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Foreword

In May 2000, the Florida Department of Transportation (DOT), in cooperation with the

Federal Highway Administration (FHWA) and the National Partnership for Highway Quality,

conducted a workshop on the future of performance-related specifications (PRS) in the b
highway industry. More than 50 Federal, State, and private sector engineers met to discuss

the background, history, and future of this topic. The attendees agreed that the subject was \@
important, extremely complex, and had to be addressed. They recommended a national

strategy to identify and coordinate efforts, and FHWA agreed to initiate the process. @ @ ¢
In December 2001, FHWA, in cooperation with the American Association of State I—@ycmgf \§

and Transportation Officials (AASHTO) and various industry associations, spons@ e
first national PRS Technical Working Group (TWG) meeting. The purpose o {ﬂ e
was to establish the foundation for a PRS movement to foster the developn
application of performance-related specifications. The PRS TWG identified serles of Q
activities that lead to continued development and implementation o At that

the mission was expanded to include the formatio%\pert tas ps in vané

technical disciplines and to include warranties re cle { owmg natives to

tll’lg

PRS.

In November 2002, the PRS TWG r&%’m to revie rk acco Qd by the expert

task groups and to discuss sever nal asp PRS T dees reemphasized
their support for the effort and suggested th d spec'
format in the PRS mission. Noting that ssion had be

s be addressed in some

enfexpanded to include method

specifications and warranties along wit mance-felated and performance-based
specifications, the attendees also re nded that the e of the effort be changed to
the Performance Specification P g;&n 4

3
This Performance Speclﬁ @Sttate ap is intended to be used as a tool to guide
the highway communi lopln ementing, and accepting performance
specifications as vi ternatives ighway construction. It is a working document that

will be mamtamx e FHWA on itSwebsite and periodically updated.
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Executive Summary

The Performance Specifications Strategic Road Map presents both a rational discussion of
performance specifications and a plan for their development as a viable contract option for
highway construction. Performance specification (PS) is an umbrella term that incorporates
performancerelated specifications (PRS), performance-based specifications (PBS), and
warranties. In broad terms, a performance specification links the performance characteristies
of the final product to those construction and materials items under the control of the
contractor. Performance characteristics may include end-result elements such as produet
strength, bearing capacity, stability, visibility, and cracking, as well as more functiofial
requirements such as smoothness, friction, noise reduction, chip retention, splash,'and spraf

When future performance of a product is projected using constructionstestssand
measurements linked to design via modeling, the specifications are gemimonly known as
performance-related or performance-based specifications. When‘actual perfofmance of
the product is measured after a predetermined time in servicesthe specificatign strueture is
commonly known as a warranty. When the final product.s described in terms of
component materials, dimensions, tolerances, weights, and(required construction
methodology—equipment type, size, speed, etc—the specifications afe,commonly described
as method or prescriptive specifi¢ations. Currently, method specifications are the most
prevalent in highway construction.

Engineers have long sought'rclationships bétween a‘material characteristic and its impact on
product performance. If clear relationships could be'determined and properly translated into
specification language, the benefits could be sighitficant. Agencies could better understand
quality and performance and,met¢ accurately tran§late design intent into construction
requirements. Agencies also eould target and economize inspection programs, and more
rationally develop incentiyes and disincentives. Contractors could use materials and methods
in which they have exptrience andiconfidence. With the advent of warranties, contractors
are coming to grips with a similar challenge as they select materials and construction
techniques to ‘mect future product performance requirements.

Societal changes are dfiving,procurement strategies as well. With dramatic reductions in both
the numbers and eXperience levels of government inspectors and engineers, highway
ageneies are examinifg their roles and responsibilities. The complexity of high-speed
constructiof, nighttime construction, and rehabilitation work under traffic—all of which the
public demands—further stretches available agency resources. Traditional low-bid
contgaeting may not be the ultimate mechanism for this type of work, as growing interest in
design-build contracting and long-term warranties indicates. These contracting mechanisms
al§d require a full examination of specification language and a clear delineation of roles,
responsibilities, and risks.

This road map fully examines the performance specification issue. It outlines a mission,
vision, and goals that will establish an organized framework for a movement towards
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performance specifications. The wision is that the performance of highway facilities will
improve through better translation of design intent and performance requirements into
construction specifications. The mission is to establish performance specifications as a
viable contract option.

O

The road map outlines four strategic goals:

Identify relationships that link design and construction with product performance. @
Develop and implement performance specifications.

Conduct a communication and training effort. Q
Provide organizational support for the Performance Specification Program. 0@ .

\

The road map also outlines major tasks for the next five years in support of these @bg)

FHWA will provide administrative support to the program, but it will loo ‘&er agenc1e

and industry to provide necessary input and support for the various initi

O/~

"To attain our goals of improve ity, /mpro@0 Q
product performance, and a 1& nviro @
contractor innovation, we

test those construction an aterial s that be
determine product performance. \

"We also must address role e onabtl/t%’r‘\sks,

and specification Iangua as well to e how
best to deliver that Fre novate
with accountab (o] dehve drlvmg force
behind the p n movement.”

- Ted F @ C Partners
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Chapter 1
Examining the Issues

A Brief History

In the early 1900s, the idea of mobility was paramount in the minds of the American people:
As travel modes transitioned from ships to wagons to trains to automobiles, the road bécame
the focal point of transportation. Toll roads connected major cities and industrial aréas:
Public road-building jurisdictions were small, numerous, and unconnected. In thefart of road
building, little was known about factors that contributed to the success or faildre of“the roads
Under these circumstances, the first option for governing agencies was to fequif€ a
maintenance guarantee. The contractor promised to do any needed road maintenance @nd
repairs for a specified time period after construction.

Formation of the American Association of State Highway Officials (AASH@) in 1914,
followed by a general uprising from the contracting community over warranties’ and
proprietary items, led to the development of a'new order'¢t road-building Specifications and
brought about a certain level of unifoftity in State specifications, This was the birth of
method specifications. In a method specification framework, work.was done in a prescribed
way, with maximum control in the hands of the agency. The contractor followed the script —
provided materials, equipmeit, afid followed directions.

