13.0 A
Loader Track Cat 973 RENTAL Diesel 13.0 A
Loader/Backhoe Cat 416 Diesel 3.0 A
Loader/Backhoe Cat 430 Diesel 5.0 A
Loader/Tool Carrier Cat IT38 Diesel 4.0 A
Motor Grader Cat 12 Diesel 6.0 A
Motor Grader Cat 14 w/GPS Diesel 9.0 A
Motor Grader Cat 16 Diesel 11.0 A
Roller 815 Soil Compactor Diesel 7.0 A
Roller Asphalt (Breakdown) Diesel 4.0 A
Roller Asphalt (Finish) Diesel 4.0 A
Roller Asphalt (Rubber Tire) Diesel 4.0 A
Roller Cat 825 Soil Compactor Diesel 10.5 A
Scraper (Twin) 627 Diesel 24.0 A
Scraper (Twin) 637 Diesel 30.0 A
Scraper (Twin) 657 Diesel 41.0 A
Scraper 613 Water Wagon Diesel 8.5 A
Scraper 621 Diesel 14.0 A
Scraper 621 RENTAL Diesel 14.0 A
Scraper 631 Diesel 18.0 A
Scraper 631 RENTAL Diesel 18.0 A
Generator Small Gas 0.5 B
9 Passenger Van Gas 2.0 B
Air Curtain Burner Diesel 3.0 B
Asphalt Plant Diesel 15.0 B
Base Stone Shoulder Spreader Diesel 5.0 B
Base Stone Spreader Box No Fuel 0.0 B
BlawKnox PF3200 Asphalt Paver Diesel 7.0 B
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Bridge Inspection Truck Diesel 1.0 B
Broom Diesel 3.0 B
Car Sedan Gas 2.0 B
Compressor 800 Diesel 6.0 B
Compressor 85-185 Diesel 1.5 B
Concrete Bridge Deck Finisher Diesel 2.0 B
Concrete Saw Gas 1.0 B
Concrete Slipform Paver Diesel 7.0 B
Crane 100 Ton Crawler Diesel 10.0 B
Crane 100 Ton Crawler RENTAL Diesel 5.0 B
Crane 12 ton Truck Diesel 3.0 B
Crane 15-18 Ton Hydraulic Diesel 3.0 B
Crane 25 Ton Crawler Diesel 35 B
Crane 30 ton Hydraulic Diesel 6.0 B
Crane 40 Ton Hydraulic Diesel 6.5 B
Crane 45 Ton Motor Diesel 5.0 B
Crane 50 Ton Crawler Diesel 5.0 B
Crane 50 Ton Hydraulic Diesel 7.0 B
Crane 75 Ton Crawler Diesel 8.0 B
Forklift Diesel 11 B
Gradall 880 Diesel 5.0 B
JLG 600S Manlift Diesel 1.0 B
Light Plant 6kw Gas 1.0 B
Pile Hammer (Diesel) Diesel 1.0 B
Pile Hammer, Sheet (Hydraulic) RENTAL No Fuel 0.0 B
Power Curber 5700B Diesel 4.0 B
Pump 10" Diesel 2.0 B
Pump 2" Gas 0.2 B
Pump 4" Gas 0.5 B
Pump 6" Diesel 15 B
RoadTec Shuttle Buggy Diesel 10.0 B
Roller IR SP54 Vib Diesel 6.5 B
Roller IR SP60 Vib Diesel 6.0 B
Roller Ram Max Trench Diesel 1.5 B
Roller Tampo 12 ton Vib Diesel 4.0 B
Roller Tampo 25-35 ton Diesel 3.0 B
Roller Vibrating Plate Compact Gas 0.2 B
Screening/Crushing Plant (Portable) Diesel 10.0 B
SUV 4X4 Gas 2.0 B
Track Drill ECM370 Diesel 4.5 B
Track Drill ECM590 (2006) Diesel 5.3 B
Track Drill ECM729 Diesel 6.5 B
Tractor with Bush Hog Diesel 2.0 B
Traffic Control Utility Trailer No Fuel 0.0 B
Trencher Vermeer T-555 Diesel 10.5 B
Truck 1/2 Ton Gas 2.0 B
Truck 1ton TxDiesel* 3.0 B
Truck 1ton Powder TxDiesel 3.0 B
Truck 2ton Flatbed TxDiesel 35 B
Truck 3/4 Ton TxDiesel 2.5 B
Truck 4x4 Utility Vehicle Gas 2.0 B
Truck Distributor TxDiesel 2.0 B
Truck Dump 14 CY TxDiesel 5.5 B
Truck Fuel TxDiesel 4.0 B
Truck Service/Mechanic TxDiesel 4.0 B
Truck Water TxDiesel 5.0 B
Truck Tractor & Lowboy Trailer TxDiesel 6.0 B
Volvo MT2000 Milling Machine Diesel 10.0 B
Welder 200 Amp Diesel 15 B

A: CAT Performance Handbook (Ed. 40)

B: Other (Historical Contractor Data)

*TxDiesel istaxed diesel fuel. Tax isapplied to construction equipment that travels on roads, primarily
dump trucks.
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3.2.3 Work Tasks

The four members of the expert panel worked collaboratively to compilelist of construction work
tasks. Thislist includes work tasks that would be common across geographic areas as well as topographic
conditions. Unlike the analysis of specific pay item datain previous efforts, this list contains specific
work tasks not always unique to a pay item; there may be multiple work tasks within asingle pay item on
aproject. For example, the excavation pay item on a project may include short and long haul dirt as well
asrock excavation and stripping topsoil. In other cases, work tasks may relate to many different pay
items. For example, there may be hundreds of pay itemsrelated to storm water structures, but only one
work task for these pay items. The difference between each storm water structure is mostly due to the
design of the structure and the materials used in its construction. Because this effort focused on the
equipment needed to accomplish the work task, the different material or structure design would not have
any effect on the fuel consumption. Exhibit 3-9 displays the 66 work tasks compiled by the project team
and the units used to measure the work tasks. Note that several additional work tasks were compiled
following an analysis of the statistical analysis and contractor survey. These additional items are
introduced and explained in Chapter 4. Nine distinct units are used to measure quantities.

Exhibit 3-9: Highway Construction Work Tasks

Task Description Unit
Base Stone Ton
Clearing - Light Acre
Clearing - Medium Acre
Clearing - Heavy Acre
Concrete Median Barrier L.F. (linear foot)
Concrete Pavement (</= 6" Thick) S.Y. (square yard)
Concrete Pavement (> 6" Thick) SY.
Curb & Gutter L.F.
Drainage Structures C.Y. (cubic yard)
Fence Gates Each
Fencing (Over 6' height) L.F.
Fencing (Up to 6" height) L.F.
Grading - Dirt - Off Road - Long Haul CY.
Grading - Dirt - Off Road - Short Haul C.Y.
Grading - Dirt - On Road - Long Haul CY.
Grading - Dirt - On Road - Short Haul C.Y.
Grading - Rock - Off Road - Long Haul CY.
Grading - Rock - Off Road - Short Haul C.Y.
Grading - Rock - On Road - Long Haul C.Y.
Grading - Rock - On Road - Short Haul CY.
Grassing (Hydro Seeding) Acre
Guardrail Posts Each
Hot Mix Asphalt - Leveling Course (0-5 Mile Haul) Ton
Hot Mix Asphalt - Leveling Course (5-15 Mile Haul) Ton
Hot Mix Asphalt - Leveling Course (Over 15 Mile Haul) Ton
Hot Mix Asphalt - Structural Course (0-5 Mile Haul) Ton
Hot Mix Asphalt - Structural Course (5-15 Mile Haul) Ton
Hot Mix Asphalt - Structural Course (Over 15 Mile Haul) Ton
Hot Mix Asphalt - Surface Course (0-5 Mile Haul) Ton
Hot Mix Asphalt - Surface Course (5-15 Mile Haul) Ton
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Hot Mix Asphalt - Surface Course (Over 15 Mile Haul) Ton
Intersection Signalization (2 Lane) Each
Intersection Signalization (4 Lane) Each
Large Pipe Crew (> 36" Pipe) L.F.
Medium Pipe Crew (> 18" to 36" Pipe) L.F.
Milling (<2") (0 - 5 Mile Haul) SY.
Milling (<2") (5 - 15 Mile Haul) SY.
Milling (<2") (Over 15 Mile Haul) SY.
Milling (2-4") (0 - 5 Mile Haul) SY.
Milling (2-4") (5 - 15 Mile Haul) SY.
Milling (2-4") (Over 15 Mile Haul) SY.
Pavement Removal — Asphalt CY.
Pavement Removal — Concrete C.Y.
Pipe Removal - All Sizes L.F.
Reinforcing Steel L.B. (pound)
Retaining Wall SF.
Roadbed Finishing SY.
Rock Drilling & Blasting (Only) (No Haul) C.Y.
Seedbed Preparation Acre
Sewer Line (Over 4' depth) L.F.
Sewer Line (Up to 4' depth) L.F.
Sidewal k L.F.
Skip Pavement Marking L.M. (linear meter)
Small Pipe Crew (</= 18" Pipe) L.F.
Solid Pavement Marking L.M.
Solid Sodding SY.
Steel Beams L.F.
Steel Guardrall L.F.
Strip Topsoil CY.
Structure Demolition Each
Substructure Concrete C.Y.
Super Structure Concrete CY.
Water Line (over 4' depth) L.F.
Water Line (up to 4' depth) L.F.
Water/Sewer Manholes Each
Wire/Cable Guardrail L.F.

3.24 Equipment and Production Rates

The panel of estimators then used their construction experience and expertise to create alist of
equipment needed to accomplish each work task. Because there are varying possible combinations of
equipment used and production rates, each member of the expert panel assembled a crew that they
believed would be the most efficient to accomplish the task based on the above equipment list.

Assigning production rates to each task can be a subjective exercise when dealing with non-
project specific, generic activities. Each panel member utilized their own experience to establish the
average production rates based on the equipment selected for the task. As with the development of fuel
consumption factors, the goal in this effort is to establish production rates for average conditions that
apply across many different project scenarios.
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The selected production rate used for each task is an average of the estimators’ evaluations. In
some cases there was some relatively large variance between the estimators' equipment choices and
selected production rates. Further consultation and discussion between the estimating panel and the
moderator (Reviewer D) resulted in modifications to equipment selections and production rates. Factors
that affected the different production rates and were considered in establishing the agreed production rates
were equipment type, average topography, hauling distances, soil conditions, and industry standards.

Listed below are the major categories of work items. A chapter subsection is dedicated to each of
these categories and includes a discussion of the project conditions and equipment as well asatable
listing the work task, required equipment, unit of measure, and production rate. The major categories of
work items are:

Clearing and Removal

Grading

Base Stone

Asphalt

Milling

Structures

Miscellaneous Concrete/ Concrete Pavement/Retaining Wall

Drainage Pipe and Structures/Water/Sewer

Specialty Items (Fencing/Guardrail/Landscaping/Pavement Marking/Signalization)

Clearing and Removal
Clearing and removal activities can vary widely from project to project. The general assumptions
to develop the equipment and production rates for these tasks relate to the density and type of materials to

be removed from the site. Exhibit 3-10 presents the selected work tasks, units of measure, production
rates and production rate units of measure for the clearing and removal work tasks.

Exhibit 3-10: Clearing and Removal Summary Table

Production | Production Rate
Work Task Unit of Measure Rate | Unit of Measure

Clearing — Light Acre 0.225 Acre/Hour
Truck 1/2 Ton (1)
Dozer D-5 (1)
Excavator Cat 336 (1)
Tub Grinder (1)
Clearing - Medium Acre 0.175 Acre/Hour
Truck 1/2 Ton (1)
Dozer D-6 (1)
Excavator Cat 336 (1)
Tub Grinder (1)
Clearing - Heavy Acre 0.15 Acre/Hour
Truck 1/2 Ton (1)
Dozer D-5 (1)
Dozer D-8 (1)
Excavator Cat 336 (1)
Tub Grinder (1)
Structure Demalition Each 1.00 Each/Hour
Truck 1/2 Ton (1)
Truck Dump 14 CY (3)
Loader R/T Cat 980 (1)
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Excavator Cat 336 (1)
Pipe Removal - All Sizes L.F. 24.00 L.F./Hour
Truck 1/2 Ton (1)
Truck Dump 14 CY (1)
Dozer D-3 (1)
Excavator Cat 336 (1)
Pavement Removal - Asphalt C.Y. 50.00 C.Y./Hour
Truck 1/2 Ton (1)
Truck Dump 14 CY (4)
Volvo Milling Machine (1)
Broom (1)
Pavement Removal - Concrete c.Y. 66.00 C.Y./Hour
Truck 1/2 Ton (1)
Truck Dump 14 CY (3)
Loader R/T Cat 950 (1)
Excavator W/ Hoeram (1)

Clearing (Light): would consist of areas that have only a minimal growth of trees and brush. This
would generally be related to projects that are widening or where existing roads are being reconstructed.
In addition, light clearing areas would contain little or no general clearing items such as fence rows or
other debris.

Clearing (Medium): would be in areas where the trees and brush are only moderately dense.
Example of these areas would bein residential areas where trees and open areas are mixed.

Clearing (Heavy): would consist of areasthat are densely populated with trees and brush and in
more virgin area projects where there are no current roads.

Removal Items: the largest cost related to most removal items relates to the distance required to
haul the debris. Removal items are not generally “production” type items and cycle times are not
calculated in the same way grading items are ca culated. The assumption isthat the crew will include
sufficient trucks to cycle within a 10 mile radius of the project site. Note also that the asphalt pavement
removal item is separate from the major work category milling that is described later in this section.

Structure Demolition: includes the demolition and removal of buildings, homes or small to
medium sized bridges. The range of possible time for removal and hauling of structuresis much wider
than most of the other itemsin the study.

Grading and Excavation

The largest on-site consumers of fuel on highway projects are the grading items. Theseitems are
also the most variable from project to project and even within a project. The equipment utilized to
perform the grading activities can also vary from contractor to contractor depending on the techniques
employed by the contractor and the equipment that is available. Exhibit 3-11 presents the selected work
tasks, units of measure, production rates and production rate units of measure for the grading work tasks.

The grading activities have been separated into tasks that would require different equipment and

production rates. Within a single project, one or more of these tasks may be used in the devel opment of
the excavation pay item.
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Based on each estimator’ s experience and background, they each devel oped different equipment
lists and productions rates to accomplish each task. The end result, however, was that the fuel
consumption rates for each activity was very consistent for each activity.

Exhibit 3-11: Grading and Excavation Summary Table
Production | Production Rate
Work Task Unit of Measure Rate | Unit of Measure
Grading - Dirt - Off Road - Short Haul C.Y. 215.32 C.Y./Hour
Truck 1/2 Ton (1)
Truck Water (0.5)
Dozer D-7 (1)
Haul Truck Articulated 25 Ton (2)
Excavator Cat 345 (1)
Motor Grader Cat 12 (0.5)
Roller 815 Soil Compactor (1)
Grading - Dirt - On Road - Short Haul C.Y. 233.38 C.Y./Hour
Truck 1/2 Ton (1)
Truck Dump 14 CY (6)
Truck Water (0.5)
Dozer D-8 (1)
Excavator Cat 345 (1)
Motor Grader Cat 12 (0.5)
Roller 815 Soil Compactor (1)
Grading - Dirt - Off Road - L ong Haul Cc.Y. 285.60 C.Y./Hour
Truck 1/2 Ton (1)
Truck Water (1)
Dozer D-8 (1)
Haul Truck Rigid 50 Ton (3)
Excavator Cat 345 (1)
Motor Grader Cat 16 (1)
Roller Cat 825 Soil Compactor (1)
Grading - Dirt - On Road - Long Haul Cc.Y. 233.38 C.Y./Hour
Truck 1/2 Ton (1)
Truck Dump 14 CY (18)
Truck Water (0.5)
Dozer D-8(2)
Excavator Cat 345 (1)
Motor Grader Cat 16 (1)
Roller 815 Soil Compactor (1)
Grading -Rock - Off Road - Short Haul CY. 215.32 C.Y./Hour
Truck 1/2 Ton (1)
Truck 1ton Powder (1)
Truck Water (0.5)
Dozer D-7 (1)
Haul Truck Articulated 25 Ton (3)
Loader R/T Cat 980 (1)
Motor Grader Cat 12 (1)
Track Drill ECM590 (2006) (1)
Grading - Rock - On Road - Short Haul C.Y. 140.00 C.Y./Hour
Truck 1/2 Ton (1)
Truck 1ton Powder (1)
Truck Dump 14 CY (4)
Truck Water (0.5)
Dozer D-7 (1)
Loader R/T Cat 980 (1)
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Motor Grader Cat 12 (1)
Track Drill ECM590 (2006) (1)
Grading - Rock - Off Road - Long Haul Cc.Y. 240.00 C.Y./Hour
Truck 1/2 Ton (1)
Truck 1ton Powder (1)
Truck Water (0.5)
Dozer D-7 (1)
Haul Truck Rigid 70 Ton (3)
Loader R/T Cat 980 (1)
Motor Grader Cat 12 (1)
Track Drill ECM590 (2006) (1)
Grading - Rock - On Road - Long Haul Cc.Y. 140.00 C.Y./Hour
Truck 1/2 Ton (1)
Truck 1ton Powder (1)
Truck Dump 14 CY (11)
Truck Water (0.5)
Dozer D-7 (1)
Loader R/T Cat 980 (1)
Motor Grader Cat 12 (1)
Track Drill ECM590 (2006) (1)
Rock Drilling & Blasting (Only) (No Haul) C.Y. 250.00 C.Y./Hour
Truck 1/2 Ton (1)
Truck 1ton Powder (1)
Loader/Backhoe Cat 416 (1)
Track Drill ECM590 (2006) (1)
Strip Topsoil Cc.Y. 120.00 C.Y./Hour
Truck 1/2 Ton (1)
Dozer D-5 (1)
Scraper 621 (1)
Roadbed Finishing SY. 400.00 S.Y./Hour
Truck 1/2 Ton (1)
Dozer D-5(1)
Scraper 621 (1)
Motor Grader Cat 14 w/GPS (1)

Base Stone

Unlike clearing and grading items, the base stone category will have a more standard crew. The
largest variable in the base stone task is the haul distance from the quarry to the project site which can
vary widely from project to project and state to state. In this study we have assumed a moderate haul
distance of 10 to 15 miles. The equipment used for placing and compacting the stone is much more
consistent from project to project. Exhibit 3-12 presents the sel ected work task, units of measure,
production rate and production rate unit of measure for the base stone work task.
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Exhibit 3-12: Base Stone Summary Table
Production | Production Rate

Work Task Unit of Measure Rate | Unit of Measure
Base Stone Ton 217.00 Ton/Hour
Truck 1/2 Ton (1)
Truck Dump 14 CY (10)
Truck Water (1)

Dozer D-5 w/Spreader Box (1)

Motor Grader Cat 14 w/GPS (1)

Roller Tampo 25-35ton (1)
Screening/Crushing Plant (Portable) (1)

Asphalt

The equipment list for the asphalt category isrelatively standard from contractor to contractor.
The specific types of pavers, rollers and other support equipment vary from contractor to contractor, but
the overall fuel consumption would not vary significantly. The two main variables in asphalt activities
relate to the project conditions and the haul distance from the plant to the project site. Exhibit 3-13

presents the selected work tasks, units of measure, production rates and production rate units of measure
for the asphalt work tasks.

Exhibit 3-13: Asphalt Summary Table

Unit of Production | Production Rate

Work Task M easure Rate | Unit of Measure

Hot Mix Asphalt - Structural Cour se (0-5 mile haul) Ton 200.06 Ton/Hour
Truck 1/2 Ton (1)

Truck Distributor (1)

Truck Dump 14 CY (6)

Truck Water (1)

Roller Asphalt (Breakdown) (1)
Roller Asphalt (Finish) (1)

Roller Asphalt (Rubber Tire) (1)
BlawKnox PF3200 Asphalt Paver (1)
RoadTec Shuttle Buggy (1)

Asphalt Plant (1)

Hot Mix Asphalt - Surface Course (0-5 mile haul) Ton 150.00 Ton/Hour

Truck 1/2 Ton (1)

Truck Distributor (1)

Truck Dump 14 CY (6)

Truck Water (1)

Roller Asphalt (Breakdown) (1)
Roller Asphalt (Finish) (1)

Roller Asphalt (Rubber Tire) (1)
BlawKnox PF3200 Asphalt Paver (1)
RoadTec Shuttle Buggy (1)

Asphalt Plant (1)

Hot Mix Asphalt - Leveling Course (0-5 mile haul) Ton 130.00 Ton/Hour

Truck 1/2 Ton (1)

Truck Distributor (1)

Truck Dump 14 CY (6)
Truck Water (1)

Roller Asphalt (Breakdown) (1)
Roller Asphalt (Finish) (1)

Roller Asphalt (Rubber Tire) (1)
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BlawKnox PF3200 Asphalt Paver (1)
RoadTec Shuttle Buggy (1)
Asphalt Plant (1)
Hot Mix Asphalt - Structural Course (5-15 mile haul) Ton 200.00 Ton/Hour
Truck 1/2 Ton (1)
Truck Distributor (1)
Truck Dump 14 CY (11)
Truck Water (1)
Roller Asphalt (Breakdown) (1)
Roller Asphalt (Finish) (1)
Roller Asphalt (Rubber Tire) (1)
BlawKnox PF3200 Asphalt Paver (1)
RoadTec Shuttle Buggy (1)
Asphalt Plant (1)
Hot Mix Asphalt - Surface Course (5-15 mile Haul) Ton 150.00 Ton/Hour
Truck 1/2 Ton (1)
Truck Distributor (1)
Truck Dump 14 CY (8)
Truck Water (1)
Roller Asphalt (Breakdown) (1)
Roller Asphalt (Finish) (1)
Roller Asphalt (Rubber Tire) (1)
BlawKnox PF3200 Asphalt Paver (1)
RoadTec Shuttle Buggy (1)
Asphalt Plant (1)
Hot Mix Asphalt - Leveling Course (5-15 mile Haul) Ton 130.00 Ton/Hour
Truck 1/2 Ton (1)
Truck Distributor (1)
Truck Dump 14 CY (8)
Truck Water (1)
Roller Asphalt (Breakdown) (1)
Roller Asphalt (Finish) (1)
Roller Asphalt (Rubber Tire) (1)
BlawKnox PF3200 Asphalt Paver (1)
RoadTec Shuttle Buggy (1)
Asphalt Plant (1)
Hot Mix Asphalt - Structural Course (Over 15 mile) Ton 200.00 Ton/Hour
Truck 1/2 Ton (1)
Truck Distributor (1)
Truck Dump 14 CY (12)
Truck Water (1)
Roller Asphalt (Breakdown) (1)
Roller Asphalt (Finish) (1)
Roller Asphalt (Rubber Tire) (1)
BlawKnox PF3200 Asphalt Paver (1)
RoadTec Shuttle Buggy (1)
Asphalt Plant (1)
Hot Mix Asphalt - Surface Course (Over 15 mile) Ton 150.00 Ton/Hour
Truck 1/2 Ton (1)
Truck Distributor (1)
Truck Dump 14 CY (12)
Truck Water (1)
Roller Asphalt (Breakdown) (1)
Roller Asphalt (Finish) (1)
Roller Asphalt (Rubber Tire) (1)
BlawKnox PF3200 Asphalt Paver (1)
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RoadTec Shuttle Buggy (1)
Asphalt Plant (1)

Hot Mix Asphalt - Leveling Cour se (Over 15 mile) Ton 130.00 Ton/Hour
Truck 1/2 Ton (1)
Truck Distributor (1)
Truck Dump 14 CY (7)
Truck Water (1)
Roller Asphalt (Breakdown) (1)
Roller Asphalt (Finish) (1)
Roller Asphalt (Rubber Tire) (1)
BlawKnox PF3200 Asphalt Paver (1)
RoadTec Shuttle Buggy (1)
Asphalt Plant (1)

The primary project conditions that can affect production rates for lay down operations are traffic
conditions, pavement depth, pavement width, lengths of runs. In this exercise the project team assumed
“general” conditions for each of these factors. Projects with long uninterrupted runs will exceed the listed
production rates and projects with high traffic interference and many intersections will fall short of the
listed production rates.

The most variable cost of asphalt operationsisthe haul distance from the plant to the project. In
order to minimize this effect on the fuel use, the project team broke down each of the three main asphalt
activities (structural, surface and leveling courses) into three haul distance ranges. Each of the three haul
distances (0-5 miles, 5-15 miles, and over 15 miles) increases the number of trucks required to service the
lay down crew and increases the amount of fuel consumed.

Leveling course asphalt has the lowest production rate of the three types of asphalt operations.
Thistask typically involves smaller quantities and larger areas, resulting in slower lay down operations.
Structural course asphalt has the highest production rate and is typically completed with larger quantities
and thicker courses than the other mixes. Surface course asphalt requires more attention to the finished
surface and istypically done with thinner courses (1"-2") and consequently is slower to place than
structural courses.

Milling

The milling category will have the most standardized crew among the work categories examined.
Although there are different sizes of milling machines and the production rates can vary based on the
material being milled, all the equipment lists and production rates were similar across al estimators. The
largest variable in calculating the production rate for amilling item is the haul distance from the project
site to the disposal site. As mentioned previously, these distances can vary dramatically from project to
project and state to state. In this study we have assumed a moderate haul distance of 10 to 15 miles. The
equipment used for milling and hauling is consistent from project to project. Other factors that affect the
production rates for milling activities rel ate to specific project conditions related to length of runs, number
of turnouts, width of pavement and traffic conditions. This exercise assumed an average of all these
factors. Exhibit 3-14 presents the selected work tasks, units of measure, production rates and production
rate units of measure for the milling work tasks.
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Exhibit 3-14: Milling Summary Table

Work Task

Unit of Measure

Production
Rate

Production Rate
Unit of Measure

Milling (<2") (0- 5Mile Haul)
Truck 1/2 Ton (1)
Truck Dump 14 CY (3)
Truck Water (1)
Dozer D-5(1)
Volvo MT2000 Milling Machine (1)
Broom (1)

Milling (<2") (5- 15 Mile Haul)
Truck 1/2 Ton (1)
Truck Dump 14 CY (4)
Truck Water (1)
Dozer D-5(1)
Volvo MT2000 Milling Machine (1)
Broom (1)

Milling (<2") (Over 15 Mile Haul)
Truck 1/2 Ton (1)
Truck Dump 14 CY (7)
Truck Water (1)
Dozer D-5(1)
Volvo MT2000 Milling Machine (1)
Broom (1)

Milling (2-4") (0-5Mile Haul)
Truck 1/2 Ton (1)
Truck Dump 14 CY (3)
Truck Water (1)
Dozer D-5(1)
Volvo MT2000 Milling Machine (1)
Broom (1)

Milling (2-4") (5 - 15 Mile Haul)
Truck 1/2 Ton (1)
Truck Dump 14 CY (11)
Truck Water (1)
Dozer D-5(1)
Volvo MT2000 Milling Machine (1)
Broom (1)

Milling (2-4")(Over 15 MileHaul)
Truck 1/2 Ton (1)
Truck Dump 14 CY (20)
Truck Water (1)
Dozer D-5(1)
Volvo MT2000 Milling Machine (1)
Broom (1)

SY.

SY.

SY.

SY.

SY.

SY.

6,250.00

6,250.00

6,250.00

6,250.00

6,250.00

6,250.00

S.Y./Hour

S.Y./Hour

S.Y./Hour

S.Y./Hour

S.Y./Hour

S.Y./Hour
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Structures

Activities related to structures vary widely from project to project and state to state. The project
team identified four main activities that are common to many structures. The estimating panel then
identified the equipment needed to perform each activity. The equipment lists were fairly consistent
among the estimators. The largest difference in equipment is the size of the crane that each estimator used
in the calculation. Thereisaso alarge variance in the cranes that would be used by different contractors.

The largest variance in the estimates is the production rates for each item. Thisis consistent with
the idea that each structure on each project would aso be unique to that project. There are many factors
that can have an impact on the productivity for each of these work items. These factors include location,
size, design, height, width, span, and type. The production rates used are al so average productivity across
the duration of the task. The concrete structure items are based on the cubic yards of concrete poured.
Although the actual pouring of the concrete takes place relatively quickly, the production rate accounts
for the preparation, forming, pouring, wrecking and finishing of the concrete. Exhibit 3-15 presentsthe
work tasks, units of measure, production rates and production rate units of measure for the structures
work tasks.

