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NATIONAL CCOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing
highway adrinistrators and engineers. Often, highway
problems are of local interest and can best be studied by
highway dcpartments individually or in cooperation with
their state universities and others. More predominantly,
however, the need for more eflicient, cconomical, and sufer
highway transportation and the importance of meshing
with other modes and other societal concerns leads to
national problems of increasing complexity. A coordinated
program of high-quality cooperative rescarch provides a
highly effective approach to such problems.

In recognition of these nceds, the highway administrators
of the American Association of State Highway and '[rans-
portation Officials initiated in 1962 an objective national
highway research program employing modern scientific
techniques. This program Is supported on a coniinuing
basis by funds from participating member states of the
Association and it receives the full cooperation and support
of the Federal Highway Administration. United States
Department of Transportation.

The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board's recog-
nized objectivity and understanding of modern research
praclices. The Board is uniquely suited lor this purpose
as: it majntains an extensive committee structure from
which authoritics on any highway transportation subject
may be drawn: it possesses avenues of communications and
cooperation with federal, state, and local governmental
apencies. universities, and industry: its relationship to its
parent organization, the Nalional Academy of Sciences, a
privale, nonprofit institution, is an insurance of objectivity:
and it maintains a full-titne rescarch correlation staff of
specialists in highway transportation maticrs to bring the
findings of rescarch directly to those who are in a position
to use them.

Research programs are developed anpually on the basis of
research needs identified by chief administrators of the
highway and transportation departments, by committees
of AASHTO, and by the Federal Highway Administration,
The programs are referred to the Transportation Research
Board for administration, and research projects addressing
the specific needs are defined by the Board. The projects
are advertised widely for proposals, and qualified agencies
are selected on the bLasis of research plans offering the
greatest probabilities of success. The rescarch is carried
out under contract, and administration and surveillance are
responsibilities of the Academy and its Transportation
Rescarch Board.

The needs for highway research are many, and the
National Cooperative Highway Research Program is an
efficient mechanism for providing solutions to problems of
mutual concern to many responsible groups. The Program,
however, is intended to complement rather than to substi-
tute for or duplicate other highway research programs.
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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

SUMMARY OF PROGRESS
THROUGH 1976

INTRODUCTION

The Nationul Cooperative Highway Rescarch Program
(NCHRP) was established in 1962 to provide a continuing
program of highway research. Tt is sponsored by member
departments of the American Association of State Highway
and Transportation Officials { AASHTO). in cooperation
with the Federal Highway Administration (FHWA), U. S.
BDepartment of ‘Transportation, and carried out under a
three-way agreement belween these agencies and the Na-
tional Acadenry of Sciences. AASHTO annually proposes
specific research problems for inciusion in the NCHRP
fiscal year activities. At least two-thirds of the member de-
partments musl approve the research problems and agree
to their financial support before they can be brought into
the Program. Following balloting by the member depart-
ments, the approved problems are referred to the Academy,
where they are reviewed to determine their acceptability
for administration by the Academy through the Transpor-
tation Rescarch Board of its National Research Council,
Each Statc annually contracts with the Academy to commit
an amount equal to 4% % of its 12 % Fedcral-aid highway
planning research (HPR) lunds. From these contributions,
a cooperative pool of about $31%2 miilion is made availahle
for NCHRP's contract tesearch and for its administralive
and technical opcration.

Once accepted, the problems making up the program are
assigned to project panels or committees made up of per-
sans knowledgeable in cach particular problem arca. They
analyze the problems. oulline particular projects and their
objectives. and then prepare research project staternents on
which proposals are soliciled from qualified private aud
public research agencies. They review the proposals, rec-
ommend contract awards, and provide counsel to the
NCHRP staff responsible lor surveillance of work under
the research contracts. Finally. they review final repotts for
acceptability and for accomplishment of the upproved re-
scarch plan. There arc presently some 531 members on
these panels coming from 43 States, the District of Co-
lumbia, and Canada.

A professional stalf is assigned to NCHRP by the
Board. Projects cngineers with individual specialties and
training in the hroad ateas of physical research and traffic
planning arc responsible for administrative and technical
surveillance of the contracts. In addition to reviewing
quarierly progress rcports and monthly progress schedules
and maintaining telephone contacts, each engincer regu-

larly visits his assigned projects throughout their contract
perinds. He discusses with each principal investigator the
project’s status to learn if the research is being pursued in
line with the approved rescarch plan. 1f necessaty, frequent
meelings involving the staff, panel and agency personnel are
held to review project progress and provide guidance lor
continuing work. Tinally, the projects enginecr and the
pane! evaluate the completed research to determine the de-
gree ol technical compliance with the contract and the ac-
ceptability of the final report o the Board and the Academy.

The research findings are published in either of two
regular NCHRP report series. Each highway administrator
receelves a copy immediately on publication, and some
3,500 copies are lormally distributed through the Trans-
portation Rescarch Board's selective distribution system.

Anotber means for bringing rescarch findings before the
practicing ¢ngineer consists of the NCHRP Research Re-
strfts Digest—a series of flyers published at frequent inter-
vals in the interest of providing an early awarcness of the
research results emanating from the various projects, By
making these resulls known as they are developed and prior
to publication of the final reports, it is hoped that their
early use in practice will be encouraged.

Over the years, 45 detailed progress reports have been
submitted by the NCHRP to the sponsors to provide them
with current information on the specifics ol technical prog-
ress of the projects, as well as the specifics of administrative
matters relating to Program operation. These reports arc
supplemented by publication of an annual summary of
progress that is made available at the end of each year to
both the sponsors and the public at large. The eleventh
issue covers the Program from its inception through De-
cember 31, 1976, and illustrates in detail how the NCHRP
functions.

Although research in the NCHRP is presently sponsored
by AASHTO. the Program is designed to administer re-
search for other agencies as well. However, the following
description of how projects are formulated and rescarch is
administered applics specifically to research sponsored by
the AASHTO.

HOW NCHRP PROGRAMS ARE FORMULATED

Research problems from the American Association of
State Highway and Transportation Officials arc initiated on
an annual basis, and there are many steps (refer to Fig-




ure 1) between initiation and the time that the final reports
are published. Each fiscal year's program must start with
the identification of critical problems by:

& The chief administrative officers of the mecmber state
highway and transportation departments.

e The chairtnen of subcommittees under AASHTO's
Standing Committee on Administrative Practices.

e The chairmen of subcommittees under AASHTO's
Standing Committec on Engineering and Operations.

® The Exccutive Committee of AASHTO.
* The Federal Highway Administrator,

The many problems received froru these sources ¢ach
year are first screened to determine:

* [f the proposed problem is of mutual interest to all or
many of the States and whether it can be handled more

effectively under a cooperative program than by an indi-
vidual member department,

® Jf the proposed problem represents an immediate
research need in the transportation field.

® [f similar efforts are alrcady under way, or if satis-
factory answers are already available. In these respects,
a scarch is made of the relevant literature stored in the
Board's automated Highway Research Information Service.

® The probability of success of completing the problem
according to its scope, ¢stimated cost, and time for com-
pletion.

The technical merits of the problems that survive this
initial screening arc then evaluated in depth by the Special
AASHTO Select Commiltee on Research. Final priorities
are placed on thewn during an annual meeting that is held
specifically to formulate research programs for the NCHRP.
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Based on the funding anticipated to be available from the
Federal apportionment for the given fiscal year, the Com-
mittee carries out two major activities. First, a review is
made to delermine which completed or on-going projects
should receive additional funding for further work. Dur-
ing this part of programn development the committee re-
ceives NCHRP recornmendations for conlinuations and
has detailed status reports available on cach project in the
Program since FY '63. Also available are reperts from
the NCHRP, TRB. and Federal Highway Administration
rescarch stalfs dealing with appropriateness of the proposed
research in light of other research that is under way in this
artd other rescarch programs.

Following allocation of funds to the projects selected
for continuation, the committee’™s second major activity is
to determine which new problem submittals should receive
the highest priority for programiming within the remain-
Ing available funds.

The complete program, inade up of continuations and
new problems, is sent to the AASHTO Excculive Commit-
tee for review, approval and/or modification, and accept-
ance. The Exccutive Committee acls during its annual
winter meeting.

After the programi is approved, it is sent by AASHTO’s
Executive Director to the member departments for ballot-
ing. ‘the final program for cach fiscal vear consists of 1hose
problems that have received a favorable vote by two-thirds
or mere of the member departments.

Each year’s final program is then referred by AASHTO to
the Academy for review and acceptance (refer to Figure
2). At the same time it is also sent to the Federal Highway
Administration for its review. Within the Academy struc-
ture, the NCHRP stait reviews cach item to again ensure
that there will be no duplication of either on-going or com-
pleted rescarch.

PROGRAMS RECEIVED TO DATE

The first research program was reccived when the three-
way agreement was signed and consisted of 34 problems
with an average lunding of zhout $55,000, A similar pat-
tern existed for the second program; howcever, subseguent
vears have seen & decrease in the numbers of problems pro-
grammed {see Table 2) and an increase in the levels of
funding for individual projects. Since 1967, for example,
cach year's program has consisted of somne 9 new problems
with funding ranging between $100,000 and $300,000 and
some 10 continuations— -also funded in the same range—aof
projects begun in carlier years. This is not to be taken as a
decrease in the needs ol the sponsors. 1o the contrary, the
needs arc inany and are evidenced by an ever-growing list
that has ranged as high as 188 problems submitted for
evaluation in a single vear. Regrettably, funds available to
the NCHRTP cuch year permit inclusion of hut a fraction
of the problems submitted,

[n 1976 AASHTO referred the fifteenth program (FY
77y of research problems. From all programs through
FY 77, 2558 research projects have resulted, on which con-

tracts have been writlen with a total funding obligation
of about $37.2 million. The subject natier of the projects
ranges across the full spectrum of concern within the
transportation industry and evidences the sponsor’s im-
mediate interest in acquiring answers at an carly date Lo
the many acute prohlems facing administrators and engi-
neers. The sixteenth group of rescarch problems (FY 7%
program) was sclected i September 1976 and will be
received in 1977 following the States' ballot on the recom-
mmended problems.

FINANCING THE PROGRAM

Each year each State contracts with the National Acad-
emy ol Sciences to support the Program. The agreement
commits the State to 414 percent of its 132 percent Federal-
aid planning and rescarch (HPR) funds. A member depart-
ment’s contribuiion, if so elected and when authorized by
the Federal Highway Administrator, may be financed di-
rectly from the T'ederal-aid monies without State nmatching
funds. On the other hand, the member department’s con-
tribution may be financed from both Federal and State
matching funds or entirely from State funds. From these
contributions a cooperative pool of about $31% million is
made available cach vear for NCHRP’s contract research
and for its administrative and technical operation.

HOW THE NCHRP IS ORGANIZED TO ADMINISTER
RESEARCH PROGRAMS

In iinc with the Board's responsibility for administering
the NCHRP. a TRB Hsccutive Committee Subcommittee
for the NCHRP considers all matters relating to policies
and procedures required for the planning and adininistru-
tion of the Program. This commiittee is drawn from the
officers and ex-oilicio members of the Lxecutive Com-
mittee.

In addition, the Board has established eighl broad re-
search fields under which project panels are organized
to deal with research in specific problem areas falling within
the Droad fields (refer to Figure 3). For example, in the
broad subject field of Transportation Planning cach project
falling within the more specific subject arcas of Traffic
Planning and Urban Transportation—areas 7 and 8, re-
spectively—is assigned a project panel to provide technical
guidance throughout the research and reporting phases.
Those projects thal do not conveniently fit under onc of
the first seven general fields are assigned to the eighth one,
Special Projects,

In terms of generaiized subject arcas, the distribution of
all projects through FY 1977 within the fields of Figure 3
is as follows:

Members of the project panels do not act as consultants
or advisors to project investigators., Members may, ac-
cording to established policy, submit proposals for re-
scarch, If they do. they are dropped from panel parlicipa-
tion until the research agencics have been selected. If
unsuccessful, they may return fo full participation. Somc
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NO. OF PERCENT
PROJECTS OF FUNDS

GENERALIZED
SUBJECT AREAS

38 12.8 Socio-economic and environmental
issues

34 18.1 Urhin issues

6 37 Multimodal issues

45 18.8 Safety and accident prevention

19 1.5 Legal studies

12 16.2 Special projects (including in-
housc)

19 6.0 Improved materials quality and
performance

15 4.2 Highway maintenance

24 5.3 Specifications, tests, and construc-
tion control

44 13.4 Structural design and performance

530 individuals scrve without compensation on these
project panels, and their total yearly contribution to the
Program is estimated to be at least 3,500 man-days. Mem-
bers arc drawn from the agencies given in Table 1. and
they come from 43 States, the District of Columbia, and
Canada. State highway and transportation department ¢cm-
ployees constitute a significant portion of panct member-
ship. The duties and responstbilities of the membership
include:

* Developing an operation plan geared to reaching the
major problem area ohjective, including estimates of total
cost and time to achieve the objectives.

* Dralting definite siatetnents of objectives for projects
within the problem area and within the funds allotted.

* Revicwing research propnsals and making recommen-
dations regarding selection of research agencies.

¢ Reviewing research progress.

® Providing guidance regarding technical aspects of the
research.

¢ Reviewing and evaluating project reports as to the
accomplishment of ohjectives and suitability for publica-
tion.

» Making recommendations as to whether or not studies
of problems included in prior fiscal year programs should
be continued.

Following the NCHRP stafl review made after program
referral to the Academy, the recommended program is re-
ferred to the TRB Exccutive Committee Snbcommittee for
the NCHRP for comments as to the critical need for the
research, the availability of other suitable sponsors, and
whether or nol the research items arc appropriate to be
identified with the Academy. Unacceptable problems are
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returned by the Academy to the AASHTO Executive Com-
mittee with the reason for rejection and. when appropriate.
with u recommendation for disposition.

HOW THE PROJECTS ARE PLACED UNDER CONTRACT

It is important to note that the NCHRP is not in the
business of awarding grants for basic research. Rather,
the Program calls for contract research with specific ob-
jectives that, if achieved, will result in problem solulions
that can be practically applied. As the NCHRP officially
gets cach year's program under way, the project panels
meet to wrife research “‘project statements™ based on the
research problems referred by AASHTO.

Thesc statements arc then sent automatically to a maiiing
list of some 3,000 intercsted individuals and research agen-
cies. Because of deadlines the NCHRP must meet, pro-
posals must he submitted according to fixed deadlines, and
extensions simply cannot be granted. The subsequent pro-
posal return has increased over the years from an average
of 6 per project to a high of 17 per project (refer to Table
2). the range of proposais has been 2 to 35, and an indi-
vidual agency has submitted as many as 11 proposals dur-
ing a particular year's program: however, most agencies
submit only one (refer to Table 3).

Contracts have been let to agencies headquartered in
more¢ than one-half of the States and the District of Co-
lumbia. Educational institutions have received about 37%%;

research institutes, 21% ; industry and consultants, 384 :
prolessional societies and service organizations, 2% state
highway and transportation departments and special trans-
portiation and other governmental agencies, 29 . In cer-

TABLE 1

DISTRIBUTION OF PROJECT PANEL. AND
COMMITIEE MEMBERSHIP WITH
RESPECT TO AFFILIATION

NO. OF FOSITIONS

AFFILIATION MUEMDERS  INVOLVED
State highway and transportation

departments 222 276
Federal Highway Administration 68 Yy
Special transportation and

other governmental agencies 73 K6
Educational institutions 66 79
Research institutes 3 4
Industry, consultants, and

trade associations 81 112
Professional societies and

service organizations 5 5
Transportation Research Board 3 81
All 531 742







tain instances, the Board conducts NCHRP research di-
reetly in its Special Projects Division.

The opportunity to propose is open to anyonc possessing
extensive, demonstrated capability and experience in the
problem areas in question, never are projects developed
with the intent that they go to particular agencics., Because
the projects are seeking practical remedies for pressing
operational problems, it is expected that only the highest
level of agency capability will be applied in meceting the
commitments of the proposal—capability cannot be de-
veloped at project expense. Consonant with the goal of
providing practical, readily usahle solutions to pressing
problemns, time and cxperience have led to the development
of tairly stringent specifications for proposals and agency
attributes that are acceptable to the mission-oriented nature
of the NCHRP. The types of apencies responding wilh pro-
posals for the 15 programs to date are given in Table 4.
The staff and panel members evaluate all proposals in a
uniform manner, with primary consideration given to:

¢ The understanding of the problem and the merit of the
research plan and approach.

* The experiment design and the promise of fulfilling the
objectives of the project statement,

® The qualifications of the principal investigator(s).
® The adeguacy of the facilities.

The proposed hudget is not one of the primary factors
because the funds available are given in the project state-
ment. It does not enter the evaluation process leading to
apency selection, except when specific itemns are reviewed to
better determinc manpower allocations. When the pro-
posed cost exceeds the funds available, the proposal is re-
jected on receipt.

A pancl meeting is held to sclect an agency, and a review
is made of all known aspects of agency performance on
other research projects under NCHRP or elsewhere, The
successtul proposals are retained by the panel members for
usc it monttoring the rescarch. Proposals are considercd
to be privileged and the information in them Is not rejeased
owtside of the Academy unless explicit approval [s obtained
from the agency. Policy also holds thal panel notes, delib-
cralions, ete., are privileged.

T'ollowing the selection mceeting, 2 list of recommended
research agencics is transnitted to the AASHTO Executive
Committce and the Federal Highway Administration for
their review and consideration. Contracts between the
Academy and the research agencies are executed. and
research is begun. Again, it should be emphasized that the
NCHRP is a program of contract research—it does not
operale on a grant basis. Further, proposals can be re-
ceived only in response to advertised project statements,
as the funds available each year to the Program are ear-
marked in their entivety for research problems specified
by the sponsor—AASHTO. New rescarch areas can be

recognized only through the previously descrihed AASHTO
procedures.

The policy of the NCHRP is to provide a debriefing to
unsuccessful proposers. The initiative for obtaining a de-
briefing lies with the proposers and must be requested in
writing. The dchricfing is intended (o indicale to the
proposers the technical areas in which their proposals were
judged weak and deficient and how the weaknesses or de-
ficiencics were factors in their not having been sclected. All
debriefings are conducted in a scrupulously fair, objective,
and impartial manner, and the information given the un-
successful proposers is absolutely factual and consistent
with the cvaluations by the NCHRI panels. The fuc-

agency are identified, butl the debricfing does not include a
point-by-point comparison of all the elements considered
in the evaluation criteria. Neilher is there any revelation of
confidential business infortnation, trade sccrets, techniques,
or processes of the other propoesers, nor is there any indi-
cation of the relative merits or technical standings of the
unsuccessful proposers.

The projects included in the 15 fiscal year programs
conducted to date are listed in Table 5. There ure 114
projects in traflic planning research, 120 in physical re-
search, and 21 in the special projects area. The 253
projects are distributed among morc than one-half of the
States and the District of Columbia, To date, 227 of the
projects have been completed. The distribution of all
projects by agency tvpe is given in Table 6.

The Academy’s rescarch contract is either:

* Cost-Rennbursement (CR)
* Cost-Reimbursement Plus Fixed Fee {(CRPFF}

* Fixed Price (FP) (used only rarely to date for con-
tracts under 530,000}

The Academy decides. in agreement with the agency, which
type of contract will be used in cach case.

The research agency's proposal is inade a parl of the
contract with the Academy. Thus, in addition to the spe-
cific research objectives outlined in the contract, the re-
search agency’s cost estimates are also recognized as being
part of the agrecment. The principal investigator, however,
does have fexibility in conducting the research, if it is
consistent with the generul scheme of the proposal.

About two years elupse between the time problems are
solicited from AASHTO's member departments and com-
mittees and the time that contracts are signed. This appears
at first glance to be excessive; however, it is not. It provides
for the advance planning that is necessary to ensure that
the referral to the National Academy of Sciences of an
AASHTO-developed program for any given year meshes
appropriately with the apportionment of Federal-aid funds
for that year. This permits smooth progression from year
to year throughout the planning and activation phases of
each year’s program.




TABLE 5§

PROJECTS FOR FY '63 THROUGH FY '77 SUMMARY OF STATUS THROUGH DECEMBER 31, 1976

NO.

2-5A

—_ WU N

[N S R R S

341

3.3

34

35

3-6

PROJECT

TITLE

AREA ONE: DESIGN—PAVEMENTS
Development of Procedures for Comparing the AASHO Road Test Findings with
Performance of (1) Existing Pavements and (2} Newly Constructed
Experimenta] Pavements
Guidelines for Extending the Findings of the AASHO Road Test—Implementation Phase
Comparison of Different Methods for Evaluating Pavement Conditions

Factors Influencing Pavement Performance—Regional

Factors Influenciug Pavement Performance—Local

Factors Influencing Pavement Performance

Extension of Road Test Perfformance Concepts

Exteusion of Road Test Performance Concepts

Extension of Road Test Performance Concepts

Detecting Variations in Load-Carrying Capacity of Flexible Pavements

Detecting Seasonal Changes in Load-Carrying Capahilities of Flexible Pavements
Standard Measurements for Satellite Propram—Measnrement Team

Development of Interim Skid-Resistance Requirements for Highway Pavement Surfaces
Factors Involved in the Design of Asphalt Pavement Snrfaces

Evaluation of Studded Tires

Translating AASHO Road Test Findings—Basic Properties of Pavement Components

Systems Approach to Pavement Design—Implementation Phase
Developmeunt of Pavement Structural Subsystems
Evaluation of AASHO Interim Guides for Design of Pavernent Structures

Determination of Pavement Friction Coefficients Required for Driving Tasks
Wet-Weather Skidding Accident Reduction at Intersections

Locked-Wheel Pavement Skid Tester Correlation and Calibration Techniques
Requirements for Wear-Resistant and Skid-Resistant Highway Pavement Surfaces
Effects of Studded Tires on Highway Safety

Effects of Studded Tires on Highway Safety—Non-Winter Driving Conditions
Influence of Combined Highway Grade and Horizontal Alignment on Skidding
Design of Continuously Reinforced Concrete Pavements for Highways
Evaluation of Winter-Driving Traction Aids

Guidelines for Recycling Pavement Materials

AREA TWOQ: ADMINISTRATION—ECONOMICS

Criteria for Highway Benefit Analysis

Guidelines for the Determination of Community Consequences

Analysis of Motor Vehicle Accident Data as Related to Highway Classes and Desipn
L:lements

The Value of Highway Travel Time, Comfort, Convenience, and Uniform Driving Speed

Running Cast of Motor Vehicles as Affected by Highway Design and Traffic

Running Cost of Motor Vehicles as Affected by Highway Design and Traffic

Warranted Levels of Improvement for Local Rural Roads

Road User Costs in Urban Areas

Estimatien and Evaluation of Diverted and Generated (Induced} Traffic

Effect of Highway Landscape Development on Nearby Property

Future Needs for Oversize-Overweight Permit Operation on State Highways
Summary and Evalnation of Fconomic Consequeuces of Highway Tmprovements
Highway User Economic Analysis

AREA THREE: TRAFFIC—OPERATIONS AND CONTROL
Development of Criteria for Evaluating Traffic Operations

Surveillance Methods and Ways and Means of Communicating with Drivers

Seusing and Communication Between Vehicles

Means of Locating Disabled or Stopped Vehicles and Methods of Communication
with a Central Location

Improved Criteria for Desipning and Timing Traffic Signal Systems

Effect of Regulatory Devices on Intersectional Capacity and Operation

CONTRACT
AMOUNT OR
RESEARCH CONTRACT
AGENCY COST
HREB 42,800%
HRB 11,356*
Purdue U 29.957%
Purdue U 45982=
Northwestern U 19,850
U of California 19,800%*
Georgia Tech 10,000*
Duke U 19,924%
Purdue U 12,243%
Cornell Aero Lab 49,011*
Texas A & M 49,428*
Texas A & M 61,353%
Penn State U 24,815%
Materials R & D 23,255%
Comell Aegro Lab 24,998*
Materials R & D 99,803+
103,291*
Texas A &M 100,000*
Materials R & D 250,000
Malertals R & D 63,720%
20,205%
Franklin Inst 309,244*
QOhio DOT 199,955
Penn State U 319,000*
Materials R & D 261,955
Calspan Corp 208,898
U of Michigan 39,450*
U of Michigan 69,968*
L of Texas 151,870
Penn State U 300,000
Texas A&M 200,000
1] of Washington 101,948
U of Washington 48,873*
Comell Aero Tab 155,972*
Texas A &M F7.100%*
Catholic U 49 99R*
51,265%
Paul 1. Claffey 35,000%
30.665*
Stanford U 40,000%
Catholic U 99,376%
Northwestern 1J 40,000
Franklin Inst 149.103*
Jorgensen & Assac 99.655*
HRB 110,006+
Stanford Res Inst 90,074
9,995
Cornell Aero Lab 78.965*
79,913*
Cornell Aero Lab 246,756*
Ohio State U 163,190%
Airborne [nstr T8517*
49.474%
Planning Res 123,030%
48,155%
93 717*
De Leuw, Cather 153,175%*