In the mid-1960s, after noting ratherf(high construction‘and materials variability in the
controlled AASHO Road Test', iidustty leaders-determined that method specifications by
themselves did not properly cantrel’the construetion process. Practitioners asked researchers
to come up with a new way‘of addressing these issues. FHWA tackled the specification issue,
noting that a properly crafted specificatiofi*should clearly answer five questions:

What do we want?

How do wg¢ ogderdt?

How d¢ we ‘measure whatgwe ordered?

How do*we knowwe got what we ordered?
What do we do.if we don’t get what we ordered?

While most praetitioners believed that method specifications reasonably captured best
practices'at the time, they did not outline an effective sampling and testing program to
determing,overall compliance. With equipment and material requirements defined, many
beliéved that method specifications inhibited innovation and could not deal with rewarding a
contractor for “better-than-minimum?” practice. Finally, they also believed that method
specifications as written could not consistently deal with work that was outside the bounds
of “reasonably close conformance.”

'A 7-mile long full-scale test road near Ottawa, IL, aimed at gathering data on significant vatiables affecting
pavements and short-span bridges. The project was designed and managed by the Bureau of Public Roads, the
American Association of Highway Officials and the Highway Research Board in the late 50s and 60s and still
provides valuable pavement data.



Could a new specification with an “end-result” approach lead to more innovation? Could it
lead to better handling of non-complying material and a more accurate assessment of in-
place quality? As practitioners asked themselves those questions, the construction research
approach of the 1970s became, “Don’t tell them how to do the job; tell them what you want
and let them go.”

In theory, an end-result specification should allow contractors more freedom to implement
their own procedures, choose their own equipment, and conduct site-specific process control
programs. The transportation agency would allow this freedom, but establish a more
structured sampling and testing program on the in-place product. And so the journey toward
performance specifications began.

While the concept appears simple, researchers posed many difficult questions as a prelude to
their work:

What is an in-place property? Thickness? Density? Modulus? Stiffaess?, All of theéin?
What in-place properties most directly influence product performance?

What tests best measure these properties? How/many? With what variability?

What is an in-place product? The base ot the.pavement?<The,paint or thedtiipe?
What is product performance? Distréss? Remaining life? Failure?

AN

What is the value of the product if fone or more of the tests shownofn-compliance?
Rework? Replace? Accept at a reduced value? And what if the tgsts show exceptional
results—much better than specifiéd?

What elements of constructionrare contfaeter-controlledyversus agency-controlled?

8. What elements of construction are totally beyond thecontractor’s ability to control or
influence?

A major output from this reseateh was statistically\based quality control specifications.
They addressed the issues of\tésting and ‘testwariability, sample size, lot size, estimates of the
total population, percentage within limifs, and pay factors. While most agreed that this new
approach did a betterqobef«addressing,contractor compliance, it did not necessarily address
product performance.\Why? For the mOst part, the specifications measured what COULD
be measured, not what SHOWUBD be measured. The drivers of product performance and the
test procedutes heeded togmeasure the performance characteristics did not exist.

The ctitical connection te product performance came about in the early 1980s. What if it
wete possible to,conneéct product performance to a life cycle cost analysis (LCCA)? LCCA
cstablishes pefformance relationships between the designed product, costs, and future
preservation, maintenance and repair strategies. For pavements, this appeared to researchers
to be a key appfoach. If the design calculations were examined closely, they should include
factorsithat focus on key performance characteristics—strength, thickness, modulus, etc.
Would it be possible to recalculate the LCCA using as-built test results and then compare
them to the original LCCA? This would provide a ratio that linked costs and time-to-
rehabilitate. For example, if the pavement was built one inch shy of the design thickness, the
as-built LCCA would show that the projected pavement life was reduced by a certain



percentage, triggering an earlier rehabilitation strategy. Researchers were now on their way to
determining analytically the performance aspect of the pavement. The ratio of the as-built
costs to the as-designed costs also gave them a more rational approach to pay factors. And,
of course, this puts pressure on the designers to assure that they are theoretically correct
with formulas and assumptions proven over time.

Is it about contractor compliance? Or about product performance?

The process gets more complicated when other pavement performance characteristics<—
such as density, smoothness, skid, segregation, stripping, durability, and noise—are
considered. All of these characteristics are important, although maybe not equally. All'have
an impact on pavement performance and are interrelated. Some characteristic§ are thputs
into the equation or model used to design the pavement originally. Some afe hot” Some are
clearly under the control and responsibility of the contractor. Some aresnot."Some canfbe
tested quickly and easily, while others involve test that are slow and late n the process. And
some performance properties are tied to agency specifications that reguire the contractor to
use a certain technique or material.

For the past 20 years, FHWA, AASHTO, andeontractors iaye been on a joutney to sort out
and understand this complicated issucsPetformancesfelated specifications have been
identified as a high-priority area in gwety, major reseatch plan devéloped over the past decade
by FHWA, AASHTO, and various tadustry groipssMuch of the eurrent national research
has focused on asphalt and cghetete pavement Systems., Bat/much of the above could relate
to bridge decks or other highway products.

While the performance specification ftamework {6t pavements is relatively mature, this leads
to questions about how this methodology translatés, to other highway products. Bridges,
earthwork, retaining walls, andithany other highway/products do not have direct connections
to a life cycle cost analysis méthodology.oritoa clear design formula or model. And while
the performance specification framework for pavements aids in determining values, it does
not directly address,roles; responsibiliti€s, and ways to create an innovative atmosphere.

In 1991, a mileéstone-«asphaltfpavement study tour of European countries initiated a U.S.
discussien 0f hew contractinginechanisms, including the possible impact that warranties
might have,of produetperformance and contractor innovation. In 1995, FHWA clarified its
appnoach to warrantics\and set the direction for their future application. Warranties appeared
to"be aniother,way that agencies could address product performance. While PRS concepts
wete emerging for‘experimental use in concrete pavements, agencies could, if they wanted
to, simplyinyoke a warranty clause and bypass all the apparent complexities associated with
PRS —and ih the process transfer risk to the contractor.

Manyeactivities have been initiated over the past several years, further validating interest in
flew approaches to specifications. In 2000, the National Cooperative Highway Research
Program, under AASHTO sponsorship, initiated a contract on performance-related
specifications for asphalt mixes, continuing work begun on the WesTrack? Superpave project.

