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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 

In recognition of these needs, the highway administrators 
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national 
highway research program employing modern scientific 
techniques. This program is supported on a continuing 
basis by funds from participating member states of the 
Association and it receives the full cooperation and supJ 
port of the Federal Highway Administration, United States 
Department of Transportation. 

The Highway Research Board of the National Academy 
of Sciences-National Research Council was requested by 
the Association to administer the research program because 
of the Board's recognized objectivity and understanding of 
modern research practices. The Board is uniquely suited 
for this purpose as: it maintains an extensive committee 
structure from which authorities on any highway transpor-
tation subject may be drawn; it possesses avenues of com-
munications and cooperation with federal, state, and local 
governmental agencies, universities, and industry; its rela-
tionship to its parent organization, the National Academy 
of Sciences, a private, nonprofit institution, is an insurance 
of objectivity; it maintains a full-time research correlation 
staff of specialists in highway transportation matters to 
bring the findings of research directly to those who are in 
a position to use them. 

The program is developed on the basis of research needs 
identified by chief administrators of the highway depart-
ments and by committees of AASHTO. Each year, specific 
areas of research needs to be included in the program are 
proposed to the Academy and the Board by the American 
Association of State Highway and Transportation Officials. 
Research projects to fulfill these needs are defined by the 
Board, and qualified research agencies are selected from 
those that have submitted proposals. Administration and 
surveillance of research contracts are responsibilities of the 
Academy and its Highway Research Board. 

The needs for highway research are many, and the 
National Cooperative Highway Research Program can 
make significant contributions to the solution of highway 
transportation problems of mutual concern to many re-
sponsible groups. The program, however, is intended to 
complement rather than to substitute for or duplicate other 
highway research programs. 
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PREFACE 	There exists a vast storehouse of information relating to nearly every subject of 
concern to highway administrators and engineers. Much of it resulted from research 
and much from successful application of the engineering ideas of men faced with 
problems in their day-to-day work. Because there has been a lack of systematic 
means for bringing such useful information together and making it available to the 
entire highway fraternity, the American Association of State Highway and Trans-
portation Officials has, through the mechanism of the National Cooperative Highway 
Research Program, authorized the Highway Research Board to undertake a con-
tinuing project to search out and synthesize the useful knowledge from all possible 
sources and to prepare documented reports on current practices in. the subject 

areas of concern. 
This synthesis series attempts to report on the various practices without in fact 

making specific recommendations as would be found in handbooks or design 
manuals. Nonetheless, these documents can serve similar purposes, for each is a 
compendium of the best knowledge available concerning those measures found to 
be the most successful' in resolving specific problems. The extent to which they are 
utilized in this fashion will quite logically be tempered by the breadth of the user's 
knowledge in the particular problem area. 



FOREVVORD This report will be of special interest to highway administrators, researchers, and 
others in highway management whose responsibilities include the implementation of 

	

By Stafi 	research findings. A wide variety of organizational processes that have been applied 

	

Highway Research Board 	successfully by individual highway agencies in transferring research findings to 
practical application, and that might be adaptable to use in other agencies, are 
described. 

Administrators, engineers, and researchers are faced continually with many 
highway problems on which much information already exists either in documented 
form or in terms of undocumented experience and practice. Unfortunately, this 
information is often fragmented, scattered, and unevaluated. As a consequence, 
full information on what has been learned about a problem is frequently not as-
sembled in seeking a solution. Costly research findings may go unused, valuable 
experience may be overlooked, and due consideration may not be given to recom-
mended practices for solving or alleviating the problem. In an effort to resolve this 
situation, a continuing NCHRP Project, carried out by the Highway Research 
Board as the research agency, has the objective of synthesizing and reporting on 
common highway problems—synthesis being defined as a composition or combina-
tion of separate parts or elements so as to form a whole greater than the sum of the 
separate parts. Reports from this endeavor constitute a special NCHRP Report 
series that collects and assembles the various forms of information into single con-
cise documents pertaining to specific highway problems or sets of closely related 
problems. This is the twenty-third report in the series. 

With the tremendous increase in highway activity that followed the close of 
World War II came an unparalleled increase in the number, size, and complexity of 
problems to be faced by highway agencies. To cope with these problems, the research 
efforts of most agencies.were greatly intensified. As research activities increased in 
size and scope, many agencies soon recognized the desirability and necessity for 
formalizing their processes, programs, and assignment of funds to research to maxi-
mize their outputs in this area. More recently, many agencies have found it necessary 
to institute consciously managed efforts to translate research results into practice to 
assure the realization of a full return from research expenditures. 

This report of the Highway Research Board describes implementation pro-
cedures that have been applied with success by a number of highway agencies under 
a wide variety of organizational structures. The processes in several instances are 
subjected to detailed dissection so that the important elements can be easily recog-
nized. Most successful procedures were found to be constructed around the premise 
that effective implementation is a continuous process that begins at the earliest stage 
of planning of a research endeavor and remains active until utilization of the product 
of the endeavor is realized. One or more of the processes that are described should 
be adaptable to use in almost any type of highway organization. 

To develop this synthesis in a comprehensive manner and to insure inclusion of 
significant knowledge, the Board analyzed available information (e.g., current prac-
tices, manuals, and research recommendations) assembled from many highway 
departments and agencies responsible for highway planning, design, construction, 
and maintenance. A topic advisory panel of experts in the subject area was estab-
lished to guide the researchers in organizing and evaluating the collected data and 
for reviewing the final synthesis report. 

As a follow up, the Board will attempt to evaluate the effectiveness of this 
synthesis after it has been in the hands of its users for a period of time. Meanwhile 
the search for better methods is a continuing activity and should not be diminished. 
An updating of this document is ultimately intended so as to reflect improvements 
that may be discovered through research or practice. 
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GETTING RESEARCH FINDINGS INTO PRACTICE 

SUMMARY 	Time, money, and resources invested in research cannot be justified unless the 
research findings are utilized. The primary use of research results is either to change 
current practice—those methods and procedures used to design, construct, and 
maintain highways—or to verify it. In order to change practice, it is usually neces-
sary to change the "media of practice" (plans, specifications, standards, handbooks, 
manuals, etc.). 

Research findings must be evaluated before they can become a part.of practice. 
Their benefits are weighed against increased costs, manufacturing problems, con-
struction difficulty, training requirements, and anticipated maintenance before a final 
decision is reached. Although some highway agencies have procedures for timely 
evaluation, others have a "wait and see" attitude that depends on successful imple-
mentation efforts of adjacent states. 

Distribution of research reports and technical literature continues to be a 
problem within highway agencies. Some agencies believe that the number of reports 
that must be reviewed is too great. Others find difficulty in understanding reports 
that are written in highly technical terms rather than the language of the potential 
user. Research digests and the selective assignment of reports to certain individuals 
(having specific interest in their subject matters) have helped to relieve and 
redistribute the reading load. 

In many agencies, the research organization plays a leading role in getting 
research findings into practice. Special committees or groups that revise specifica-
tions, standards, manuals, and other media-of-practice documents have proven 
helpful for evaluating and implementing research results. 

The implementation process actually begins with the definition of a proposed 
research project. A statement of needed research should outline how the anticipated 
findings will affect existing practice, how they can be used, and how they can be 
implemented. To involve the "right" people during the research planning phase is 
most important. Many agencies are placing operational personnel and potential 
users on committees and panels that help plan and monitor research efforts. 

Many researchers and practitioners agree that failure to include in the research 
contract provisions for use of the findings delays implementation. One, solution is to 
provide funds for the preparation of draft specifications, guidelines, and, in some 
cases, field testing. 

Computerized information services help the researcher and practitioner monitor 
research results and technical reports. One new service permits a subscriber to dial 
directly into a computer system via telephone to request data. 

Seminars and conferences provide an opportunity for the researcher and the 
potential user to discuss research findings. The attendance and participation of high-
way representatives, representatives from suppliers, manufacturers, and contractors 
contribute to getting research findings implemented'. 

The evaluation process is concerned not only with the validity of the research 
and its findings but also with real value of the findings to the media of practice. Some 
research findings are not implemented because the trade-offs are unfavorable. 



Without some form of product evaluation, agencies have been susceptible to 
misrepresented products. Agencies are now reporting progress with product evalua-
tion. The AASHTO-FHWA program for compiling lists that indicate test results 
helps to eliminate duplication of work and to lessen the chance that unsatisfactory 
materials may be used. 

Workshops, demonstration projects, and visual aids help promote research find-
ings and encourage their implementation. The FHWA Implementation Program has 
developed specially packaged user material designed to instruct agencies in the use 
of new products or procedures. 

The FHWA Federally Coordinated Program of Research and Development in 
Highway Transportation provides for a comprehensive and cooperative federal-state 
approach to use of research findings. This program emphasizes the development of 
an environment that is conducive to implementation efforts. Key factors in develop-
ing this environment are to stimulate the interest of top management to give its full 
cooperation and support; involve practicing engineers in the research and develop-
ment process; provide sufficient funds for the necessary implementation field test and 
evaluation; provide solutions to real problems; present research findings in a lan-
guage that can be readily understood or a form that can be immediately used; pro-
vide educational programs; and provide a management framework that is flexible, 
avoids duplication of effort, minimizes coordination requirements, responds to needs, 
and does not involve a lot of red tape. 

To get research findings into practice, several principles should be observed: 

Research planning must include consideration for implementation of findings. 
A research planning team must include potential users. 
Research must be monitored to enable timely use of its findings and its 
modification or termination, if warranted. 
Research reports must be written promptly and in the language of the user. 
Reports should be distributed to appropriate persons within and without each 
agency. 
Negative results also should be reported and disseminated. 
Evaluation of research and its findings must be made before deciding whether 
or not findings should be implemented. 
Procedures must be available for getting research findings into the media of 
practice. 



CHAPTER ONE 

INTRODUCTION 

WHY GET RESEARCH FINDINGS INTO PRACTICE? 

"From the first gasp on, research is the process of reducing 
an idea to practice. Anyone who thinks otherwise is only 
misleading himself. . ." (1). Research efforts cannot long 
survive without some promise of implementation of their 
findings. 

Millions of dollars are spent each year by both federal 
and state governments to finance highway research. These 
expenditures can only be justified if the findings are put into 
practice. The ratio of potential benefit to cost of research is 
perhaps 10 to 1 (2); and, in fact, great savings are avail-
able in merely reducing the time lag between actual re-
search and implementation of its findings. Highway agen-
cies must use research findings—primarily to change 
practice. 

"Practice" includes those methods and procedures used 
to plan, design, construct, and maintain highways. They 
are represented by the "media of practice"—plans, specifi-
cations, standards, policy and procedure memoranda, hand-
books, manuals, etc. (Fig. 1)—wherein changes must be 
made in order to change existing practice. Although the 
primary use of research results is to change practice, there 
are others. For example, research results can verify the 
validity of current practice, change the starting point or 
direction of planned research, or even cancel research. 

Many highway agencies, the Federal Highway Admin-
istration (FHWA), the American Association of State 
Highway and Transportation Officials (AASHTO), and 
others involved in research have long been aware of the 
need to implement research findings as soon as possible 
after conclusion of research work and have been actively 
engaged in efforts to meet this need. Nevertheless, imple-
mentation problems remain. 

IMPLEMENTATION PROBLEMS 

It has been stated that all worthwhile research results even-
tually get into practice. Two queries inherent in this state-
ment are: (1) What does worthwhile mean?; and (2) How 
long is eventually? 

A researcher usually believes that all research he has 
conducted is worthwhile. A practitioner, however, has to 
evaluate the validity of research findings and, further, has 
to weigh the benefits of applying findings against many 
other factors. These factors include: 

Increased costs. A new technique, material, or pro-
cedure may provide a better end product but at an in-
creased cost that may not be justified. 

Construction and manufacturing problems. Research 
is usually conducted under controlled conditions that may 
be difficult to reproduce or apply in ordinary production or 
construction circumstances. 

Management and training problems. The difficulties 
involved in overcoming a resistance to change or retraining 
a large staff may offset the benefits of implementing re-
search results. 

Maintenance problems. A new product or material 
must be considered in terms of the frequency and cost of 
maintenance as well as the possible need for special equip-
ment and training to perform maintenance. 

