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roviding roadways of the highest possible quality. This has 

always been the commitment of the highway community to 

the American public. State Highway Agencies (SHAs) , con- 

I tractors, and suppliers have worked with their industry asso- 

ciations and the Federal Highway Administration (FHWA) to 

develop highway construction specifications to ensure that the driving pub- 

lic receives long-lasting, high-performing pavements. Naturally, these speci- 

fications have evolved as better test methods have become available. 

Performance-Related Specifications (PRS) are the latest step in the contin- 

uing quest to improve the quality of the Nation's roadways. 

A Cooperative Effort to Improve Quality 

In recent years, the trend among SHAs has been to incl 

based, quality assurance elements within their specific 

fications often contain price adjustment schedules tha 

decrease the contractor's pay depending on the results of pests performed 
\ 

during or immediately after construction. To be fair and effective, price 

adjustment schedules must address two critical issues: 

W How do you measure quality? 

What tests should be performed to determine the quality of the con- 

struction project? 

W How do you reward quality work? 

How should test results be mathematically linked to price adjustments? 

The research that has been performed to develop PRS provides a solid 

foundation of data to address these two issues. Working together to adopt 

and further refine PRS, the highway community can improve quality and 

ensure that quality work is fairly rewarded. 
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What Are PRS? 

Simply put, PRS are improved quality assurance ((LA) 

specifications. The major distinguishing feature is the use 

of improved acceptance plans with rationally derived per- 

formance-related price adjustments (refer to Figure 1). As 

in conventional QA specifications, it is the desired prod- 

uct quality rather than the desired product performance 

that is specified. 

True PRS are based on quantified relationships (i.e., 

mathematical models) between product performance and 

certain key materials and construction quality character- 

istics. The models are based on data and present a much 

clearer and more realistic picture of what influences a 

constructed product's performance than can be visualized 

through engineering judgment and intuition alone. These 

models are used to establish PRS acceptance plans with 

price adjustments. Continued use of the models within a 

highway agency's Pavement Management System can 

bring about even more significant benefits. 

PRS Mode 

PRS actually contain two types of models: Performance- 

prediction models and Maintenance-cost models (refer to 

-prediction models predict when and to what extent a con- 

nent (such as a pa~ement) I will exhibit a given type of dis- 
I 1  

s fatigue cracking or joint spalling) . 
I 

-cost models estimat+ a post-construction life-cycle cost 
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' I  (LCC), which is the cost of maidtpance and rehabilitation necessary 
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construction variables 

When the actual measured values of a construction project's quality char- 

acteristics are used as input, the output produced is the estimated "as-con- 

structed LCC." The difference between the as-designed LCC and the as- 

constructed LCC is the basis for any price adjustment. 
I 

I 
This use of quantifiable models is a kature that distinguishes PRS from 

other highway construction specific +ions. The models can be an important a 
Pavement Management System tool. 'since an agency's construction, 

I 
design, and maintenance branches dje all interested in predicting perfor- 

mance, the common use of the models should assist in the sharing of tech- 

nical information among the brancdqs. 
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The models' outputs-the as-designed LCC and the as-constructed LCC- 

are also new and useful features in specifications. Under PRS, the mathe- 

matical models take many quality characteristics into account and produce 

the LCC-an overall quality characteristic that can be specified and mea- 

sured (estimated). LCC provides a quantifiable quality standard for the 

entire highway community. The common goal of minimizing LCC is shared 

by SHAs and construction contractors. 

From Research to Reality: 
Validating PRS Models 

To fully utilize the benefits of PRS, the incorporated performance models 

must be accurate and effectively applied. Consequently, PRS research has 

focused on developing and validating appropriate models. Furthermore, a 

model's use in PRS will lead to its improvement because subsequent actual 

performance data will show what, if any, adjustments need to be made in 

the model. For portland cement concrete, the validation of PRS models is 

being done by collecting and analyzing design, construction, and perfor- 

mance data from in-service pavements. 

For hot-mix asphalt, the validation is being done with the help of an accel- 

erated pavement test facility. WesTrack, a specially built, state-of-the-art 

pavement performance project at the Nevada Automotive Test Center, is 

gathering 2 years of performance data as automated driverless trucks 

cruise the 2.9-km track. The scope of this project makes it one of the most 

significant test track projects since the AASHO Road Test of the 1950s and 

will provide a solid foundation of data to support PRS for hot-mix asphalt. 

Adopting PRS:A Gradual Approach 

Each SHA will follow a somewhat different road in adopting PRS, depend- 

ing on local conditions and its experience with QA specifications. In States 

that currently use QA specifications, agency and contractor personnel may 

already be familiar with statistical concepts and procedures. These States 
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2. Jointly develo 

may also have conducted considerable research in estab- 

lishing typical statewide materials and construction vari- 

abilities. I I 

For States that do npt have QA specifications, a longer 

timeframe must be built to implement PRS. The State, 

however, can adopt ;a simplified PRS as a first specifi- 

cation. 
I 

To smooth the transition to PRS, FHWA has established 

two PRS implementiltion levels. PRS level 1 is the basic 

PRS entry level. It provides the State with experience in 
I 

specifying and establishing LCCs while permitting the use 

of the S W s  current tests. PRS level 2 is more sophisticat- 

ed and can offer greater advantages. It employs in situ 

testing and permits project-specific price adjustments. 