> WesTrack refers to an expetimental road test facility constructed in Nevada that continues the development
of performance related specifications for hot mix asphalt.



Also in 2000, the Indiana DOT completed the first experimental project based on FHWA’s
model PRS for concrete pavement. In 2002, an international scanning study focused on the
growing use of long-term asphalt pavement warranties in Europe that allow routine
maintenance and preservation during the performance period. In 2003, another international
scan on superior materials found significant movement toward performance specifications
(functional specifications) in several European countries.

Interrelated Issues

All of these factors contribute to a realighment of conventional roles and responsibilities
and provide new opportunities to examine product performance and construction
contracting,

Specification Language. The objective of all specification writers is to tramslate the
transportation agency’s intentions into clear, legally defensible instructions festhe
contractor. Today, more than ever, specification writers recognize thatsthis,objective also
must allow the contractor to exercise ingenuity and.creativity in complicated rehabilitation
and reconstruction projects. Projects built underytratfic conditions'complicate-the normal
sequence of operations, equipment selectiongsitedaccess, construetion speedy@and safety to
the worker and traveling public. Less-preseriptive specifications could be agway to allow the
contractor to exercise more creativity t@ meét the demands of a patticular’project. This is
even more justifiable for the growing aumber of uhique projects,with/special quality and
performance requirements — integeation of work zdne management with construction
sequencing, for example.

Inspection Staff. State DOTs—indeéd{ nearly all publicagencies—have seen a dramatic
decrease in the numbers and experience levels of aspectors and engineers in their
workforce. This has led to more eontractor qdality control programs and agency testing of
as-built products.

Construction Duration and'Speed. I'n urban areas where traffic congestion is a major
issue, nearly all eonstruction products'go into service immediately. This is a radical departure
from the practice of allowing(100 percent completion before the project opening, New
approaches to constructiofi product testing and construction acceptance have become
necessary, to'satisfy thenecds of the traveling public.

Public'Responseto-Highway Quality and Performance. The public, including elected
officials, are asking’why so many highway facilities always seem to be under construction and
need so much agtention. They compare highway products with commercial products and
insist engmoreécontractor accountability through a warranty or guarantee or even open
producg testing. “Get in, stay in and do it right, get out, and stay out” will be driving the
industry for years to come.



Chapter 2
Performance Specifications

The Umbrella

Performance specification (PS) is an umbrella term incorporating performance related
specifications (PRS), performance-based specifications (PBS), and warranties. In the
broadest terms, a performance specification defines the performance characteristies'@f the
final product and links them to construction, materials, and other items under gontractor
control. Performance characteristics may include items such as pavement smoothness or
strength, bridge deck cracking or corrosion, chip seal stone retention, embafikiment slope
stability, etc.

Snapshot. When future performance of a product can be estimated using key construction
tests and measurements linked to the originahdesign via modeling and lifescyele costs, the
specification structure is commonly describedya$ performance-related or'performance-
based.> When the condition of the preduct Is measufediafter some prédetermined time, the
specification structure is commonlyknown as a wareanty. When the final product is
described in terms of component materials, dimhénsions, tolerances, weights, and required
construction methodology—équipment type, siZ€, speed, éte=the specifications are
commonly known as methdd-ot prescriptive specificafions. Currently, method
specifications are the predominant sp€citication typéused in U.S. highway construction.

PRS

In softened technical terms, PRS are specifications that use quantified quality characteristics
and life cycle cost relationships cotrelated to product performance. In management terms, a
PRS is the bridge between desigfi,*eonstruction quality, and long-term product performance.
So how does enc'determine ghata’specification is performance related? Some fundamental
and suggestedrequirements are’ offered to sort this out.

PRS: Fundamental Requirements

Quality Characteristics and Accountability. Critical quality characteristics should be
readily measurable and clearly tied to product performance. Construction contractors should
be heldvaccountable only for those quality characteristics under their control.

Performance Predictions. Prediction tools, including modeling and databases, should be
verified, calibrated, validated, and otherwise made appropriate for local conditions.

* From this point on in the report, PRS is assumed to include PBS. For all practical purposes, the distinction
between the two is not relevant at the program level, but should be considered at the research and engineering
level. For morte information, see http://gulliver.trb.org/publications/ circulars/ec037.pdf.
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Life Cycle Cost Analyses (LCCA). Life cycle cost analyses should be used to compare the
as-designed product section to the as-built section. The LCCA should be based on a clear,
well-documented, and realistic preservation, rehabilitation and maintenance decision tree.

Acceptance Plans. Acceptance plans should be statistically based with clearly defined risks.
If necessary, pay determination should be made in a timely fashion to allow for prompt
corrective action. Sampling and testing plans should properly address material, operator, and
testing variability and improve confidence in the results.

Simple and Clear Language. Performance-related specifications should be written simply,
clearly, and succinctly for today’s busy construction workforce.

PRS: Suggested Requirements

Add Performance and Subtract Method. As PRS end-result criteria‘are added to a
contract for a specific quality characteristic, they should be accompadiiéd by a correspending
reduction in prescriptive or method elements, givinGithe contractéfimere freedom,to
innovate, improve quality, and clarify roles and respensibilities®Add“density afid eliminate
roller requirements, for example. Or add in-situ smoothness and eliminat¢"Conetete paver
string line requirements.

Quick and Timely Testing. TeSting should incerpotate standardized tests using
nondestructive techniques to measure the produet.in situ, befter'quantifying the quality
characteristics and enhancing 24-to-48-hou, if_not instantytutnaround of information. This
also could be the driver to harness computer technology, sach as PDAs (personal digital
assistants), wi-f1 (wireless fidelity) nefwozks, voice recognition, and high-speed linkage to
asset management systems.

Process Control. The contraetor should. be given reasonable latitude to develop and
implement a process contrel’plan that can be verified by the transportation agency, especially
for those quality characteristics included in the acceptance plan.

Mechanistic-Models. Perfotmance prediction techniques used in PRS should be based on
mechanisti¢ models and be the same models used in the design process. Asset management
systems should track the same assumptions used in the design and construction process.