Exhibit 3-15: Structures Summary Table
Production Production Rate
Work Task Unit of Measure Rate Unit of Measure
Substructure Concrete c.Y. 10.00 C.Y./Hour
Truck 1/2 Ton (1)
Ready-Mix Truck (6)
Loader/Backhoe Cat 430 (1)
Excavator R/T Cat 316 (1)
Crane 100 Ton Crawler (1)
Pump 4 (1)"
Generator Small (1)
Superstructure Concr ete C.Y. 10.00 C.Y./Hour
Truck 1/2 Ton (1)
Ready-Mix Truck (5)
Loader/Backhoe Cat 416 (1)
Crane 100 Ton Crawler (1)
Compressor 85-185 (1)
Generator Small (1)
Concrete Bridge Deck Finisher (1)
Reinforcing Steel L.B. 2,000.00 L.B./Hour
Truck 1/2 Ton (1)
Crane 30 ton Hydraulic (1)
Steel Beams L.F. 100.00 L.F./Hour
Truck 1/2 Ton (1)
TruckTractor & Lowboy Trailer (1)
Crane 100 Ton Crawler (1)

Miscellaneous Concr ete/Concr ete Pavement/Retaining Wall

The items that make up thiswork category are relatively standard and the estimators were in
general agreement on the necessary equipment and production rates for this section. Although concrete
curb specifications can vary from state to state, the equi pment required and production rates are relatively
consistent. Another factor that can have an impact on the equipment used, as well as the production rate,
isthe ability to use a machine to dlip-form the item. Some proj ects can have unique circumstances that
require hand forming and pouring of the concrete instead of using a paver. This exercise assumed the use
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of paversto perform the majority of the work. Exhibit 3-16 presents the selected work tasks, units of
measure, production rates and production rate units of measure for the miscellaneous concrete, concrete
paving and retaining wall work tasks.

Exhibit 3-16: Miscellaneous Concr ete/Concr ete Pavement/Retaining Wall Summary Table
Production Production Rate
Work Task Unit of Measure Rate Unit of Measure
Concrete Pavement (</= 6 Thick) SY. 60.00 S.Y./Hour
Truck 1/2 Ton (1)
Ready-Mix Truck (6)
Loader/Backhoe Cat 416 (1)
Concrete Slipform Paver (1)
Concrete Pavement (>6 Thick) SY. 45.00 S.Y./Hour
Truck 1/2 Ton (1)
Ready-Mix Truck (6)
Loader/Backhoe Cat 416 (1)
Concrete Slipform Paver (1)
Curb & Gutter L.F. 100.00 L.F./Hour
Truck 1/2 Ton (1)
Ready-Mix Truck (1)
Loader Skid Steer (1)
Gomaco Commander GT3200 Curber (1)
Concrete Median Barrier L.F. 70.80 L.F./Hour
Truck 1/2 Ton (1)
Ready-Mix Truck (6)
Loader Skid Steer (1)
Power Curber 5700B (1)
Sidewalk L.F. 100.00 L.F./Hour
Truck 1/2 Ton (1)
Ready-Mix Truck (6)
Loader Skid Steer (1)
Power Curber 5700B (1)
Retaining Wall SF. 24.00 S.F./Hour
Truck 1/2 Ton (1)
Ready-Mix Truck (1)
Loader Backhoe Cat 430 (1)
Crane 30 ton Hydraulic (1)

Storm Drainage/Water/Sewer

Pipe crews are generaly consistent from project to project and generally vary by pipe size and
depth. The estimating panel produced generally consistent equipment lists and production rates. This
exercise assumed standard open conditions with standard specification depths for pipe. These production
rates would not be for urban areas where site conditions limit the work area and for unusual depth
requirements. Exhibit 3-17 presents the selected work tasks, units of measure, production rates and
production rate units of measure for the storm drainage, water and sewer work tasks.
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Exhibit 3-17: Storm Drainage/Water/Sewer Summary Table

Work Task

Unit of Measure

Production
Rate

Production Rate
Unit of Measure

Small Pipe Crew (</= 18" Pipe)

Truck 1/2 Ton (1)

Dozer D-3(1)

Loader R/T 938 (1)

Excavator Cat 336 (1)

Roller Vibrating Plate Compact (1)

Roller Ram Max Trench (1)
Medium Pipe Crew (>18" to 36" Pipe)

Truck 1/2 Ton (1)

Dozer D-3(1)

Loader R/T 938 (1)

Excavator Cat 336 (1)

Roller Vibrating Plate Compact (1)

Roller Ram Max Trench (1)
Large Pipe Crew (> 36" Pipe)

Truck 1/2 Ton (1)

Dozer D-6 (1)

Loader R/T 938 (1)

Excavator Cat 345 (1)

Roller 815 Soil Compactor

Roller Vibrating Plate Compact (1)

Roller Ram Max Trench (1)
Drainage Structures

Truck 1/2 Ton (1)

Truck 2 Ton Flatbed (1)

Ready Mix Truck (0.1)

Loader/Backhoe Cat 416 (1)

Excavator Cat 324 (1)

Roller Ram Max Trench (1)
Water Line (up to 4' depth)

Truck 1/2 Ton (1)

Dozer D-3(1)

Loader R/T 938 (1)

Excavator Cat 336 (1)

Roller Vibrating Plate Compact (1)

Roller Ram Max Trench

Roller Ram Max Trench (1)
Water Line (over 4' depth)

Truck 1/2 Ton (1)

Dozer D-3(1)

Loader R/T 938 (1)

Excavator Cat 336 (1)

Roller Vibrating Plate Compact (1)

Roller Ram Max Trench (1)
Sewer Line (up to 4' depth)

Truck 1/2 Ton (1)

Dozer D-3(1)

Loader R/T 938 (1)

Excavator Cat 336 (1)

Roller Vibrating Plate Compact (1)

Roller Ram Max Trench (1)
Sewer Line (Over 4' depth)

Truck 1/2 Ton (1)

L.F.

L.F.

L.F.

Each

L.F.

L.F.

L.F.

L.F.

24.00

16.00

8.00

2.00

20.00

10.00

20.00

10.00

L.F./Hour

L.F./Hour

L.F./Hour

Each/Hour

L.F./Hour

L.F./Hour

L.F./Hour

L.F./Hour
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Dozer D-3(1)
Loader R/T 938 (1)
Excavator Cat 336 (1)
Roller Vibrating Plate Compact (1)
Roller Ram Max Trench (1)
Water/Sewer M anholes Each 2.00 Each/Hour
Truck 1/2 Ton (1)
Truck 2ton Flatbed (1)
Loader/Backhoe Cat 416 (1)
Roller Ram Max Trench

Specialty Items

The equipment lists for most of the specialty items are much shorter than for many of the
previousitems. Labor and material costs make up a much larger percentage of the cost for these items. In
addition, most of these items are performed by companies that specialize in the items listed and are not
performed by the average highway contractor. Although the equipment lists are generally used, the
production rates for many of these items can vary for each subcontractor depending on a number of
project specific factors. For example, signalization installations can vary from one intersection to the next
within the same project. The estimating team relied on information from specialty subcontractors for
much of the information in this section. Exhibit 3-18 presents the selected work tasks, units of measure,
production rates and production rate units of measure for the specialty item work tasks.

Exhibit 3-18: Specialty Items Summary Table
Production Production Rate
Work Task Unit of Measure Rate Unit of Measure
Fencing (up to 6' height) L.F. 200.00 L.F./Hour
Truck 1/2 Ton (1)
Truck 2 Ton Flathbed (1)
Loader Skid/Steer (1)

Fencing (over 6' height) L.F. 200.00 L.F./Hour
Truck 1/2 Ton (1)
Truck 2 Ton Flatbed (1)
Loader Skid/Steer (1)

Fence Gates Each 2.00 Each/Hour
Truck 1/2 Ton (1)
Truck 2 Ton Flathbed (1)
Loader Skid/Steer (1)

Steel Guardrail L.F. 300.00 L.F./Hour
Truck 1/2 Ton (1)
Truck 2 Ton Flatbed (1)
Truck Guardrail Install (1)
Generator Small (1)

Wire/Cable Guardrail L.F. 100.00 L.F./Hour
Truck 1/2 Ton (1)
Truck 2 Ton Flathed (1)
Truck Guardrail Install (1)

Guardrail Posts Each 25.00 Each/Hour
Truck 1/2 Ton (1)
Truck 2 ton Flatbed (1)
Guardrail Install Truck (1)

Solid Sodding SY. 500.00 S.Y./Hour
Truck 1/2 Ton (1)
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Truck 2 Ton Flathed (1)
Loader Skid/Steer (1)

Hydro Seeding Acre 3.00 Acre/Hour
Truck 1/2 Ton (1)
Truck 2 Ton Flatbed (1)
Truck Hydroseeder (1)

Seedbed Preparation Acre 0.50 Acre/Hour
Truck 1/2 Ton (1)
Tractor w/Disk (1)

Solid Pavement M arking L.M. 2.00 L.M./Hour
Truck 1/2 Ton (2)
Truck, Thermoplastic Paint (1)

Skip Pavement M arking L.M. 2.00 L.M./Hour
Truck 1/2 Ton (2)
Truck, Thermoplastic Paint (1)

I nter section Signalization (2 Lane) Each 0.50 Each/Hour
Truck 1/2 Ton (1)
Truck 2ton Flatbed (1)
Crane 12 ton Truck (1)

I nter section Signalization (4 Lane) Each 0.25 Each/Hour
Truck 1/2 Ton (1)
Truck 2 Ton Flathbed (1)
Crane 12 ton Truck (1)

3.2.5 Calculation of Per Unit Fude Use

Thelast step in this process was the calculation of the “Fuel Use Factor” for each task. Each
estimator created an estimated task quantity for each task. For example, aquantity of 1,000 L.F. of pipe
was assigned for each of the pipe items. Using an estimated quantity for each crew, atotal time for
completing the task was established. Total fuel consumption was then cal culated by factoring in the total
time for the crew and the required equipment for each crew. Creating a sample quantity for each task
eliminated rounding errors that occur when entering the calculations for large production rates. In
addition, using larger quantities allows the estimator to better visualize the results. Exhibit 3-19 displays a
sample computation for a small pipe crew.

Exhibit 3-19: Sample Computation for Small Pipe Crew

Estimated Quantity: 1,000 L.F.
Estimated Production Rate: 24 L.F./Hour
Estimated Crew Time: 41.67 Hours (1,000 L.F./24 L.F./Hour)
Equipment Fuel:
Truck ¥2Ton 41.67 x 2.0 Gallonsg/Hour = 83.34
Dozer D-3 41.67 x 2.2 Gallonsg/Hour = 91.67
Loader R/T 938 41.67 x 4.0 Gallonsg/Hour = 166.68
Excavator Cat 336 41.67 x 11.0 Gallong/Hour = 458.37
Roller Vibrating Plate 41.67 x 0.2 Gallonsg/Hour = 8.34
Roller Ram Max Trench 41.67 x 0.5 Gallons/Hour = 20.84
Total Fuel Consumption: 829.24 Gallons
Fuel Use Factor: 829.24 Gallong 1,000 L.F. = 0.829 Gallong/L .F.
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Exhibits 3-20 through 3-28 display the final per unit fuel use for the selected work tasks. The
results are presented by category in order to group similar tasks.

Under the clearing and removal category, the heavy clearing work task uses more fuel than light
and medium clearing. Asphalt pavement removal (1.397 gallons per cubic yard) is nearly three times
more fuel intense than concrete pavement removal (0.562 gallons per cubic yard). Exhibit 3-20 displays
fuel use per unit amongst the clearing and removal work tasks.

Exhibit 3-20: Clearing and Removal Fuel Use per Unit

Task Description | Fuel Use Per Unit | Units
Clearing - Light 128.876 Gallong/Acre
Clearing - Medium 171.459 GallongAcre
Clearing - Heavy 273.347 GallongAcre
Pavement Removal - Asphalt 1.397 Galong/C.Y.
Pavement Removal - Concrete 0.562 Gadlong/C.Y.
Pipe Removal - All Sizes 0.863 Gallong/L.F.
Structure Demolition (House/Building) 375.000 GallongEach
Structure (Bridge per S.F. of Deck) 0.626 Gallong/S.F.

Exhibit 3-21 displays the fuel use per unit for the grading work tasks. The work tasks within dirt
and rock do not demonstrably differ in fuel intensity, with the one exception of the work task involving
dirt and rock with a short on-road haul. Rock takes longer to load and the loading operation will be a
larger percentage of the cost with shorter hauls.

Exhibit 3-21: Grading Fuel Use per Unit

Task Description | Fuel Use Per Unit | Units
Grading - Dirt - Off Road - Long Haul 0.320 Galong/C.Y.
Grading - Dirt - Off Road - Short Haul 0.263 Galong/C.Y.
Grading - Dirt - On Road - Long Haul 0.687 Galong/C.Y.
Grading - Dirt - On Road - Short Haul 0.319 Galong/C.Y.
Grading - Rock - Off Road - Long Haul 0.349 Galong/C.Y.
Grading - Rock - Off Road - Short Haul 0.258 Galong/C.Y.
Grading - Rock - On Road - Long Haul 0.687 Galong/C.Y.
Grading - Rock - On Road - Short Haul 0.412 Galong/C.Y.
Roadbed Finishing 0.073 GalongS.Y.
Rock Drilling & Blasting (Only) (No Haul) 0.053 Galong/C.Y.

Exhibit 3-22 displays the fuel use per unit for the base stone work task. Thisis the only work task
under the base stone category. The base stone task is estimated to use 0.406 gallons of fud per ton of base
stone.

Exhibit 3-22: Base Stone Fudl Use per Unit
Task Description | Fuel Use Per Unit | Units
Base Stone 0.406 Gallons/Ton

Exhibit 3-23 displays the fuel use per unit for the work tasks under the asphalt category. The
leveling course work tasks have the highest average fuel use per unit and the over 15 mile leveling course
is the most fuel-intensive work task.
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Exhibit 3-23: Asphalt Fuel Use per Unit

Task Description | Fuel Use Per Unit | Units
Hot Mix Asphalt - Leveling Course (0-5 mile haul) 0.892 GallongTon
Hot Mix Asphalt - Leveling Course (5-15 mile Haul) 0.977 GallongTon
Hot Mix Asphalt - Leveling Course (Over 15 mile Haul) 1.061 GallongTon
Hot Mix Asphalt - Structural Course (0-5 mile haul) 0.580 GallongTon
Hot Mix Asphalt - Structural Course (5-15 mile haul) 0.718 GalongTon
Hot Mix Asphalt - Structural Course (Over 15 mile Haul) 0.745 GalongTon
Hot Mix Asphalt - Surface Course (0-5 mile haul) 0.770 GallongTon
Hot Mix Asphalt - Surface Course (5-15 mile Haul) 0.847 GalongTon
Hot Mix Asphalt - Surface Course (Over 15 mile Haul) 0.994 GallongTon

Exhibit 3-24 displays the fuel use per unit for the work tasks under the milling category. The 2-4
inch milling tasks have higher fuel use than the corresponding 0-1 inch tasks, and the difference is
exacerbated as hauling distances increase.

Exhibit 3-24. Milling Fuel Use per Unit

Task Description | Fuel Use Per Unit | Units
Milling (<2") (0 - 5 Mile Haul) 0.010 GalongdS.Y.
Milling (<2") (5 - 15 Mile Haul) 0.011 GalongdSyY.
Milling (<2") (Over 15 Mile Haul) 0.014 Gdlong/S.Y.
Milling (2-4") (0 - 5 Mile Haul) 0.013 GallongS.Y.
Milling (2-4") (5 - 15 Mile Haul) 0.018 GallongS.Y.
Milling (2-4") (Over 15 Mile Haul) 0.025 GalongS.Y.

Exhibit 3-25 displays the fuel use per unit for the structure work tasks. Substructure concrete and
superstructure concrete are particularly fuel intensive tasks, requiring 4.70 and 4.15 gallons per cubic yard

respectively.

Exhibit 3-25: Structures Fuel Use per Unit

Fuel Use Per
Task Description Unit Units
Reinforcing Steel 0.004 Galong/L.B.
Steel Beams 0.180 Gdlong/L.F.
Substructure Concrete 4.700 Gadlong/C.Y.
Superstructure Concrete 4.150 Galong/C.Y.

Exhibit 3-26 displays the fuel use per unit for the miscellaneous concrete, concrete paving and
retaining wall work tasks. Heavy fuel usage tasks include concrete median barrier (0.508 gallons of fuel
per linear foot), concrete pavement more than six inches thick (0.867 gallons per square yard) and
retaining wall (0.646 gallons per square foot).

Exhibit 3-26: Miscellaneous Concr ete/Concr ete Paving/Retaining Wall Fuel Use per Unit

Task Description | Fuel Use Per Unit | Units
Concrete Median Barrier 0.508 Gallong/L.F.
Concrete Pavement (</= 6 Thick) 0.650 GalongS.Y.
Concrete Pavement (>6 Thick) 0.867 Galong/S.Y.
Curb & Gutter 0.152 Galong/L.F.
Retaining Wall 0.729 Gallong/S.F.
Sidewalk 0.360 Gallong/S.F.

Exhibit 3-27 displays the fuel use per unit for the storm drainage, water and sewer work tasks.
Fuel useincreases depending on pipe size and sewer and water line depth. Drainage for structures
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requires the most fuel per unit at 8.725 gallons of fud per cubic yard. Large pipe requires three times as
much fuel per linear foot than medium pipe.

Exhibit 3-27: Storm Drainage/W ater/Sewer Fuel Use per Unit

Task Description | Fuel Use Per Unit | Units
Drainage Structures 8.725 Galong/C.Y.
Large Pipe Crew (> 36" Pipe) 4.338 Gallons/L.F.
Medium Pipe Crew (>18" to 36" Pipe) 1.481 Gallons/L.F.
Sewer Line (Over 4' depth) 2.090 Galong/L.F.
Sewer Line (up to 4' depth) 1.045 Galong/L.F.
Small Pipe Crew (</= 18" Pipe) 0.829 Gallong/L.F.
Water Line (over 4' depth) 2.090 Gallong/L.F.
Water Line (up to 4' depth) 1.045 Gallong/L.F.
Water/Sewer Manholes 5.000 Gallons/Each

Exhibit 3-28 displays the fuel use per unit for speciaty items that do not belong to the above
work categories. Some heavy fuel use work tasks include skip and solid pavement marking at 4.5 gallons
per linear meter each. An average four lane intersection signalization would require 340 gallons of fuel.

Exhibit 3-28: Specialty Items Fuel Use per Unit

Task Description | Fuel Use Per Unit | Units
Fence Gates 4.250 Gallons/Each
Fencing (over 6' height) 0.043 Gallong/L.F.
Fencing (up to 6' height) 0.043 Gallong/L.F.
Grassing (Hydro Seeding) 3.497 Gallong/Acre
Guardrail Posts 0.042 GallongEach
Intersection Signalization (2 Lane) 170.000 GallongEach
Intersection Signalization (4 Lane) 340.000 GallongEach
Seedbed Preparation 10.000 GallongAcre
Skip Pavement Marking 4.500 GallongL.M.
Solid Pavement Marking 4.500 GallongL.M.
Solid Sodding 0.017 GalongS.Y.
Steel Guardrail 0.037 Gallong/L.F.
Strip Topsoil 0.167 Galong/C.Y.
Wire/Cable Guardrail 0.105 Gallong/L.F.

3.2.6 Conclusion

The professional engineering estimation described in this chapter was one of three methodol ogies
considered in the effort to tabulate new and updated fuel usage factors. The fuel use calculations, arrived
at through a consensus-building process amongst the expert engineering pand, provide accurate average
fuel use specifications for avariety of work tasks prevalent in the highway construction industry. While
any given estimator might choose approaches and equipment that differ dlightly from those presented, the
fuel use calculations enumerated above represent realistic baseline numbers for a detailed set of average
work tasks.
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3.3 Statistical Analysisof Fuel Usage

The objective of the BidTabs statistical analysis was to estimate the fuel usage of construction
activities using a statistical model that incorporates changing fuel prices and bid prices. Thisincluded
specification of the model, testing of different combinations and forms of the variables, exploration of
lagged variables, evaluation of residuals and error terms and exploration of different combinations of pay
items both within and across states.

There are six subsectionsin this chapter section. The first subsection discusses the devel opment
of a database of unit pricesfor pay items and BidTabs over time. The second subsection introduces the
KLEEM model, which is used to determine the fuel usage of construction activities. The third subsection
provides an example of a one-variable application of the KLEEM model. The fourth subsection discusses
the devel opment of the variables used in the model estimation. The fifth subsection presents the results of
the two-variable KLEEM model. The sixth subsection provides conclusions and next steps.

3.3.1 Development of the Database

The goal of this effort is to determine the fuel usage from construction activitiesin order to
develop updated fuel usage factors. For this purpose, the project methodology included a statistical
analysis of state highway construction bid data. The first step in the methodology was to tabulate unit
pricesfor pay items over time. This required the development of a database of unit costs.

The origina methodology envisioned that the database would contain prices over three to five
years. The study team selected a start date of 1/1/2006 and a database containing five years of data.
Exhibit 3-29 provides a summary of the number of pay items and the number of bids that were in the
database for the selected period. In total, 363,137 separate pay items are available in the Oman Systems
BidTabs database. For these pay items, there were more than 4.1 million low bids. Note that low bids are
the unit price bid for the item in the winning low bid as opposed to the lowest bid for that item.

Exhibit 3-29: Number of Pay Itemsand Bid L ettings from 1/1/2006 to 12/31/2010 (5 years)

Options Number of Pay Items | Number of Recor ds (bids)
Low Bids Only 363,137 4,127,808
Also Exclude Non-Standard Pay Items 185,846 3,774,921
Also Exclude Lump Sum Pay Items 170,735 3,411,684
Also Exclude Items Bid Fewer than 100 Times 6,835 2,106,926

To prepare the database, the study team excluded records that were not suitable for the analysis.
Thefirst step was to exclude non-standard pay items. Non-standard pay items are items which do not
have the same definition or units from one project/bid to another. Therefore, for these items, thereisno
price per unit of work. This means that a comparison of unit price across projects or over timeit not
possible. Similarly, without a price per unit of work, it is not possible to regress unit price on fuel prices
in order to assess the existence of arelationship or correlation between the two prices. Exclusion of these
non-standard items reduces the number of pay items by roughly half, but only reduces the number of bids
by about 8.5 percent.

The second step was to exclude lump sum pay items. Lump sum bid items are items for which the
bid quantity is essentialy equal to one. For example, alump sum bid item would be building one bridge
or paving one section of road. Aswith non-standard pay items, there is no price per unit of work for lump
sum bid items. Thereforeit is not possible to compare unit price across projects or over time. Nor isit
possible to regress unit price on fuel pricesto assess the existence of arelationship or correlation. The
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exclusion of non-standard items only reduces the number of pay items by about 15,000, but again only
reduces the number of bids by about eight percent.

Thethird step was to exclude pay items that the issuing state DOT did not put out for bid with
much frequency. In this case, the analysis excluded pay items if there were fewer than 100 lettings of that
item over the five year period or fewer than 20 bids per year. The purpose of excluding bid items with
very few bidsisthat the small sample size may hamper the ability to accurately assess the existence of a
relationship or correlation. The exclusion of these non-standard items reduces the number of pay items
drastically to about two percent of the original number of bid items, but only reduces the number of bids
to about half of the original number of bid items. Note that there was only an average of eight bids per
pay item for the pay items that were excluded from the analysis.

The compiled database has approximately 2.1 million records providing data on 6,835 bid items.
There are approximately 308 bids per pay item, on average. Exhibit 3-30 provides a sample of 50 records.
The database includes state, pay item number, pay item description, unit, quantity, amount (in dollars per
unit), acategory identifier developed by Oman Systems, and the bid date.
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Exhibit 3-30: Fifty Sample Records from the Custom BidTabs Data Base

[STATE [PAY ITEM # [PAY ITEM DESCRIPTION [uNIT[QUANTITY | UNIT PRICE[CATEGORY | BIDDATH
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 290.00 205.00 26 (concrete pavement)  10/21/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 144.60 209.00 26 (concrete pavement)  10/21/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 161.00 205.00 26 (concrete pavement)  10/21/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 284.00 300.00 26 (concrete pavement)  10/21/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 453.00 218.00 26 (concrete pavement)  12/02/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 350.00 300.00 26 (concrete pavement)  12/02/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 113.00 270.00 26 (concrete pavement)  12/02/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 200.00 230.00 26 (concrete pavement)  12/02/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 364.00 280.00 26 (concrete pavement)  12/09/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 1707.87 183.95 26 (concrete pavement)  12/09/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 145.00 275.00 26 (concrete pavement)  12/09/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 708.00 175.00 26 (concrete pavement)  12/02/08
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 152.00 260.00 26 (concrete pavement)  02/10/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 126.00 93.00 26 (concrete pavement)  02/24/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 579.00 205.00 26 (concrete pavement)  04/16/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 136.00 225.00 26 (concrete pavement)  04/21/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 174.00 210.00 26 (concrete pavement)  04/21/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 98.00 225.00 26 (concrete pavement)  04/30/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 178.00 200.00 26 (concrete pavement)  06/02/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 163.00 182.00 26 (concrete pavement)  06/25/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 120.00 335.00 26 (concrete pavement)  06/18/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 682.91 162.06 26 (concrete pavement)  06/18/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 132.00 258.28 26 (concrete pavement)  07/07/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 294.00 240.00 26 (concrete pavement)  07/14/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 103.00 250.00 26 (concrete pavement)  07/14/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 400.00 231.00 26 (concrete pavement)  07/23/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 518.00 195.00 26 (concrete pavement)  08/13/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 178.00 190.00 26 (concrete pavement)  08/18/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 143.00 200.00 26 (concrete pavement)  08/18/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 111.00 220.00 26 (concrete pavement)  09/15/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 428.00 205.00 26 (concrete pavement)  09/15/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 237.00 188.00 26 (concrete pavement)  10/27/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 377.00 200.38 26 (concrete pavement)  07/21/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 98.00 210.00 26 (concrete pavement)  07/21/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 251.00 180.40 26 (concrete pavement)  11/17/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 124.00 200.00 26 (concrete pavement)  12/08/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 124.00 200.00 26 (concrete pavement)  12/08/09
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 166.00 275.00 26 (concrete pavement)  01/20/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 187.00 195.00 26 (concrete pavement)  01/20/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 204.00 205.00 26 (concrete pavement)  02/09/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 1125.00 150.00 26 (concrete pavement)  02/09/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 156.00 200.00 26 (concrete pavement)  02/23/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 131.00 234.00 26 (concrete pavement)  06/29/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 118.00 250.00 26 (concrete pavement)  06/29/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 242.00 200.00 26 (concrete pavement)  06/29/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 153.00 210.00 26 (concrete pavement)  06/29/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 142.00 215.00 26 (concrete pavement)  07/13/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 140.00 235.00 26 (concrete pavement)  07/13/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 98.00 225.00 26 (concrete pavement)  07/13/10
WV 502001-012 12 INCH PORTLAND CEMENT CONCRETE APPROACH SLAB  S.Y. 208.00 200.00 26 (concrete pavement)  07/27/10

3.3.2 KLEEM Modd of Fuel Usage

After completing the tabulation of the unit prices for pay items over the five year period, the team
used the diesel fuel priceindex from theinitial statistical analysis from the first phase as a surrogate for
other fuel types. With the individual price items and fuel prices over time, the team proceeded to integrate
the KLEEM model into the statistical model. An overview of the modified KLEEM model and the
analysisis presented bel ow.
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The cost of producing a unit of output is afunction of the cost of the inputs required to produce a
unit of output. The inputs to the construction industry can generally be classified into five types of inputs:
capital (K), labor (L), energy (En), equipment (Eq), and materials and other intermediate inputs (M). The
acronym KLEEM is used in reference to the classic KLEM input-output model. The traditional KLEM
model includes four factors of production: capital (K), labor (L), energy (E), and materias and other
intermediate inputs (M). In the KLEM model equipment isincluded in capital costs. The KLEEM
provides separate accounting for equipment (Eq), which may be purchased or leased equipment. The
input output model is primarily used to determine the economic impacts due to achange in final demand.
In this application, the input-output model framework is used to estimate the quantity of fuel required to
produce a unit of output based on observed prices of the inputs and outputs.

Thetota cost to produce a unit of output in each year is the sum over all inputs of the input price
per unit in that year times the quantity of the input required to produce a unit of output. It is assumed that
the input quantities required per unit output are constant over time (i.e., change very slowly when
compared to the frequency of price changes over the five-year time period). Then the cost of producing a
unit at timest=1,...,Tis

|
o
c)=a pa -
i=1
Here c(t) represents the cost of producing a unit of output at timet and the p;(t) terms represent
the price of input i=1,...,I. Inthisapplication, | =5 for theinputs K, L, En, Eq, and M. The g; terms
represent quantity of input i required per unit outpui.

In matrix form, let the column vectors C and 9 and the matrix P be defined as:

ey ép@® p@M L pOd 6,0
e u e u e, u
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Then the matrix equation C = RQ isalinear regression model which expresses the cost per unit
output at each time as alinear function of the unknown input quantity vector Q. If T 3 |_and no two
columns of K are collinear, the least squares estimate of the input quantity vector Q is Q =TR(R 'R C
where ' denotes the transpose of the matrix K. -
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3.3.3 One-Variable Model of Fuel Usage

The KLEEM model defined above includes five classes of inputs. The regression model includes
five coefficients, one representing each class of input. However not al classes of input are especially
variable over the five year period. For example, capital, labor, and equipment costs vary slowly, for the
most part, over such a short period. Fuel price, on the other hand, is highly volatile. Much of the variation
in the cost of aunit of output may be due to the change in the price of fuel alone. In thisway, the model
can be simplified to one variable: fuel. In the one-variable model, the quantities and prices of al other
inputs are considered fixed. Consider the following example:

A unit of output costs $10 to complete. The price of fuel at that time was $2.50 per gallon. In
another period, the same unit of output costs $12.50 to complete. In this second period, the price of fuel
was $5 per gallon. In a one-variable framework, fuel priceisthe only input that varies. It is assumed that
the price of al other inputs remained unchanged and the quantity of fuel required to produce the unit of
output was constant. The unknown in this example is the quantity of fuel required to produce the unit of
output. Recall that the quantity of fuel that is required to produce one unit of output remains constant,
regardless of the price of fuel. In this example, it can be determined that one gallon of fuel isrequired to
produce the unit of output and the cost of all other inputsis $7.50.