Some agencies are not able to implement research results 
as fast as others. Delays in implementation can be attrib-
uted to a number of causes. The research evaluation pro-
cedure takes time. Or, procedures for evaluation and im-
plementation may not be formalized, which can cause ad-
ditional delays. Some states have a "wait-and-see" attitude 
wherein they wait until an adjacent state has accumulated 
experience with a new product or material before trying it 
themselves. Sometimes the people having authority to make 
changes are unaware of research results or even of the need 
for changes. In spite of all these delays, changes are 
eventually made. 

Reporting Results 

The incentive to do research is greater than the incentive 
to report research—especially in the language and detail 
such that findings can be implemented. Much time and 
tedious work is required to report research findings and, 
once a report is published, the risk of its refutation is 
sobering to all researchers. 

As difficult as it may be to get a researcher to report 
positive findings, it is even more difficult to get him to re-
port negative findings. Negative findings are all too often 
swept under the rug as though they are an incrimination 
of a researcher's ability. Much valuable research is nega-
tive. Negative results delineate limits of performance out-
side of which a procedure, product, or material becomes 
uneconomical, undesirable, or unacceptable. For this rea-
son, negative findings are often more valuable than positive 
results. 

Distribution of Reports 

One major distribution problem is the routing of too much 
information. Personnel can become so overwhelmed with 
reports that they develop a tolerance and are prone either 
to pass reports on without thoughtful review or to stockpile 
them with good intentions of reviewing them later. 

Distribution fails if it is not made to the proper people 
and in a timely fashion. Not always do those who are best 
able to evaluate and get research findings into practice even 
receive reports, much less receive them on time. 
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In some instances agencies do not receive reports. This 
problem occurs among states, within and among federal 
agencies, and among federal agencies and states. 

Understandable Reports 

Personnel cite lack of time as a basic reason for their fail-
ure to read research reports or notices of research findings. 
Reports that are concisely written in understandable lan-
guage allow more reports to be read in whatever small 
amount of time may be available. 

Another cause is that a preponderance of research re-
ports are written in highly technical terms by researchers 
who often use mathematical techniques, computer pro-
grams, and principles so new or so complicated that they 
may be difficult for others to comprehend. On the other 
hand, researchers may not be familiar with specific highway 
problems and related terminology. 

ORGANIZATION FOR RESEARCH IMPLEMENTATION 

Several approaches are used by highway agencies to facili-
tate research implementation. For many years the typical 
agency research organization has had as its ultimate goal 
the implementation of research findings. More recently es-
tablished are implementation groups, specification commit-
tees, and product evaluation groups whose primary pur-
pose is that of getting research findings into the media of 
practice. In addition, a variety of schemes have been used - 
to encourage wider in-house review of research performed 
by others, technical reports, and new product information. 

Research Organization 

In many cases, a leading role in research findings imple-
mentation is fulfilled by the research organization. This 
organization may include such groups as a research com-
mittee, a research advisory council, a research coordinating 
committee, and research panels. Each of these groups 
should be aware of implementation requirements for proj-
ects, beginning with the research planning stage and con-
tinuing through the conduct and conclusion of the research 
until implementation of the findings is achieved. In most 
agencies a research engineer is an active member of each 
group and therefore plays a major role in implementing 
research results. 

The research organization assists implementation efforts 
for a number of reasons: 

Its groups include representation from those areas 
which will benefit by the research as well as representatives 
from the practitioners who will use or administer the re-
search findings. 

The broad spectrum of interests represented in these 
groups assures research awareness throughout the highway 
department. 

Cross-referencing of individual group action is assured 
because the research engineer provides liaison with every 
group. 

The division of responsibilities among groups is com-
patible with individual interests and capabilities. 

The amount of attention to research and implementa- 
tion of valid findings is in good balance with other respon-
sibilities of a state highway department. 

Management 

The AASHTO Special Committee on Utilization of Re-
search pointed to an unnecessary and undesirable time lag 
between completion of the research and the utilization of 
findings from that research. The Committee concluded that 
the lag was caused by a "missing link" between research 
and operations. The missing link might be a "new breed 
of professional generalist" who has a background in re- 
search and who would be responsible for getting proven 
research findings into use (3). 

But whatever the nature of the missing link, its function 
must be to connect research and operations. Operations 
starts with management. Morf (4) proposes seven princi-
pies for research management: 

We must adopt a strategy that will recognize the gap 
between research and practice as the "vital link" and 
do everything possible to close or minimize, this gap 
from the "first gasp on." 

. . . we should forget the idea cherished by so many 
researchers that if they could only break through the 
resistance or the inattentiveness and lethargy of the 
practicing engineers. . . . Practicing engineers respon-
sible for the more than $12 billion Highway Programs 
in the United States are alert and eager to adopt 
changes that are persuasively presented as offering 
substantial improvements in practice. 

In order to change engineering practice, changes must 
be made in the media of engineering practice . . . the 
handbooks, the manuals, the standards of design, and 
standard specifications that are fundamental to all en-
gineering activities. 

The aiming point of applied research program manage-
ment should be on the relevant media of practice and 
the means by which they are supported or changed. 
These changes are made by people highly regarded in 
their profession who are usually representative of or-
ganizations of engineers in practice. . . . Such people 
must be involved or associated with applied research 
efforts in an advisory capacity from the very beginning. 

. . . we should not delude ourselves . . . (that some) 
generalist as yet unknown, untrained, and perhaps 

unborn . . . can stand with one foot in the camp of 
research and the other in practice no matter how wide 
the separations created or tolerated by management. 

Good management from the "first gasp" will 
strive to make this gap so small that ordinary human 
beings alive, and well, and functioning today can span 
it. 

. . . in closing the gap, we should recognize the 
strengths of the researcher and the strengths of the 
practicing engineer. The researcher, by reason of his 
studies, can be presumed to have a more complete 
knowledge of the historical record, the complexities, 
the limitations, and the pitfalls of the facts of his field. 
The practicing engineer adds the strength of value 
judgments and the relationships between the narrow 
field of research with the broader considerations that 
govern a total application or design. Good research 
program management will bring the researcher in 
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closest communication with the practicing engineers so 
	 regarded as separate from applied research, but rather 

that their separate strengths will each support the 
	 as fulfillment of applied research. As such, the funding 

other. 	 of research and application should be consistently bal- 
7. . . . the application of research results should not he 

	 anced and from the same source in the same program. 

Figure 1. Examples of the ,nedia of practice. 



CHAPTER TWO 

IMPLEMENTATION TECHNIQUES AND METHODS 

Highway agency management and research administrators 
agree that improvement has been made in getting research 
findings into use. Implementation techniques are varied 
and the number of people actually involved in the imple-
mentation process range from a few individuals to one or 
more committees. Although the effectiveness of the vari-
ous methods is difficult to determine, it is possible to iden-
tify several elements of successful implementation efforts. 

IMPLEMENTATION IN THE RESEARCH 
PLANNING PHASE 

Implementation of potential findings is actually begun at 
the time a research project is defined. The probability of 
getting research findings into practice is increased when the 
research is aimed at problems that are important and po-
tentially solvable. The sponsor of the research will have 
definite yiews on how the research findings should be used 
and their effect on existing practice. In addition, the re-
search proposal may require the researchers to specifically 
state how the research findings can be used and how they 
might be implemented. For example, the National Co-
operative Highway Research Program (NCHRP) "Infor-
mation and Instructions for Preparing Proposals" states 
that proposals will not be accepted if the research plan does 
not include a section captioned "Applicability of Results 
to Highway Practice." In most agencies the research pro-
posal is not approved or authorized until the responsible 
administrators have been convinced of the need for im-
proved or changed practice and have reason to believe that 
the proposed research will fulfill that need. 

There is general agreement within highway agencies that 
efforts to implement research results are enhanced by the 
appointment of practitioners to research committees, ad-
visory panels, and other groups that plan and monitor 
research. 

Get the Right People Involved. At the very beginning, 
involve knowledgeable engineers who are successful and 
effective in the appropriate field to discuss the research. 
In-house, the engineers should be selected from those 
units that are responsible for administering the activity. 
These people will be able to supply valuable ideas and 
help focus the research effort on the most acute problems. 
In addition, it gives the researcher the first opportunity to 
sell his research to the user. Every modern textbook on 
personnel management points out the advantages of group 
participation, particularly when initiating new procedures. 
This is certainly true in highway research, where the full 
cooperation of operational people is a necessity (5). 

Participation by individuals who will eventually use re-
search findings increases the probability of a timely ap-
plication of new practices and techniques. In many cases 
their involvement eliminates an intermediate training or 
evaluation phase. Another benefit is the lessening of re-
sistance to change on the part of other practitioners when  

one of their associates has some role in developing a new 
procedure. 

Many researchers and practitioners agree that failure to 
provide for the implementation effort in the research con-
tract delays implementation. It is desirable that some por-
tion of the research funding be reserved for the prepara-
tion of draft specifications or guidelines and the field testing 
or demonstration as well, if applicable. 

IMPLEMENTATION IN THE CONDUCT OF RESEARCH 

Persons responsible for monitoring research in progress 
should keep its over-all objectives in focus and be aware 
of the problems associated with implementing its findings. 
It is. not always necessary to wait for the completion of 
research and subsequent publication of a report to start 
using the findings. It has been pointed out that research 
can produce information that can be put to use before a 
study is completed. However, projects have terminated 
early because it became obvious that their findings would 
not be useful (6). It is important that members of the 
advisory panel have sufficient experience to make such 
determinations at the earliest, most practical time. 

DEVELOPMENT 

In many cases, for a variety of reasons, the formal research 
output must be developed further before full-scale imple-
mentation can begin. Often more widespread testing, real-
world trials, equipment designs, manufacturing details, op-
erator manuals, and integration with other procedures and 
equipment are required. Unless accomplished in the re-
search, these tasks constitute an important development 
phase. Development work is critical to the implementation 
decision because it answers such questions as: Can the 
result be economically produced? Is there a practical ap-
plication for the results? What are the impacts on existing 
conditions? 

DISSEMINATION OF RESULTS 

Clearly Written Reports 

The highway researcher seldom implements his own find-
ings. He must communicate his findings to others. The 
user must be able to understand the researcher's report and 
recognize its value before attempting to put the findings into 
use. If the user has not devoted time to the research, its 
applicability may not be apparent to him. The report must 
be orderly, direct, and written so that the practitioner can 
understand the findings well enough to implement them. 
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If research findings are to be put into use, they must be 
phrased in the language of practitioners. Moreover, the 
research should be based on techniques and methods that 
are well known to practitioners. For example, methods 
should be based on standard tests rather than unrecognized 
ones perhaps more convenient for the researcher. 

The following comments by highway officials indicate 
their concern with readable and usable reports: 

The direct application of research findings to improve 
operations in a particular field is generally difficult, since 
the published articles often are written in complex, tech-
nical language that is difficult to interpret at the working 
level. Also, many of the research projects do not present 
definite conclusions that are applicable to field opera-
tions (6). 

The researcher and the highway designer generally have 
quite different educational and experience backgrounds, in 
addition to different objectives. Many research reports, 
therefore, fail to succeed in spanning the gap between a 
research finding and the solution to a practical problem. 
Some reports are written for other researchers and not 
for the highway designer (6). 

A Research Report is an "Implementation Tool." Re-
search reports are too often written for "the ears" of other 
researchers rather than for the engineer. Most engineers 
are not interested in the volumes of data and the clever 
research methods employed. They want to know the sig-
nificance of research findings and how to apply them. At 
the very front of the report, there should be an abstract 
or a concise summary, a list of conclusions, and recom-
mendations. The operating engineer has neither the time 
nor the inclination to dig out information applicable to 
his work which is buried under "mountains" of detail (or 
"mountains" of words burying insufficient detail) (5). 

Distribution. Techniques 

As discussed in Chapter One, achieving proper distribution 
of research reports is a problem. One method to alleviate 
this problem is to prepare research digests or summaries for 
general distribution. Persons interested in additional infor-
mation can then request a copy of the full report. This 
practice is followed in several states. For example, Fig-
ure 2 presents an order blank used to request reports listed 
in the digest of the Texas Highway Department. The De-
partment notes that requests have increased considerably 
during the past few years. Two factors should be consid-
ered when assessing the relative values of digests, sum-
maries, and reviews. One is the quantity and quality of the 
material. Some documents are little more than lists of re-
port titles. Others give complete entries with the more im-
portant details noted and may show an agency evaluation. 
The second factor is the time lag between publication of the 
report and the circulation of the digest. One digest lists 
reports as early as the month after they are published; 
another contains material published more than a year 
earlier and some portions are more than two years old. 

Another method, considered effective by several states, 
routes reports or notices of research to persons having 
interest in their subject matter with instructions to read 
and comment. 