ECCA and User Costs. User costs should be considered in developing appropriate pay
factors. The-fmpact can be high, however, and will require sound judgment when applied.
Both thg-oywneérs and the contractors need to understand the impact on customer
satisfdction’



Warranties

Warranties can be divided into two areas: materials and workmanship (M&W) warranties and
product performance warranties. M&W warranties call for contractors to correct defects in
work elements within their control. The M&W concept is referenced in many State
regulations and codes, but it is not directly referenced in highway specifications and has been
invoked rarely.

The performance warranty is a recent concept and requires the contractor to correct'defects
if the product does not perform to some desired quality level over a certain timedft service.
Product performance warranties are somewhat controversial, exponentially sofas the length
of the warranty period extends beyond three years. The controversy stems/Atomrthe concépt
of risk allocation and the financial burdens that accompany partial or cemplete produgt
failures.

Following is a step-by-step process for developing a warranty;

1. Establish what gain is expected and how sticcess ofethe program will be measured.

2. Detine the product service life.

3. Establish a warranty period and describe the eondition of the'product at the end of the
warranty, including expected remraining seryicé life.

4. Describe the sampling and,testing plan‘that will be usedto monitor quality during
construction and measute quality at thefend of the Warfanty period.

5. Eliminate method or prescriptive réquirements that conflict with performance
requirements or intent. This incltdes matenial'scléction, mix designs, etc.

6. Establish some thresholdsiwhere warranties afe/invalidated—traffic, weather, inadvertent
maintenance, etc.

7. Establish a contract bonding, insufance, jor retainer requirement to hold the contractor
financially accoungable.

8. Establish a tepairprotocol should the product show early distress.

9. Establish aymediation bgard,to resolve conflicts.

10. Payaccording to a pre-detérmined pay schedule, including incentives and disincentives.

11. Monitos, measuref and feedback into the performance models.

M&W warratitiesof-less than three years generally require the contractor to focus on
constructiofl quality. With a performance warranty, the contractor may have more latitude in
selecting,matefials, processes, and design choices. This requires the contractor to have much
more, than'a working knowledge of the product. This means sorting through various
combinations of materials or manufactured products and pricing alternate products. Should
thic cofitractor provide a higher-cost, longer-life, more-than-meets-the-warranty threshold
product or a lower-cost, shorter-life, just-meets-the-warranty product? What is the risk
versus costs? What impact will this have on contract award? Price obviously matters in a
low-bid contract, but it also matters in emerging procurement options such as design-build
and best-value contracting,

1
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This process is the reverse of the PRS process, in which the transportation agency makes the
decisions on material type, layer requirements, etc. Not surprisingly, however, both parties
need a working knowledge of what drives performance. The fundamental approach in PRS
may be applied by a contractor in response to a warranty requirement as well.

PRS and Warranties

The comparison between performance-related specifications and warranties is a natural.
Both address product performance and improvement in contractor end product compliance
and innovation, and both have an impact on the interrelated issues mentioned previouslyg
The impacts on the contractor and the transportation agency, however, are different ig” ¢ach
scenario. The following chart outlines the issues and the requirements under each,

Requirements PRS WARRANTY
Y=Yes N =No S = Should Owner Cont. | Owner « Cont.

Determine performance requirements through data ok Y N S Y
models
Develop a clear sampling and testing plan Y N Y Y
Remove method or prescriptive requirements S N S -
Reduce inspection workforce during censtruction S N S N
Extend the final contract completion date N N Y Y
Monitor and adjust for in-service traffic levels/& N N S S
environment
Determine in advance the price of noenconformance
Increase post-construction workforce‘responsibilities
Have detailed knowledge of gxisting support S N Y Y
conditions
Invoke additional contraetor bonding=erinsurance N N Y Y
requirements

In the future, agencies will'haye two different approaches to address quality. Each method
has its pesitives and fegatives.

Method Specifications

One of the most difficult issues facing the adoption of performance specifications is the
impact they have on method or prescriptive specifications. A recent review of select
transpottation agency standard specifications showed that use of method specifications
remains common, with more than 400 prescriptive requirements in the standard specification
book. They vary from minimum tire pressure in a rubber-tired roller to paver string line
requirements. The difficulty comes when the specification includes both a prescriptive and



end-result requirement—a roller specification and an end-result density requirement, for
example.

Method specifications have been a mainstay in transportation construction for many years.
What is the most commonly accepted principle behind a method specification? If the
contractor follows the prescription, then the work product has a high probability (if not a
sure bet) of being accepted by the agency and a good probability of performing well in
service. What are some of the other impacts of method specifications?

Decision Aids. A method specification tells the contractor exactly what the ageney Has
decided about a certain topic.

Knowledge Tools. Method specifications tell both parties what is consideréd/good praetice
and, by omission, what is not good practice.

Minimum Acceptable Values. Terms like “no less than” or “atleast” show the 1o%West
allowable value that will be accepted by the agency.

Restrain Decision Makers and Force Faif Treatment. Method specifications give BOTH
parties protection over arbitrary deefsion making, Invfaet, they seriye to prevent arbitrary
decision-making by the agency as*much as the €ontractor.

Difficult to Change. Meéthod,specificatiohs are difficult to, change once imposed and set
into practice, which is bothygood and/bad=It is goodumthat training, equipment
procurement, and testing programsicanbe develeped around the concepts, but it is bad in
that an obviously minor or insighiffeant method,spécification is often difficult to remove.

Unintended Negative Conséquences."ltimay be that the agency wants to allow flexibility
but is constrained by he methodequirements. The contractor, in turn, may want to
introduce an innoyative'conceptbutistinhibited by having to address each method
specification peiat'by point.

Red Tape, While one method specification may be judged as a safeguard to both parties,
whenrdoes a series ofimethod specifications become overbearing—the definition of red
tape?

Minimum ‘Quality Equals Maximum Quality. While method specifications clearly define
MINIMUMsacceptable behavior, they may also, as a result of the low-bid process, define
MAXIMUM petformance levels as well.*

Distinguishing a Quality Contractor. Method specifications (in harmony with low-bid
contracting) have a way of grouping all contractors under one quality umbrella. They reduce
the ways contractors can differentiate themselves in the quality arena.’