In this simple example, where the bid price and the price of fuel are known, and the prices of al
other inputs remain fixed, the amount of fuel required per unit can be calculated. Exhibit 3-31 presents a
hypothetical example of the KLEEM model with one variable input: the price of fuel. The graph shows a
scatter plot of the change in unit cost ($/Unit) versus the change in fuel price ($/Gallon) for a series of
observations of unit output prices and fuel input prices. The slope of the regression line is an estimate of
the quantity of fuel required to produce a unit of output. The slope has the dimensions of ($/Unit)/($/
Gallon) = (Galon/Unit).
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Exhibit 3-31: Trend Line Estimate of Fuel Usage for 1-Variable Model (Slope = ($/Unit)/
($/Gallon) = Gallon/Unit)
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3.3.5 Development of Independent Variables

Theoriginal KLEEM model utilizes five variablesin determining fuel use per unit of output.
Running the five-variable model with the available data, however, revealed a high degree of cross-
correlations and unexpected signs that did not fit with the assumptions of the model variables. The two-
variable model, which uses fuel and labor costs, gave reasonable results and was selected for this
regression.

The energy prices for the model are monthly averages of the U.S. average Daily Low-Sulfur No.
2 Diesel Fuel Prices ($/Gallon) fromthe U. S. Department of Energy. The construction employment cost
index is provided in Exhibit 3-32. The labor prices for the construction industry were calculated as a 50-
day moving average of the quarterly construction wages price series (Dec. 2005 = 100) obtained from the
Bureau of Labor Statistics. The 50-day moving average is a standard technical indicator used in the
analysis of day-to-day price movements of commodities and stocks. The moving average serves to
smooth the data, reducing the effect of shocks, in this case fuel price shocks, and identifies the underlying
trendsin the data. Exhibit 3-33 shows the time series plot of the average daily US No. 2 diesel fuel price
and its 50-day moving average from November 2004.
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Exhibit 3-32: U.S. Construction Employment Cost I ndex
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3.3.6 Results of the Two-Variable KLEEM Model

The analysis proceeded in several stages, with a significant degree of data aggregation required at
each stage to generate useful results. The datawere first screened to eliminate any bids from pay items
with arange of lessthan three years of data. This step was required to ensure that the prices reflect awide
range of the changesin input prices which occurred over the five year time period covered by this study.
Approximately 600,000 bids were eliminated in this stage.

In the second stage, the pay itemsin each state were aggregated to pay item groups within each
state. The groups were based on the categories shown in Exhibit 3-34. A consistent definition of the unit
of production is required for the KLEEM model. However, each category contained bids for pay items
expressed in avariety of units.

Exhibit 3-34: Pay Item Categories

Category Description
1 GRADING/EXCAVATION
2 BRIDGE
3 ASPHALT
4 BASE STONE
5 DRAINAGE-PIPE
6 DRAINAGE-INLETS/ICATCH BASINS
7 CONCRETE-CULVERTS
8 CONCRETE-MISC
9 TRAFFIC CONTROL
10 GUARD RAIL
11 FENCING
12 GRASSING
13 CLEARING
14 EROSION CONTROL
15 RETAINING WALL
16 SIGNALIZATION
17 SIGNS-PERMANENT
18 STRIPING/PAVEMENT MARKING
19 PAINTING STRUCTURES
20 UTILITY-WATER
21 UTILITY-GAS
22 UTILITY-SEWER
23 LIGHTING
24 BUILDINGS/MISC STRUCTURES
25 MOBILIZATION
26 CONCRETE PAVEMENT
27 MISC STONE/RIPRAP
28 ROADWAY LIGHTING/ELECTRICAL
29 UNDERDRAIN
30 EQUIPMENT/LABOR
31 ALTERNATES/BONUS/TIME

An example of the pay items included in each category/unit grouping for bridgesin Ohio is
presented in Exhibit 3-35. The group of pay items for bridges with units of cubic yards (C.Y.) includes
mainly concrete shapes, while the group for bridges in pounds (Lbs.) includes only bridge steel items and
the square yard (S.Y.) category includes mainly organic surface coating. The fourth grouping is linear feet
(L.F.) shows more diversity in the listed pay items, indicating that the category/unit grouping within a
state does not always results in a homogeneous group of pay items. Some lack of homogeneity within the
groupingsisan inevitable result of the aggregation process.
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Exhibit 3-35: Pay Item Grouping for Bridge Category in Ohio
Category  Unit Item
Bridge | C.Y. 'CLASSC CONCRETE
'CLASS C CONCRETE RETAINING WALL/WINGWALL ABOVE FOOTING'
'CLASS HP CONCRETE
'CLASS HP CONC
'CONCRETE
'POLYMER MODIFIED ASPH EXP INT SYSTEM'
'QC/QA CONCRETE
L.F. 'STEEL PILESHP10X42
'STEEL PILES HP12X53
12" CIP REINFORCED CONCRETE
12" CIP REINFORCED CONCRETE PILES
'CONC RPR BY EPOXY INJ
'STRUC EXP JT INCL ELAST STRIP
'STRUC CXP JT INC ELAST
'SEMI-INTEGRAL ABUT EXP JOINT SEAL
"JOINT SEALER
'SAWING & SEALING BIT CONC JTS
'POLYMER MOD ASPH EXP JT SYSTEM'
'RAILING (TWIN STEEL TUBE)'
'STEEL DRIP STRIP
LBS 'EPOXY COATED REINFORCING STEEL
'REINFORCING STEEL
'STRC STEEL MEM
SY. 'SLGOF CONC SURF (NON-EPOXY)'
'SLG OF CONC SURF (EPOXY-URETHANE)
'SEALING CONC BRIDGE DECKS W/HMWM RESIN'
"TREATING OF CONCRETE BRIDGE DECK W/SRS
'TY PE 2 WATERPROOFING'
"TY PE 3 WATERPROOFING'
"TRTING CONC DECKS W/GRAVITY FED RESIN'
'PTCHNG CONC DECK-TYPE B'
'PTCHNG CONC DECK TYPE C'
'"APPROACH SLABS (T=15")
"TIED CONCRETE BLOCK MAT
'QC/QA CONCRETE

Exhibit 3-36 defines the work categories and items and presents the sample sizes for each. These
items were obtained by selecting the most common units of measure for each pay item category in Exhibit
3-34. Separate tables were prepared for each state with the average quantities and weighted-average unit
prices by month of pay items within each selected group shown in bold in Exhibit 3-36. The pay items
selected for the state tables were screened to eliminate many bid records with very small or unusually
large values of quantity or price from the ca culation of the state means. The number of retained records
in the second stage generally exceeded 100 per month within each grouping in each state.
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Exhibit 3-36: Number of Recordsin Pay Item Groups Selected for Analysis

Units EACH L.F. SY. CAE TON SF. LBS TON-G GAL ACRE MILE L.M.
ASPHALT X X 45,659 X 76,888 X X 26,044 23,039 - X X
BASE STONE X X X 13,055 15,554 - - X - - X -
BRIDGE X 23,330 20,107 22,754 X X 19,638 - X - - -
CLEARING X 30,168 20,607 X X X - - - X - X
CONCRETE PAVEMENT X 6,107 11,551 X X - X X X - X X
CONCRETE-CULVERTS X 1,098 X X - X X - - - - -
CONCRETE-MISC X 20,749 18,218 11,765 X X X
DRAINAGE-INLETS\
CATCH BASINS 55,242 5,471 X X - X X - -
DRAINAGE-PIPE X 38,769 X X - - - -
EROSION CONTROL X 42,561 23,347 X X X X X X -
FENCING X 5,112 X - - - - - - -
GRADING\EXCAVATION X X 10,582 87,727 X X - X - X X X
GRASSING X X 23,678 X X X 22,649 X X 22,904 X
GUARD RAIL 58,026 38,912 X - - - - - - - -
MISC STONE\RIPRAP X X X 16,257 X - - X - -
MOBILIZATION 19,168 1,633 - X X - - - X X
PAINTING STRUCTURES - X X X - 2,642 - - -
RETAINING WALL - X - 758 - X X
ROADWAY LIGHTING\
ELECTRICAL 17,021 23,021 - X - X - X
SIGNALIZATION 38,371 27,873 - X - - - -
SIGNS-PERMANENT 36,762 X X X 29,892 X
STRIPING
PAVEMENT MARKING 85,065 152,255 X X - - X - 9,777 10,679
TRAFFIC CONTROL 91,788 41,377 X X X 19,716 - X - - X X
UNDERDRAIN 4,071 12,146 X X - -
UTILITY-SEWER 619 514 - - - - -
UTILITY-WATER 4,654 497 - X

X Positive number of records, generally smaller than those shown for each pay item, but not selected for analysis.
- No bid records available.

In the third stage, two-variable KLEEM model regressions were estimated for each pay item
grouping in each state using the change in weighted-average price per unit as afunction of the changesin
the mean fuel price and labor cost. In this stage regressions were estimated for approximately 330
state/pay item groupings. Each regression included at most 60 monthly data points, although fewer than
60 months of data were availablein most states. The changes in the independent and dependent variables
were calculated by subtracting the minimum value of the mean for each variable over the 60-month
period from the mean value in each month. This transformation defines a multivariate origin for the
regression where 0 is equal to the minimum value of each variable. The origin transformation does not
affect the scale or units of the data.

In the third and final stage of aggregation, the regression coefficients for fuel and labor for each
pay item group were averaged across al states. Only states with regression coefficients with plausible
significance (p<0.50) were retained for the calculation of the mean fud coefficient in each pay item

group.
3.3.6 Results of the Two-Variable KLEEM Model

The two-variable KLEEM model assumes fixed prices and quantities for capital, materials and
equipment, while labor and fuel prices are permitted to vary. The mean fuel coefficient estimated for each
pay item group is shown in Exhibit 3-37. Since the cost of labor is expressed as an index, the coefficients
estimated for thisinput are not meaningful.
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Exhibit 3-37. Regression-Based Fuel Use Coefficients (Gallons per Unit Output)

Estimated Number of
Pay Item Group [Unit] Gallong/Unit States
Asphalt [Gal] 0.38 6
Asphalt [S.Y ] 5.61 6
Asphalt [Ton] 21.32 10
Asphalt [Ton-G] 19.51 6
Base Stone[C.Y ] 1.77 1
Base Stone[Ton] 2.56 2
Bridge[C.Y ] 68.95 3
Bridge [L.F.] 15.85 3
Bridge [Lbs] 0.34 3
Bridge [S.Y ] 7.68 3
Clearing [L.F.] 22.28 5
Clearing [S.Y ] 168.98 3
Concrete-Misc. [C.Y ] 26.38 1
Concrete-Misc. [L.F] 219 2
Concrete-Misc. [S.Y ] 14.44 3
Concrete Pavement [L.F.] 153 1
Concrete Pavement [S.Y .] 13.33 2
Drainage-Inlets/Catch basins [Each] 328.56 10
Drainage-Inlets/Catch basins[L.F.] 76.54 1
Drainage-Pipe [L.F] 11.51 7
Erosion Control [L.F.] 1.45 9
Erosion Control [S.Y ] 93.88 5
Fencing [L.F] 5.95 1
Grading/Excavation [C.Y .] 367.67 16
Grading/Excavation [S.Y .] 0.09 1
Grassing [Acre] 192.58 6
Grassing [Lbs] 4.49 2
Grassing [S.Y ] 0.70 3
Guardrail [Each] 259.36 12
Guardrail [L.F] 2.65 6
Misc. Stone/Riprap [C.Y ] 42.24 3
Painting Structures [S.F.] 417 1
Roadway Lighting/Electrical [Each] 190.92 4
Roadway Lighting/Electrical [L.F.] 217 4
Signalization [Each] 712.95 7
Signalization [L.F.] 4.40 7
Signs-Permanent [Each] 150.28 8
Signs-Permanent [S.F.] 244 5
Striping/Pavement Marking [ Each] 14.54 14
Striping/Pavement Marking [L.F.] 0.24 21
Striping/Pavement Marking [L.M.] 79.83 3
Striping/Pavement Marking [Mile] 410.86 3
Traffic Control [Each] 341.07 15
Traffic Control [L.F.] 1.93 4
Traffic Control [S.F.] 0.76 5
Underdrain [L.F.] 5.40 2

The regression results in Exhibit 3-37 show some degree of consistency. Thefuel required for a
ton of asphalt is afactor of approximately 10 higher than for aton of base stone. The fuel required for
asphalt per square yard is slightly smaller than the fuel required for the pay item grouping of bridges per
square yard (mainly organic surface coatings) listed in Exhibit 6 and described above. Drainage pipe has a
higher fuel requirement per linear foot than fencing, which in turn has a higher requirement than erosion
control. Guard rails require only slightly more fuel input per linear foot than roadway lighting/electrical.

On the other hand, however, severa of the estimates generated by this anaysis clearly do not
appear to represent actual fuel usage. For example, the statistical estimate of fuel usage for grading on a
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cubic yard basis differs from the engineering and contractor survey estimates by alarge factor of
magnitude.

Despite the high level of aggregation, the number of statesis small for many pay item groups. For
example, in Exhibit 3-37, seven pay items rely on datafor only one state, while 15 more rely on datafrom
only two or three states. State-defined pay items are at afiner level of detail than the pay item groups
shown in Exhibit 3-37. As aresult, the estimates for these groupings are not as robust as those for pay
items that are common to many states.

3.3.7 Conclusion

The statistical analysis of bid data described in this section was one of three methodol ogies under
consideration in the effort to tabulate new and updated fuel usage factors. The statistical analysis
demonstrated that most highway construction activities consume large amounts of fuel and are fuel
intensive. However, the approach does not appear to have generated estimates of fuel usage that would be
accurate enough to contribute to the development of the final fuel usage factors. However, in developing
these fuel factors, the results of the statistical analysis were considered where it was felt that they might
be useful.
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CHAPTER 4: CONCLUSIONS, RECOMMENDATIONS, AND
FUTURE RESEARCH

Chapter 4 of this report contains two sections. The first section compares the results of the three
research methodol ogies, describes and justifies any modifications, and recommends the final fuel usage
factors. The second section presents additional applications of the new fuel usage factors outside of the
highway construction industry.

4.1 Comparison of Fuel Usage Estimates

This section combines the three different methods of calculating fuel use factors and recommends
factors for each of the categories of work described in previous sections. Comparing the various methods
of calculating factors allows the study team to devel op factors that represent a broad range of methods
while also expanding the scope of the factors outlined in the original Technical Advisory T5080.3.

This section compares and contrasts estimates of fuel use factors that are available from the various
study sources and methodologies. This analysisis performed by major category of work. The major
categories of work items are:

Clearing and Removal

Excavation

Base Stone

Asphalt

Milling

Structures

Miscellaneous Concrete

Drainage Pipe and Structures/Water/Sewer

Specialty Items (Fencing/ Guardrail/ Landscaping/ Pavement Marking/ Signalization)

For each major category of work, the analysisisdivided into two subsections. The first subsection
presents the study team’ s analysis of the fud use figures developed for each methodology. This analysis
considers the following four data sources:

1) Technical Advisory T5080.3. Thistechnical advisory presents the fuel factors calculated for the
original 1974 HRB effort. These factors are till used by alarge number of contractors and state
DOTs. If the fud factors calculated in the other three methodol ogies are similar to the figuresin
TATS5080.3, thiswill provide alevel of validation. If the findings differ, the study team should
carefully re-evaluate their assumptions and calculations.

2.) Contractor Survey. The Contractor Fuel Usage Survey represents a cooperative effort by the
NCHRP, study team, and industry organizations to engage the highway construction contracting
community. The objective of this effort was to ascertain fuel use information from contractors
representing a broad sample of regions, firm sizes, and project locations, and work activities.
Utilizing an Excel spreadsheet tool and severd iterations of a SurveyMonkey survey, this effort
resulted in over 500 data observations.

3.) Engineering Analysis. For this methodology, the study team convened an expert panel of veteran
construction engineers and estimators. The engineering team first collaborated to rank
construction activities by fuel use intensity and recommend items that should be further analyzed.
In later efforts, the engineering team then calculated the fud use for these activities under average
project parameters. This was done by cal culating the equipment needed for each activity, the fuel
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consumed by this equipment, production rates, and the average length of time expected to
complete each project. Theresult isa calculation, for each work activity, that expresses the
gallons of fuel consumed per a unit of measures, such as the number of gallons of diesel fuel
consumed for each linear foot of sewer pipe.

4.)) BidTabs Statistical Analysis. This experimental methodology attempted to track the relationship
between fuel prices and bid estimates. Unlike other elements of atypical construction bid,
commodity prices (including fuel) exhibit historical fluctuations due to market variables. This
methodol ogy attempted to isolate fuel prices, coalesce them to historical BidTabs data as
maintained in the Oman Systems database, and observe any correlations.

For each data source, the major category section lists the assumptions that were made and a brief
summary of the findings.

The second concluding subsection provides an andysis of the findings within each category and
presents the final recommended factors. The chapter concludes with a summary of the genera findings.

4.1.1 Clearing and Removal

This subsection presents findings regarding the fuel usage associated with clearing and removal
activities. Clearing and removal activities include the clearing of trees and brush, the removal of debris,
and the demolition of buildings and structures.

Analysis of the Results

1980 Technical Advisory - Technical Advisory T5080.3 lists 200 gallons per acrein the
“Additional Fuel Usage Factors by States.” Thereis no listing for any clearing related activitiesin
the main guidelines table.

Survey Results - the number of activities related to clearing and removal items can vary greatly
from project to project and region to region. The results of the survey related mainly to the
primary “clearing and grubbing” activity. The average of the survey respondents was 194.4
gallons per acre for the clearing tasks.

Engineering Study - the engineering study estimated fuel use for awide range of activities related
to the clearing and removal category.

Statistical Analysis - no meaningful values were able to be extracted from the statistical analysis.
The units of measure from the states utilized in the study did not match the units of measurein
the survey or the engineering analysis.

Exhibit 4-1 below presents the fuel use estimates for clearing and removal work items.

Exhibit 4-1: Clearing and Removal Engineering Results

Fuel Use Per
Task Description Unit Units
Clearing — Light 128.876 GallongAcre
Clearing — Medium 171.459 GallongAcre
Clearing — Heavy 273.347 GallongAcre
Pavement Removal - Asphalt 1.397 Galong/C.Y.
Pavement Removal - Concrete 0.562 Gadlong/C.Y.
Pipe Removal - All Sizes 0.863 Galong/L.F.
Structure Demolition (House/Building) 375.000 GallongEach
Structure Demolition (Bridge per S.F. of Deck) 0.626 Gallons/S.F.
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Based on recommendations from the project review panel, the project team calculated an
additional fuel usage factor for a bridge demolition task. The structure demolition assumptions and
calculations are provided below in Exhibits 4-2 and 4-3.

Exhibit 4-2: Bridge Demolition Assumptions

Characteristic Assumption

Travel Lanes Two lanes, 12 foot width each

Bridge Length 100 feet

Shoulders 6 feet each

Footers 3 (Left, right, center)

Span Dry Land

Deck Area 3600 S.F.

Deck Thickness 10 inches

Exhibit 4-3: Bridge Demolition Calculations
Task Element Quantity | Fudl UsePer Unit | Fuel Used for Task Element
Substructure Demolition 177 C.Y. 1.423 251.871 Galons
Superstructure Demolition 155 C.Y. 1.400 217.000 Gallons
Load Haul Debris 332C.Y. 5.380 1,785.994 Gallons
Total Fue 2,254.865 Gallons
Per SF. 0.626 Gallong/SF.
Conclusion

Exhibit 4-4 below compares the values from the four different data sources. For comparison
purposes the heavy, medium and light clearing tasks in the engineering study were combined into an
average value, as detail by intensity was availablein Technical Advisory T5080.3 or in the survey.

Exhibit 4-4: Clearing and Removal Comparison Table

Technical Advisory | Statistical
Task T5080.3 Analysis Contractor Survey Engineering Study
Clearing 200.000 Gallonsg/Acre N/A | 194.400 Gallons/Acre 191.200 Gallong/Acre
Pipe Removal N/A N/A 1.750 Gallons/L.F. 0.863 Gallong/L.F.
Pavement Removal N/A N/A 0.350 Gallong/C.Y. | 0.562-1.397 Gallons/C.Y.

Using the values from Technical Advisory T5080.3 and the survey, the project team was able to
confirm the values from the engineering study. Based on these favorabl e results, the detailed results from
the engineering study were selected as the final estimates. This is because the engineering analysis
provides estimates for alarger number of tasks than either of the other sources. In summary, the team
recommends that the engineering study factors be used.

4.1.2 Grading and Excavation

This section presents the study findings regarding the fuel usage associated with grading
activities. Grading activities involve leveling earth in preparation for the installation of highway and road

infrastructure.
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Analysis of the Results

1980 Technical Advisory - the values in Technical Advisory T5080.3 range from 0.38 to 0.64
gallons per cubic yard. Thisrange includes rock and dirt excavation activities.

Survey Results - the survey results were tabulated and adjusted based on an analysis of each
response. There were some val ues that were removed from the sample in that the values were not
within realistic ranges. In addition there were some responses that were not calculated using the
requested units of measure. For example, one respondent based their calculations on a per hour
fuel consumption rate which is not able to be converted into a per cubic yard rate without
additional information.

Engineering Study - the engineering study was able to devel op grading estimates for ten different
categories of work, al related to grading activities on a project. Exhibit 4-5 lists the estimates that
were developed.

Statistical Analysis - no meaningful values were able to be extracted from the statistical analysis.
The value returned from the statistical analysis of 367 gallons per cubic yard does not relate to
any factor developed by any other method and is not in the range of redlistic values.

Exhibit 4-5: Grading Engineering Results

Fuel Use Per
Task Description Unit Units
Grading - Dirt - Off Road - Long Haul 0.320 GalongC.Y.
Grading - Dirt - Off Road - Short Haul 0.263 GallongC.Y.
Grading - Dirt - On Road - Long Haul 0.687 GallongC.Y.
Grading - Dirt - On Road - Short Haul 0.319 GalongC.Y.
Grading - Rock - Off Road - Long Haul 0.349 GalongC.Y.
Grading - Rock - Off Road - Short Haul 0.258 GallongC.Y.
Grading - Rock - On Road - Long Haul 0.687 GallongC.Y.
Grading - Rock - On Road - Short Haul 0.412 GalongC.Y.
Roadbed Finishing 0.073 GalongSY.
Rock Drilling & Blasting (Only) (No Haul) 0.053 GallongC.Y.

Conclusion

Exhibit 4-6 below represents the values from the four different data sources. The task list from
the contractor survey isvery similar to the tasks in the engineering study. Technical Advisory T5080.3
lists values for “rock” and “dirt” excavation only with ranges from low, average and high. The values
shown in the Technical Advisory T5080.3 column in Exhibit 4-6 and Exhibit 4-7 represent the average
values from the Technical Advisory T5080.3 table. The engineering study lists a separate task for rock
drilling and blasting. Technical Advisory T5080.3 and the contractor survey did not list thistask asa
separate activity. Therefore, for the purposes of comparison, the engineering study values for rock
grading tasks were adjusted upward to include the rock drilling and blasting fuel use factor of 0.053
gallons per cubic yards.
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Exhibit 4-6: Grading and Excavation Comparison Table

Technical Statistical Contractor

Task Advisory T5080.3 | Analysis Survey Engineering Study
Grading-Dirt Off Road—Long 0.440 Gallong/C.Y . N/A | 0.380 Gallong/C.Y. 0.320 Gallong/C.Y .
Grading-Dirt Off Road—Short N/A N/A | 0.310 Gallong/C.Y. 0.263 Gallong/C.Y .
Grading-Dirt On Road-Long N/A N/A | 0.370 Gallong/C.Y. 0.687 Gallong/C.Y .
Grading-Dirt On Road—Short N/A N/A | 0.310 Gallong/C.Y. 0.319 Gallong/C.Y .
Grading—Rock Off Road—Long 0.570 Gallong/C.Y . N/A | 0.440 Gallong/C.Y. 0.402 Gallong/C.Y .
Grading—Rock Off Road—Short N/A N/A | 0.350 Gallong/C.Y. 0.311 Galong/C.Y.
Grading—Rock On Road—Long N/A N/A | 0.490 Gallong/C.Y. 0.740 Gallong/C.Y .
Grading—Rock On Road -Short N/A N/A | 0.410 Gallong/C.Y. 0.465 Gallong/C.Y .
Roadway Finishing N/A N/A | 0.190 GallongS.Y. 0.073 Gallong/S.Y .

To facilitate comparisons across estimating methodol ogies, Exhibits 4-7 through 4-9 provide
average datafor particular types of grading. Exhibit 4-7 provides data by soil type, Exhibit 4-8 provides
data by length of haul, and Exhibit 4-9 provides data for on and off road hauls. Exhibit 4-7 allows for the
closest comparison between the three studies as Technical Advisory T5080.3 only includes only two
categories of grading (dirt and rock). Using Exhibit 4-6 as a guide, there is substantial agreement in the
overall fuel use for grading, but thereis also variation concerning the impact of soil type, haul distance,
and on/off road project characteristics. The percent difference between the valuesin Exhibit 4-7, 4-8 and
4-9 varies noticeably between the three studies. For example, the largest discrepancy isfound in Exhibit
4-9 where the difference in the estimates between off road and on road grading varies by 71 percent in the
engineering study and varies by only 8 percent in the contractor study. According to the study team’s
engineering experts, the cost for grading on road with smaller less efficient equipment combined with
longer average hauling distances for on road grading would dictate a much higher fuel use factor for on
road grading. Therefore the variations due to project characteristicsin the contractor survey appear less
reliable and the final fuel factors incorporated the engineering estimates.

Exhibit 4-7: Grading and Excavation Comparison Table (Dirt vs. Rock)

Technical Advisory Statistical
Task T5080.3 Analysis Contractor Survey Engineering Study
Grading-Dirt 0.440 Gallong/C.Y . N/A 0.340 Gallong/C.Y . 0.397 Gallong/C.Y .
Grading—Rock 0.570 Gallong/C.Y . N/A 0.420 Gallong/C.Y . 0.480 Gallong/C.Y .
Percent Difference 30% 24% 21%

Exhibit 4-8: Grading and Excavation Comparison Table (Short vs. Long Haul)
Technical Advisory Statistical
Task T5080.3 Analysis Contractor Survey Engineering Study
Grading-Long N/A N/A 0.410 Gallong/C.Y . 0.537 Gallong/C.Y .
Grading—Short N/A N/A 0.360 Gallong/C.Y. 0.340 Gallong/C.Y .

Percent Difference

14%

57%

Exhibit 4-9: Grading and Excavation Comparison Table (On Road vs. Off Road)
Technical Advisory Statistical
Task T5080.3 Analysis Contractor Survey Engineering Study
Grading—Off Road N/A N/A 0.370 Gallong/C.Y . 0.324 Gallong/C.Y .
Grading—On Road N/A N/A 0.400 Gallong/C.Y . 0.553 Gallong/C.Y .

Percent Difference

8%

71%
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4.1.3 Base Sone

This section presents the research team'’ s findings regarding the fuel usage associated with base
stone activities. The base stone category involves the hauling, placement, and compacting of base stone
for the purpose of creating a stable roadway sub-layer.

Analysis of the Results

1980 Technical Advisory - the values in Technical Advisory T5080.3 study range from 0.535 to
0.825 gallons per ton based on two haul distances, short and long.

Survey Results - there was no meaningful datafor hauling and placing base stone from the
contractor survey.

Engineering Study - the engineering study was based on a single average haul distance of a 10
mile haul and the results are shown in Exhibit 4-10.

Statistical Analysis —the statistical analysis calcul ated fuel usage of 2.56 gallons of fuel
consumed per ton of base stone (short haul).

Exhibit 4-10: Base Stone Engineering Results
Task Description | Fuel Use Per Unit | Units
Base Stone — Short Haul (Haul and Place 0.406 Galong/Ton

Conclusion
Exhibit 4-11 below represents the values from the four different data sources. Technical Advisory

T5080.3 lists values for both long and short haul, where the engineering study only lists one value for the
task.