START- COMPLE-
ING TION PROJECT
DATE DATE PROJECT STATUS NO,
3/1/63 2/29/64 Completed—Published as NCHRP Reports 2, 2A 1-1{1)
3/1/64 Br31/65 Contract terminated—No report 1-1(2)
2/15/63 2/28/65 Completed—TInitial phase published as NCHRP Report 7; final report not -2
published; summarized in Summary of Progress to June 30, 1967
2/15/63 9/30/67 Completed—Published as NCHRP Report 132 1-3(1)
9/1/63 9/30/64 Completed—Published as NCHRP Report 22 1-3(2)
4/1/64 10/31/65 Completed—Published as NCHRP Report 35 1-3(3)
10/1/63 9/30/64 Completed—Published as NCHRP Report 10 1-4{1)
2/1/65 9/30/66 Completed-——Published as NCHRP Report 97 1-4(1)A
2/1/64 1/31/66 Completed-—Published as NCHRP Report 30 1-4(2)
1/15/64 1715765 Completed-—Published as NCHRP Report 21 1-5
9/1/66 6/30/68 Completed—Published as NCHRP Report 76 1-5(2)
3/31/64 1/31/67 Completed—Published as NCHRP Report 59 1-6
6/15/65 12/15/66 Completed—Published as NCHRP Report 37 1-7
1/1/65 2/28/66 Completed—Published as NCHRF Report 39 1-8
10/1/66 6/30/67 Completed—Published as NCHRP Report 61 1-9
9/12/66 3711768 Completed-—Report included in NCHRP Reports 139,140 [-10
12/1/68 12/31/70 Completed—Published as NCHRP Reports 139,140 1-10
3/1/72 12/31/73 Completed——Published as NCHRF Report 160 1-10A
271774 9/30/76 Report in review stage 1-10B
10/23767 6/30/70 Completed—Published as NCHRP Report 128 1-11
8/1,/70 4/30,/71 Completed—Published by AASHTO 1-11
8/25/69 6/8/73 Completed—Published as NCHRP Report 154 1-12
T/1/75 9/30/77 Research in progress 1-12A
9/16/70 5/15/73 Completed—Published as NCHRP Report 151 1-12(2)
11/1/71 9/30/75 Report in review stage 1-12¢3)
4/19/71 8/20/74 Report in editorial and publication process i-13
1/15/72 5/31/73 Report in editorial and publication process 1-13(2)
10/15/72 1/14/74 Report in editorial and publication process 1-14
B/1/72 8/31/75 Completed—Rep. not to be publ.; agency report available for loan 1-15
6/3/74 6/2/17 Research in progress 1-16
11/1/76 1/31,/79 Research in progress 1-17
6/1/63 11/30/67 Complcted—Rep. not publ.; sum. in Summary of Progress Through June 30, 1968 2-1
7/1/63 8/31,64 Completed—Published as NCHRP Report 18 2-2
671763 8/31/66 Completed—Published as NCHRP Report 47 23
6/1/63 8/31/66 Completed—Published as NCHRP Report 33 2-4
6/1/63 8/31/64 Completed—Published as NCHRP Report 13 2-5
6/1/65 12/31/66 Completed—Report included in NCHRP Report 111 2-5
7167 12/31/68 Completed—Report jncluded in NCHRP Report 111 2-5A
8/11/69 8/10/70 Compleled—Report included in NCHRP Report 111 2-5A
6/1/63 9/30/66 Completed—Pnblished as NCHRP Report 63 2-6
2/1/64 5/31/66 Completed—Report included in NCHRP Report 111 2-7
5/1/64 B/31/66 Completcd—Rep. not publ.; summarized iu Summary of Progress to Junc 30, 1967 2.8
11/8/65 1/31/68 Completed—Published as NCHRP Report 73 2-9
11/1:66 4/30/68 Completed —Published as NCHRP Report 80 2-10
171767 T/31/770 Completed—Pnblished as NCHRP Report 122 2-11
471774 10/31/75 Completed—Reporl nol published 2-12
10/11/76 1/5/717 Reporl in review stuge 2-12
2/15/63 2/29/64 Completed—Repart not published; summarized in Snmmary of Progress to 3-1
T/2/64 2/28/66 June 30, 1967
2/15/63 4/30/66 Completed—Published as NCHRP Reports 9, 28, 29 3-2
2/15763 11/30/65 Completed—Published as NCHRP Report 51 3-3
3/1/63 3/31/65 Completed—Published as NCHREP Report & 3-4
7/1/65 12/15/66 Completed—Published as NCHRP Report 40 3-4
3/1/63 12/31/65 Completed—Published as NCHRP Reports 3, 32 3.5
7/1/66 7/31/67 Completed—Published as NCHRP Report 73 3-5
8/1/68 12/31/69 Completed—Pnblished as NCHRP Report 124 3.5
4/1/63 8/15/66 Completed—Published as NCHRP Reports 11, 41 3-6




TABLE 5 {Continued)

PROJECT

NO,

3-7

3.17
3-18(1)

3-18{2}
3-18(3)

9
320

3-21
3-22
3-22A
3-23
324
3-25
3-20
3-27

4-1

TITLE

AREA THREE (Continued)
Establishment of Standards for Highway Noise Levels

Faclors Influencing Safety at Highway-Rail Grade Crossings

Analysis and Projection of Research on Traffic Surveillance, Communication, and
Control

Application of Vehicle Operating Characteristics to Geometric Design and Traffic
Operations

Optimizing Street Operations Through Traffic Regnlations and Control

Development of Information Requirements and Transmission Technigues for
Highway Users

Guidelines for Medial and Marginal Access Control of Major Roadways
Optimizing Flow on Existing Street Networks

Weaving Area Operations Study

Freeway Lane Drops

Improving Traflic Operations and Safety at Exit Gore Areas
Improved Control Logic for Use with Compnter-Controlled Traffic

Traffic Contraol in Oversaturated Street Networks

Cost-Effectiveness Methodology for Evaluation of Signalized Street
Network Snrveillance and Control Systems

Grade Effects on ‘Traffic Flow Stability and Capacity

Traffic Signal Warrants

Motorist Response to Highway Guide Signing

Guidelines for Design and Operation of Ramp Control Systems

Ciuidelines for Design and Operation of Ramp Control Systems

Guidelines for Uniformity in Traffic Conirol Signal Design Configurations
Determine the Luminous Requirements for Retrore flective Highway Signing
Cost and Safety Efectiveness of Highwuy Design Elements

Investipation of Selected Noise Barrier Acoustical Parameters

Guidelines for Sclecting Traffic Signal Control at [ndividual Intersections

AREA FOUR: MATERIALS AND CONSTRUCTION-—GENERAL MATERIALS

Development of Appropriate Methods for Evaluating the Effectiveness of Stabilizing
Agents

A Study of Degrading Apgregates in Bases and Snbbases with Production of Excessive
Amounts of and/or Harmful Types of Fines

Development of Methods to [dentify Aggregate Particles Which Undergo Destructive
Yolume Changes When Frozen in Concrete

Development of Methods to Tdentify Aggrepate Particles Which Undergo Destructive
Volume Chanpes When Frozen in Concrete

Synthetic Aggrepates for Highway Uses

A Study of the Mechamsm Whereby the Strength of Bases and Snbbases Is Affected by
Frost and Moistnye

Protective Coatings for Highway Structural Steel

Fatigue Strength of High-Yield Reinforcing Bars

Research Needs Relating to Performance of Aggregates in Highway Constrnction
Density Standards for Field Compaction of Grannlar Bases and Subbases
Predicting Moistore-Induced Damage to Asphaltic Concrete

Evalualion of Preformed Elastomeric Pavement Joint Sealing Systems and Practices
Preformed Elastomeric Pavement Joint Sealing Systems—Field Evaluation Phase
Promising Replacements for Conventional Aggregates for Highway Use

Waste Materials as Potential Replacements for Highway Aggregates

Buried Plastic Pipe for Drainage of Transportation Facilities

Upgrading of Poor or Marginal Aggregates for PCC and Bituminous Pavements
Temporary Pavement Matking Systems

AREA FIVE: TRAFFIC—ILLUMINATION AND VISIBILITY

Effects of lHlumination on Operating Characteristics of Freeways—Tralfic Flow, Driver
Behavior, and Accidents

Lffects of Illumination on Operating Characteristics of Freeways—Driver Response,
Visibility, aud Visual Discomfort

AMOUNT OR

CONTRACT
RESLARCH COST
AGENCY CONTRACT
Bolt Beranek 144,920~
69,930*
49 927%
316,011
Yoorhees & Assoc 17,171%
74,250%
Jorgensen & Assoc 23 760
Cornell Aero Lab 41,520%*
Peat, Marwick 258,331+
Airborne Instr 198,655*
100,500+
09.821*
Texas A& M 149,293+*
Edwards & Kelcey 990,000+
Poly of New York 300,000%
System Dev Corp 99,785+
76,815%
Penn State U 75,983 *
Stanford Res Inst 323,998%
52512
Poly of New York 200,000
JHK & Assoc 100,000
Midwest Res Inst 220,443
KLD Associates 120,000%
80,000
BioTechnology 272,071
Stanford Res Inst 199,030
KLD Associates 300,000
U of Michigan 100,000
Jorgensen Assoc 260,000
Penn State U 74,795
Voorhees & Assoc 130,000
U of Hlinois 114,991%
Purdue U 63,990*
VPI 20,000%
23,337+
Penn State U 56,457%
49,756%
Battelle Mem Inst 14,790
Michipan Tech U 64,105%
Steel Str Paint 25000
PCA 100,000+
50.000*%
veI §5,254%
Clemson U 95,248
1) of Idaho 190,177%
71.652
Utah St Dept Hy 93,494%
Utah St Dept Hy 125,000
U of Tiinois 50,000#%
Valley Forge Lab 53,663%
Simpson Gumpertz 200,000
Penn State U 150,000
Sw Rescarch Inst 49,500
Yale University 124.319%*
21,530%
Ohio State U 81,187%




START-
ING
DATE

2/1/64
10/14/68
4/1;71
4/1/72
12/1/63
4/1/65
10/15/66

1/1/66

971766
1041 /66
471768
329471
95167
10/1/67
10/1/69
[1/1/69
541472
171471
Ti15/71
4/15/75
G717
5/1/75

9/1:71
9/1/72
11/1/74
471474
4/15/74
4/8/74
971774
715475
11/1/76
11/15:76

0f[f63
215763

3/1/63
TGS
3725763
71465
3/1/63
2/158/63

371765
10/1/67
21471
171768
4/1/71
9/1/71
871,75
10/1/68
10/1/12
10/15,/69
9,172
9/16/7d
127174
11/1/76

2/15/63
2/1/67
2415463

COMPLE-
TION
DATE

4/30/67
1/15/70
6/30,72
11730774
12/31/64
1/6/67
1/14,/68

3/10/67

49/30/68
12/31/67
12/1/69
12/11/72
11,/30/69
110470
12/31,/73
473071
10/31,73
11/30/72
$/15/74
8/31/76
6/30/75
7731576

8/31/74
4/15/74
7531776
1/31/76

12/31/75

2/28/77
3/2/77
916477
2/28/78
11/15/78

10/31/66
11/30/66

943064
3/31/67

F31,/65
8/31/67
4715764
8/31/65

11/30/66
2728770
8/31/73

/30762
6/30/73
3/31/74
]fSIfSZ
6/30/71

1273177
3/31/71

11/30/73
315478
2728779
2/28/78

543166
7/31/67
8431/65

PROJECT STATUS

PROJECT
NO.

Completed—Published as NCHRP Report 78
Complcted—Published as NCHRP Report 117
Completed—Published as NCHRP Report 144
Completed—Published as NCHRP Reports 173, 174
Completed—Report included in NCHRP Report 50
Cowmpleted—Total project published as NCHRP Report 50
Completed—Published as NCHRP Report 84

Completed—Published as NCHRP Report 68

Completed—~Published as NCHRP Report 110

Completed—Report included in NCHRP Report 123

Completed-—Report included in NCHREP Report 123

Completed—Rep. not publ.; summarized in Summary of Progress Through 1973
Completed—Published as NCHRP Report 93

Completed—Published as NCHRP Report 113

Completed—Published as NCHRP Report 159

Completed—Rep. uot publ.; summarized in Summary of Progress Through 1971
Compleled—Published as NCHERP Report 175

Completed—Published as NCHRP Report 145

Completed—Report included in Phase 11 report

Report in review stage

Report in editorial and publication process

Report in review stage

Report in editorial and publication process
Completed—Report to be included in Phase I1 report
Report in review stage

Report in cditorial and publication process
Completed—Report not publ.; agency report available for loan
Conlract pending

Research in progress

Research in progress

Research in progress

Research 1n progress

Research 1u progress

Completed—Report not published; summarized in Summary of Progress Through
Tune 30, 1968
Completed—Published as NCHRP Report 98

Compleled—Published as NCHRP Report 12

Completed—Puhlished as NCHRP Report 65

Completed—Published as HRB Special Report 80 and NCHRP Report 15

Completed—Published as NCHRP Report 66

Completed—Published as NCHRP Report 8

Completed—Report nol published; summarized in Summary of Progress Through
Fuue 30, 1968

Completed—Published as NCHRP Reports 74, 74A, 74B

Completed—Report included in NCHRFP Report 164

Compleled—Report included iu NCHRP Report 164

Completed—Published as NCHRP Report 100

Completcd—Published as NCHRP Report 172

Report in editorial and publication process

Research in progress

Completed—Report to be included in Phase I report

Research in progress

Completed—Published as NCHRP Report 135

Completed—Published as NCHRP Report 166

Research in propress

Research in progress

Research in progress

Campleted—Report included in NCHRP Report 60
Completed—Report included in NCHRP Report 60
Completed—Report iucluded in NCHRP Report 60
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TABLE 5 (Continued}

CONTRACT
PROJECT AMOUNT OR
——— RESEARCH CONTRACT
NO, TITLE AGENCY COST
AREA FIVE (Confinued)
5-2(3) Eifects of Illuminalion on Operating Characteristics of Freeways—Driver Discomfort Inst for Research 37460
5-3 Visual Information Needed by the Driver at Night Ohio State U 100,940*
5-4 Economic Study of Roadway Iighting Franklin Inst 19412*
5-5 Nighttime Use of Highway Pavement Delineation Materials Sw Rescarch Tnst 50,000=
100,000*
5-5A Development of Optimum Specifications for Glass Beads in Pavement Markings Penn State U 99.350*
5-5B Pavement Marking Systems for Improved Wet-Night Visibility Where Snowplowing Is Texas A&M 200,000*
Prevalent
5-6 Highway Fog Cornell Aero Lab 99.955%
5-6A Highway Fog Sperry Rand 03,540*
5-7 Roadway Delineation Systems Penn State U 469, 526%
58 Warrants for Highway Lighting Texas A& M 199,627
AREA SIX: MAINTENANCE—SNOW AND ICE CONTROL
6-1 Development of Economical and Effective Chemical Deicing Agents to Minimize Injury IIT Research Inst 40,000*
to Highway Structures and Vehicles
6-2 Nonchemical Methods for Preventing or Removing Snow and Ice Accumnlations on Jorgensen & Assoc 25,000
Highway Structures
6-3 Development and Evaluation of Protective Coatings to Prevent Deterioration of Battelle Mem Inst 58,557*
Concrete Structures by Deicing Agents
6-4 Evaluation and Development of Methods for Reducing Corrosion of Reinforcing Steel Battelle Mem Inst 39,330%
6-5 Study of Physical Factors Influencing Resistance of Concrete to Deicing Agents U of Illinois 72,500%
6-6 To Evaluate Existing Methods and/or Develop Improved Methods for the Measurement Ohio State U 69,393*
of Certain Properties of Concrete
6-7 Estimation of Disintegration in Concrete Structures Geotechnics 8,547~
6-TA Estimation of Disintepration in Concrete Structnres 1IT Research inst 44,614%*
6-8 Evaluation of Methods of Replacement of Deteriorated Concrete in Structnres Tallamy Assoc 25,000%*
6-9 Potential Accelerating Effects of Chemical Deicing Damage by Traffic and Other 1J of Minois 200,000%*
Environmental-Induced Stresses in Concrete Bridge Decks
6-1 Develop Improved Snow Removal and Ice Control Technignes at Interchanges Tallamy Assoc 95,000*
- Economic Evaluation of the Effects of Tee and Frost on Bridge Decks Midwest Res Tnst 50,000%
50,000
AREA SEVEN: TRANSPORTATION PLANNING—TRAFFIC PLANNING
7-1 The Influence of Land Use on Urban Travel Patterns Louis E, Keefer 62,674%
66,894 *
7-2 Traffic Attraction of Rural Ontdoor Recreational Areas IIT Research Inst 24.652™
24, 844%
7-3 Weighing Vehicles in Motion Franklin Tnst 73,391*
7-4 Factors and Trends in Trip Lengths Voorhees & Assoc 89.250*
61,730%
7-5 Predicted Traffic Usage of a Major Highway Facility Versns Actual Usage Yale University 99,675*
7-6 Multiple Use of Lands Within Highway Rights-of-Way Barton-Aschman 24,220*
1-7 Motorists” Needs and Services on Interstate Highways Airborne Instr 99.267*
T-8 User Cost and Related Consequences of Alternative Levels of Highway Service Stanford Res Inst 9%.070*
7-9 Development of Models for Predicting Weekend Recreationsl Traffic Midwest Res Inst 74,983
7-10 Peak-Period Traffic Congestion Remak/Rosenbloom 49,624
7-10(2) The Institutional Aspects of Implementing Congestion-Redncing Techniques Remak/Rosenbloom 68,903
AREA EIGHT: TRANSPORTATION PLANNING—URBAN TRAMNSPORTATION
g-1 Sacial and Economic Factors Affecting Travel Vogt, Ivers 94,558+
82 Factors Influencing Modal Trip Assignment IIT Research Inst 298,033*
83 Individual Preferences far Various Means of Transportation U of Penn 63,282*
8-4 Criteria for Evaluating Alternative Transportation Plans Northwestern U 89,900%
B-4A Criteria for Bvaluating Alternative Transportation Plans U of Minois 5,000=
8-5 Transportation Aspects of Land-Use Cantrols Victor Gruen 25967%
99,571*
8-6 Individual Preferences for Alternative Dwelling Types and Environments U of N Carolina 99,897+
8-7 Evaluatior of Data Requirements and Collection Techniques for Transportation Planning Creighton, Hamhurg 190,000%
8-TA Data Requirements and Trausportation Planning Procedures in Small Urban Areas UJ of Tennessee 99 968
8-8(1) The Tmpact of Highways upon Environmental Values {Study Design) MIT 29,654*
8-8(2) The Tmpact of Highways upon Environmental Values (Study Design) Dantel, Mann et al 28,950%
8-8(3) The Impact of Highways upon Environmental Values MIT 470,000
8.9 Comparative Economic Analysis of Alternative Multimodal Passenger Transporiation Creighton, Hamburg 100,000%
Systems
810 Planning and Pesign Guidelines for Efficient Bus Utilization of Highway Facilities Wilbur Smith 149,907*




PROJECT
NO.

Completed—Report included in NCHRP Report 60

Completed—Published as NCHRP Report 99

Completed—Published as NCHRP Report 20

Completed—Published as NCHRP Report 45

Completed—Published as NCHRP Report 835

Completed—Rep. not publ.; summarized in Summary of Progress Through 1976

Completed—Published as NCHRP Report 95

Completed—Published as NCHRP Report 171
Completed—Published as NCHRP Report 130
Completed—Published as NCHRPF Report 152

Completed-—Published as NCHRF Report 19
Completed—Published as NCHRP Report 4
Completed—Published as NCHRP Report 16

Completed—Published as NCHRFP Report 23
Completed—Published as NCHRP Report 27
Completed—Rep. not publ.; summarized in Summary of Progress to June 30, 1967

Contract terminated—no report; research resumed under Project 6-7A
Completed—Rep. not publ.; summarized in Summary of Progress to June 30, 1967
Completed—Published as NCHRP Report 1

Completed—Published as NCHRF Report 101

Completed—Published as NCHRP Report 127
Init. phase completed—rep, to be incl. in Phase IT rep.

Completed—Published as NCHRP Report 24
Completed—Published as NCHRP Report 62
Completed—Report included in NCHRP Report 44
Completed-—-Total project published as NCHRF Report 44
Completed—Published as NCHRP Report 71
Completed—Published as NCHRP Report 48
Completed—Published as NCHRP Report 89
Completed—Published as NCHRP Report 58
Completed—Published as NCHRF Report 53
Completed—Puhlished as NCHRP Report 64
Completed—Published as NCHRP Report 133
Compleled—Rep. not publ.: summarized in Summary of Progress Through 1976
Completed—Published as NCHRP Report 169

Completed—Published as NCHRP Reporl 70
Completed—Published as NCHRF Report 57
Completed—Rep. not publ,; summarized in Summary of Progress to June 390, 1967
Completed—Report included in NCHRP Report 96
Completed—Published as NCHRP Report %6
Completed—Published as NCHRP Report 31
Completed—Published as NCHRP Report 121
Completed—Published as NCHRP Report 81
Completed—Published as NCHRP Report 120
Completed—Published as NCHRP Report 167
Completed—5tudy design report not to be published
Completed—Study design report not to be published
Complcted—Puablished as NCHRP Report 156
Completed—Published as NCHRP Report 146

START- COMPLE-
ING TION
DATE DATE PROJECT STATUS
2/20/63 2/28/66
9/1/64 3/31/67
7/20/64 8/31/65
31765 12/31/66
7/15/67 3/15/69
5/1/71 6/30/73
9/1/71 12/31/74 Report in editorial and publication process
10/2/67 4/30/69
9/1/70 5/31/73
10/1/68 6/30/71
3/16/70 2/15/73
2/15/63 9/30/64
2/15/63 2/29/64
3/1/63 2/28/65
3/1/63 4/30/65
3/1/63 8/31/65
3/1/63 2/28/66
37163 8/31/64
2/1/65 T/31/66
2/15/63 2/29/64
171765 6/15/68
9/1/67 9/30/70
9/1/70 11/30/71
9/12/72 9/1t/74 Report in editorial and publication process
2/1/64 1/31/66
4/1/66 9/30/67
2/1/64 3/15/65
5/1/65 5/31/66
271764 8/31/67
271764 10/31/66
10/23/67 1/10/69
2/1/64 11:30/66
271766 2/28/67
1/1/66 12/31/67
9/1/70 4/15/72
9/1/72 5/15/74
4/1/74 3/31/75
4/1/75 9/15/77 Rescarch in progress
2/1/64 9/23/66
2/1/64 §/31/66
2/1/64 3/31/65
2/1/63 §/1/67
10/14/68 1/10/6%
4/1/65 5/31/66
8/7/67 1/15/79)
/14766 3/13/68
9/13/68 8/28/70
6/1/73 6/14/75
9/16/68 3/14/69
9/9/68 3/7/69
9/15/69 7/31/74
9/1/71 1/31/73
9/1/71 7731773

Completed—Published as NCHRP Reports 143 and 155
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TABLE 5 (Continued)

CONTRACT
PROJECT AMOUNT OR
- - RESEARCH CONTRACT
NO. TITLE AGLENCY COST
AREA EIGHT (Corntinued)
8-11 Social, Economic, Environmental Consequences of Not Constructing a Transportation IYACP, Inc 249,753
Facility
#-12 Travel Estimation Procedures for Quick Response io Urban Policy Issnes Metro Wash COG 39,895
8-124 Trawvel Estimation Procednres for Quick Response to Urban Policy Tssues Comsis Corp 160,000
8-13 Disaggregate Travel Demand Models Chas River Assoc 100,000
§7.000
-14 New Approaches to Understanding Travel Behavior Boston Collepe 149,860
8-15 State and Regional Transportation Impact Identification and Measurement Bigelow-Crain §0,000
8-16 Gruidelines for Public Transportation Levels of Scrvice and Evaluation U of Tennessec 480,000
8-17 Freight Daia Requirements for Statewide Transportation Systems Planning R. Creighton Assoc 225,000
E-18 Techniques for Evaluating Options in Statewide Transportation Pianning/Programming Plng Enve Int/AMV 300,000
-19 The Relationship of Changes in Urban Highway Supply to Vehicle-Miles of Travel Cambridge Syst Inc 199,954
AREA NINE: MATERIALS AND CONSTRUCTION—BITUMINCUS MATERIALS
9-1 Asphalt Durability and Its Relation to Pavement Performance American Oil 50,000
50,000+
9-2 Asphalt Durability and Its Relation to Pavement Performance—Adhesion Montana College 101,903
9.3 Lvaluation of Pavement Joint and Crack Sealing Materials and Practices Rensselaer 24,996+
9-4 Minimizing Prematore Cracking of Asphaltic Concrete Pavements Materials R& D 99,560+
9-44 Bayesian Analysis Methodology for Verifying Recommendations to Minintize Woodward-Clyde 199,994
Asphalt Pavemnent Distress
AREA TEN: MATERIALS AND CONSTRUCTION—SPECIFICATIONS, PROCEDURES, AND PRACTICES
10-1 Development of Guidelines for Practical and Realistic Constroction Specifications Miller-Warden 25,0007
1.2 Evaluation of Construction Control Procedures Miller-Warden 58,750%
1074 Evaluation of Construction Contio! Procedures Materials R & D T0,945%
0.3 Effects of Different Methods of Stockpiling and Handling Apgregates Miller-Warden 23,000%
30,000%
10-4 Rapid Test Methods for Field Control of Construction Clemson U 30,000
69,320%
10-5 Deunsity and Moistnre Content Measuwements by Nnclear Methods Res Trinngle Inst 28,801=
59,835%
10-5A Optimization of Nuclear Density and Moistnre Content Measurement Methods N Carolina State U 51,214%
10-6 Measurement of Pavement Thicknesses by Rapid and Nondestructive Methods IIT Research Inst 108,821+
10-7 Potential Uses of Sonic and Ultrasonic Devices in Highway Constrnction Ohio State U 24,310%
10-8 Evalvating Procedures for Determining Concrete Pavement Thickness and Pua Depl of Transp 151,982+*
Reinforcement Position
10-9 Criteria Tor Need of Seal Coats for Bituminous Pavements U of Minnesota 50,000
10-10 Acceptance Criteria for Electroslay Weldments in Bridges US Steel 300,000
10-11 Development of & Performance Specification for Bridge Deck Joint-Sealing Systems Howard, Needles et al 29,994
AREA ELEVEN: ADMINISTRATION—LAW
11-1 Rules of Compensability and Valnation in Ilighway TLand Acquisition U of Wisconsin 84,840
11-101) Eliminating Enhanceraent or Diminution Effects on Right-of-Way Valuation Real Estate Res 5,000%
11-1(2) Recognition of Benefits to Remainder Property in Highway Valnation Montano & Assoc 5,000
-1 Taxation Aspects of Right-of-Way Acquisition U of Tulsa 2,250
11-1(4) Compensation in the Nature of Additives to Market Value U of Oklahoma 2,500%
11-1(5) Rules of Biscovery und Disclosure in Highway Condemnation Proceedings Long, Mikkelborg 2,500*
I1-1(6) Valuation and Condemnation Problems of Selected Special Porpose Properties Edward E. Level 7.500"
1-1(73 Valuation and Compensability of Noise. Pollution, and Other Environmenta! Factors U of Oklahoma 2,500%
11-1(8) Remainder Damages Cansed by Drainage, Runoff, Blasting, and Slides Harrison I ewis 7.500%
11-1(%) Valnation and Coudemnation Problems Involving Trade Fixtures Edward L, Snitzer 5,000%
11-1(10)  Compensability and Valuation Aspects of Residential Displacement in Ross. Hardies et al 3,000
Highway Programs
11-1¢11) Valuation Elements of Joint Development Projects, [ucluding Air Rights Real Estate Res 5,000
11-2 Theory and Practice in Inverse Condemnation Reg & Urban Plan 15.000*
11-3 Valuation and Legal Implications of Scenic, Conservation, and Roadside Easements Sntte, Jr. & Assoc 25,000*
H-3{0 Public Control of Roadside Advertising Signs for Highway Reautification Sutte, Jr. & Assoc 20,000
11-372] Public Control of Junkyards for Highway Beautification Real Estate Res 13.300%
11-4 Elimination of Wide Divergence in Right-of-Way Valuation Am Tnst R] Est App 24959+
11-5 Valuation of Air Space Daniel, Mann et al 49,800%
11-6 Yaluation and Compensability of Noisc Pollution Jack Faucett Assoc 100,000
AREA TWELVE: DESIGN—BRIDGES
12-1 Deformation of Steel Beams Related to Permitted Highway Bridge Qwerioads U of Missonri 50,000+
12-2 Distribution of Wheel Loads on Highway Bridges lowa State U 79512%*
12-3 Development of Waterproof Roadway Joints for Bridges Sw Research Inst 149,895+
12-4 Thermal Characteristics of Highway Bridges Sw Research Inst 102 400*
12-5 Protection of Steel in Prestressed Concrete Bridges I of Denver 173.255%