* This is one reason that incentive clauses wete created and added to method specifications.
> This is yet another reason why incentive clauses were created.

13
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Specifications and Contracts

Several key questions need to be answered about how these three types of specifications will
work in the future. Will the highway specification book be filled with performance
specifications and void of all method requirements? Will the book contain a blend of
specifications? Or will it have different types of specifications for different types of
contracts—method specifications for less-critical subjects and performance specifications for
design-build, for example. Or will method specifications always be used to control those
illusive long-term durability issues?

A window to the future might be the European Union (EU) process for improving trade and
competition among European countries. The EU is providing the stimulus for the highway
industry to develop functional highway specifications for contracts (tenders). Functiohal
specifications are a cross between end-result and performance specifications amd define the
final in-place product with some specificity. Method specifications graduallyase being
removed, especially those that relate to material composition and installatiofsptocedures:
Industry and government are working on many of these specifications,ahd acknowledge to
the complexity of the issue.

In addition, many European countries have mowed to functighahcontracts with §pecific
language on performance of the in-place,pfoduct over timeNThis includes evierything from
retroreflectivity of a pavement markinggih service to littér pickup in rest agea waste
containers. The United Kingdom’s Highways Agency basés 80 peréent,of a contract decision
on quality factors and 20 percentiotmeost. In 2003; this will chafige, to"a 100 percent quality
award. The dollars will be negotiated after the-asward, and the speeifications all will be
functional.

Some European countries are increasingly using design-build-operate-maintain (DBOM)
contracts that may extend for 20,to 30,years. These contracts are performance based,

including eventual turnback to.the agency at 4 requited performance standard or benchmark.

The drivers in Europe to moye to thes¢ types of contracts are the same as those in the
United States:

To pull the private sector iato the innovation equation.
To addtess'the reduetionin government personnel.

Toallow the'semaining governmental workforce to focus more on performance
tequirementsior the transportation system.

Is everybody.in Europe happy about this movement? No. Is everybody in Europe seeing the
long-rangevision the same way? No. But they are working on the issue and already are
seeing fruits of their labor in several key technology areas.

What does this mean to the United States? Is Europe a window to our future? Maybe.
Should the United States copy what Europe is doing? Not at all. The European



construction industry is structured differently than the U.S. industry, and the social
implications cannot be dismissed. But it does mean that the United States has a real-life
laboratory to learn about performance specifications and performance contracts. With a
watchful eye, the United States could learn from Europe’s organization efforts, experiment
with its specifications, and dismiss those that would bear little fruit.

Expected Benefits

It makes no sense to start something without clear reasons and expected benefits.
Developing and implementing performance specifications offers many potential benefits.
The following are some of the most important:

Improved Design-to-Construction Communication. Performance spegifications could
more directly connect design requirements with construction, assuring that beth partie§
communicate effectively.

Rational Pay Factors. Pay factors could be more accurate, rattonal and defemsiblejas they
would be based more on processes and less on bartering,

Improved and Focused Testing. Testing would focmsion those characteristics that relate to
performance.

Improved Tradeoff Analyses:\Performance, quality, and €0sts\could be uniquely connected
through modeling and lifé*eycle,cost analyses with a mueh,better way to analyze tradeoffs.

Improved Understanding of Pétformance. Performance specifications could lead to a
better understanding of those qualityscharacteriSties that relate more directly to product

performance.

Improved Quality Focus. PerformagCe specifications could lead to improvement in the
overall quality of thelpfoduct in dreds that caused problems previously.

Clearer Distinction,.in Rolessand Responsibilities. Performance specifications could help
clarify changés, ih roles and responsibilities between the transportation agency and the

contractoty asswell as define thelevels of risk that each would carry.

Merednnovative Environment. By being less prescriptive, performance specifications
could create amenvironment that encourages innovation.

All of thesebenefits would apply to either PRS or warranties.
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Chapter 3
Defining the Future

“There is no road map without a vision, a mission, goals, tasks, and a timeline.”

Vision
Performance specifications improve the performance of highway facilities through better translation

of design intent and performance requirements into construction specifications.

Mission

Establish performance specifications as a viable contract option for highway construction.

Goal 1

Identify relationships that link design and construction,with product perfermance.

Goal 2

Develop and implement performance speeifications.

Goal 3

Conduct a communications and training effort.

Goal 4

Provide organization support for the PerformancesSpecification program.

Justification

The first goal willNead to identification of performance relationships and new tests. The
second goal gvill lead to effectiye contractual language and delineation of roles and
responsibilities”The third will focus on telling everybody what they need to know about
performanee specifications. And the final goal acknowledges that structure, accountability,
and*administrative Sdpport are needed to do the work effectively.

PFeur to sixtasks have been identified to accomplish each goal, but the Technical Working
Group dnd eXpert task groups will want to consider many additional subtasks. Due dates for
accomplishing the goals are shown in Table 1. The Technical Working Group and expert
task groups will establish more detailed timelines once a budget for the overall mission is
established formally.



Goal 1. Ildentify relationships that link design and
construction with product performance

This is the most important and most difficult element of the road map. A lot of work has
been done over the past several decades on some products—pavements, for example. Little
has been done on a host of other products, such as pavement preservation modeling, While
progress on this goal could be slow and incremental, it needs to move forward.

Task 1.1. Identify products that are viable candidates for performance specifications.
Examine European functional specifications in these key areas.

Task 1.2. Organize and prioritize the in-service performance requirements‘forieach produet.

Task 1.3. Develop mechanistic-empirical models and/or organize a€tual performatiec'data
that clearly link design factors to performance. Identify factorsithat are undeg the'direct
control of the designer and those that are unider the direct céntrol of the gentgactor.

Task 1.4. Develop and implement nenzdestructive testsithatlink mofe directly to
performance and focus on 100 pergentisampling ardd/er continudus sampling of the in situ
product.

Task 1.5. Develop and implemeént a prograniin which high-speed, continuous, real-time, non
intrusive testing is applied directly toconstruction equipment.

Task 1.6. Support advancementsyn‘life cycle cost analysis procedures and maintenance
decision trees that encouragé a more thorqugh understanding of performance and its
relationship to costs.