Although the effectiveness of a system or combination of 
systems depends on the personnel involved, some routine, 
systematic distribution procedure should be followed. 

Information Services 

Computerized information services provide fast, concise 
monitoring of international research results to highway 
engineers. Perhaps the oldest and best known of these is 
the HRB Highway Research Information Service (HRIS). 
Others are the National Technical Information Service 
(NTIS), Transportation Research Activities Information 
Service (TRAIS), Transportation Noise Research Informa-
tion Service (TNRIS), Maritime Research Information 
Service (MRIS), Railroad Research Information Service 
(RRIS), and the Current Research Information Service 
(CRIS) of the Department of Agriculture. 

HRIS 

HRIS is an automated information storage and retrieval 
system developed by the Highway Research Board with 
financial support from state highway and transportation 
departments, as well as the Federal Highway Administra-
tion and the Urban Mass Transportation Administration of 
the U.S. Department of Transportation. This service per-
mits transportation administrators, engineers, and research-
ers rapid access to worldwide information about current 
highway-, transit-, and urban-related research and the re-
sults of completed research. 

Input for HRIS comes from over 4,000 domestic and 
foreign sources. Major contributors are the Board itself 
and the U.S. Department of Transportation, as well as other 
information services with which the Board maintains ex-
change agreements. Such agreements are in force with the 
Smithsonian Science Information Exchange, the National 
Safety Council, the Roads and Transportation Association 
of Canada, the Road Research Institute of Brazil, the Inter-
national Road Federation, and—through direct coopera-
tion with the British Transport and Road Research Labora-
tory—the English language center of the International 
Road Research Documentation network. 

Considering that HRIS has more than 52,000 references 
currently stored on computer tapes and that 10,000 new 
items are added annually, HRIS maintains one of the most 
complete collections of information on transportation re-
search available anywhere. 

The HRIS file can be searched for information in re-
sponse to a specific inquiry. The search can be done man-
ually or by use of a computer. The output consists of 
abstracts of articles and repotts, and summaries of ongoing 
research supplemented by documents, reference lists, or 
other material supplied through the professional resources 
of the Board. 

HRIS can also provide to individuals or organizations a 
selective monthly listing based on their specific information 
needs. Information is categorized into 34 established sub-
ject areas (Fig. 3). A more specific current awareness 
service based on combinations of key words or index terms 
can be provided. 

Publications include Highway Research in Progress 
(HRIP) and HRIS Abstracts. HRIP, published annually, 
contains summaries of ongoing and recently completed 
highway transportation research projects. HRIS Abstracts, 
a quarterly publication, contains informative abstracts of 
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journal articles, research reports and technical papers, and 
announcements of bibliographies. Both publications con-
tain HRIS selections from the U.S. and foreign countries. 
All summaries and abstracts are in English. 

HRIS contributors and subscribers can help improve 
service by: 

Reporting highway research in progress. 
Updating information submitted. 
Submitting reports and abstracts of completed research. 

Using the service. 

One highway researcher has commented: 

Published research reports are of prime value to us. Of 
special usefulness to the search of this field is the High-
way Research Board's new computer-based Highway Re-
search Information Service. 

We have found that even if a research project per-
formed by others does not contain the complete solution 
to our problem, it saves us a great deal of work by offer-
ing new information and usually at least a partial solu-
tion (6). 

NTIS 

The U.S. Commerce Department's National Technical 
Information Service (NTIS) is the central source for the 
public sale of Government-sponsored research and develop-
ment reports and other Government analyses prepared by 
federal agencies, their contractors, or grantees. NTIS of-
fers a computer-generated custom bibliographic search of 
abstracts of federally sponsored documents published since 
1964. Copies of the full texts of most of the original re-
ports, in either hard copy or microfiche, are offered for sale 
directly from NTIS. 

Other Information Services 

The TNRIS, MRIS, and RRIS, developed along the lines 
of HRIS, provide services similar to those of HRIS in 
transportation noise, maritime, and railroad research infor-
mation. Several other information services in the Federal 
Government may have specific information of use to high-
way agencies (7). 

On-Line Information Retrieval 

The Transportation Research Activities Information Ser-
vice (TRAIS) is an on-line information retrieval system 
for current research projects. TRAIS was developed by 
HRB for the Department of Transportation (DOT) in-
house management information system and is maintained 
by DOT's Transportation System Center, Cambridge, Mas-
sachusetts. It uses a computer retrieval system developed 
and operated by Battelle's Columbus Laboratories. Cur-
rently all ongoing research funded by DOT is in the TRAIS 
system and plans are under way to include the entire HPR 
and NCHRP programs. 

Use of TRAIS is simple. Once a user establishes an 
account, he need only dial into the system via ordinary  

telephone lines to make his request. Appropriate project 
titles and resumes are displayed on a cathode ray tube or 
they can be printed by the terminal at the user's location. 
If a printed copy of many resumes is desired, the user sig-
nals the Battelle computer to print the resumes, which are 
subsequently mailed to him. 

Highway Libraries 

Many highway and transportation agencies have their own 
clearinghouse and library for research reports and notices, 
and other pertinent literature. The type of clearinghouse-
library maintained depends on an agency's needs. It can 
either be a central library or fragmented libraries. In either 
event, there should be a central control. In a few agencies 
this responsibility was left to randOm individuals and docu-
ments became lost because the employee responsible 
changed jobs, terminated, or retired. 

Several libraries prepare bibliographies on specific subject 
areas either as a matter of course or on request. The HRB 
library and the U.S. Department of Transportation library 
have been helpful in preparing these bibliographies. Re-
ports and other documents that are not available from local 
libraries may be obtained from the U.S. Department of 
Transportation library through an inter-library loan. 
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Seminars and Conferences 

Several states periodically conduct seminars, which are 
similar to HRB meetings. Examples are the California 
Street and Highway Conference, the Ohio Highway Engi-
neering Conference, and the Virginia Highway Conference. 
The objectives of these seminars are: 

To present research findings to administrators, prac-
titioners, and other interested persons (such as suppliers). 

To require researchers to evaluate the applicability of 
their research periodically and to formulate understandable 
reports. 

Because practitioners attend the seminar, the reporting re-
searchers will be especially mindful of them in the prepara-
tion of their presentations. 

In-house research is a prime source of reports for semi-
nars, as well as research being conducted outside. In the 
event an outside researcher cannot attend a seminar and 
present his paper, a research engineer and his staff might 
assume the responsibility for the presentation. Some agen-
cies make multiple copies of the papers and associated 
materials, such as movies and slides, specifically for loan 
to other agencies. 

The attendance and participation of nonhighway people 
(such as government officials; representatives from sup-
pliers, manufacturers, and contractors; and university fac-
ulty) can contribute toward research efforts and toward 
getting research findings into practice. 

. . There is an additional factor present in meetings and 
conferences that is not available in reports. This is the 
opportunity to be in the presence of the individuals re-
sponsible for the research or commenting in a discussion. 
Many times the "heart of the problem" is exposed in dis-
cussion but sidetracked in written reports (6). 

National and international conferences are also excellent 
means for communicating the findings of research. Agency 
representatives attending such conferences can report on 
conference discussions and presentations at agency-spon-
sored workshops and seminars. 

Highway Research Board 

Each year members of the HRB Technical Activities Staff 
(TAS) visit highway agencies, engineering colleges, and 
related industries throughout the nation. The purpose of 
these trips is to correlate highway research. The HRB, by 
means of staff visits, functions as a circulatory system to 
disseminate information. Research findings, wherever gen-
erated, are circulated through the HRB system and chan-
neled to those who can put them to use. Some agencies 
telephone or write to an appropriate staff member at the 
time their question arises rather than wait for his regular 
visit. This serves two purposes: (1) the agency receives 
immediate available information in response to its inquiry, 
and (2) the TAS is alerted to specific problems. 

The Board's Annual and Summer Meetings provide a 
forum for presentation of research findings to the prac-
titioners who are ultimately responsible for changing the 
media of practice. Preprints of papers presented at the 
Annual Meeting are distributed to each highway agency,  

and most of the papers from both meetings are published in 
HRB publications. 

The results of NCHRP research projects are dissemi-
nated by publication of reports. However, significant find-
ings that appear during the conduct of research can be 
published in an NCHRP Research Results Digest and dis-
tributed immediately. Also, after a research project is com-
pleted, copies of its report in final draft form are available 
in limited numbers on a loan basis prior to formal pub-
lication of the report. 

EVALUATION 

Administrators and practitioners have expressed concern 
about the validity of research findings. 

the first step in implementation is an evaluation of 
the research work—does the work support and validate 
the findings and conclusions that have been drawn? What 
are the limitations imposed upon the findings by the re-
search—can the findings be applied 'directly to conditions 
as they exist in our regular practice ordo they have to be 
extended through further development to cover these 
conditions? (8) 

The next step in the evaluation process is an analysis of 
the "trade-offs." The analysis, often difficult to perform, 
generally follows the course illustrated in Figure 4. Addi-
tional expertise from a wide range of sources within an 
agency, or even action at high levels of state government, 
might be needed to properly perform an analysis. 

an evaluation has to be made as to whether or not it 
is feasible, both economically and engineering-wise, to 
implement the finding. What problems will be solved or 
improved, what new problems may be created, what are 
the benefits, and what may be the repercussions? (8) 

Analysis can indicate that certain research findings 
should not be implemented because the trade-offs are 
deemed unfavorable. That is, the improvements offered 
would not justify additional monetary expenditures or other 
problems created in the various aspects of practice—con-
struction, manufacturing, management, maintenance, or 
training. For instance, an analysis might indicate that im-
plementation could result in the loss of one trade-off of 
such paramount importance (as environmental protection 
or personnel safety) as to outweigh all other considerations 
and nullify implementation. 

Evaluation Methods 

Agency evaluation methods are numerous. One method is 
to specifically charge a research implementation committee 
or other group with the evaluation of research findings. 
In-house research can be evaluated during the conduct of 
the research by the entire group or by assigned members 
of the group. Research reports received by the agency from 
others can be evaluated jointly, separately, or can be as-
signed to an individual with particular interest or knowl-
edge for evaluation and subsequent reporting to the group 
(Fig. 5). 

In some cases, an ad hoc group is appointed to evaluate 
a research report and to assist in preparing special pro-
visions, standards, specifications, and the like. This group 



usually works with or reports to a parent committee or an 
appropriate divisional head. 

Research findings can be evaluated and implemented by 
an alert individual who recognizes them as a solution to an 
existing problem. In this instance little, if any, change in 
the media of practice is required as use is made of the 
specifications and procedures developed by others. 

The extent to which evaluation is carried varies also. 
Some methods may involve in-depth research and detailed 
preparation by in-house personnel. Others may consist of 
a brief study and, in some cases, a field test. An example 
of a detailed and well-planned evaluation and implementa-
tion effort is included as Appendix A. In this case, how-
ever, publication of the guidelines was not achieved until 
two years after the start of the evaluation procedure. In 
contrast, another state agency was able to implement a lime 
stabilization procedure in a relatively short period of time. 
Research findings from other state highway agencies and 
technical literature on the subject were utilized to design 
a test strip at a problem site on an ongoing construction 
project. Preliminary study of the strip by the responsible 
project and headquarters staff satisfied them as to the ade-
quacy of the treatment. They then developed special pro-
visions, issued change orders, and consummated a supple-
mentary agreement—all within a few months. 

Product Evaluation 

Product evaluation is the check-testing of products to de-
termine whether they meet agency requirements or manu-
facturer's claims (Fig. 6). In the past, agencies generally 
have been hesitant to identify products that performed 
poorly, the major concern being initiation of legal action 
by manufacturers against the state. However, proliferation 
of products is forcing agencies to institute programs for 
product evaluation. Appendix B outlines one such pro-
gram. Those agencies having successfully used a product 
evaluation program maintain that the possibility of a suit 
is merely a "paper tiger." 

Without some form of product evaluation, agencies are 
susceptible to misrepresented products. For example, the 
manufacturer of a product may donate his product and 
possibly even pay for the cost of its use in a check-test 
program in State X. However, before any test results are 
published, this manufacturer may have advertised his prod-
uct in other states as being in use in State X. If the product 
fails, the testing agency of State X, embarrassed about be-
ing duped, may not reveal negative test results and expose 
an inadequate product. Thus, misrepresentation of this 
product can be perpetrated elsewhere. 