PROJECT
NO.,

Phase T completed—Report not to be publ.: Phase 1! research in progress
Completed—Report not publ.: ageney report available for purchase
Phase 1 completed—Report not publ.; agency report available for purchase

Phase [T completed—Rep. not publ.; agency report uvailable for purchase
Phase 1 completed—Report not publ.; agency report available for purchase

Completed—-Report included in NCHRP Report 67

Completed—Total project published as NCHRP Report 67

Completed-—Rep. not publ.; summarized in Summary of Progress Through 1972
Completed—Published as NCHRT Report 38

Cotupleted—Published as NCHRP Report 17
Completed—Published as NCHRP Report 34
Completed—Published us NCHRP Report 69

Completed—Published as NCHRP Report 46
Completed—Report included in NCHRP Repeort 103
Completed—Published as NCHRP Report 103
Completed—T'ublished as NCHRP Report 14
Completed—Published as NCHRP Report 43
Completed—Published as NCHRP Report 123
Completed—-Published as NCHRP Report 32
Completed—Published as NCHRP Report 23
Completed-——Published as NCHRP Report 168

Completed—Rcep. not publ.; summarized in Summary of Progress Through 1976

Completed—Published as NCHRP Report 144
Completed—Published as NCHRP Report 114
Completed—Published as NCHRP Report 88

Compleled—Rep. uot publ.; summarized in Summary of Progress Through 1972
Completed—Published as NCHRY Report 87

Completedd—Pubiished as NCHRP Report 92

Completed—Rep. not publ.; summarized in Summary ol Progress Through 1972
Completed—Published as NCHRP Repori 134

Completed—Published as NCHRP Report 94

Completed—DPublished as NCHRP Report 107

Completed—Rep. not publ.; summarized in Summary of Progress Through 1972
Completed—Published as NCHRT Report 72

Completed—Published as NCHRP Report 56

Completed—Published as NCHRP Report 119

Completed—Published as NCHRP Report 112

Completed—Published as NCHRP Report 126

Completed—Published as NCHRP Report 142

Completed—Report not publ.; agency report available for loan

Contpleted—Published as NCHRP Report 83
Completed—Report available only to sponsors
Completed—Rep, not publ.; summarized in Summary of Progress Through 1969

START- COMPLE-
ING TION
DATE DATE FPROJECT STATUS
09/16/74 2728577
9/3/74 12/31/75
L1/1/75 4/30/77 Research in progress
9/15/74 1/31/76
5/1/76 4730477 Phase 11 research in progress
1/1/75 12/31/76
9/1/74 5/31/76
17176 3/31/78 Research in progress
Fi15:75 2/15:77 Report in review stuge
971775 2/28/78 Research in progress
12/1/76 6/30/78 Research in progress
2:1/64 7/31/65
L1/1/63 5/30/67
14165 10/31:67
G163 6/30/66
11/1/71 6/30/73 Report in editorial and publication process
9/15/75 12/14/77 Research in progress
115 63 11/14/84
[1/4/63 2/1/66
71366 TEA14,767
13/22763 4/30/64 Completed  Published as NCHRP Report 5
10/15/64 10/16/65
2/1/64 2/28/65
5/1/65 2/28/67
1/15/64 1731463
41765 I0/7 66
2/1/68 /3170
271464 10/31/66
2/1/64 3/31/65
3/2/70 7/31/73
11/1/69 2/28/74
5/1/74 3/31/77 Research in progress
[2/1/76 11/30/77 Research in progress
T/1/65 4/30/67
9/2/68 2/28/69
10/1/68 3/31/69
9/16/68 4/30/69 No final report—Project terminated
12/1/68 5/31/69
9/15/68 4/14/69
9/2/68 11/28/69
10/1/68 3/31/69
10/15/68 1/15/70
3/15/69 12/1/69
3/15/69 9/15/69
2/24/69 8,/25/69
2/1/65 6,/30/66
11/1/66 12/15/67
10/1/68 12/31/69
9/2/68 2/28/70
7/1/69 2/28/71
10/1/70 5/31/72
4/1/74 7/31/75
2/1/65 6/30/67 Report included in Project 12-6 report
6/1/66 12/31/68
12/15/65 3/14/69
12/15/65 3/31/68
9/15/66 11/15/68

Completed—Published as NCHRP Report 90

B-11

8-12
8-12A
8-13
§-13
B-14
8-15
8-16
8-17

10-1
10-2
10-2A
13-3
10-3
10-4
10-4
10-5
k-5
10-54
[0-6
10-7
10-8

10-8
10-10
10-1t

11-1
11-1(1)
11-1(2)
11-1(3)
11-1(4)
1-1(5)
11-1(6}
1-1(7)
11-1(8)
11-1(9)
-1¢10)

11-1¢11)
11-2
11-53



TABLE 5 (Continued)

RESEARCH
AGENCY

CONTRACT
AMOUNT OR
CONTRACT
COST

PROJECT
NO. TITLE
AREA TWELVE {Continued)
12-6 Prediction of Permanent Camber of Bridges
12-7 Effects of Weldments on Fatigue Strength of Steel Beams
12-8 Bridge Rail Se1vice Requirements as a Basis for Design Criteria
12-9 Elastomeric Bearing Research
12-10 Analysis and Design of Bridpe Bents
12-11 Waterproof Membranes for Protection of Concrete Bridge Decks
12-12 Welded Steel Bridge Members Under Variable-Cycle Fatigue Loadings
12-13 Cathodic Protection for Reinforced Concrete Bridge Decks
12-13A Field Evalnation of Galvanic Cathodic Protection for Reinforced Concrete Bridge Decks
12-14 Subcritical Crack Growth in Steel Bridge Members
12-15 Detection and Repair of Fatigue Cracking in Highway Bridges
i2-15(2)  Retcofilting Procedures for Fatigue-Damaged Full-Scale Welded Bridge Beams
12-16 Tnfluence of Bridge Deck Repairs on Corrosion of Reinforcing Steel
12-17 Evaluation of Repair Techniques for 1Damaged Stecl Bridpe Members
AREA THIRTEEN: MAINTENANCE—EQUIPMENT
13-1 Eguipment Rental Rates
AREA FOURTEEN: MAINTENANCE—MAINTENANCE OF WAY AND STRUCTURES
14-1 Upgrading of Unit Maintenance Cost [ndex and Development of Interstate Maintenance
Regquirements
14-2 Techniques for Reducing Roadway Occupancy During Rouotine Maintenance Activitics
14-3 Improved Pavement-Shoulder Joint Design
14-4 Reconditioning Heavy-Duty Freeways in Urban Areas
AREA FIFTEEN: DESIGN—GEMNERAL DESIGN
15-1 Guardrai! Design
15-1(2} Guardrail Performance and Desipn
15-2 Design to Control Eroston in Roadside Drainage Channels
15-3 Rational Structural Analysis and Design of Pipe Culverts
15-4 Estimating Runoff Rates from Small Rural Watersheds
15-5 Dynamic Characteristics of Heavy Highway Vehicles
15-6 Development of Criteria for Safer Luminaire Supperts
AREA SIXTEEN: DESIGN—ROADSIDE DEVELOPMENT
16-1 Fffecis of Deicing Compounds on Vegetation and Water Supplies
16-2 Fvaluation of Research on Roadside Development
16-3 Erosion Control During Bighway Consfruction
AREA SEVENTEEN: TRAFFIC—SAFETY
17-1 Development of Improved Methods for Reduction of Traffic Accidents
17-2 Methods for Evaluating Hiphway Safety Tmprovements
17-2A Methods for Evalnating Highway Safety Improvements
AREA EIGHTEEN: MATERIALS AND CONSTRUCTION~——CONCRETE MATERIALS
18-1 Revibralion of Retarded Concrete for Continuous Bridge Decks
18- Use of Polymers in Highway Concrete
AREA NINETEEN: ADMINISTRATION—FINANCE
19-1 Budgeting for State Highway Departments
19-2{1) Develop Performance Budgeting Svstem to Serve Highway Maintenance Management
19.2(2) Develop Performance Budgeting System to Serve Highway Maintenance Management
19-2{3) Develop Performance Budgeting System to Serve Highway Maintcnance Management
19-2(4) Develop Performance Budgeting System to Serve Highway Maintenance Management
19-3 Economic Effects of Changes in Legal Vehicle Weights and Dimensions on Highways
AREA TWENTY: SPECIAL PROJECTS
20-1 Highway Research Information Service
20-2 Research Needs in Highway Transportation
20-3 Optimizing Freeway Corridor Operation Through Traffic Surveillance, Commuuication,
and Control
20-3A Optimizing Freeway Corridor Operation Through TraMc Surveillance, Communication,
and Control
20-38 QOptimizing Freeway Corridor Operation Through Traffic Surveillance,

Communication. and Control—Summary Reporting

U of Missouri
Lehigh University

Texas A &M

Battelle Mem Inst
PCA
Materials R& D

US Sicel

USS Eng & Consult
PCA

US Steel

Lehigh U

Lehigh U

Battelle Columbus
Battelle Columbus

Emst & Ernst

Tallamy Assoc

Byrd, Tallamy et al
Georgia Tech
Texas A&M

Cornel] Aero Lab
Sw Research Inst

U of Minnesota
Narthwestern U
Travelers Res Cen
Gen Mot Corp
Texas A &M

VPI
Western States
Utah State U

Cornell Aero Lab
ORI
Jorgensen & Assoc

U of Illinois
Lehigh U

Ernst & Ernst

Booz: Allen & Ham,

Ernst & Ernst
Jorgensen & Assoc
Jorpensen & Assoc
Wilbnr Smith

HRB
Tallamy—Smith
Texas A & M
U of Michigan

Patrick J. Athol

82,253%
199,023+
200,000+

28,793+

69,753+

84.800%
297.900%
206,025*
100,000
310,000
174.601%

75.000

99,923
100,000+
150,000
214,912

50,000

$ 22,800%

205,128*

200,000%
100,838%*
09,665

19,723#
280,000*
100,000+

97,300*

48,937~
299.902%
135,000%
147,254%

217,300%
100,000%
179,224

247,847 %
29,973*
08.403%

103,895+
300,000

45 000
6,000%
6,000*
6,000%

220,000%

96,728%

455.000%
98 760
394,016*
200,540t
505,631%
20,0004 1
31,116%




START- COMPLE-

ING TION

DATE DATE
2/1/67 4/30/72
10/1/66 1/31/70
771770 12/31/72
3/1768 2/28/69
1/2/70 6/30/71
9/1/67 1/31/70
1/1/70 12/31/73
8/1/70 3/31/73
7/15/73 6/30/78
10/1,70 10731575
10/1/72 7/31/74
8/1/75 7731778
10/1/72 §/30/74
10/1/72 /30475
6/1/76 8/31/78
9/1/74 11/30/77
1/15/76 11/14/77
2/1765 1/31/66
3/1/65 3/31/67
10/1/70 3/31/73
9/15/72 3/15/76
4/15¢74 3/24/76
12/15/65 671466
771767 B/31/70
51470 12/31/71
7/1/66 6/30,74
10/1/67 12/31/68
9/1/67 3/16/70
8/15/67 1/10/69
91467 8/31/68
3/1/66 4/30/72
10/1/67 3/31/69
11/1/73 6,/30,76
2/1/66 5/31/68
1/10/72 6/20/72
2/1,73 7/31/74
9/1/67 12/1/69
16/1/72 9/30/75
943767 9/4/68
9/2/68 10/31/68
9/2/6% 10/31/68
9/2/68 10/31/68
2/1/69 11/30/71
9/15/70 6/14/72
3/16,/64 10/31/67
4/1/66 12/31/67
12/15/66 1/31/69
1/1/67 12/31/68
11/20/68 5/31/71
1/1/69 12/31/69
9/27 /74

7,1/72

FPROJECT STATUS

PROJECT
NO.

Completed—Rep. not publ.; summarized in Summary of Progress Throngh 1975
Completed—Published as NCHRP Report 102
Completed—FPublished as NCHRP Report 147
Completed—Published as NCHRFP Report 86
Completed—TIublished as NCHRP Report 149
Completed—Published as NCHRP Report 109
Completed—Published as NCHRP Report 163
Completed—Punblished as NCHRP Report 165
Research in progress

Report in editorial and publication process
Report in editorial and publication process
Research in progress

Report in editorial and publication process
Report in editonial and publication process
Research in progress

Research in progress

Research in progress

Completed- ~-Published as NCHRP Report 26

Completed—Published as NCHRP Report 42

Completed—Published as NCHRP Report 161
Report in editorial and publication process
Report in editorial and publication process

Completed—Published as NCHRP Report 36

Completed—Punblished as NCHRP Reports 54, 115

Completed—Published as NCHRP Reports 118, 129

Completed-—Publ, as NCHRP Rep. 108; Ph. I rep. sum. in Sum. of Prog. Through 1973
Completed—Published as NCHRP Report 116

Completed—Published as NCHRP Report 136

Completed—Published as NCHRP Report 103

Completed—Published as NCHRP Report 77

Completed—Published as NCHRP Reports 91 and 170
Completed—Published as NCHRP Report 137
Report in review stage

Completed—Published as NCHRP Report 79
Contract terminated—mno report; research resumed vnder Project 17-2A
Completed—Published as NCHRP Report 162

Completed—Published as NCHRP Report 106
Report in editorial and publication process

Completed—Report not publ.; summarized in NCHRP Research Results Digest 20
Completed—working plan, not published

Completed—working plan, not published

Completed—Research continued as Project 19-2(4)

Completed—Published as NCHRP Report 131

Completed—Published as NCHRP Report 141

Completed—Informal poblication only; service is operational
Completed—Published as NCHRP Report 35
Completed—Resulis to be summarized in Project 20-3C report
Completed—Results to be summarized in Project 20-3C report

Project terminated uncompleted; no reports preparcd

12-6
12-7
12-7
[2-8
12-8
12-9
12-10
12-11
12-11
12-12
12-13
12-13A
12-14
12-15
12-15(2)
12-16
12-17

14-1

14-2
14-3
14-4

15-1
15-1(2)
15-1(2}%
15-2
15-3
15-4
15-5
I5-6

16-1
16-2
16-3

17-1
172
17-2A

18-1

19-1
19-2(1)
19-2(2)
19-2(3)
19-2(4)
19-3

20-1
20-2
20-3
20-3
20-34
20-3A
20-3B



TABLE 5 (Continued)

CONTRACT
PROJECT AMOUNT OR
o _ — RESEARCH CONTRACT
NO. TITLE AGENCY CUST
AREA TWENTY (Continued)
206-3C Summary of the Lodge Freeway Research Asriel Taragin 10,375
20-3D Summary of All Freeway Surveillance, Communication and Control Experience To Be Determined
20-4 Public Preference for Future Individual Transportation Chilton Research 195,260
National Analysts 83911+
20.5 Synthesis of Information Related to Highway Problems TRB 300,00048
20-6 Right-of-Way and legal Problems Arising out of Highway Programs TRB 7500084
20-7 Research for AASHTO Standing Committee on Engineering and Operations AR 100,000§
20-8 Interactive Graphic Systems for Highway Design Control Data 49,.672*
20.9 Socioeconomic Consequences of Right-of-Way Acquisition Induced RMC Res Carp 214,279
Resident Dislocation
20-10 The Benefits of Separating Pedestrians and Vehicles Stanford Res Inst 100,000
20-11 Toward Environmenta! Benefit/Cost Analysis—Measurement Methodology Poly of New York 100,000*
20-11A Toward Environmental Benefit/Cost Analysis—Measurement Methodology Cornell U 26,575
20-11B Toward Environmental Benefit/Cost Analysis: Energy-Flow Aualysis (Manual) — —
20-11C Toward Environmental Benefit/ Cost Methodology: Energy-Flow Analysis (Study — —
Design)
20-12 Effects of Air Pollution Repulations on Highway Construction and Maintenance Howard, Needles et al 89,000
20-13 Beneficial Environmentat Effects Associated with Freeway Construction Penn State U 49.965%
20-14 Monitoring Carbon Monoxide Concentrations in Urban Areas Techno! Serv Corp 99,973
20-15 Ecolorical Effects of Highway Fills on Wetlands U of Mass 149,925
20-16 State Laws and Regulations on Truck Size, Weight, and Speed R J Hansen Assoc 149,977
AREA TWENTY-ONE: SOILS AND GEOLOGY—TESTING AND INSTRUMENTATION
- Instrnmentation for Measurement of Moisture Res Triangle Inst 35,027*
- Instrumentation for Moisture Measurement- -Bases, Subgrades, and Farth Materials Sw Research Tnst 64,675
{Sensor Development}
21-2(2) Instrumentation for Moisture Measurement—Bases, Subgrades, and Farth Materials SUNY Bullalo 20,953
{Sensor Development}
21.2(3) Instrumentation for Moisture Measurement—DBases, Subgrades, and Earth Materials Sw Research Inst 150,000
{Sensor Evaluation?
AREA TWENTY-TWO: DESIGN-—VEHICLE BARRIER SYSTEMS
22-1 Concepts for Improved Trallic Barrier Systems Walter W. White 25,000%
22-1A Testing and Evaluation of Bridge Rail Concepts Texas A &M 40,000*
22-2 Tralfic Barrier Performance and Design Sw Research lnst 125,000*
80,000
22-2(2) Lower Service Level Highway Bridge Railings—Performance and Design Criteria Sw Research Tnst 195.000
223 Field Evaluation of Vehicle Barrier Systems Calspan Corp 25,000
22-3A Ficld Evaluation of Vehicle Barrier Systems Arthur L. Elliott 10,000

* Final contract cost.

+ NCHRP funds oblipated under the $314.340 four-way agreement among the National Academy of Sciences. Michigan Department of State Highways, Wayne County
and the City of Detroit.

tt NCHRP funds obligated under the $70,000 five-way agreement among Lhe Natienal Academy of Sclences. Michigan Department of State Hichways, Wayne County.
the City of Detroit. and the University of Michigan.




START-

ING COMPLE-
DATE TION PROJECT
DATE PROJECT STATUS N,
11/15/75 7/15/76 Completed—Rep. not to be publ.; agency report available for loan 20)-3C
— — Project in developmental process 20-30
5/2/07 1/21/69 (CRS) Completed—Published as NCHRP Reports 49, 82 20-4
5/2/67 1/2/68 (NA) Completed—Published as NCHRP Reports 49, 82 204
12/15/67 §% Research in progress: Topic reports published as NCHRP Syntheses 1 through 3% 20-5
11/1/68 §% Research in progress: Refer to Table 7 for publications 20-6
12/2/68 § Research in progress: Completed task reports published as NCHRP Reporis 148, 130, 20-7
157, 158; and as NCHRP Research Results Digests 55, 77
9/ 1/70 7/31/71 Completed—Rep. not publ.; summarized in Summary of Progress Through 1972 20-8
8/1/72 12/17/76 Report in review stage 20-9
8/26/74 4/30/76 Report in editorial and publication process 20010
SLiT2 5/31774 Compleied—Rep. not publ.; agency report available for purchase 20-11
91475 18/30/76 C.ompleted—Rep. not publ.; agency report availabte for purchase 20-11A
— — Contract pending 20-11B
— — Contract peruling 20-11C
20-12
4/1:74 7/31775 Report in editorial and publication process 20-13
9/3/74 8/2/75 Report in editorial and publication process
107176 1/31/78 Research in progress 20-14
1271776 11/30/78 Research in progress 20-15
10/11/76 1/11/78 Reseurch in progress 2016
R/25/6Y9 2/24/71 Completed—Published as NCHRP Report 138 21-]
271/72 1/31/74 Completed—Report not to be publ.; 1o be inctuded in Project 21-2(3) report 21.2
4/1/72 9/30/73 Completed-—Report not 1o be publ.: 1o be included in Project 21-2(3) report 21-2(2)
9/3/74 31777 Research in progress 21-2(3)
10/1/70 12/31/71 Completed—Rep. not publ.; summarized in Summary of Progress Through 1972 R
3/1/74 5/30/75 Report in editorial and publicalion process 22-1A
1/1/72 9/30/73 Init. phase completed—Findings incl. in report on Task 1, Phase I1 22-2
10/1/73 3/31/75 Task 1 rep. sum. in NCHRP Res. Results Digest 84; Tuask 2 rep, publ. as NCHRP 22-2
Report 153
®AA/T6 Ti3L/TR Rescarch in progress 22-2(2)
1/1/74 2/15/75 Completed—Rep. not publ.; summarized in NCHRP Research Results Digest 76 22-3
7/1/74 12/31/74 Completed—-Rep, not publ.; summarized in NCHRP Research Results Digest 76 22-3A

& Continuing activity supporied at the anoual amount shown.
§§ Comtinuing activity supported in FY 77 at amount shown.
it Texas A & M Universily Research Foundation w date.
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TABLE 6

AGENCY DISTRIBUTION OF FY ‘63 THROUGH
'Y "17 PROJECTS

PROJECTS AND
CONTINUATIONS

TYPE OF AGENCY NO. 6
Educational institutions a5 RE:S
Rescarch institutes 54 21
Industry, consultants, and

trade associations 94 37
Professional societies and

service organizations 5 2
State highway and transpor(a-

tion departinents 3 =1
Special transportation and other

governmenial agencies 1 <1
All 252 100

KEEPING TRACK OF RESEARCH IN PROGRESS

A professional staff is assigned to NCHRP by the Roard.
Projects c¢ngineers with individual speclalties and training
i the broad areas of physical research, traffic planning, and
special projects rescarch are responsible for administrative
and technical surveillance of the contracts. In addition to
reviewing quarterly progress reports and monthly progress
schedules, and maintaining telephone contacts. each proj-
ecls engineer visits his assigned rescarch agencies through-
out their contract periods. He discusscs with each principal
investigator his project's status to learn jf the rescarch is
being pursued in line with the approved research plan.
Finally, the projects engineer and uppropriate project panel
evaluate the completed rescarch to determine the degree of
technical compliance with the contract.

SYSTEMATIC PLANNING FOR GETTING RESEARCH
RESULTS FROM NCHRP PROJECTS INTO PRACTICE

Promoting Useful Results

Previous reference has been made to the fact that many
activities take place between initiation of research programs
and cxecution of research contracts, Many additional oncs
tukc place up through formal publication of the final
reports. At the milestones of the systematic process de-
signed to accommodate these activities, NCHRP takes
advantage of all opportunitics to increase the odds for
acquiring useful research resuits and to increase the prob-
ability that useful results will ind their way into practice
more quickly. Beyond the sponsor's first weighting of the
odds by setting the goals for a program of applied re-
search dedicated to solving pressing operational problems,
the NCHRP tries to further weight the odds favorably by
concentrating on:

® Establishing the apency and personnel qualifications
that are mandatory if the goals are to be achieved. Empha-
sis is placed on the importance of a record of successful
past performance in endeavors similar to those to be under-

taken. Further, it is also stipulated that proposals are not
acceptable if they do not contain specific statements as to
how the contemiplated results can be used to iinprove prac-
tice.

* Utilizing persons who are not only experts in the par-
ticular problem area but who alse have a complete under-
standing of the nceds of the practitioners to define the
research problem and its objectives in the form of a precise
project statement on which fully responsive research pro-
posals can be based. Experts drawo from the highway and
transportation departments play a major role in this task.

¢ Exercising cxtreme care in the process of sclecting
research agencies (o ensure not oniy that the proposed re-
search plan is the best possible in addressing the specifics
of the objectives but that it also culminates in the best
promise for providing the practitioner with a product that
is both usable and readily implementable.

® Establishing—on the basis of staff aod project panel
review of and suggested modifications 1o the research plan
—-a clear meeting of the tinds as to what specifically is
expected front the research and the personnel carrying it
out in order to meet the needs of the practicing engineer.

* Acquiring an amplilied research plan that is intended
10 detail comprehensively the approved rescarch plan and
to include a specific schedule of events for the major tasks.
This document is uscd by the staff in the day-to-day surveil-
lance of the project’s progress and by the project punel
as required.,

® Carrying out project surveillance suflicient to keeping
the research in line with the approved research plan, con-
stantly Keeping the rescarchers aware of the necds of the
practicing engineer. and insuring that all project develop-
mients through flinal reporting center around these needs,

* Requiring research reports in a format that is designed
specifically to first meet the needs of the busy administrator
and the practicing cngineer. Different trealment is given to
the material that would be of interest to other researchers.

NCHRP Reporting of Research Results

In an applied rescarch program such as the NCHRP, the
sponsor rightfuliy expects not only results that arc accurate
but also findings that can be readily put into practice. This
means that the final research reports must be presented in
language understandable to both administrators and engi-
neers and in such Tormat as to permil casy assimilation.
Too many of today's research reports are frequently so
clouded by ohscure language and format that the reader
must spend precious time and effort in translating them into
concise and readily usable working documents,

Research agencies for the NCHRP are required to report
their results tn a form that succincetly summarizes the find-
ings for the busy administrator and likewise informs the
practicing engineer of the application of the findings, Thesc
objectives are accomplished through a “'Summury of Find-
ings,” and a chapter on “Interpretation, Appraisal, and Ap-
plication of Results.” The detailed research techniques and




analyses in which a researcher would be interested are pre-
sented in appendices and do not have to be lahored through
to extract the findings. The Program spccifies style and
organization of all reports to guide the researcher in his
writing so that maximum use by the sponsors may be
obtained.

Prior to publication, extraordinary measures are taken to
ensure that vseful research resunlts are made immediately
available to the appropriatc operations personnel in the
state organizations. One means consists of forwarding to
thern copies of the research agency drafts of final reports.
According to the urgency of the particular circumstances,
these drafts may be either uncorrected or corrected on the
basis of an acceptance review. Several copies of unedited
drafts of the agency reports are retained until formal pub-
lication in either of the two regular NCHRP series {Reports
or Syntheses of Highway Practice) and azre available. on
a loan basis, to others having an interest in the research.
Once published in their entirety, the drafts arc destroyed.

After publication in the NCHRP series, each report or
synthesis is sent immediately to the chief administrative
officer of each highway or transportation department.
Then, through the Transportation Rescarch Board's selec-
tive distribution system. copies go automatically to aboat
100 libraries, Board representatives in the state highway
and transportation departments, educational institutions.
liaison represcntatives, appropriate panels and committees
of the Board, and individual members who have selected
publications in the particular subject area of the report. As
a furither means of disseminating the research reports, an-
nouncements of their avatlability are made to the trade
press. Each of these reports contains a staff-prepared fore-
word that directs the attention of the busy rcader to the
persons who would be most interested in the results and,
also, to how the results fit into present knowledge and prac-
tice. Also, during the conduct of the work, periodic
progress reports are prepared by the staff and sent to cach
of the highway departments as a measure of providing a
current awareness of on-going work, In addition, the
Board's Technical Activities Staff personnel follow the
progress of the work throughout its conduct and conse-
quently are able to discuss application of the research re-
sults with the highway engineers during their various state
highway and transportation department visits. Further-
more, AASHTO has provided the NCHRP with annual
opportunitics for staff and project researchers to go before
the various committees of the Association lo present the
findings of their particular research and the usefulness of
these findings to the practicing highway engineer. Research
findings not published in the NCHRP series are summarized
m a subsequent NCHRP Susmunuary of Progress report,
issued annually each January., On an interim basis, the
findings are sometimes reported in a Research Resudts Di-
gext, described next.