Goal 2. Develop and-implement performance
specifications

As relationships are developed under Goal 1, critical elements of a specification, such as the
specification languageroles and responsibilities, and risk can proceed. Tracking systems, risk
mianuals, trials andievaluations, and administrative mechanisms are suggested.

Task 2.1, Weyelop guide specification language for those products that have performance
clearlysidentified under Goal 1, building on the specification matrix approach.

Task 22. Evaluate the relationship between method specifications and performance
speetfications with the goal of minimizing prescriptive specifications wherever possible.

Task 2.3. Develop a national website and tracking system for performance specifications and
quantify improvements in quality and/or contract management.

17
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Task 2.4. Develop a risk management manual that clearly quantifies the transfer of risk and
responsibility between contractor and agency based on the responsibilities for determining
and providing products and services.

Task 2.5. Implement continuous national evaluation of incentives and disincentive clauses as
they relate to performance.

Task 2.6. Develop and implement a national experimental and evaluation program for
innovative performance specifications applied to active projects.

Goal 3. Conduct a communications and training effort

It matters little what is accomplished in the laboratory or in the conférence room
unless the message is delivered. Without a knowledgeable and trained Workforce,
developing performance specifications becomes,simply an academi€ exercise.

Task 3.1. Prepare and distribute a brochure that cleasly defines‘perférmance gpecifications
for both managers and practitioners in easystosunderstand language. Proyide elarity on the
definitions of quality and different specification types.

Task 3.2. Continuously inform mahagecss and praetitioners about engéing developments in
performance specifications through effective mscvof newslettérs,"Web sites, magazine articles,
demonstration and experimental project§, fly€tss etc.

Task 3.3. Develop a detailed training’afid.outreach, program that covers both performance
specification principles and specific product perfermance requirements. The first priority is
to develop a short course tharpresents pefformance specification principles. All training
should work within the framewerk of the Trahsportation Construction Curriculum Council

(TCCO).

Task 3.4. Develop and support a speakers’ bureau of knowledgeable and available
practitioners,

Goal 4. Provide organizational support for the
Performance Specification Program

Nobody teally likes bureaucracies and it would be nice to say the performance specification
movément could be successful without some structure, but that would be unrealistic. The
proposed structure aims at creating energy and synergy, establishing and managing funds
dedicated to the effort, and keeping everyone moving in the same direction.

Task 4.1. Develop, maintain, and update the Performance Specifications Strategic Road Map.



A Vision for the Future

Task 4.2. Establish a flexible performance specification operational structure that can
respond to change, participant interest, and funds availability. The structure should deal with
a movement, not a requirement.

Task 4.3. Identify those product areas for which an expert task group should be established. b
Provide Technical Working Group assistance to the various expert task groups to develop @

eN
&

and execute tasks in support of the strategic road map.
Task 4.4. Provide budget and timeline for performance specification program effor

Task 4.5. Support the development of comprehensive technical research ms for ea

of the specific expert task group product areas. K

Task 4.6. Identify groups, committees, and organizations with interestin perfor'@e

specifications and promote cooperative effo& Q K
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Chapter 4
Organization and Management

Management Structure

An organization or a movement? The Performance Specification Program is a combination
of both elements. The program has established a Technical Working Group to establish and
oversee the road map and its execution. Fundamental to the road map is the identificatiosn
and formation of expert task groups that will do the bulk of the technical work specific to
that discipline. In the diagram below, boxes connected with solid lines represent strtigtire in
place, while those with dotted lines are anticipated.

TWG
NDT Testing
Computer Risk Analysis
Integration Task Force
Task Force Communication ot
and Training [ Te II?::lons
Task Force GELSLCIRES
- - - - - - - - - - -
| | 1 1 (]
Pavements Pavemer.n Geotech Bridgé Deck Safety and
ETG Preservation ETG ETG Work Zone
ETG ETG
|
| 1
Concrete Asphalt
Pavement Pavement
Task Force Task Force

Working Group and Task-Group Membership

The Technical Wortking Group will consist of representatives from FHWA, State DOTs,
industry, and academifa with baekgtound, expertise, and interest in promoting the
performance specificationeengept. Each expert task group will have one representative on
the Techdical Working Greup. Membership will be flexible. As emphasis on various goals
and tasks changes, Technical Working Group membership will change appropriately. It is
expceted that the¥Iechnical Working Group will average 14 representatives.

Current mémbers include five representatives from State DOTSs, five from FHWA, four from
the payémentandustry, and one from academia. Among the DOT members are
representatives from the AASHTO Subcommittees on Materials and Construction, and the
Joint Task Force on Pavements. Included in the FHWA membership are representatives
from the Offices of Pavement, Bridge Technology, Infrastructure, and Research and
Development. Finally, members should represent disciplines with active expert task groups.



With disciplines such as geotechnology, safety, bridges, etc., it is expected that the
membership will be adjusted to reflect the diversity of the mission and the particulars of
each group.

The Technical Working Group will assemble task forces as required to help guide the
program. A Definitions Task Force would build on work done by the Transportation
Research Board Committee on Management of Quality Assurance, which manages the
Glossary of Highway Quality Assurance Terms. The task force would review the definitions
in the glossary and recommend updates to reflect PRS and warranty developments. A
Communications and Training Task Force would develop a broad outreach program(that
covers the full spectrum of PS activities and work with the TCCC. A Non-Destructive
Testing and Computer Integration Task Force would look at innovations in bgth of*these
areas and recommend ways to incorporate them into the various PS activiti€s, Fifially, a Ri§k
Analysis Task Force would look at the transfer of roles and responsibilities between
transportation agencies and contractors as a result of PS developments\Thi task force would
organize risk management through a quantitative approach that includes a manual and
guidelines.

Administrative Support

It is important for at least one organization to take wesponsibility for the overall program, but
in the process allow for the many, disciplines inyelved to partigipatéand cooperate. The
FHWA Office of Asset Managemeént will servésas'the program’,administrative arm. In
accepting this role, it willgmaintain the road'map, preparesstatus reports, and support the
activities of the Technical'Working Group. The Office of Asset Management also will
provide in-house and consultant servie€s} as necessaryy, to support the effort.