Reporting product evaluation on a national scale is a 
desirable goal and the current exchange of information on 
a regional basis is a sound first step toward this goal. A 
second step has been initiated by the AASHTO Operating 
Subcommittee on Materials. This subcommittee, with ad-
ministrative support from the FHWA, maintains a list of 
products that have been tested and pertinent test informa-
tion for each product. The information names the state 
performing the tests, notes the purpose of the tests, indicates  
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Figure 4. Evaluating research findings. 

product acceptance or rejection, and mentions whether the 
product is still being tested. Agencies that have further 
interest in one of these products can contact the testing 
agency directly. 

PROMOTION 

Workshops 

Workshops are a direct means for promoting research find-
ings. These usually involve division and district personnel 
and may include field men, who are most directly responsi-
ble for success or failure of implementation. For example, 
one state research engineer conducted a successful work-
shop on quality control. Key field men from the districts 
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REPORT 
OF 

COMMITTEE ON 
IMRLEMENTATION OF RESEARCH 

QUARTERLY MEETING 7/10/73 

SOURCE DOCUMENT: California Division of Highways research report, "Evaluation of 
Minor Improvements- -Grooved Pavements" 

Data showed 45 motorcycle accidents before grooving and 46 after grooving 
despite an increase in the number of motorcycles during recent years. Ap-
parently grooves are not dangerous to motorcycle operation. Thirty-four 
lane miles of grooving were studied. 

Grooving reduced wet pavement accidents on the studied sections from 535 
accidents to 158. Dry pavement accidents increased 15%, and the conclusion 
was that grooving does not affect dry pavement one way or the other. 

Grooves are being cut 1/8" deep; they last 10 years in concrete, and 5 years 
in brittle AC pavements. Not much data from the five asphalt projects. 

Stopping.distances from 40 mph were about 50 feet less on grooved wet pave-
ment than on ungrooved wet pavement. Grooving also tended to make skids 
controllable. 

Grooving should be performed on no less than 500' lengths. For most pave-
ments a satisfactory groove pattern would be 1/1011, 1/8" deep, and spaced on 
3/4" centers. However, this study was conducted in California, where per-
centage of studded tires is very low. 

Although little grooving is expected in Colorado, this information might help 
decide if it would be helpful. Maintenance engineers might benefit in case 
certain sections are found to have low skid resistance. Research engineers 
will benefit in being able to recommend remedial treatments. 

RECOMMENDATION: General interest to District Engineers. 

SOURCE DOCUMENT: California Division of Highways research report, "Coatings and 

Figure 5. Port iou of a report by a research implementation committee. 

were brought together for three days. In addition to dis-
cussing the most recent research (the expressed reason for 
the workshop), they reviewed general background informa-
tion helpful to understanding research reports. Topics 
included: 

The necessity of quality control. 
Theory of random numbers, in testing and sampling. 
Examples of quality control. 
Quality control costs as opposed to no quality control.  

Visual Aids 

Visual aids—slides, movies, videotapes—often are used to 
promote research findings. Videotape is employed where 
the use of the information is short-term or where immediate 
viewing of the subject matter is needed. For long-term or 
extended use, film is usually less expensive. For instance, 
Iowa has produced a film that summarizes several years of 
research on roadside maintenance. California and Texas 
have produced films showing improved equipment and 
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Figure 6. Product evaluation procedure. 

techniques for handling traffic during maintenance on free-
ways. Other states have produced similar films. 

In many cases visual aids are produced in conjunction 
with the research project. For example, Table 1 lists films 
that were produced as part of NCHRP research projects 
and which are available on a loan basis. The HRB also has 
other films available for loan and these are listed in the 
Highway Research News from time to time. The FHWA 
will lend its films, listed in the publication "FHWA Mo-
tion Pictures," to other government agencies upon request 
to the Photographic Section, FHWA, Washington, D.C. 
20591. 

Demonstration Projects 

Squanto showed the Pilgrims how to plant corn. The 
Pilgrims survived. Had Squanto written them a set of 
instructions, the outcome may have been quite different. 
Undoubtedly the most effective teaching device is demon-
stration. As an example, manufacturer demonstrations of 
electronically controlled paving machines resulted in over-
whelming and almost immediate acceptance of the ma-
chines. Advertisements of such complex devices are not 
likely to have elicited the same response. 

Costs of demonstrations can be substantially reduced by 
scheduling the demonstration as a part of actual work. In 
those cases where the cost of demonstration teams is too 
great, movies or videotape can be substituted. One dis-
advantage of a filmed demonstration is that, although the  

essentials of the demonstration are retained, the opportunity 
for participation is lost. 

Highway agencies' demonstration efforts, whether for 
one individual or a group, have been particularly success-
ful in introducing new techniques of materials testing and 
construction. Many states have advantageously requested 
FHWA demonstration teams to present new or improved 
techniques (see Chapter Three). 

Field Testing 

Many highway agencies recognize that the validity of re-
search findings cannot always be proven in the laboratory. 
When laboratory data indicate that the research may have 
positive benefits, the next step in implementation may be 
field testing. 

Expand the laboratory. In planning a modern highway 
research facility we try to provide sufficient space and 
equipment for the researcher. In addition to this carefully 
planned area, we must add the highway itself to our "lab-
oratory." After data analysis and evaluation, the imple-
mentation or field trial period provides the researcher with 
an invaluable opportunity to sell his product to the field 
men as well as the designers (5). 

Timely field testing may be a part of the research effort, 
it may be included in an active project, or it might be a 
combination of both. In every case, the researcher should 
be available to provide guidance, to answer questions, to 
evaluate the performance, and to assist with modifications. 
Field personnel often require special training in order to 
take part in the testing. 
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TABLE 1 

FILMS AVAILABLE FROM NCHRP 

TITLE 
TIME 
(MIN) SUBJECT 

REPORT OR 
PROJECT PRODUCED BY 

Relief for Tired 20 Urban traffic engineering. Rep. 113 Edwards & 
Streets Kelcey 

Lights Out 18 Crash tests of various Rep. 77 The Texas A&M 
breakaway bases for Univ. 
luminaire supports. 

Guardrail Performance 10 Crash tests of various Rep. 54, 115, Southwest 
and Design guardrail and median 118,129 Research 

barrier designs. Inst. 

Pavement Marking 2 Operation of a machine Rep. 45, 85 Southwest 
Materials that manufactures and Research 

installs new marker Inst. 
directly on the pavement. 

Safety at Freeway 10 Improving traffic operations Proj. 3-17 The Penn- 
Exits at exit gore areas. sylvania 

State 
Univ. 

* Send requests to: Program Director, National Cooperative Highway Research Program, Highway Research 
Board, 2101 Constilution Ave., N.W., Washington, D.C. 20418. 

CHANGING THE MEDIA OF PRACTICE 

Highway Agencies 

It is widely recognized that a substantial amount of research 
findings cannot be used by highway agencies until the 
media of practice have been changed. This involves addi-
tion, deletion, or change in specifications, standards, pro-
cedures, policies, and the like. 

Some agencies assign to a standing committee or a spe-
cific unit the task of continuously updating and redrafting 
existing specifications and standards. The chairman often 
confers with appropriate division heads and members of the 
research organization to ensure compatibility between the 
research findings and the new specifications. 

Other agencies designate specific individuals to work on 
a temporary or intermittent basis with an ad hoc or task 
group to revise specifications and standards. An objection 
to this approach is that it often keeps individuals from 
working on their primary assignment. 

In some agencies the research unit or the research team 
prepares drafts of proposed revisions or additions that are 
required to implement findings. In this event, the task may 
be included in the research contract. 

It is an often overlooked fact that the media of practice 
may be changed by executive fiat. In highway agencies, 
heads of most engineering units keep abreast of new de-
velopments and closely follow the activities of national 
groups sharing common interests. Many of these indi-
viduals can implement changes with a minimum of agency 
review. 

National Organizations 

Several organizations with nationwide membership 
(AASHTO, ASTM, Ad, etc.) are active in changing the 
media of practice. Each of these organizations has a broad 
committee structure where research findings can be dis-
cussed and then applied to writing or revising standards 
and specifications. An advantage of these organizations is 
the widely varied backgrounds of the committee members 
that enable different viewpoints to be heard. Another ad-
vantage is the fact that many agencies' specifications refer. 
to AASHTO or ASTM standards. Thus, when the stan-
dards are changed the agencies' specifications also are 
changed. 

Trade Groups 

Trade groups, such as The Asphalt Institute, Portland 
Cement Association, and American Institute of Steel Con-
struction, operate in a manner similar to that of the na-
tional organizations. However, they usually exhibit a some-
what narrower viewpoint because each group represents a 
specific industry and usually addresses itself only to prob-
lems within its industry and those in areas that might over-
lap. The standards and specifications that they produce are 
usually in the form of guidelines, which may or may not 
be of use to highway agencies. 

Professional Associations 

Professional associations (ASCE, ITE, NSPE, etc.) gen-
erally are not as active in writing standards and specifica-
tions. However, their publications and journals enable 
practitioners to learn of specifications published by others 
and also aid in the dissemination of research results. 
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FOLLOW-UP 

Implementation of research findings can be disappointing 
to both the researcher and the practitioner when no formal 
follow-up is conducted. Poor communication between the 
researcher and the practitioner can lead to the use of in-
correct procedures or to incorrect use of valid procedures 

and materials. The follow-up effort ascertains that the 
original objectives are being fulfilled as intended by the re-
searcher and the specification writer. In some cases addi-
tional training or support equipment may be necessary, or 
a specification may require modifications in order to be 
realistic. 

CHAPTER THREE 

FEDERAL HIGHWAY ADMINISTRATION IMPLEMENTATION PROGRAM 

The Federal Highway Administration's Federally Coordi-
nated Program of Research and Development in Highway 
Transportation (FCP) provides for a comprehensive and 
cooperative state-federal approach to research implementa-
tion (9). Direction for the national implementation pro-
gram is provided by the FHWA Implementation Division, 
Office of Development. 

The basic plan for the implementation program is con-
tained in Category VI of the FCP, which provides for 
developing and transferring the results of research into 
practice (i.e., bridging the gap between research and opera-
tions). The objective of FCP Category VI is to stimulate 
and expand the application and practical use of those items 
resulting from all highway research and development. 

IMPLEMENTATION ENVIRONMENT. 

To achieve its objective, the program emphasizes the de-
velopment of an environment that is conducive to coopera-
tive nationally coordinated implementation efforts by 
FHWA, state highway agencies, and other highway or-
ganizations. It also emphasizes systematic management of 
the research and assessment of the success of implemen-
tation, including the benefits realized. Some objectives to 
strive for in developing this environment are to: 

Obtain the interest for full cooperation and support 
of top management in both state and federal organizations. 

Involve practicing engineers in research and develop-
ment processes to ensure firstly that research is addressing 
real-world problems; and, secondly, at such time as it be-
comes apparent that usable research results will be pro-
duced, that implementers can translate the results into user 
form and then take the necessary steps to implement the 
results on a widespread basis. 

Ensure that sufficient funds are provided for the 
necessary implementation, field test, and evaluation phases 
of a research project to be sure that results are ready for 
the practicing engineer to apply with confidence. 

4 Provide solutions to the real problems of practicing 
engineers. 

Present research findings in a form or language that 
can be readily understood and immediately used by the 
practicing engineer. Often a research report does not meet 
this objective, and a special user package must be prepared. 

Provide educational programs so that practicing en-
gineers can better understand the benefits to be derived 
from adopting new technology. 

Provide a management framework that is flexible, 
avoids duplication of effort, minimizes coordination re-
quirements, is responsive to needs, and does not involve a 
lot of red tape. 

To meet these objectives and goals, a management plan 
was developed by the Implementation Division to form the 
basis for a coordinated, comprehensive, and cooperative 
approach to implementation. It provides a role for other 
FHWA offices and for state highway agencies. The plan 
relates existing programs, such as experimental projects and 
demonstration projects, to newer implementation activities 
in identification, planning, packaging, and promotion. 

The plan considers the interrelationships necessarily re-
quired of research, management, and operating personnel 
in the FHWA, the states, other government agencies, the 
HRB, and nongovernment highway organizations that are 
involved in highway-related research implementation proc-
esses. Although primarily a state-federal cooperative effort, 
spin-off may benefit other users, such as counties, munici-
palities, producers, and federal agencies other than those 
directly concerned. 

