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Executive Summar—yg *

Purpose

systems, many of 1he existing highways have deteriorated such that
they now require improvement or rehabilitation. The use of cost-effec-
tive methods and products for highway rehabilitation is an important
aspect of highway agencies’ efforts to improve highways and reduce
costs. Highway rehabilitation decisions are complicated by unanswered
questions about how alternative methods and products (technologies)
will perform in pavement systems over the long term. Interested in Jong-
lasting and cost-cffective highways, the House Committee on Public
Works and Transpottation and the Subcommittee for Investigation and
Oversight asked ¢ svo to determine (1) how highway pavement technolo-
gies are adopted {or use, (2) the extent to which the states use selected
technologies, (3) the criteria (cost or performance measures) the states
use in adopting selected technologies and (4) barriers that prevent the
states from adopting selected technologies.

The Federal Highway Administration (riiwa) of the U.S. Department of
Transportation 1 nory and state highway agencies share responsibility for
constructing, maintaining, and rehabilitating the highways. Part of this
responsibility is selecting feasible solutions to highway problems from
among combinatiors of alternative methods and thousands of products
introduced and evaluated by a diverse federal, state, and industry
research and development community. FIwa and state highway officialg’
guidance to highwity agencies encourages formal technology evaluation
and adequate docnmentation of performance data. llowever, highway
rescarch efforis aee often fragmented and, according to Fiiwa, a lack of
uniformity in wr tern evaluations atfects the usefulness of the
information.

Background

To select appropoaale rehabilitation technologies, highway engineers
should, to the ex:ent possible, identify causes of pavement deterioration,
collect and analyvze data on physical conditions, and project traffic loads.
However, these tasks are made difficult because both separate and
interacting offee: s ol their components are not well understood. In addi-
tion, decisions are complicated by cost considerations and other factors
unique to the enve-onment within cach highway agency.

Highway research is now being coordinated in six critical areas under
the Strategic Highway Rescarch Program, intended to produce solutions
to long-standing highway research needs, including developing a better
understanding ol the properties of asphalt and concrete and developing
a data basce to help understand the interaction of traffic, climate, and
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Executive Summary

research review committees to select and prioritize potential technolo-
gies for test and evaluation.

For most of the six technologies, the literature review was the method
used most to evaluate technologies, followed by the use of other states’
information. As both providers and receivers of technology information,
highway agencies differ in their levels of effort dedicated to technology
transfer functions. Twenty-one states have a formal technology transfer
office, 24 have widely varying levels of resources to perform the func-
tions, and 6 have no such functions.

Extent of Use, Criteria,
and Barriers

Highway agency officials’ responses illustrated their use of the six tech-
nologies, theitr evaluation criteria and results, and the importance of
various other factors in adoption decisions. There was generally wide-
spread use of the s1x technologics; all highway agencies used hot mix
recycling. At least 30 agencies reported they have adopted or are cur-
rently evaluating the five others. However, highway agencies’ expe-
riences with the selected technologies varied widely, from about 2
months to 30 years for the same technology. Officials reported that first
performance and cost and then physical factors were important in their
technology adoption decisions. Some key barriers that impeded technol-
ogy adoption were opposition by key decisionmakers in the state, limited
expertise in the technology application, and lack of the necessary equip-
ment. Conversely, when these and other barriers were absent, adoption
was Tacilitated.

Highway Agency
Evaluations of Six
Technologies

Recommendations

To observe the technology evaluation and adoption process from a dif-
ferent perspective. Gao asked agency officials to submit the evaluations
that had most influenced their decisions to use these technologies. GAO's
analysis revealed that their evaluations (1) relied on basic experimental
measures and methods but often without control sections with which to
compare the results of new technologies, (2) documented performance
criteria far more than cost-effectiveness, (3) reported performance
results that differed among states and within the same state for the
same technology. and (4) often did not have full recommendations for or
against use.

GAO makes no recommendations.
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Executive Summary

pavement performance. The transportation community recognizes, how-
ever, the important role played by local highway agencies in ensuring
that the implementation of research results and technologies will
improve highways and reduce costs.

In order to analyze the technology adoption decision process, GAO sur-
veyed the Bl state highway agencies (including the District of Columbia)
and requested examples of their technology evaluations for six selected
technologies (see appendix [).

. : Highway agencie; have wililvly differing levels of experience with the
Results in Brief six selected technologies. Gao found that many elements or steps in the
adoption process differ and the combinations of those steps demonstrate
differences in emphasces and priorities regarding technology adoption.

Performance and cost are the most important factors in agency decisions
about technologies. However, Gao found highway agencies that used the
selected technologies regardless of evaluation performance results. The
agencies that have produced evaluations that influenced their adoption
decisions based them primarily on performance criteria. From agency
responses, GAO also identified several other factors that might be barri-
ers to the adoption of technology.

GAO observed three general conditions about the decision process that
lustrate the difTicultics inherent in the adoption of cost-effective tech-
nologies by highway agencies. Highway agencies tend to operate in an
cnvironment where (1) pavement research, development, and adoption
processes appear fragmented, (2) the highway pavement technology
adoption process tends to vary by state as well as by technology, and (3)
technology evaluations are often less than comprehensive in measures,
methods, and reporting details.

GAQO’s Analysis

The Technology Adoption Highway agency officials both receive and provide information about

Process technologies through technology transter. While highway personnel
receive information from various sources to learn about technologies,
most rely on Fiiwa for their information. In addition, most rely on
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Agency Comments and
GAQO’s Response

Executive Summary

The Department of Transportation (DOT) commented that this report
provides useful information that will be of further value and accurately
describes product evaluation deficiencies in many states. (See appendix
X1.) por also said it intends to approach the deficiencies through two
new initiatives: (1) research methodology training, including a possible
product evaluation guide, for state employees, and (2) the establishment
of a national testing and evaluation data center or network to help the
states exchange reliable evaluation information.

However, DOT expressed a concern that the questionnaire GAo used to
poll the state highway agencies was too lengthy and broad-based to gen-
erate accurate and quantifiable answers. We believe that our 100-per-
cent response rate from the states indicates that state officials did not
consider the questionnaire too lengthy or too broad. Further, Gao used
an expert advisory panel to develop the questionnaire and pilot-tested it
in 5 states to ensure that the content and language were understood and
considered acceptable by a wide range of potential recipients. A more
complete discussion of Dor’s comments and GAO’s response are in chapter
5 and appendix XI.
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Chapter 1

Introduction

Members of the Congress have expressed concern regarding the cost-
effectiveness of various highway technologies used to remedy pavement
deterioration. Consequently, the chairpersons of the House Committee
on Public Works and Transportation and of the Subcommittee on Inves-
tigations and Oversight asked us to determine

how highway pavement technologies are adopted for use,

the extent to which the states use selected technologies,

the criteria the states use in adopting selected technologies (for example,
cost or performance measures), and

barriers that prevent states from adopting selected technologies.

The committee and the subcommittee are interested in the adoption of
highway technologies that would lead to the construction of cost-effec-
tive highways. While the United States has spent an estimated $1 tril-
lion on the 115, highway system, billions more will be needed to
preserve the existing highways. In recent years, highway deterioration
has received national attention because some highways need repair too
early in their design period.!

Highway construction eftorts now focus on rehabilitation to extend the
service life of highways rather than on expansion of the highway sys-
tem. Current traffic demands are placing a burden on the highway sys-
tem, and the number of roads needing repair is increasing. The Federal
Highway Administration (FHWA) projects that by the year 2000, approxi-
mately 41,000 miles of interstate highways and 970,000 miles of other
[1.S. highways will require improvements to maintain their continued
use. However. it is uncertain whether sufficient highway revenues will
be available to meet projected highway improvement needs,

The following sections of this chapter outline the environment in which
highway officials must decide on alternative technologies.” This infor-
mation provides a context for the data we obtained from the 51 state
highway agencies {including the District of Columbia) about those
decisions.

IThe American Assoviation of State Highway and Transportation Officials pavement design proce-
dures for new construction or reconstruction define the performance period, or design period, as the
period of time an initial or rehabilitated structure will last before it can no longer serve the traffic for
which it was designed. Pavement structures are commonly designed tfor 10- or 20-year periods.

“We are defining teclhinologies as any product, materials, or methods intended to improve the con-
struction or rehabilitation of highways.
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Chapter 1
Introduction

Figure 1.2: Distress Caused by the Environment

requires extensive data collection and analysis to understand the condi-
tions existing at an individual project site. Among the major factors that
engineers include in highway design decisions and the selection of
appropriate technologies are

« type and design of existing pavement,

« existing pavement condition,

« soil type,

+ climate and the need for drainage features,
« traffic or loading, and

« available technologies.

Since each highway section is unique, a technology that works well in
one section may not solve the problem of different circumstances. In
addition, performance of a technology may be influenced by factors
such as construction and maintenance practices. A further consideration
for selecting alternative technologies is that many available rehabilita-
tion methods are experimental, lacking full verification of performance;
only short-term data are available on new technologies. Officials may
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Technologies Address
Pavement
Deterioration

Chapter 1
Introduction

According to the pavement design procedures of the American Associa-
tion of State Highway and Transportation Officials (AASHTO), rehabilita-
tion project engineers should select rehabilitation techniques, or
combinations of techniques, that will remedy deterioration or distress
signs in the existing pavement and, if possible, prevent future prema-
ture deterioration. In order to select cost-effective techniques, the engi-
neers should also consider future costs associated with the pavement
section over its design period—that is, life-cycle costs.

Many observed distresses may have several causes, and they must be
identified in order to select appropriate techniques. The factors that
cause distress in pavements also influence the performance of technolo-
gies installed in pavement. Figures 1.1 and 1.2 are photographs of dis-
tress signs that various rehabilitation techniques are intended to
remedy.

Figure 1.1: Distress Caused by Traffic

Because different combinations of methods and products are required to
accommodate site-specific causes of distress, highway section design
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Chapter 1
Introduction

The States Condﬁct
Research and Evaluate
Technologies

Federal, state, and over 30,000 local agencies operate the nation’s high-
way system. The siate and local highway agencies and FHWA share
responsibility for developing and selecting the best highway pavement
technologics. At the same time, at the national level FHWA is responsible
for reviewing and approving work done with federal funds, national
leadership and guidance, and coordinating research and technology
transter efforts under the Nationally Coordinated Program (NCP).

In addition, we noted that the highway research community is mul-
tidimensional and includes other federal participants, universities,
national associations, and private sector research organizations. This
fragmentation among many organizations involved in research activities
leads to diverse and voluminous information on technologies available
to highway ofticials. Fragmentation of the transportation industry may
also hinder long-term, large-scale highway research efforts, because
resources and responsibility are spread among many organizations.