Roles and Responsibilities

The Technical Working Group will guide the program and provide technical support and
make recommendations to'the FHLWiAythe states, and industry on how best to accomplish
the goals and tasks§ presented in/Ehapter 3. The expert task groups will do the same within
their specific pfogram/areas. Fhe WG will have the added responsibility of determining if
performangesptinciples, definitions, training, and outreach efforts initiated by the expert task
groups afe teasonably consistent and in harmony with the overall definition of the program.
The TWG will also makevfinal recommendations to FHWA and other stakeholders
implementing PRS.

Timeline

How, longwill this performance specification development effort go on? In reality, it is a
long-tesm process. The road map covers the next five years. Table 1 shows the major
actiyities that will be integrated into the goals and tasks presented in Chapter 3. Table 2
outlines the significant accomplishments expected over the same time period.

It should be recognized that the entire program is based on volunteerism by the DOTs and
industry and that dependencies abound. It is up to the major national organizations to
support the key activities.
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Chapter 5
A Viable Contract Option

Time changes things. Resources change. Performance requirements for products change.
And roles and responsibilities change. The Performance Specifications Strategic Road Map
began by describing what all good specifications should address:

What do we want?

How do we order it?

How do we measure what we ordered?

How do we know we got what we ordered?
What do we do if we don’t get what we ordered?

The first bullet is the most critical. If that question is not answered clearly and/succinctly; a
specification writer may go down a technical path that could lead to awaste of time,€ffort;
and resources.

Today, transportation agencies must evaluaté thewery naturedt ‘the procutemént process for
products and services and must describe'whag they wantin aydifferent way, The people have
changed, the experience is lacking, and the fieed for infiovation and cfeativity in the
construction process must include céntractors andsuppliers. From design-build and best-
value contracting to warranties, contract maintefiange and beyond,'highway agencies are
looking for innovative ways to deliver highway/products in parthership with contractors,
suppliers, and designers.

Start with the fundamental question‘ef “what do we want?” A stone? Asphalt and stone? A
mixture of asphalt and stone? Alpavement composed of mixture? Or a transportation
platform that is quick to placesstrong fortheayydoads, comfortable to ride, aesthetically
pleasing, quiet, safe, and durable for the'néxt20 years? The procurement journey starts here.

The communication mechanisms for ‘€onstruction are plans, estimates, and specifications.
Connecting the design intent govthe eventual performance of a product requires a clear
description éf the productdesired. Once that is defined, the technology, science, and
computef power can be‘unleashed. Then mix this with a whole lot of business savvy.

The overall visiomofithis plan is that performance specifications become viable contract
options. The planjeutlines the first five years of activities. Will all of the work be
accomplished i that time? Of course not. But if the plan is successful, the highway industry
will have the mémentum to continue to make progress. A fully operational organizational
structuge will be in place. First-generation model specifications in select technology areas will
be established. New and innovative test procedures will be designed. Some surprise products
may even be ready to evaluate. We may even see evidence that innovation is occurring as
desired. And the industry will be in a better position to determine if performance
specifications are viable contract options.



A Vision for the Future

The Performance Specifications Strategic Road Map ends the way it opened:

“To attain onr goals of quality, improved product performance, and a better environment
for contractor innovation, we cannot simply identify and test those construction and

materials factors that best determine product performance. e
“We also must address roles, responsibilities, risks, and specification langnage, as well to \@

determine how best to deliver that product. Freedom to innovate with
accountability to deliver is the driving force behind the performance specification @Q

movement.”’ C) C)
0\

Let the journey continue. @
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Appendix 1
Postscript

Since FHWA floated the idea of creating a Performance Specification Road Map, one
national workshop, two Technical Working Group Meetings, two Expert Task Group
meetings, and many hours of internal staff meetings have taken place. Following is a
summary of accomplishments, decisions, etc., that led to the development of this Road Map.

National Workshop

In May 2000, under the sponsorship of FHWA and the Florida DOT, approximately,50
attendees from industry, academia, and transportation agencies met to discuss performance-
related specifications. At this time, little research or implementation was occusting. Meeting:
attendees supported the continued research and implementation of PRS and the concept of
a national organization to manage the process. The attendees identified PRS “rules” to help
focus on key elements of a PRS structure.

The group also noted that many DOTSs weré expfessing integ€stin warranties/Warranties
were considered another option for addressihg product performance and'quality issues.
Finally, the group raised awareness thatgthe issue of méthad"specificationsishould be
discussed along with performance requirements.

Technical Working Group

Two Technical Working Group meetings'were held, onewn 2001 and another in 2002. The
working group focused on establishing eXpert task groups and reviewing progress in both
the concrete and asphalt PRS programs. The groupirecommended a management structure,
and discussed the application{ of PRS to items'such as bridge decks, traffic striping,
geotechnology, pavement/{preservation, and traffic maintenance through work zones. The
group recognized thatfeaehTopic requited-a different approach to PRS and that the models/
life cycle cost analySistapproach develeped under the concrete pavement PRS may not apply
to other productsiI'ht working,eroup helped distinguish between warranties and PRS in
further detail'and strongly secommended tracking warranties along with PRS activities. The
group als6 recommended‘developing a newsletter and brochure to advise senior
managemeént about the program. They cautioned that the “black box concept of models
was adifficult conceptand that clear management tools were needed. The group also
evaluated a matrigyconcept that showed different specification structures for method, end
result, PRS{and warranty specifications. The group acknowledged that to really create an
atmosplere, forinnovation, method specifications might have to be relaxed. All agreed that
this Has many potential downside risks.

The Technical Working Group also recommended that the expert task groups for asphalt
and concrete pavements be combined into one group because the structures are similar,
differing only in the specific distresses addressed.



Concrete Pavement Expert Task Group

When the Concrete Pavement Expert Task Group met in July 2002, it thoroughly reviewed
the work done by FHWA and the Indiana DOT to develop and evaluate the PRS jointed-
pavement specification. The PRS, known as PaveSpec 3.0, includes transverse cracking,
transverse joint spalling, faulting, and smoothness as the performance drivers. The INDOT
evaluation process has been well documented and includes some of the most insightful
details yet compiled on a PRS specificion. The models/life cycle cost analysis approach was
effective in helping INDOT and the contractors focus on the impact that material and
construction characteristics may have on long-term quality.