Exhibit 4-11. Base Stone Comparison Table

Technical Contractor Engineering
Task Advisory T5080.3 Statistical Analysis Survey Study
Base Stone — Short Haul 0.535 Gallong/Ton 2.56 Gallons/Ton N/A | 0.406 Galong/Ton
Base Stone — Long Haul 0.825 Gallong/Ton N/A N/A | 0.406 Galong/Ton

Technical Advisory T5080.3 values are considerably higher, even for the short haul option, than
the results of the engineering study. As can be seen in other areas of the study (specifically the grading
and asphalt sections), the haul distance can play a significant role on the amount of fuel consumed. Based
on this analysis, the research team adjusted the engineering study to reflect a sort and long haul distance
to more closely resemble Technical Advisory T5080.3. The following table represents the updated
engineering study using short and long hauls. For the purposes of the engineering study, short haul
distances are defined as 10 miles from the quarry to project and long haul distances are defined as 20
miles from the quarry to the project site. Exhibit 4-12 displays fuel consumption information with the
revised engineering calculations.
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Exhibit 4-12: Revised Base Stone Comparison Table

Technical Advisory Contractor Engineering
Task T5080.3 Statistical Analysis Survey Study
Base Stone — Short Haul 0.535 Gallong/Ton 2.56 Gallons/Ton N/A | 0.406 Galong/Ton
Base Stone — Long Haul 0.825 Gallong/Ton N/A N/A | 0.558 Gallong/Ton

4.1.4 Asphalt

This section presents the research team’ s findings regarding the fuel usage associated with asphalt
activities. Asphalt activities include the laying of hot mix asphalt in leveling, structural, and surface
COUrses.

Analysis of the Results

1980 Technical Advisory - Exhibit 4-13 lists the average fuel use factors for asphalt operationsin
each of three tasks: production, hauling and placement. Placement includes place and compact.
The production factor is based on using diesel fuel for the plant heating and drying operation. In
Attachment 1 of Technical Advisory T5080.3 report there is no adjustment listed for natural gas
operated plants. However, Attachment 2 contains a note that states, “...if natural gasis used for
aggregate drying, deduct 2.00 Gallons/Ton.”

Exhibit 4-13: Asphalt Itemswithin Technical Advisory T5080.3

Fuel Use
Task Description Per Unit Units
Production 2570 GallongTon
Hauling (0-10 miles) 0.510 GallongTon
Hauling (10-20 miles) 0.810 GallongTon
Placement 0.280 GallongTon

Survey Results - the survey results were tabulated and adjusted based on an analysis of each
response. There were some values that were removed from the sample in that the values were not
within realistic ranges. In addition, some of the responses were not in the requested unit of
measure and they could not be converted without additional information.

Engineering Study - the engineering study was based on three different average haul distances (0-
5 miles, 5-15 miles, over 15 miles) aswell at three different mix types (leveling, structural and
surface courses). Each of the valuesin Exhibit 4-14 includes plant production, hauling and
placing and compacting. The plant production is based on diesel fuel as the main drying fuel
source.

Statistical Analysis - no meaningful values were able to be extracted from the statistical analysis.
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Exhibit 4-14: Asphalt Engineering Results

Fuel Use
Task Description Per Unit Units
Hot Mix Asphalt - Leveling Course (0-5 mile haul) 0.892 GallongTon
Hot Mix Asphalt - Leveling Course (5-15 mile Haul) 0.977 GalongTon
Hot Mix Asphalt - Leveling Course (Over 15 mile Haul) 1.061 Gallons/Ton
Hot Mix Asphalt - Structural Course (0-5 mile haul) 0.580 GalongTon
Hot Mix Asphalt - Structural Course (5-15 mile haul) 0.718 GalongdTon
Hot Mix Asphalt - Structural Course (Over 15 mile Haul) 0.745 GalongTon
Hot Mix Asphalt - Surface Course (0-5 mile haul) 0.770 GalongTon
Hot Mix Asphalt - Surface Course (5-15 mile Haul) 0.847 GalongTon
Hot Mix Asphalt - Surface Course (Over 15 mile Haul) 0.994 GalongTon

Conclusion

Exhibit 4-15 below represents the values from the four different data sources. Technical Advisory
T5080.3 lists values for both long and short haul while the engineering study only lists one value for the

task.
Exhibit 4-15: Asphalt Comparison Table
Technical Advisory | Statistical
Task T5080.3 Analysis Contractor Survey Engineering Study
Asphalt Production 2.570 GallongTon

(Diesel) (2.000 for plant) N/A 1.980 Gallons/Ton N/A

268,000.000 BTU/Ton

Asphalt Production 0.570 Gallong/Ton plus 0.110 Gallong'Ton
(Gas) (support equipment) N/A (support equipment) N/A
Hauling 0-10 Miles 0.680 Gallong/Ton N/A N/A N/A
Hauling 10-20 Miles 1.070 Gallons/Ton N/A N/A N/A

0.580 Gallong/Ton
Placement 0.280 Gallong/Ton N/A | (average of all mix types) N/A
0.747 Gallong/Ton
(average all mix types)
(includes production and
Hauling 0-5 Miles N/A N/A 0.190 Gallong/Ton placement)
0.847 Gallong/Ton
(average all mix types)
(includes production and
Hauling 5-15 Miles N/A N/A 0.380 Gallong/Ton placement)
0.933 Gallonsg/Ton
(average all mix types)
(includes production and
Hauling >15 Miles N/A N/A 0.760 Gallong/Ton placement)

Asillusgtrated in Exhibit 4-15, the comparisons between data sources are not based on the same
breakdown of cost. In order to obtain a better basis of comparison, the engineering team restructured the
engineering study to separate the production, hauling and placement activities. During the process it was
discovered that there was a substantial differencein the estimates of plant fuel consumption rates for the

drying operation.

Converting the consumption rates from Technical Advisory T5080.3, the contractor survey and the
engineering study based on an average plant production of 200.000 tons per hour yielded the following

results:
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Technical Advisory T5080.3 (2 Gallons/Ton): 400.000 Gallons/Hour

Contractor Survey (1.98 Galons/Ton): 396.000 Gallons/Hour

Engineering Study: 40.000 Gallons/Hour

Additional Source: Astec Plant Guideline (2 Gallons/Ton): 400.000 Gallons/Hour

Based on these values, the engineering study was updated to use a plant capacity of 200.000 tons per
hour and afuel consumption rate of 400 gallons per hour. In addition, the variance between mix typesin
the contractor survey was not significant and many respondents reported the same fuel use values for each
mix type. The haul distance was amuch larger factor in determining fuel consumption than place and
compact activities. Therefore, the engineering study was updated to include an average for all mix types.

Warm mix asphalt (WMA) represents aminority but growing segment of the asphalt paving industry.
WMA is produced at temperatures that are between 30 and 120 degrees cooler than hot mix asphalt
(HMA). These reduced temperatures during production result in fuel savings. Current FHWA guidance
states that WMA production requires 20 percent less fuel than HMA production. Contractor survey results
and selected interviews with warm mix asphalt contractors indicated that hauling and placement fuel
usage does not markedly differ between hot and warm mix asphalt.

The contractor survey attempted to collect WMA fuel use information independent of HMA fuel
usage. However, the survey effort did not garner enough distinct fuel use information from WMA to
contribute to the development of fuel factors. To account for the growing use of WMA production
procedures, the study team created three Warm Mix Asphalt Production fuel usage factors. Thefirstisfor
diesel plantsand is presented in gallons per ton, the second isfor natural gas plantsin BTUs per ton, and
the third is natural gas support equipment. These factors were computed by applying the 20 percent plant
production fuel reduction estimate devel oped by the FHWA to the three existing Asphalt Production fuel
factors. The study team also converted the two natural gas asphalt production items to a gallons of
gasoline equivalent (GGE) of 125,000 BTUs per gallon, acommon benchmark in the estimating industry.
Exhibit 4-16 presents a comparison table that contains the revised asphalt fuel usage data.

Exhibit 4-16. Revised Asphalt Comparison Table

Technical Statistical
Task Advisory T5080.3 | Analysis Contractor Survey Engineering Study
Asphalt Production | 2.570 Gallons/Ton
(Diesel) (2.000 for plant) N/A 1.980 Gallons/Ton 2.040 Gallong/Ton
0.570 Gallong/Ton 2.144 Gdllons (GGE)/Ton
Asphalt Production (support 0.110 Gallong/Ton 0.090 Gallong/Ton
(Gas) equipment) N/A (support equipment) (support equipment)
Warm Mix Asphalt
Production (Diesel) N/A N/A N/A 1.632 Gallons/Ton
1.715 Gallons (GGE)/Ton
Warm Mix Asphalt 0.072 Gallong/Ton (support
Production (Gas) N/A N/A N/A equipment)
0.680 Gallong/Ton
Hauling 0-5 Miles (0-10 mile haul) N/A 0.190 Gallons/Ton 0.183 Gallonsg/Ton
Hauling 6-15 Miles N/A N/A 0.380 Gallonsg/Ton 0.293 Gallonsg/Ton
1.070 Gdlons/Ton
Hauling >15 Miles (10-20 mile haul) N/A 0.760 Gallonsg/'Ton 0.514 Gallonsg/Ton
Placement 0.280 Gallons/Ton N/A 0.580 Gallons/Ton 0.273 Galonsg/Ton
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415 Milling

This section presents the research team'’ s findings regarding the fuel usage associated with
milling activities. Milling is the act of reclaiming asphalt concrete from roadways so that it may be
recycled or discarded.

Analysis of the Results

1980 Technical Advisory - Technical Advisory T5080.3 does not include any datafor milling
operations.

Survey Results - the results from the survey were consistent for each question. The detailed data
for each haul distance was also consistent and logical. The results of the survey showed a
significant difference from the values developed in the engineering study.

Engineering Study - the engineering study was able to break down the milling activitiesinto two
basic work activities based on milling depth and then each of these two depths were further
broken down into three different haul lengths. Exhibit 4-17 lists the results.

Statistical Analysis - no meaningful values were able to be extracted from the statistical analysis.

Exhibit 4-17: Milling Engineering Results

Task Description | Fuel Use Per Unit | Units
Milling (0-1") (0 - 5 Mile Haul) 0.010 GalongS.Y.
Milling (0-1") (5 - 15 Mile Haul) 0.011 GalongS.Y.
Milling (0-1") (Over 15 Mile Haul) 0.014 GalongS.Y.
Milling (2-4") (0 - 5 Mile Haul) 0.013 GalongS.Y.
Milling (2-4") (5 - 15 Mile Haul) 0.018 GalongS.Y.
Milling (2-4") (Over 15 Mile Haul) 0.025 GalongS.Y.

Conclusion

Exhibit 4-18 below represents the values from the four different data sources. The contractor
survey values are considerably higher than the engineering study for all thicknesses and haul distances.
Based on these results the engineering team revisited the parameters used in the engineering study. The
specific areas that were re-eval uated were the hauling cycle times and the crew production rates.

Exhibit 4-18: Milling Comparison Table

Technical

Advisory | Statistical Contractor Engineering
Task T5080.3 | Analysis Survey Study
Milling 0-1" 0-5 mile haul N/A N/A | 0.026 GallonsTon | 0.010 Gallons/Ton
Milling 0-1" 6-15 mile haul N/A N/A | 0.034 GallonsTon | 0.011 Gallons/Ton
Milling 0-1" >15 mile haul N/A N/A | 0.044 GallonsTon | 0.014 Gallons/Ton
Milling 2-4" 0-5 mile haul N/A N/A | 0.050 Gallons/Ton | 0.013 Gallons/Ton
Milling 2-4" 6-15 mile haul N/A N/A | 0.070 GallonsTon | 0.018 Gallons/Ton
Milling 2-4” >15 mile haul N/A N/A | 0.094 Gallons/Ton | 0.025 Gallons/Ton

Based on this analysis, it was determined that the cycle times were too short based on “average’
traffic conditions. On average across each of the milling tasks this added approximately one hauling unit
to each activity. The other areathe team re-eval uated was the production rates used for the milling
activity. After some recalculation, the per square yard production rate for 0-1" thick milling was based on
maximum machine milling rates as opposed to average project rates. In addition, the 2-4” thick milling
production rate was further reduced on a*“ per square yard” basis since the volume of material increases
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approximate 3 times based on the average thickness. The milling production adjustments are presented

below in Exhibit 4-19.

Exhibit 4-19: Revised Milling Production Rates

0-1" Thick 2-4" Thick
Original Production Rate 6,250 S.Y ./Hour 6,250 S.Y ./Hour
Revised Production Rate 2,570 S.Y./Hour 1,150 S.Y//Hour

Exhibit 4-20 has been updated to reflect these two adjustments in the engineering study. With the
revised factors, the values reflected in the survey and the engineering study are more reflective of current

construction practice.

Exhibit 4-20: Revised Milling Comparison Table

Technical Advisory | Statistical Contractor Engineering
Task T5080.3 | Analysis Survey Study
Milling 0-1" 0-5 mile haul N/A N/A | 0.026 Gallong/Ton | 0.028 Gallons/Ton
Milling 0-1" 6-15 mile haul N/A N/A | 0.034 Gallong/Ton | 0.030 Gallons/Ton
Milling 0-1" >15 mile haul N/A N/A | 0.044 Gallong/Ton | 0.038 Gallons/Ton
Milling 2-4”" 0-5 mile haul N/A N/A | 0.050 Gallong/'Ton | 0.062 Gallons/Ton
Milling 2-4" 6-15 mile haul N/A N/A | 0.070 GallongTon | 0.071 Gallons/Ton
Milling 2-4" >15 mile haul N/A N/A | 0.094 Gallong/'Ton | 0.090 Gallons/Ton

416 Sructures

This section presents the study findings regarding the fuel usage associated with structures.
Activities under this category include the various actions required to build a structure, including the
laying of substructure and superstructure concrete, reinforcing steel, and steel beams.

Analysis of the Results

1980 Technical Advisory - Technical Advisory T5080.3 lists fuel use factors for structures based
on the number of gallons per contract dollar. This value arranges from 20 to 60 gallons per
$1,000.

Survey Results - the survey results were very limited. The results for the concrete pavement items
were somewhat consistent with half of the responses specifically excluding the hauling from the
calculations. The limited number of responses and large variations in the values for the other
concrete items (sidewalk, curb and gutter and retaining walls) were not able to be used in the
anaysis.

Engineering Study - the engineering team formulated fuel use estimates for each of the elements
of bridge construction.

Statistical Analysis - no meaningful values were able to be extracted from the statistical analysis.

One of the main products of this project is the formulation of afuel usage factor for bridge construction
that is measured on a square foot basis and not on a per contract dollar basis. The project team estimated
the construction steps and components, quantities, fuel used, and finally the gallons of fuel used per
square foot of deck for amedium-sized bridge. The assumptions of the bridge size and design, aswell as
the actual calculation, are presented below in Exhibits 4-21 and 4-22.

102



NCHRP 10-81: Fud Usage Factorsin Highway and Bridge Construction

Exhibit 4-21: Structure Construction Assumptions

Characteristic Assumption
Travel Lanes Two lanes, 12 foot width each
Bridge Length 100 feet
Shoulders 6 feet each
Footers 3 (Left, right, center)
Span Dry Land
Deck Area 3600 S.F.
Deck Thickness 10inches

Exhibit 4-22: Structure Construction Calculations

Construction Calculation
Task Element Quantity Fuel Use Per Unit Fuel Used for Task Element
Substructure
Piling 840 L.F. 0.433 363.720 Gallons
Excavation 68 C.Y. 0.975 66.300 Gallons
Form Footings 3 Each 16.000 48.000 Gallons
Form Substructure 109 C.Y. 2.972 323.948 Gdlons
Place & Tie Rebar 44,250 Lbs. 0.004 177.000 Gallons
Pour Footing 68 C.Y. 0.951 64.668 Gallons
Pour Substructure 109 C.Y. 3.511 382.699 Gallons
Superstructure
Form Deck 115C.Y. 2522 290.030 Gallons
Place & Tie Rebar 28,750 Lbs. 0.004 115.000 Gallons
Pour Deck 115C.Y. 1.774 204.010 Gallons
Place & Tie Rebar 10,000 Lbs. 0.004 40.000 Gallons
Pour Barrier Wall 40 C.Y. 3.600 144.000 Galons
Total Fue 2,219.375 Gallons
Per SIF. 0.616 Gallons/S.F.

Exhibit 4-23 below presents the results of the engineering analysis.

Exhibit 4-23: Structures Engineering Results

Fuel Use Per
Task Description Unit Units
Reinforcing Steel 0.004 Gallong/L.B.
Steel Beams 0.180 Gdlong/L.F.
Substructure Concrete 4.700 Gadlong/C.Y.
Superstructure Concrete 4.150 Galong/C.Y.
Bridges 5.200 Gallons/Contract $
Bridges (per S.F. of Deck)* 0.616 Gallong/S.F.

* Additional task calculated following panel input
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Conclusion

Exhibit 4-24 presents the values from the four different data sources.

Exhibit 4-24. Structures Comparison Table

Technical Advisory | Statistical
Task T5080.3 | Analysis Contractor Survey | Engineering Study
Reinforcing Steel 20-60 Gallons/$1,000 N/A 0.003 Gallong/Lbs. 0.004 Gallons/Lbs.
Steel Beams 20-60 Gallons/$1,000 N/A 1.390 Gallong/L.F. (2) 0.180 Gallons/L .F.
Substructure 20-60 Gallons/$1,000 N/A 7.950 Gallons/C.Y. | 4.700 Galong/C.Y.
Concrete
Superstructure 20-60 Gallons/$1,000 N/A 5.110 Galong/C.Y. | 4.150 Gallong/C.Y.
Concrete

In order to compare Technical Advisory T5080.3 values with the other results, the research team
investigated average unit prices for a select group of items that closely match the items listed in the above
tables. The results of this analysis are listed in Exhibit 4-25.

Exhibit 4-25: Structures Comparison Table per Contract Dollar

Technical Advisory
Task T5080.3 | Engineering Study
Reinforcing Steel 20-60 Gallons/$1,000 | 5.200 Gallons/$1000

Based on the results of thisanalysis thereis avery large variance in the values calculated in
gallons per $1,000. It is apparent that the costs for performing the same set of tasksin 1980 as compared
to 2011 have increased substantially. For example, if the cost has doubled over a set period of time then a
fuel factor based on dollars of contract will be reduced by 50 percent (assuming little changein
construction methods requiring equipment and little change in fuel economy). Increased construction
costs over the thirty year span accounts for alarge amount of this change.

4.1.7 Miscellaneous Concrete

This section presents the research team’ s findings regarding the fuel usage associated with
miscellaneous concrete activities. This category includes the installation of concrete medians, barriers,
retaining walls, curbs, gutters, and sidewalks.

Analysis of the Results

1980 Technical Advisory - Technical Advisory T5080.3 listsitems factors only for concrete
pavement. These factors are further broken down by production, hauling and placement as shown
in Exhibit 4-27.

Survey Results - the survey results were limited. The results for the concrete pavement items
were somewhat consistent with half of the responses specifically excluding the hauling from the
calculations. The limited number of responses and large variations in the values for the other
concrete items (sidewalk, curb and gutter and retaining walls) were not able to be used in the
anaysis.

Engineering Study - The engineering study devel oped factors for each of theitemslistedin
Exhibit 4-25. The factorsin the engineering study include “ready-mix” truck hauling in the
calculations and concrete plant production.
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Statistical Analysis - no meaningful values were able to be extracted from the statistical analysis.

Exhibit 4-26. Miscellaneous Concr ete Engineering Results

Task Description | Fuel Use Per Unit | Units
Concrete Pavement (</= 6 Thick) 0.650 Gallons/S.Y.
Concrete Pavement (>6 Thick) 0.867 Galong/S.Y.
Curb & Gutter 0.135 Gdlong/L.F.
Retaining Wall 0.729 Gallons/S.F.
Sidewak 0.360 Gdlong/L.F.
Concrete Curb/Gutter*# 0.152 Gdlong/L.F.
Concrete Sidewalk*# 0.090 Gallong/S.F.
Retaining Wall (Cast-in-place)*# 0.646 Gallong/S.F.
Noise Wall (Pre-cast)* 0.304 Gallong/S.F.
Concrete Median Barrier*# 0.309 GallongL.F.

Conclusion

Exhibit 4-27 below represents the values from the four different data sources.

* Additional tasks calculated following panel input
# Includes concrete production and hauling

Exhibit 4-27: Miscellaneous Concrete Comparison Table

Technical

Advisory | Statistical
Task T5080.3 | Analysis Contractor Survey Engineering Study
Concrete
Production 0.43 Gallong/C.Y. N/A N/A N/A

0.050 Gallons/C.Y ./Mile
Concrete Hauling | 1.00 Gallong/C.Y. N/A (1 response) N/A
0.759 Gallong/C.Y . average

Placement 0.45 Gallong/C.Y. N/A 0.300 Gallong/C.Y . including haul

Based on these estimates, the engineering team break separated the hauling of the concrete from
the placement activities in order to facilitate comparisons. The original study was based on asingle
average haul distance of ten miles. To be consistent with other areas within the engineering study, the
team established a short and along haul activity using ten miles for the short haul and 20 miles for the
long haul. Exhibit 4-28 presents a comparison table that reflects the revised hauling calculations.

Exhibit 4-28: Revised Hauling Comparison Table

Technical Advisory | Statistical

Task T5080.3 | Analysis Contractor Survey Engineering Study
Concrete Production 0.430 Gallons/C.Y. N/A N/A N/A
Concrete Hauling — 0.050 Gallong/C.Y ./Mile

Short Haul 1.000 Gallong/C.Y. N/A (1 response) 0.600 Gallong/C.Y.
Concrete Hauling —

Long Haul 1.000 Gallong/C.Y. 0.050 Gallong/C.Y ./Mile 1.100 Gallong/C.Y.
Placement 0.450 Gallons/C.Y. N/A 0.300 Gallong/C.Y. 0.267 Gallong/C.Y.

As can be seen in the adjusted engineering calculations, the factors between the three studies are
consistent. Two observations in the study need to be highlighted. First, there is an observable variance
between Technical Advisory T5080.3 factor for placement (0.450 Gallons/C.Y.) and the other two results
in the survey and engineering study (0.300 and 0.267 Gallons/C.Y .). The second arearelates to the value

105




NCHRP 10-81: Fud Usage Factorsin Highway and Bridge Construction

for the concrete production. The survey and the engineering study did not address this activity. Thisis
because production of concrete is generally undertaken by athird party, not by the contractor placing the

concrete.

4.1.8 Drainage Pipe and Sructures

This section presents the research team'’ s findings regarding the fuel usage associated with
drainage pipe and structure activities. This category includes the installation of concrete water and sewage

pipes.

Analysis of the Results

1980 Technical Advisory - Technica Advisory T5080.3 does not include any datafor laying any

type of pipe (storm drain, water or sewer).
Survey Results - the survey results were limited and varied substantially between water and sewer
items to the point where the results were not meaningful.
Engineering Study - the engineering study was able to break down the drainage tasks into

multiple categories of work all related to storm sewer, water line and sanitary sewer activities on
aproject. Exhibit 4-29 liststhe results.

Statistical Analysis - no meaningful values were able to be extracted from the statistical analysis.

Exhibit 4-29: Drainage Pipe and Structures Engineering Results

Task Description

| Fuel Use Per Unit |

Units

Drainage Structures
Large Pipe Crew (> 36" Pipe)
Medium Pipe Crew (>18" to 36" Pipe)
Sewer Line (Over 4' depth)

Sewer Line (up to 4' depth)

Small Pipe Crew (</= 18" Pipe)
Water Line (over 4' depth)
Water Line (up to 4' depth)
Water/Sewer Manholes

8.725 GdlongC.Y.
4338 GdlongL.F.
1481 GdlongL.F.
2.090 GdlongL.F.
1.045 GdlongL.F.
0.871 Gallong/L.F.
2.090 Gdlong/L.F.
1.045 GdlongL.F.
5.000 Gdlons/Each

Conclusion

Exhibit 4-30 below represents the values from the four different data sources where there was
data available to compare. As mentioned in the contractor survey section, the limited and variable data for
the water and sanitary sewer activities were not able to be used in a comparison.

Exhibit 4-30: Drainage Pipe and Structures Comparison Table

Technical Statistical
Task Advisory T5080.3 | Analysis Contractor Survey Engineering Study
Large Pipe Crew N/A N/A 3.308 Gallong/Ton 4.338 Gallong/L.F.
Medium Pipe Crew N/A N/A 2.332 Gallong/Ton 1.481 Gallong/L .F.
Small Pipe Crew N/A N/A 1.600 Gallons/Ton 0.871 Gallong/L.F.
Storm Pipe Structures N/A N/A 40.715 Gallons/Each | 8.725 Gallong/C.Y.

Thevaluesin all the tasks are somewhat variable with the storm pipe structures item variance that
is significantly higher than the other tasks. Thisis due to the unit of measures being different between the
two studies. The survey results are based on per structure basis, whereas the engineering study is based on
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per cubic yard of concrete included in each structure. In order to compare these values, the engineering
team devel oped an estimate as to the number of cubic yards per structure for “average” conditions of
3.000 cubic yards per structure. Based on this factor the storm pipe comparison is shown in Exhibit 4-31.

Exhibit 4-31. Revised Drainage Pipe and Structures Comparison Table

Technical Statistical
Task Advisory T5080.3 Analysis Contractor Survey Engineering Study
Storm Pipe Structures N/A N/A 40.715 Gallons/Each | 26.175 Gallong/Each

419 Specialty Iltems

This section presents the research team'’ s findings regarding the fuel usage associated with
specialty items. This category includes other items that are not categorized in the above areas including
signalization, fencing, striping, and other activities.

Analysis of the Results

1980 Technical Advisory - Technical Advisory T5080.3 lists none of the activitiesincluded in
this section.

Survey Results - no meaningful values were able to be extracted from the contractor survey.
Engineering Study - the engineering study devel oped factors for each of theitemslisted in
Exhibit 4-32.

Statistical Analysis - no meaningful values were able to be extracted from the statistical analysis.

Exhibit 4-32: Specialty Items Engineering Results

Task Description | Fuel Use Per Unit | Units
Fence Gates 4250 GadlongEach
Fencing (over 6' height) 0.043 Gallong/L.F.
Fencing (up to 6' height) 0.043 Galong/L.F.
Grassing (Hydro Seeding) 3497 GalongAcre
Guardrail Posts 0.042 Gallons/Each
Intersection Signalization (2 Lane) 170.000 Galong/Each
Intersection Signalization (4 Lane) 340.000 Gallong/Each
Seedbed Preparation 10.000 Galong/Acre
Skip Pavement Marking 4500 GdlongL.M.
Solid Pavement Marking 4500 GdlongL.M.
Sod 0.017 GdlongS..
Steel Guardrail 0.037  GdlondL.F.
Strip Topsoil 0.167 GdlongC.Y.
Wire/Cable Guardrail 0.105  GdlondL.F.

4.1.10 Conclusion

For this effort, the research team compared data across the three study methodol ogies and the
original fuel factors as presented in Technical Advisory T5080.3. Where the research had enough datato
make a valid comparison, there was substantial agreement between the sources regarding activity fuel use.
In particular, the survey data validated the engineering estimates. Where there was disagreement among
the data sources, the engineering estimates were reassessed and generally revised to reflect the figures
garnered from the survey effort.
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4.2 Other Potential Applications of Fuel Use Data

The purpose of this chapter section is to explore other potential applications of the fuel usage data
developed in this study. The primary intended audience or “market” for the products of this study will be
the state DOTs and in particular the contracting authorities that request bids for highway construction or
maintenance. However, this guidance will also be useful for avariety of other entities and uses.

The study team undertook a variety of activitiesin order to explore these other potential activities.
Firgt, the study team queried selected state DOT representatives to ascertain whether they envisioned
additional usesfor the fuel factor data. Second, the study team reached out to the NCHRP for their input
and assistance. In both instances, the inquiries polled respondents on their impressions as to the
usefulness of the datato potentia users. Finaly, the study team reviewed pertinent literature collected
throughout the study for information on potential additional audiences.

The research revealed six major additional markets for the results of this study. These include:

Other agencies responsible for highway contracting

Agencies responsible for construction of facilities for other transportation modes

Associations representing industries that build highways or provide goods to highway builders
Officiasinterested in improving planning and budgeting

Contractors interested in better understanding and managing their fuel use or in preparing more
accurate cost estimates.

Researchers examining energy requirements, emissions and climate change

The following sections describe each of these markets. Included in each section is a description of the
market, an overview of the potential application of the fuel factors data within that market and a summary
of respondent’ simpressions as to the usefulness of the data to potential usersin that market.

4.2.1 Other Agencies Responsible For Highway Contracting

The most evident alternative application of fuel factorsistheir use by contracting authorities at
other governmental levels (federal, county, MPO, city, town, local) that purchase highway construction.
Based on the knowledge of the expert engineering panel, at present, the use of fuel factors at these
jurisdictionsis extremely rare as these entities employ a much lower level of budgeting and project
estimating.