In their research effort, the states and Fliiwa support a large portion of
highway research and development through the highway planning and
rescarch program. In fiscal year 1985, funds totaling more than $174
million were made available for highway planning and research activi-
ties. In the same year, the states obligated $41.4 million exclusively for
research activities. The states voluntarily pool 4.5 percent of their plan-
ning and research allocation to finance contractual research under the
National Cooperative Highway Research Program (NCHRP), structured to
respond to the needs of the highway agencies.

State highway agencies may evaluate highway technologies to deter-
mine if products fill a need and are cost effective and to ensure that
they will not produce undesirable side effects. Highway engineers learn
about technologies and evaluate them through rFHwa-coordinated
research as well a5 their own independent efforts. For example, high-
way agencies reported spending an estimated $2.2 million in 1985 on
independent research activities of this type. Other than NCHRP's contri-
bution, cach highway agency decides what research to conduct, whether
to focus on local or national problems, and whether to coordinate with
states and universities or to issue contracts for research services. How-
cver, FHWA asks Inghway agencies Lo submit progress reports twice

"Under this program. hnghway planning and research activitios receive special funding of 1.5 poereent
ol cach state’s federal aid apportionment. State officials then decide the portion of this finding to
allocate for planning versus research. States may carry over highway planning and rescarch funds
tor obligation in subsequ-nt vears
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Chapter 1
Introduction

also be reluctant to try unproven technologies for fear that the failure of
a highway section will cause added expense, liability, or public criticism.

The Major Causes of
Deterioration Are Not Well
Understood

The States and FHWA
Share in Technology
Research and
Evaluation

According to AasH10, the lack of knowledge about the interaction of
physical factors that cause pavement deterioration limits engineers’
abilities to accurately predict probable paverment performance. Despite
this lack of information, highway engineers should, to the extent possi-
ble, factor future effects of the environment and traffic loads into pave-
ment design in order to increase the likelihood that resulting pavement
will perform well through its design periods.

The major factors influencing the loss of the serviceability of a pave-
rment, about which data should be collected, are age, traffic, and envi-
ronment (temperature and rainfall).* However, according to AASHTO, the
separate or interacting etfects of these components are not clearly
defined at present. The properties of materials used for pavement con-
struction change with time, and in most cases age itself negatively
affects the pavement. llowever, very little information is available to
quantify either the precise effect of aging or the effect of aging com-
bined with traffic. In addition, the states experience difficulty in mea-
suring and projecting traffic loads. Temperature, rainfall, and soil types
also combine in ways that are difficult to predict or measure, causing
distress to pavements such as cracking and heaving from freezing and
thawing. In the same way, inadequate drainage of excess water from
pavements combined with increased traffic loads, especially the weight
and volume of commercial vehicles, often leads to early pavement
deterioration.

Although the federal government, through the highway trust fund, pro-
vides funding for construction and research projects on the federal-aid
system, the state and local governments administer and maintain the
system and select pavement technologies.’ Our earlier report entitled
Highway Technology: The Structure for Conducting Highway Pavement
Research describes the structure and funding for highway research and
construction.

FServiceability is the ability, a1« given point in time, of 4 pavement. to serve the traffic that uses it.
"Phe highway trust fund, established by the Highway Revenue Act ot 1956 (Public Law 84-627), is a

mecharism for financing the tederal highway program. Revenues from taxes acerue to the fund and
are now dedicated 1o use on tederal-nid highways as well as mass transit projects.
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Introduction

Efforts to Fill Research
Gaps

FHWA also provides financial and technical assistance to states that eval-
uate technologices through technology transfer efforts under the experi-
mental projects program and the demonstration projects program. The
experimental program is designed to encourage construction and evalua-
tion of promising new or innovative technologies, called experimental
features, that have a limited performance record. A computerized data
file of the results of these evaluations is published annually in The
National Experimental Projects Tabulation. The demonstration program
is intended to accelerate the adoption of technologies selected by FHwA
through research and development projects using hands-on demonstra-
tions and construction projects as well as workshop training and instal-
lation into pavemoents.

FHWA, AASITTO, and the highway agencies also cooperate to share informa-
tion about new products. This effort, SPEL, the special product evalua-
tion list, provides brief information about products the states have
evaluated. The June 1985 list has over 6,500 products submitted by 35
states. However, Fiiwa and AASH1O caution that the information is not an
endorsement or rejection of the products and that no conclusions should
be drawn about Lthe suitability of these products from the list alone.

Recognizing that highway needs, particularly rehabilitation, far exceed
available resources and that innovation with careful targeting of
research is the key to bridging this gap, FITwa commissioned the Trans-
portation Research Board (TRB) to study the problem, define rescarch
needs, and devise a1 plan for implementation.” The study committee
included representatives from the transportation research community
and federal, state. and local officials. This effort culminated in the publi-
cation in 1984 of Tri's special report 202, America’s Highways: Acceler-
ating the Scarch for Innovation. This study noted that because of the
fragmentation of the highway research and development effort, *prog-
ress in developing improved materials and methods is too slow, uneven,
and inadequate to cope with maintaining and replacing the rapidly dete-
riorating highway system.”” In response to this structural problem, the
study proposed the creation of a Strategic Highway Research Program

"The Transportation Rescirch Board is 2 anit of the National Research Couneil. serving the National
Academy of Sciences, the National Academy of Engineering, and the Institutes of Medicine to stimu-
late rescarch and dissernrate information derived from rescarch. The National Research Couneil is
the principal operating agency of the National Academy of Sciences, It was established to associate
the broad community o seiences and technology with the academy’s purposes of furthering knowl-
cedge and of advising the tederal government

T(Washington, D.C isd e 1
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Chapter 1
Introduction

Technology Transfer

yearly and final reports on all research studies using highway planning
and research funds.

Published research reports are intended to document the studies in an
adequate and timely manner and to encourage the distribution of
rescarch information. However, Fiuwa officials have said that, in prac-
tice, a lack of uniformity among research reports affects how useful the
information is when shared among highway agencies. For example,
meaningful comparison among research reports is impaired because (1)
not all relevant conditions are explored, (2) available studiecs use differ-
ent measurement techniques, or (3) the studies record different charac-
teristics of the process. In addition, the usefulness of evaluation reports
is limited because they are either site-specific or written in too highly
technical language.

Fiwa defines technology transfer as the process by which research,
information, and new technologies are transferred into useful processes,
products, and programs. Technology transfer activities are included in
the Nationally Coordinated Program, FiIwWA serving as a bridge between
research and the practical application of technology. The main goals of
the technology transfer program are to

serve as a communications link between the various sources of new
technology and the state and local agencies that can apply the technol-
ogy in daily operations and

cncourage organizational structures and personnel assignments through-
out FIWA and state highway agencies to help transmit available technol-
ogy from any source to field use,

State highway agencies participate in the program through the input
and adoption of new technology.

In an effort to implemen: highway technologies, FIIwA attempts to verify
states’ research and development efforts and evaluates technologies
under varying conditions. When verification produces positive results,
FIIWA refines research findings and promotes the technology through a
number of methods, including workshops, films, manuals, and training
courses. States have also established processes for coordinating the
technology transfer program with local highway agencies and FHwA.
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Rehabilitation
Guidance Emphasizes
Need for Evaluation
and Cost-Effectiveness

Chapter 1
Introduction

FIIWA and AASIHTO have provided guidance, encouraging state highway
agencies to use cost-effective technologics for highway rehabilitation.
The guidance also discusses the need to collect performance data on
alternative techniques.

In June 1981, an Fiwa notice on pavement management to headquarters
and field locations noted that

“Protecting the country's investment in the existing highway system is a major chal-
lenge facing highway administrators. . .. In view of declining highway revenues,
escalating costs and inflationary pressures, energy and resource conservation needs,
increasing axle weight accumulations, and the approaching end of the design life for
many pavements. the application of innovative, systematic, and perhaps new PM
(pavement management ) technigues in the years ahead will be required to accom-
plish this goal.” °

Although the notice has been cancelled, FHWA acknowledges that the
concept quoted 1s still valid and is conveyed in FiiwA’s draft “pavement
policy” printed in a notice of proposed rulemaking in the January 26,
1988, Federal Register. The notice would require all state highway agen-
cies to have a comprehensive pavement management system within 4
vears of its issuance. The notice also advised that new pavement design
and rehabilitation techniques were being proposed and used with little
knowledge of their cost effectiveness and the ultimate effect on pave-
ment performance In addition, instances of serious distress developing
in new or newly rchabilitated pavements had occurred for reasons that
had already been described in reports or technical advisories.

In January 1983, 1'1iwa provided Review Guidelines for Pavement Man-
agement to the regional administrators for use in developing individual
review programs i1 highway agencies. Guidance for field offices is also
contained in the 1988 draft pavement policy referred to above and
AASHTO's guidelines on pavement management. The guidelines note that
while FIIwA is not in a position to dictate how an individual highway
agency should collect or use performance evaluation data, effective
management of any product requires feedback on performance and cost
of the product. With reference to new pavement materials and tech-
niques, the guidelhines state that because of the number of years required
to develop a pavement performance finding, experimental features
should be well thought out and evaluated against control sections on a
systematic basis

FHWA notice N5USH 2 June 19, 1981, p. 1
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(SHRP) in order to concentrate research efforts in critical highway pave-
ment areas.

Following the study, the Surface Transportation and Uniform Reloca-
tion Assistance Act of 1987 (Public Law 100-17) established SHRP to
carry out research, development, and technology transfer activities stra-
tegically important to the national highway system. The act sets aside
up to one fourth of 1 percent of states’ total highway trust fund authori-
zations for fiscal years 1987 through 1991. viiwa, which will oversee and
approve SHRP study proposals, anticipates that this one fourth of 1 per-
cent funding will amount to approximately $30 million per year up to
1991.

SHRP, now established as a unit of the National Research Council, will
conduct research on six ¢ritical areas of pavement and bridges. The
focus of these areas is the development of new technologies to solve crit-
ical problems, including

identifying and defining the properties of asphalt in order to develop
specifications and test procedures;

improving the economy. versatility, and durability of concrete in high-
way pavements; and

developing a data base on pavement performance over a wide range of
conditions to enhance testing or comparisons of paving materials. This
will provide information about pavement performance, climate, and
traffic effects discussed carlier, how these interact, and the methods
that can be used to determine associated costs.

sHERI® will also focus on chiemical control of snow and ice, protection of
concrete bridge components, and maintenance and cost effectiveness.

The sHrP study committee recognized that the ultimate success of the
program is dependent on the ability of managers, planners, and others to
acecept the introduction of innovative materials and processes. The com-
mittee also recognized, however, that efforts toward ensuring adequate
local adoption cannot fully commence until the findings of the proposed
research areas are known and found applicable to their needs.
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the importance of identifying causes of pavement problems,

the need for engineering judgment in the face of incomplete knowledge
about pavement performance,

the need for highway agencies to provide continuous feedback on per-
formance of rehabilitation alternatives, and

the use of life-cycle cost analysis to optimize solutions.