Under PRS level 2, One overall price adjustment is calcu- 
I 

lated, which reflectg the interactions among quality char- 
I 

acteristics. FHWA rdcommends that States gain experi- 

ence with level I before moving to level 2. 

Creating a PIRS Imp ementation Plan 

The full implementation of PRS, like any other QA specifi- 
I I 

cations, requires aq orderly plan. The general steps for 
I 

PRS implementation are similar to those that many States 

have followed in i plementing QA specifications. These m 
steps apply even if a State already has conventional QA 

nication lines amo* SHA, the contractor community, 

:iations, and FHWA. 

~p PRS. 
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LEVEL I LEVEL 2 

Primary Method of current acceptance tests in situ acceptance testing 

Acceptance Testing used by SHA 

Number of Acceptance current number current number used 

Quality Characteristics used by SHA by SHA, plus any other desired 

performance-related quality 

characteristics 

Price Adjustments a performance-related price one overall price adjustment 

adjustment for each quality which reflects true interactions 

characteristic among the quality characteristics 

for each quality characteristic, overall price adjustment based 

individual price adjustment on an as-constructed LCC 

schedules based on an estimate calculated from all 

as-constructed LCC estimate quality characteristics 

(This assumes other quality 

characteristics are held 

constant at their target values.) 

individual price adjustment price adjustment is project- 

schedules apply to categories specific 

of projects (e.g., high ADT 

interstate) Arch
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3. Conduct joint training. 

4. Obtain technician certifications and laboratory accreditations. 

5. Conduct PRS simulation projects (governed under current specifica- 

tions). 

6. Conduct pilot projects (governed wnder experimental PRS). 

7. Conduct PRS projects (no longer on an experimental basis). 

8. Monitor project performance and maintenance expenditures, using feed- 

back to adjust or fine-tune PRS models. 

9. Improve and expand PRS (e.g., inoorporate better tests or additional dis- 

tress types). 

Criteria for PRS Elements 

In developing an effective PRS structure, it is vital that an SHA work with 

all of its partners-contractors, suppljers, industry associations, FHWA, and 

other SHAs. Sharing expertise and e~periences from many perspectives will 

greatly facilitate the development of PRS for a particular State. 

Distress Types 
An SHA must examine its performance needs and ask: What are the dis- 

tress types to be controlled through PRS? Not all distress types can be con- 

trolled through PRS. Those that are not controllable should continue to be 
I 

addressed through conventional QAI. A distress type is a candidate for con- 

trol through PRS only if it meets all three of the following criteria: 
I 

It is under the contractor's control. I 

It can be predicted through an ebgineering-based model that is either 

currently available or can readil$ be developed. 

It impacts pavement life and redpired maintenance and rehabilitation. 
I 

I 

Qualily Churrrcteristics ~ I 
After identifying controllable distress types, the next issue becomes: What 

are the materials and construction uality characteristics that influence 

each controllable distress type? Not 1 all are appropriate for use as PRS 

~ 
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acceptance quality characteristics. Those that are not 

appropriate may cause their associated distress type to 

dropped from consideration for PRS. An acceptance quali 

ty characteristic is a candidate for use in PRS only if it 

meets all three of the following criteria: 

H It is under the contractor's control. 

H It is measurable (ideally, in situ). 

It correlates strongly with the distress. 

+est Proeedums 
Finally, any test procedure selected to measure the quali- 

ty characteristic should, if possible, be: 

B Timely 

W Economical 

Nondestructive 

Reliable 

Reproducible 

Once the PRS structure has been defined, the SHA will 

need to closely examine the PRS models recommended 

through FHWA's research. Where appropriate, models ca 

be adjusted to better meet local conditions and demands. 

Some laboratory or field testing may be required to add 

modify existing ones. 

Laboratory or field testing may also be required if the agency intends to 

use a new test to measure a given quality characteristic. This should help 

in establishing or adjusting the suggested materials and construction vari- 

ability values (i.e., standard deviations) associated with the quality charac- 

teristic. 
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Continuous Quality Improvement 

Performance-related specifications ar'b part of a process of continuous qual- 

ity improvement in highway construdtion. A better understanding of mate- 
I 

rials and construction quality characteristics has made the development of 

PRS possible. The use and refinement of PRS will further increase our 

understanding of quality characteristics and will establish a continuous 

quality improvement loop of better specifications and increased under- 

standing. The bottom line is more cokt-effective construction and better, 

longer-lasting roads. 
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For more information on flexible pavement PRS, 
conbact: 

Terry Mitchell, FHWA 

(703) 285-2434 

(703) 285-2767 (fax) 

terry.mitchell@fhwa.dot.gov 

For more information on rigid pavement PRS, 
contact: 

Peter Kopac, FHWA 

(703) 285-2432 

(703) 285-2767 (fax) 

peter. kopac@fhwa.dot.gov 
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