State DOTSs, however, do not maintain ownership over the mgjority of roads. For example,
Exhibit 4-33 provides datafor 2008 on the ownership of road mileage by jurisdiction. State highway
agencies own only 19.3 percent of roads, while counties own 44.0 percent, and towns and municipalities
own 32.0 percent. These totalsinclude 1,324,245 miles of unpaved roads, which account for 32.6 percent
of al roads. While ownership datafor paved roads is only available for select functional classes, available
data are sufficient to establish that that state highway agencies own no more than 28.5 percent of paved
roads. The upper range estimate assumes that state highway agencies own all minor collectors (179,622
miles). Also included is mileage for functional classes for which paved mileageis available for state
highway agenciesincluding rural roads (472,237 miles) and urban roads (128,155 miles). The sum
represents 28.5 percent off all paved roads (2,734,102 miles).
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Exhibit 4-33. Owner ship of Road Mileage by Jurisdiction, 2008
Ownership Miles| Percent of Miles
State Highway Agency 784,312 19.3
County 1,788,039 440
Town, Township, Municipal | 1,298,413 32.0
Other Jurisdictions 57,021 1.4
Federal Agency 131,558 3.2
Total 4,059,343 100.0

Highway Statistics 2008, Table HM-16, “Public Road Length — 2008
Miles by Ownership and Federal-Aid Highways National Summary,”
October 2009, Federal Highway Administration, Accessed at URL:
http://www.fhwa.dot.gov/palicyinformation/stati stics/2008/hm16.cfm

The ownership situation is similar for bridges. As shown in Exhibit 4-34, state highway agencies
own only 46.6 percent of bridges while counties own 37.9 percent, towns own 4.9 percent, and cities and
municipalities own 7.1 percent.

Exhibit 4-34. Ownership of Bridges by Jurisdiction, 2008

Ownership Bridges| Percent of Bridges
State Highway Agency 281,725 46.6
County Highway Agency 229,047 379
Town or Township Highway Agency 29,560 4.9
City or Municipal Highway Agency 42,811 7.1
State Park, Forest, or Reservation Agency 1,040 0.2
Local Park, Forest, or Reservation Agency 78 0.0
Other State Agencies 904 0.1
Other Local Agencies 1,292 0.2
Private (other than railroad 510 0.1
Railroad 856 0.1
State Toll Authority 7,476 1.2
Local Toll Authority 743 0.1
Federal 8,150 1.3
Unknown 301 0.0
Total 604,493 100.0

Highway Statistics 2010, Table BR-6, “Highway Bridge by Owner — Counts As of December 2010”
October 2009, Federal Highway Administration, Accessed at URL :http://www.fhwa.dot.gov/bridge/nbi/ownercount10.cfm

Given the large percentage of roads that non-state jurisdictions build, own and maintain, these
other jurisdictions represent alarge potential user of fuel factors and price adjustment clauses.

4.2.2 Agencies Responsible For Other Modes
In addition to public roads, a number of public and private entities build and maintain roads, other
paved surfaces similar to roads, and other graded right-of ways that require preparation similar to a

highway right-of -way. Some of these facility typesinclude:

Airports
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Parking facilities

Transit facilities

Private roads at commercial and industrial facilities
Private roads at residential communities or subdivisions
Railroads

Ports

Airports, both public and private maintain entrance roads, service roads, parking lots and
runways. Grading and paving activities, for which fuel factors were developed, would carry over to
airport construction and expansion. Parking facilities include roadways, parking surfaces, which are akin
to road surfaces, and parking ramps, which are structures with some similaritiesto bridges. Transit
facilities include roadways and rail right of ways, which require clearing, grading, landscaping, drainage,
and base stone activities that are similar to roadways. Many commercia and industrial facilitiesinclude
roadways. Similarly, many residential communities, subdivisions and multifamily developmentsinclude
private roads.

Additionally, freight bureaus within DOTs and MPOs work with local agencies and railroad
companies and often are involved with rail-highway grade crossing improvements and reconstruction,
which is another areawhere fud factors could apply. In addition, railroads use construction materialsin
their bituminous underlayment of tracks and other facilities. Such activities might apply to port facility
construction as well.

Additionally, there is a possibility that the fuel factors formulated for several heavy construction
activities, such as clearing and grubbing or grading, could be used as surrogates for activities in open-pit
mining, farming, environmental clean-up, or heavy industrial operations.

Each of the entities procuring these roadways or roadway type elements may have interest in
adopting fuel-price adjustment clauses for their contracts. The fuel factors developed in this study or the
methodol ogy used to develop the fuel factors may be useful in developing project specific fuel quantities
that will be subject to the adjustment factor.

4.2.3 Associations Representing Relevant Industries

Assaciation officias involved with industries that build highways or provide goods to highway
builders may be interested in fuel factorsfor avariety of reasons. One use would be to educate their
members as to the benefits of conservation efforts. Another would be to help their members understand
how price fluctuations can affect both their bottom line and their competitiveness. Associations can also
provide the datain guidance and tools that allow their members to devel op estimates for bidding purposes
that are more accurate.

4.2.4 Officials Interested In Improving Planning and Budgeting

State DOTSs can also use the updated fuel factorsin the development of more accurate state
engineer’ s estimates for planning and budgeting purposes. For example, the NCHRP noted that the fuel
factors might be useful to planning groups or planning studiesin developing comparative data for impacts
of aternative development scenarios.

In particular, rapid changes in fuel prices can complicate highway construction planning and

budgeting. DOTs may find that bids come in higher or lower than expected or that price adjustment
clauses cause unexpected changes in project costs. For example, fuel and asphalt prices during fall 2009
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allowed ARRA funds to cover more projects than expected. “ States are routinely receiving low bids for
highway and airport construction projects that are 10 to 20 percent, and in some cases, 30 percent |ower
than expected.” Understanding the amounts of fuel that projects will consume can allow DOTSsto better
understand and plan for price fluctuations.

However, according to one state DOT official, fuel price information is useful for formulating
price adjustments based on what actually happens. Theintent of al the price adjustmentsisto minimize
that portion of cost risk in the longer duration public contracts. In this official’s opinion, trying to use
historical datafor future planning and estimating is afutile attempt, as * past performance should be taken
as no indication of future performance.”

4.2.5 Contractors

Contractors can use fuel factor datato better understand and manage their fuel use and to prepare
more accurate cost estimates. While most contractors have systems and other methods to estimate their
fuel use, the availability of updated fuel factors can provide them with a benchmark to assess their
estimates as well astheir level of fuel efficiency.

One state DOT official, however, had a contrasting view of contractor’s need for fuel factors.
Based on this officials experience with the contracting industry, it was their belief that “ Contractors
aready have athorough understanding of fuel futures. The only thing that may be useful is the maximum
expected growth of afactor.”

4.2.6 Researchersand Modelers

Researchers and modelers may use fuel factors or the engineering data on equipment and fuel
consumption ratesin research studies. Topics might include climate change, particulate emissions or the
energy requirements of alternative construction techniques. For example, the NCHRP noted that air
pollution models in non-attainment areas may be a possible application of the fuel factor data.

The fuel factors and related estimates could be especially beneficial for transportation planning
purposes. While many MPOs and some DOT s have begun to estimate energy and operational GHG
emissions from the transportation systems they oversee, few have gone beyond that level of effort to
eval uate construction and maintenance emissions. These emissions can be a significant contribution to the
overall carbon footprint of the transportation system. In addition, many state climate action plans (and in
the future, perhaps, MPO/state DOT GHG reduction plans) include infrastructure strategies such as
HOV/HOT lanes, bus and rail transit, congestion reduction in genera purpose lanes, and bicycle and
pedestrian projects. Without a good understanding of the construction and maintenance impacts of these
types of projects, planners cannot know whether these projects truly reduce energy and emissionson a
lifecycle basis, or whether they provide meaningful reductions by the target years in the climate action
plan or other GHG planning document.

There are many examples of these types of research. For example, the authors of thisreport are
currently part of ateam devel oping atool for the Federal Highway Administration designed to quantify
emissions from the construction and maintenance of transportation infrastructure projects e.g., roadways
and transit projects. That study uses the results of this study in its application. Specifically, the fuel
factors developed in this study are combined with quantities to directly estimate GHG emissions. In order
to produce a comprehensive analysis of the greenhouse gas (GHG) impacts of proposed regional or
statewide transportation plan aternatives, planners must consider the emissions associated with
construction and maintenance. The information gathered in this project will be useful for both planners
interested in quantifying these emissions, and state and local DOT s interested in reducing these
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emissions. Thiswill also include information and data regarding the costs associated with the practices to
reduce GHG emissions. These will provide practitioners with the basis for cost-benefit or cost-
effectiveness analyses.

In arecently published research synthesis, S. T. Muench provided an overview of roadway
construction sustainability (2010). Muench's review of 14 roadway construction life-cycle papers reveals
some consistent observations about the ecological impacts of such projects. Key observations are:

The energy expended during roadway construction is roughly equivalent to that used by traffic
operating on the facility for one or two years,

Materials production makes up 60 to 80 percent of energy use and 60 to 90 percent of CO2
emissions associated with construction,

Construction activities at the jobsite make up less than five percent of energy use and CO2
emissions, and

Transportation associated with construction makes up 10 to 30 percent of energy use and about
10 percent of CO2 emissions associated with construction.

The fuel factors data devel oped for this study could provide additional data observationsfor use
insimilar studies.

The GreenDOT model, developed by AASHTO, provides aframework for estimating emissions from
construction equipment. GreenDOT is a spreadsheet tool that enables state DOTsto calculate CO, emission
from their operations and projects. Depending on the user’ s need, the model can caculate CO, emission from
an agency or aproject over a defined time-period (ICR International 2010). Updated fudl use inputs produced
for this study could be incorporated into the GreenDOT mode.

Another source specificaly focused on life-cycle emissions from different types of pavement isa
recent paper by three researchers, Hanson, Noland and Cavale, a Rutgers University’ sV oorhees
Trangportation Center. This paper, “Life Cycle Greenhouse Gas Emissions Used in Road Congtruction,”
aggregates research on life-cycle emissions for asphalt and for Portland cement. The newly calculated fuel
usage factorsfor relevant asphalt and concrete items could be included in an updated version of thisreport, or a
similar report compiled in the future.

The most comprehensive regiona-scale analysis of greenhouse gas emissionsembodied in
trangportation infrastructure, incorporating estimates of material volumes, is contained in the 2008 doctoral
dissertation of Mikhail Chester. Chester uses emission factors from the PaLATE model to estimate emissions
embodied in the construction of regional road networks and rail transit networks. Chester estimates volumes of
construction materials separately for ten roadway types. interstate, major arterials, minor arterials, collectors,
and local roadways in both the urban and rural context. The author devel oped standard dimensions for each
roadway type from AASHTO' s 2001 guidance on roadway geometry and historical miles of each roadway
type constructed in the U.S. from the Bureau of Transportation Statistics. Finaly, the author estimated market
shares of various paving types from EPA’s Emission Inventory Improvement Program. Chester effectively
forecasts the total emissions embodied in construction of roadway pavement in the U.S. over a 10-year period.
Thefud usage factors devel oped for this effort may be used asinputs to similar emission calculation models.

State DOTS, in their greenhouse gasinventory development, do not appear to have maintained data for
specific congtruction or maintenance activities. The new fuel factors data produced for this study could be
incorporated into these model s, with some regiona and/or geographical tailoring occurring. The Washington
State Department of Trangportation, in its 2007 GHG inventory, followed a more traditional GHG reporting
protocal, thinking primarily of their fleet and their buildings as their major categories of Scope 1 and Scope 2

112



NCHRP 10-81: Fud Usage Factorsin Highway and Bridge Construction

emissions (WSDQOT 2007). Theinventory does not describe estimates of emissions by project category, or by
activity. Theinventory does not contemplate life-cycle emissions from materias as part of the inventory. This
may change, as AASHTO' s Standing Committee on the Environment has recently commissioned a guide for
state DOTs entitled “ Greenhouse Gas Emission Inventory M ethodol ogies for State Transportation
Departments.” This document, prepared by |CF and finalized in the summer of 2011, containssimple
estimates of upstream emissions for purchased inputs to construction projects, such as gas, diesel and natura
gasfuesaswdl asphalt, steel and aluminum.

4.2.7 Summary and Conclusions

A range of potential uses exists for the fuel usage factors data collected in this study. The data can
be used by entities other than state DOTs for both highway contracting and construction of facilities for
other transportation modes. Associations may value the data for dissemination of information and policy
guidance for their members. Officialsinterested in improving planning and budgeting may find
information on fuel usein their projects extremely useful. At the same time, contractors interested in
better understanding and managing their fuel use or in preparing more accurate cost estimates will find
valuein the fuel factors. Finally, researchers examining energy requirements, emissions and climate
change, can use the datain preparing estimates, inventories and action plans.
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APPENDIX A: RECOMMENDED PRACTICE AND MODEL
SPECIFICATION

A.1l  Purposeand Scope

The purpose of this document isto set forth revised fuel usage factors and procedures for
development and use of fuel price adjustment contract provisions. These provisions minimize the cost
effects of price uncertainty for fuel used in highway construction. This document also presents
information on criteriafor application of the fuel usage factors, sample wording successfully used in
specifications by various states, and exampl e cal cul ations and worksheets.

A.2  Background

Price volatility of construction materials and supplies such as asphalt, fuel, cement and steel can
result in significant problems for contractorsin preparing realistic bids. In many cases, prospective
bidders cannot obtain firm price quotes from material suppliers for the duration of the project. This leads
to price speculation and inflated bid prices to protect against possible price increases. This document will
provide contracting authorities with information for development and application of fuel usage factors
and price adjustment provisions for fuel usage to respond to this price volatility for fuel by transferring a
portion of the risk to the contracting agency, resulting in lower bids.

A.3  Sponsors, Participating Organizations and Study M ethodology

The National Cooperative Highway Research Program (NCHRP) isamajor research program
within the Transportation Research Board of the National Academy of Sciences. The NCHRPis
sponsored by the American Association of State Highway and Transportation Officials (AASHTO) in
cooperation with the Federal Highway Administration (FHWA). The NCHRP was the sponsor of this
project effort, which was designated as NCHRP Project 10-81. Participants included an NCHRP project
officer and atechnical review panel. The FHWA also contributed one of its employeesto serve asa
liaison between the NCHRP and the FHWA.

State DOTSs have also participated in this study. In the first phase of the project, the project team
contacted all 50 state DOTs and acquired information on their price adjustment programs, their
perceptions of fuel intensity, and the features that they would like included in the research products of this
project effort.

This project has benefitted from the support of several industry organizations. The American
Road & Transportation Builders Association (ARTBA), the Associated General Contractors of America
(AGC), the Nationa Asphalt Pavement Association (NAPA), and the American Concrete Pavement
Association (ACPA) each agreed to cooperate with the project team and aid in survey review and
dissemination.

This project in general, and the survey aspect in particular, depended on the participation of
highway construction contractors. The project team attempted to contact over 10,000 contractors through
email, industry organizations newsletters, and direct phone calls. This study also utilized fuel
consumption information provided by the National Ready Mixed Concrete Association (NRMCA). In
total, this study utilized information provided by 270 contractors who provided over 500 individua data
points regarding fuel consumption.
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The work plan for this effort proposed a three-pronged methodology to investigate the research
problem. Aswas the case for the original fuel factors, the research team surveyed the contracting
community. The survey effort, conducted using both an Excel spreadsheet survey and several iterations of
surveys created using SurveyMonkey, asked contractors to provide both biographical information and
fuel usage for specific work items.

In addition, the research team proposed to conduct both an engineering study and a statistical
analysis. The engineering study relied on an expert panel of engineers and estimators to calculate fuel
usage for avariety of construction work items. In this effort, the expert panel selected the necessary
equipment for each task, calculated the fuel used by that equipment, calculated the time needed to
complete each activity, and ultimately calculated the fuel use per unit of measure for an average project
under each work item. For the statistical analysis, the research team studied the relationship between bid
prices and diesel fuel index prices. Unfortunately, this effort did not yield meaningful results due to the
complexity of the relationship and a number of confounding variables.

A4 Definitions
This section defines terms that are used in this guide and throughout NCHRP Study 10-81.
Fuel Usage Factor

The gallons of fuel required to perform a specified unit of construction. For example, this study
has calculated that the fuel usage factor necessary to lay one linear foot of large pipeis 4.338 gallons. The
fuel usage factor isanumerica input to price adjustment formulas.

Price Adjustment Clause

A clause that may be added to contract agreements between procuring agencies, such as State
Departments of Transportation (DOTSs) and construction contractors. A price adjustment clause, or PAC,
allows for contractors to be compensated in the case of fluctuating commodity prices.

Price Index

A historical time series that displays an index of relative prices compared to a base year price for
aparticular good or commaodity in a specific area. A price index is afrequent input to price adjustment
clauses.

Trigger

The percentage change in price of acommodity in relation to an established base price that
initiates the payment of a price adjustment. A trigger valueis often included in price adjustment clauses
and typically ranges between zero percent and 20 percent change in base price in either direction.
Exceeding the contractually established trigger value will lead to either contractor reimbursement by their
DOT or the return of contractor funds to the DOT, depending on the direction of the price fluctuation.

Indexed Item per Unit Method

The predominant method for conducting a PAC program. The method of measurement for this
PAC method relates directly to the quantity of work performed on the specific bid items outlined in the
specifications. For fuel, thisis related to specific bid items that are assigned a fuel usage factor assigned
to those items.
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Total Fuel Requirement Method

An aternative PAC method. In this method, the state DOT will set an amount of acommodity to
be used on a project. An alocation schedule is then created that details the estimated amount of the
commodity used at each point of the construction process. The percent of the commodity used to dateis
then applied to the total commodity amount needed after the completion of each increment of work. This
method is not currently used by any DOTSs.

Bid Item Method

An alternative PAC program method. This method is used by creating a bid item for commodity
cost for the project and the bidder enters a value from zero up to the maximum amount designated by the
owner.

Percent of Cost Method

An aternative PAC program method that is used by several states. Under this model, the percent
of contract dollars that will be used on acommodity is specified. The method of measurement of this
method involves multiplying the current pay estimate value by the predetermined percent of cost. This
value is then compared to the index values of the commodity.

A5 Reference Documents

This section presents selected publications and projects that have informed the research team in
this present effort. The presented sources include previous federal research efforts, relevant efforts by the
current research team, and academic sources.

Highway Research Board Circular 158

The original research on fuel usage factors includes Highway Research Circular Number 158 by
the Highway Research Board (now the Transportation Research Board) in July 1974. A mailed survey of
3,000 highway contractors netted 400 responses, and the FHWA compiled and analyzed the data. Factors
were computed for construction activities such as excavation, aggregate and asphalt production, and
structure construction. Each of these activities received a high, low, and average factor. Both diesel and
gasoline were included. The team did not fully investigate the effects of different terrain and did not
account for contingencies such as high atitude.

Technical Advisory T5080.3

The Federal Highway Administration (FHWA) incorporated the Circular 158 factorsin Technical
Advisory T5080.3, originally released in 1980. The FHWA website provides the updated version of this
advisory. It contains methods for devel oping price adjustment provisions such as downward and upward
contract provisions, using an average of quotes to avoid manipulation, triggers based on afive percent
change in fuel price indices, and ad hoc adjustments on fuel usage factorsin cases of extreme elevation,
rough terrain, etc. It also provides the original fuel usage factors aswell as additional fuel usage factors
developed by the states.
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AASHTO Price Adjustment Clause Survey

The Contract Administration Section of AASHTO'’ s Highway Subcommittee on Construction
(AASHTO SOC) maintains a spreadsheet that summarizes the current use of price adjustment clauses for
fuel, asphalt, cement, steel, and other highway materials. The 2009 version of a summary spreadsheet
includes general information regarding trigger values, indices, web references, general comments and
state DOT contacts. This set of literature also includesthe individua state policies for which the
spreadsheet provides web references.

NCHRP Sudy 10-81

This Specifications Guide and Recommended Practice effort is part of the larger NCHRP Study
10-81. The objectives of this study are to (1) identify present highway construction contract activities that
are mgjor consumers of fuel; (2) prepare fuel usage factors for these activities, including those items of
work presented in Attachment 1 of FHWA Technical Advisory T5080.3, for base year 2012; and (3)
develop arecommended practice for state DOTSs to implement use of fuel adjustment factors and adjust
them for both state-specific conditions and changes in construction costs, methods, and equi pment.

The selected research organization designed a three-pronged research plan to achieve the above
objectives. A survey approach allowed the project team to determine the prevalence of price adjustment
clauses and fudl usage factors among state DOTs as well as to determine contractor fuel usage by work
category and pay item. A statistical analysis modeled the relationship between fud prices and
construction bid prices. An engineering software analysis identified construction activities that are highin
fuel use aswell asthe relative cost of fuel compared to the overal costs of construction activities.

Besides this guidance, there are several research products for this project. A final report
synthesizes the total research effort. An Excel-based spreadsheet tool allows usersto quickly calculate
fuel adjustments and modify their project parameters. A webinar conducted by the research team
presented the project efforts to interested parties from around the country.

NCHRP Sudy 20-07, Task 274

The research team conducted an examination of the use of price adjustment clausesin
construction contracting for NCHRP Study 20-07. When market prices of cement, steel, asphalt, fuel or
other commodities used in transportation infrastructure construction are increasing, DOTs face demands
to incorporate price indexing or cost escalation clauses into construction contracts. Agency decision
makers seek guidance for judging if indexing and escal ation clauses are warranted, whether the benefits
an agency may gain using such clauses outwei gh the costs, and how best to implement indexing. Thisisa
particularly important issue in recent years. Fluctuating petroleum prices have led to increases and
decreases in the costs of fuel and asphalt products. Rising demand from China and other developing
countries drove up prices for steel and other building materials. The worldwide recession then led to
dropsin prices for many commodities.

Price indexing and cost escalation clauses shift business risk (and potential rewards from falling
commodity prices) from the contractor to the DOT. While this shifting of risk may benefit the agency
through contractors’ willingness to submit lower bids, the agency faces greater uncertainty in budgeting
and managing the final costs of a project. Thereislittle information available on how agencies’ use of
such clauses may affect construction-market competition or commaodity prices within aregional market.
Thereisalso little information on how the effectiveness s of these clauses vary based their design such as
the trigger point for the index, the relative project size, the type of commaodity or bid item, and the
presence of opt-in or opt-out clauses. Data on the administrative costs of these clausesis aso lacking.
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The objectives of this research were to:

Describe the current state of DOT practicein using price indexing or cost escalation clausesin
construction contracts

Collect data on the experience with escalation clauses from state DOTSs, highway construction
contractors and other industries

Conduct a quantitative analysis of the effectiveness of the clauses using highway construction bid
item data

Provide guidance for DOT staff making decisions about whether and how they should use such
clauses.

The research team compiled afinal report detailing their efforts in January 2011. The final report
includes a survey of current PAC practices, an evaluation of their costs and benefits, and final guidance
aimed at state DOT s regarding their use.

National Highway Construction Cost Index

The research team aided FHWA in aiding with the development of the new National Highway
Construction Cost Index (NHCCI). For the study, the research team assisted in the devel opment of the
methodol ogy, provided highway construction bid data by pay item for 48-states, carried out custom
programming to extract the data for the index, and developed recommendations for future improvements
and research.

“ Evaluation of Fudl Usage Factorsin Highway Construction in Oregon”

Several academic papers examine fuel usage factors. Perhaps the most relevant is* Evaluation of
Fuel Usage Factorsin Highway Construction in Oregon” by Ken Casavant, Professor at Washington State
University with co-authors Eric Jessup and Mark Holmgren. This analysis compiles information
regarding how other states address the issue of inflation in fuel factors and develops an approach to
updating the estimation of fuel factors used for various types of structures. The authors present three
major errors with the current fuel adjustment system. Thefirst is the effects of inflation on construction
costs exacerbated by the failure to correct for inflation on the 1980 fuel adjustment factors for structures
and miscellaneous costs. The second isimprovementsin construction practices and fuel efficiency.
Lastly, fuel preferences have shifted, with the change from diesel to natural gasin asphalt plants being the
most notable. The study proceeds with an overview of state practices for formulating fuel adjustments and
asurvey of state DOTSs, which found that most consider their current fuel adjustmentsto be fair despite
contractor complaints and recently implemented or planned changes in many of their fuel adjustments.
Two primary recommendations are presented. The first isto cut the fuel usage factors for structures
approximately in half, from nineteen to nine for cast-in-place and from ten to five for pre-cast. A review
and recalculation of fuel usage factors every three yearsis also suggested.

A.6 Revised Fuel Factors

This section presents the updated fuel factors devel oped during the course of this study. Exhibit
A-1 presents these factors in a one-page table. Exhibit A-1 contains four columns. From |eft to right, these
columns are work category, work item, unit of measurement, and the fuel factor. For example, the
Clearing work item, under the Clearing and Removal category, is estimated to consume 191.2 gallons per
acre assuming normal project conditions. Exhibit A-1 isfollowed by brief descriptions of each work item.
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Exhibit A-1: Fuel Usage Factor Summary Table

Category Item of Work Units FUF 1980 FUF
Clearing Gallong/Acre 191.200 200.000
Clearing Pipe Removal Gallong/L.F. 0.863
and Pavement Removal - Asphalt GallongC.Y. 1.397
Removal Pavement Remoygl - Concrete _ Gallong/C.Y. 0.562
Structure Demolition (House/Building) Gallong/Each 375.000
Structure Demolition (Bridge per S.F. of Deck) Gallong/S.F. 0.626
Excavation - Earth - Off Road - Long Haul Gallonsg/C.Y. 0.320 0.440
Excavation - Earth - Off Road - Short Haul GallongC.Y. 0.263
Excavation - Earth - On Road - Long Haul Gallong/C.Y. 0.687
Excavation - Earth - On Road - Short Haul Gallons/C.Y. 0.319
Excavation Excavation - Rock - Off Road - Long Haul Gallong/C.Y. 0.402 0.570
Excavation - Rock - Off Road - Short Haul Gallons/C.Y. 0.311
Excavation - Rock - On Road - Long Haul Gallong/C.Y. 0.740
Excavation - Rock - On Road - Short Haul Gallons/C.Y. 0.465
Strip Topsoil GallongC.Y. 0.167
Roadway Finishing GallongS.Y. 0.073
Base Stone Base Stone - Short Haul (Haul and Place) Gallons/Ton 0.406 0.510
Base Stone - Long Haul (Haul and Place) Gallons/Ton 0.558 0.810
Asphalt Production (Diesdl) Gallons/Ton 2.040 2570
Asphalt Production (Natural Gas) Gallons (GGE)/Ton 2.144
Asphalt Production (Natural Gas) (Support Equipment) Gallonsg/Ton 0.090
Warm Mix Asphalt Production (Diesel) Gallons/Ton 1.632
Asphalt Warm Mix Asphalt Production (Natural Gas) Gallons (GGE)/Ton 1.715
Warm Mix Asphalt Production (Natural Gas) (Support Egp.) Gallons/Ton 0.072
Asphalt Hauling (0-5 miles) Gallong/Ton 0.183 0.770
Asphalt Hauling (6-15 miles) Gallonsg/Ton 0.293
Asphalt Hauling (>15 miles) Gallonsg/Ton 0.514 1.070
Asphalt Placement Gallons/Ton 0.273 0.280
Milling - 0-1" (0-5 mile haul) Gallons/Ton 0.028
Milling - 0-1" (6-15 mile haul) Gallons/Ton 0.030
Milling Milling - 0-1" (>15 mile haul) Gallons/Ton 0.038
Milling - 2-4" (0-5 mile haul) Gallong/Ton 0.062
Milling - 2-4" (6-15 mile haul) Gallons/Ton 0.071
Milling - 2-4" (>15 mile haul) Gallons/Ton 0.090
Reinforcing Steel Gallong/Lbs. 0.004
Steel Beams Gallons/L.F. 0.180
Structures Substructure Concrete GallongC.Y. 4.700
Superstructure Concrete Gallonsg/C.Y. 4.150
Bridges Gallons/Contract $ 5.200 41.000
Bridges (per S.F. of deck) Gallong/S.F. 0.616
Concrete Production (Support Equipment) Gallonsg/C.Y. 0.090 0.430
Concrete Hauling - Short Haul Gallong/C.Y. 0.600 1.000
Concrete Hauling - Long Haul Gallonsg/C.Y. 1.100 1.000
Mi Concrete Placement GallongC.Y. 0.267 0.470
Conlcsrcéte Concrete C_urb/Gutter Gallong/L.F. 0.152
Concrete Sidewalk Gallons/S.F. 0.090
Retaining Wall (Cast-in-Place) Gallong/S.F. 0.646
Noise Wall (Pre-cast) Gallons/S.F. 0.304
Concrete Median Barrier Gallong/L.F. 0.309 0.300
. Large Pipe Crew Gallong/L.F. 4.338
EP)'ir ;‘g;g; Medium Pipe Crew GallongL.F. 1481
Structures Small Pipe Crew Gallong/L.F. 0.871
Drainage Structures Gallons/Each 26.175
Fence Gates Gallong/Each 4.200
Fencing Gallong/L.F. 0.043
Grassing (Hydroseeding) Gallong/Acre 3.497
Grassing (Seedbed Preparation) Gallong/Acre 10.000
Specialt Sodding GallongS.Y. 0.017
ltems y Guardrail Posts Gallong/Each 0.042
Guardrail — Steel Gallons/L.F. 0.037 0.230
Guardrail - Wire/Cable Gallong/L.F. 0.105
Intersection Signalization (2 lane) Gallong/Each 170.000
Intersection Signalization (4 lane) Gallong/Each 304.000
Pavement Marking Gallong/L.M. 4.500

A-6




NCHRP 10-81: Fud Usage Factorsin Highway and Bridge Construction

Clearing and Removal Items

Clearing and removal activities may vary widely between projects. The general assumptions used
to develop the equipment and production rates for these tasks relate to the density and type of materials to
be removed from the site.