In summary, highway technology adoption is a state decision process
that involves input from a variety of sources. Factors included in this
process are collection of physical data, projections of future conditions,
estimations of economic and other constraints, evaluation of perform-
ance, and other decisionmaking activities and criteria. Figure 1.3 illus-
trates the environment in which highway officials decide between
alternative technologies. It presents the factors we discussed in this
chapter and criteria and decision variables presented in chapters 2-4.

The subcommittee asked us to assess the principal factors that deter-
mine (1) the adoption of and barriers leading to rejection of competing
highway pavement technologies and (2) the extent to which decisions
are based on cost or performance criteria. After subsequent discussions
and agreement with the subcommittee, our specific objectives were to
determine

1. how highway pavement technologies are adopted for use,
2. the extent to which states use selected technologies,

3. the criteria states use in adopting six selected technologies (for exam-
ple, cost or performance measures), and

4. barriers that prevent states from adopting the six selected
technologies.

To answer these four descriptive questions, we employed a variety of
methodological approaches, including the development of an adoption
decision model, a review of the literature, site visits and interviews, an
expert advisory panel, the selection of sample technologies for examina-
tion, and two data collection instruments,

We developed an adoption decision model to capture the many elements
involved in a state’s decision to use a highway pavement technology.
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AASHTO Guidance

Additional FHWA guidance to regional administrators, issued in Novem-
ber 1983 on developing cost-effective rehabilitation alternatives, states
that there is no absolute method for selecting the most preferred alter-
native for a given project. However, the guidance includes the following
recommendations to be used along with a considerable amount of engi-
neering judgment:

Alternatives should repair the existing distress and prevent future dis-
tress, if possible.

A feasible alternative normally consists of a combination of different
methods to return a deteriorated pavement to an acceptable condition.
Alternatives should substantially extend service life.

Traffic, climate, traffic control, and the like may dictate the selection of
a given alternative.

The same guidance cites lack of good performance data on rehabilitation
technigues as the weakest point in the rehabilitation process and
emphasizes the need to provide feedback on performance of the various
rehabilitation technigues. An accompanying memo from the federal
highway administrator asked regional administrators to review their
states’ practices to ensnre they were following this concept.

The guidance also recommended life-cycle cost analysis in selecting pre-
ferred rehabilitation alternatives and stated that the use of lowest initial
cost of an alternative as reason for selecting it is a poor engineering
practice that can lead to serious future pavement problems.

Guidance provided by aasiro echoes that of FiwA. The association’s
1985 Guidelines on Pavement Management advise that pavement man-
agement is important because of the change in emphasis from expanding
the highway system to rehabilitating it and because there is marked
absence of factual information on the consequences of previous pave-
ment management decisions. [n addition, a highway agency should work
toward developing a program to measure and evaluate the effects of
various strategies in design, construction, and maintenance of
pavements.

In 1986, AASHTO published the Guide For Design of Pavement Structures,
which is a rewrite of the interim guide, first issued in 1972 and used by
state highway agencies to design pavements, The guide supports FlIwa
guidance in emphasizing
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The components of the decision model consist of state efforts to
learn about the technologies, to test and evaluate them, to use tech-
nology transfer as a means to both receive and provide information
about technologies deemed successful, and to adopt or reject them.

We conducted a literature review using the Transportation Information
Service and National Technical Information Service bibliographical
retrieval systems to gather background knowledge and specific technol-
ogy information for our study.

We visited the state highway agencies in Phoenix, Arizona; Sacramento,
California; Denver, Colorado; and Harrisburg, Pennsylvania, to gain an
understanding of the pavement technology area in state highway agen-
cies. We chose these states for site visits because FHWA and our prelimi-
nary literature review indicated that these states are progressive in
their research and implementation practices.

We interviewed highway and pavement industry experts to obtain opin-
ions on which technologies are currently most important for states to be
using or evaluating These experts were individuals in universities, state
highway agencies. rrade associations, highway research, and FHWA.

We formed an advisory panel (listed in appendix II) to develop a list of
sample technologies as a means to evaluate state highway agencies’
technology adoption processes, assist in developing the data collection
instruments, and identify barriers to the adoption of technologies. Col-
lectively, the advisory panel had expertise in asphalt product research,
concrete pavement product development, pavement design, new technol-
ogy evaluation, state highway agency research administration, and SHRP
activities. From our interviews and literature review, we developed a
list of candidate technologies, which the panel helped narrow to six,
based on the following criteria:

more than just a few states have had experience with the technology,
the technology appears to be successful and important for states to be
trying, and

the technologies. taken together, fall under functional categories of
design, construction, and materials (asphalt, concrete, and
rehabilitation).

We selected the following six technologies to examine as illustrative of
the technology adoption process:
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Figure 1.3: Factors Affecting States’
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the evaluations of the six selected technologies served as a method to
reexamine and reinforce the survey results.

Offsetting these strengths were time and resource limitations, which did
not allow us to determine the methodological soundness of the evalua-
tions, examine the rationale for using particular methods or measures to
evaluate technologies, or weigh the relative importance of evaluations in
agency decisions relative to other criteria.

In chapter 2, we address the first evaluation question, how highway

pavement technologies are adopted for use in a general sense.

In chapter 3, we address the remaining three questions—that is, for six
selected technologies, what is the extent to which the highway agencies
use them, what criteria were used in adopting them (criteria being either
performance and cost or physical factors considered in the adoption pro-
cess), and what evidence was there of barriers to adoption?

In chapter 4, we present our analysis of a set of highway-agency pro-
duced research reports (covering the six selected technologies) to pro-
vide additional insights on the criteria nsed in adopting selected
technologies.

Finally, in chapter 5, we summarize our observations. The Department

of Transportation provided written comments on a draft of this report.
[ts comments are presented and evaluated in chapter 5 and appendix XI.
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Strengths and
Limitations of the
Study

fabrics to retard reflective cracking,
crack and seat,
water-sensitive asphalt mix design,
hot-mix recycling,

edge drains (retrofit), and
undersealing and subsealing.

Our technologies reflect an emphasis on rehabilitation. Appendix [
defines and describes each of the technologies.

We developed a questionnaire to understand and analyze the factors
that affect a highway agency’s technology adoption process including
potential barriers to adoption (evaluation questions 1, 3, and 4) and to
determine the extent to which the agencies use the selected technologies
(evaluation question 2). All 51 highway agencies completed our ques-
tionnaire. In this report. we use the term “highway agencies” to describe
the 50 states and the District of Columbia’s highway divisions or depart-
ments of transportation. To determine the extent to which the agencies
have evaluated the sclected technologies, the questionnaire asked
whether they have produced written evaluations of the six technologies.
In addition, the respondents were asked to submit the evaluations that
most influenced the agency’s decisions to use the technologies. We also
developed a data collection instrument to capture data from the evalua-
tions to illustrate evaluation methods, criteria, and results documented
in their evaluation reports identified through our questionnaire (evalua-
tion question 3). Our questionnaire and data collection instrument are in
appendixes 1T and TV,

Field work was conducted between November 1986 and July 1987,
We solicited comments from the Department of Transportation and

advisory panel members on our draft report. The full text of FHWA com-
ments appears in appendix X1

Our study identified criteria influential in highway agency technology
decisionmaking and allowed us to contrast questionnaire responses
about the importance of particular factors in decisionmaking with the
prevalence of these factors in written evaluations. The questionnaire’s
LOO-percent response rate was a strength that allows us to speak nation-
ally, or generalize, aboul the characteristics of a process that has not
been well examined or understood. Our use of case study observations in
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How Do State
Highway Officials
Learn About and
Select Technologies for
Testing and
Evaluation?

Highway officials learn about technologies from a wide array of sources
and rely on these sources to differing degrees. For the purpose of this
study, we decided that a technology introduced to a highway agency
does not have to be a “new idea’” but need be new only to a particular
user. Qur questionnaire results show that highway officials rely most on
FHWA, research and development laboratories at state departments of
transportation, and TRB and NCHRP. Forty-one respondents said they use
FHWA to a great extent as a source to learn about highway technologies.
Of the 42 respondents who said they had research and development lab-
oratories, 29 use the labs to a great extent in learning about technolo-
gies. In addition, 34 respondents use TRE and NCIRP to a great extent in
learning about technologies.

In contrast, state highway officials do not rely to a great extent on
county or municipal personnel, trade magazines, their own state high-
way field staff, or trade associations as sources to learn about highway
technologies. Table 2.1 illustrates highway agencies’ reliance on particu-
lar sources to learn about technologies.
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Figure 2.1: Technology Adoption
Decision Model
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naire to 51 highway agencies to obtain information on the many
activities, resources, and methods involved in a highway agency’s deci-
sion to adopt or reject a technology. We compared and contrasted ques-
tionnaire results about technologies in general and about the six selected
technologies. The selected technologies are used to illustrate the technol-
ogy adoption process.

To facilitate understanding of technology adoption, we developed a
technology adoption decision model consisting of four elements: state
efforts to (1) learn about technologies (2) test and evaluate them, (3) use
technology transfer as a means to both receive and provide information
about technologies deemed successful, and (4) adopt or reject them.
These elements attempt to organize our questionnaire data in a way to
view the technology adoption decision process. Adoption of a technology
may eventually lead to widespread use or implementation. However, as
an agency gains additional information about the technology, an adop-
tion decision can be reversed and the technology subsequently rejected.
Figure 2.1 illustrates the decision model through which technology
adoption can occur within a state highway agency.
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How Do Highway
Officials Test and
Evaluate
Technologies?

other agencies; most responses were in the “‘no to moderate extent”
categories,

Also, respondents from 45 agencies said they used industry representa-
tives as a source to learn about fabrics to retard reflective cracking. In
contrast, not more than 26 state respondents said industry representa-
tives were a source for learning about any of the five other technologies.
For general responses, only 7 highway agencies said they used industry
representatives to a great extent in learning about technologies.

Most respondents rely on state highway agency research review commit-
tees to select or prioritize potential technologies for testing or evalua-
tion. Research review committees are responsible for recommending
research policies, budgets, and project approvals and often are key com-
ponents in determining technology use in highway agencies. Thirty-one
respondents said they used research review committees to a great or
very great extent in selecting or prioritizing potential technologies for
testing and evaluation. Of the 50 respondents who said they used state
highway headquarters staff to select or prioritize potential technologies,
24 respondents use headguarters staff to a great or very great extent.
However, highway officials tended not to rely on university research in
selecting or prioritizing the potential use of technologies. We list the
resources states use to select technologies in appendix 1, question 2.