IMPLEMENTATION PROCESS 

FHWA has developed a six-stage process for implementa-
tion activities as a part of its management plan for FCP 
Category VI. This process describes the typical proce-
dures that are followed with individual implementation 
efforts and provides a framework for organizing, managing, 
and performing implementation activities. The six-stage 
implementation process consists of item identification, 
planning, packaging, promotion, evaluation, and adoption. 
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Identification 

The identification process screens and reviews past and 
current results of research and development to determine 
their relative importance and to evaluate their potential for 
implementation. The identification process answers two 
basic questions: Were the research results implemented or 
recommended for implementation by the sponsoring or-
ganization? How useful and important are these results to 
other agencies? 

The plan attempts to establish an organized approach to 
identification. The principal mechanism for identifying im-
plementable results from state highway agency R&D pro-
grams is an Implementation Data Report Form submitted 
to the FHWA by the states. The Offices of Research and 
Development prepare implementation recommendations for 
FHWA research programs and the NCHRP. The Imple-
mentation Division, in cooperation with the Office of 
Research and the FHWA operating offices, assesses the 
implementation potential of the submissions and recom-
mendations. 

Planning 

Once an item has been identified and judged to have poten-
tial, it enters the planning stage. The planners outline the 
action required in order to achieve effective implementation 
of the item. They determine the sequence of action, how 
best to conduct it and to what degree, and assign 
responsibility. 

This may be a very simple and rapid task for some items. 
Others might require a detailed and complex strategy, par-
ticularly when additional work is required for the "packag-
ing" and "promotion" stages. The important thing is to 
prepare a plan scaled to the effort that is needed and to the 
importance of the item. 

Packaging 

When implementation of new technology is encouraged or 
recommended, interaction between the research and the 
operations personnel provides a key element in the develop-
ment of a package of user-oriented material. The package 
is a complete "how-to-do-it" kit that instructs the potential 
user of the manner in which it can be effected immediately. 

The formal research report often is not suitable as an 
operating tool with which to apply new technology. The 
report must be translated into field orders, manuals, speci-
fications or standards, graphs, data tables, and other similar 
documents. Training materials, films, and other explana-
tory and educational documents may also be needed to 
assist in the implementation. Generally, a combination of 
these preparations, assemblies and translations (the num-
ber and complexity of which depend on the need) consti-
tutes the "user package." There is no standard formula. 
Just as the Implementation Division is responsible for pre-
paring packages planned for FHWA programs, state high-
way agencies are encouraged to prepare user packages for 
items produced from their own research programs and par-
ticularly those in practice within their state. The mecha-
nism used by a state to implement its own results may guide  

others to implement the same results. A special implemen-
tation activity has been established in the Federal-Aid 
Planning and Research Program to assist states in funding 
their work. As user packages are received by the Imple-
mentation Division, it promotes nationwide application of 
these items to appropriate users. 

Promotion 

Promotion is the "action stage of implementation." De-
pending upon the strategy developed in the planning stage, 
promotion is conveyed to potential users by one or more 
state-federal channels. The principal promotion channels 
are: 

Films, slides, publications, and workshops—especially 
effective in stimulating implementation of user packages. 

Organizations, such as AASHTO and ASTM. 

Also effective are the Experimental Projects and Demon-
stration Projects Programs of the FHWA and the educa-
tional and training programs of the National Highway 
Institute, all three of which are discussed in more detail 
later herein. 

Another channel is a series of announcements called 
Implementation Division Alerts (IDA's). The IDA's are 
intended to provide advance notification of significant 
products of research that are nearly ready for a major 
implementation effort. They include sufficient information 
to allow the initiation of preliminary planning and strategy 
on the implementation approach that will be used within a 
region on the item highlighted. 

Evaluation 

Throughout the implementation process, evaluation plays 
an important role. There are two points, however, at which 
it is most critical. One is between the "identification" and 
"planning" stages when an implementation advisory group 
in the FHWA field office or in the Washington headquarters 
decides whether an item is ready for implementation. The 
second critical point is after implementation has been tried 
in one place or many places, and its value is determined. 

Identification and documentation of measurable benefits 
and accomplishments resulting from the application of re-
search results are the most important evaluation goals. 
Documentation is extremely important to the research im-
plementation program and the over-all highway program 
for two reasons. In conjunction with the user package, it 
is a most effective tool for encouraging implementation by 
others. It is also the most visible evidence of the values of 
research and development programs to present to the pub-
lic, as well as to highway administrators and program 
sponsors. 

Adoption 

Adoption is the final stage of the implementation process 
wherein a research item becomes an integral part of a 
standard procedure or practice. In some cases, its status 
of adoption develops over a period of time and without 
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benefit of any formal action. In others, its status is made 
official by a formal order, specification, or standard that 
confirms its adoption. 

EXPERIMENTAL PROJECTS PROGRAM 

The Office of Engineering and Traffic Operations has pri-
mary responsibility for administration of the Experimental 
Projects Program within the FHWA. From its inception, 
this state-federal program has tested and evaluated new or 
promising research features of high priority for use in 
highway construction. It also has the authority to place 
proprietary and patented products in actual highway con-
struction projects, both major and minor, for evaluation 
purposes. Prior to 1968, nearly all its experimental projects 
were initiated by state highway agencies. Since that time, 
the scope of the initial program was expanded to include 
two programs serving national and regional interests in a 
more immediate fashion. These programs are the National 
Experimental and Evaluation Program and the Regional 
Evaluation Action Program. 

National Experimental and Evaluation Program (NEEP) 

The National Experimental and Evaluation Program 
(NEEP), designed to benefit all highway engineers, was 
established in 1968 and is dedicated to a unified national 
effort to evaluate promising results of highway research or 
new products, methods, or procedures for highway applica-
tion. It was hoped that NEEP would also accelerate the 
accumulation of significant findings in the implementation 
process. The current goal, for most NEEP projects under 
way, is to obtain answers to specific problems within 18 
months to two years. 

An FHWA technical advisory, committee conducts pre-
liminary evaluations for NEEP. The committee issues for 
each project a prospectus stating its test and evaluation 
parameters to the national FHWA field offices. An at-
tached memorandum encourages one or more states in each 
region to participate in the evaluation by establishing an 
experimental project of an extent to be limited by prospec-
tus guidelines. Once states undertake participation in such 
projects, they issue quarterly status reports to their appro-
priate FHWA field office, which then forwards the reports 
to the Office of Highway Operations for national coordina-
tion. In the meantime, the technical advisory committee 
has also analyzed the status reports. The Office of Highway 
Operations subsequently compiles for each NEEP project 
a final summary report, which includes project conclusions 
and recommendations, with the assistance of the technical 
advisory committee and other appropriate FHWA offices. 
The summary reports are then distributed to all the states 
so that each can profit from the national evaluation regard-• 
less of whether or not it actively participated in the experi-
mental project. 

Regional Evaluation Action Program (REAP) 

A less publicized effort to evaluate the results of research 
is the Regional Evaluation Action Program (REAP). 
REAP, similar in framework and purpose to those of 

NEEP, affords an avenue by which a regional office can 
promote evaluation of new construction methods, mate-
rials, equipmept, practices, and implementable research 
items on a regional level. 

DEMONSTRATION PROJECTS PROGRAM 

The Demonstration Projects Program, established in Janu-
ary 1969, has as its main objectives to: 

Promote the utilization of research and development 
results to application in the fields of management, location, 
design, construction, maintenance, and operations of high-
ways to prove their effectiveness for general adoption and 
use. 

Provide special training opportunities associated with 
the program for Federal Highway Administration and state 
engineers. 

Although most highway operational personnel realize the 
importance and value of digesting research reports, this 
program recognizes that it is difficult for personnel to find 
the time and organize the manpower needed to analyze 
research results and translate them into practice. The Fed-
eral Highway Administration (originally the Office of Road 
Inquiry, subsequently the Bureau of Public Roads) has 
accumulated experience, in demonstration projects that date 
back to 1893. The FHWA Region 15 Demonstration Proj-
ects Division has reestablished and expanded the demon-
stration activities to help accelerate the adoption and utili-
zation of research results in operational highway programs. 

The Demonstration Projects are offered as a service to 
the states for little or no cost, with a minimum of condi-
tions, and with no pressure to adopt the demonstrated 
products—the demonstrations must do the selling job. This 
program has been widely accepted and is praised by high-
way officials. Its success has been reflected in an increased 
level of funding provided for this work. 

The FHWA Region 15 Demonstration Projects Division 
is responsible for planning, coordinating, and directing the 
execution of the program. Proposed projects are analyzed 
and prospectuses developed for review by a coordinating 
committee, which includes representatives of such FHWA 
offices as: 

Engineering 
Traffic Operations 
Research 
Highway Planning 
Highway Safety 
Highway Operations 
Development 
Environmental Policy 
Motor Carrier Safety 

The committee maintains coordination and communica-
tions with other offices to ensure that demonstration proj-
ects are consistent with current programs. It reviews and 
approves proposed projects, approves work plans, approves 
project managers, reviews progress, and approves final 
reports. 

A technical advisory committee is formed for each dem- 
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onstration project to provide expert technical advice on 
project details. These advisors, from all interested FHWA 
offices as well as other interested and related organizations, 
assist project managers to develop a project work plan, 
monitor the project, and report the results. 

During the past three years, three distinct types of dem-
onstration methods have emerged. The most common type 
has been the field demonstration of advanced location, de-
sign, and construction engineering procedures. A second 
type is the physical construction of demonstration installa-
tions with the Region 15 capabilities. A third is construc-
tion by state highway departments with Demonstration 
Projects support. 

The popularity of the Demonstration Projects, within 
both the FHWA and state highway departments, is because 
the program: 

Selects timely projects that offer solutions for imme-
diate and real problems of highway agencies. 

Forms coordinating and technical committees with 
knowledgeable and interested personnel. 

Assigns operational responsibility to a single subunit. 
Appoints project managers and field coordinators for 

each project. 
Prepares a skillful program of demonstration. 
Ordinarily takes the demonstration to the highway 

agency. 
Uses a soft-sell technique backed up with additional 

assistance, if requested. 

Movies, slide presentations, conferences, workshops, 
and personal on-the-job demonstrations have been used to 
reach more than 6,000 engineers from the FHWA, state 
highway departments, and other organizations on active 
projects to date. The positive actions that have been taken  

by highway agencies after observing or taking part in these 
activities are too numerous to list; however, it should be 
noted that some agencies have established similar steps to 
implement their own and other research findings. 

THE NATIONAL HIGHWAY INSTITUTE 

One stumbling block in the way of implementing research 
findings has been the problems associated with training per-
sonnel in new methodology and procedures. The Federal-
Aid Highway Act of 1970 established the National High-
way Institute to ". . . concentrate on providing skills and 
knowledge necessary for coping with the rapid growth of 
technology and the broadening social and environmental 
involvement of highway transportation" (10). 

The functions of the Institute are: 

Continuously ascertain and inventory training needs 
and resources and coordinate activities in these areas for 
federal, state, and local highway employees. 

Assist the states in highway-related education and 
training. 

Perform other training administrative functions as 
required to fulfill its role. 

The primary function of Institute programs is to aid 
personnel in highway agencies to "utilize new knowledge in 
their work." It is suggested that these "programs might be, 
in effect, the third link in the chain of: 

Research—the finding of new knowledge, 
Development—the field testing and packaging or 
assembly of new knowledge into usable form, and 
Application—through communications, the imple-
mentation of new knowledge by getting it into the 
minds of persons who can use it." 

CHAPTER FOUR 

CONCLUSIONS AND RECOMMENDATIONS 

Highway agencies have exhibited progress in the implemen-
tation of research findings, particularly in cases where re-
search has been completed within agencies or under their 
direction. The implementation of research performed by 
others suffers, at best, a time lag. A definite need exists to 
improve techniques for utilizing research done by others. 

Top management of each agency has the responsibility to 
actively support agency research efforts with emphasis on 
implementation. Conversely, other levels of management 
and operating personnel are responsible for apprising top 
management of the status of all research and implementa-
tion efforts. 

Planning for implementation of the findings should be  

a part of initial research planning. Early consideration of 
implementation helps to ensure that research is directed 
toward a real problem and that it will provide useful 
information for the user. 

If implementation is to take place in an orderly and 
timely manner, the "right" people must be involved with 
the actual research and also the implementation of its find-
ings. In most cases the right people would be a mix of 
professionals who have strong interests in the research. A 
member or members of the organization that will make use 
of the research findings should be involved at all stages 
from initial planning through changing the media of 
practice. 