Another means for bringing research findings hefore the
practicing cngincer was instituted in December 1968 with
the first issue of NCHRP Research Results Dipest—a series
of flvers being published at frequent intervals, These Di-
gests are being issued in the interest of providing an early
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awareness of the research results emanating from projects
in the NCHRP. By making these results known as they are
developed and prior to publication of the final reports in
the regular NCHRP scries, it is hoped that their early use
in practice will be encouraged. For the most part, each
Digest is intended to be very brief in summarizing specific
findings—they do not deal with rescarch methodology—
and require the reader to expend very little time in deter-
mining how the research results may be of use to him. The
hasic format is couched in terms of the problem and the
solution to it, the findings, and applications. Operations
personne! should find them of direet assistance fn serving
the intermediary, or interpretive, position between research
and operating personnel, for each Digest speaks directly to
the vital factors of::

®» Whether the rescarch stands alone or whether it has to
be combined with results from other research in order to
be useful.

® Whether the results are defined explicitly enough to
permit direct application to practice.

®* Whether the results have to be translated into the
working tools with which the practicing engineer is familiar.

* Whether the research findings have becn cvuluated
sufficiently to make some reasonable determination of the
probability of their success when applied to practice.

IMPLEMENTING RESEARCH RESULTS

In recent ycars there have been several opportunities for
the Program and various AASHTO committecs 1o work
together to structure the rescarch findings into the best
possible form for immediate use by the practicing enginecr.
Such joint efforts are highly desirable and represent the
ultimate in the steps that the Program can take to weight
the odds in favor of implementation of the findings. Be-
yond that point, only final reporting remains, and it is up
to the sponsor to impiement the findings. Without steps in
this direclion, research with gold-plated results may just as
well have been totally unsuccessful--the end result is the
sume, Only if the results get around and arc used can it
be said that AASHTO truly is capitalizing on its investment
in a rescarch mechanism that has been demonstrated to be
cost effective.

In summary, then, it should be cvident that the NCHRP
normally possesses only indirect means for promnoting im-
plementation of rescarch results; there is little opporiunity
for more direct discourse with the sponsor by which imple-
mentation nay be promoted. Every possible opportunity is
therefore taken all along the way to capitalize on the in-
direct mcans to the fullest extent. There has been steady
improvement as regards the usefulness of NCHRP prod-
ucts, and this situation is cxpeeted to maintain its trend as a
result of increased Program stability pained from cxperi-
ence. It is hoped that there will be a corresponding rise of
user interest that will be rcflected by increased utilization
of NCHRP research results.
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EXAMPLES QF UTILIZATION OF
NCHRP RESEARCH RESULTS

Many instances have come to light regarding use of
research results from NCHRP projects. There are un-
doubtedly many other uses of results that are unknown
to the Program. I[n the interest of all potential users, the
Program will be grateful for any information on actual

EXAMPLES OF UTILIZATION OF NCHRP RESULTS *

NCHRP WCHRY
PROJECT PUBLICATION USER
-1 Reports 2, 2A Illinois Div. of
Hwys., Bur. of
Res, and Devel,
Connecticut Dept. of
Transportation
1-2 Report 7 New York Dept. of
Transp.
Tallamy, Byrd,
et al.
1-3(2) Report 22 Connecticut Dept. of
Transportation
1-303) Report 35 Connecticut Dept. of
Transportation
I-4 Report 10 Connecticut Dept. of
Transportation
1-4(2) Report 30 Connecticut Dept. of
Transportation
1-5 Report 21 Connecticut Dept, of
Transportation
1-5(2) Report 76 North Dakota State
Highway Dept.
Connectlicut Dept. of
Transportation
1-7 Report 37 Nal'l. Hwy. Safety
Bur.
92nd Congress,
151 Sess,
Connecticut Dept. of
Transportation
1-8 Agency final Consultant for USN
report and USAT
1-9 Report 61 California Div. of
Hwys,
Connecticut Dept. of
Transportation
1-10 Agency final Consultant for USN
report and USAT
1-11 Agency report U.5. Forest Service

application of results and associated cost savings. This will
be reporied as below with the hope that widespread interest
will result on the part of the member departments of
AASHTO and that, consequently, research results will find
their way more quickly into policies, practices, procedures,
specifications, and standards of the highway and transporta-
tion departments.

HOW USED

In studies of cxisting pavements and of the rchabili-
tated AASHO Road Test project at Ottawa, Ili. Par-
ticular use made of recommendations for experi-
mental designs, measurcment programs, and data
processing analysis.

To design experimental pavement projects.

To develop a Aexible pavernent performance equation;
in use as of June 1968.

In study of highway maintenance quality levels for
Ohio Dept. of Hwys.

In evaluating flexible cxperimental pavements.

In evaluating flexible experimentat pavements.
In analyses of data from experimental pavements.
In evaluating Nexibie experimental pavements.
In evaluating flexible experimental pavements.

Major equipment purchase was based on successful
use of similar cquipment in conduct of project.
[n evaluating flexible experimental pavements.

In preparation of a Highway Safety Program Manual
for issuance 1o the States.

House of Representatives subcommittee hearings on
highway safety and skidding.

As justification Lo cslablish skid test program: in Con-
necticut.

Dcvelopment of a new approach to pavermment design
for heavy aircraft loadings; used for redesign of the
Salt Lake City runway to accommodate B747 air-
craft and in design of the runway, taxiways, and
aprons at Air Force Plant No. 42 near Palmdale,
Calif., where the design load is one million pounds
{gross} from the B2707 (SST) configuration.

In evaluation of proposed State legislation regarding
use of studded tires.

In providing documentation for studded tire legisia-
tion,

Sce Project 1-8.

In preparation of an Engineering Technical Report
evaluating several commonly accepted pavement
design methods, as to their applicability for the
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

NCHRF NCHERP
PROJECT PUBLICATION
1-12 —
Report 154
1-12(2) —
Report 151
1-12(3) —
Agency report
i-14 Agency final
report
2-5 Reports 13, 111
2-5A Report 111
2-6 Report 63
2-12 Agency final report
and Report 111
3.2 Reports 9, 29
3-4 Reports 6, 40
3-5 Reports 3, 32,

73,124

USER

HOW USED

AASHTO

92nd Congress,
1st Sess.
Connecticut Dept, of
Transportation
92nd Congress,
1st Sess.
Connecticut Dept. of
Transportation
92nd Congress,
1st Sess.
New York Dept. of
Transportation

Va. Dept. of Highways

One State
{unknown)

AASHTO

Woodrow W,
Rankin, 1.T.E.
E. L. Grant and
W, Grant Ireson
Federal Supply Service,
Genl. Serv. Admin.
[linois Div. of
Hwys., Bur. of
Traffic

California Div. of
Hwrys.

Dist. of Columbia,
Dept. of Hwys.
and Traffic

Minnesota Dept. of
Hwys.

California Div. of
Hwys.

design of pavement systems for Forest Service
roads.

Partly published as Interim Guide for Design of Pave-
ment Structures, 1972

House of Representatives subcommittce hearings on
highway safety and skidding.

As background information on skid-testing program.

Sce Project 1-12.
As background information on skid-testing program.
Sce Project 1-12.

Will lean heavily on the suggestions presented when
purchasing or altering skid trailers and when modi-
fying operational procedures.

Safety Committee reviewed agency recommendations
for improvements at high accident site with resulting
request for FHWA approval as an Interstate Safety
Project.

To replace outdated material in AASHTO book, Urban
Freeway Design,

In draft of proposed AASHTO publication, 4 Policy
on Arterial Highways in Urban Areas.

In preparing texthook on traffic engineering.

In textbook, Principles of Engineering Economy.

Vehicle operating cost data applied in review of Govt.
employee automobile costs.

In a FAl 80 Motorist Communication projcct. Also,
more emphasis is being placed on the influence of
pedestrians on signal timing, because signals in the
small citics are almost always in the CBD wherc
there are many pedestrians.

Source of background information for highway and
law enforceinent officials facing problem decisions
on location of disabled or stopped vehicles.

Increinental travel cost technique applied to a com-
prehensive determination of the existing effective-
ness of operation in the D.C. traffic signal system.
Annual incremental travel costs in the D.C. system
were estimated and used in a benefit/cost analysis of
traffic signal systcm improvement alternatives.

Steps taken toward implementation of the delay dif-
ference offset technique in an existing signal net-
work.

Source of information to supplement and improve the
cffectiveness with which the Division can carry out
its program of reducing delay to the motorist. Also
of value in designing innevative signals; in fact, the
Division engaped the principal investigator on a
consulting basis to help simulate different levels of
traffic for a project under design in Riverside
County.
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NCHRP
PROJECT

WCHRE
PUBLICATION

3.7

Agency final
report

Reports 78, 117
and “Illustrative
Recording of
Traffic Nois¢™

USER

EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

HOW USLED

_G 0(;(1(; ll,—Grivas

and Assoc.

Hwy, Dcpts., FHWA
offices, universities,
consufting firms,
County Bd. of
Educ.

Georgia State Hwy.
Deept.

Minnesota
Legislature

Virginia Dept. of
Hwys.

Arizona cons. firm

Natl. Assn, of
Homebuilders

Missouri State Hwy.
Coinm.

Federal Highway

Administration

Louisiana Dept. of
Highways
AASHTO

Obtained contract to use model described in report on
a network in Detroit.

Demand for the tape has beeo large, and loan copies
have been circulated widely.

Although the principal use of the tape has been edu-
cational in nature, one County Board of Education
was so impressed with the noise differential between
the open and closed window situation that con-
sideration was given to installation of air con-
ditioning and sterm windows for school buildings
adjacent to freeways.

Noiso design guide used in design of the urban freeway
system,

For demonstration purposcs in hearings by House
Transportation Committee, and Senate Highways
and Natural Resources and Environment Commit-
tees. Both Senate committees took favorable action
on a Truck Noise Control bill patterned after the
California law.

To cvaluate noise for several proposed highways and
to make subsequent explanations to the public on
the impact of the noise on the community. One
instance involved I-195, a six-lane depressed high-
way in a residential area of Richmond, Using the
computer program from Report 78. peak-hour traf-
fic was used to project the noisc levels; comparisons
wero made with actual rcadings taken in the area.
Another case involved projecting noise levels on
I-66 in the vicinity of Washington, D.C., to deter-
mine if they would be within an acceptable linit.
Revisions were made in the cross sections where the
estimates exceed the acceptable limit. The Depart-
ment estimates that almost $18,000 was saved by
doing the evaluation work in-house, rather than
contracting it. Annual savings of $50,000 to $75,000
have been forecast in the instance of standard
gvaluations of major projects.

In design and location of a 4.5-mile segment of I-10
(Papago Freeway) traversing a high-density area of
downtown Phoenix. Recommendations made are
expected to suhstantially reduce the noise levels in
the areas adjacent to the Freeway.

In development of a Builders’ Acoustical Manual that
includes guidelines for prediction of site noise due
to traffic.

Highway traffic noise simulation program used to es-
tablish noise projections on new project designs.

In developing highway noisc level standards PPM 90-2,
“Interim Noise Standards and Procedures for Tm-
plementing Section 109(1) 23 U.S.C.”

As primary texts in a “noise school” for parish
fcounty) engineers.

As source documents for new {1974) publication,
“Guide on Evaluation and Attenuation of Traffic
Noise."”
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25

NCHRP
PROJECT

18

39

3-12

3-13

3-15
3-16

3-18(1)

HOW USED

NCHRP
PUBLICATION USER
Report 117 Howard, Needles,

Agency final report
draft
Agency final report

Reports 78, 117, 144

Report 50

Report 84

Report 123

Agency report

Report 93

Film, “Relief for
Tired Streets™

Apency report

Agency final
report

Agency interim

report

Agency final report

Tammen & Bergendoft

Express Hwy. Res.
Foundation (Japan)

Colorado Dept. of
Highways

Minnesota Dept. of
Highways

Environmental Protec-
tion Agency

National Bureau of
Standards

Maryland-Natl. Capital
Park and Plan,
Comm.

Connecticut Dept, of
Transportation

Orange Co, (Calif.)
Traffic Eng.
Council

[Mlinois Div. of
Hwys., Bur. of
Design

Connecticut Dept. of
Transportation

California Div, of
Hwys.

Transp. Systems
Center
Street Name Signing

Comm., ITE
City of Waco, Tex.

New York Dept. of
Transportation

Consultant
FHWA

City of Lincoln,
Nebraska

New Zealand Ministry
of Works

The model for predicting highway traffic noise was
validated under contract to a state highway depart-
ment.

Abridgment (8 pp.) published in Apri! 1972 issue of
Expressways and Auwtormobiles (in Japanese},

A projected noise study is based on a U.S. DOT pro-
gram that was developed direetly from this report,
which is considered to represent the best study pro-
cedure from available empirical and theoretical re-
search on highway noise.

Predictions for use in design of 1-35W noise barrier in
south Minneapolis.

In evaluating alternatives for truck nocise emission
regulations.

Published a form of the Noise Prediction Nomogram
adapted to an “L-equivalent” ineasure.

Found to be useful and quite accurate as 4 tool in
preparation of land-use plans.

As a basis for noise analyses.

Extensive use as the best available source of informa-
tion for preparation of warrants for the installation
of protective devices at rail-grade crossings.

In a continuing program toward grade crossing safety,
with particular use scen {or the portion dealing with
crossings where [flashing light signals—with or
without gates—are not warranted,

Source reference for Ruilroad-Highway Safety Grade
Crossing Program.

Recommendations being used on the Freeway Sur-
veillance and Control Project {Los Angeles), in-
volving expenditure of about $8 million in three
vears,

Infoermation on fixed highway signing principles was
particularly helpful in providing control signals to
pilots at Kennedy International Airport (New York),

As background information in review of street name
signing applications to meet motorists’ needs.

Plans to incorpeorate in subdivision and zoning regu-
lations many of the controls recommended as a
means of attempting to protect facility capacity
and safety,

To encourage municipalitics in the State to upply
traffic engineering solutions to their congestion
problems,

Using nomographs and incorporating the research find-
ings into some current projects.

As support material in resolving an operations prob-
lem.

In design of a digital computer-controlled traffic con-
trol system to supervise 250-300 signalized inter-
sections.

To reduce bardware costs by applying greater software
capabilities to computer-controlled traffic signal
operations,
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continucd)

NCHRP NCHRP

PROJECT PUBLICATION

3-20 Agency report

4-3 Reports 12, 135,
63, und 66

4-6 Reports 74, T4A,
74B

4-11 Agency interim
report

5-4 Report 20

57 —

Report 130

0-1 Report 19

6-2 Report 4

6-3 Report 16

6-4 Report 23

6-5 Report 27

USER

HOW USED

New York State
Dept. of Transp.

T'HWA

ASTM

Connecticut Dept, of
Transportation
Federal Aviation Admnin.

State Highway and
Transportation Ma-
terials Engineers

U.S. Forest Service

AASHTO Stdg, Comm.
on Engrg. and Opers.

Ohio Dept. of
Hwys.

Org. for Economic
Coop. and Devel.,
Res. Group C-8

California Div. of
Hwys.

Connecticut Dept, of
Transportation

California Div. of
Hwys.

Connecticut Dept. of
Transportation

California Div, of
Hwys,

Natl. Flaxseed
Processors Assi.

Connecticut Dept. of
Transportalion

Towa State Hwy.
Comm.

California Div.
of Hwys.

As background and design evaluation for a centralized
computer traftic surveillance and control system in
the Northern Long Island Corridor.

To develop interest in warrant improvement within
Signals Subcommittee of National Advisory Commit-
tee on Uniform Traffic Control Devices.

Basls for development of C671, “Tentative Method of
Test for Critical Dilation of Concrete Specimens
Subject to Freezing,” and C682, “Resistance of
Aggregates to Freezing.”™

As backup in developing paint systems lor highway
bridges.

Tentative guidelines for selection and installation of
plastic pipe were used to reduce titne and funds re-
quired for a rescarch project on plastic pipe for
airport drainage.

On basis of advisory pancl member comments that
information in report would be useful to practicing
engincers, teport was distributed 1o members of
AASHTO Operating Sub-Committce on Materials.

Distributed to cach regional office on basis of head-
quarters office determination that it will prove of
use to cngineers involved in design of road and
sanitary sewer projects,

Input (with Report 77, Proj. 15-6} to the March 1569
publicaticn, Informational Guide to Roadway Light-
ing.

Reference source of current and complete information
on individual delineation techniques.

In preparing report on Visual Effectiveness and Dura-
bility of Road Markings, Reflectors, and Delinea-
lors,

Source material and bibliography simplified literature
scarch and saved much valuable timec. Results in-
corporated in planning and design of new projects.

in developing deicing chemical policy.

See Project 6-1,
[n developing snow and ice policies,
See Project 6-1.

Advertising (Civil Eng., Teb. 1966) highlighting re-
search results in stating . . . considering both the
economy and performance, the best results by far
were obtained by vegetable oil, and particularly lin-
seed oil solutions.”

In developing treatments to prevent deterioration of
potdand cement concrete bridge decks,

Constructed a bridge with galvanized reinforcing bars
in one-half of the deck. This follows the recommen-
dations to the effect that more field evaluation is
required of zinc, nickel, and asphalt-epoxy coatings.

See Project 6-1.
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

NCHRP NCHRP
PROJECT PUBLICATION USER HOW USED
6-8 Report 1 California Div. See Project 6-1.
of Hwys,
U.S. Park Serv. Techniques used by consulting enginecring firm for
deck repair of Memorial Bridge, Washington, D.C,,
depended heavily on reported results,
5-10 Agency reports California Div. of In preparation of plans for twoe sections of USS(G
Hwys, from Riverton to the Nevada State line, Design
consideration given to those factors considered vital
to increased safety and reduced maintenance at in-
terchanges under the adverse conditions of snow
and ice.
Report 127 Connecticut Depi. of As source reference for snow and ice policy.
Transportation
Report 127 and New York Stale Dept. Region 5 duplicated a loan set of 35-mm slides illus-
35 mm slides of Transp. trating Appendix J for showing at Region meetings.
They have proven helpful for both design and
maintenance activities.
7-4 Report 89 Illinois Drept. of Findings have been found useful, and practice has
Transp., Bur. of been modified to conform with them,
Planning
7-7 Report 64 Chio Dept. of Implemented several recommendations pertaining to
Hwys. rest areas with maps and other information of in-
terest to motorists, signing conformity, service pa-
trols, patrol aircraft, and medicopter service.
7-4 Report 133 Connecticut Dept. of As a basis for noise analyses.
Transportation
7-10 Agency interim Oregon County Transit  In preparation of an energy contingency plan.
report Dist.
Agency final report T8, Environmental To brief members of Senate Public Works Committee
Protection Agency on the state of the art of transportation controls,
8-3 Agency final Arizona Hwy, Source material for decisions baged on consumer sen-
report Dcept. sitivity to the various factors considered in trip
making.
8-4 Report 96 Univ. ol Wisconsin, As a text in short course on Urban Transportation
Dept. of Enginecr- Planning.
ing
8-5 Report 121 Univ. of Wisconsin, As a text in Trafic Engineering Seminar.
Dept. of Enginecer-
ng
4-8(3) Agency mterim Towa State Hwy. Comm.  In development of an action plan in conformance with
report FHWA PIPM 90-4.
Delaware Dept. of In development of an action plan in conformance with
Hwys. and Transp. FHWA PPM 90-4.
Agency final New York DOT, Transp. In preparation of a synthesis report giving hackground
report Planning Div. to regional personnel responsible for citizen partici-
pation. Also useful in development of NY State
Action Plan,
FHWA Assisted in development of PPM 90-4.
Michigan DOT Assisted in preparation of the state’s Action Plan.
Report 156 Nat'l. Inst. for Road In developing similar procedures in South Africa.
Research, South
Africa
Comnnecticut Dept. of In preparing environmenial impact statements.
Transportation
8-11 Apency final mois Department of Pottions incorporaicd into @ manua! on assessment of

report

Transportation

ecological impacts from highways for distribution Lo
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

NCHRP NCHRP
PROJECT PUBLICATION
8-12 Agency final
report, Phase [
9-3 Report 38
10-1 Report 17
10-2 Report 34
FO-2A Report 64
10-5 Reports 14, 13
10-6 Report 52
10-8 Agency final
report
10-9 Res. Results
Digest 48
1-1(6) Report 92
11-3 Rcport 56
12.2 Report §3

USER

TFTHWA

Ford Motor Co.

North Dakota State
Univ.

Iinois Div. of
Hwys., Bur. of
Materials

Connecticut Dept. of
Transportation

linois Div, of
Hwys., Bur, of
Materials

Connecticut Dept. of
‘I'rznsportation
Connecticut Dept. of
Transportation
Mlinois Div. of
Hwys., Bur. of
Res. and Devel.
Pennsylvania Dept. of
Transportation

U. of Minnesota and
Minnesota Dept. of
Hwys.

New Mexico State
Hwy. Comm.

Indizna State Hwy.
Comm., Land
Ac. Div.

[llinois Div. of
Hwys., Bur. of
Rt.-of-Way

California Div. of
Hwys.

HOW USED

district engineers and others doing work for the
department,

By regional transportation planners to provide tech-
nical support to the states.

Saved countless hours of search and survey by state-
of-the-art section on highway joint and crack scal-
ing materials and methods. Useful in further un-
derstanding various design, construction, and main-
tenance problems, in analyzing specific failures, and
in adapting future developments in highways to
their indnstrial and other roadway problems.

Basic text for a course in statistical quality control
taught 1o both undergraduates and a sizeable num-
ber of engincers, the majority of the latter being
highway department employees.

In conjunction with FHWA sigma bank, and data de-
veloped by our feld testing, to develop special pro-
visions covering statistical acceptance of bituminous
concrete pavement.

As reference by Specifications Division.

In conpjunction with supplementary materials, as a
basis for recommending and/or limiting stockpiling
methods to be included in the policy being de-
veloped for aggregate inspection and acceptance.

In developing statistical specifications.

In establishing nuclear density and moisture lests in
soils,

Considering a trial of recommendation for use of nu-
clear pellet technique for measuring pavement thick-
ness,

The Ohio State nltrasonic gauge, several eddy current
proximity gauges, and additional pachometers will
be used with the new statistically based acceptance
specifications to reduce over-all construction costs.

In serminars conducted throughout Minnesota to train
city and county personnel in use of the pavement
surface condition rating system.

In scttling negotiations for purchase of an airport.

Rated as “excellent.” Requested extra copies for use in
development of new work in arca of responsibility.

Most of the principles set forth have been in practice.
F.and Economic Study unit will conduct a study ac-
cording to the report reccommendation for one
method ol analysis of the value of scenic easements.

Own research project on “Analysis, Design and Be-
havior of Highway Bridges” used both basic knowl-
cdge and cxample of a well-devised rational ap-
proach to further simplify the proposed formulas
and criteria recommended as revisions to the
AASHTO Specifications, and to consolidate and
authenticate the proposed criteria by furtber model
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NCHRP RESULTS (Continued}

L'SER

HOW USED

NCHRP NCHRP
PROJECT PUBLICATION
12-5 Report 90
12-7 Report 102
Report 147
12-8 Report 86
1341 Report 26
14-1 Report 42
15-1 Report 36
15-1{2) Report 54

California Div. of
Hwys.

Naval Ship Res. and
Devel. Lab.

Illinois Drept. of
Transp., Bur. of
Dresign

Connecticut Dept. of
Transportation

AASHTO

Connecticut Dept. of
Transportation
American Railway
Engineering Assn.
Canadian Stds.
Assn.
Connecticut Dept. of
Transportation
Delaware State
Hwy. Dept.

Minnesota Dept.
of Hwys.

Washington State
Hwy. Comm,
Ohio Dept. of Hwys,

Connecticut Dept. of
Transporlation
Commercial irm

Federal and State
agencies

American Iron
and Steel Inst.

Minois Div. of
Hwys.

and prototype verification of analytically obtained
values.,

Confirmed the Division's present practices, gave reas-
surance that its long-term investment in prestressed
concrete structures is sound, and answered the ques-
tion as to practicability of protective coatings.

Limited portions used in a technical report entitled
“Somc Observations on the TFatigue Behavior of
Specimens and Structures.”

Findings have been found useful, and practice has
heen modified to conforin with them,

To change bridge design paramcters in order to reduce
fatigue cracking.

Fatigue specification recommendations were adopted
in total in the 1974 Intecrim AASHTO “Standard
Specifications for Highway Bridges.”

To accomplish design modifications in bridges intended
to reduce fatigue cracking.

To develop meodifications to fatigue provisions in
AREA Specifications (1975}.

Committee on Design of Highway Bridges used results
in updating standards for bridge railing loads.

To provide backup information for current bridge-rail
design.

In a study of highway maintenance management, Ad-
vanced Management Planning, Inc., recommended
use as a guide in establishing equipment rental rates.

Of considerable assistance to the investigators in the
Maintenance Program Budget Pilot Study. which
includes a determination of the sets of road charac-
teristics to which quality and quantity standards
codes should be assigned.

In develocpment of a unit maintcnance expenditure
index for the State.

In a study to develop a forecast of maintenance needs
for the 1970-80 decade and coinpare it with the
trends in highway maintenance needs for the U.S.
as a whele and for the Northeast region in par-
ticular.

[n establishing Mainlenance Management System.

In formulating a design for a new fiberglass guardrail
system.

In planning. design, construction, maintenance, re-
placement of guardrails and median barriers.

Rccommendations on  standardization of guardrail
bardware by the Highway Task Force of the Insti-
tute’s Sheet Comimittee to include use of the flat
washer iilustrated on page 29 of Report 54.

Included in highway design policics and standards by
Bur. of Design. New Bur. of Maintenance stan-
dards for guardrail and median barriers adapted
from report. Bur. of Traffic comments highlight
Design Manual or Highway Standards arcas that
could be improved by the findings; the warranting
of trial installations of various types of median bar-
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Conrinued)

NCHRP

PROJECT

15-4

15-6

NCHRP
PUBLICATION

Report 115

Report 118

Report 108

Report 108 and
agency final report
draft

Report 108 and
agency final report

Report 136

Report 77

USER

HOW USED

Nevada Dept. of
Hwys.

Illinois Dept. of
Transp., Bur. of
Design

Connecticut Dept, of
1 ransportation

New York State
Dept. of Transp.

Connecticut Dept.
of Transp.

Wisconsin Dept. of
Transp.

Kunsas State Hwy,
Commission

Minnesota Dept. of
Highways

Colorado State Dept.
of Hwys.