Data collected from testing technologies can provide an important tool
for decisionmakers who use the data as input for evaluating and analyz-
ing cost-effective alternatives. FHWA guidance encourages highway agen-
cies to collect or use performance data and to provide feedback on
performance evaluation, We obtained information on state organizations
that test and evaluate technologies and also the extent to which high-
way officials used the particular methods to evaluate technologies.
Additionally, chapter 4 presents criteria and methods state highway
agency officials documented in written evaluations of the selected
technologics.

Highway agency responses differ in the amount of technology evalua-
tion and testing conducted and how agencies are organized to evaluate
technologies. The agencies test and evaluate technologies primarily in
state materials testing laboratories, new-product evaluation offices,
state research and development offices, or combinations of them. The
number of technologies these organizations tested or evaluated in 1986
ranged from none to over 76, Twenty respondents satd their agency
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Table 2.1: Sources Highway Officials Use
to Learn About Technologies

Number of agencies
Great or

No, little, or Moderate very great
Source some extent extent extent
National - - -
FHWA o 2 8 4
AASHTO o 13 - ® 18
TRB and NCHRP* o -3 3 :
TRIS and HRIS" o 18 w7 18
State . ] [,
Uﬁiivie"rs;iity research - 7 18 - 36
State agiéhé\fr’ééearch and development - -
laboratory® 6 7 29
Fieports_from other state agencies - g 24 18
New:-prda-[iét_-é-valLjation office 8 1019
Materials testing lab” s 18 2
State highway field staff 3 e 10
County or municipal personnel” 461 1
Peer exchange I 19 2
Industry ' . I
Irnrdiuisit'r;/i'representat\ves 20 7 24 7
Trade associations 31 18 2
Trade magazines 3 133
“Stale responses do not tatal to 1 highway agencies. Some responses were categorized as not applr

cable or missing

“The Transportation Research Intarmalion System and the Highway Research Information System are
bibliographic information retrieval systems that provide information on transportation and highways.

In addition to asking which sources highway agencies use to learn about
technologies in general, we asked how highway agencies learned about
each of the six selected technologies.

State responses differed for the selected technologies compared with the
response for technologies in general, reiterating priorities and variabil-
ity of highway agency decisionmaking. Highway officials also responded
that they relied on Fiiwa. TrB, and NCHRP to a great extent in learning
about the selected technologies. Although both technology-specific and
general responses are similar for these sources, highway officials dif-
fered in their responses about sharing knowledge among one another.
Highway agencies that use the six technologies responded that they
used reports from other highway agencies more frequently than most
other sources to learn about the technologies. In contrast, responding for
technologies in general, they placed less emphasis on using reports from
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respondents reporied using the experience of other states to a lesser
degree than for the selected technologies. Table 2.3 lists responses for
methods used to test the six selected technologies.

|
Table 2.3: Methods Agencies Use to Test Selected Technologies®

Method
Literature review

Review of other states’ experience
[aTt;o_wétéry tesfing - '
Test sections anﬁgperm?a_r'{lél pr(;jecls
5evé\oper‘s data on performan-c“é'
Information BTO_Qidéd)b; FHWA

Undersealing

Crack Asphalt mix Hot mix Retrofit and

Fabric and seat design recycling edge drains subsealing
M 432 48 29
3 0o 7 32 1

’ 43 27 28 45 29 30
16 o 33 4 6 6

43 o4 iz 43 2% 20

0 4 9 o o4

34 17 200 40 232

How Is Technology
Transfer Used in the
Highway Agencies?

“Queslionnaire allowed state respendents to check all responses that apply: number of agencies
responding varies for each response item

Technology transfer can play an important part in the adoption of tech-
nologies in state highway agencies. (As noted in chapter 1, FHWA defines
technology transfer as the process by which research, information, and
new technologies are transferred to useful processes, products, and pro-
grams.) Technology transfer can serve two functions in a highway
agencey's technology adoption process: (1) it allows the highway agency
to act as a receiver of new information from outside sources and (2) it
allows the highway agency to act as a provider or promoter of informa-
tion to various oftices within the highway agency and also to other
transportation agencies (for example, county, local, or municipal agen-
cies within the state).

Our questionnaire results describe how technology transfer serves the
functions above in the technology adoption process. Earlier in the chap-
ter, we presented responses about the various sources of the informa-
tion agencies receive on technologies and the extent to which they use
the sources. In this section, our questionnaire results describe how the
agencies are structured organizationally to perform technology transfer
functions as both receivers and providers of technology information.
The questionnaire results also describe the highway agency as a pro-
vider of technology information by presenting activities highway agency
personnel use to promote technologies.
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tested 51 or more technologies in the various organizations. Some
respondents said they tested 51 plus technologies in each of two or more
organizations, resulting in high cumulative totals for numbers of tech-
nologies tested during the year.

Highway officials use various methods to evaluate technologies, but
literature reviews dominated other methods, regardless of organization.
Respondents also said they rely on test sections and experimental
projects as a method for technology evaluation. Highway officials do not
rely to a great extent on pooled fund studies, which are studies funded
by two or more highway agencies, nor developers’ data as methods to
evaluate technologies. Table 2.2 shows the average response for each
method by type of organization. Average responses were based on a 5-
point extent-of-use scale

L
Table 2.2: Methods Highway Agencies Use to Evaluate Technologies: Extent of Use by Method and Mean Response®

Information

Organization

State materials Téboraioiryi o
New pr()di;%ts evaluation office
State research and developmemﬁbfﬁce
University research -

Private research under state contract

Office combination responses

Materials testing and new products evaluation o

office
Materials testing and research and
development office

New products and research and development
office

Materials testing, new products evaluation, and
research and development office

Literature State Developer Provided by
rev_ie_.f_v_\f__ Fund study experience Sectiop d,?,t,a d"‘,“,,",",, - ,FHWA
351 172 340 313 248 327
3.42” 7 150 3.727]7 333 - 2”59 271
385 2.44 317 342 242 328
3,57” o 1.54 2]8 2.55 o 1_92 ) 2.82
2.48 1.48 o 200 200___ 1.96
27.7{17077 7 220 7 280 3_4_0 o 200 - 340
250 133 300 400 - 275 225
400 1.50 3 25 - 4.00 o 2_0(_}_ 350

. _4___5_0_ 200 3.00 i ?90 300 o 7%570
5.00 267 367 3.00 333 333

"Extent-of-use scale: 1.0 to little ar 10 extent, 2.0 to some extent; 3.0 to a moderate extent; 4.0 to a greal
extent; 5.0 to a very great extent humbers of responses differ among response categories. Mean
responses capture the relative extent of use for each method, based on the extent-of-use scale. Office
combination responses varied fron two to four respondents.

Responses for methods wused to test the six selected technologies also
indicated that literaturce reviews were a primary method. In addition,
for four out of the six technologies, respondents said they used “review-
ing other states’ experience” as a method to evaluate technologies more
frequently than other methods. However, for technologies in general,
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Highway Agencies
Organizational Structure
for Carrying Out
Technology Transfer
Functions

Most states have a mechanism in their organization either to receive
information or to promote the transfer of a successful technology.
Forty-five respondents said they perform such activities either in a for-
mal office or through persons assigned technology transfer functions or
in a combination of both. Twenty-one highway agencies have their own
technology transfer offices, and 11 of these agencies have additional
personnel with technology transfer functions outside of the formal
office. Twenty-four agencies do not have a technology transfer office
but have persons designated to perform these functions. Only 6 highway
agencies have neither a technology transfer office nor any person desig-
nated with technology transfer functions. Figure 2.2 illustrates the tech-
nology transfer effort in highway agencies. Appendix V lists the
technology transfer staff effort by highway agency.

Figure 2.2: Technology Transfer Efforts
for the 51 Highway Agencies®

Highway Agency Has a Technology
Transfer Office and Additional Persons
Designated to Perform Technology
Transfer Functions Qutside the Office

Highway Agency Has Personnel With
Technology Transfer Function but No
Formal Office

Highway Agency Has Neither a
Technology Transfer Office Nor Any
Person Designated to Perform
Technology Transfer Functions

Highway Agency Has a Technology
Transfer Office but No Additional
Persons Designated With Technology
Transfer Functions Outside the Office

'Percentages do not total 100 piercent because of rounding.
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Technology transfer functions are carried out in various divisions or
units within a highway agency. Of the 21 highway agencies with tech-
nology transfer oftices, 7 offices reside in research and development,
and two offices reside in the administrative or state aid units. The
remaining technology transfer offices are located in various units of the
highway agencies. Table 2.4 summarizes their locations within highway
agencies,

Table 2.4: Technology Transfer Qffice
Location

Number of
Division or unit highway agencies
Research and developmem o " o N
Planning - - ) 5
Umver_lty and state highway agency céopeféﬁve effort 4
Enginééringwor operaticne o : : . 2
Other a -
‘Bureau of materials and research ] B o . -
State aid unit ' - o B
Administrative ' ) . ‘ N o
Total i - - . 5

Staff Effort Dedicated to
Technology Transfer
Activities

The staff effort dedicated to technology transfer activities ranges from
an individual staft member’s collateral duties to as many as 19 full-time
technology transfer employees. Agencies with technology transfer
offices reported a minimum of 1 and a maximum of 9 part-time staff
and a minimum of 1 to a maximum of 10 full-time staff members.

Agencies that do not have a formal technology transfer office but have
personnel doing technology transfer functions also varied in range of
staff effort. Full-time staff ranged from 1 to 17 people, whereas part-
time staff varied from 1 to as many as 63 people, as in the state of Vir-
ginia, where that many people perform technology transfer functions as
part of their collateral duties on a research council. Nine highway agen-
cies reported having staff dedicated to technology transfer functions in
both a formal office and ontside the office in various divisions or organi-
zational units within the highway agency.
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To What Extent Do
States Use Selected
Technologies?

This chapter addresses evaluation questions 2-4, using the 51 highway
agencies’ responses to our questionnaire. To determine the extent to
which highway agencies use each of the six selected technologies (ques-
tion 2), we asked whether the agencies (1) have adopted the technology
either for statewide use or project by project, (2) are currently evaluat-
ing the technology, (3) have used it previously but are not using it cur-
rently, (4) have little or no knowledge of the technology, or (5) believe
the technology is not applicable for their state. We also asked the
respondents how many years’ experience their highway agency has had
with the technologies.

Evaluation question 3—What criteria do state officials use in adopting
selected technologies?-—was addressed by asking respondents to rate
the importance of virious criteria in their use and nonuse decisions
about the six technologies. In this chapter, we present these criteria in
two categories: performmance and cost and physical factors.

Respondents also rated the importance of additional factors that may be
barriers to technology adoption (evaluation question 4).

We selected the criteria and potential barriers included on the question-
naire through our visits to 4 states, review of the literature, and discus-
sions with highway experts, including our advisory panel members.