Light clearing would consist of areasthat have only a minimal growth of trees and brush. This
would generally be related to projects that are widening or where existing roads are being reconstructed.
In addition, light clearing areas would contain little or no general clearing items such as fence rows or
other debris.

Medium clearing would be in areas where the trees and brush are only moderately dense.
Example of these areas would bein residential areas where trees and open areas are mixed.

Heavy clearing would consist of areasthat are densely populated with trees and brush and in
more virgin area projects where there are no current roads.

For Removal Items, the largest cost rel ates to the distance required to haul the debris. Removal
items are not generally “production” type items and cycle times are not calculated in the same way
grading items are calculated. The estimating panel assumed that the crew will include sufficient trucks to
cycle within a10 mileradius of the project site. Also note that the asphalt pavement removal itemis
separate from the milling item that is described later in this section.

Technical Advisory T5080.3 did not include a specific category for clearing activities. By
definition, these activities were included in the excavation activities. Separating the clearing activities
from the grading activities allows for the development of a more accurate fuel factor in areas where the
clearing is more or less intense than average. In addition, many projects include identifiable clearing and
removal pay items and the separation of these activities allows for the application of more specific fuel
use factors.

Grading Items

The largest on-site consumers of fuel on highway projects are the grading items. Theseitems are
also the most variable from project to project and even within a project. The equipment utilized to
perform the grading activities can also vary from contractor to contractor depending on the experience of
the contractor and the equipment that is available.

The grading activities have been separated into tasks that would require different equipment and
production rates. Within a single project, one or more of these tasks will be used in the devel opment of
the excavation pay item.

Based on each estimator’ s experience and background, they each devel oped different equipment
lists and productions rates to accomplish each task. The end result, however, was that the fuel
consumption rates for each activity was very consistent for each activity.

Technical Advisory T5080.3 had three categories of excavation: Earth, Rock and Other. In
addition, other activities such as clearing and grubbing are included in the fuel use factors. This study
expands on the number of activities within the excavation category as well as breaking out any activities
not specifically related to excavation. This allows for the development of a more accurate fuel use factor
based on the specific geographic and topographic area.
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In Exhibit A-1, the grading items were presented in a manner that displayed various combinations
of short and long hauling distances and whether or not the haul was on or off road. Exhibit A-2 presentsa
number of additional combinations.

Exhibit A-2: Alternative Grading Combinations Summary Table

Item of Work |Units | Fuel Use Factor
Excavation (Unclassified - Dirt and Rock)

Grading - Short Haul Gallons/C.Y. 0.537
Grading - Long Haul Gallons/C.Y. 0.340
Excavation (All Haul Distances)

Grading - Dirt Gallons/C.Y. 0.397
Grading - Rock Gallons/C.Y. 0.480
Excavation (Unclassified - All Haul Distances)

Grading - Off Road Gallons/C.Y. 0.324
Grading - On Road Gallons/C.Y. 0.553

Base Sone

The base stone category will have a more standard crew compared to clearing and grading items.
The largest variable in the base stone task is the haul distance from the quarry to the project site which
can vary widely from project to project and state to state. In this study, the estimating panel assumed a
moderate haul distance of 10 to 15 miles. The equipment used for placing and compacting the stoneis
much more consistent from project to project.

Technical Advisory T5080.3 listed a category for aggregates. This category has been replaced by
the base stone category. This category includes the hauling, placing and compacting of roadway base
material but can also be applied to other stone activities such as shoulder widening and rip rap. The
production of the material istypically covered by afixed price purchase order and fuel price changes
would not apply. Accordingly, the fuel consumption for the production activitiesis not included in this
category.

Asphalt

The equipment list for the asphalt category isrelatively standard from contractor to contractor.
The specific types of pavers, rollers and other support equipment vary from contractor to contractor, but
the overall fuel consumption would change little. The two main variablesin asphalt activities relate to the
project conditions and the haul distance from the plant to the project site. The primary project conditions
that can affect production rates for lay down operations are traffic conditions, pavement depth, pavement
width, lengths of runs. In this exercise we assumed “genera” conditions for each of these factors. Projects
with long un-interrupted runs will exceed the listed production rates and projects with high traffic
interference and many intersections will fall short of the listed production rates.

The most variable cost of asphalt operationsisthe haul distance from the plant to the project. In
order to minimize this effect on the fuel use, we have broken each of the three main asphalt activities
(structural, surface and leveling courses) into three haul distance ranges. Each of the three haul distances
(Oto 5 miles, 5to 15 miles and over 15 miles) increases the number of trucks required to service the lay
down crew and increases the amount of fuel consumed.
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Technical Advisory T5080.3 lists similar activities for the production, hauling and placement of
asphalt materials. Since the origina study, the heating and drying operations for the production of asphalt
have shifted from using diesel fuel to natural gas. This study adds additional factors for the production of
asphalt to include natural gas as the heating and drying fuel.

Milling

Unlike many other categories, the milling category will have the most standard crew among the
examined work categories. Although there are different sizes of milling machines and the production rates
can vary based on the material being milled, al the equipment lists and production rates were similar
across all estimators.

The largest variablein calculating the production rate for amilling item is the haul distance from
the project site to the disposal site. As mentioned previously, these distances can vary dramatically from
project to project and state to state. In this study, the estimating panel assumed a moderate haul distance
of 10to 15 miles.

The equipment used for milling and hauling is consistent from project to project. Other factors
that affect the production rates for milling activities relate to specific project conditions related to length
of runs, number of turnouts, width of pavement, and traffic conditions. This exercise assumed an average
of al these factors.

Technical Advisory T5080.3 does not list any fuel use factors for milling activities.
Structures

Activities related to structures vary widely from project to project and state to state. In this
exercise, the estimating panel identified four main activities that are common to many structures. Each
estimator then identified the equipment needed to perform each activity. The equipment lists were fairly
consistent among the estimators. The largest difference in equipment is the size of the crane that each
estimator used in the calculation. Thereis aso alarge variance in the cranes that would be used by
different contractors.

The largest variance in the estimates is the production rates for each item. Thisis consistent with
the idea that each structure on each project would also be unique to that project. There are many factors
that can have an impact on the productivity for each of these work items. These factors include location,
size, design, height, width, span, and type. The production rates used are also average productivity across
the duration of the task. The concrete structure items are based on the cubic yards of concrete poured.
Although the actual pouring of the concrete takes place relatively quickly, the production rate accounts
for the preparation, forming, pouring, wrecking and finishing of the concrete.

Technical Advisory T5080.3 only included fuel use factors based on the number of gallons per
$1,000 of contract value. As prices rise over time, the fuel use factor will necessarily decrease. This study
develops factors for the major activities included in bridge construction (reinforcing steel, beams,
substructure concrete and superstructure concrete) to create a more price insensitive fuel use factor.

Miscellaneous Concrete, Concrete Pavement, and Retaining Wall
The items within this section are relatively standard and all the estimators calculated similar

equipment lists and production rates. Although concrete curb specifications can vary from state to state,
the equipment required and production rates are rel atively consistent. Another factor that can have an
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impact on the equipment used, as well as the production rate, is the ability to use amachineto slip-form
the item. Some projects can have unique circumstances that require hand forming and pouring of the
concrete instead of using a paver. For this exercise, the estimating panel assumed the use of paversto
perform the majority of the work.

Technical Advisory T5080.3 lists similar activities for the production, hauling and placement of
concrete pavement.

Sorm Drainage, Water, and Sewer

Pipe crews are generaly consistent from project to project and generally vary by pipe size and
depth. The estimators developed consistent equipment lists and production rates. In this exercise, the
estimating panel generally assumed standard open conditions with standard specification depths for pipe.
These production rates would not be for urban areas where site conditions limit the work area and for
unusua depth requirements.

Technical Advisory T5080.3 does not list any fuel use factors for pipe laying activities.
Soecialty Items

The equipment lists for most of the specialty items are much less than for many of the previous
items. Labor and material costs make up a much larger percentage of the cost for these items. In addition,
most of these items are performed by companies that specialize in the items listed and are not performed
by the average highway contractor. Although the equipment lists are generally used, the production rates
for many of these items can vary for each subcontractor depending on a number of project specific
factors. For example, signalization installations can vary from one intersection to the next within the same
project. The estimating team relied on information from specialty subcontractors for much of the
information in this section.

Technical Advisory T5080.3 does not list any fuel use factors for specialty activities.
A.7  Criteriafor Application

Procuring agencies should carefully evaluate when and how to use fuel use factors and price
adjustment clauses. The following section provides discussion regarding several features that should be
considered:

Procuring agencies should consider whether the history of fuel prices compared to current prices
reveals unpredictable, uncontrollable shifts away from normal price trends over the longer term.
Agencies should attempt to determine the primary cause for the indicated price variance and
assess whether they expect that condition to exist for likely term of typical project and contracts.

Procuring agencies should consider whether contractors could obtain firm price quotations from
fuel suppliersfor the likely term of typical projects and contracts. Agencies should attempt to
verify that suppliers are not withholding quotes in hopes that agencies will provide fud price
adjustments.

Agencies should not incorporate fuel price adjustment provisionsinto standard specifications for
permanent application to al projects. If included in standard specifications, the price adjustment
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should apply only when provided for in the bidding proposal for a specific project. Agencies
should assess the need to include price adjustment provisions on a project-by-project basis.

Agencies should apply price adjustment provisions only where fuel costs represent a significant
portion of project costs. For example, fuel costs would probably have a significant effect on
major items of a grade and drain project, but not on atraffic signal installation project.

Whenever agencies adopt price adjustment provisions, they should continually evaluate their
need, effectiveness, and fairness. Administrative problems may indicate the need for
incorporating revisions to the clauses. A system for feedback from contractors and industry
groups isdesirable.

A.8  Development of Contract Provisions

Procuring agencies should consider the following points when devel oping contract provisions for
calculation and payment of fuel price adjustments:

Upward and Downward Movement of Prices

Price adjustments normally apply for both upward and downward movement of prices. An option
isfor the Agency to deduct for decreased cost only to the extent of any increased compensation
previoudy paid.

Ceiling on Upward Adjustment

Price adjustment provisions sometimes include a ceiling on upward or downward adjustments,
preferably in percentage form rather than in absolute dollars. Georgia has a maximum percentage above
the price at letting of 125 percent. Maryland caps adjustments at five percent of total contact amount.

Index or Other Economic Barometer

Procuring agencies should base price adjustments on actual fuel prices, afud price index, or
another economic barometer that is not susceptible to manipulation by contractors and suppliers acting
singly or asagroup. The contracting agency should develop the index or use other government price data
Procuring Agencies can devel op indices from Statewide or area wide data secured on the same date each
period. The Procuring Agency should include in the contact provisions the basis for establishing the
indices used in making price adjustments. Agencies have successfully used the following sources have
been for price indexing. This recommended practice does not intend these sources of price information to
be exclusive of any other agency, organization, or publication that now provides, or may provide in the
future, the type of price information required.

Many state DOTs have developed internal indices for fuel and other commaodities. If this step has
not been undertaken, the following sources have been successfully used for price indexing. These sources
of price information are not meant to be exclusive of any other agency, organization, or publication which
now provides, or may provide in the future, the type of price information which may be useful.

Producer Price Index: Number Two Diesal Fuel. Bureau of Labor Statistics.
http://data.bls.gov/timeseries’ WPU05730372datatool=X Gtable
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“Petroleum and Other Liquids’ Indices. U.S. Energy Information Administration.
http://www.eia.gov/petrol eum/gasdiesel/

AAA National Average Fuel Price.
http://fuel gaugereport.aaa.com/?redi rectto=http://f uel gaugereport.opi snet.com/index.asp

Platts Oilgram Report. http://www.platts.com/Products/oilgrampricereport

Engineering News-Record. http://enr.construction.com/

Qil Daily. http://www.energyintel .com/pages/about_tod.aspx

Trigger Value

The lower the trigger value, the more effective the index isfor stabilizing the market aswell as
the increased likelihood of reduced bid prices. The drawback of alow trigger valueisincreased
administrative burdens. Most states believe that price adjustments should be "triggered” only by a
significant change in the index rather than being responsive to minor fluctuationsin price. The original
guidance by The American Association of State Highway and Transportation Officials (AASHTO)
suggested a5 percent trigger level inits publication titled " Suggestions and Guidelines for Combating
Shortages and Minimizing the Effects of Price Uncertainties for Materials and Fuel in Construction”
published in 1974. As of 2009, seven states had atrigger between zero and three percent, 19 had a trigger
between five and 7.5 percent and 13 had atrigger of 10 percent or over.

Soecified Interval for Computation

Agencies should perform price adjustment computations at specified intervals rather than as each
change in price occurs. Most agencies compute price adjustments on a monthly basis.

Option to Accept or Reject Price Adjustment Provision

Some states allow the contractor an option to accept or reject price adjustment provisionsin the
contract. As of 2009, 12 states had an opt-in policy for fuel while 28 did not. For example, Alabama
allows the contractor to not bid the construction fuel item by including fuel costsin other pay items. Utah
allows the contractor to invoke the clause at any time during the contact and it is retroactive to the
beginning of the project. Virginiarequires contractors to opt in or out within 21 days of bid opening. The
contract's additional payment or any credit due the State for decreased prices should not depend on
whether the contractor chooses to claim the difference. The Agency should automatically incorporate
adjustment calculations and payments or creditsinto the normal estimate payment process.

Use of the Invoice Method
Provisions for payment of actual cost increases based on receipted invoices or other
documentation submitted by the contractor are not recommended. Thisis because of the additional

administrative and audit requirements imposed on States and contractors. Thereis also the potential for
manipulation and fraud.
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Price Adjustment Provisions and Completion Incentive

Price adjustment provisions should provide an incentive for the contractor to complete the
contract within the alotted time specified. States should limit any upward price adjustment, at maximum,
to the price or priceindex in force at the end of the contract. States may al so require completion of the
project at the original fuel price at letting without any adjustment during any unapproved time overrun.

Application to Individual Contacts and Bid Items

Many procuring agencies limit the applicability of fuel price adjustmentsin some manner. Some
agencies offer the clause only on projects over certain durations. This is because contacts with short
durations will experience less price volatility. Similarly, some agencies only include fudl use factors for
specific item or impose minimum quantities. Thisis because certain items or smaller quantities resultsin
low levels of fuel use and as a result the adjustment would be small in comparison to administrative cost.

Sructures

A typical contract between a state DOT and a construction contractor for the building of a bridge
or other structure includes alarge variety of tasks, materials and quantities. Quantities of materials are
purchased utilizing many different units of measure. These units of measure include lump sum, cubic
yards of concrete (substructure and superstructure), linear feet of beam, square feet or square yards of
deck, linear feet of barrier, and pounds of steel. This variety of units provided some challengesin creating
fuel usage factors for these items. In order to develop afuel usage factor that can be implemented across
many different contracting methods, this specification contains a fuel usage factor that was devel oped
using both gallons of fuel used per square foot of bridge deck and gallons of fuel used per $1,000 of
contract amount.

The advantage of utilizing afuel usage factor on a square foot of bridge deck isthat it does not
rely on input prices. Implementing afuel usage factor based on contract value will fluctuate based on
prices and will eventually become skewed due to the effects of inflation.

A list of tasks associated with the demoalition and construction of a standard bridge was devel oped
for this specification. The assumptions regarding bridge dimensionsinclude:

Two Travel Lanes (12 width)
100" Bridge Length

6" Shoulders

Three Footers (left, right, center)
Dry Land Span

3,600 S.F. Deck Area

10" Deck Thickness

Accompanying the above assumptionsis the development of alist of tasks associated with the
demolition and construction of the structure. The results are then divided by the deck square footage to
create fuel usage factors. The tasksincluded in the anaysis are as follows:

Substructure Demoalition
Superstructure Demolition
Load/Haul Debris

Drive Piling
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Excavation

Form Footings

Form Substructure

Place & Tie Rebar (Substructure)
Pour Footings

Pour Substructure

Form Deck

Place & Tie Rebar (Superstructure)
Pour & Finish Deck

Place & Tie Rebar (Barrier Wall)
Pour Barrier Wall

Based on the above tasks, the total fuel consumed to demolish and/or construct a bridge was
calculated to be:

Demolition: 2,554.865 Gallons = 0.626 Gallons/Squar e Foot
Construction: 2,219.375 Gallons = 0.616 Gallons/Squar e Foot

In order to calculate the number of gallons per $1,000 of contract value, it was necessary to
calculate the historical averages for concrete and steel then multiply the average bid price by the
guantities calculated for constructing the average structure. The result is an average contract value of the
bridge items. The number of gallonsto construct a bridge was divided by the contract value to get afuel
use factor based on the contract value:

Construction Cost: 2,219.375 Gallong/$54,131 = 0.041 x 1000 = 41.000 Gallons/$1,000
Creating Specialized Fuel Usage Factors

The process of creating afuel usage factor consists of threeinitial data collection steps and one
step to calculate the fuel consumption rate. Thefirst three steps are to:

(1) Determine the equipment requirements that will be utilized in the crew that will perform the
work. This can vary from project to project and contractor to contractor. Many contractors will
base the equipment requirements as much on available equipment as on optimal equipment.
Determine the crew production rate in units per hour.

(2) Determine the hourly fuel consumption rate for “average working conditions” in gallons per hour.

Once the data collection effort is completed, the computation of the equipment rateis arelatively
simple mathematical exercise that consists of two steps. These steps are to:

1) Sum up the hourly fud consumption rates per hour for the needed equipment
2) Dividethetotal by the crew production rate per hour

Theresulting value is the fuel consumption rate calculated in gallons per unit of measure.
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Sample Calculation:

Task: Lay 18" Concrete Pipe (linear feet)
Equipment Requirements:

Backhoe (5.0 Gallons/Hour)

Dozer (small) (2.2 Galong/Hour)

L oader (4.0 Gallons/Hour)

Trench Compactor (1.5 Gallons/Hour)

Crew Truck (3.5 Galong/Hour)
Production Rate:

24 L.F./Hour

Rate Computation:
50+22+4.0+15+3.5=16.2 Galons/Hour
16.20 G.P.H. /24 L.F./Hour = 0.675 Gallong/L .F.

Time of Year

Adjustmentsto fuel consumption factors for time of year or season are problematic for severa
reasons. First, at the time the contract documents containing the fuel use factors are drafted, the time the
contract will be let as well as the time the work will be performed is not known. Therefore, adjusting the
factorsin the contract is not feasible. This could be overcome by including provisions in the formulation
of the specifications to adjust the fuel factors based on when the work is completed. This would add
complexity to the process of calculating the fuel consumption to be used in the price adjustment clause of
the contract. The final and most compelling reason is that the variance in fuel consumption per unit of
measure is very small from season to season. Although productivity will vary from peak to off-peak
seasons, the amount of work accomplished in off-peak seasons will vary as well. The methodology for
calculating the fuel usage factors should be based on average conditions using average equipment. No two
projects are the same and there are many specific conditions that will impact the ultimate fuel consumed
on atask, creating afuel usage factor that addresses an average condition is the most sensible approach to
satisfying the purpose of the fuel usage factor: minimizing (not eliminating) the risk associated with fuel
price changes.

Risk Sharing Between DOTs and Contractors

The basis of implementing fuel factors and a price adjustment clause within a contract is for the
mitigation of the risk associated with fuel price changes. It is not possible to develop a perfect fuel usage
factor for all circumstances due to the many variables associated with constructing a project. Contracting
methods, productivity, and project specific variables al contribute to changesin fuel used from project to
project and from day to day. Creating an average fuel factor that is based on average conditions will
mitigate but not eliminate these risks. Historically, prices have risen over time, but there have been
periods where prices have decreased. Therefore, creating a system where both parties are protected from
price changes reduces the overall risk from fuel price changes.

Lump Sum Contracts

Lump sum projects present a challenge when attempting to implement fuel use factors and price
adjustment clauses. Thisis because lump sum contracts do not break out fuel consumption for each
particular task. Some contracting authorities are increasingly utilizing this type of contract, especialy for
overlay projects. Without the ability of the owner to establish quantities during the construction phase,
other options should be considered when attempting to implement fuel usage factors.
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One alternative would be to have the contract documents include the fuel usage factorsin the
specifications for those items that will be performed in the contact and for those items where the
guantities can be verifiably measured. One example would be the tons of asphalt placed for a project, as
delivery tickets can be collected by the owner’ s representatives. Utilizing the quantities as reported, the
same methodology for calculating price adjustments can be used asin a unit price contract.

ID/1Q Projects

There are two methods of properly utilizing fuel usage factors for indefinite delivery/indefinite
quantity (ID/1Q) contracts. At the time of the initial contract award, unit prices and fuel usage factors for
appropriate items may be included as elements of the contract’ s price adjustment clause. Additionally, the
contracting parties may include unit prices and fuel usage factorsfor individual contract tasks as they are
ordered.

A9  Description of Mode Specifications and Sample Calculations

This section describes the formulation and features of the model specifications created for this
effort. It contains three sections: an introduction to the model specifications, alisting of state
specifications that informed the research team during the specification drafting process, and several
sample calculations for the end user.

Model Specifications

Two model specifications have been constructed for this effort. The first model specificationis
provided beginning on Page A-19 and is designed to be used by states that calculate price adjustments
through the use of a price index. The second model specification is provided beginning on Page A-23 and
is designed to be used by states that perform price adjustments with the actual fuel prices. Each of the
specifications contains the following sections and elements:

The source for historical commodity prices (entered by user)

The positive and negative trigger values that trigger a price adjustment (entered by user)
The letting date and base commodity prices (entered by user)

Therelevant fuel factors (entered by user)

The price adjustment calculation formula

Definitions for formulainputs

Sample calculations

Note that the third page of the model specification contains a chart of fuel factorsto usein the
payment adjustment. Exhibit A-1, provided earlier in this document, provides fuel factors that states can
enter into this chart, along with their state-specific bid pay item numbers. States may also supplement the
fuel use factors provided in Exhibit A-1 with additional factors that they develop on their own accord.

Sample Clauses from Selected Sates

In creating these two draft specifications, the research team studied several state DOT price
adjustment specifications. These state DOTs include:

Tennessee

Vermont
Wisconsin
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South Carolina
Washington
Illinois
Montana

Ohio

Colorado

These specifications were hel pful in determining which discussion items to include, the order in
which they should be presented, and other factors. These specifications often contain many of the same
elements and general order of discussion points. They may be useful to procuring agencies devel oping or

revising their price adjustment clauses.

Sample Calculations

The remainder of this section includes sample calculations for the two model specifications. For
Model A, begin with recording the following project data, which is presented as an example in Exhibit A-

3.
Exhibit A-3: Sample Data for Model A Calculation
Base Index For This Base Fuel Pricefor this
Project Number L etting Date Contract Contract
123456 10/01/2011 100 3.50

Item Fuel Use Factor Current Units
Number Description of Work (gallong/unit) Unit of Measure Placed
101-01 Unclassified Excavation 0.320 CY. 25,000
301-01 Base Stone 0.406 TON 2,800
401-01 Asphalt Surface Course 0.566 TON 4,300

Assume that the index for the current month is 118, an 18 percent increase from the base index. If
the trigger value is 5 percent, then the price adjustment will apply. The calculation is then carried out in

four steps.

Exhibit A-4. Calculation of Fuel Price Adjustment (Model A)

Calculation for Unclassified Excavation

[(118+100) — 1] x (25,000 x 0.320) X 3.50

$5,040.00

Calculation for Base Stone

[(118+100) — 1] x (2,800 x 0.406) x 3.50

$716.18

Calculation for Asphalt Surface Course

[(118+100) — 1] x (4,300 x 0.566) x 3.50

$1,533.29

Summation/Total Adjustment for Period | $7,289.47

For Model B, begin by compiling the following data (as presented in Exhibit A-5, with sample

guantities).
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Exhibit A-5: Sample Data for Model B Calculation

Proj ect Number

L etting Date

Base Fud Pricefor this

Contract

654321

10/01/2011

3.45

Item Fuel Use Factor Current Units
Number Description of Work (gallong/unit) Unit of Measure Placed
101-01 Unclassified Excavation 0.320 C.Y. 25,000
301-01 Base Stone 0.406 TON 2,800
401-01 Asphalt Surface Course 0.566 TON 4,300

Assume that the fuel price has increased to $4.05 in the current month, a 17.4 percent increase
from theinitial price of $3.45. If the trigger value is less than or equal to 17.4 percent, the price
adjustment provision will take effect. Exhibit A-6 displays the four step methodology to calculate the fuel
price adjustment.

Exhibit A-6: Calculation of Fuel Price Adjustment (Modéel B)

Calculation for Unclassified Excavation (4.05 - 3.45) x (25,000 x 0.320) $4,800.00
Calculation for Base Stone (4.05 - 3.45) x (2,800 x 0.406) $682.08
Calculation for Asphalt Surface Course (4.05 - 3.45) x (4,300 x 0.566) $1,460.28

Summation/Total Adjustment for Period | $6,942.36

A-18




NCHRP 10-81: Fud Usage Factorsin Highway and Bridge Construction

Fuel Price Adjustment Provision or Specification for Agencies Using
Fuel Pricelndex

State Fuel Price Adjustment Clause Summary Table

State or Agency

Provision or Section Number

Effective Date of Provision or Specification

Trigger Values

Opt-In/Opt-Out Clause Present?

Adjustment Frequency (Monthly, Weekly, Other)

Index Name

Organization Developing I ndex

Index URL/Source

General Description

This specification covers the method of calculating the payment of price adjustments for fuel increases
and decreases during the contracting period. This adjustment is designed to protect the agency and
contractor(s) from the effects of volatility in the cost of fuel.

Positive and Negative Adjustments

Price adjustments may be either positive or negative. A positive adjustment will result in a payment to the
contractor and a negative adjustment will result in a deduction.

Price I ndex

The index method of calculation for fuel price adjustments requires the use of afuel price index.
Information on the index or indices used is provided in the summary table above.

Trigger Values

The price adjustment for any period will only be paid if the current index varies from the base index by
more than the trigger value. If the trigger value threshold is not reached, there will be no payment on the
current progress estimate.

Fue Use Factors

The fuel usage factors, in gallons of fuel use per unit of work, are provided in the “Fuel Use Factorsto
Use in the Calculation of the Payment Adjustment” table below. Price adjustments will be made only
those items listed in this specification.

Minimum Quantities

For some items or contracts, fuel adjustments will only be calculated for quantities above an established

minimum amount. These minimum amounts are listed in the fifth column of the “Fuel Use Factorsto Use
in the Calculation of the Payment Adjustment” table below.
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Adjustment Frequency

Calculations and payments are typically done on amonthly basis for contracts that include this provision.
Method of Calculation

The payment adjustment will be cal culated using the following formula:

PA = [(Ic+Ib) — 1] X [Z (Q X Fuf)] x Fb

Where:

PA = Payment Adjustment (+/-)

Ic = Index for Current Month

Ib = Baselndex Pricefor this Contract

Q = Quantity of work placed during the current pay period for each item
Fuf = TheFued Use Factor for each item

Fb = TheBaseFud Pricefor this Contract

Expiration of Allocated Working Time

Upon the expiration of the allocated working time, as set forth in the original contract or as extended by
Supplemental Agreement, all payment adjustments for fuel will discontinue, except that when the current
price indexes are less than the price index for bidding, payment adjustments will continue to be made.

Final Payment
Upon completion of the work under the contract, any difference between the estimated quantities and the
final quantities will be determined. An average Ic, calculated by averaging the Ic for al months that fuel

cost adjustment was applied, will be applied to the quantity differences. The average Ic shall be applied in
accordance with the above formula.
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Fuel Use Factorsto Usein the Calculation of the Payment Adjustment

Bid or Pay
Iltem Numbers

Work Categoriesor Descriptions

Fuel Use Factor
(gallong/unit)

Unit of
Measure

Quantity
Threshold

Note: Thereis no separate designation in the fuel use factors in the above table for gasoline or diesel fuel. The fuel
use factors are estimated for al light fuel oils.
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Payment Adjustment for Fuel Wor ksheet

Contract Specific I nfor mation

State or Agency

Project or Contract Number

Letting Date

County or Location

Period of Perfor mance

Price Adjustment Period

Base Index Pricefor Contract (1b)

Current Pricelndex (Ic)

Base Fuedl Price (Fb)

Adjustment Calculation Worksheet

Bid or Pay
Item Numbers

Work Categories
or Descriptions

Unit of
M easure

Fuel Use Factor
(gallons/unit)

Quantity Used in
PA Period

Fuel Used

XXX XXX XXX XXX XXX XX [X[X|X[X|X[X[X|X[|X[X]|X|X|[X]|X

X

Total Sum of Fuel Used During Adjustment Period (X of Far Right Column)

Fuel Price Adjustment (PA =[(Ic=lb) —1] x [X (Q x Fuf)] x Fb)
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Fuel Price Adjustment Provision or Specification for Agencies Using
Fuel Prices

State Fuel Price Adjustment Clause Summary Table

State or Agency

Provision or Section Number

Effective Date of Provision or Specification

Trigger Values

Opt-In/Opt-Out Clause Present?

Adjustment Frequency (Monthly, Weekly, Other)

General Description

This specification covers the method of calculating the payment of price adjustments for fuel increases
and decreases during the contracting period. This adjustment is designed to protect the agency and
contractor(s) from the effects of volatility in the cost of fuel.