Soil Consery. Sery.,
L.S. Dept. of Agr,

Hydraulics Branch,
Bridge Division,
FHWA

Consultant, Madrid,
Spain

Indiana State Highway
Comm.

AASHTO Stdg. Comm.
on Engrg. and Opers.

California Div. of
Hwys.

riers, for reasons of both safety and economy; and
the value of certain information as a tool to deter-
mine whether to remove or upgrade existing instal-
lations.

[n evaluating acceptability of the Department’s de-
sign criteria and standards,

Findings have been found useful, and practice has been
modified to conform with them.

As @ basis of guide rait systems currently used in Con-
nceticut,

As a vital supplement to a recently prepared design
manual covering policies, procedures, and standards.
Decsign guide refers to report for further informa-
tion.

On trial basis, used the design technique developed
tor channels lined with riprap. Major relocation
of a stream and tributaries having a design flood dis-
charge of 3,900 cfs from a drainage area of 7.3
square miles was involved. Saving from use of
riprap instead of paving was estimated to be more
than $90,000, Evaluation of the effectiveness of
the treatment is continuing, especially observation
of bechavior during and after any significant storms.

Channel design procedure applied to ditches along
the Lake Wissota— -Cadott Road in Chippewa
County. These woere previously subject to erosion,
but none has occurred since use of riprap accord-
ing to the procedure.

As basis for publication, “Design of Stable Roadside
Channels.”

To design viprap for a stream relocation at Moosc
Lake., Riprap erosion protection functioned as
planned during rainstorms providing discharges ap-
proximating the design value of 275 cfs.

Method to size riprap protection included in Ch. § of
Design Manual.

Recommendations used in preparation of SCS Tech.
Release No. 59 “"Hydraulic Design of Riprap Gra-
dient Control Structures.”

As source documents for “Stable Channel Designs™;
design procedures for riprap linings devcloped prin-
cipally from Report 1{8.

Riprap design procedure applied to channels along
tnotorways in Spain.

Used National Small Streams Data Inventory com-
piled during project as an additional check on flood
flow cstimates.

Input (with Report 20, Proj. 5-4) to the March 1969
publication, Irnformational Guide to Roadway Light-
ing.

Instrumental in setting the standards for California and
aiding in developing the most satisfactory break-
away base. The California research, without that
done under NCHRP, reportedly would have cost
well over 8$100,000 to develop or affirm preliminary
designs of this type.



EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

NCHRP NCHRP
PROJECT PUBLICATION USER HOW USED
Connecticut Dept, of As a basis for breakaway luminaries for highway
Transportation lighting.
16-1 Report 91 California Div, of Appendix D (“Effects of Saits on Plant Biota™} is the
Hwys. most complete dissertation on soil salinity and
salt-tolerant plants in the Division’s reference files.
U.S. Government As a primary reference in formulating the National
Eovironmental Policy Act of 1969 and Executive
Order 11514 on “Protection and Enhancement of
Environmental Quality.”
Connecticut Dept. of In preparation of environmental impact statements.
Transportation
17-1 Report 79 Robley Winfrey In development of a college textbook, FEconomic
Analysis for Highways.
Calspan As starting point for a Tri-Level Accident Research
program for NHTSA and the Motor Vehicle Mfrs.
Assn,
17-2A Agency final South Dakota Dept. of To assist in evaluating safety improvements accom-
report Transportation, Div, plished under on ongoing safety program.
of Hwys.
Report 162 Northwestern Univ. As a reference and leaching aid in a graduate course
in highway safety programming.
Office of Highway By staff serving as instructors for a series of regional
Safety, FHWA seminars on evaluation of safety improvements.
[9-2(4} Report 131 Office of Research and As a primary reference in training courses on Manag-
Development, FHW A ing Highway Maintenance.
19-3 Report 141 Natl. Inst. for Road As source docunent in investigating certain aspects of
Research, South Africa vehicle sizes and weights on South African high-
ways.
20-1 {HRI1S5} Mauny diverse The Highway Rescarch Information Service is known
agencies to bhe used widely by a number of organizations in
addition to state highway departments. Recognitinn
has been given to the periodic issues of Highway
Research in Progress as being very useful and of
great value to many other governmental agencics.
20-2 Report 55 Illinois Div. of A committee within the Illinois Highway Rescarch
Hwys., Bur. of Council, having the assignment of developing a sys-
Res. and Devel. tem of establishing research priorities for the Divi-
sion’s program, the method outlined for structuring
rescarch programs.
20-3 — California Div, of Aithough not yet published, results from the second
Hwys. year of research are being used as background for
instailing surveillance and control systems and in
Planning alternative methods of improving opera-
tions on the Los Angeles Area freeway system.
20-5 Synthesis 1 Connecticut Dept. of

Synthesis 4

Transportation
California Div. of
Hwys,

U.S. Dept. of
Transp.

New Mexico State
Hwy. Dept.

As a basis for current signing patterns from Mainte-
nance.

Serves as a basic document in the continuing develop-
ment of Division practices and procedures to cope
with the bridge deck deterioration problem. Also is
used as a guide for those lines of research that will
yield the highest return.

In preparation of Instructional Memorandum 40-2-70.

In revising the Department’s Bridpe Construction
Manual.
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EXAMPLES

NCHRP
PROJECT

NCHRP
FUBLICATION

OF UTILIZATION OF NCHRP RESULTS (Continued)

USER

20-6

20-7

Synthesis 3

Synthests 6

Synthesis 7

Synthesis 1)

Synthesis 11

Synthesis 12

Synthesis 14

Synthesis 16

Synthesis 18

Synthesis 24
Synihesis 32

Res. Results
Digest 11

Res, Results
Digest 11
others

Res. Results
Digest 3

Res. Resulis
Digests

Res. Results
Digest 25

and

Center for Public
Works Studies and
Experimentation
(Spain)

Louisiana Dept. of
Hwys.

Connecticut Dept, of
Transportation

92nd Congress,

1 st Sess.
Connecticut Dept. of
Transportation
Connccticut Dept. of
Transportation

AASHTO

Connecticut Dept. of
Transportation
Texas Hwy. Dept.

Connecticut Dept. of
Transportation

Connecticut Dept. of
Transportation

Texas Hwy. Dept. and
Texas Div., FHWA

Connecticut Dept. of
Transportation
Connecticut Dept. of
Transportation

Maryland State
Roads Comm.
Colorado Dept. of

Hwys.

Sccretary of Trans-
portation

Virginia Atty.
Genl. Office

Univ. of Wisconsin,
Dicpt. of Engi-
neering

92nd Congress,
1st Sess.

HOW USED

Translated into Spanish as an “Information Bl;lletin”
of the Transport and Soil Mechanics Laboratory.

As procedural guide to emergency measures to contain
and/or control scour at bridge sites.
In project scheduling.

See Project 1-12.
Provided justification for metorist aid call-bex systein.

By Maintenance in training personnel for equipment
responsibilities.

As a text in Highway Management Course (conducted
by the Highway Management Institute at the Univ.
of Mississippi).

As a basis for Maintenance Telecommunication Sys-
tem.

Recommended to District offices as a reference to
answer skid-resistance questions from both Depart-
mental and non-Departmental personnel.

To provide guidelines for skid-resistance program in
Connecticul.

Reference source far design of CRC pavements.

As background information in plan preparation, plan
review, construction supervision, construction in-
spection, and maintenance activity.

As input into snow and ice policy.,

As backup for studded-tire legislation.

In a case before the September 1969 term of the State
Court of Appeals.

Used on several occasions invoelving condemnation
cases and other Jegal matters. Digests noted as be-
ing extremely helpful in view of their discussions of
current problems and consequent saving of legal
staff time.

Included in toto in 1970 Annual Report to the Con-
gress in respect to progress made in the adminis-
tration of the highway relocation assistance pro-
gram as enacted under the Federal-Aid Highway
Act of 1968,

As an aid to maintaining a current awareness of legal
research of an eriginal nature, as a basis for further
research by personnel of the Office, and as a point
of departure for reviews of settled law.

As a text in short course on Urban Transportation
Planning.

Task 4, “Lateral Accelerations and Lateral Tire-Pave-
ment Forces in a Vehicle Traversing Curves Relat-
ing to Available Pavement Skid-Resistant Measures.”
See Project 1-12.
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HO'W USED

NCHRP NCHRP
PROJECT PUBLICATION USER
Report 157 Connecticut Dept. of
Transpartation
20-12 Agency linal FHWA
report
222 Res. Results Digests California, Michigan,
43,53 and states in FHWA
Region 4
Federal Aviation
Administration
Report 153 AASHTO

* Project titles, as well as project status, arc given in Table 5. Publication titles are given in Tables 7 and 9.

AWARD-WINNING RESEARCH UNDER NCHRP

Several projects have been honored to date as outstanding
contributions to the field of highway safety and have
received Melropolitan Life Awards for Research in Acci-
dent Prevention from the Nutional Safcty Council. They
are:

¢ NCHRP Project 1-7, "Development of Interim Skid-
Resistance Requirements for Highway Pavement Surfaces.”
In 1968 this project, repotted as NCHRP Reporr 37,
“Tentative Skid-Resistance Requirements for Main Rural
Highways,” received the Award of Merit {$500).

* NCHRP Project 3-8, “Factors Influencing Safety at
Highway-Rail Grade Crossings.” In 1969 this project,
reported as NCHRP Keport 50, “Factors Influencing Safety
at Highway-Rail Grade Crossings,” received top honors—
the Award of Honor ($1,000).

* NCHRP Project 2-3, “Analysis of Motor Vehicle Acci-
dent Data as Related to Highway Classes and Design Ele-
ments.”  Also in 1969 this project, reported as NCHRP
Report 47, “Accident Rates as Related te Design Elements
of Rural Highways,” placed sccond and received the Award
of Merit ($500).

PERSONNEL

In May 1976 John E. Burke retired after somne 40 years
in the enginecring profession. He joined the NCHRP as a

SUMMARY

The National Cooperative Highway Research Program
is a unique contract research effort designed to respond
quickly and efficiently to the needs of state highway and
transportation departments ihrough the solution of the
pressing transportation problems. Although the Transporta-
tion Research Board adininisters the Program, the research
content is solely the prerogative of the Armerican Associa-
tion of Statc Highway and Transportation Officials and its

In developing the scrap tire attenuation system.

In preparation of a handbook on *Air Poellution Con-
trol for Construction and Maintenance,”

To specify breakaway cable terminals for both guard-
rails and median barriers on new installations.

To install breakaway cable terminals as part of a dem-
onstration project on the Dulles Airport Access
Highway.

Referenced in Section 1.1.9A(2), Loadings and Geo-
metrics, of the 1975 “Interim Bridge Specifications.™

Other projects prominent in various other classes of
awards are:

®* NCHRP Project 20-3, “Optimizing Freeway Corridor
Operation Through Traffic Survcillance, Cormmunication,
and Control.” In 1969 a paper based on this project
received Honorable Mention under the Past President’s
Award, Institute of Traffic Engincers.

¢ NCHRP Project 9-1, “Asphalt Durability and s
Relation lo Pavement Performance.”™ In 1969 a paper
based on this project, reported in NCHRP Report 67,
“Relation of Asphalt Rheological Propertties to Pavement
Durability,” received the W. J. Emmons Annual Award
of the Association of Asphalt Paving Technologists as the
best paper at the annual meeting.

®* NCHRP Project 5-8, “Warrants for Highway Light-
ing.” In 1973 a paper based on this project, reported in
NCHRP Report 152, "Warrants for Highway Lighting,”
received the Highway Rescarch Board Award as the most
outstanding paper presented at the Board's Annual Meeting,

Projects Engineer on May 8, 1972, following his earlier
retirement from the Illinois Department of Transportation.

member departments. ‘The Program is one of applied
{rather than basic) research, and cvery possible effort is
made to help administrators and engincers put the findings
to early use, Program policy ensures maximum exposure
of the research while in progress in the hope that research
results will, in fact, more quickly find their way into prac-
tice in the form of policies. procedurcs, specifications, and
standards of state highway and transportation departments.




TABLE 7
PUBLISHED REPORTS OF THE NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Rep. Rep.
Na. Title, Project, Pages, Price No. Title, Project, Pages, Price
—* A Critical Review of Literature Treating Mcthods of 24 Urban Travel Patterns for Airports, Shopping Cen-
Identifying Aggregates Subject to Destructive Volume ters, and Industrial Plants {Proj. 7-1), 116 p.,
Change When Frozen in Concrete and a Proposed $5.20
Program of Research—Intermediate Report (Proj. 25 Potential Uses of Sonic and Ultrasonic Devices in
4-3(2)), 81 p, $1.80 Hishway Construction {Proj, 10-7), 48 p., $2.00
1 Evaluation of Methods of Replacement of Deterio- 26 Development of Uniform Procedures for Establishing
rated Concrete in Structures {Proj. 6-8), 36 p., Construction Equipment Rental Rates (Proj. 13-1),
$2.80 33p.,  $1.60
2  An Introduction to Guidelines for Satellite Studies of 27 Physical Factors Influencing Resistance of Concrete
Pavement Performance (Proj. 1-1), 19p., $1.80 to Deicing Apents (Proj. 6-5), 41 p., $2.00
2A Guidelines for Satellite Studies of Pavement Per- 28 Surveillance Methods and Ways and Means of Com-
formance, 85 p.+9 figs,, 26 tables, 4 app., $3.00 municating with Drivers (Proj. 3-2), 66 p., $2.60
3 Improved Criteria for Traffic Signals at Individual 29 Digital-Computer-Controlled Traffic Signal System
Intersections—Interim Report (Proj. 3-5), 36 p., for a Small City (Proj. 3-2), 82 p., 54,00
$1.60 30 Extension of AASHO Road Test Performance Con-
4 Non-Chemical Methods of Snow and Ice Control on cepts (Proj. 1-4(2) 3, i3 p., $1.60
Highway Structures (Proj. 6-2), 74 p., $3.20 31 A Review of Transportation Aspects of Land-Use
5 Effects of Different Methods of Stockpiling Aggre- Control (Proj. 8-53, 41 p,, $2.00
pates—Interim Report (Proj. 10-3), 48 p., $2.00 32 Improved Crileria for Traffic Signals at Individual
6 Means of Locating and Communicating with Dis- Intersections {Proj. 3-3), 134 p., $5.00
abled Vehicles—Interim Report (Proj. 3-4), 56 p. 33 Values of Time Savings of Commercial Vehicles
$3.20 (Proj. 2-4), 74 p., $3.60
7 Compurison of Dilferent Methods of Measuring 34 Evaluation of Construction Control Procedures—
Pavement Condition—Interim Report (Proj. 1-2), Interim Report (Proj. 10-2), 117 p., $5.00
29 p., $1.80 35 Prediction of Flexible Pavement Deflections from
8 Synthetic Aggregates for Highway Construction Laboratory Repeated-Load Tests (Proj. 1-3(3)},
(Proj. 4-4),  13p,  $1.00 117 p.,  $5.00
9 Trallie Surveillance and Means of Communicating 36 Highway Guardrails—A Review of Current Practice
with Drivers—Interim Report (Proj. 3-2), 28 n,, {Proj. 15-1), 33 p, $1.60
$1.60 37 Tentative Skid-Resistance Requirements for Main
10 Theoretical Analysis of Structural Behavior of Road Rural Highways (Proj. 1-7}, 30 p., $3.60
Test Flexible I*avements (Proj. 1-4), 31 p.. $2.80 38 Evaluation of Pavement Joint and Crack Sealing Ma-
11 Efect of Control Devices on Traffic Operations— terials and Practices (Proj. 9-3), 40 p., $2.00
Interim Report (Proj. 3-6), 107 p., $5.80 3% Faclors Involved in the Design of asphaltic Pave-
12 Identification of Apgrepates Causing Poor Conercte ment Surfaces (Proj. 1-8), 112 p., $5.00
Performance When Frozen—Interim Report (Proj. 40 Mecans of Locating Disabled or Stopped Vehicles
4-3(1)), 47 p., $3.00 (Proj. 3-4(1}), 40 p., $2.00
13 Running Cost of Motor Vehicles as Affected by High- 41 Effect of Control Devices on Traffic Operations
way Design Inlerim Report (Proj. 2-5), 43 p., (Proj. 3-6}, 83 p., $3.60
$2.80 42 Interstate Highway Maintenance Reguirements and
14 Density and Moisture Content Measurements by Unit Maintenance Expenditure Index (Proj. 14-1},
Noclear Methods—Interim Report (Proj. 10-5), 144 p., $5.60
32p., $3.00 43 Density and Moisture Content Measurements by
15 Identification of Concrete Aggregates Exhibiting Nuclear Methods (Proj. 1C-5), 38 p. $2.00
Trost Susceptibility—Interim Report (Proj. 4-3(2)), 44 Traffic Attraction of Rural Outdoor Recreational
66 p., $4.00 Arveas (Proj. 7-2}, 28 p., $1.40
16 Protective Coatings to Prevent Deterioration of Con- 45 Development of Improved Pavement Marking Ma-
%rletgeoby Deicing Chemicals (Proj. 6-3), 21 p. terials—Laboratory Phase (Proj. 5-5), 24 p.,
17 Development of Guidelines for Practical and Realis- $1.40 . .
tic Constructicn Specifications (Proj. 10-1), 109 p,, 46 Effects of Different Methods of Stockpiling and
$6.00 Handliog Aggregates (Proj. 10-3), 102 p,
18 Community Consequences of Highway Improvement £4.60 _
(Proj. 2-2), 37 p., $2.80 47 Accident Rates as Related to Design Elements of
19 Economical and Effective Deicing Agents for Use on Rural Highways (Proj. 2-3}, 173 p., $6.40
Highway Structures (Proj. 6-1), 19 p., $1.20 48 Factors and Trends in Trip Lengths (Proj. 7-4),
20 Economic Study of Roadway Lighting (Proj. 5-4), 70 p., $3.20
77 ., $3.20 49 National Survey of Transportation Attitudes and
21 Detecting Variations in Load-Carrying Capacity of Behavior—Phasc I Summary Report (Proj. 20-4),
Flexible Pavements (Proj. 1-5), 30 p., $1.40 71 p. $3.20
21 Factors Influencing Flexible Pavernent Performance 50 Fuctors Influencing Safety at Highway-Rail Grade
(Proj. 1-3(2)), 69p., $2.60 Crossings (Proj. 3-8), 113 p, $5.20
23 Methods for Reducing Cerrosion of Reinforcing 51 Sensing and Communication Between Vehicles (Proj.

Steel (Proj. 6-4}, 22 p, $1.40

» Highway Research Board Special Report 80.

3%,  105p.  $5.00




TABLE 7 (Costinued)

Rep. Kep.
Na. Title, Project, Pages, Price No. Title, Project, Pages, Price
52 Measurement of Pavement Thickness by Rapid and 77 Development of Design Criteria for Safer Luminaire
P
Nondestructive Methods (Proj. 10-6), 82 p, Supports (Proj. 15-6), 82 p., $3.80
p
$3.80 78 Highway Noisc—Measurement, Simulation, and
53 Multiple Use of Lands Within Highway Righis-of- Mixed Reactions (Proj. 3-7), 78 p., $3.20
Way (Proj. 7-6), 68 p., 33.20 79 Development of Improved Methods for Reduction
54 Location, Selection, and Maintenance of Highway of Traffic Accidents (Proj. 17-1), 163 p.,
Guardrails and Mediau Barriers (Proj. 15-1(2)}, $6.40
63 p, $2.60 80 Oversize-Qverweight Permit Operation on State
55 Rescarch Needs in Highway Transportation (Proj. Highways (Proj. 2-10). 120 p.. $5.20
20-23, 66 p., $2.80 81 Moving Behavior and Residential Choice—A Na-
56 Scenic Easements—I egal, Administrative, and Valua- tioual Survey (Proj. 8-6), 129 p, $5.60
tion Problems and Procedures (Proj. 11-3), 174 p., 82 National Survey of Transportation Attitudes and
$6.40 Behavior—Phase II Analvsis Report (Proj. 20-4),
57 Factors Influencing Modal Trip Assignment {Proj. 89 p., $4.00
8-23, 78 p., $3.20 83 Distribution of Wheel Loads on Highway Bridges
58 Cotnparalive Analysis of Traffic Assignment Tech- (Proj. 12-2}, 56 p., $2.80
nigues with Actual Highway Use (Proj. 7-5), 85 P. 84 Anmalysis and Projection of Research on Traffic
$3.60 Surveillance, Communication, and Control (Proj.
§9 Standard Measurements for Satellite Road Test Pro- 3-93, 48 p., 52.40
gram (Proj. 1-6), 78 p., $3.20 85 Dcvelopment_ of Formed-in-Place Wet Reflective
60 FEffects of Illumination on Operating Characteristics Markers (Proj. 5-5), 28 p,, $1.80 _
of Freeways (Proj, 5-2), 148 p., $6.00 86 S[t?nttatn‘fe PSc_rvafg Schmrrg;ents for?BrIdge Rail
61 Evaluation of Studded Tires—Performance Data and 87 R}L?]::nc?f (Dir‘?(;ve -8, q DiscIoIs);.:r in$1:1.'2g ay O
;’a\g(;ncnt Wear Measurement (Proj. 1-9), 66 p.. demﬁqtion ;r'ocegiir;‘:s (Proj 1131(5) ;g w y28 0;1'
3. [ b . - 2 -
. R £2.00
62 grmbanBT_rIzgel Patécrcps ,fO; HPOSP.";ISI’ Unne}rﬂncs, 88 Rcecognition of Bencfits to Remainder Property in
5560 | ings and Capitols (Proj. 7-1), P Highway Valuation Cases (Proj, 11-1(2)), 24 p,,
) e g ; . \ $2.00
63 Economlcs ot D}Eslgn Standards for Low-Volume 89  Factors, Trends, and Guidelines Related to Trip
ural Roads (Proj. 2-6), 93 p., $4.00 Length (Proj. 7-4) 59 $3.20
64  Motorists” Needs and Scrvices on Interstate Highways 90 Pr:tgcctionrzjf S_teei in Presa;essed doncrete Bridges
Proj. 7-7; - . . ’
65 C()ng?g?;clz;},smw-iieize T(:it3 ?c?r Evaluating Aggre- o1 l(grfjfmj. 121;5]:))’. . ng}” 3;1‘00 lity and Biot:
gate Perfermance in Frozen Concrete ( Proj. 4-3(1), -—Tfi(;tcsr;turc EII‘o:llc:I;giewa t;ncén Rezf:r;rg:; d]:é aﬁcse;:)ctg
21 p, $1.40 o
66 Identification of Frost-Susceptible Particles in Con- 92 \(/Ef:zllsgtilgil)a, d ngag;m tiiizgf Special Pursose
crete Aggregates (Proj. 4-3(2)), 62 p., $2.80 Propetties {I?mj 11_1(6)“;‘ pe P 1“$2 GUJP se
67 Relangn OL.?SP}(I;H B};e?l)oglcal 4];ropertxes$tzojgavc— 93 Guidelines for Mcdial and’ Marginaﬁ.’Access bontrol
ment Durability (Proj. 9-1), P, < . ) .
68 Application of Vehicle Operating Characteristics to ‘;2 2(])\43101' Roadways (Proj. 3-13), 147 p.,
tri ign - ions j. 3- '
?;fme rlgs[l)):‘mgn ;réﬁlografﬁc Operations (Proj %4 Valuation and Condemnation Problems Involving
69 Evaluation of Construction Control Procedures— 95 Er];ﬂc f;x;’;es((r?rgqj'slt; (9)},48 22 p.,$2 40$1'80
Apggregate Gradation Variati d Effects {Proj. w g ). 2-0), P :
Iog-ng%ae ;; ;mn $:;r.;§aolons an ects L Fro) 96 Strategies for the Evaluation of Alternative Trans-
70 :qrociall a;d Economic GFactors ?ﬂ’ecting Intercity o PAC;:iil;lS?; Eéagir](_l](?{[?l!:ﬂsv]giﬂaviorl lolfp;&ASH%s‘i{Ooad
ravel {Proj. 8-1), 8p., 3.00 e N -
71 Analytical Study of Weighing Methods for Highway Test Rigid Pavements (Proj. 1-4(1)A), 35 p.,
Vehicles in Motion (Proj. 7-3), 63 p., 32.80 08 ,iclz"?of Fvaluating Degradati ¢ Base C
72 Theory and Practice in Inversc Condemnation for A 5 iegotr (‘;r';‘,ng,’) egmgzétnon o $§'b§0 ourse
Fi R . - ) . fgg ates . 4-2), P .
Sjlzv;() cpresentative States (Proj. 11-2), 44 p 99  Visual Reguirements in Night Driving (Proj. 5-3),
: _ o o 38p,  $2.60
73 {Jn:g;ﬁv;drte(riigltser(lgr;jog-Sl}rafhc SS;ggal Sys;;n;s(.) on 100 Rescarch Needs Relating to Performance of Agpre-
" = "t 3 . -7 5 L3 N h ) .. -
74  Protective Coatings for Highway Structural Steel %gte‘;om Highway Construction (Proj. 4-8), 68 p.,
(Proj, f"ﬁ}’ . 64 p.. . $2.80 101 Effect of Stress on Frecze-Thaw Durability of Con-
74A Protective Coatings for Highway Structural Steel— crete Bridge Decks (Proj. 6-9) 70 p. $3.60
I.1terat1_1re SUI'VE:'}’ {Proj. 4?6), 275 p., $8.00 102 Effect of Weldments on the F‘zlfigue Strength of Steel
74B Protective Coatings for Highway Structural Steel— Beams (Proj. 12-7), 114 p., $5.40
Current Highway Practices (Proj. 4-6), 102 p., 103 Rapid Test Methods for Field Control of Highway
$4.00 ) Construction (Proj. 10-4), 89 p.,  $5.00
75 Effect of Highway Landscape Devclopment on 104 Rules of Compensability and Valuation Evidence
Nearby Property (Proj. 2-9), 82 p, $3.60 for Highway Land Acquisition (Proj. 11-1),
76 Detecting Seasonal Changes in Load-Carrying Ca- 77p., $4.40
pabilities of Flexible Pavements (Proj. 1-5(2)), 105 Dynamic Pavement Loads of Heavy Highway Vehi-

37p,  $2.00

cles (Proj. 15-5), 94 p., $5.00




TABLE 7 {Continued)