Highway ()thudls experience with the six technologies varied among
both highway agencies and technologies. While officials at one agency
may have used a particular technology tor several years, others may
just be learning aboeut it. Thus, years may be required to learn about a
technology and decide whether it s appropriate for a particular state's
highway condition~. In fact, the highway agencies’ experiences either
using or evaluating the selected technologies range from 0.2 years to 30
years, as shown inable 3.1
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Technology Transfer
Activities in Highway
Agencies

Questionnaire results show reports on specific technology topics (for
example, NCHRP synthesis reports) and FIIWA's rural assistance program
technology transfer centers as activities that stand out for promoting
technologies.! Respondents also reported that highway conferences and
training courses are used to a great extent in disseminating information
about technologies. For the most part, highway officials do not use elec-
tronic or private computer bulletin boards or trade publications as tech-
nology transtfer activities. Table 2.5 shows the extent to which highway
personnel use particular technology transfer activities to disseminate
information.

Table 2.5: Technology Transfer Activities '
at Highway Agencies

|
Number of agencies

Great or
No, little, or Moderate very great
Technology transfgr activity ~ some extent extent extent
Technology transfer specialists 23 12 12
Highway conferences 14 18 19
Audiovisual materials 24 14 13
Manuals ot binders, periodically updated 22 16 13
Newsletter! 24 9 16
Electranic or private computer hulletin board” 39 1 2
Trade publications® 33 8 5
State-of-the-art reports on technology-specific
topics (such as NCHRP syn'has s reports) 10 18 23
Traming courses 12 20 19
FHWA's rural technical assistance program
and technoclogy transfer centers’ 17 11 21

“Responses may not total 51 hinhw: 'y agencies. Some responses were categorized as no basis to judge
¥ t y &g g
or Missing

'The rural technical assistance program provides technical assistance for rural agencies with trans-
portation responsibilities. One of its projects is technology transfer to local programs, established to
improve technology transter to local transportation agencies; communication on technology transfer
between FHWA, state highway agencies, local agencies, and universities; and encourage implementa-
tion of effective procedures and (echinology at the local level,
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Figure 3.1: State Use of Fabrics

Figure 3.2: State Use of Crack and Seat

Adopted

Being Evaluated

~| Used Previously, Not Now

[:I Little Knowledge of Techinciogy

E Technology Not Apphcable
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Table 3.1: Years of Highway Agency
Experience With the Six Selected
Technologies

Technology Minimum Maximum
Fabrics 10 2
Crack and seat ' - 05 25
Asphalt mix design - g2 30
Hot mix recycling 30 7 13
Retrofit edge drains R - 07 25
Underéealing and subseating” 10 80

“Ohio has used undersealing substantially for 10 years but reported that the technology existed experi-
mentally as early as the 1930's

The variation is illustrated by the experience of several states. New
York’s highway agency has used and evaluated crack and seat for over
20 years, and officials believe the technology to be effective for that
state’s highways. However, Indiana and Michigan agencies are currently
evaluating crack and seat. and while it has been found initially success-
ful in Indiana, Michigan officials have recommended a moratorium
against its use until cost-effectiveness can be demonstrated.

Officials from at least 30 highway agencies reported that they have
adopted or are currently evaluating cach of the technologies, with all
agencies reporting they are now using or have in the past used hot mix
recycling. The maps in figures 3.1 to 3.6 show these levels of experience
with each technology. and appendix VI lists the agencies that have
adopted or are currently evaluating cach of them. Despite the wide
range of experience illustrated, a few agency officials reported they
have little or no knowledge of one or more technologies.
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Figure 3.5: State Use of Retrofit Edge
Drains

Figure 3.6: State Use of Undersealing
and Subsealing |

Adopted
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‘:] Little Knowledge of Technology
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Figure 3.3: State Use of Asphalt Mix
Design

Figure 3.4: State Use of Hot Mix
Recycling

Adopted

Being Evaluated

[:I Used Previously, Not Now

Ej Little Knowledge of Technology

:l Technology Not Applicable
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Table 3.3: importance of Performance,
Life-Cycle Cost, and First Cost in
Adoption Decisions Where Technologies
Are Used?

Technology Performance cycle é-c;fsﬁ First cost
Fabric T 793%  903%  677%
Crack and seat ‘815 758 862
Asﬁphaltirhmraésign 87.0 818 é74
Hot mix recycling 959 938 918
Retrofit edge drains 85.7 805 77T
Undersealing and '

subsealing 79.3 100.0 900

Number of responses ran-jed from 27 to 49 among the 18 calculations. Percentage responses indicate
moderate to very greal importancs

Response levels indicating impoertance were high for all three reasons,
although first cost appears a little less important overall, particularly
for fabrics and asphalt mix design. The corresponding responses from
states where technologies are not used are presented in table 3.4

Table 3.4: Importance of Performance,
Life-Cycle Cost, and First Cost in
Adoption Decisions Where Technologies
Are Not Used?®

Technology Performance cycle cLolfs‘: First cost
Fabric O 000% 619% B19%
Crack and seat 625 353 412
Asphalt mix design 20.0 133 200
Hot mix recycling® ' 0 50 Ov 50.0
Retrofit edge drains 182 250 250
Undergéanng and N 7

subsealing 52.9 23.5 353

"Number of responses -arged trom 2 to 21 for the 18 calculations. Percentage responses are from
moderate to very greal importance categories

“Hot mix recycling recene o1 anly 2 responses

The responses from nonusers show more variation and technology spe-
cific differences. but other than for fabrics, these factors do not appear
to be very important, since most responses were in the no to some
importance categories. In contrast to table 3.3 results, performance
rather than life-cvele cost is the most important reason for deciding not
to use fabrics. Life-cycle cost and first cost are rated relatively impor-
tant for fabric decisions but of low importance for crack and seat,
asphalt mix design retrofit edge drains, and undersealing. Respondents
rated the three factors as particularly low in importance for asphalt mix
design.
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: : Questionnaire responses from agencies that use the selected technologies

Wh&t Crltena Do . described in appendix I indicated that the primary influences on deci-

States Use in AdOptlng sions to use technologies were performance (the agencies’ response on

Selected Technologies‘? whether the technology achieved its expected results) and cost factors.
Using a b-point scale (no to little, some, moderate, great, and very great
importance), the respondents rated the importance of performance, life-
cycle cost, and first costs in their decisions. Officials from agencies
where the technologies are not used responded separately to the impor-
tance of these reasons in their decisions against use.

Table 3.2 compares the percent of responses in the great and very great
importance categories for agencies that use the six technologies and
those that do not use them.

Table 3.2; Importance of Performance ]

and Cost in Technology Decisions? Use Do not use
Factor in decision technologies®  technologies®
Performance 720%  439%
Lifecycle cost - 678 286
First cost ' ' 514 238

‘Percentage responses are from creat and very great importance categories
'‘Number of responses ranged {-o11 27 to 49 among technologies

Number of responses ranged fror 2 1o 21 among technologies.

For the six technologies combined, more agency officials responded that
performance and cost were important in their decisions to use technolo-
gies than they did in decisions against use, and for both decisions per-
formance was cited most often, followed by life-cycle cost, then first
cost.

While the great and very great response categories illustrate the high
level of importance placed on performance and cost, there were many
responses in the moderate importance category. In order to collect as
much data as possible on the importance of these factors in adoption
decisions, we include the percentage of moderate responses together
with great and very great in table 3.3 for highway agencies that used
the selected technologies. All responses and numbers of respondents are
depicted in appendix X
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compared with climate. Compatibility with past practices is generally
rated as less important relative to the other factors.

Table 3.7 and appendix X present the corresponding responses for the
importance of physical factors in decisions by agencies that do not use
the technologies.

Table 3.7: importance of Physical |

Factors in Adoption Decisions Where Sail type and Past

Technologies Are Not Used? Technology aggregate Climate practices
Fabric ' 95% 333%  143%
Crack and seat o 235 o118 294
Asphalt 'r1-1'i;<"deS|gn %7 0 143
Hot mix recyc\lng' 500 50.0 0
Retrofit“é_agé drains . 3é.-0 _333 T 16.7
Uﬁaérseéling'énd subsealing . 17 118 59

“Nurnber of responses ranged from 2 1o 21 among the 18 calculations. Percemage responses are from
moderate to very great imporlanc categories.

"There were only 2 respor ses o1 0.0 mix reeyeling.

The responses from agencies that do not use the technologies indicate
thac physical factors were relatively unimportant in their decisions.
However, about a third of the respondents said that climate was a factor
in the use of fabrics and edge drains and soil type and aggregate were
important for asphalt mix design and edge drains.

Wh at B&I‘I‘i ers HlIl der We .included ‘quest..iuns abouF potential barriers to technology afloption
) on our questionnaire as additional factors that may have been important

TEChnOIOgy Adoption? i, highway agency ccisions about the technologies. The list of barriers
was developed with the assistance of our advisory panel and are those
believed by highway experts to most hinder the use of technologies by
highway agencies. They include such factors as unacceptable motorist
cost or delays, lack of equipment to implement the technology, unavaila-
ble expertise, risk of failures, and others (see tables 3.8 and 3.9). The
questionnaire responses indicated that the absence of some of these bar-
riers was much more important in decisions to use technologies than the
presence of the barricrs was reported to be in the decision not to use
them.

Page 42 GAQ. PEMD-88-19 State Adoption of New Highway Pavement Technologies



Chapter 3
Extent of Use, Criteria for Technology
Adoption, and Barriers to Adoption and Use

Physical Factors Also
Influence Technology
Decisions

While according to the questionnaire responses, observed performance
and cost are the most important factors in decisions about technology
adoption, the response indicated that physical factors are important as
well. The physical factors included on the questionnaire were (1) soil
type or aggregate, (2) compatibility with the state’s climate, and (3)
compatibility with past construction practices such as type of existing
pavement.' Table 3.5 compares percentage of total state responses in the
great and very great importance categories among these physical
factors.

Table 3.5: Iimportance of Physical
Factors in Technology Decisions?

Table 3.6: Importance of Physical
Factors in Adoption Decisions Where
Technologies Are Used?

Do not use
Factors in using decisions Use technologies® technologies®
Soil type and a"ggre-g-j'éte - S 328%  155%
Climate S 31118
Past praértices ' 7 N - 183 60

“Percentage responses are from great and very greal importance categories
“Number of responses ranged fom 28 to 49 among technolouies.

“Number of responses ranged Im 2 *0 21 among technologies.