Consideration should be given to including provisions in 
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each research contract for the preparation of draft guides, 
policies, standards, and specifications that implement re-
search findings. Also, it may be desirable to fund work-
shops, seminars, demonstration projects, and training ses-
sions as an extension of research efforts. 

The conduct of a research project should be monitored 
continuously to recognize beneficial findings that can be 
implemented early and to ensure that the end results will 
be implementable. Potential users and those responsible for 
changing the media of practice should participate in the 
monitoring task. 

Research reports should be prepared promptly and writ-
ten in the language of the user. When possible, they should 
include draft specifications or procedures that would facili-
tate early implementation of findings. 

The routing of research reports or notices of research 
findings unfortunately has not always been timely, to the 
right people, or complete. Each agency should develop a 
system for receiving, cataloging, and routing reports. The 
routing method should be tailored to the agency's needs. 
Whenever possible, the material should be reviewed by 
individuals having interest in the subject in addition to 
those having responsibility in the area. After reading the 
report, a reviewer should recommend whether or not the 
agency should implement the research results. All such 
recommendations should be reviewed by an appropriate 
staff member or committee. 

Conferences, seminars, and workshops are excellent 
means of informing management and personnel of research 
results. They permit group participation and face-to-face 
discussion between researcher and user. 

Communications within and among highway agencies 
continue to be a serious problem. Retirements, deaths, 
transfers, and promotions continuously change the staff of 
all agencies, making personal contact more difficult. Or-
ganized channels for inter-agency communication among 
staff members having like responsibilities should be 
improved. 

Agencies should recognize the advantages of lending or 
exchanging personnel as a part of the training or retraining 
that is needed to put a new method or procedure into prac-
tice. This utilizes individuals having the most experience or 
interest. 

Visits or field trips by key agency personnel to projects 
of interest in other states have played a role in stimulating 
acceptance of new materials, techniques, and equipment. 

The loan of personnel among states might even be 
considered. 

Cooperation with trade associations, industry, and other 
groups with a common interest in new or improved prod-
ucts, materials, methods, and such has been successful. The 
services and technical knowledge available through these 
groups can be most useful when planning for and carrying 
out training or retraining. 

Demonstration projects continue to be well received. This 
method of implementation serves a dual purpose. It dem-
onstrates to a potential user the validity of a new item and 
it provides instruction in its use. 

The results of research cannot always be accepted and 
used. A system for evaluation is a part of the implementa-
tion process that should carry over into practice. Timely 
evaluation is a major factor in both early implementation 
of findings or abandonment of unfruitful research. 

The AASHTO-FHWA effort to publish product evalua-
tion data must have the support of each highway agency. 
To be effective, agencies must report the results of their 
own evaluations and make use of the evaluations reported 
by others. 

Research findings are not fully implemented until they 
are reflected in specifications, standards, plans, manuals, 
guides, handbooks, or other media of practice. The re-
searcher should work with those who are responsible for 
implementation to change the media of practice. 

To get research findings into practice, several principles 
should be observed: 

Research planning must include consideration for im-
plementation of findings. 

A research planning team must include potential users. 
Research must be monitored to enable timely use of its 

findings and its modification or termination, if warranted. 
Research reports must be written promptly and in the 

language of the user. 
Reports should be distributed to appropriate persons 

within and without each agency. 
Negative results also should be reported and dissemi-

nated. 
Evaluation of research and its findings must be made 

before deciding whether or not findings should be imple-
mented. 

Procedures must be available for getting research find-
ings into the media of practice. 
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APPENDIX A 

EXAMPLE OF A PROCEDURE USED TO 

IMPLEMENT RESEARCH RESULTS 

APPLICATION OF IHR-76, LIME STABILIZATION 

OF SOILS, TO ILLINOIS DESIGN PRACTICE 

The lime stabilization project (IHR-76) was undertaken to 
develop laboratory tests that can be used to evaluate lime-
soil mixtures and, by means of laboratory and field studies, 
to obtain sufficient information so that specifications can 
be developed for lime stabilization. 

Extensive laboratory testing was conducted to investi-
gate the factors influencing lime stabilization of soils. These 
factors included lime reactivity, and the effects of the type, 
the amount, and the curing conditions of lime on typical 
Illinois soils. 

Documenting the appropriateness of lime stabilization, 
the project evaluated the engineering properties of lime-soil 
mixtures and the required service conditions. This effort 
culminated in the development of a mixture design process 
for determining the proper lime content for adequate soil 
stabilization. 

The process of implementation of the research findings 
into practice covered a two-year period, which terminated 
one year after the formal completion of the research proj-
ect. This process involved four phases 

Development of specifications for lime-stabilized 
and lime-modified soils. 
Development of design coefficients for lime-soil 
mixtures. 
Development of guidelines for the use of lime-soil 
stabilization. 
Development of a policy memorandum concerning 
mixture design for lime-soil mixtures. 

The development of specifications for lime-stabilized and 
lime-modified soils was initiated by the Bureau of Research 
and Development. Preliminary specifications were written 
and submitted to the Bureau of Design and the IHR-76 
Project Supervisor. Comments received from the Project 
Supervisor were forwarded to the Bureau of Design for 
consideration in the preparation of interim specifications. 
Interim specifications were then circulated by the Bureau 
of Design to the Bureaus of Research and Development and 
Materials and to the IHR-76 Project Supervisor. These 
specifications were then the subject of a joint conference 
of the two Bureaus and the project supervisor in which they 
developed the specifications' final format. Revised specifi- 
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cations were then prepared and submitted to the Division's 
Specification Committee for formal approval. 

The initial work on design coefficients for lime-soil mix-
tures was accomplished by the IHR-76 Project Supervisor. 
This work was submitted to the Bureau of Research and 
Development where considerable effort was expended to re-
fine the preliminary effort. Upon completion of Research 
and Development's effort, a conference was scheduled with 
the Bureaus of Design and Materials, and the IHR-76 
Project Supervisor. This conference resulted in the ap-
proval of design coefficients that were subsequently sub-
mitted to the Federal Highway Administration in the form 
of a formal report. 

As the efforts on the specification and design-coefficients 
phases neared completion, work was initiated on developing 
a set of guidelines for the use of lime stabilization to be 
circulated among practicing engineers. Some work initially 
was accomplished by engineers of the Bureaus of Materials 
and Design, but the work was completed by the Research  

and Development staff. The resulting guidelines were sub-
mitted to the Bureaus of Design, Materials, and Local 
Roads and Streets for review and comment. Following this, 
final guidelines were prepared for distribution. 

The remaining phase, concerning a mixture design proc-
ess, was largely accomplished by the IHR-76 research staff, 
and the resulting research report was published under the 
project. However, the Bureau of Materials was required to 
develop a policy statement on mixture design, which took 
a form similar to that of an ASTM specification. 

In addition to these efforts, a program that concerned 
lime stabilization of soils was included in an Annual High-
way Engineering Conference. At this program, the engi-
neers involved in theimplementation process and the Proj-
ect Supervisor discussed the use of lime and the developed 
specifications, design coefficients, and mixture design proc-
ess. This presentation disseminated the developed informa-
tion not only to the Department's personnel, but also to 
attending county, city, and consulting engineers. 

APPENDIX B 

HIGHWAY PRODUCT EVALUATION: ILLINOIS * 

A product evaluation system to improve and accelerate the 
flow of new products, materials, and processes into practice 
has been in successful use by the Illinois Division of High-
ways for several years. This is accomplished through a 
Products Evaluation Unit that is a part of the Bureau of 
Research and 'Development. The system principally serves 
as a clearinghouse wherein the proposals of manufacturers, 
producers, and others promoting new items for highway use 
can be reviewed and given proper consideration (Fig. B-i). 
Following its review and evaluation, the proposal is then 
recommended for one of the following actions: 

Immediate a option. 
Field or laboratory investigation. 
Additional background study by Division of Highways. 
Full-scale research. 
Reference to vendor for additional information. 
Rejection. 

The main task of the evaluation unit is to make prelimi-
nary decisions as to whether or not the item appears to be 
capable of meeting an existing or anticipated need and 
whether or not it is of a type and of sufficient importance 

* Based on: BURKE, J. E., "The Illinois System of Evaluating 
New Highway Products, Materials and Processes." Hwy. Res. 
News, No. 27 (Spring 1967) pp. 52-55..  

to warrant the attention of the Development Council. The 
unit must also obtain sufficient information to allow a 
reasonable evaluation. 

Each product proposal undergoes a screening process in 
the Bureau of Research and Development. Here a judg-
ment is made whether or not a product warrants considera-
tion by the Development Council. A product can be re-
jected without consideration by the Council when obviously 
its potential use will be minor, it does not appear to fill any 
particular need, or it is not competitive. An item of very 
specialized use or for use in only one bureau is referred for 
study directly to the bureau whose need it fills. 

Before each Council meeting, the members receive infor-
mation on new products to be introduced. Members con-
sider each product from the viewpoint of their respective 
bureau interests as well as from the viewpoint of the 
division. 

When the Council recommends that a proposal be ac-
cepted for immediate adoption, the recommendation is 
relayed to the chief engineer for approval. The agency 
responsible for preparing the specification or otherwise 
initiating use is notified. 

When a proposal is rejected, the vendor is informed and 
given the reasons for rejection. The "Products EvaIuaion 
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Circular" provides information on the status of all 	lects and analyzes the data, and prepares the necessary 
proposals. 	 reports. 

In the event the Council recommends that field installa- 	The product material and process evaluation system now 
tion be made to evaluate the product, the Products Evalua- 	in use has evoked numerous favorable comments from both 
tion staff designs the field trials, monitors placement, col- 	Division of Highways engineers and vendors. 
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PRELIMINARY INFORMaTION, FOR PRODUCT EVALUATIO1 

Trade name 	 Date 

Manufactur 

Address 	Patented- No_Yes_Applied for_____ 
City 	 State 	Zip Code 

Representative________________________________________ 

Address 	Phone No._____________________________ 
City 	 State 	Zip Code 	 Area 	 Call 

Product identification 

Recommended use - Primary___________________________________________________________________ 

Recommended uses - Alternate________________________________________________________________ 

Outstanding features or advantages claimed__________________________________________________ 

Material composition 

Material specifications furnished by Mf r.?- Yes_No_Copy attached- Yes_No__________ 

To be mailed 

Plan drawing, picture, or sketch furnishedby Mfr.? Yes_No 

Copy attached- Yes_ fib__jo be mailed________________ 

Meets requirements of following specifications: AASHO 	ASTM______________ 

Fed. Spec. 	Others___________________________________ 

Approved for proposed use by highway authorities or other agencies in the following 

states: 

Are they using it?- Yes_No_Trial 

Are instructions or directions for installation, application or use available?-  

Yes No____________ 

Copy attached?- Yes_No_To be nailed________ 

Figure B-i. Forin for product evaluation. 
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Will demonstration be provided? 

Are,educational courses or movies available?- Yes 	No 

Availability: Seasonal 	Non-seasonal 	Delivery at site 	 after 

receipt of order. Are quantities limited?- Yes 	No  

Will free sample be furnished?- Yes_No_Will laboratory analysis be furnished?- 

Yes No  

Approximate cost 

If proprietary, what are royalty costs and on what basis are they collected? 

New on market?- Yes 	No_It was in 19 . Alternate for what existing product?- 

Is product guaranteed?- Yes 	No_Conditions 

Copy attached 

Background description of Company and its product 

Who recommended that the Division of Highways be contacted? 

Who directed you to the Bureau of Research and Development?___________________________ 

Has another office of. the Division of Highways been contacted?- Yes 	No 	Which?- 

Additional information 

Interview by 

Title 

Bureau or District___________ 

Person furnishing information 

Title 

Figure B-i (continued). 