Positive and Negative Adjustments

Price adjustments may be either positive or negative. A positive adjustment will result in a payment to the
contractor and a negative adjustment will result in a deduction.

Trigger Values

The price adjustment for any period will only be paid if the current index varies from the base index by
more than the trigger value. If the trigger value threshold is not reached, there will be no payment on the
current progress estimate.

Fuel Use Factors

The fuel usage factors, in gallons of fuel use per unit of work, are provided in the “Fuel Use Factorsto
Use in the Calculation of the Payment Adjustment” table below. Price adjustments will be made only
those items listed in this specification.

Minimum Quantities

For some items or contracts, fuel adjustments will only be calculated for quantities above an established
minimum amount. These minimum amounts are listed in the fifth column of the “Fuel Use Factorsto Use
in the Calculation of the Payment Adjustment” table below.

Adjustment Frequency

Calculations and payments are typically done on amonthly basisfor contracts that include this provision.
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M ethod of Calculation

PA = (Fc - Fb) x [Z (Q x Fuf)]

Where:

PA = Payment Adjustment (+/-)

Fc = Fuel Pricefor Current Month

Fb = BaseFud Pricefor the Contract

Q = Quantity of work placed during the current pay period
Fuf = TheFued Use Factor for each item

Expiration of Allocated Working Time

Upon the expiration of the allocated working time, as set forth in the original contract or as extended by
supplemental agreement, all payment adjustments for fuel will discontinue, except that when the current
price indexes are less than the price index for bidding, payment adjustments will continue to be made.

Final Payment
Upon completion of the work under the contract, any difference between the estimated quantities and the
final quantities will be determined. An average Ic, calculated by averaging the Ic for al months that fuel

cost adjustment was applied, will be applied to the quantity differences. The average Ic shall be applied in
accordance with the above formula.
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Fuel Use Factorsto Usein the Calculation of the Payment Adjustment

Bid or Pay
Iltem Numbers

Work Categoriesor Descriptions

Fuel Use Factor
(gallong/unit)

Unit of
Measure

Quantity
Threshold

Note: Thereis no separate designation in the fuel use factors in the above table for gasoline or diesel fuel. The fuel
use factors are estimated for al light fuel oils.
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Payment Adjustment for Fuel Wor ksheet

Contract Specific I nfor mation

State or Agency

Project or Contract Number

Letting Date

County or Location

Period of Perfor mance

Price Adjustment Period

Base Fuedl Price (Fb)

Current Fuel Price (Fc)

Adjustment Calculation Worksheet

Bid or Pay
Item Numbers

Work Categories
or Descriptions

Unit of
M easure

Fuel Use Factor
(gallons/unit)

Quantity Used in
PA Period

Fuel Used

XXX XXX XXX XXX XXX XX XX XXX X[X|X[|X[X]|X|X|[X]|X

X

Total Sum of Fuel Used During Adjustment Period (X of Far Right Column)

Fuel Price Adjustment (PA = (Fc - Fb) x [X (Q x Fuf)])

A-26




NCHRP Project #10-81: Fuel Usage Factorsin Highway and Bridge Construction

APPENDIX B: OUTREACH PLAN

This appendix presents the project team’s plan to publicize the results of NCHRP 10-81. This
project includes avariety of products that will be useful in educating and assi sting the highway
construction community in the adoption of revised and updated fuel usage factors. This outreach plan
details the project team’ s strategy of how to best inform the potential users of thisinformation, including
its existence, potentia benefits, and ease of use. The products of this effort include:

A list of action items

A list of groupsto contact

A draft PowerPoint presentation for briefing agency executives on key products and
recommendations

A plan for awebinar including a draft agenda, potential survey questions, and presentation
materials

A plan to further inform the highway construction community through presentation of the
research and results at annual meetings, conferences, and workshops

This appendix contains four subsections. The first section describes the seven step action plan for
dissemination. The second section identifies the government agencies and outsi de organizations that have
been targeted for this outreach effort. The third section presents an overview of the PowerPoint
presentation as well as a plan for the webinar, including a draft agenda. The fourth section presents the
full contact information for the targeted agencies and organi zations.

B.1 Outreach Action Items

This section identifies the action plan that the project team recommends for the effective
distribution of this project’ s findings and deliverables. Exhibit B-1 summarizes these action items.

Exhibit B-1: Outreach Action Plan

| dentify Government and Industry Targets for Outreach

Contact I dentified Organizations

Create Power Point Presentation

Conduct Webinar

Encourage Presentation at Annual M eetings, Conferences, and
Wor kshops

Update FHWA Webpage with New Recommended Practice and
Model Specification

Encourage Presentation of Research at Annual M eetings,
Conferences, and Wor kshops
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The project team has included each of the recommended steps in the outreach plan in the
recommended order that they could be carried out. The following subsections provide an overview of
each action item.

Action Item: Identify Government and Industry Targets for Outreach

The project team has completed this effort and presents the results in the second section of this
appendix. The entity that implements the action plan may wish to update the lists of stakeholders once
this project effort has concluded.

After these organi zations have been identified, FHWA is encouraged to implement a positive and
active outreach effort, including providing packages that include hard copies of the report, CD versions of
the software tool, fact sheets, and other project marketing materials.

Action Item: Contact | dentified Organizations

The entity implementing this action plan may wish to contact the above organizations using the
contact information compiled in Exhibits B-4 through B-7 of this report. A mass email to the identified
contact points will aid in publicizing this project effort. This email would benefit from the inclusion of
several points, including:

A brief introduction of the research problem and project

A short compilation of potential benefits (more certainty in bidding, more accurate payouts, €tc.)
The availability of recommended practice and simplified guidance materialsin aform similar to
existing guidance provided in Technical Advisory T5080.3

The ease of use of the interactive software tool (simple, Web-based device with user-friendly
buttons and navigation) and specification, which will contain instructions

A list of other organizations that participated in the project and that have been targeted for
outreach

Aninvitation and further information on the upcoming webinar

Aninvitation to speak to the organization regarding the project

A description of the PowerPoint presentation for the webinar

Action Item: Create PowerPoint Presentation

The PowerPoint presentation presents the methodology and results for NCHRP Project 10-81.
The PowerPoint contains a brief introduction to the NCHRP and the research team, the motivations for
conducting the project and similar project efforts, a description of the project methodology, a task-by-task
recounting of the project, and an overview of the project findings and deliverables. The PowerPoint will
also form the core of the final webinar.

Action Item: Conduct Webinar
Thefina deliverablein this project effort isthe project webinar. The webinar is an opportunity

for the project team to present the project methodology and results to interested parties. The webinar is
further described below.
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Action Item: Update FHWA Website

The Federal Highway Administration (FHWA) maintains a website that contains Technical
Advisory T5080.3. The URL for thiswebsiteis:

http://www.fhwa.dot.gov/programadmin/contracts/ta50803.cfm

The research team recommended that the entity responsible for implementation of the action plan
update this website with the project results. Thiswill entail posting the Recommended Practice and Guide
Specification.

Action Item: Encourage Further Presentation of Research

The goal of this action item isto publicize and disseminate this project’ s research efforts to
organizations that would benefit from its findings. The entity responsible for implementing this action
plan should target annual meetings, conferences, and workshops. This outreach effort should include
contractor organizations and government transportation agencies.

B.2  Targeted Agenciesand Organizations

The project team has identified several groups of government and industry organizations that
would be target audiences for dissemination of the final research products. Three major organizations
have been identified as targets for outreach: the Transportation Research Board (TRB), the Federal
Highway Administration, and the American Association of State Highway and Transportation Officials
(AASHTO). Each of these organizationsis comprised of departments and committees with varying
specializations. The project team anticipates that the highway construction and cost estimating
departments within these agencies will realize the most benefit from the use of the final research products.
Exhibit B-2 displays the targeted departments and committees of the above three government agencies.
Thefina section of this appendix includes further information, including web addresses, list of members,
and contact information.
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Exhibit B-2: National Organizations Targeted for Outreach Effort

Organization Committee or Subcommittee
Technical Committee of Cost Estimating (Subcommittee on Design)
AASHTO | Subcommittee on Bridges and Structures

Subcommittee on Construction

Construction of Bridges and Structures

Construction Section

Construction Management

TRB Design and Construction Group

Airport Terminals and Ground Access

Ports and Channels

Rail Transit Infrastructure

Contract Administration (Office of Program Administration)
Office of Innovative Project Delivery

Resource Center (Construction and Project Management)
Eastern Federal Lands Highway Division Office

Central Federal Lands Highway Division Office

Western Federa Lands Highway Division Office

FHWA

The NCHRP should also target the 50 state DOT s that have participated in this effort. The project
team created alist of contacts for all 50 state DOTs when conducting the state DOT survey. The project
team has removed and replaced DOT contacts that are known to be no longer employed by their DOT or
who no longer work within arelevant department of their DOT. Thislist of contactsis presented in the
fourth section at the end of this appendix.

The outreach effort will also extend to contractor and industry organizations. The Transportation
Construction Coalition (TCC) is a collection of 29 highway and other construction organizations. The
TCC isco-chaired by AGC and ARTBA and includes each of the contractor organizations that have
participated in this project. The NCHRP should contact the TCC to inquire about dissemination options.
Exhibit B-6 of this appendix displays the full membership list for the TCC as well as contact information.

B.3 Fuel Factors Webinar

Thefina effort for this project is afuel factors webinar. The webinar will offer the project team
the opportunity to present the results of the project to the targeted users and stakeholders. This webinar
will incorporate a PowerPoint presentation, a demonstration of the final tools and specifications, a
guestion and answer session, and other features. Theinitial webinar presentation will be recorded with the
aim of placing arecording on the NCHRP' s or TRB’ swebsite. Exhibit B-3 presents the draft webinar
agenda. Agendaitems that are incorporated in the PowerPoint are noted bel ow.
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Exhibit B-3: Draft Webinar Agenda

Agenda
Item # Agenda ltem

About the NCHRP and the Research Team (PowerPoint)

Parti cipating Organizations (PowerPoint)

Project Introduction (PowerPoint)

Project Phases and Tasks (PowerPoint)

Demonstration of Interactive FUF Tool, Recommended Practice

and Guide Specification

6 | Question and Answer Session

7 | Concluding Remarks

BIWIN (-

ol

The webinar will feature the use of live audience polling. The project team has devel oped
guestions pertaining to the project that will be presented to the audience during the webinar. Some of
these questions may include:

What method of fuel use calculation would you prefer?

In your opinion, do the new and updated fuel factors seem reasonable?

Do you think that your state will incorporate the findings of this report into your price adjustment
program?

How do you think the contracting community in your state will view this project effort?

Do you think this data has any other potential applications?

How often should these fuel factors be updated?

What is your impression of thelevel of detail?

The remainder of this section briefly describes each of the envisioned webinar items. Several of
the agenda items are presentations, while several allow for viewer input.

About the NCHRP and the Research Team

This section will provide abrief introduction to the NCHRP and the research team. This will
include the functions and purposes of the NCHRP and information about other research that the two
organizations are conducting.

Participating Organizations

This section will list the organizations that participated in this project effort, including the
NCHRP and related entities, the research team, and industry organizations.

Project Introduction

This section will provide background information on NCHRP 10-81, including the motivations
for requesting the project and rel evant recent projects.

Project Phases and Tasks

This section will provide a description of each task performed for this project. Descriptions will
include task objectives, project team efforts, and the challenges that arose.
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Demonstration of Interactive FUF Tool and Specification

This section entails a demonstration of the final project deliverables. The presenters will
demonstrate the FUF calculation tool, which will be similar in style and design asthe interactive
contractor survey of fuel usage. This step will aso include an introduction to the draft specification and
allow for participants to experiment with the sample price adjustment included in the deliverables.

Question and Answer Session

Following the PowerPoint and interactive tool demonstration, attendees will be able to pose
guestions to the webinar presenters. Most webinars allow attendeesto type in questions that are then
visible to the presenters and the other participants. The presenters will answer these questionsin the order
that they are received.

Concluding Remarks

The presenters will conclude the webinar by offering a brief summarization, discussing potential
next steps and future research, and thanking the participants.

B.4  Agency and Industry Association Contact I nformation

Exhibits B-4 through B-7 below contain contact information for government agencies and
committees, state DOT officials, and industry organizations that would potentially benefit from the
research products of this study. These exhibits contact information such as web sites, phone numbers,
email addresses, and other avenues of contact.

Exhibit B-4: Agency Contact | nformation

National Organizations

Agency Committee/Division More I nfor mation

Main Website:
Technical Committee | http://design.transportati on.org/Pages/ CostEsti mati ng.aspx
of Cost Estimating Contact:

(Subcommittee on http://desi gn.transportation.org/Pages/ Contact.aspx

Design) Members:
http://desi gn.transportation.org/Pages/Directory.aspx
Main Website:

Subcommittee on http://br.l dges.transportati on.org/Pages/defaul t.aspx

AASHTO Bridaes and Contact:
St 9 http://bridges.transportation.org/Pages CONTACT .aspx
ructures -

Members:
http://bridges.transportation.org/PagesDIRECTORY .aspx
Main Website:

http://construction.transportation.org/Pages/defaul t.aspx
Contact: http://construction.transportati on.org/Pages/Contact.aspx
Members (Recommended for further contact):

http://construction.transportation.org/Pages/M embers.aspx

Subcommittee on
Construction

Main Website:
Construction of http://www.trb.org/CommitteeandPanel s/Public/OnlineDirectory.aspx#Detail s
TRB Bridges and Type=Committee& |D=1406
Structures Contact: Same
Members. Same
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Construction Section

Main Website:
http://www.trb.org/CommitteeandPanel s/Public/OnlineDirectory.aspx#Detail s

Type=Committee& ID=1399
Contact: Same
Members: Same

Construction
Management

Main Website:
http://www.trb.org/ CommitteeandPanel s/Public/OnlineDirectory.aspx#Detail s

Type=Committee& |D=1407
Contact: Same
Members. Same

Design and
Construction Group

Main Website:
http://www.trb.org/ CommitteeandPanel s/Public/OnlineDirectory.aspx#Detail s

Type=Committee& ID=1310
Contact: Same
Members. Same

Airport Terminals
and Ground Access

Main Website:
http://www.trb.org/CommitteeandPanel s/Public/OnlineDirectory.aspx#Detail s

Type=Committee& 1D=1214
Contact: Same
Members: Same

Main Website:
http://www.trb.org/ CommitteeandPanel s/Public/OnlineDirectory.aspx#Detail s

FHWA

Ports and Channels Type=Committee& ID=1105

Contact: Same

Members. Same

Main Website:
Rail Transit http://www.tr.b.orq/CommitteeandPaneI s/Public/OnlineDirectory.aspx#Details
Infrastructure Type=Committee& |ID=1466

Contact: Same

Members. Same
Contract Main Website:
Administration http://www.fhwa.dot.gov/programadmin/contracts/
(Office of Program Contact: Same

Administration)

Members: http://www.fhwa.dot.gov/infrastructure/hifstaff.cfm

Office of Innovative
Project Delivery

Main Website: http://www.fhwa.dot.gov/ipd/index.htm

Contact:

http://www.fhwa.dot.gov/ipd/project delivery/contact/index.htm
Members. Same

Resource Center:
Construction and
Project Management

Main Website:
http://www.fhwa.dot.gov/resourcecenter/teams/construction/index.cfm
Contact: Rob Elliott, Team Manager

rob.elliott@dot.gov

(404) 562-3941

Eastern Federal
Lands Highway
Division Office

Main Website: http://www.efl.fhwa.dot.gov/i ndex.aspx
Contact: Melisa Ridenour, Division Engineer

M elisa.Ridenour @dot.gov

(703) 404-6203

Main Website: http://www.cflhd.gov/

Central l_:ederal Contact: Ricardo Suarez, Division Engineer
Lands Highway icard d
Division Office Ricardo.Suarez@dot.gov
(720) 963-3448
Western Federal Main Website: http://www.wfl.fhwa.dot.gov/

Lands Highway
Division Office

Contact: (360) 619-7700
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Exhibit B-5: State DOT Contacts

State DOT Contacts

State Name Email Phone
Alabama Jeff Benefield benefieldj @dot.state.a.us 334-242-6213
Alaska Chuck Correa chuck.correa@al aska.gov 907-465-1799
Arizona Julio Alvarado jalvarado@azdot.gov 602-712-7323
Arkansas Mike Sebren mike.sebren@arkansashighways.com 501-569-2251
California Chuck Suszko chuck.suszko@dot.ca.gov 916-227-7314
Colorado Dennis Largent dennis.largent@dot.state.co.us 303-757-9595
Connecticut Terri Thompson terri.thompson@ct.gov 860-594-2667
Delaware Karl Zipf karl.zipf @state.de.us 302-760-2380
Florida David Chason david.chason@dot.state.fl.us 850 414-4171
Georgia Georgene Geary ggeary@dot.ga.gov 404-608-4712
Hawaii Jamie Ho jamie.ho@hawaii.gov 808-587-2185
Idaho Frances Hood frances.hood@itd.idaho.gov 208-334-8426
Illinois Jerry Cameron jerry.cameron@illinois.gov 217-785-3483
Indiana Greg Pankow ankow@indot.in.gov 317-232-5502
lowa John Smythe john.smythe@dot.iowa.us 515-239-1503
Kansas Brenda Perry brend ksdot.or 785-296-7129
Kentucky Rachel Mills rachel.mills@ky.gov 502-564-4780
Louisiana Tanna Doucet tanna.doucet@la.gov 225-379-1537
Maine Scott Bickford scott.bickford@maine.gov 207-624-3533
Maryland Terry Florey tflorey@sha.state.md.us 443-572-5240
M assachusetts Bill Moore william.moore@state.ma.us 617-973-7867
Michigan Brenda O'Brien obrienbj @mi chigan.gov 517-322-1085
Minnesota Joe Tummers joe.tummers@state.mn.us 651-366-4639
Mississippi Brad Lewis Blewis@mdot.state.ms.us 601-359-7301
Missouri Jeremy Kampeter jeremy.kampeter @modot.mo.gov 573-751-4314
Montana Kevin Christensen kechristensen@mt.gov 406-444-6008
Nebraska Claude Oie claude.oie@nebraska.gov 402-479-4532
Nevada Jeffrey Shapiro jshapiro@dot.state.nv.us 775-888-7065
New Hampshire Ted Kitsis tkitsis@dot.state.nh.us 603-271-2571
New Jersey Al Balluch al.balluch@dot.state.nj.us 609-530-5299
New Mexico Joe Garcia joe.s.garcia@state.nm.us 505-827-5600
New Y ork Brian DeWald BDeWad@dot.state.ny.us 518-457-9688
North Carolina Ron Hancock rhancock @ncdot.gov 919-733-2210
North Dakota Dennis Hermanson dchermanson@nd.gov 701-328-2507
Ohio Robert Jessberger robert.jessberger @dot.state.oh.us 614-752-6696
Oklahoma George Raymond graymond@odot.org 405-521-2561
Oregon Kevin Brophy Kevin.J.Brophy@odot.state.or.us 503-986-3030
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Pennsylvania Edward Fuhrer efubrer@state.pa.us 717-787-7034
Rhode Island Norman Marzano Jr. nmarzano@dot.ri.gov 401-222-2468 ext. 4312
South Carolina Tim Lindberg lindbergtw@scdot.org 803-737-1656
South Dakota Scott Rabern scott.rabern@state.sd.us 605-773-3575
Tennessee Brian Egan Brian.Egan@tn.gov 615-741-2414
Texas Russel Lenz russel.lenz@txdot.gov 512-416-2559
Utah Kris Peterson krispeterson@utah.gov 801 965-4111
Vermont David Hoyne david.hoyne@state.vt.us 802-828-2593
Virginia Bill Layne William.L ayne@V Dot.Virginia.gov 804-786-2942
Washington William Prill bprill @wsdot.wa.gov 360-705-7464
West Virginia Stephen Rumbaugh stephen.t.rumbaugh@wv.gov 304-558-3304
Wisconsin Christine Krall christine.krall @dot.wisconsin.gov 608-266-9626
Wyoming Mark Eisenhart mark.ei senhart@dot.state.wy.us 307-777-4459
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Exhibit B-6: Members of the Transportation Construction Coalition

Associated General Contractors of America*

American Road & Transportation Builders Association**

American Coa Ash Association

American Concrete Pavement Association

American Concrete Pipe Association

American Council of Engineering Companies

American Society of Civil Engineers

American Iron and Steel Institute

American Subcontractors Association

American Traffic Safety Services Association

Asphalt Emulsion Manufacturers Association

Asphalt Recycling and Reclaiming Association

Associated Equipment Distributors

Association of Equipment Manufacturers

Concrete Reinforcing Steel Institute

International Association of Bridge, Structural, Ornamental and Reinforcing Iron Workers

International Slurry Surfacing Association

International Union of Operating Engineers

Laborers International Union of North America

Laborers-Employers Cooperation & Education Trust

National Asphalt Pavement Association

National Association of Surety Bond Producers

National Ready Mixed Concrete Association

National Stone, Sand and Gravel Association

National Utility Contractors Association

Portland Cement Association

Precast/Prestressed Concrete I nstitute

The Road Information Program

United Brotherhood of Carpenters and Joiners of America

*The AGC is co-chair of the TCC. The current AGC liaison: is Brian Deery, Senior Director,
Highway & Transportation Division, deeryb@agc.org or (703) 837-5319.

** ARTBA is co-chair of the TCC. The current ARTBA liaison is; Dave Bauer, Senior Director of
Government Affairs, dbauer@artba.org or (202) 289-4434.
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Exhibit B-7: Additional Contacts

Organization Contact | nfor mation

Laura Berkey-Ames, Government Affairs Manager

American Public Works Association | berkey @apwa.net
(202) 218-6734

. _ Brian C. Roberts, Executive Director

National Association of Count '

Engineers y nace@naco.or
(202) 393-5041
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APPENDIX C: POWERPOINT PRESENTATION AND SPEAKER
NOTES

Usage Factors in Highway and
Bridge Construction

Welcome to this presentation on NCHRP Project #10-81, Fuel Usage Factorsin Highway and
Bridge Construction.

Agenda

| — About the NCHRP and Research Team
Il — Participating Organizations

11l — Project Introduction

IV — Project Phases and Tasks

V — Implementation of Fuel Factors

VI — Using the Research Products

£HAN —— G

This presentation has six parts. Thefirst part provides abrief introduction to the National
Cooperative Highway Research Program (NCHRP) and the contractor team of Jack Faucett
Associates (JFA) and Oman Systems Inc. (OSl) that conducted the research effort. The second
part provides information on each of the organizations that participated in the study, including
federal agencies, state DOTS, and industry organizations. The third part provides background
information on the central research need and details on the project plan. The fourth part provides
arecounting of the task-by-task effort conducted for the project. The fifth section provides
guidance on how to implement the new and revised Fuel Usage Factors. The sixth and final
section provides awalkthrough for using the research products.
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a Administered by the Transportation Research Board (TRB) and the
American Association of State Highway and Transportation Officials
(AASHTO), in cooperation with the Federal Highway Administration
(FHWA)

a Tasked to conduct research in problem areas that affect highway
planning, design, construction, operation, and maintenance nationwide

.......

Effort under this project was conducted for the National Cooperative Highway Research Program
(NCHRP), which is administered by the Transportation Research Board (TRB) of the Nationa Academy
of Sciences (NAS).

d Oman Systems Inc. (O

d in 1963 and 1992 respectively

a Specializations include transportation public policy, economic research,
and climate planning (JFA) and highway construction and cost
estimation (OSI)

a Recent collaborative projects include the evaluation of price adjustment
clauses under NCHRP 20-07, the development of the National

Highway Construction Cost Index, and the ongoing estimation of

issi m construction activiti

.......

The JFA/OSI contractor team was selected by the NCHRP to conduct this research effort. The
team provides expertise and decades of experience in transportation policy, economics research, and
highway construction and estimation.
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presents a collaborative effort between several

n 50 State DOTs

n  Industry Organizations

Builders Association (ART

 The National Asphalt Pavement Association (NAPA)

o The American Concrete Pavement Association (ACPA)

NCHRP Project #10-81 represents a collaborative effort involving a number of organizations.
The Federal Highway Administration (FHWA) provided liaison and communications support, several
industry organizations assisted with outreach and research product review, and all 50 state DOTs
provided input on the use of fuel usage factorsin price adjustment clausesin their state.

adjustment clauses in
s tate departments of transportation (DOTs) and
onstruction contractors

~ Price adjustment clauses are designed to counteract fluctuations in
commodity prices over the length of a contract, lessening the risk for
contractors

n The last examination of fuel factors on a federal level occurred in 1974
(TRB Circular 158) and 1980 (FHWA Technical Advisory T5080.3)

| factors currently in use fail t sid
lation, construction techt

.......

Fuel usage factors are used in price adjustment clauses in contract agreements between agencies
and construction contractors. Specifically, fuel usage factors measure the fuel used for aunit of work,
such as gallons of fuel used per ton of asphalt placed. This number is used as an input to a price
adjustment clause formulathat is used to cal culate reimbursementsin times of fluctuating commodity
prices. Accordingly, an accurate estimation of fuel used per unit of construction activity is needed to
ensure more accurate price adjustment calculations. Before this research effort, however, the fuel usage
factors employed by the FHWA had not been modified since 1980.
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ed h team to in
factors, update them, and create additional factors for
truction work items

n  The approved project work plan includes 4 project phases and 19
individual tasks

ct methodology is the three pronged approac

o Professional Engineering/Estimating Analysis

a Contractor Fuel Usage Survey

The JFA/OSI team was tasked with updating the factors currently in use, as well as creating
additional ones as appropriate. The approved research plan centers on the use of athree-pronged
methodology to investigate fuel use: a statistical analysis of OSI’s historical BidTabs database, which
contains millions of records of construction bids, a professional engineering/estimating analysis of fuel
use, and a nationwide survey of highway construction contractors regarding the fuel used in the work that
they perform.

IV — Project Phases and Tasks

ng Conference (Task 1)
z;ture Review of Current Practices (Task 2)

n  Survey of Fuel Use Factor Practice and Needs of State DOTs (Task 3)
n Statistical Analysis of High Fuel Use Activities (Tasks 4)

n Engineering Analysis of High Fuel Use Activities (Task 5)

f Fuel Use Data Availability (Task

Phase | of NCHRP #10-81 encompassed seven tasks. The goal of Phase | was to determine the
current state of fuel usage factors and to identify high fuel use construction activities. These tasks
included aliterature review of current practices, the initial statistical and engineering analyses of fuel use,
asurvey of al 50 state DOTs to learn about their current price adjustment clause programs and their
needs and perceptions moving forward, and an initial survey of highway construction contractors meant
to aid in the design of the later full survey. The results of Phase | were then compiled in the Phase |
Report.
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out of 50 states use fuel usage factors in their price adjustment
se programs

n 16 state DOTs use data from the Prevalence of Fuel Factors
original data in Technical Advisory

factors within the last three years

More than three quarters of state DOTSs use fuel usage factors within their price adjustment clause
programs. Many of these states rely on the original factors within T5080.3.

38 state DOTSs with fuel factors, 20 have fuel factors applicable to
ridges and structures

n Perceived flaws with bridge/structure fuel factors include:

to differing structure types, sizes and

(12 responses)
q Differences in construction methods (11 responses)

a Many items are bid lump sum (10 responses)

Approximately half of state DOTs (20/38) utilize fuel usage factors for bridges and structures.
These state DOTs are mostly in the Northeast, Mid-Atlantic, Southeast, and Western regions of the
country. Many of these state DOTs identified perceived flaws of the existing bridge/structure fuel usage
factors.
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48 state DOTSs believe that additional fuel factors are not
essary. This is due to low levels of fuel use on other work items

n When asked why they limit the number of pay items with fuel factors, 31
state DOTs indicated low levels of fuel use, 16 indicates administrative or
cost considerations, and 10 cited lack of contractor interest

Many state DOTs do not believe that additional fuel usage factors are necessary, due to perceived
low fuel usage for additional work tasks, added administrative burden, and lack of contractor interest.

! Ts would use low, middle, and high fuel factor values
20 state DOTs would use an urban/rural variable

n 19 state DOTs would use a hauling distance variable

16 DOT

Idn’t add additional variables

ate DOTS (35 out of 46) believe

u
every 4-5 years or less

The inclusion of additional fuel factor details and variables garnered support from between 16
and 20 state DOT's, depending on the variable. Mg orities of state DOTs believe that fuel factors should

be formulated on the state or regional level, and a mgjority of responding DOTs believe that fuel usage
factors should be updated every 4-5 years at the latest.
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ted fuel factors and
a software tool for program
implementation, 30 out of
46 state DOTs would

e Other
s Use ExistingMethods
Currently

s Use Software Tool Use Fuel

2
Use Additional Factors Factors?
—
Use Revised Factors =No

B AdoptNew System

W AddPAC

30 out of 46 responding DOTs said that they would create a fuel usage factors program or update
their existing one if they had access to updated factors and a software tool. These are two of the final

research products of NCHRP 10-81.