Overall, in comparison with performance and cost (see table 3.2) the
physical factors arc rated lower in importance. Table 3.6 and appendix
X present the importance of the physical factors in decisions to use the
specific technologices

Soit type and Past
Technology aggregate Climate practices
Fabric . 283%  516%  258%
Crack and seat 428 433 310
Asphalt mix design - 606 7568 515
Hot mix recycling 531 831 571
Retrofit édgé drains . 771 722 36
Undersealing and subseaiing S 378 33 367

“Number of responses ranged -om 28 to 49 among the 18 calculations. Percentage responses are from
moderate 1o very great importance categories

Soil, aggregate, and chmate are important for edge drain decisions, and

climate is somewhat more important for asphalt mix design. However,
soil and aggregate and past practices are of little importance for fabrics

PAggregate is the sand, gravel and pebbles added to cement in making conerete.
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be dispersed across organizational functions such as materials, construc-
tion, and maintenance. According to America’s Highways, determining
what is achievable in changing political or organizational realities is
most difficult. The training requirements, organizational change, inves:-
ment in equipment, cash flow requirements, personnel implications, and
legal liabilities of new approaches are crucial aspects of a research
result.

Perspectives of decisionmakers within an agency might also influence
acceptance of innovative technologies that require a change from past
practices. Also, the likely reaction of employee or labor groups may
affect whether organization officials try a new method or product. Any
change that would result in loss of job rights or security may be avoided.
In addition, local decisionmakers might avoid trying new technologies in
pavement sections because they perceive an element of risk that the
technology could fail and that this failure could result in public criticism
or legal liability. Another source of public criticism may stem from the
ineonvenience and delays motorists experience during highway
construction.

Agency officials may obtain information about technologies from the
existing voluminous and dispersed sources, as well as from each other,
but may have difficulty comparing results or conditions obtained else-
where. Thus, because data on past performance of existing pavements
are often deficient or absent, one aspect of decisions to try technologies
is the quality of the information and knowledge highway officials gain
about the technology. As discussed in chapter 2, highway agencies differ
with respect to levels of research, evaluation, and technology transter
resources.

Diversity of local materials and services may also influence choices
among technologies. Some highway agencies require the use of local sup-
plicers because of political pressure and the high cost of transporting
bulky, low-value construction materials such as sand. However, local
materials may be inferior and not perform well. Also, highway work
requires a large number of diverse local suppliers, equipment, and
expertise. For example, mixing and placing asphalt pavements involves
construction contractors, sand-and-crushed-stone suppliers, asphalt sup-
pliers and mixing-plant operators, and equipment manufacturers. This
structure impedes innovation because no one organization has the

“National Rescarch Council. Transportation Research Board, America’s Highways: Accelerating the
Search for Innovation  Washington, [.C.: 1984).
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Table 3.8: Importance of Barriers for Agencies Not Adopting Technologies®

16%

Low bid
Unacceptable Likely Lack of procure- Not ) Percent

motorist loss of equipment Expertise ment Risk ot supported by Experience responses

cost or employee to unavailable inhibited failure key decision- of other for all
Technology® delays jobrights implement in state use too high makers states  factors
Fabrics
(n=19 10 21) ) 5%‘ 0 ) 5% 5%, 0 742% o E}%ﬁ ) \74% B
Crack and seat
(n=17) ) 35 6 23 2 6% 65 i 8 4 34
Asphalt mix
design
(n=15) B 0 7 ] 20 27 7 o 7"—‘___ 2Q - iS - 71‘2
Retrofit edge
drains
{(n=111012) o ) 17” 8 _1_7 33 8 ) 27 - _42 o 18 o g*u
Undersealing
(n= 1610 17) 6" 0 18 24 0 29 29 29 17

'Percentage responses are from moderate to very great importance categories

“Hot mix recycling is omitled because there were zero responses in moderate o very great importance

categories

‘Only one response in mederale: th very great importance categories.

Table 3.9: Importance of Absence of Barriers for Agencies Adopting Technologies®

Tﬂ:hnglogy -

Fabric

=3y
Crack and seat

(n__= 29)

A_Sph_a_lt mix aés@n -
(n=32WL3y)
Hot mix recycling

{n = 49)

Retrofit edge drains
(n=36
Undersealing
{n = 30)

Motorist costs Equipment Key Responses
but notin was Impiementation decisionmakers Expertise for alt
delays  available was easy _ supported  available factors

323%  645% 61.3% - 839%  710%  626%
586 62! 586 88 621 648
- 178,77 B 515 B 54_‘_5 o B 8]‘.78 o 696\ ) 75377
469 87 87 %88 87 784
19_4 - 500 55:5 - 889 B 718 - 7583
433 66.7 533 BG.7 70.0 63.6

“Parcentage responses are from moderate te very great importance categories.

Description of Barriers

As described in our interim report, each highway agency has its own
organizational structure, political climate, public priorities, and histori-

cal perspectives. This diversity may contribute new ideas and

approaches to highway research, but interest in new technologies may
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Types of Evaluations
Submitted

We analyzed a set of research reports submitted by highway agencies to
provide supplemental information on the third evaluation question—
What criteria do states use in adopting selected technologies? The analy-
sis examined the research measures, methods, and results documented
in the submitted evaluations in order to illustrate the approach highway
agencies take when investigating highway pavement technologies. Addi-
tionally, the analysis explored differences that might exist in the way
the states evaluate the selected technologies.

To obtain a set of evaluations, we asked whether the agencies had pro-
duced written evaluations of the six selected technologies and whether
the evaluations were based on performance or cost. Forty-one agencies
responded that they had produced a written evaluation of at least one
selected technology. The most-evaluated technologies were hot mix
recycling (35 agencies) and fabrics (34 agencies). Fewer agencies
responded that they had produced written evaluations of edge drains
and undersealing ¢ 1 1 agencies) and crack and seat and asphalt mix
design (10 agencies).

Responses indicated that cost was a criterion for 27 of the 3b agencies
that had evaluated hot mix recycling, while performance was a criterion
for 32. In contrast, 8 of 34 agencies that evaluated fabrics used cost, and
for asphalt mix design and undersealing one agency noted cost.

We asked the highway agencies to submit up to two evaluations {(for
each technology) that had influenced most their decisions about the use
of the technology. In total, we received 162 reports from 33 agencies. We
exchuded 64 reports trom analysis because they did not cover any of the
six technologies, contained duplicate information, or did not summarize
research. The remaining 98 studies werc submitted by 31 states and
formed the base for the analysis.

Fabrics and hot mix recycling accounted for 67 of the 98 evaluation
reports we analvzed, while none of the 4 other technologies had over 9
evaluations analyzed. Most agencies that submitted evaluations have
adopted or are currently evaluating the technologies reported upon.
However, 10 agencies that submitted fabric evaluations reported they
do not currently use fabrics. Appendix VIII lists the agencies that sub-
mitted at least one rescarch report evaluating each of the technologies
and whether or not the agency uses that technology.
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resources or incentive to undertake major research aimed at improving
pavement performance and reducing costs.

Another barrier to technology adoption may be low-bid procurement,
where the least expensive method or product could be selected without
regard to improved performance or lower long-term (life-cycle) costs.
Table 3.8 presents responses from highway agencies that do not use the
technologies about the importance of the selected barriers in their deci-
sions. Percentages shown include moderate, great, and very great impor-
tance response categorics and refer to the number of resources for each
technology. The “n™ refers to the number of responses for each
technology.

As shown, none of the factors received high levels of responses indicat-
ing importance. Risk of tailure of the technology and other states’
experience are more important than other barriers in decisions not to
use fabrics and crack and seat. Also, the fact that the technology was
not supported by key decisionmakers was important for crack and seat
and edge drains but less for fabrics.

Responses from agencies that use the technologies indicated that barri-
ers were much more important in decisions to use them. This is shown in
table 3.9.

Considerations of equipment availability, support of key deci-
sionmakers, ease of implementation, and availability of expertise appear
to influence decisions about technologies. The support of key deci-
sionmakers received the most responses indicating importance for all
technologies. The availability of equipment to implement the technology
was important for hot mix recycling, fabrics, and crack and seat, and
the availability of expertise was important for hot mix recycling, edge
drains, and undersealing and fabrics.
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Methods Reported in
Evaluations

Our questionnaire asked whether the highway agencies had generally
produced written evaluations using cost or performance measures. Qur
analysis of the states” evaluation reports suggests that cost measures
were used less often than had been reported overall. Specifically, cost
measures appear in 15 of the 30 hot mix recycling evaluations, but 27
agencies said they had used cost factors. Similarly, 8 agencies said they
used cost measures in their fabric evaluations, but only 3 of these sub-
mitted, according to our analysis, documented cost measures.

The methods documented in the evaluations further demonstrated the
importance of performance criteria in the evaluation of the six technolo-
gies. Of the 98 studies reviewed, 88 relied on some form of test section
methodology. In addition to the test section methodology, 19 of these 88
studies used laboratory testing. The remaining 10 studies relied solely
on laboratory testing, with the exception of one study that utilized a
literature review as well.

There were several different versions of the test section methodology
employed in the studies. Common to each version was the use of a field
section of pavement 1o test the performance of the technology (that is, a
“test section”’ ). However, some studies had only one such field section,
while others used multiple sections in order to test different versions of
the technology. In addition to the test section, some studies used a pave-
ment section as a control condition, while other studies did not. A con-
trol section is a road section similar to the test section except it does not
contain the technology being investigated. Table 4.2 presents a summary
of the methods used by cach of the studies.

Page 48 GAO/PEMD-88-19 State Adoption of New Highway Pavement Technologies



Chapter 4

Highway Agency Evaluations of
Six Technologies

Several of the evaluations indicated that fabrics and hot mix recycling,
the two most represented evaluations, were supported and promoted
directly to the highway agencies by financial or technical support from
industry representatives or Fiiwa. Fabric evaluations indicated that
manufacturers’ representatives provided guidance to contractors during
fabric installation, which was beneficial since the contractor had limited
prior experience with fabrics. Hot mix recycling technology was impor-
tant in FHWA demonstration projects for several years, and at least 8 of
the 30 evaluations we obtained were conducted as part of these projects.
FEWA and industry representatives had also been mentioned in the ques-
tionnaire as important sources of information on technologies.

: The measures used in the majority of evaluations pertained to the
MQ&SUFB.S Reported n assessment of performance, through either physical and chemical tests
Evaluations or visual observation. As presented in table 4.1, 84 evaluations relied
upon physical tests (for example, of pavement distress) and 71 evalua-
tions upon visual observation (for example, viewing the extent of dis-
tress signs in the pavement). Bowever, 63 evaluations reported that
more than one type of measure was used to evaluate the technology, and
20 evaluations used 3 measures in combination.