Published reports of the 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

are available from: 

Highway Research Board 
National Academy of Sciences 

2101 Constitution Avenue 
Washington, D.C. 20418 

Rep. 
No. Title 

	

- 	A Critical Review of Literature Treating Methods of 
Identifying Aggregates Subject to Destructive Volume 
Change When Frozen in Concrete and a Proposed 
Program of Research—Intermediate Report (Proj. 
4-3(2)), 	81p., 	$1.80 

1 Evaluation of Methods of Replacement of Deterio- 
rated Concrete in Structures (Proj. 6-8), 	56 p., 
$2.80 

	

2 	An Introduction to Guidelines for Satellite Studies of 
Pavement Performance (Proj. 1-1), 	19 p.,  $1.80 

2A Guidelines for Satellite Studies of Pavement Per- 
formance, 	85 p.+9 figs., 26 tables, 4 app., 	$3.00 

3 Improved Criteria for Traffic Signals at Individual 
Intersections—Interim Report (Proj. 3-5), 	36 p., 
$1.60 

4 Non-Chemical Methods of Snow and Ice Control on 
Highway Structures (Proj. 6-2), 	74 p., 	$3.20 

5 Effects of Different Methods of Stockpiling Aggre-
gates—Interim Report (Proj. 10-3), 48 p.,  $2.00 

6 Means of Locating and Communicating with Dis-
abled Vehicles—Interim Report (Proj. 3-4), 56 p. 
$3.20 

7 Comparison of Different Methods of Measuring 
Pavement Condition—Interim Report (Proj. 1-2), 
29 p., 	$1.80 

8 Synthetic Aggregates for Highway Construction 
(Proj. 4-4), 	13p., 	$1.00 

9 Traffic Surveillance and Means of Communicating 
with Drivers—Interim Report (Proj. 3-2), 	28 p., 
$1.60 

	

10 	Theoretical Analysis of Structural Behavior of Road 
Test Flexible Pavements (Proj. 1-4), 31 p., $2.80 

11 Effect of Control Devices on Traffic Operations— 
Interim Report (Proj. 3-6), 	107 p., 	$5.80 

	

12 	Identification of Aggregates Causing Poor Concrete 
Performance When Frozen—Interim Report (Proj. 
4-3(1)), 	47p., 	$3.00 

	

13 	Running Cost of Motor Vehicles as Affected by High- 
way Design—Interim Report (Proj. 2-5), 	43 p., 
$2.80 

14 Density and Moisture Content Measurements by 
Nuclear Methods—Interim Report (Proj. 10-5), 
32 p., 	$3.00 

15 Identification of Concrete Aggregates Exhibiting 
Frost Susceptibility—Interim Report (Proj. 4-3(2)), 
66 p., 	$4.00 

	

16 	Protective Coatings to Prevent Deterioration of Con- 
crete by Deicing Chemicals (Proj. 6-3), 	21 p., 
$1.60 

	

17 	Development of Guidelines for Practical and Realis- 
tic Construction Specifications (Proj. 10-1), 	109 p., 
$6.00 

	

18 	Community Consequences of Highway Improvement 
(Proj. 2-2), 	37 p., 	$2.80 

	

19 	Economical and Effective Deicing Agents for Use on 
Highway Structures (Proj. 6-1), 	19 p., 	$1.20 

* Highway Research Board Special Report 80. 

Rep. 
No. Title 

20 Economic Study of Roadway Lighting (Proj. 5-4), 
77 p., 	$3.20 

21 Detecting Variations in Load-Carrying Capacity of 
Flexible Pavements (Proj. 1-5), 	30 p., 	$1.40 

22 Factors Influencing Flexible Pavement Performance 
(Proj. 1-3(2)), 	69 p., 	$2.60 

23 Methods for Reducing Corrosion of Reinforcing 
Steel (Proj. 6-4), 	22 p., 	$1.40 

24 Urban Travel Patterns for Airports, Shopping Cen- 
ters, and Industrial Plants (Proj. 7-1), 	116 p., 
$5.20 

25 Potential Uses of Sonic and Ultrasonic Devices in 
Highway Construction (Proj. 10-7), 48 p., $2.00 

26 	Development of Uniform Procedures for Establishing 
Construction Equipment Rental Rates (Proj. 13-1), 
33 p., 	$1.60 

27 	Physical Factors Influencing Resistance of Concrete 
to Deicing Agents (Proj. 6-5), 	41 p., 	$2.00 

28 	Surveillance Methods and Ways and Means of Com- 
municating with Drivers (Proj. 3-2), 66 p., $2.60 

29 Digital-Computer-Controlled Traffic Signal System 
for a Small City (Proj. 3-2), 	82 p., 	$4.00 

30 Extension of AASHO Road Test Performance Con- 
cepts (Proj. 1-4(2)), 	33 p., 	$1.60 

31 A Review of Transportation Aspects of Land-Use 
Control (Proj. 8-5), 	41 p., 	$2.00 

32 Improved Criteria for Traffic Signals at Individual 
Intersections (Proj. 3-5), 	134 p., 	$5.00 

33 Values of Time Savings of Commercial Vehicles 
(Proj. 2-4), 	74p., 	$3.60 

34 Evaluation of Construction Control Procedures— 
Interim Report (Proj. 10-2), 	117 p., 	$5.00 

35 Prediction of Flexible Pavement Deflections from 
Laboratory Repeated-Load Tests (Proj. 1-3(3)), 
117 p., 	$5.00 

36 Highway Guardrails—A Review of Current Practice 
(Proj. 15-1), 	33 p., 	$1.60 

37 Tentative Skid-Resistance Requirements for Main 
Rural Highways (Proj. 1-7), 	80 p., 	$3.60 

38 	Evaluation of Pavement Joint and Crack Sealing Ma- 
terials and Practices (Proj. 9-3), 	40 p., 	$2.00 

39 Factors Involved in the Design of Asphaltic Pave- 
ment Surfaces (Proj. 1-8), 	112 p., 	$5.00 

40 Means of Locating Disabled or Stopped Vehicles 
(Proj. 3-4(1)), 	40 p., 	$2.00 

41 Effect of Control Devices on Traffic Operations 
(Proj. 3-6), 	83 p., 	$3.60 

42 Interstate Highway Maintenance Requirements and 
Unit Maintenance Expenditure Index (Proj. 14-1), 
144 p., 	$5.60 

43 Density and Moisture Content Measurements by 
Nuclear Methods (Proj. 10-5), 	38 p., 	$2.00 

44 Traffic Attraction of Rural Outdoor Recreational 
Areas (Proj. 7-2), 	28 p., 	$1.40 

45 Development of Improved Pavement Marking Ma- 
terials—Laboratory Phase (Proj. 5-5), 	24 p., 
$1.40 

46 Effects of Different Methods of Stockpiling and 
Handling Aggregates (Proj. 10-3), 	102 p., 
$4.60 

47 Accident Rates as Related to Design Elements of 
Rural Highways (Proj. 2-3), 	173 p., 	$6.40 

48 Factors and Trends in Trip Lengths (Proj. 7-4), 
70 p., 	$3.20 

49 National Survey of Transportation Attitudes and 
Behavior—Phase I Summary Report (Proj. 20-4), 
71 p., 	$3.20 



Rep. Rep. 
No. Title No. Title 
50 Factors Influencing Safety at Highway-Rail Grade 76 Detecting Seasonal Changes in Load-Carrying Ca- 

Crossings (Proj. 3-8), 	113 p., 	$5.20 pabilities 	of 	Flexible 	Pavements 	(Proj. 	1-5(2)), 
51 Sensing and Communication Between Vehicles (Proj. 37 p., 	$2.00 

3-3), 	105 P., 	$5.00 77 Development of Design Criteria for Safer Luminaire 
52 Measurement of Pavement Thickness by Rapid and Supports (Proj. 15-6), 	82 p., 	$3.80 

Nondestructive 	Methods 	(Proj. 	10-6), 	82 	p., .78' Highway 	Noise—Measurement, 	Simulation, 	and 
$3.80 Mixed 	Reactions 	(Proj. 	3-7), 	78 	p., 	$3.20 53 Multiple Use of Lands Within Highway Rights-of- 79 Development of Improved Methods for Reduction of 
Way (Proj. 7-6), 	68 p., 	$3.20 Traffic Accidents (Proj. 17-1), 	163 p., 	$6.40 54 Location, Selection, and Maintenance of Highway 80 Oversize-Overweight Permit Operation on State High- 
Guardrails 	and Median Barriers 	(Proj. 	15-1(2)), ways (Proj. 2-10), 	120 p., 	$5.20 
63 p., 	$2.60 81 Moving Behavior and Residential Choice—A Na- 

55 Research Needs in Highway Transportation (Proj. tional Survey (Proj. 8-6), 	129 p., 	$5.60 
20-2), 	66 p., 	$2.80 82 National 	Survey of Transportation Attitudes 	and 56 Scenic Easements—Legal, Administrative, and Valua- Behavior—Phase II Analysis Report (Proj. 20-4), 
tion Problems and Procedures (Proj. 11-3), 	174 p., 89 p., 	$4.00 
$6.40 83 Distribution of Wheel Loads on Highway Bridges 

57 Factors Influencing Modal Trip Assignment (Proj. (Proj. 122), 	56 p., 	$2.80 
8-2), 	78 p., 	$3.20 84 Analysis and Projection of Research on Traffic 

58 Comparative Analysis of Traffic Assignment Tech- Surveillance, 	Communication, 	and 	Control 	(Proj. 
niques with Actual Highway Use (Proj. 7-5), 	85 p., 3-9), 	48 p., 	$2.40 
$360 85 Development 	of 	Formed-in-Place Wet 	Reflective 

59 Standard Measurements for Satellite Road Test Pro- Markers (Proj. 5-5), 	28 p., 	$1.80 
gram (Proj. 1-6), 	78 p., 	$3.20 86 Tentative Service Requirements for Bridge Rail Sys- 

60 Effects of Illumination on Operating Characteristics tems (Proj. 12-8), 	62 p., 	$3.20 
of Freeways (Proj. 5-2) 	148 p., 	$6.00 87 Rules of Discovery and Disclosure in Highway Con- 

61 Evaluation of Studded Tires,—Performance Data and demnation Proceedings (Proj. 	11-1(5)), 	28 p., 
Pavement Wear Measurement (Proj. 1-9), 	66 p., $2.00 
$3.00 88 Recognition of Benefits to Remainder Property in 

62 Urban Travel Patterns for Hospitals, Universities, Highway Valuation Cases (Proj. 11-1(2)), 	24 p., 
Office Buildings, and Capitols (Proj. 7-1) 	144 p., $2.00 
$5.60 89 Factors, Trends, and Guidelines Related to Trip 

63 Economics of Design Standards for Low-Volume Length (Proj. 7-4), 	59 p., 	$3.20 
Rural Roads (Proj. 2-6), 	93 p., 	$4.00 90 Protection of Steel in Prestressed Concrete Bridges 

64 Motorists' Needs and Services on Interstate Highways (Proj. 12-5), 	86 p., 	$4.00 
(Proj. 7-7) 	88 p. 	$3.60 91 Effects of Deicing Salts on Water Quality and Biota 

65 One-Cycle Slow-Freeze Test for Evaluating Aggre- —Literature Review and Recommended Research 
gate Performance in Frozen Concrete (Proj. 4-3(1)), (Proj. 	16-1), 	70 p., 	$3.20 
21 p 	$1 40 92 Valuation and Condemnation of Special Purpose 

66 Identification of Frost-Susceptible Particles in Con- Properties 	(Proj. 	11-1(6)), 	47 p., 	$2.60 
crete Aggregates (Proj. 4-3(2)), 	62 p., 	$2.80 93 Guidelines for Medial and Marginal Access Control 

67 Relation of Asphalt Rheological Properties to Pave- on 	Major 	Roadways 	(Proj. 	3-13), 	147 	p., 
ment Durability (Proj. 9-1), 	45 p., 	$2.20 $6.20 

68 Application of Vehicle Operating Characteristics to 94 Valuation and Condemnation Problems Involving 
Geometric Design and Traffic Operations (Proj. 3 Trade Fixtures (Proj. 11-1(9)), 	22 p., 	$1.80 
10), 	38 p., 	$2.00 95 Highway Fog (Proj. 5-6), 	48 p., 	$2.40 

69 Evaluation of Construction Control Procedures— 96 Strategies for the Evaluation of Alternative Trans- 
Aggregate Gradation Variations and Effects (Proj. portation 	Plans 	(Proj. 	8-4), 	111 	p., 	$5.40 
10-2A), 	58 p., 	$2.80 97 Analysis of Structural Behavior of AASHO Road 

70 Social 	and 	Economic Factors Affecting Intercity Test Rigid Pavements (Proj. 	1-4(1) A), 	35 p., Travel (Proj. 8-1), 	68 p., 	$3.00 '  $2.60 
71 Analytical Study of Weighing Methods for Highway 98 Tests for Evaluating Degradation of Base Course 

Vehicles in Motion (Proj. 7-3), 	63 p., 	$2.80 Aggregates (Proj. 4-2), 	98 p. 	$5.00 
72 Theory and Practice in Inverse Condemnation for 99 Visual Requirements in Night Driving (Proj. 5-3), 