Rep. Rep.
No. Title, Project, Pages, Price No. Title, Project, Pagex, Price
106 Rewvibration of Retarded Concrete for Continnous 134 Damages Due to Drainage, Runoff, Blasting, and
Bridge Decks (Proj. 18-1), 67 p., $£3.40 Slides (Proj. 11-1{8)), 24 p., $2.80
107 Wew Approaches to Compensation for Residential 135 Promising Replacements for Conventional Aggregates
Takings (Proj. 11-1{10}), 27 p., $2.40 for Highway Usc (Proj. 4-10), 53 p., $3.60
108 Tentative Design Procedure for Riprap-Lined Chan- 136 Estimating Peak Runoff Rates from Ungaged Small
nels (Proj. 15-2}, 75 p., $4.00 Rural Watersheds (Proj. 15-4), 85 p, $4.60
109 Elastomeric Bearing Research (Proj. 12-9), 53p, 137 Roadside Development—Evaluation of Research
33.00 {Proj. 16-2}, 78 p., $4.20
110 Optimizing Street Operations Throngh Traffic Regu- 138 Instrumentation for Measurement of Moisture—
lations and Control (Proj. 3-11), 100 p., 54.40 Literature Review and Recommended Research
111 Running Costs of Motor Vchicles as Affected by {Proj. Z1-1}), 60 p., $4.00
Road Design and Traffic (Proj. 2-5A and 2-7), 139 Flexible Pavement Design and Management—Sys-
97 p., $5.20 tems Formulation {(Proj. 1-10), &4 p.. $4.40
112 Junkyard WValuation—Salvage Industry Appraisal 140 Flexible Pavement Design and Management—Ma-
Principles Applicablc to Highway Beautification terials Characterization (Proj. 1-10), 118 p.,
(Proj. 11-3(2)), 41 p.,  $2.60 $5.60
113 Optimizing Flow on Existing Street Networks (Proj. 141 Changes in Legal Vehicle Weighls and Dimensions—
3-14), 414 p.. $15.60 Some Economic Effects on Highways (Proj. 19-3),
114 EfTecls of Proposed Highway Improvements on Prop- 184 p., £8.40
erty Values (Proj. 11-1(1)}, 42 p., $2.60 142 Valuation of Air Space (Proj. 11-5), 48 p.,
115 Guardrail Performance and Design (Proj. [5-1(2)). $4.00
70 p., $3.60 143 Bus Use of Highways —State of the Art (Proj. 8-10),
116 Structural Analysis and Design of Pipe Culverts { Proj. 406 p., $16.00
15-3), 155 p., $6.40 144 Hiphway Woise—-A Field Evaluation of Traffic Noise
117 Highway Noise—A Dcsign Guide for Highway En- Reduction Measures {Proj. 3-7), %0 p., 54.40
gineers {Proj. 3-7}. 79 p.. 34.60 145 Improving Traffic Opcrations and Safety at Exit Gore
118 Location, Selection, and Maintenance of Highway ! Arcas (Proj. 3-173}, 120 p,, $6.00
Traffic Barviers (Proj. 15-1(213), 9G p., $5.20 146 Allernative Multimodal Passenger Transportation Sys-
119 Control of Highway Advertising Signs—Some Legal tems—Comparative Economic Analysis (Proj. 8-9),
Problems (Proj. 11-3(1}), 72 p., $3.60 68 p., S4.00
120 Data Requirements for Metropolitan Transportation 147 Fatigue Strength of Steel Beams with Welded Stif-
Planning (Proj. 8-7), 90 p., $4.80 femers and Attachments {Proj. 12-7), 85 p.,
121 Protection of Highway Utility (Proj. 8-5), 115 p.. $4.80
$5.60 148 Roadside Safety Improvement Programs on Free-
122 Summary and Evaluation of BEconomic Conscquences ways—aA Cost-Effcctiveness Priority Approach (Proj.
of Highway Tmprovements {Proj. 2-11)}, 324 p.. 20-7), 64 p.. $4.00
$13.60 14% Bridge Rail Design—Factors, Trends, and Guidelines
123 Development of Information Requirements and (Proj. 12-8), 49 p, $4.00
Transmission Techniques for Highway Users (Proj. 150 Eflect of Curb Geometry and location on Vehicle
3-12% 239 p.. $£9.60 Behavior (Proj. 20-7), 88 p., $4.80
124 Improved Criteria for Traffic Signal Systems in Ur- 151 Locked-Wheel Pavement Skid Tester Correlation and
ban Nctworks {Proj. 3-3) 86 p., $£4.80 Calibration Techniques (Proj. 1-12(2)}, 100 p.,
125 Optimization of Density and Moisture Content Mea- $6.00
surements by WNuclear Methods (Proj. 10-5A). 152 Warrants for Highway Lighting (Proj. 5-8}, 117
B6 p., 54.40 P-s $6.40
126 Divergencies in Right-of-Way Valuation (Proj. 11- 153 Recommended Procedures for Vehicle Crash Testing
4), 3Tp., $3.00 of Highway Appurtenances (Proj. 22-2), 19 p.,
127 Snow Removal and Tee Control Techniques at Inter- $3.20
changes (Proj. 6-10), 90 p. $5.20 154 Determining Pavement Skid Resistance Require-
128 Evaluation of AASHO Interim Guides for Design inents at Intersections and Braking Sites (Proj. 1-12},
gg g(;wement Structures (Proj. 1-11), 111 p.. 64 p., $4.40
- ; i ays—Planning and Design Guide-
129 Guardrail Crash Test Evaluation—New Concepts 155 E:‘I;SI{IS::.O(;_f;I{gTWQ 16Pllap., ¢ $7.60 ¢
‘;ridso End Designs  (Proj.  15-1(2)), 89 p. 156 Transportation Decision-Making—A Guic_le ISOSSOSC)E?I
130 Roadway Delineation Systems (Proj, 5-7), 349 p., 'ir;; Envarorgl;eznéal Considerations  (Proj. (),
314.00 i L ; i R
131 Performance Budgeting System for Highway Main- 157 E;;ash C”ng;%‘)f Waste Materials (Proj. 20-7),
tﬂ?ﬂn.?ilz)cc Management (Proj. 19:2(4)), 3 158 Selé]c;ion of Safe Reoeadside Cross Sections (Proj.
132 Relationships Betwcen Physiographic Units  and 20-7j, 57 p.. $4-40 ) 38
Highway Design Factors (Proj. 1-3(1)), 161 p., 159 Weaving Areas—Design and Analysis (Proj. 3-15),
$7.20 119p..  $6.40 ‘ ‘
133 Procedures for Estimating Highway User Costs, Air 160 Flexible Pavement Design an(l:l Managc;nent——Sys-
Pollution, and Noise Effects {Proj. 7-8), 127 p.. tems Approach Implementation (Proj. 1-10A),
$5.60 53 p., $4.00




TABLE 7 (Continued)

Rep.
No. Tirle, Project, Pages, Price

Title, Pages, Price

161 Techniques for Reducing Roadway Occupancy Dur-
ing Routine Maintenance Activities (Proj, 14-2).

55p.,  $4.40

162 Methods for Evaluating Highway Safety Improve-
ments {Proj. 17-2A), 150 p., £7.40

163 Design of Bent Caps for Concrete Box-Girder
Bridges (Proj. 12-10}, 124 p., $6.80

164 Fatigue Strength of High-Yield Reinforcing Bars
{(Proj. 4-73, 90 p., $5.60

165 Waterproof Membranes for Protection of Concrete
Bridge Decks—Laboratory Phase {Proj. 12-11)
70 pp. $4.80

166 Waste Materials as Potential Replacements for High-
way Aggregates (Proj. 4-10A). 94 p., 35.60

167 Transportation Planning for Small Urban Areas
(Proj. 8-7A), 71 p., $4.80

168 Rapid Measurement of Concrete Pavement Thick-
ness and Reinforcement Location—Field Fvaluation
of Nondestructive Systems (Proj. 10-8). 63 p.,

$4.80
169 Peak-Period Traflic Congestion—Options for Cur-
rent Programs (Proj. 7-10), 65 p., $4.80

170 Effects of Deicing Salts on Plant Biota and Soils—
Experimental Phase (Proj. 16-1}, 88 p., $5.60

171 Highway Fog—Visibility Measures and Guidance
Systems {Proj. 5-6A7, 40 p., $4.00

172 Density Standards for Field Comnpaction of Granu-
lar Bascs and Subbases (Proj. 4-8(2)), 73 p..

54,80

173 Highway Noise—Generation and Control {Proj.
37, {in press)

174 Highway Noise—A Design Guide for Prediction and
Control (Proj. 3-7), (in press)

175 Freeway Lane Drops (Proj. 3-16), {in press)

Synthesis of Highway Practice
No. Title, Pages, Price

1 Traflic 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
3y, 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 Deveclopment of Management Capahility {Proj. 20-5,
Topic 12),  50p,  $3.20

12 Telecommunications Systems for Highway Admin-

13
14

15

16

17

i8

19

20
21

22

23

24

25

26

27

28

19

31
3z
33

34

35

36

37
38

39

istration and Operations (Proj. 20-5, Topic 3-033,
29 p., $2.80

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

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

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

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

Pavement Traffic Marking—Maierials «nd Applica-
tion Affecting Serviccability (Proj. 20-5, Topic 3-
05), 44 p., $3.60

Erosion Control on Highway Construction (Proj.
20-5, Topic 401}, 52 p., $4.00

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

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

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

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

Getting Rescarch Findings into Practice (Proj. 20-5,
Topic 11), 24 p., $3.20

Minimizing Deicing Chemical Use (Proj. 20-5, Topic
4-02),  58p.,  $4.00

Reconditioning High-Volume Freeways in Urban
Areas { Proj. 20-3, Topic 5-01), 56 p., $4.00
Roadway Design in Seasonal Frost Areas {Proj, 20-5,
Topic 3-07), 104 p., $6.00

PCC Pavements for Low-Volume Roads and City
Streets (Proj. 20-5, Topic 5-06), 3l p, £3.60
Partial-Lane Pavecinent Widening (Proj. 20-5, Topic
5-053, 300, $3.20

Treatment of Soft Foundations for Highway Em-
bankments {Proj. 20-5, Topic 4-09), 25 p.
$3.20

Bituminous Emulsions for Highway Pavements (Proj.
20-5, Topic 6-10}, 76 p.. $4.80

Highway Tunnel Operations (Proj. 20-5, Topic
5-083, 29 p., $3.20

Effcets of Studded Tires {Proj, 20-5, Topic 5-13),
46 p., $4.00

Acquisition and Use of Geotechnical Information
{ Proj. 20-5, Topic 5-03), 40 p.. $4.00
Policies for Accommodation of Utilitics on Highway
Rights-of-Way (Proj. 20-5, Topic 6-03), 22 p..
$3.20

Design and Control of Freeway Off-Ramp Terminals
{Proj. 20-5, Topic 5-02), 6l p.. $4.40
Instrumentation and Equipment Tor Testing Highway
Materials, Products. and Performance (Proj. 20-5,
Topic 6-01), 70 p., $4.80

I.iine-FFly Ash-Stabilized Bases and Subbases (Proj.
20-5, Topic 6-06), 66 p.. $4.80

Statistically Oriented End-Result  Specifications
(Proj. 20-5, ‘Topic 6-02), 40 p., $4.00
Transportation Requirements for the Handicappec!,
Elderly, and Economically BDisadvantaged (¥Proj.
20-5, Topic 6-07), 54 p., £4.40
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TABLE 8

UNPUBLISHED REPORTS OF THE NATIOMNAL
COQPERATIVE HIGHWAY RESEARCH PROGRAM 2

FROJECT SUMMARIES IN SUMMARY OF
PROWRESS REFGRT FOR PERIOD ENDING

June 30, 1967
Tune 30, 1968

Dec
Dec
Dec

Dec
Dec
Dec

.31, 1969
S31. 1971
C3E 1972

.31, 1973

. 31,1975
L 31,1976

1-2, 2-8, 3-1, 6-6, 6-7A, §-3

2-1, 4-1, 4-5

12-4

3-16

9.2, 11-1¢4), 11-1(7), 11-1{11), 20-8,
2241

3-12

12-1/12-6, 15-2

3-7,5-5A.7-9, 109

* Gee Table 5 for project titles. For information on obtaining copies of
research agency Teports write to Xerox University Microfilms, Inc., 300
North Zeeb Reoad, Ann Arbar, Michigan 48106,




TABLE %

NCHRP RESEARCH RESULTS DIGESTS»

DIGEST PROJ. DIGEST PROJ.
NO. NO. TITLE NO. NO. TITLE
b 20-6 Relocation Assistance Under Chapter 55 20-7 Side-Friction Factors in the Design
Five of the 1968 Federal-Aid Highway of Highway Curves {Task 4)
Act 58 9-4 Minimizing Premature Cracking in
6r 20-6 Standing to Sue for Purposes of Secur- Asphaltic Concrete Pavement
ing Judicial Review of Exercise ol 59 12-15 Classification of Welded Bridge De-
Administrative Discretion in Route tails for Fatigue Loading
Location of Federal-Aid Highways 60 12-12 Fatigue of Welded Steel Bridge
14 12-3 Waterproof  Expansion  Joints  for Members Under Variable-Amplitude
Bridges Loadings
19% 20-6 Advance Acquisition Under the Fed- 63 10-8 Evaluating Progedures for Delermin-
eral-Aid Highway Act of 1968 ing Concrete Pavement Thickness and
20 19-1 Budgeting lor State Highway Depart- Reinforcement Position
nents 66 12-15 Nondestructive Methods of Fatiguc
220 20-6 Valuation in Eminent Domain  as Crack Detection in Steel Bridge Mem-
Affected by ?‘.oning o bers
254 20-6 Eederal _Envn'onmeth_ai Lc;‘;:slatfon und 68 b 20-6 The Meaning of Highway Purpose
egulations as Affecting Highways P 37 i ' ] .
age 20-6 Proposed [.egislation to Authorize 27 l-.stabhshment of Standards for High-
Joint  Development  of  Highway way Noise Levels
Rights-of-Way 72 1-14 Recommended Modification of Super-
32n 20-6 Changes in Existing State Law Re- elevation Practice for Long-Radius
quired by the Uniform Relocation As- Curves
sistance and Real Property Acquisi- 74 10-10 Electroslag Weldments in Bridges
tion Policies Act of 1970 75 21-2, Development of Prototype Soil Mois-
A5 4-9 Evaluation of Preformed Elastomeric 21-2¢2)  ture Sensors
Pavement Joint Sealing Systems and 76 22-3, Ficld Evaiuation of Vchicle Barrier
Practices 22-3A Systems
gy 20-6 Lepal Effect of Representations as to 770 20-7 Earth-Berm Vehicle Deflector (Task
Subsurface Conditions 1)
40° 20-6 Appeal Bodies for Highway Reloca- 78 3-10 Traffic Signal Warrants—A Bibliog-
tion Assistance raphy
410 20-6 Trial Strategy and Techniques to Ex- 29 20-6 Personal Liability of State Highway
clude Noncompensable Damages and Department Officers and Emplovees
Improper Valuation Methods in Emi-  gg v 20-6 Liability of State Highway Depart-
nent Domain Cases _ ) ments for Design, Construction, and
42h 20-6 Supplemental Condemnation: A Dis- Maintenance Defects
cussion of the Principles of Excessand gy 22-1A  Crash Testing and Evaluation of At-
Substitute Condemnation tenuating Bridge Railing Systemn
43 22-2 Evaluation of Breakaway Cable Ter- 82 t-15 Design of Continuously Reinforced
minals for Guardrails Concrete Pavements for Highways
450 20-6 Exclusion of Increase or Decrease in 83t 20-6 Liahility of State and Local Govern-
Value Caused by Public Improvement ments for Snow and Ice Control
for Which Lands Are Condemned 84 22-2 Breakuway Cable Terminals for
46 3-18(1)  Control Logic for Traffic Signal Net- Guardrails and Median Barriers
works _ _ 85 12-16 Bridge Deck Repairs
47" 20-6 Trial Strategy and Techniques Using 86 22 Guidelines for Design and Qperation
the Comparable Sales Approach to of Ramp Control Systems
Valuation 87 3-24 Current Practices in Use of Retro-
48 10- Surface Condition Rating System for reflective Signing Materials
Bituminous Pavements 88 3-18(3)  Summary of Project 3-18(3) Traffic
51 3-18(2) Traffic Control in Oversaturated Street Signal System Surveys
Networks 89 1-12(3) Guidelines for Skid-Resistant Highway
53 22.2 Development of a Breakaway Cable Pavement Surfaces
Terminai for Median Barriers 90 20-5 Continuing Project 1o Synthesize In-
540 20-6 Trial Strategy and Techniques Using

the Income Approach to Valuation

formation on Highway Problems

+ 3ee Table 5 for project titles.

Mumhbers missing from the series have

been superseded by published reports, Digesls are provided at a nominal
cost depending on quantity. Make request to Propram Director, NCHRP,
Transportation Research Board, 2101 Constitution Avenue, N.W., Wash.
ington, D. C, 20418,
T Final publication.







PROGRESS BY PROJECT

AREA 1: PAVEMENTS

Project 1-1(1)  FY '63

Development of Procedures for Comparing the
AASHO Road Test Findings with Performance
of (1) Existing Pavements and {2) Newly
Constructed Experimental Pavements

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Funds:

Highway Research Board
Dr. Paul E. Irick

March 1, 1963

February 29, 1964
$42,800

Guidelines were established for the study of existing
and new experimental pavements in the satellite research
program. Definitions were provided for pavement units
and hchavior, fraffic factors, and environmental factors.
Recommendations were made for experimental designs and
requirements for collecting adeguate data.

The final report has been published in two volumes as:

NCHRP Report 2, “An Introduction to Guidelines
for Satellite Studies of Pavement Performance’;

NCHRP Report 2A, “Guidelines for Satellite Studies
of Pavement Performance.”

Report 2 contains a brief presentation of the cssentials
of the research, whereas Report 2A contains the details.

Project 1-1(2)

Guidelines for Extending the Findings of the AASHO
Road Test—Implementation Phase

FY 64

Researclh Agency:
Principal fnvest .
Effective Date:
Completion Date:
Funds:

Highway Research Board
Dr. Paul E. Irick

March 1, 1964

August 31, 1965
$11.3586

In follow-up to the development of NCHRP Report 2A,
the intent of this continuation was te establish means
for advising and assisting the various satellite programs in
the usc of the guidelines, techniques, and standards for data
acquisition, procedures for data processing, and incthods
for updating the original guidelines in light of the findings
of other rescarch in Area One.

Inasmuch as the Bureau of Public Roads undertook
implenientation of the guidelines, rather than doing this
through the Highway Rescarch Board, the project was
closed out.
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Project 1-2 FY 63

Comparison of Different Methods for Evaluating
Pavement Conditions

Research Agency:

Principal Invest.:

Purdue University
Prof. E. J. Yoder
Prof. B. E. Quinn
February 15, 1963
February 28, 1965
529957

Effective Date:
Completion Date:
Funds:

This project was authorized to evaluate the effectiveness
of various objective measurement techniques for obtain-
ing data on road sutface properties for use in the predic-
tion of pavement serviceability ratings, Initially, a com-
parison was made between existing types of “road-rough-
ness” measuring equipment. Such devices as the BPR
roughometer, the AASHQO slope profilometer, and the
CHI.OE profilometer werc involved in the comparison
study.

Research has Deen completed, and the project report
published as:

NCHRP Report 7, “Comparison of Different Methods of
Measuring Pavement Condition.”

Because the initial rescarch resulted in sufficient data to
permit calculation of elevation power spectra, the work
was extended to consider specifically the problems asso-
ciated with using these spectra as criteria of pavemcnt
condition. The report on the power spectra work was not
published in the regular NCHRP secries, but a summary
was included in the “Summarics of Unpublished Reports,”
Summary of Progress to June 30, 1967, A paper on this
work was also published in Highwav Research Record
No. /89,

Project 1-3(1) FY ’63 and FY 64

Factors Influencing Pavement Performance—
Regional

Research Agency:

Principal Invest.:

Purdue University
Prof. K. B. Woods
Prof. E. 1. Yoder
Prof. R. D. Miles
Dr. C. W. Lovell, Ir.

Fflective Date: Febrvary 15, 1963
Completion Date: September 30, 1967
Funds: 545,982

The degree of influence of various factors commonly
assumed to affect paveinent performance has not been suit-
ably cvaluated to allow translation of test results from
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one geographic area to another., The objectives of this
project were to identify factors that influence pavement
performance, to determine the relative elfect of cach factor,
and to correlate pavement design and performance with
factors common to a number of regions of the United
States.

A regional classification system, using 97 physiographic
units and covering the 48 contiguous states, was adapted
from the system originally developed by K. B, Woods and
C. W, Lovell, Ir., and published in the Highway Enginecr-
ing Huandbook, McGraw-Hill, New York (1960). The
highway factors analyzed by physiographic unit were:
(1) availability of aggregates, (2} soil origin and texture,
{3) high volume change soils, (4} potentially poot sub-
grade support conditions, and (5) frost-susceptible soils.

The research has been completed, and the project report
has becn published as:

NCHRP Repert 132, “Relationships Between Physio-
graphic Units and Highway Design Factors.”

Project 1-3(2) FY 63

Factors Influencing Pavement Performance—Local

Northwestern University
Dr. R. L. Kondner
Septemmber 1, 1963
September 30, 1964
$19,850

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Funds:

In contrast with other research concerned with organiz-
ing regions into like groupings of sufficient sizc to permit
the applications of the principles of meteorology, pedelogy,
and geology to the identification of significant factors
influcncing pavement performance, this study was directed
to the cstablishment of significant trends between flexible
pavement response and various factors such as axle load,
number of load applications, and thickness of pavement
components. Performance data from the AASHO Road ‘Test
and other similar cxperiments were examined, und observed
behavioral trends were expressed mathematically for con-
sidcration of the possibility of incorporating performance,
gapressed in terms of the present serviceability index (PSI).
in flexible pavement design procedures.

This research has been completed, and the results have
been published as:

NCHRP Report 22,
Pavcement Performance,”

“Faclors Ipfluencing Flexible

Project 1-3(3)  FY '64
Factors Influencing Pavement Performance

Research Agency:
Principal Invest.:

University of California
Dr. H. B. Seed

Prof. C. L. Monismith
Aprib 1, 1964

October 31, 1965
£19,800

Effective Date:
Completion Date:
Funds:

The reported analyses of AASHO Road Test data de-
scribe to a limited degree the independent reactions of
the various components of the pavement structure to the
imposed test conditions. The analyses treat very conclu-
sively the rcaction of the entire pavement sections to these
test cunditions. The degree of influence of various factors
commonly asstined to alfect pavement performance has
not been suitably evaluated, however, to allow translation
of performance test results from one area to another. It
is desirable that all of these factors be studied and evaluated
in an attempt to determine order of importance and rela-
tive effect on pavement design.

As experience has demonstrated that heavy-duty asphalt
pavements experience fatigue cracking under repetitions of
heavy load, this research was imitiated to develop pro-
cedures for predicting pavement deflections on the basis of
the results from controlled repeated-lpad tests on materials
comprising the pavement sections and within the frame-
work of existing layered system theory.

Rcesearch has been completed, and the results have been
published as:

NCHRP Report 35, “Prediction of Flexible Pavement
Defleetions from Laboratory Repeated-Load Tests.™

Project 1-4(1) FY 63
Extension of Road Test Performance Concepts

Research Agency:
Principal Invest.:

Georgia Institute of Technology
Ir. A 8. Vesic

[.conard Domaschuk

October [, 1963

September 30, 1964

$10,000

Effective Date:
Completion Date:
Funds:

This rescarch involved a critical review of existing hy-
potheses and the development of new hypotheses of flexi-
ble pavement performance as related to fundamental prin-
ciples of cngineering mechanics and material science. New
hypotheses of flexible pavement performance as related to
design were sought and tested with available data from
the AASHO Road Test and elsewhere.

Research has been completed, and the results have been
published as:

NCHRP Report 10. “Theoretical Analysis of Struetural
Behavior of Read Test Flexible Pavements.™

Project 1-4(1)A FY ‘64

Extension of Road Test Performance Conceptis

Research Agency:
Principal Invest.:
Effective Date:

Duke University
Dr. A. §. Vesic
Fehruary 1, 1965
Completion Date: Septeinber 30, 1966
Funds: 519,924
This research was concerned with existing theories of
structural hehavior of rigid pavements. Available data on
deflections, stresses, and observed structural failures of




rigid pavemenis during the AASHO Road Test were col-
lected and critically reviewed. Rational correlations were
developed for existing theories of mechanical behavior of
rigid pavements.

The project report has been published as:

NCHRP Report 97, “Analysis of Strnctural Behavior
of AASHO Road Test Rigid Pavements.”

Project 1-4(2) FY ‘64

Extension of Road Test Performance Concepts

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Funds:

Purdue University
Dr. M, E, Harr
February 1, 1964
January 31, 1966
$12,243

There exist in the literature many theories that attempt
to describe, from a mechanistic point of view, the action
and reaction of pavements subjected to various loading.
In general, they represent solutions to particular problems
which, because of the high cost of performance testing,
have never been thoroughly evaluated. In the light of
the findings of the AASHO Road Test, a comprehensive
overview of all theories is needed to determine relation-
ships which are necessary and sufficient for a broad and
adequate description of pavement performance. To pursne
this prohlem, this research study was authorized to examine
cxisting hypotheses and to develop new hypotheses of
pavement performance as related to fundamental prineiples
of engineering mechanics and materials science, and al-
ternately to test these hypotheses with data from any other
available source,

This research has been completed. and the preject report
has been published as:

NCHRP Report 30, “Extension of AASHO Road Test
Pcrformance Concepts.”

Project 1-5 FY ‘64
Detecting Variations in Load-Carrying Capacity of
Fiexible Pavements

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Funds:

Cornell Aeronautical Laboratory
D, N. M, Tsada

January 15, 1964

July 15, 1965

549,011

A need exists for an accurate method which will indicate
the relative load-carrying capacity of pavements when com-
pared with capacities during fall or other seasons so that
restrictions in load limits can be more objectively applied.
1t is desirable that such a method be rapid and simple
in operation and nondestructive to the pavement.

This research approached the objectives in terms of in-
vestigating the displacement response of flexible pavements
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to impulsive loadings as a measure of the seasonal changes
in the efastic properties. The findings have been published
as:

NCHRP Report 21, “Detecting Variations in Foad-
Carrying Capacity of Flexible Pavernents.”

Project 1-5(2) FY '67

Detecting Seasonal Changes in Load-Carrying
Capabilities of Flexible Pavements

Texas A & M University

Research Foundation

F. H. Scrivner

W. M. Moore

Scptember 1, 1966

June 30, 1968

$49,428

Research Agency:
Principal Invest.:

Eflective Date:
Completion Date:
Funds:

Frost, temperature, moisture, and other environmental
factors inffucnce the seasonal changes in strength of Aexible
pavements, particularly during the spring thaw periods in
the northern areas of the country. A simple, rapid, and
nondestructive procedure is needed for determining the rela-
tive load-carrying capabilities of pavements during all sea-
sons of the year. The objectives of this study were to
evaluate methods of meeting this need and to develop
techniques und guidelines for field use of the most promising
proccdure, As a result of the cvaluation, the Lane-Wclls
Dynaflect equipment was selected for field cvaluation and
recommended for field operation.

Researeh has been compleled, and the project report has
becn published as:

NCHRP Report 76, “Deteciing Seasonal Changes in
Load-Carrying Capabilities of Flextble Pavements.”