Table 4.1: Measures Highway Agencies I

Most Frequently Use to Evaluate Physical Visual Cost
Technologies Technotogy tests? observation effectiveness
Fabric ' 28 % a4
Crack and seal 7 & 1
Asphralt mix désngn 9 0 0
Hot mix recycling 8 2 o 15
Re”bﬂf édgé dratns 7 . . - 8 S 4
Undersealing 5 ) 5 2
Total 84 e 26

“Iinstances of specific tests to drtermine roadway performance are crack surveys, dynaflect deflection
readings, and May's meter 1ioe quality measures. Instances of tests used to assess the guality of
asphalt are viscosity, immersior and compression, and the Lottman tests

Twenty-six of the reports we reviewed documented cost as a measure,
15 of these evaluating hot mix recycling. The greater emphasis on docu-
menting cost in evaluating this technology may result because, unlike
the remaining technologies, the purpose of recycling is to save money or
conserve resources while equaling the performance of pavements con-
structed with new material. The 5 others are intended to improve per-
formance by remedving causes of distress (see appendix I).
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Of the studies that used test and control sections, test section perform-
ance was documented as exceeding control condition performance in 19
studies, while test section performance equaled control condition per-
formance in 23 studies. The studies without control conditions noted
successful performance more often than studies with control conditions.
Among studies without control conditions, satisfactory performance
was noted in 21 studies, while unsatisfactory performance was noted in
11 studies. Since studies that do not use controls are generally less reli-
able and credible than studies that do, these results could be considered
more tentative than the corresponding results from studies that used
control sections. Table 4.3 presents results of performance tests that
used each of the different methods involving field test sections.

. |
Table 4.3: Results of Technology Performance Using Test Section Methods

Control® No control
Exceeded Equaled Marginal or

Technology control control Inconclusive Satisfactory unsatisfactory Inconclusive
Eabric B _ S, T b L SR B T
Crack and seat 2 1 2 0 1
Asphalt mix design 0 i B 0 2 0
Hot mix recycling 3 5 1 15 7 0 3
Retrofit edge drains 2 2 B ’ 0 2 S0
Undersealing 0 1 0 4 ) 2 ’ 0
Total o 19 23 8 21 B 1 5

“One additional study using a control section resulted in the control performance exceeding that of the

test section

Laboratory Testing
Results

The technology results suggest that determining whether performance
should be considered successful can also depend on the particular tech-
nology being investigated. For fabrics, having the test section perform-
ance equal control seetion performance can be considered poor
performance. This 15 because fabrics are intended to retard reflective
cracking to a greater extent than if they were not installed in the pave-
ment. However, for hot mix recycling, having the test section perform-
ance equal the control section performance can be considered successful
performance.

tests included procedures for examining asphalt viscosity, penetration,
and water sensifivity (via immersion-compression tests, etc.). Fifteen of
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Table 4.2: Summary of Methods Highway
Agencies Use to Evaluate Technologies®

Performance Results
of Technologies

Field test
. Control No controf

Single  Multiple Single  WMultiple Laboratory
Technology test tests test tests test
Fabrc 7 3 4 2 3
Crack and seal ? 2 2 1 70
Asphalt mix design 1 0 2 0 o
Hot mix recycling 7 3 14 4 15
Retrofit edée drains 4 1 - 0 7 o 2 o ) 1
Undefééaling 1 0 3 3 o
Total 22 29 25 12 29

The total number of methods used by evaluations exceeds the number of evaluations because of the
use of multiple methods by several stuches

“One additional asphalt mix desic study used a literature review

Although the use of field test section methods was widespread, there
were differences among the six technologies. For example, most fabric
evaluations comparced control sections with test sections, and some eval-
uated more than one test condition or more than one fabric product. In
fact, 27 different fabric products were investigated in 37 evaluations. In
contrast, 64 percent of the hot mix recycling reports did not use control
sections, and 21 of the 28 field test sections relied on a single test
condition.

The results documented in the evaluations demonstrate how there can
be successful as well as unsuccessful performance of the technology
being tested. These results cannot be considered, however, to be assess-
ments on the overall adequacy of the selected technologies, as no formal
criteria for judging performance were utilized. Rather, we documented
the results based on what the evaluations reported technology perform-
ance to be relative to the test methods employed. Thus, for studies with
test and control sections, we documented the performance of the test
section vis-a-vis the control section. Similarly, for studies with only test
sections, we classitied performance of this test section as satisfactory,
marginal, unsatisfactory, or inconclusive, based only on the perform-
ance results reported in the evaluations. This level of performance
review permits illustration and examination of performance differences
but not any overall conclusions on the merits of each selected
technology.
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Table 4.4: Recommendations From
Highway Agency Technology Evaluations

Technology evaluations ::é Against use recommendati':g Total
Fabric " 6 8 23 37
Crack and seat - 2 1 4 7
Asphalt rh'\xiaérsign 5 0 4 9
Hot mix recycling 8 0 22 30
Retrofit edéﬁérarains 3 0 5 8
Undersealing 0 T 6 7
Total 7 22 10 64 98

INineteen recommendatior: were canditional— that is. use with reservations or under certain cond
tions

When provided, recommendations were usually based on performance
criteria. Table 4.5 presents the criteria wsed by the 34 evaluations that
did make recommendations. The criteria stated most often were per-

Table 4.5: Criteria for Recommendations
in Highway Agency Technology
Evaluations

Performance Cost
Comparedto Compared
standard to similar Life-
Technology criteria technology products First cycle Other
Fabric 14 1 0 10
Crack and seat 2 o 0 0 1
Asphallm|x design . 3 1 0 0 1
Mot mix recﬂyﬂcli'ng ' 6 0 2 0 4
Retrofit edge drains 1 0 0 0 2
Undersealing 0 0 0 0 1
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these evaluated hot mix recycling and nine (all studies analyzed) evalu-
ated 15 different asphalt mix design tests, For 10 of the 29 (including
asphalt mix design) laboratory testing was the only method used, and
results for these were cither nonevaluative or demonstrated positive
performance,

Three of the 9 asphalt mix design evaluations used pavement test sec-
tions in addition to laboratory tests to investigate the ability of the labo-
ratory procedures to predict field performance. These tests resulted in
inconclusive, marginal, and unsatisfactory results, illustrating the diffi-
culty in predicting {ield performance of asphalt (in reducing stripping
distress) based on previous laboratory testing. In these cases, the evalu-
ations indicated that the expected distress did not appear and cited sev-
eral possible reasons, including (1) the monitoring period was too short
to observe distress and ¢ 2) additional conditions (traffic and freezing)
would be required to cause distress.

Although conclusions aboul the overall feasibility of individual technol-

Examples Of ogices cannot be drawn from the evaluation reports submitted, the

Performance reports do illustrate the varying methods used and results obtained as

Differences states examine the performance of highway technologies. This differ-
ence can be illustrated by three studies submitted on the retrofit edge
drain technology. One study submitted by California assessed perform-
ance of edge drains under laboratory conditions, and while the drains
were found to function properly in that setting, the study did not
include field installation of the drains. A second study submitted by
lowa documented that the drains were successfully draining water but
that the performance of the field test section in which the drain was
installed equaled control conditions. A third study submitted by Georgia
investigated different types of drain installed in multiple field test sec-
tions. The study observed that if edge drains were used without filter
fabric (another pavement technology ), drains caused more severe fault-
g in concrete pavement slabs, and if used with fabrics, the drains
became ineffective in rapidly removing water.

Recommendations for Thc writte'n .cva]‘uat ifm.s submittcd usually did .not _contai.n recommenda-
tions regarding futurc use of the technology being investigated. Of the

Technology Use 98 studies, 34 made recommendations, 19 of these being conditional rec-
ommendations for use, such as use under certain conditions or use with
reservation. As table 4.4 shows, 10 studics did recommend against use
of a technology.
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fabric evaluations. As discussed earlier, respondents also noted applica-
tion and equipment considerations as important factors in their technol-
ogy adoption decisions. Similarly, all nine instances of environmental
hazards problems were in hot mix recycling evaluations. Among the
“other” problems, there were 5 studies that had technical problems with
laboratory tests related to water-sensitive asphalt mix design.

Other problems affecting the results included instances in which the
technology just did not function as intended. For example, in one crack
and seat study, particular pavement sections did not exceed the control
condition performance because the cracking procedure had not been suc-
cessful in cracking the concrete slabs completely through. The study
concluded that the method may be effective only if the slab is com-
pletely broken. Similarly for edge drains, in the one study with unsatis-
factory performance of multiple test sections and no control section, the
failure of the technology was the result of its own functional inappropri-
ateness. The report stated that edge drains definitely could accelerate
(not retard) the deterioration process by increasing the amount of water
flushed through the system and, ultimately, the amount of material loos-
ened from under the pavement.

Climate incompatibility was noted in 5 studies, all of which were investi-
gating the fabrics technology. These evaluations illustrated not only
how climate may affect fabric performance but also how performance
varies, even in similar geographical arecas. For example, Washington
conducted an evaluation that observed a 3-year trend of successful
fabric performance in two test conditions. However, an unusually cold
fourth year caused 100 percent reflective cracking in both conditions.

Although five of the fabrics evaluations mentioned climate problems,
most of the studies did not provide details on the climate setting of the
study. In 85 of the 98 studies, the wet-dry conditions of the settings
were not stated or were unclear, while in 84 studies, the temperature
conditions were not stated or unclear. Also, only 2 evaluations men-
tioned aggregate or soil incompatibility as a problem in the study.

Figure 4.1 integrates the “climate incompatibility” results with evalua-
tion information pertaining to fabric performance and with question-
naire responses indicating that climate was important in decisions about
technologies. The figure demonstrates the variability in fabric perform-
ance results as related to instances in which climate had been noted to
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Comparison of
Evaluation Results
and Technology
Adoption

Problems Encountered
During Evaluation

formance comparisons with a standard technology, such as a control
section with only the asphalt overlay. Only three recommendations
were based on cost, and two of these indicated the difficulty in pro-
jecting costs when performance level is unknown. The one fabric
evaluation that used life-cycle cost calculated the additional cost of
the technology over the life of the pavement but concluded that the
percentage improvement did not justify the increased cost because
the necessary level of service “‘remains to be seen.” Two hot mix
recycling evaluations that used first-cost recommended future use.
However, one of these studies, which compared initial costs of sev-
eral alternative methods, noted that annual costs cannot be com-
pared until the actual service lives of the test pavements are known.

With some exceptions, highway agencies had adopted technologies that
performed well for them in the submitted evaluations, whether or not
the evaluations included recommendations for future use. The emphasis
on performance-based decisions is exemplified by the 12 fabric studies
where test conditions exceeded the control; the 10 states that produced
these evaluations have adopted the technology, even though only 4 of
these studies contained recommendations for future use. (Conversely,
for 10 of the 14 evaluations in which fabric performance only equaled
the control, the states had not adopted it.)

In the case of edge drains, 3 evaluations contained recommendations for
future use, and 5 contained no recommendations. However, 7 of the 8
states have adopted the technology. The only agency that reported not
adopting edge drains obtained unsatisfactory evaluation results; the
study did not contain a recommendation,

The evaluations often cited problems that affected technology perform-
ance. Fifty-seven reports mentioned one problem, and 5 reports men-
tioned more than one. Appendix X presents the problems cited for each
technology. These problems included “‘equipment malfunctioning,”
“methods of application too complex,” “climate incompatible,” “aggre-
gate soil incompatible.” and “other’ technical problems.