The expert task group developed a detailed list of further research needed to ¢ontinue to
develop the PaveSpec 3.0 PRS. The more strategic recommendations include the following:
Development of a continuously reinforced concrete pavement PRS.
Development of a concrete overlay PRS and building of new désign'models deyeloped
for whitetopping and ultra-thin whitetopping,
Conversion of the PaveSpec 3.0 modelsqto the 2002 Design Guide modéls.
Better display of the maintenance rehabilitation decision ttee.
Development of additional quality characteristics, incldding tie bass, dowel bar
alignment, saw-cutting factors, dugability (scalinggimix optimizatiof iSsues), temperature
gradient issues, and drainage ¥I'héscelementsineed to be priotitized.
More thorough examination”6f, models limitatiohs.
Additional development of rapid, nonsdestriictive testing procedures for construction
control and measurement:
Advanced LCCA model, including a mére robust usct cost module.
Further development of a glide,specification, thataddresses the relationship between
PRS and method specification language. Included would be a thorough review of the
specification matrix recefntaended for,development by the Technical Working Group.
Development of outreachtefforts.

Asphalt Pavement Expert Task Group

The National €oopetative Highway Research Program is developing the asphalt pavement
PRS under{Project 9-22. In the,1990s, FHWA and AASHTO sponsored a series of research
projects to'develop a PRS for hot mix asphalt (HMA). In February 2000, the WesTrack
projéct delivered anmEHMA PRS in the form of an alpha-tested version of a computer
program thatinéetperated advanced performance-prediction models for HMA and a guide
specificatione=l hesalpha version of the HMA PRS included two application levels. Level I
was basedyorl material and construction properties (e.g., asphalt content; gradation; field-
mixedglaberatory-compacted volumetrics; in-place air voids; and ride quality) now obtained
by publicfagencies for materials-and-method, end-result, and quality control/quality
assutrafice types of specifications. Direct regression equations relating these properties to
pavement performance (specifically, permanent deformation and fatigue cracking) exhibited
in the WesTrack experiment were the primary basis for calculating pay factors in the Level I
HMA PRS.
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The Level I HMA PRS uses a more sophisticated, mechanistic-empirical analysis of the
results of laboratory performance tests, as well as the WesTrack property-performance
relationships, to determine pay factors. Regardless of whether the Level I or Level 11
performance model is used, the HMA PRS calculates pay factors by comparing the life cycle
cost of the as-designed and as-built projects. This method is a significant improvement over
current specifications, as the HMA PRS provides tools for objective calculation of equitable,
consistent pay factors and mirrors the concrete pavement PRS specification.

The project included two phases. The first called for a comprehensive beta test program for
the HMA PRS software and field trials. The second called for integrating the HMA
performance models from the 2002 Pavement Design Guide into the HMA PRS software.
The revised software package should be available in early 2004 for further field evaluation.

The Technical Working Group recommended that the asphalt PRS and thef€oncrete PRS,be
managed together in one expert task group. The group should providéyguidance on field
evaluations, communication documents, and training, as well as work’te keep the
specification structures the same.

Pavement Preservation Expert Task \Group

The Pavement Preservation Expert Task*Group met in Octobes, 20023t was the first time
this subject had been discussed formally by a DOTwndustrysgroupnThe group noted that the
concrete and asphalt PRS specification strucfures were not feally applicable to the typical
pavement preservation structure. Little tolne,Modeling réscasch has been done in this area,
hindering the ability to make predictiofis:’In"addition, maay IDOTs have skipped the PRS
approach and jumped to material and workmanship warranties. The group recommended
the following:

Pavement preservation tdpics should'bédivided into smaller, more workable subject

areas, such as microsurfaeing, chip s€als, surface treatments, fog seals, etc.

End-result specifi¢ations.should/dbe,developed for one topic, e.g. chip seals, that address

using new test proecdures and reducing method specification requirements.

The matrix appréach should be used to develop specification options.

An incedtive-based warranty guideline specification should be developed to determine if

it wolldsh€lp create a better bidding environment and more innovation in the process.

Other Expert-Task Groups

Plans are.being'developed to implement expert task groups for geotechnology work items
and bridge components. This work should be addressed in late 2003.

FHWA also has plans to initiate a Work Zone Safety Expert Task Group. This work will
probably lead to yet another variation of the performance specification theme: quality of
services received.



Finally, other organizations are examining the use of functional specifications for
maintenance contracts. These contracts could blend PRS, service performance, and even
warranty specifications into one contract.

Other National Research and Planning Efforts

The PS topic has been addressed in many national research planning documents. The 2002
Construction Engineering and Management Research Program (NCHRP Web Document
#51) supports a major initiative in performance-related specifications and rapid.non:
destructive testing programs. Research on incentives, warranties, performance‘specifications,
and a risk manual have been proposed for inclusion in the plan for Researchoft Accelerating
the Renewal of America’s Highways (Renewal). Iowa State University, tnder a coopgtative
agreement with FHWA, is developing a detailed program to furthef adyance PRSUnder the
Long-Range Concrete Pavement Research Plan.

In addition, research continues to be condicted*with the focus’on performance of certain
elements of the highway system. The Transportation@Research Board Web site' outlines
research on the following topics:

NCHRP 453, Performanée-Related Tests of*Aggregatés for Use in Unbound Base
Pavement Layers

NCHRP 1-19(2), Validation of Pefformance-Related

Tests of Aggregates for Use'in Hot*Mix Asphalt Pavements

New England Transportatiofy Censortium, Relating Hot Mix Asphalt Pavement Density
to Performance

Louisiana Transportdtion Research.Center, Performance-Related Test for Asphalt
Emulsion

FHWA, Investigatioh of Aggregate Shape Effects on Hot Mix Performance using an
Image Analysis"Approach

National'€enter for Asphalt Technology (NCAT), Accelerated Testing of Asphalt
Pavements Test Road

FHAWA et al, Accelerated Performance-Related Test Facilities

The Technical Working Group—indeed, the entire transportation community—needs to
understand ‘and‘integrate the output of these and many other studies.

¢ http:/ /www4.ttb.org/ttb /crp.nsf