Project 1-6 FY *64

Standard Measurements for Satellite Program—
Measurement Team

Texas A & M University
Rescarch Foundation
F. H. Scrivner

March 31, 1964
January 31, 1967
$61.353

Research Agency:

Principal Invest.:
Effective Duate:
Completion Date;
Funds:

This research related to establishing measurement teams
equipped, stafTed, and trained to make common denomina-
tor measurements on the projects in any proposed satellite
résearch program and to insure cuntinuity of these measure-
ments during the life of such a program,

The measurement program considered minimal for a
nationwide coordinated satellite program was outlined
in the guidelines prepared under NCHRP Projeet 1-1, but
the guidelines did not specify actual items of test cquip-
ment nor describe team personncl requirements or pro-
cedures in detail, In addition. it did not attempt to define
the testing program for the measurement tcams in terms of
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frequency of visits to individual projects or schedules of
measurements within projects.

Research has been completed, and the project report has
been published as:

NCHRP Report 59, “Standard Measurements for Satel-
lite Road Test Program.”

Project 1.7  FY '65
Development of Interim Skid-Resistance Require-
ments for Highway Pavement Surfaces

Research Apency.
Principal Invest.:
Effective Date:
Completion Date:
Funds:

The Pennsylvania State University
Prof. W. E. Mever

June 15, 1965

Deceinber 15, 1966

$24.815

This study was conducted to satisfy an immediate need
for determining minimum service values of skid resis-
tance. These values arc interim in nafure, as much ad-
ditional research on the skid problem is needed. The high
speeds and rapid accelerations and decelerations of modern
vehicles result in pavement surfaces which were once con-
sidered skid resistant, but arec now deficient in this respect.
The problem lies not only in providing surfaces which
are adequately skid resistant, but also in the development
of standard measurement equipment and procedure. The
specific objectives of this research were to (1) develop a
state-of-knowledge report on skid measurement techniques
and coefficients for highway pavements, (2) recommend
interim design values and minimum service values for
skid resistance of wet pavements in terms of safety and
economy for different methods of measurements, and
(3) outline 2 long-range program to provide verification or
refinement of the recommended values.

Rescarch has heen completed, and the project report
has been published as:

NCHRT Report 37, “Tentative Skid-Resistance Require-
ments for Main Rural Highways.”

Project 1-8 FY '65

Factors Involved in the Design of Asphalt Pavement
Surfaces

Materials Rescarch & Development
[F. N. Finn

Junuary 1, 1965

Fcbruary 28, 1966

$23,255

Research Agency:
Principal Invest.:
Effective Date!
Completion Date:
Funds:

Research is needed. tn improve the methods currently
being used to design both asphalt concrete mixtures and
thicknesses for flexible pavement surfaces. It is necessary
that design methods take into consideration the many

factors that affect surface-course performance and the func-
tion of the surface course in performance of the total struc-
ture of the pavement. A knowledge of all these interrela-
tionships is necessary to the achievement of optimum per-
formance, durability, and economy of the pavement. This
research was authorized to identify the factors funda-
mental to comprehensive design of asphalt surface courses:
to appraise the state of knowledge concerning both the
recognition of and accounting for these factors in design;
and to recommend areas in which uew test methods and
research are needed if currently used test methods are
inadequate to provide the necessary information concern-
ing the fundamental factors.

Research has been completed, and the project report has
been published as:

NCHRP Report 19, “Factors Involved in the Design of
Asphaltic Pavement Surfaces.”

Project 1.9 FY ‘67
Evaluation of Studded Tires

Cornell Aeronautical Laberatory
F. R. Haselion

Research Agency:
Principal Invest.:

Effective Date: October 1, 1966
Completion Date: Tune 30, 1967
Funds: $24,998

This was essentially a state-of-the-art study in which cur-
rently available data on the performance of studded tires
were evaluated and correlated. Correlations of published
and unpublished information on both the effectiveness of
studded tires and the wear resulting from their use were
provided. Some recommendations were made for measur-
ing pavement wear caused by studded tires and for a con-
trolled systernatic means for investigating the pavement
wear on a nationwide basis.

Research has been completed, and the project report has
been puhlished as:

NCHRP Report 61, “Evaluation of Studded Tires—Per-
formance Data and Pavement Wear Measurement.”

Project 1-10 FY '67 and FY "69

Translating AASHO Road Test Findings—
Basic Properties of Pavement Components

Materials Research and Development
B. A. Vallerga

F. N. Finn

Dr. W. R. Hudson

Dr. Keshavan Nair

Research Agency:
Principal Invest.:

Effective Dates: Sept. 12, 1966  Dec. 1, 1968
Coinpletion Dutes:  Mar. 11, 1968 Dec. 31, 1970
Funds: $99,803 $103,291

A wealth of useful design and performance information
resulted from the AASHO Road Test; however, means do




not now exist for reliably translating this information to
other localittes throughout the United States. This research
concentrated on improving the understanding of the sig-
nificant basic propertics of pavement systems and com-
ponents and their relationships to design and perform-
ance, with duc regard to locality and cnvironment. The
specific objectives of the research were (1) development of
descriptions of significant basic propertics of matcrials used
in road structurcs, (2) development of procedures for mea-
suring these properties in a manner applicable to pavement
design and evaluation. and (3) development of procedures
for pavement design, utilizing the measured valucs of the
basic properties, which would be applicable to all Jocations,
environments, and traffic loadings.

Project eflorts were divided into two major subdivisions:
{1) characterization of materials in termis of stress/strain
relationships representative of loading and environmental
conditiens, and (2) formulation of an operational pave-
ment system model that organizes the over-all influencing
factors, such as materials characterization, maintenance re-
quirements, user costs, and economics, within a suitable
framework for ftcxible pavement design and management.

Research has been completed, and project reports cover-
ing the subdivisions have been published as:

NCHRP Report 139, “Flexible Pavement Decsign and
Management—Systems Formulation” and

NCHRP Report 140, “Flexible Pavement Design and
Management—Materials Characterization.”

Project 1-10A FY 72

Systems Approach to Pavement Design—
Implementation Phase

Texas A & M University
Research Foundation

R. L. Lytton

W. F. McFarland

March 1, 1972
December 31, 1973
$100,000

Research Agency:
Principal Invest..

Effective Date:
Completion Date:
Funds:

Pavements are cxtremely complex physical systems in-
volving the interaction of numerous variables. Their per-
formance is influenced by such factors as material proper-
tics, cnvironment, traffic loading, construction practices,
and maintenancc activitics. The pavement design process
must consider all of these influencing factors, plus other
constraints imposed by management.

Methods are needed for considering the effect of the
interaction of the numerous variables during the over-all
pavement design process. An operational pavernent sys-
tems modcl (SAMPS5), including a computer program
using up to 100 input variables, developed during work on
NCHRP Project 1-10, appears to be one approach to meet-
ing this need. For the method to be fully implementable,
dctailed descriptions for user guidcs, input forms, and data
fecdback storage systems are needed.

The primary objective of this project was the further de-
vclopment of the SAMP3 program to field application
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stage and its pilot testing in one or more state highway
departments.

The research has been complcted and the objective
accomplished. The systems model {(now designated as
SAMP6) has been modified to include full roadbed cross
sections, variable unit costs with quantity and time, stochas-
tic variability of some values, environmental roughness, and
a modified structural subsystem. Trial implementation of
the SAMP6 program has been undertaken in the states of
Florida. Kansas, and Louisiana. An evaluation of the pilot
studies indicates that SAMP6 is an operational computer
program that can be a useful tool in the pavement design
and managetnent process.

The project report has been published as:

NCHRP Report 160, “Flexible Pavement Design and
Management—Systems Approach I'mplementation,”

Project 1-10B FY 73
Development of Pavement Structural Subsystems

Materzals Rescarch and
Development

F. N. Finn

February 1, 1974
September 30, 1976
$250,000

Research Ageney:

Principal Invest.:
Effective Date:
Completion Date:
Funds:

Pavements are extremely complex physical systems in-
volving the interaction of numerous variables, Their per-
formance is influenced by such factors as material proper-
ties, environment, traffic loading, construction practices,
and maintenance activities. The pavement design process
must consider all of these influencing factors, plus other
constraints imposed by management.

Mecthods have been developed and are being implemented
for considering the effect of the interaction of the numerous
variables during th¢ over-all pavement design and manage-
ment process, Onc cxample ol an operational pavement
design and managemcnt system has been developed under
NCHRP Projects 1-10 and 1-10A. To bc most uscful, a
pavement management systcm should contain mechanistic
structural subsystemns that utilize measured values of the
significant basic or fundamental properties of thc pavement
componenis and have the capability to predict certain dis-
tress modes that can be related to the performance of the
pavement,

The primary ocbjective of this project is to develop,
modularize, and verify flexible-type pavement structural
subsystems utilizing implementable mechanistic technigques
to analyze specific distress modes in pavement structures
for various environmental, fraffic, and construction condi-
tions and having the capability of being used to evaluate
both new pavement structures and overlays. The analysis
techniques are to be based on available information from
previous and currcnt research. They arc expected to be
applicable to all Aexible-type pavements, including those
with trcated base and subbase courses and full-depth bitu-
minous structures. Specific distress modes to be considered
are:

(a) Cracking from repetitive traffic loading.
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(b) Permanent deformation from repetitive traflic load-
ing.

fe) Thermal cracking.

Research has heen completed and the objective accom-
plished in the form of (wo computer programs, one re-
ferred 1o as PDDMA  (Probabilistic Distress Models Tor
Asphalt Pavements) for fatigue cracking and permanent
detormation, and the second referred to as COLD (Com-
putation of Low-Temperature Damage} for low-temperua-
ture cracking. The programs wre capable of simulating the
occurrence ol pavement distress and can be used in pave-
ment management systems, diagnostic invesligations, for-
mulation of design criteria, and preparation of material and
construction specifications.  They have been successiully
cxecuted on the computer cquipment of several state high-
way and Lransportation departinents. The primary nced is
for additional calibration verification, and implementation
at the user level.

The final report is in the review and revision process.

The NCHRP *77 program allocates continuation funding
in the amount ol $150.000 for assisting scveral state high-
way agencies during calibration and implementation of the
findings of this project.

Project 1-11 FY ‘68

Evaluation of AASHO Interim Guides for Design
of Pavement Structures

Researcl Agency:

Principal Fnvest.:

Matcrials Research & Development
C. 1. Van Til
B. F. McCullough

Effective Dates: Oct. 23, 1967 Aug. 1, 1970
Completion Dates: June 30, 1970 Apr. 30, [971
Funds: $63,720 $20,205

In the AASHO Interim Guides for the Design of Flexible
and Rigid Pavement Structures, distributed in 1962, it was
emnphasized that the guides were “. . . interim in naturc
and subject to adjustment bascd on experience and addi-
tional research.” Since that lime no evaluation has been
made of the experience accumulated by the State highway
departments as reflected by current design procedures. An
bnmediate nced exists for a review and evaluation of these
procedures for the purpose of updating the guides. Ac-
cordingly, the specific objectives of this research were
(1) to collect, review, and summarize current State high-
way department pavement design procedures, and (2) to
dcvclop proposed revisions to the AASHO Interim Guides
for the Design of Pavement Structures based on an cvalua-
tion of the results of the first objective.

To achicve the objectives, information on current pave-
ment design procedures was collected from 50 state high-
way departments, the District of Columbia, and Puerto
Rico. This was analyzed along with the original AASHO
Road Test data and the findings of other rescarch work

in the problem arca. For the purpose of providing State
highway departments with maximum benefits from the
project, a continuation contract was executed with the
agency with the objective of drafting revised Guides based
on suggested revisions contained in the project report.

Rcsearch has been completed, and the project reports
have been published as:

NCHRF Report 128, “Evaluation of AASHO Interim
Guides for Design of Pavement Struciures™ and

“"AASHO Interim Guide for Design of Pavement Struc-
tures,” published by the American Association of State
Highway and Transportation Officials, Washington, D. C.

Project 1-12 FY 70

Determination of Pavement Friction Coefficients
Required for Driving Tasks

The Franklin Institute
Eupene Farber
August 25, 1969

Tune 8, 1973
£309,244

Research dgency:
Principal {nvest.:
Effective Date:
Completion Date:
Funds:

Increascs in traffic density, vehicle speed, and engine
horsepower contribute to the risc in number and the severity
of highway accidents resulting in thousands of deaths and
billions of dellars in property damage each vyear. It is
recognized that the highway accident problem is very com-
plex, involving relationships between the highway, vehicle,
driver, traffic, weather, and other variables. Extensive re-
scarch is necded in all of the various aspects of this prob-
lem.

The ultimate objectives of research in this problem area,
dealing with the frictional coupling of the vehicle tire and
the pavement surface, are to {1) determine pavement skid
resistance requirements, (2) improve the reliability of skid
resistance measurements, and (3) improve the ability to
build and maintain highly skid resistant pavements. The
specific objective of this project was the development of
procedures for determining pavement skid resistance re-
quircments for various classes of highways, taking into
consideration such factors as driver and vehicle character-
istics, traffic, weather, and highway geometry.

Research has been completed and a procedure developed
for determining skid resistance requirements for inter-
sections and other roadway sites where braking occurs.
Further rescarch is necessary to develop procedures for
determining minimum skid resistance requirements for
highway curves and other sites subjected to cornering
Mmaneuvers.

The project report has been published as NCHRP Re-
port 154, "Determining Pavement Skid Resistance Require-
micnts at Intersections and Braking Sites.”




Project 1-12A
Wet-Weather Skidding Accident Reduction at Inter-

FY "/4

sections
Research Agency: Ohio Department of Transportation
Principal Invest.: R. D. Paddock
Effective Date: July L, 1975
Completion Date: September 30, 1977
Funds: $199,955

Roadway accidents are known to involve extremely com-
plex interrclationships between vehicles, drivers, traffic,
weather, roadway geometry, and pavement surface char-
acteristics. Accidents, for whatever cause, can result in
death, human suffering—either physically or emotionally—
and costly annual property damage. Becausc of the magni-
tude of the problem, extensive research in all its aspects has
not only been conducted to date but alse is continuing with
the objective of bringing about still further improvements
in highway safety.

Onc area of continuing rescarch is that of pavement skid
resistance.  Although the inherent complexities in this area
have long been recognized, the establishment of universal
minimum pavement surface skid resistance (Skid Number)
requirements is often considered to be the primary ap-
proach to solution of the problem. However, realistic skid
resistance requirements should be based on actual traffic
needs at cach particular site. Research conducted under
NCHRP Projecl 1-12 indicates that longitudinal accelera-
tions can be used to predict the relative traffic demand for
tire-pavement interface friction at braking sitcs. Refline-
ment and field validation of longitudinal acceleration as-
sessment is needed to provide highway agencies with addi-
tional tools for determining types of corrective actions
needed at high or poicntially high accident sites,

This project 1s directed toward the examination of meth-
ods developed under NCHRYP Project 1-12 for deterimining
vehicufar longitudinal acceleration forces and to rclate
these forces to the incidence of vehicle skidding through
loss of traction at the tire-pavement interface. The over-all
objective is to provide highway agencies with practical
inethods needed for determining where longitudinal accel-
eration demand cxceeds available tire-pavement intcrface
friction. It is anticipated that these methods will provide a
basis for relating specific acceleration demand at particular
sites 10 other factors such as geometric design features,
driver behavior, tire frictional parameters, climate, traflic
and pavement surface chatacteristics.

The accomplishment of the over-all objective is expected
to involve the following tasks:

1. Improve, refine and simplify the data collection sys-
tem developed under NCHRP Project 1-12, with special
emphasis on improved service durability of the detection
apparatus under heavy traffic and adverse weather condi-
tions,

2. Calibrate the improved data collection systerm (a) by
conducting Held tests using accelerometers installed in
automobiles or {b) by comparable direct methods,

3. Conduct fleld studies under dry- and wet-weather
conditions to determine the relationships between longi-
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tudinal acceleration values, traffic conflicts, and frequency
of skidding events. This should include 2 mathematical
analysis to provide statistically valid results.

4. Prepare a procedural manual for implementation of
the system, including detailed descriptions of the equip-
ment, measurements, analyses, and limitations,

Research is in progress. Automated equipment has been
developed for the collection and analysis of vehicle acceler-
alion dala at intersections. During the calibration task it
was determined that the desired level of accuracy was not
being obtained. Dala are being collected at a number of
intersection sites with the automated equipment. Follow-
ing analysis, a determination will be made concerning the
acceptability of degree of accuracy.

Project 1-12(2)

Locked-Wheel Pavement Skid Tester
Correlation and Calibration Technigues

FY 71

The Pennsylvania State University
Prof. W. E. Mevyer

R. R, Hegmon

September 16, 1970

May 15, 1973

$319,000

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Fimds:

Increases in traffic density, vehicle speed, and engine
horsepower contribute to the rise in the pumber and
severity of highway accidents, resulting in thousands of
deaths and billions of dollars in property damage each
vear. It is recognized that the highway accident problem
is very comples, involving relationships among the high-
way, vehicle, driver, traffie, wcalther, and other variables.
Extensive research is nceded in all of the various aspects
of this probiem,

Implementation of the results of Project 1-12, dealing
with pavement skid resistance requirements, depends on the
ability to mecasure the skid resistance of pavement surfaces
with a rcasonable degree of reliability. The specific ob-
jective of this project was the development and verification
of methods for improving the ability to measure pavement
skid resistance with skid testers in general conformance
with ASTM Method E-274.

Research has been completed and the essential findings
published as NCHRP Research Results Digest 49.

The project report has been published as NCHRP Re-
port 151, “Locked-Wheel Pavement Skid Tester Correla-
tion and Calibration Techniques.”
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Project 1-12(3) Fy 72

Requirements for Wear-Resistant and Skid-Resistant
Highway Pavernent Surfaces

Materials Research & Development
C. 1. Vuan Til

November 1, 1971

Septemmber 30, 1975

$£261,955

Research Agency:
Principal Fnvests.:
Effective Dare:
Completion Date:
Iunds:

Traflic density and the use of winter traction aids con-
tribute to accelerated polishing and wear of highway
pavcment surfaces, The resulting loss of surface texture
reduces tire-pavement friction. Channelized traffic can also
produce wheelpath depressions or ruts that inay be det-
rimental to vehicle control and and permit ponding of water
with adverse safety effects, such as splushing, ice forma-
tion, and increased potential for hydroplaning.

In the interest of highway safety, it is essential that
economical and cffective procedures be provided for cor-
recting polished or worn surfaces and that new paveinent
surfzces be designed and constructed to retain acceptable
levels of resistance to wear and polishing.

The objectives of this project were to (1) identify and
cvaluate currently avajlable pavemcnt surfaces, construc-
tion procedures, and treatments for imnproving wear re-
sistance and skid resistance of roadways and (2) conduct
an experimental program to evaluate promising innovative
procedures for providing highly wear- and skid-resistant
pavement surfaces.

The research hus been completed. The essential findings
have been published as NCHRP Rescarch Results Digest
89. The final report, covering both objectives, is in the
process of being prepared for publication.

Project 1-13  FY '72

Effects of Studded Tires on Highway Safety

Culspan Corporation
Kenneth Perchonok
April 19,1971
August 20, 1974
$208,898

Research Agency:
Principal Invest.:
Effective Date:
Comnpletion Date:
Funds:

The vse of studded tires has been cucouraged by claims
for greater highway safety. Many highway and transporta-
lion departments, aware of accelerated pavement damage
caused by studded tires, have conducted studies designed to
measure the danage and evaluate the associated costs. The
specific objective of this project was to measure, by study
of accidents, aceident records, accident investigations, or
other appropriate tneans, Lthe effect of studded tire use on
the incidence und severity of accidents occurring under
winler driving conditions, Analysis included consideration
of exposure of vehicles with and without studded tires to
accident occurrence.

Accident data and driver exposure data from Minnesota
and Michigan were analyzed to measure the effect of ban-

ning studded tires. The Minnesota analyses involved a
comparison of accident and injury data before and after
studded tires were banned in the State. The Michigan
analyses included a comparison of accident rate and injury
oceurrence for autos having studded tires with autos having
snow tires. Various procedures were employed to control
and neasure driver effects associated with the type of tire
used. Aithough all relationships that were developed did
not prove to be statistically significant (at the 95 percent
level), a slight safety advantage was indicated for studded
tires.

Rescarch has been completed, and the final report is in
the NCHRP editorial and publication process.

Project 1-13{2) FY 72

Effects of Studded Tires on Highway Safety—Non-
Winter Driving Conditions

Research Agency:
Principal Invest.:

University of Michigan

John A, Green, Jay S. Creswell,
Duanc F. Dunlap

February 15, 1972

May 31,1973

$39,450

Effective Date:
Completion Date:
Funds:

Pavement wear by studded tires has been suspected of
causing an unnatural placement of vehicles in traffic lanes
by drivers attempting to avoid worn channels, of increasing
the hydroplaning potential by water entrapment in the ruts,
of reducing skid resistance, and of having an adverse effect
on steering. Studded tires are known to cause premature
loss of pavement inarkings. Quantitative inforination is
necded on these, and other. stud-related influences on high-
way safety that should be considered in reaching rational
decisions regarding the over-all valuc of studded tires. This
project was a first step in obtaining the needed data.

The objectives of this study were to synthesize current
knowledge about studded tires related to their non-winter
driving safcty effects and te use this synthesis to formulate a
plan for dctermining thc magnitude of these non-winter
safety cflects wherc this informalion cannot be derived with
assurance from existing data.

Projeet work has been completed, and has offered some
insight into the magnitude of the further investigational
work required to guantify the many stud-related influences
on highway safcty. The final report is in the NCHRP edi-
torial and publication process.

Project 1-14 FY 73

Influence of Combined Highway Grade and Horizon-
tal Alignment on Skidding

University of Michigan

Paul Fancher

Research Agency:
Principal Invest.:




Effective Date: October 15, 1972
Completion Date: January 14, 1974
Funds:; $69,948

A variety of factors have contributed to the rise in num-
her and severity of highway accidents, with attendant loss
of life, injury, and property damage. It is recognized that
the highway accident problem is an extremely complex one,
involving all aspects of the system. Thus, continuing re-
search is nceded on all facets of the problem.

At present, “A Policy on Geometric Design of Rural
Highways” (AASHO, 1965) treats combinations of vertical
and horizontal alignment in a gencral and relatively non-
specific manner. Although a detailed treatment is afforded
to horizontal alignment alone and a similar trcatment is
given vertical alignment alone, a significant information gap
exists on combined alignments. Because the combined
alignment condition is common, and because certain com-
binations of alignments have heen identified as a probable
causative factor in skidding accidents, the study of these
combinations is most approptiate.

The objective of the research was to develop tentative
puidelings for highway geometrics and pavement surface
characteristics to cnsure adequale vchicle control during
anticipated tnaneuvers on highway sections containing the
comnbination of horizontat alignment and upgrade and
downgrade vertical alignment.

Research has been completed with the finding that the
AASHTO design procedures—as described in 4 Felicy on
Geometric Design of Rural Highways, 1965 and 4 Policy
on Design of Urban Highways and Arterial Streets, 1973—
provide a practical method for arriving at reasonable geo-
mietric designs for sites with combined horizontal curvature
and vertical grade, provided (1) the selected values of
superelevation are large enough to resnlt in adequate pave-
ment surface drainage and (2) the pavement skid resistance
is sulfictent for anticipated vehicle maneuvering. However,
misinterpretation of the AASHTO design procedures has
resuited in design and construction of long-radius curves
with inadequate superelevation for surface drainage that
contributes to an extraordinary wet-weather accident rate
af this type of site.

The cssential findings of the study have been published
as NCHRP Research Results Digest 72, "Recommended
Modification of Superelevation Practice for Long-Radius
Curves,”

The project report is in the NCHRP editorial and pub-
lication process.

Project 1-15 FY '73

Design of Continuously Reinforced Concrete Pave-
ments for Highways

Research Agency:
Principal Invest.:

University uf Texas at Austin
Dr. B. F. McCullough

Dr. W. R. Hudson

August 1, 1972

August 31, 1975

$151,870

Effective Date:
Completion Date:
Funds:
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Most ol the thousands of miles of CRCP that have been
built have been performing adequately. Failures have
been sufficiently numerous, however, to suggest a need for
defining more quantitatively the relationships that exist be-
tween the design variables that affecl performance. These
prohlems penerally have appeared to be associated with
trregular crack spacing, erratic crack patterns, excessive
crack widths, and excessive deflections. They have mani-
fested themselves as isolated areas of premature distress in
the forms of (1) steel failure at transverse cracks, (2) edge
pumping, (3} spaliing transverse cracks, and (4) failure of
the concrete. To overcome these problems and to realize
the total potential from CRCP, design procedurcs more
precise than the current procedures based on limited and
incomplete performance data are needed.

Project work included general condition surveys of
CRCI* performance in a large group of states and diag-
nostic studies in several; faboratory studies of the behavior
of model CRCP slabs under repetitive loading; and theo-
retical analysis of CRCD hehavior, The rescarch produced
well-defined guidelines for a new CRCP design procedure;
recommendations for cerlain of the required design criteria
and for approaches te the esteblishment of others: and sug-
gestions for improving the construction process.

Research has been completed. The essential findings of
the study have been published as NCHRP Research Results
Digest 82, The agency report has been distributed Lo the
Program sponsors und other interested persons. 1t will not
be published in the regular NCHRP Report series but is
available on a loan basis upon tequest to the NCHRP Pro-
gram Director. Copics 1nay be obtained from Xerox Uni-
versily Microhlilms, Inc.. 300 North Zeeb Road, Ann Arbor,
Mich. 48106.

Project 1-.16  FY '74

Evaluation of Winter-Driving Traction Aids

The Pennsybvania State University
PProf, W, E. Meyer

June 3, 1974

Tune 2, 1977

$£300.000

Research Agency:
Pripcipal Invest.:
Eflective Date:
Completion Date:
Funds:

The all-wecather movement of traffic is vital to today's
economy and a matter of public demand, In addition to
transporting the work force, it is essential to maintain
emergency transportation services. In response to these
nceds, highway agencies spend large sums of money on
winter maintenance activities. To aid in the efficient inove-
ment of people and materials during the winter season,
industry has developed various winter-driving traction alds
such as tire chains, snow tires, studded tires, the limited-
slip differential, nonlocking brakes, the four-wheel drive,
polyethylene chains, and improved rubber compounds.
These aids do not appear to be cqually effective on snow-
and ice-covered roads., In addition, some of these aids are
quite damaging to pavement surfaces. Standard procedures
are needed for evaluating the relative performance and
pavement wear eflects of winter-driving traction aids.
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There is also a nced for a comprehensive investigation
of currently available devices for improving vehicle per-
formance on ice- and snow-covered roads.

The objectives of this project are to:

1. Select methods and develop criteria to be used as a
standardized procedure for effectively evaluating winter-
driving traction aids for passenger cars, tulti-purpose pas-
senger vehicles, and light trucks with regard to:

{a) Vehicle performance (traction, braking, control).

{(b) Pavement surface characteristics (physical proper-

ttes of ice and snow).