Problems with equipment malfunctioning were cited by 19 evaluations,

9 of which were hot mix recycling. The second problem mentioned most
was “‘methods of application too complex,” and all but 1 of the 13 were
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Fragmented Research,
Development, and
Adoption

Through the course of our work, we have developed several general
observations that illustrate the difficulties inherent in the adoption of
cost-effective technologies by state highway agencies. Given the infor-
mation produced in this study and our earlier report, we have observed
that (1) the highway pavement research, development, and adoption
process appears fragmented; (2} the highway pavement technology
adoption process tends to vary by state as well as by technology; and (3)
highway pavement technology evaluations are often less than
comprehensive.

As we documented earlicr, the highway pavement research and develop-
ment effort involves many federal organizations, national associations,
and private research organizations, as well as state and local highway
agencies. TkB's proposal to establish SHRP noted that because of this frag-
mentation, current research and development efforts were inadequate to
address the needs ol a rapidly deteriorating highway system. In
response to this structural problem, SHRP was initiated in a manner that
would attempt to centralize efforts for research and development in crit-
ical highway (and bridge) pavement arcas.

Our study, with its focus on the adoption of highway pavement technol-
ogies at the highway agency level, has shown that fragmentation also
currently exists across states, as they become aware of| test, and adopt
new technologies. Although states do rely on federal assistance, they
have their own methods for prioritizing, testing, and adopting highway
pavement technologies. For example, most states rely on their own state
rescarch offices to test and evaluate technologies. As a consequence,
varying levels of effort are devoted by the states to investigate technol-
ogies. Thus, while 1 state has 30 years of experience with hot mix
recycling, another has 2 months.

The fragmentation of the state adoption process raises an important
issue regarding the effective implementation of new technological inno-
vations, specifically those that might be produced by SHRP’s effort.
Although snrr does concentrate research and development activities in
critical areas. it 1s not designed to concentrate efforts on implementing
technological innovations. Hence, implementation represents a crucial
phase, which because ot its fragmented nature represents an important
challenge when attempting to transfer new technologies to the states.
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Figure 4.1: Evaluation Resuits and the
Importance of Climate in Adoption
Decisions About Fabrics

Adopted

Being Evaluated

\ S| Used Previously, Not Now
[:] Little Knowledge of Technology

::l Technology Not Applicable

have influenced the fabric performance. For example, evaluations con-
ducted in Wyoming and [llinois both cited climate incompatibility prob-
lems, even though their respective evaluations had test section
performance exceeding that of the control condition. Conversely, Mis-
souri and Washington both cited climate incompatibility and reported
that test condition performance equaled that of the control condition. In
addition to evaluation results, 23 questionnaire respondents said that
climate was important in decisions about use of fabrics, and as shown
they represent states in all geographical areas of the United States.
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Agency Comments and
Our Response

In contrast to the evaluations we reviewed, the questionnaire results
indicated that both performance and cost were often considered by state
officials to be very important factors in decisions to use the selected
technologies. Life-cycle cost was also considered an important factor in
decisions to use each technology, and it was the most important factor
for fabrics and undersealing (100 percent), for which performance was
rated least important, However, states that do not use fabrics responded
(100 percent) that performance was the most important factor in their
decisions. In this example, life-cycle cost may have become important
once performance was established, but states that rejected the technol-
ogy based their decisions primarily on poor performance,

FHwa guidance emphasizes the importance of comparing technology per-
formance in test sections to that in control sections. We found that states
do rely on installation of a technology into pavement test sections with
subsequent observation of deterioration, However, 37 tests of 88 that
used this method did not compare performance to pavement control sec-
tions. Results of performance tests varied from state to state and within
states, and positive results were, not surprisingly. reported more fre-
quently in tests that lacked control sections.

As demonstrated by the fabric technology results, local conditions such
as climate can have an instrumental effect on the success of rehabilita-
tion strategies. Thus, an important component of effective technology
adoption is the appropriate selection of the rehabilitative technology in
light of the local conditions. The written evaluations often did not docu-
ment climate data, thus omitting an important aspect in understanding
the performance of the technology within the study setting.

The importance of producing high-quality factual information can be
illustrated by the questionnaire result that literature reviews were rated
most often by state officials as an important method of evaiuation. This
suggests that state highway officials look to other experiences when
obtaining information on new technologies. Use of rigorous methods,
and description of the study’s setting can help ensure that information
does not mislead potential adopters.

The Department of Transportation’s response to a draft of this report
states that we have provided useful information that will be of further
value and that we have accurately described product evaluation defi-
ciencies in many states. DOT also said it intends to approach this evalua-
tion problem through two new initiatives. The first is research
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The state technology adoption responses discussed in chapters 2 and 3
illustrate that the process can vary by state highway agency and tech-
nology. Each state agency conducts a process for adopting highway
technologies, and within this process they can vary in a number of
areas, such as their staff commitment to technology transfer and their
methods and measures for testing technologies. The responses on “barri-
ers” to adoption further illustrate how specific factors, such as support
of key decisionmakers, can be influential.

Regarding the six selected technologies, differences in highway agency
experiences with them highlight the different adoption paths the same
technology can take across the various states. The selected technologies
were believed by highway experts to be important rehabilitation tech-
nigues, but state agency experience with the selected technologies
ranges widely, many states having less than 3 years experience with a
technology. For example, according to questionnaire responses, 1 state
has had about 2 months of experience with water sensitive asphalt mix
design, while another has had 30 years of experience with the same
technology. Additionally, states had conflicting results in their testing of
the same technology. Thus, while California found performance success-
ful with edge drains, Georgia experienced unsuccessful performance.

The questionnaire and evaluation data also illustrate how highway
pavement technologies can have differential adoption, based on support
within the highway industry. FHWA appears to be an important source of
financial and technical support generally, as illustrated by its involve-
ment in hot mix recycling. The results on fabrics to reduce reflective
cracking suggest that states may be encouraged to use a technology if
industry representatives provide information and technical assistance.
[t is interesting to note how the four other technologies did not have this
explicit support and were much less often examined by the highway
agencies (as measured by the submission of written reports).

Data on the written evaluations conducted by states on the selected
technologies suggests that such evaluations often are not comprehensive
in terms of the measures, methods, and reporting details. Friwa and
AASHTO guidance emphasize the need to determine the cost-effectiveness
of alternative pavement strategies and to develop life-cycle cost analy-
ses. Except for hot mix recyceled asphalt, the written evaluations of field
tests usually did not address the cost of the technology.
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Fabrics to Reduce
Reflective Cracking

Crack and Seating

Water Sensitive
Asphalt Mix Design

Fabrics to reduce reflective cracking in the rehabilitation of pavements
are polypropylene or polyester. A fabric is placed between the old pave-
ment and the new asphalt overlay. Its intended purpose is to absorb ver-
tical and horizontal movement in the underlying old pavement, thereby
reducing the occurrence of reflective cracks in the new layer of pave-
ment. (Reflective cracks are caused by movements in the old pavement
that “reflect” through to the new overlay.)

Many types of fabric are available. One design guide lists 30 different
fabric products that can be used. “Petromat” is one of the more widely
used products. This fabric, manufactured by the Phillips Petroleum
Company, is a thin, black, nonwoven plastic. Petromat, like the other
fabrics, comes in large rolls that are unfurled over the old pavement
prior to the installation of the new asphalt overlay.

Crack and seating 1s a rehabilitative operation performed on cement
concrete pavements prior to the installation of a new layer of asphait
pavement. Like the fabrics technology, the intended result of crack and
seating is the reduction of reflective cracking in the overlayed asphalt
pavement. The purpose of the crack and seating process is to reduce the
movements in the old pavement that cause the reflective cracks. In the
crack and seating process, the concrete slabs are first “‘cracked” into
smaller sized slabs with a hammer, and then these smaller slabs are
rolled over, “scated,” with a heavy (50-ton) roller. When the concrete
slabs are cracked into smaller slabs, each slab should shrink less hori-
zontally in cold temperature, thereby reducing horizontal movement.
The seating component stabilizes the cracked slabs, further reducing
vertical movement by the concrete slabs.

The crack and seating operation can vary according to length and width.
For instance, 3-, 6-. or 10-foot lengths can be produced, while one or
more longitudinal cracks can be used, depending on the desired slab
width. The thickness of the asphalt placed over the cracks and seated
pavement can vary as well.

This technology involves a testing procedure for determining the mois-
ture susceptibility of the asphalt mixtures to be used in pavement
projects. The purpose of the procedure is to assess whether the asphalt
is sufficiently impervious to deterioration from moisture. With such a
test, asphalt identitied as water-susceptible can then either be treated to
increase its moisture resilience or not used.

Page 60 GAQ 'PEMD-88-19 State Adoption of New Highway Pavement Technologies



Chapter 5
Summary Observations

methodology training, possibly issuing a product evaluation guide, for
state employees. The second approach, now under consideration, would
be the establishment of a national testing and evaluation data center or
network that would facilitate the exchange of reliable information.

poT expressed a concern that the questionnaire we used to poll the states
was too lengthy and broad-based to generate accurate and quantifiable
answers, and a single respondent may or may not be the most knowl-
edgeable about a state’s practices. We believe that our 100-percent
response rate from the states indicates that state officials did not con-
sider the questionnaire too lengthy or too broad. We agree that knowl-
edge varies widely among and within the states. It was for this reason
that we used an expert advisory panel and relied on extensive advice
from FHWA's research and development offices to help us develop the
questionnaire as well as the wording of individual questions. We then
pretested the instrument in 5 states, including one of the largest with 24
semiautonomous districts, to ensure that the contents and language
were understood and considered acceptable by a wide range of potential
recipients. We were also aware of the respondents’ potential need for
additional expertise from various offices within the state highway agen-
cies. Therefore, we encouraged respondents to identify and take advan-
tage of other experts within their states when completing the question-
naire. {See the first two pages of appendix I1I.) Almost all states (90
percent) reported relying on more than one respondent.

Also, to help ensure the return of accurate and quantifiable answers, we
shared draft copies of our questionnaire with representatives of both
FI'wa and AASHTO. Both were helpful in notifying the eventual recipients
to help clarify our purpose.

DOT also is concerned that 4 of the 6 technologies we used to illustrate
the technology transfer process were not fully developed and proven
and that they are still being evaluated by a number of the states. It is
important to understand that we did not select technologies primarily
for the purpose of evaluating how well they performed or the extent to
which they were used or were not used. Rather, we selected the technol-
ogies as a vehicle for understanding the state highway agency technol-
ogy adoption process. Accordingly, we purposely selected technologies
that were in varying stages of being tested and accepted or rejected. (See
appendix XI for a d