Contractors Update Fuel Consumption Factors More Often than State DOTs
* 39 of 46 contractors within the last 4 years, compared to 11 of 37 DOTs

1011
3 % M

%

16
36%

= Within the last year
= Within the last 2:3 years
" = Within the last 4-5 years
51% = Within the last 6-10 years

= Over 10 years
= Unknown

AMAN

E—— et gl

Responding contractors typically update their fuel consumption factors more often than state
DOTs. Approximately 85 percent of responding contractors have updated their fuel consumption factors
within the last year, compared to just 30 percent of state DOTS.
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tions of Fuel Factor Accuracy

cent of responding contractors (32 out of 50) believe that the
‘actors in their primary state of operation are somewhat accurate

n The remaining 34 percent believe that their factors are either somewhat
or very inaccurate

Contractor Perceptions of Fuel Factor Accuracy

5
Very inaccurate (0o
13
Somewhat inaceurate e

30
(60.0%)

2
(4.0%)

00% 10.0% 200% 30.0% 400% 50.0% 60.0% 70.0%

Approximately two thirds of contractors believe that the fuel usage factors employed by the DOT

in their primary state of operation are somewhat or very accurate. The remaining third find them to be
either somewhat or very inaccurate.

51 contractors would add fuel factors for additional work items
d/or consult with industry to select additional items

n 23 out of 51 contractors support adding fuel factors for subcontractors

Preferences for Additional Pay Items

AMAN

A magjority of responding contractors would either add fuel usage factors for additional work
items and/or consult with industry to select additional items. Slightly less than half would add fuel usage
factors for subcontractors.
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ve was to perform a statistical analysis of bids placed for
onstruction work activities to examine the relationship between fuel
prices and bid prices

n Work categories and items that are strongly correlated with fuel prices
would be strong candidates for new or updated fuel factors

ita frol . 0/1/2010 (exclude non-standard, lump sum, and
low frequency (less than 100 bids or three years of data) pay items)

n  Approximately 1.7 million records for 5,965 unique pay items

n Develop price indices for fuel (#2 Diesel)

n Conduct statistical analysis

The statistical analysis of the BidTabs database of pay items was conducted in order to examine
the relationship between fuel prices and bid prices.

em categories showed a positive correlation
ndicates that fuel prices are correlated with bid prices

nMost of the highly significant correlations are positive with correlations
ranging from up to +0.30

ms within work categories:

n Negative coefficients indicate that factors other than fuel price may be
more important in determining bid prices in some cases

nFuel consumption is significant in most types of highway and bridge
construction and may not be limited to certain activities

After running the statistical simulation, the study team observed that positive correlations exist
between fuel prices and bid prices. The tatistical analysis also demonstrated that more items than
previoudy thought could be considered to be heavy consumers of fuel.
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vene a panel of four veteran construction engineers
Develop a list of suitable pay items

n  Create a ranking system to apply to the selected Fuel Use Ranking Scale

Ranking
1
2

Percent of Project Cost
Less than one percent
One to five percent

pay items

4fEleven to fifteen percent

Over fifteen percent

use for excavation,

known heavy user of fuel.

n Factoring in profit and overhead, the fuel cost as a percent
of total project cost was 18-23 percent

nUsing this calculation as a baseline, created a 1 to 5 scale

The engineering analysis utilized a panel of four expert construction estimators and engineers to

calculate the fuel use of more than 1,000 bit items. The step-by-step process for this task is enumerated
above.

| use rankings from T5080.3 Attachment 3, the DOT and contractor
_ surveys, and the engineering analysis are similar

n However, the statistical analysis performed provided a unique ranking
order

Attachment 3 from T5080.3
1

Research Method

DOT Surve! Contractor Survey. Estimating Analysis | BidTabs Statistical Analysis
Grading/Excavation Asphalt Paving Grading/Excavation Grading/Excavation Concrete - Culverts
p g

Grading/Excavation | Asphalt Paving Clearing Roadway Lighting/Electrical
Base Base Base

Concrete Paving Concrete Paving Concrete Paving Base Stone/Aggregates
Bridges/Structures Drainage - General Drainage - General Misc. Stone/Riprap

Signalization

g
[ 6[Landscaping Bridges/Structures Bridges/Structures Concrete Paving
| 7|roadway Lighting/Electrical Asphalt Paving Drainage - Pipe

[ 8[Deck Repair/Minor Widening Equipment/Labor Underdrain
[ o[striping/Pavement Mark i Concrete - Misc.

Buildings/Misc. Structures

LN E—-4 #20

Theinitid fuel intensity results for the contractor survey and engineering tasks exhibit
consistency with the rankings displayed in the original literature. For example, asphalt paving,
grading/excavation, and base stone/aggregates are within the top seven of each source. However, the
statistical analysis provided a unique ordering. For example, roadway lighting/electrical and signalization
are not included as top selection of the other project methodol ogies, but rank second and third
respectively in the satistical analysis.
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Fuel Usage vs. Fuel Intensity

q Heavy construction activities such as bridges/structures, retaining
wall and culverts use large amounts of fuel but also require the
purchase and transport of relatively expensive and heavy materials

ch as ro waylightingénd gna

‘labor over long distances

q Overall fuel use is expected to be higher in the former scenario, but
fuel as a percentage of project cost may not be higher than in the
latter scenario

Thefirst phase of the project indicated that fuel usage (total fuel used) and fuel intensity (cost of
fuel as a percentage of total work item cost) might account for the discrepancy between the statistical
results and the results from the other methodol ogies.

ase | Result and Anticipated Phase Il Methodology

n Second Phase of the Statistical Analysis (Task 9)

n Second Phase of the Engineering Estimating Analysis (Task 10)

\ami ion-of Contractor Fuel Usage Survey (Task 11)

is and Comparison of Resdilts

LMan E— i $#22

The second project phase was the main data collection and devel opment phase for the project. In
this phase, the project team tail ored the approaches for the threeinitial methodol ogies and conducted
more thorough, data-intensive iterations of them.
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ors have traditionally focused on heavy fuel use activities
ctivities that use heavy equipment

n  State DOTSs often favor this approach due to administrative cost
nMay not be favorable to specialty contractors and smaller firms
1 Solution: Two levels of sophistication in the project deliverables:

b traditional factol
I ith additional factors

The proposed solution to the fuel use versus fuel intensity debate was to devel op two sets of fuel

usage factors: the basic hard copy table present in T5080.3, and an interactive spreadsheet tool with
additional factors.

ill vary depending on a number of variables such as
ographic region, urban/rural, grade, elevation, soil type, hauling
distance, and traffic levels

n  Solutions:

region, soil type, etc. where availabl

s (¢

AMAN ———

In response to geographic and other variabl es, the study team would investigate the devel opment
of additional detailsin the fina fuel usage factors. Thiswas dependent on receiving a proper and
representative sample of these variables from the Contractor Fuel Usage Survey.
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n Solutions:

a Include commodity price indices in the estimation software

The new Bridge/Structure fuel usage factor will be presented in two ways:. gallons per square foot
of deck, and gallons per 1,000 contract dollars. The spreadsheet tool will aso contain information and
links to inflation indices.

bjective assessment of fuel price/bid price correlation
q Data collected on ongoing basis
q Could be replicated in future years to update results

to explain to the--layr:ﬁ
arity and other confoundi

n Results

LMan E—-4 #26

The Phase |1 statistical approach demonstrated some consistency within pay items and categories.
However, many of the final statistical results do not appear to represent reasonabl e estimates of per unit
fuel consumption.
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dology
Created list of fuel use for highway construction equipment
q Developed list of construction work tasks (66 total)
a Assigned equipment crews to work tasks
Estimated productivity rates

L000LF
24LF./Hour
4167 Hours (100LF./24 L /Hour)

[Equipment Fuel
Truck /2 Ton 41.67x 2.0 Gallons/Hour =83.34

Dozerd-3 41.67% 2.2 Gallons/Hour =9167
LoaderR/T938 41.67x 40 Gallons/Hour = 166.68
Excavator Cat 336 41,67 x 11 Gallons/Hour =458.37
Roller Vibrating Plate 41.67x02 Gallons/Hour =8.34
Roller Ram Max Trench 41.67% 0.5 Gallons/Hour =20.84

[Total Fuel Consumption 829.24Gallons

000 LF. = 0,829 Gallons/LF

For each work task, total fuel consumption was calculated by factoring in the total time for the
crew and the required equipment for each crew. Dividing the total fuel consumption by the estimated task
guantity resultsin the gallons of fuel used per given unit of measure, i.e. afud usage factor.

a Process of fuel use estimation can be easily explained and is
transparent to the user

q Relatively easy to update

n Results
aq Fuel factors for 66 work items

AMAN —-i¥2

The engineering analysis provided accurate cal cul ations of fuel use per unit of measure under

average work conditions. The engineering results were compared with the survey results and modified
according to contractor input.
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dology:
Designed Excel spreadsheet survey
q Excel tool is easy-to-use and logical in its progression

a Reviewed and tested by the project review panel and by the
Associated General Contractors of America, the American Road and
ciation, the National Asphe

Distributed via OSI's Contact Management System (13,849 listings)
on July 11, 2011, with a deadline for submissions of July 29

q Multiple email/newsletter advertisements by AGC, ARTBA, NAPA,
and ACPA

q Deadline extended to August 15 to increase returns

The next two dlides present the methodology employed for the design and dissemination of the
Contractor Fuel Usage Survey, including survey design, industry collaboration, and follow-up efforts.

dology (continued):
cquired official ARTBA membership list

a Conducted phone solicitations from over half of ARTBA's
membership (1,200+ calls)

Designed industry-specific SurveyMonkey surveys
""" ey survey, designed in c

 who did not provide f

information to inquire as to why they stopped filling out fhe survey

q Contacted the National Ready Mixed Concrete Association (NRMCA)
regarding survey cooperation and received internally gathered
contractor data on concrete haul and delivery (84 responses)

q Similar surveys designed for ARTBA and ACPA distributed on

See previous dide.
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nformation gathered straight from contractors
a Original fuel factors research conducted in this fashion

q Easily understood by a non-technical audience

P
q Viabili
q Contractors use varying methods of estimating fuel use

q Requires contractors to differentiate fuel use among projects and
items

q Periodic replication of full contractor survey would be expensive

The Contractor Fuel Usage Survey gathers fuel consumption information directly from
contractors and follows in the footsteps of the earlier research. Several methodol ogical weaknesses exist,
however. Most pertinent to this study isthe variety of methods that contractors use to estimate fuel usage,
aswell asthe ability for contractorsto easily calculate fuel use per unit for a particular work task.

186 total contractor responses plus 84 NRMCA members for 270
total responses

Responses reviewed for validity; inaccurate responses filtered out
Full results presented in final project report

The survey effort and NRMCA fuel usage data resulted in 270 responses and over 500 individual
fuel usage data points.
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m the engineering and survey methodologies show
uency once erroneous contractor entries are discounted

When fuel use was consistent between the engineering analysis and
survey, weight given to more detailed engineering estimates

n Areas of divergence led to re-examination of certain engineering items
ded additional work items sort h i

d differing units
fuel per cubic yard vs. per structure)
nActual results contained in spreadsheet tool and guide specification,
which will be demonstrated following this presentation

The (valid) survey responses and the engineering calculations displayed alevel of consistency
and congruency. Contractor feedback led to the re-formulation of severa engineering estimates, as
detailed above.

ended Practice and Model Specification and Price Adjustment
culator Tool (PACT) (Tasks 13 and 14)

n  Guide to Other Potential Uses of Fuel Factors Data (Task 15)

n Outreach and Assistance Plan (Task 16)

LMan E— i #34

The project team undertook three efforts while devel oping the recommended practice for this
project: the devel opment of the Recommended Practice and Model Specification and Price Adjustment
Calculator Tool (PACT), the development of a guide for other potential uses of fuel usage factors data,
and a project outreach and assistance plan.
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ractice and Model Specification
f Technical Advisory 5080.3

SHTO formatted

1 Brief and easy to understand

Provid of fuel usage factors similar to previous efforts such

The Recommended Practice and Model Specification is presented as an appendix of the final
report. This AASHTO-formatted document contains background information on price adjustment clauses
and fuel usage factors, definitions of relevant terms, best practice regarding their application, sample
calculations, and worksheets that may be used by the estimator to calculate price adjustments.

eb-like graphical user interface with point and click
n  Allows user to specify quantities

n  Allows user to add price indexes to update fuel use per unit

Demonstration to follow

The Price Adjustment Calculator Tool, or PACT, is an Excel based interactive companion to the
Recommended Practice and Model Specification. Using the PACT, the user selects the work tasks that
they perform. The tool then enters the fuel usage factors for thistask(s) into an interactive price
adjustment clause worksheet. After entering contract information and entering quantities, the tool will
then calculate the total price adjustment. A demonstration of the PACT will follow this presentation.
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Data

ative effort by research team, NCHRP review panel, and state
officials to identify additional uses of fuel factor data

n Possible applications for and users of data include:

q Other agencies responsible for highway contracting

es jonsible for construction of facilities for oth
d

goods to highway builders
q Officials interested in improving planning and budgeting

q Contractors interested in better understanding and managing their
fuel use or in preparing more accurate cost estimates.

q Researchers examining energy requirements, emissions and climate

The primary audience for the research products of this project is the highway construction
community. However, new and updated fuel usage factors may be used for alitany of other purposes.
Examples include agencies responsible for construction of facilities for other modes, such as airports, for
planning and budgeting purposes, and as inputs to emissions models.

hensive plan to publicize NCHRP Project 10-81

»Features of outreach plan include:

q 7 Step Action Plan

q Organizations Targeted
for Outreach and

Contact Information

I dentify Government and Industry Targets for Outreach

Contact Identified Or ganizations

Create Power Point Presentation

Conduct Webinar

Encourage Presentation at Annual Meetings, Confer ences,
and Workshops

Update FHWA Webpage with New Recommended Practice
and Guide Specification

Encourage Presentation of Research at Annual Meetings,
Conferences, and Workshops

SRR

.......

The project outreach plan is presented as an appendix to the final report. The seven steps of this
action plan are presented above. The outreach plan presents information to best implement this plan,
including contact information for relevant stakeholders.
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ort and Related Products (Task 17)

=ireach Plan (Task 18)
n Final Project Webinar (Task 19)
Price Adjustment Calculator Tool (PACT)

Thefinal phase of NCHRP 10-81 involved the production of the final report and associated
products.

all previous project deliverables

n es short (5-10 page) executive summary

Final Outreach Products

Webinar

n Summarizes and presents findings of NCHRP Project 10-81

The NCHRP 10-81 final report presents the entirety of the project research and outcomes. It
includes a short executive summary and several appendices, including the Recommended Practice and
Model Specification and the Outreach Plan. The project webinar utilizes this PowerPoint presentation and
may be used to present this project to interested stakeholders.
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A. For an Existing Fuel Price Adjustment Clause

1. Match your state pay item to the corresponding NCHRP 10-81 Work
ltem and Fuel Usage Factor

n Use the item descriptions and the Fuel Usage Factor Summary Table

2. Locate the price adjustment clause formula in your price adjustment
clause specification

3. Substitute the new NCHRP 10-81 Fuel Usage Factor for the old factor

Interfacing the NCHRP 10-81 Fuel Usage Factors with an existing fuel price adjustment clauseisa
simple exercise. Just replace the old factor(s) in the price adjustment formula with the ones created for
this study.

When adapting afuel price adjustment clause, the user may either use the Model Specification or devise
their own price adjustment clause. The Recommended Practice and Model Specification aso provides
guidance on the various contract provisions that must be considered before devising afuel price
adjustment clause.
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B. When Adapting a Fuel Price Adjustment Clause

2. Select parameters for fuel price adjustment clause provisions:

8 Trigger Value
§ May be as low as zero (Missouri) or as high as 20 percent change

§ Lower trigger values result in PACs that are more responsive to price
changes

8 Opt-In/Opt-Out Clause

3. Calculate the fuel used during the work period for each pay item

§ Use the Payment Adjustment for Fuel Worksheet or the interactive Price
Adjustment Calculator Tool

See previous dide.

e total fuel used across all work iter

See previous dide.
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A. Fuel Usage Factor Summary Table

n One page handout

n Contains each of the 64 Fuel Usage Factors created or updated for
NCHRP Project 10-81

n Presents the original T5080.3 Fuel Usage Factors next to their updated
versions

n Select the Work Item(s) and Fuel Usage Factor(s) that you will use in a
fuel price adjustment clause

n Use the PACT or Model Specification to calculate the price adjustment

The Fuel Usage Factor Summary Table contains each of the 64 Fuel Usage Factors created for this study
on a convenient one page handout.

eet tool built in Microsoft Excel

0 nteractive supplement to the Recommended Practice and Model
Specification

The Price Adjustment Calculator Tool (PACT) is an Excel-based software application that contains each
of the Fuel Usage Factors and alows the user to calculate fuel price adjustments.
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B. The Price Adjustment Calculator Tool (PACT)

Price Adjustment Calculator Tool (PACT) — :

This tool igned to assist in calculating
Payment Adjustments for construction projects. This tool
allows agencies to calculate adjustments using a fuel price
index or fuel prices. In addition, agencies may select and
customize fuel factors for use in these calculations.

lational Asphalt Pavement Association (NAPA)
American Concrete Pavement Association (ACPA)

Please use the nativational arrows at the top of each page
to navigate this tool. Information provided on each page
will be used on subsequent pages. For more information
o support, please contact us using the button below.

The first page provides an introduction to the PACT and lists the project co-sponsors.

B. The Price Adjustment Calculator Tool (PACT)

n  The Information Page allows the user to add information necessary for
creating a price adjustment clause for a construction contract

n Agency, Provision, Trigger Values, Adjustment Frequency, Index, etc.

'

Fuel Price Adjustment Clause Information

:: 3
Home Custom FuelFactors >

On this page, please provide the price adjustment clause information about your project.

[ State Fuel Price Adjustment Clause Summary Table.
[State or Agency

[Provision or Section Nurmber

Effective Date of Provision or

Trigger Values

Opt-1 WOpt-Out Clause Present?

[Adjustment Frequency (M onthiy, Weekly, Other)
Index Name (if using fuel price indices)

Or ganization Developing I ndex (f applicable)
Index URL/Source (if applicable)

On the Information Page, the user enters information relevant to the fuel price adjustment that will soon
be calculated.
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B. The Price Adjustment Calculator Tool (PACT)
n The next page is the Custom Fuel Factors page
n  Select the work tasks that you would like to include in a fuel price

adjustment clause

Selectall tasks you perform

Adjusted Fuel Use
Task Description Fuel Use Per Unit_Per Unit (optional)  Units

cl Removal

Clearing 191200
pe Removal 0.863] Gallons/LF.
Pavement Removal - Asphalt 1.307] Gallons/CY.
=] p: ~Concrete. 0562] Gallons/CY.
Structure Demoliti ilding 375000
Structure Demolition (Bri F. of Deck) 0,626]

On the Custom Fuel Factors page, select the work tasks for which afuel price adjustment will be

calculated. This page also gives the user the ability to customize or alter the given “Fuel Use Per Unit”
(Fuel Factor) of awork task.

\ VI — Using the Research Products
B. The Price Adjustment Calculator Tool (PACT)
n  The user then selects either the Fuel Price Index or Fuel Price option

n For the Fuel Price Index option, input the current index, the index base,
and the current fuel price

n For the Fuel Price option, enter the base and current fuel prices

n Then enter the quantities sutoor ageney

of materials used for each

task during the period

115
5350

n Result: Fuel Adjustment TotalFuet or Mot (2@ ) Calcusecnelow [ 1087]

Jp—"

Enterinthe quantityforeachtask &

Automatically Calculated

Sum of Tasks

AN 1 ¥50

After entering index, fuel price, and work quantity information, the PACT automatically calculates a
summation of the total fuel price adjustment for the selected work tasks.
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C. Recommended Practice and Model Specification

n The Recommended Practice and Model Specification contains such
features as the NCHRP 10-81 Fuel Usage Factors, study background,
definitions of terms, and sample calculations

n  Two specifications: one for Fuel Price Index, one for Fuel Prices

n See Section V regarding implementation and guidance

The Recommended Practice and Model Specification provides the guidance needed to successfully
calculate fud price adjustments for highway construction work activities. It contains information such
study background, definitions of terms, reference documents, work task descriptions, the new and revised
Fuel Usage Factors, adiscussion of contract provisions, sample cal culations, and two model
specifications.

Thank you for your Attendance!
Next: Demonstration of Interactive Tool
and Specification

e
e
S
B NCHAR NG

RO

Thank you for your attendance. We will now provide a brief demonstration of the Price
Adjustment Calculator Toal, followed by a question and answer session.
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APPENDIX D: NEWSBRIEF

D.1 I ntroduction and Research Problem

Price adjustments of selected commodities in highway construction are used in construction
contracting as away of limiting risks to the contractor arising from price fluctuations of these
commodities over the life of a contract. Fuel usage factors are commonly applied by state and local
agenciesin calculating fuel cost price adjustmentsin a contract specification that permits cost escalation
and de-escalation. The current federal factors, originally developed for Highway Research Board (HRB)
Circular Number 158 in 1974, are presented in the 1980 Federal Highway Administration (FHWA)
Technical Advisory T5080.3. The advisory contains fuel usage factors, in gasoline and diesd, for a
number of heavy construction activities, including excavation, aggregates, hot mix asphalt production and
hauling, and Portland cement concrete production and hauling. HRB Circular 158 established fuel usage
factors for structures and miscellaneous construction in gallons per $1,000 of construction cost, with no
provision for any adjustment for inflation.

NCHRP Project 10-81 isthe first research effort to revisit these factors on the federal level and
attempts to account for more than 30 years of inflation, commodity cost increases, and changesin
construction practices. The objectives of this research were to (1) identify present highway construction
contract activities that are major consumers of fuel; (2) prepare fuel usage factors for these activities,
including those items of work presented in Attachment 1 of FHWA Technica Advisory T5080.3, for base
year 2012; and (3) develop arecommended practice for state DOTs to implement use of fuel adjustment
factors and adjust them for both state-specific conditions and changes in construction costs, methods, and
equipment.

D.2  Project Scope

The Nationa Cooperative Highway Research Program (NCHRP) isamajor research program
within the Transportation Research Board (TRB) of the National Academy of Sciences. The NCHRPis
sponsored by the American Association of State Highway and Transportation Officials (AASHTO) in
cooperation with the Federal Highway Administration (FHWA). The NCHRP was the sponsor of this
project effort, which was designated as NCHRP Project 10-81. Participants included an NCHRP project
officer and atechnical review panel. The FHWA also contributed one of its employeesto serve asa
liaison between the NCHRP and the FHWA..

State DOTs have a so participated in this study. In the first phase of the project, the project team
contacted all 50 state DOTs and acquired information on their price adjustment programs, their
perceptions of fuel intensity, and the features that they would like included in the research products of this
project effort.

This project has benefitted from the support of several industry organizations. The American
Road & Transportation Builders Association (ARTBA), the Associated General Contractors of America
(AGC), the National Asphalt Pavement Association (NAPA), and the American Concrete Pavement
Assaciation (ACPA) each agreed to cooperate with the project team and aid in survey review and
dissemination.

This project in general, and the survey aspect in particular, depended on the participation of
highway construction contractors. The project team attempted to contact over 10,000 contractors through
email, industry organizations newsletters, and direct phone calls. This study aso utilized fuel
consumption information provided by the National Ready Mixed Concrete Association (NRMCA). In
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total, this study utilized information provided by 270 contractors who provided over 500 individua data
points regarding fuel consumption.

D.3  Findings

This study involved the application of the three research methodologiesin order to calculate per
unit fuel usage by construction task. These methodol ogiesincluded surveying state DOTs and contractors,
an engineering analysis of fuel usage by construction task, and a statistical analysis of the Oman Systems
BidTabs database of construction pay items. The study team designed each of these approaches to provide
independent calculations of fuel use for highway construction activities. Each section of this chapter
provides a sequential description of the research process undertaken and the results for each work item
examined.

Thefirst phase of the project involved initial stepsthat aided in the development of the three
project methodologies. A nationwide survey of state DOTs and sel ected contractors hel ped to ascertain
perceptions regarding fuel usage and data needs. An initial investigation of fuel intensity by an expert
engineering team classified work categories and tasks by fuel intensity. Lastly, aninitial statistical
analysis modeled the rel ationship between bid prices and fuel prices.

Thefirst effort of the project’s more detailed data collection phase was the Contractor Fuel Usage
Survey. This effort aided in the identification of heavy fuel use activities and allowed the project team to
establish current levels of fuel use across a variety of construction activities and project conditions. The
project team utilized several surveys, including an Excel spreadsheet tool and several industry segment
specific SurveyMonkey surveys, to éicit contractor responses.

In total, respondents provided over 500 fuel consumption observations for over 40 different
activities. As stipulated in the outreach efforts to highway construction contractors and organizations, this
report provides results as an average of the valid responses for each activity and does not provide
information reported by individual respondents.

The number of observations was sufficient to constitute a valid sample for most work
items. With the exception of several outlying responses that would have skewed the cal culated
averages, the fuel usage estimates provided by the contracting community were within a
reasonable range of accuracy as determined by the research team’ s engineering experts. Results
within categories demonstrated consistency as well. The survey results provided utility
throughout the remainder of the project, especially as a means to complement and verify the
engineering results.

The second effort was the engineering analysis of fuel usage. The objective of the engineering
analysis was to estimate the fuel usage of construction activities using engineering cost estimating
techniques. The results of this effort, in conjunction with the statistical analysis and Contractor Fuel
Usage Survey, allowed the project team to formulate new and updated fuel usage factors.

Building on the results from the initial engineering analysis, which aimed to identify high fuel use
activities, the project team extended the analysis to calculate the fud use per unit for each work task.
Using the initial phase calculations as well as estimated quantities of work for atypical project, the
project team was able to estimate a fuel usage factor for each work task.

The engineering team first established lists of equipment and production rates for each of the
highway construction work tasks considered for this effort. The team then calculated a fuel usage factor
for each of these tasks. Each estimator created an estimated task quantity for each task. For example, a
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guantity of 1,000 L.F. of pipe was assigned for each of the pipe items. Using an estimated quantity for
each crew, atotal time for completing the task was established. Tota fuel consumption was then
calculated by factoring in the total time for the crew and the required equipment for each crew. Dividing
the total fuel consumption by the estimated task quantity results in the gallons of fuel used per given unit
of measure, i.e. afuel usage factor.

Thethird project methodology was the statistical analysis of the BidTabs database of pay items.
The objective of the BidTabs statistical analysis was to estimate the fuel usage of construction activities
using a statistical model that incorporates changing fuel prices and bid prices. Thisincluded specification
of the model, testing of different combinations and forms of the variables, exploration of lagged variables,
evaluation of residuals and error terms and exploration of different combinations of pay items both within
and across states.

The statistical analysis demonstrated that most highway construction activities consume large
amounts of fuel and are fuel intensive. However, the approach does not appear to have generated
estimates of fuel usage that would be accurate enough to contribute to the devel opment of the final fuel
usage factors. However, in developing these fuel factors, the results of the statistical analysis were
considered where it was felt that they might be useful.

Thefina project phase consisted of comparing the fuel usage data gathered during the previous
phase, modifying select items based on the knowledge of the expert engineering panel, and developing a
final fuel usage factor for construction work tasks. For this effort, the research team compared data across
the three study methodol ogies and the origina fuel factors as presented in Technical Advisory T5080.3.
Where the research had enough data to make a valid comparison, there was substantial agreement
between the sources regarding activity fuel use. In particular, the survey data validated the engineering
estimates. Where there was disagreement among the data sources, the engineering estimates were
reassessed and generally revised to reflect the figures garnered from the survey effort.

D.4 Recommendations

The research effort for NCHRP #10-81 produced new and updated fuel usage factors that
represent expected fuel consumption per unit for a variety of highway construction work tasks under
average conditions. These fuel usage factors are presented within the Recommended Practice and Model
Specification that accompanies the final project report. The Recommended Practice and Model
Specification also contains background information on fuel usage factors and price adjustment clauses,
definitions, sample calculations, and price adjustment worksheets. The new and updated fuel usage
factors have also been inputted into the Price Adjustment Calculator Tool (PACT), an Excel-based
spreadsheet tool developed by the project team that allows for interactive price adjustment calculations.

The study team recommends that the Recommended Practice and Model Specification, fina
report, and other project deliverables be publicized to the highway construction community, state DOTS,
and federal transportation agencies and committees such as FHWA, AASHTO, and TRB. The products of
this project may be useful to other agencies and entities as well. The data can be used by entities other
than state DOT s for both highway contracting and construction of facilities for other transportation
modes. Associations may value the data for dissemination of information and policy guidance for their
members. Officials interested in improving planning and budgeting may find information on fuel usein
their projects extremely useful. At the same time, contractorsinterested in better understanding and
managing their fuel use or in preparing more accurate cost estimates will find value in the fuel factors.
Finally, researchers examining energy requirements, emissions and climate change, can use the datain
preparing estimates, inventories and action plans. An outreach action plan formulated by the research
team is presented as an appendix of the final report. This plan contains strategies to maximize the
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publicity of NCHRP #10-81, including conducting webinars, making presentations at conferences and
trade shows, and updating the FHWA website to display the new and updated fuel usage factors.
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