Five Representative States (Proj. 	11-2), 	44 p., 38 p., 	$2.60 
$2.20 100 Research Needs Relating to Performance of Aggre- 

73 Improved Criteria for Traffic Signal Systems on gates in Highway Construction (Proj. 4-8), 	68 p., Urban Arterials (Proj. 3-5/ 1), 	55 p., 	$2.80 $3.40 
74 Protective 	Coatings for Highway Structural 	Steel 101 Effect of Stress on Freeze-Thaw Durability of Con- 

(Proj. 4-6), 	64 p., 	$2.80 crete Bridge Decks (Proj. 6-9), 	70 p., 	$3.60 
74A Protective Coatings for Highway Structural Steel— 102 Effect of Weldments on the Fatigue Strength of Steel 

Literature Survey (Proj. 4-6), 	275 p., 	$8.00 Beams (Proj. 12-7), 	114 p., 	$5.40 
74B Protective Coatings for Highway. Structural Steel— 103 Rapid Test Methods for Field Control of Highway 

Current Highway Practices (Proj. 4-6), 	102 p., Construction (Proj. 10-4), 	89 p., 	$5.00 
$4.00 104 Rules of Compensability and Valuation Evidence 

75 Effect 	of 	Highway 	Landscape 	Development 	on for 	Highway 	Land 	Acquisition 	(Proj. 	11-1), 
Nearby Property 	(Proj. 2-9), 	82 p., 	$3.60 77 p., 	$4.40 



Rep. 
No. Title 

105 Dynamic Pavement Loads of Heavy Highway Vehi- 
des (Proj. 15-5), 	94 p., 	$5.00 

106 Revibration of Retarded Concrete for Continuous 
Bridge Decks (Proj. 18-1), 	67 p., 	$3.40 

107 New Approaches to Compensation for Residential 
Takings (Proj. 11-1(10)), 	27 p., 	$2.40 

108 Tentative Design Procedure for Riprap-Lined Chan- 
nels (Proj. 15-2), 	75 p., 	$4.00 

109 Elastomeric Bearing Research (Proj. 12-9), 	53 p., 
$3.00 

110 Optimizing Street Operations Through Traffic Regu- 
lations and Control (Proj. 3-11), 	100 p., 	$4.40 

111 Running Costs of Motor Vehicles as Affected by 
Road Design and Traffic (Proj. 2-5A and 2-7), 
97 p., 	$5.20 

112 Junkyard Valuation—Salvage Industry Appraisal 
Principles Applicable to Highway Beautification 
(Proj. 11-3(2)), 	41 p., 	$2.60 

113 Optimizing Flow on Existing Street Networks (Proj. 
3-14), 	414 p., 	$15.60 

114 Effects of Proposed Highway Improvements on Prop- 
erty Values (Proj. 11-1(1)), 	42 p., 	$2.60 

115 Guardrail Performance and Design (Proj. 15-1(2)), 
70 p., 	$3.60 

116 Structural Analysis and Design of Pipe Culverts 
(Proj. 15-3), 	155 p., $6.40 

117 Highway Noise—A Design Guide for Highway En- 
gineers (Proj. 3-7), 	79 p., 	$4.60 

118 Location, Selection, and Maintenance of Highway 
Traffic Barriers (Proj. 15-1(2)), 	96 p., 	$5.20 

119 Control of Highway Advertising Signs—Some Legal 
Problems (Proj. 11-3(1)), 	72 p., 	$3.60 

120 Data Requirements for Metropolitan Transportation 
Planning (Proj. 8-7), 	90 p., 	$4.80 

121 	Protection of Highway UtiliIy (Proj. 8-5), 	115 p., 
$5.60 

122 Summary and Evaluation of Economic Consequences 
of Highway Improvements (Proj. 241), 	324 p., 
$13.60 

123 Development of Information Requirements and 
Transmission Techniques for Highway Users (Proj. 
3-12), 	239 p., 	$9.60 

124 Improved Criteria for Traffic Signal Systems in 
Urban Networks (Proj. 3-5), 	26 p., 	$4.80 

125 Optimization of Density and Moisture Content Mea-
surements by Nuclear Methods (Proj. 10-5A), 
86 p., 	$4.40 

126 Divergencies in Right-of-Way Valuation (Proj. 11- 
4), 	57 p., 	$3.00 

127 Snow Removal and Ice Control Techniques at Inter- 
changes (Proj. 6-10), 	90 p., 	$5.20 

128 Evaluation of AASHO Interim Guides for Design 
of Pavement Structures (Proj. 1-11), 	111 p., 
$5.60 

129 Guardrail Crash Test Evaluation—New Concepts 
and End Designs (Proj. 15-1(2)), 	89 p., 
$4.80 

130 Roadway Delineation Systems (Proj. 5-7), 349 p., 
$14.00 

131 Performance Budgeting System for Highway Main- 
tenance Management (Proj. 19-2(4)), 	213 p., 
$8.40 

132 Relationships Between Physiographic Units and 
Highway Design Factors (Proj. 1-3(1)), 	161 p., 
$7.20 

Rep. 
No. Title 

133 Procedures for Estimating Highway User Costs, Air 
Pollution, and Noise Effects (Proj. 7-8), 	127 p., 
$5.60 

134 Damages Due to Drainage, Runoff, Blasting, and 
Slides (Proj. 11-1(8)), 	23 p., 	$2.80 

135 Promising Replacements for Conventional Aggregates 
for Highway Use (Proj. 4-10), 	53 p., 	$3.60 

136 Estimating Peak Runoff Rates from Ungaged Small 
Rural Watersheds (Proj. 15-4), 	85 p., 	$4.60 

137 Roadside Development—Evaluation of Research 
(Proj. 16-2), 	78 p., 	$4.20 

138 Instrumentation for Measurement of Moisture—
Literature Review and Recommended Research. 
(Proj.21-1), 	60p., 	$4.00 

139 Flexible Pavement Design and Management—Sys- 
tems Formulation (Proj. 1-10), 	64 p., 	$4.40 

140 Flexible Pavement Design and Management—Ma- 
terials Characterization (Proj. 1-10), 	118 p., 
$5.60 

141 Changes in Legal Vehicle Weights and Dimensions—
Some Economic Effects on Highways (Proj. 19-3), 
184 p., 	$8.40 

142 Valuation of Air Space (Proj. 11-5), 	48 p., 
$4.00 

143 Bus Use of Highways—State of the Art (Proj. 8-10), 
406 p., 	$16.00 

144 Highway Noise—A Field Evaluation of Traffic Noise 
Reduction Measures (Proj. 3-7), 	80 p., 	$4.40 

145 	Improving Traffic Operations and Safety at Exit Gore 
Areas (Proj. 3-17) 	120 p., 	$6.00 

146 Alternative Multimodal Passenger Transportation 
Systems—Comparative Economic Analysis (Proj. 
8-9), 	68 p., 	$4.00 



Synthesis of Highway Practice 

No. Title 

1 Traffic Control for Freeway Maintenance (Proj. 20-5, 
Topic 1), 	47 p., 	$2.20 

2 	Bridge Approach Design and Construction Practices 
(Proj. 20-5, Topic 2), 	30 p., 	$2.00 

3 Traffic-Safe and Hydraulically Efficient Drainage 
Practice (Proj. 20-5, Topic 4), 	38 p., 	$2.20 

4 	Concrete Bridge Deck Durability (Proj. 20-5, Topic 
3), 	28 p., 	$2.20 

5 Scour at Bridge Waterways (Proj. 20-5, Topic 5), 
37 p., 	$2.40 

6 Principles of Project Scheduling and Monitoring 
(Proj. 20-5, Topic 6), 	43 p., 	$2.40 

7 Motorist Aid Systems (Proj. 20-5, Topic 3-01), 

28 p., 	$2.40 
8 	Construction of Embankments (Proj. 20-5, Topic 9), 

38 p., 	$2.40 
9 Pavement Rehabilitation—Materials and Techniques 

(Proj. 20-5, Topic 8), 	41 p., 	$2.80 
10 Recruiting, Training, and Retaining Maintenance and 

Equipment Personnel (Proj. 20-5, Topic 10), 35 p., 
$2.80 •  

11 Development of Management Capability (Proj. 20-5, 
Topic 12), 	50 p., 	$3.20 

12 Telecommunications Systems for Highway Admin-
istration and Operations (Proj. 20-5, Topic 3-03), 
29 p., 	$2.80 

13 Radio Spectrum Frequency Management (Proj. 20-5, 
Topic 3-03), 	32 p., 	$2.80 

	

14 Skid Resistance (Proj. 20-5, Topic 7), 	66 p., 
$4.00 

15 Statewide Transportation Planning—Needs and Re- 
quirements (Proj. 20-5, Topic 3-02), 	41 p., 
$3.60 

16 Continuously Reinforced Concrete Pavement (Proj. 
20-5, Topic 3-08), 	23 p., 	$2.80 

17 Pavement Traffic Marking—Materials and Applica-
tion Affecting Serviceability (Proj. 20-5, Topic 3- 
05), 	44.p., 	$3.60 

18 Erosion Control on Highway Construction (Proj. 
20-5, Topic 4-01), 	52 p., 	$4.00 

19 Design, Construction, and Maintenance of PCC 
Pavement Joints (Proj. 20-5, Topic 3-04), 	40 p., 
$3.60 

	

20 Rest Areas (Proj. 20-5, Topic 4-04), 	38 p., 
$3.60 

21 Highway Location Reference Methods (Proj. 20-5, 
Topic 4-06), 	30 p., 	$3.20 

22 Maintenance Management of Traffic Signal Equip- 
ment and Systems (Proj. 20-5, 	Topic 4-03) 
41 p., 	$4.00 

23 Getting Research Findings into Practice (Proj. 20-5, 
Topicll) 	24p., 	$3.20 



I H E NATIONAL ACADEMY OF SCIENCES is a private, honorary organiza-
tion of more than 700 scientists and engineers elected on the basis of outstanding 
contributions to knowledge. Established by a Congressional Act of Incorporation 
signed by President Abraham Lincoln on March 3, 1863, and supported by private 
and public funds, the Academy works to further science and its use for the general 
welfare by bringing together the most qualified individuals to deal with scientific and 
technological problems of broad significance. 

Under the terms of its Congressional charter, the Academy is also called upon 
to act as an official—yet independent—adviser to the Federal Government in any 
matter of science and technology. This provision accounts for the close ties that 
have always existed between the Academy and the Government, although the Academy 
is not a governmental agency and its activities are not limited to those on behalf of 
the Government. 

THE NATIONAL ACADEMY OF ENGINEERING was established on December 
5, 1964. On that date the Council of the National Academy of Sciences, under the 
authority of its Act of Incorporation, adopted Articles of Organization bringing 
the National Academy of Engineering into being, independent and autonomous 
in its organization and the election of its members, and closely coordinated with 
the National Academy of Sciences in its advisory activities. The two Academies 
join in the furtherance of science and engineering and share the responsibility of 
advising the Federal Government, upon request, on any subject of science or 
technology. 

THE NATIONAL RESEARCH COUNCIL was organized as an agency of the 
National Academy of Sciences in 1916, at the request of President Wilson, to 
enable the broad community of U. S. scientists and engineers to associate their 
efforts with the limited membership of the Academy in service to science and the 
nation. Its members, who receive their appointments from the President of the 
National Academy of Sciences, are drawn from academic, industrial and government 
organizations throughout the country. The National Research Council serves both 
Academies in the discharge of their responsibilities. 

Supported by private and public contributions, grants, and contracts, and volun-
tary contributions of time and effort by several thousand of the nation's leading 
scientists and engineers, the Academies and their Research Council thus work to 
serve the national interest, to foster the sound development of science and engineering, 
and to promote their effective application for the benefit of society. 

THE DIVISION OF ENGINEERING is one of the eight major Divisions into 
which the National Research Council is organized for the conduct of its work. 
Its membership includes representatives of the nation's leading technical societies as 
well as a number of members-at-large. Its Chairman is appointed by the Council 
of the Academy of Sciences upon nomination by the Council of the Academy of 
Engineering. 

THE HIGHWAY RESEARCH BOARD, organized November 11, 1920, as an 
agency of the Division of Engineering, is a cooperative organization of the high-
way technologists of America operating under the auspices of the National Research 
Council and with the support of the several highway departments, the Federal Highway 
Administration, and many other organizations interested in the development of trans-
portation. The purpose of the Board is to advance knowledge concerning the nature 
and performance of transportation systems, through the stimulation of research and 
dissemination of information derived therefrom. 
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