{c) Bare-pavement wear.

2. Conduct an experitnental program to cvaluaic the
performance of avatlable winter-driving traction aids on
ice and snow, using the standardized procedure for evaluat-
ing vehicle performance,

3. Provide a limited evaluation of any possible adverse
effects of these aids on vehicle performance on other than
snow- and ice-covered pavements,

4. Prepare un over-all cost-benefit type of ranking for
winter-driving traction aids. singularly and in combinations
where appropriate, considering such factors as perform-
ance on snow and Ice, pavement wear, economics, user
convenience. praclicality. durahility, and reliability.

Research is in progress. A scl of vehicle performance
cvaluation test procedures has been developed. They are
based on measuring traction-aid performance in a manner
specific to the way the aid influences braking, traction. and
controllability, Conseguently, tirgs are evaluated on their
ability to generate braking. traction, und [aterui forces.
Atds that modily the application of torque to the drive
wheels are cvaluated on the basis of vchicle straight-line
traction {(draw-bar pull) and conwollability during com-
bined cornering and braking or acceleration. Methods
have been selected for characterizing ice- and snow-covered
surfuces. The experimental program is being conducted on
an indoor ice rink and outdoor snow-covered surfaces, A
vehicle simulation program is being used to study the
effects of various drive-train configurations on vehicie con-
troflubility, Tire characteristics for use in the simulation
studics are obtained from the tire cvaluation testing, A
work plan has been prepared for a cost-effectiveness type
ol analysis of traction-aid use.

Project 1-17 Ty 77

Guidelines for Recycling Pavement Materials
Texas A&M University
Research Foundation

Dr. John A. Epps
Novermnber 1, 1976

Tanuary 31, 1979

$2(H.000

Research Ageney:

Hrincipal Invest.:
Efective Date:
Completion Date:
Funds:

State and local agencies responsible for the construction,
rehabilitation, and maintenance of transportation facilities
are faced with inflation, reductions in available funds, re-
ductions of material supplies, and curtailment of energy use.
Because of these, an urgent need exisls to examine the use

of materials, energy, and funds in order to furiher optimize
their utilization. One approach toward meeting this necd
is to reuse or recycle cxisting pavement materials for re-
construction and rehabilitation of portland cement concrete
and bituminous pavements.

The over-all objective of this project is to develop real-
mtic guidelines for the recycling of pavement materials for
the rehabilitation and reconstruction of existing pavements.
it is anticipated that this objective will be met through the
conduct of the two tasks described below, major emphasis
being placed on consideration of the factors stated in Task
1. Category 3.

Task 1.

Develop guidelines for recycling pavement materials that
consider. as a minimum, the factors in the following cate-
gorics:

[. Existing pavement structure and geometry:
a. Conditions indicating feasibility of recycling.
b.  Material resources available in pavemenis.
¢. Methods for sampling, testing. and evaluating re-
cyclable pavement materials.
2. Various recyeling approaches:
#.  Fauipment needs.
b, Environmental elfects,
¢. Lnergy requirements,
d. Economics.
3. Recycling procedures and processes:
a. Material propertics requirements,
b, Material testing procedures,
. Additives.
d.  Pavement mix design,

Task 2.

Evaluate the practicability of the guidelines developed
under Task 1.

[t 15 intended that this evaluation be accomplished by
analyzing and interpreting information from ongoing pave-
ment recyeling projects not only concurrently with the de-
velopment of the guidelines but also near the completion of
the project.

AREA 2:
Project 2-1

ECONOMICS
FY '63 and FY '64
Criteria for Highway Benefit Analysis

Research Agency:
Principal Invest.:
Effective Date.
Campletion Date:
Funds:

University of Washington
Prof. R. G. Hennes

June I, 1963

November 39, 1967
$101,948

This project provided estimates of the relevance of
dilferent types of benefit and cost data to decisions in
highway location. Basic guides for priorities, guidelines for
data collection, and basic information related to taxation
were developed.




An interdisciplinary approach to the problem was under-
taken by the Departments of Civil Engineering, Political
Science, Business Administration, Economics, and Soci-
ology of the WUniversity of Washington.

The final report will not be published in the NCHRP
report series; however, a summary is included in NCHRP
Summary of Progress Through Fune 30, 1968.

Project 2-2 FY '63

Guidelines for the Determination of Community
Consequences

University of Washington

Prof, Edgar M. Horwood

July I, 1963

August 31, 1964

£48,873

Research Agency;
Principal Invest.:
Effective Date:
Completion Date:
Funds:

This project was concerned with identifying and predict-
ing community conscquences arising from highway im-
provements. It was designed to seek out both favorable and
unfavorable consequences and involved evaluation of exist-
ing economic iinpact studies, developing of guidelines for
highway agencies to follow in these studies, and the outlin-
ing of wrgent aspects of this problem needing detailed
research,

The Urban Planning and Civil Engineering Departments
combined their talents and analyzed more than 600 re-
search reports and other writings, The final report pre-
sented an analysis of bypasses, circumferentials, and radial
freeway impact effects. The utility of these studies as well
as expressed gaps in knowledge was also discussed,

This rescarch has been completed, and the results have
been published as:

NCHRP Report 18, *Community Consequences of High-
way [mprovement.”

Project 2-3 FY '63 and FY ‘64

Analysis of Motor Vehicle Accident Data as Related
to Highway Classes and Design Elements

Research Agency:
Principal Invest.:
Effective Date.
Completion Date:
Funds:

Cornell Aeronautical Taboratory
Dr. J. K. Kihlberg

June 1, 1963

August 31, 1966

$155.972

The objective of the study was to determine the rela-
tionship of motor vehicle accidents to highway design ele-
ments. The study consisted of two phases: Phase 1 was
a one-year study to determine accident and severity rates
for various highway types; Phase 2 was a two-vear study
to extend these rates to various geometric elcments of the
highway.

Phase 1 was accomplished with highway and accident
data from California, Louisiana, and Ohic. The highway
data were the highway networks divided into a multitude
of short segments, each ol known length, each with a
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known ADT, and each homogeneous with respect to num-
ber of lanes, access control, and median. Data of the ac-
¢idents that had occurred on a particular highway segment
were alfixed to that segment. By grouping the highway
data according to highway type and ADT, the various
accident and severity rates could be computed.

Phase 2 used highway and accident data from Ohio,
Connecticut, and Florida. The highway network of cach
State was subdivided into segments, each 0.3 mile long,
cach with known ADT, cach homogeneous with respect to
number of lanes, access control, and median, and each con-
taining known geometric elemcnts {(curvature, gradient,
intersections, and structurcs}. As in Phase 1, accidents
were affixed to the highway segments at the site of oc-
currence. Proper grouping allowed calculation of accident
and severity rates (within cach State) for the various peo-
metric ¢lements.

The project report has becn published as:

NCHRP Report 47, "Accident Rates as Related to Design
Elements of Rural Highways.”

Project 2-4 FY 63 and FY 64

The Value of Highway Travel Time, Comfort,
Convenience, and Uniform Driving Speed

Texas A & M University
Research Foundation
Dr. W. G, Adkins

June 1, 1963

Auvgust 31, 1966
S77,100

Research Agency:

Principal Invest.:
Effective Date:
Completion Date:
Frnds:

Various methods that have been proposed to evaluate
time savings accruing to highway vehicles are revicwed in
this report, and two selected models were used to analyze
Interstate Commerce Commission data on cornmercial
highway carriage for the vear 1962. Valucs of time saving
in dollars per hour were derived for nine gecgraphical
regions as designated by the Interstate Commerce Com-
mission for cargo vehicles and for intercity buses. Detailed
methedology of the cost-savings model is presented so that
other rescarchers can make similar estimates under known
local conditions. Also, an updating technigue has been
developed and the 1962 costs were projected to 1965 utiliz-
ing equipment costs and driver wages and benefit indexes
to develop multipliers. The assumptions of this technique
and the limitations of applying the derived results are
discussed.

The final report for this project has been published as:

NCHRP Report 33, “Values of Time Savings of
Commercial Vehicles.”

Project 2.5 FY °63 and FY 64

Running Cost of Motor Vehicles as Affected by
Highway Design and Traffic

The Catholic University of America
Dr. Paul I. Claffey

Research Agency:
Principal Invest.:
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Fffective Date: June 1, 1963 June I, 1965
Completion Date: Aug. 31, 1964 Dec. 31, 1960
Funds: 549,998 551,265

In this project, the motor vehicle running costs were
developed for use in evaluating uscr costs rclated to pro-
posed highway improvements and traffic regulations, These
costs werc determined from actual vehicle field tests as
well as from the available literature,

A research report presenting the results of the first year's
work was rcceived and has been published as:

NCHRP Report 13, “Running Cost of Motor Vehicles
as Affected by Highway Design.”

This repurt relates the fuel consumption cost of a typical
passenger vehicle to various roadway geometrics and
operating characteristics as measured by more than 4,000
test runs in the field. Tt describes the development of a
precise fuel meter used to collect the data, Brief studies
are reported on oil consumption, maintenance, tire wear,
and depreciation costs as they are affected by highway and
traffic conditions.

During the second phase of rescarch, fuel und time con-
sumption data were collected for a sccond passenger vehi-
cle, a transit bus, a tractor semitrailer, a single-unit truck,
and a diesel truck. A special fuel meter for measuring the
fuel consumption of diesel trucks was developed.

The results of this project have becn combined with the
results of Projects 2-5A and 2-7. The findings of the com-
bined rescarch effort have been published as:

NCHRP Report 111, “Running Costs of Motor Vehicles
as Affected by Road Design and Traflic.”

Project 2-5A FY 65 and FY '67

Running Cost of Motor Vehicles as Affected by
Highway Design and Traffic

Research Agency: Paul J. Claffey and Associates

Principal Frvest.: Dr. Paul J. Claffey

Effective Date: July 1, 1967 Aug. 11, 1969
Completion Dae: Dec. 31. 1968 Aug. 10, 1970
Funds: $35.000 $30,665

The original 2-5 project was continued with the prin-
cipal investigator as the contracting agency to obtain more
detailed data on running costs of motor vehicles in order
to eliminate certain gaps that exist in the information avail-
able on this subject. The results of the earlier work on
Project 2-5 and Project 2-7 have been combined with the
additional results of this phase of the project into a single
comprehensive final report. The effects that variations in
pradient, road surface, speed change frequency, and traffic
volumes have on the running costs of passenper cars,
pickup trucks, two-axle six-tire trucks, and tractor-trailer
combinations are included in the final report and informa-
tion is provided on the operating expenditures of fuel and
oil consumption, maintenance and depreeiation, tire wear,
and accidents. Condensed graphs of the findings of the
fuel consumption and tire wear studies are presented. Each
is designed to provide fuel and tirc wear cost for various

combinations of road design elements and speed change
conditions for a given running speed. Also included are
families of curves of fuel consumption and tire wear for
the cleven test vehicles used in the study and data on the
maintenance costs of passenger cars and trucks relative
to travel distance, together with average oil consumption
rates for operation on dust-free pavements in free-flowing
traffic. on dusty roads in free-flowing traffic, and on high-
type pavements under restrictive traffic conditions. Several
appendices detail a comparative analysis of fuel consump-
tion of diesel and pasoline trucks, determination of the
excess fuel consumed by passenger car passing maneuvers,
an investigation of devices for the measurement of tire
wear, development of equipment for the measurcment of
vehicle fuel consumption, and an annctated bibliography
on highway motor vehicle operating costs.

The final report for this project has been combined with
those from Projects 2-5 and 2-7 and published as:

NCHRP Report 111, “Running Costs of Motor Vehi-
cles as Affected by Road Design and Traffic.”

Project 2-6 FY '63 and FY "64

Warranted Levels of improvement for
Local Rural Roads

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Fiinds:

Stanford University
Prof. C. H. Oglesby
Juneg 1, 1963
September 30, 1966
340,000

This project was concerncd with the setting of economic
standards for the construction and maintenance of local
rural roads, Prevailing rural design standards and prac-
tices were examined in depth, and user benefits werc
weighed against cost. Economic and social consequcnces
to local residents, businesses, and communitics were studied
also and related to the proposed rural road improvements.
Operating costs on two-fane roads of various widths were
analvzed.

Data were assembled or developed on construction
and maintenance costs, on vehicle operations and their
associated costs, and on accident expectancies and their
costs. These costs were related to various roadbed widths
and surface types for straight roads with unimpaired sight
distance and traffic volumes of 400 vehicles per day or less.

The research has been completed, and the results have
been published as:

NCHRP Report 63, “Economics of Dcsign Standards for
Low-Volume Rural Roads.”

Project 2-7 FY 64 and FY "85

Road User Costs in Urban Areas

The Catholic University of America
Dr. Paul J. Claffey

February 1, 1964

Research Agency:
Principal Invest.:
Effeciive Date:




Completion Dare:
Funds:

May 31, 1966
$99,376

The purpose of this research was to provide data on road
user costs as classified by arterial type, operating speed,
traflic composition, and delay factors. Basic tables ap-
plicable for planning and for sclecting arterial street and
highway systemns from the various alternates in urban areas
were developed.

The final report contains information on fuel and time
consumption rates of a passcnger vehicle, two trucks, and
a bus operating on various types of urban facilities under
various levels of service. Some study was devoted to deter-
mining motor vehicle accident costs and oil and mainten-
ance costs which can be attributed to urban driving con-
ditions. Tire wear data werc collected for freeway and
urban arterial comparisons.

The results presented in the project report have been
combined with the results of Projects 2-5 and 2-3A and
published as:

NCHRP Report 111, “Running Costs of Motor Vehicles
as Affected by Road Design and Traflic.”

Project 2-8 FY '64
Estimation and Evaluation of Diverted and
Generated (Induced) Traffic

Research Apency:
Principal Invest.:
fffective Date:
Completion Date:
Frneds:

Northwestern University
Prof. W. L. Garrison
May 1, 1964

August 31, 1966
540,000

Traffic volumes on new or improved highway facilities
are found to increase imore than ¢an be attributed to nor-
mal growth of existing traffic. This extraordinary traffic
increase is composed of two components, diverted and
generated. In making analyses of highway improvement
consequences, such diverted and generated traffic must be
taken into account. At the present time, sufficient informa-
tion is not availahle concerning characteristics of this type
of trafitc.

The final report will not be published in the NCHRP
report series; however, a summary is included under “Sum-
maries of Unpublished Reports,” Swmmary of Progress to
June 30, 1967,

Project 2-9 FY 66

Effect of Highway Landscape Development on
Nearby Property

The Franklin {nstilute
Joel N. Bloom
November 8, 1965
January 31, 1968
$149,103

Research Agency:
Principal Invest.:
Eflective Date:
Completion Dare:
Funds:

The intent of this research is to study how highway
landscape development affects nearby property on a nation-

53

wide basis. This study determines the comparative eflecis
of different basic types of landscape treatments in regard to
property values, land use compatibility, and general accept-
ability. Factors relative to the problem include geometric
design as well as plantings, fencing, slope blending, and
screening applications.

A pilot study was conducted in the Philadelphia area to
test the research techniques. Measurements of headlight
annoyance, noise, vibration, air pollution, and concealment
were nade and correlated to the highway design and land-
scape treatment, property valuation, and attitude data ob-
tained from household interviews. Field studies have con-
tinued in New York, Connccticut, Pennsylvania, Maryland,
Ohio, and California. Statistical tests were conducted to
deterinine if an economic ¢ffect could be determined, Re-
gresstion analvses were made to illustrate the effects that
landscapes and landforms have on noise level reduction.
Correlation analyses were made to show the relations
among landform, landscape, disturbance, interview data,
and the valee of properties adjacent to highways.

The report will assist highway engineers and landscape
architects in developing designs that will reduce highway
noise levels to an acceptable range for adjacent residents.
The research resulis have been published as:

NCHRP Report 75, “Effect of Highway Landscape De-
velopment on Nearby Property.™

Project 2-10 FY 67

Future Needs for Oversize-Overweight Permit
Operation on State Highways

Roy Jorgensen and Associates
Raiph D. Johnson

Research Agency:
Principal Tnvest.:

Effective Dute; November 1, 1966
Completion Date: April 30, 1968
Funeds: $99,655

The purpose of this study was to ¢valuate the extent of
current and future activities of oversize-overweight vehicles
in refation 10 the highway transport situation. Because of
the physical and economic aspects of oversize-overweight
vehicles with regard to present and future highway needs,
it is timely that basic information be developed.

A survey was conducted in each State to determine the
location of permit files and the magnitude of these records.
A 3 percent sample of all the permit records for 1966 in all
the contiguous States was coded and punched into cards
for statistical analyses. 'This amounted to a2 sample of
60,139 permits, which represents an ecstimated 2,160,000
permits issued in 1966.

Data were also collected from the Heavy-Specialized
Carriers and the Oil Field Haulers through the American
Trucking Associations concerning movements made during
the summer of 1967. Thce Mobile Home Manufacturers’
Association provided statistics on shipments, and the De-
fense Department contributed data on their special move-
ments,

Detailed apalysis was conducted using autornatic data
processing statislical programs. Future trends in industries
reliant upon permits for movement of certain commodi-
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ties were projected to 1975. The research tesults have
heen published as:

NCHRP Report 80, “Oversize-Overweight Permit Opera-
tion on State Highways.”

Project 2-11 FY 67
Summary and Evaluation of Economic Consequences
of Highway Improvements

Highway Research Board
Robley Winfrey

Research Agency:
Principad Invest.:

Effective Date: January 1, 1967
Completion Date: July 31, 1970
Frnds: S116,000

This project reviewed the reports submitted on cco-
nomics in NCHRP, as well as information from other
sources, and prepared the results in a form that may be
wsed directly by engineers, economists, and others who
wish 10 make highway economic studies.

The research was conducted in four phases: (a} lo
prescnt the background and principles of engineering ccon-
omy and economic analysis: (b) to present the findings
of Projects 2-1 to 2-9. together with supplementary data
from other sources, in an organized form for use in benefit-
cost studies and other economic analyses; (¢} to identify
gaps in the information available and needed research te
fill these gaps: and (d) to make an introductory study of
probable future trends in the technology of cconomic
analysis.

The project report has been published as:

NCHRP Report 122, “Swnmary and Evaluation of Eco-
nomic Conscquences of Highway lmprovements.”

Project 2-12 FYy 73

Highway User Economic Analysis

Stanford Research Institute
D. G. Andersen

Research Agerncy:
Principal Invest.:

Effective Date: Apr. 1, 1974 Get. 11,1976
Completion Date: Qct. 31,1975 Jan. 5, 1977
Funds: L90.074 F49 9095

There is continuing need for simple and practical meth-
ods for analyses of highway improvements based on costs
and benefits to road users. Such analyses can provide cco-
nomic factors bearing on the choice between altermalive
locations or designs for highway improvement projects,
These cost and benefit analyses are necded, topether with
other major factors {(social and environmental effects, fund-
ing programs, etc.) to arrive at project decisions for a given
scction of highway.

The 1960 AASHGQ “Informational Report by Committee
on Planning and Design Policies on Road User Benefit
Analyses for Highway Improvements™ {updated revision of
the original 1952 report) was written to provide a simple,
easy-to-use method for carrying out economic analyses on
highway alternatives by those having only basic knowledge
of principles of economics. The objective of this research

was to cmploy, to the best possible extent, current empirical
data on highway user benefits and costs (such as from
NCHRP Report 122 and other research) to provide a
revised and updated version of the 1960 AASHO publica-
tion, The revised version will include a selected analysis
rmethodology based on sound economic theory and suituble
for mmmediate, direct application. The methodology pro-
vides a mcans of evaluating public transit operating on
public highways. This cvaluation allows comparisons be-
tween transit operation and additional highway improve-
ments. Further, procedures were developed that provide
the user with a ineans for periodic updating of the numeri-
cal factors and cost coelficients through utilization of com-
monly available economic data. Although it was recognized
that environmental and social factors are significant items
of input to the decision-making process, this research was
limited to road user benefits and costs only.

Current practice was reviewed in the literature and
through questionnaires to all state transportation and high-
way agencies. An unpublished summary is contained in a
report entitled “Current Practice in Highway User Eco-
nomic Analysis,” available on loan by request to NCHRP.

A revision of the rcport prepared under the original con-
tract is completed and is being reviewed for publication by
AASHTQ and NCHRP. Loan copics of the apgency draft
report are available from NCHRP.

AREA 3: OPERATIONS AND CONTROL

Project 3-1 FY ‘63 and FY 64

Development of Criteria for Evaluating Traffic
Operations

Cornell Aeronautical Laboratory
Jatme F, Torres
Feb, 15, 1963
Feh, 29, 1964
$78.965

Research Agency.
Principal Invest.:
Lfiective Dare:
Completion Dare:
Funds:

July 2. 1964
Feb. 28, 1966
579,913

This research project provided an investigation into
the application of criteriz based on travel time, driver
comfort, safety. and wvehicle running costs, The linear
combination of these factors weighted by an appropriate
set of cost coefficients quantified the cperational per-
formance, A procedure was studied which would pro-
vide estimates of the four components based on mea-
surements of traffic volume and an inventory of roadway
characteristics, Travel time, volume, and roadway inven-
tory data were collected from several cities and analyzed.
Estimating relationships were derived for many classes
of urban arterials, whereby travel tiine can be obtained
from the measurement of volume and a knowledge of the
street characteristics. A survey wehicle was equipped to
monitor skin Tesistance, heart pulse, and respiration of two
subjects in traffic while steering, brake, throttle, and speed
were being recerded to study driver comfort. Accident data
in the Buffalo arca were analyzed and related to the safety
factor and wvehicle running costs were estimated through
the use of speed distributions for a sample of strects.

The final report was not published in the NCHRP report




scrics; however, a summary of the report is available in
Highway Research Record No. 211 and also in the NCHRP
Sunvnary of Progresy to June 30, (967,

Project 3-2 FY '63 and FY ‘64

Surveillance Methods and Ways and Means of
Communicating with Drivers

Cornell Acronautical Laboratory
Morton 1. Weinberg

February 15, 1963

April 30, 1966

$246.756

Research Agency:
Principal fnvest.:
Effective Date:
Completion Dute:
Funds:

This project, which was concerned with the development,
practice, and evaluation of various methods of surveillance
and means of communicating with drivers, took advantage
of the several surveillance systems available in the United
States to further ifs research.

The report of the first phase of research described a
predictive model to provide warning of impending con-
gestion, study of a ramp advisory signal, and use of an
airborne chserver for traffic control. It has been published
as:

NCHRP Report S, “Traffic Surveillance and Means of
Communicating with Drivers.”

In the second phase of the project the researchers devel-
oped the miathematical logic to predict the cffects from
unexpected hlockages on a freeway and validated the model
on the John C. Lodge Freeway in Detroit. Also included
was an evaluation of an airborne surveillance and control
system. The results of this phase have heen published as:

NCHRP Report 28, “Surveillance Methods and Ways
and Mecans of Communicating with Drivers.”

In the third phasc of the project a computer-controlled
signal system for a lypical urban complex was synthesized,
including control logic and equipment requirements. The
results of this phase have been published as:

NCHRP Report 29, “Digital-Computer-Controlled Traf-
fic Signal System for a Small City.”

Project 3-3 FY '63 and FY '64

Sensing and Communication Between Vehicles

The Ohio State University
Dr. Thomas H, Rockwell
Dr. Joseph Treiterer
February 15, 1963
November 30, 19635
5163.190

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

This project involved establishment of the operating
requirements of a communication system designed te enable
better communications between vchicles on expressway-
tvpe facilities.

Evaluation and comparative examinations of four inter-
vehicular communication systems were completed. These
involved beth night and day study of car-following for no
signal display, for the conventional brake light, for the tri-
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light system denoting brake and accelerator action and an
acceleration information display of horizontal rows of
green and red lights to indicate the magnitude of the
vehicle’s acceleration or deceleration, Studies of lane
changing decisions were also made. Taxonomies of func-
tional groupings of conceptual rear-end visual display
components were studied for the various signal systems
previously tested. A prototype infrared sensing system
was developed and tested to indicate distance and relative
velocities between vehicles. Field studies of traffic dynamics
were analyzed to determine the data which should be trans-
ferred by the sensing and communication system to increase
traffic volume and improve safety and speed of traffic flow.
Model development studics were made to quantitatively
evaluate possible improvements which may be obtained
through improved communication between vehicles,

The final report has been published as:

NCHRP Report 51, “Sensing and Communication Be-
tween Vehicles,”

Project 3-4 FY '63, FY *64. und FY '66

Means of Locating Disabled or Stopped Vehicles and
Methods of Communication with a
Central Location

Research Agency: Alrborne Instruments Laboratory
Fred Popust
March 1. 1963
Maurch 31, 1965

378,517

Prircipal Invest.:
Effective Date:
Caompletion Date:
Funds:

July 1, 1965
Dec. 15, 1966
$49,474

This study was directed toward evaluation of the nature
and extent of the problem and describing the need for
communication as well as the benefits of locating disabled
vehicles, An additional task was researching the ways that
information about disabled or stopped vehicles may be
used.

An interim report has been published as:

NCHRP Report 6, “Means of Locating and Com-
municating with Disabled Vehicles.”

Following the comprehensive review of the nature, ex-
tent, and characteristics of the stopped vehicle problem
conducted duting the first year of research, the researchers
continued to investigate the feasibility of a detector systern.
A roadside vehicle detector system was developed using a
silicon photo-voltair diode as the roadside receiving unit
and signalling was performed by a vehicle-mounted relay-
type interrupting device which modulates infrared-emitting
diodes. A prototype system was built, tested, and demon-
strated to the advisory panel.

The final report has been published as:

NCHRP Report 40, “Means of Locating Disabled or
Stopped Vchicles.”
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Project 3-5 FY '63, FY '64, FY '66, and FY '69

Improved Criteria for Designing and Timing
Traffic Signal Systems

Planning Research Corp.

F. A, Wagner, Ir.

3/1/63 7/1/66  8/1/68
12/31/65 7/31/67 12/31/69
$123,030 348,155 £93,717

Research Agency:
Principal Invest,:
Effective Date:
Cuompletion Date:
Funds:

The over-all objective of the research was to determine
the most efficient metbod of timing traffic signals for iso-
lated intersectinns, arterial highways, and grid networks of
city streets, The rescarch was accomplished in three phases,

The results of the first phase of research, involving
methods of signal timing for the isolated intersection, have
becn published as:

NCHRP Report 3, “Improved Criteria for Traflic Signals
at Individual Intersections—Interim Report,” and

NCHRP Report 32, “Improved Criteria for Traffic Sig-
nals at Individual Intersections.”

The second phase involved development and compre-
hensive, closely controlled, scientific testing of several ad-
vanced concepts for operating traffic-signal systerns on
urban arterial streets. The results indicate that a signifi-
cant degree of improvement in traflic operation is possible
through application of advanced control methods. This
phase final report has been published as:

NCHRP Report 73, “lmproved Criteria for Designing
and Timing Traffic Signal Systems—Urban Arterials.”

The objective of the third phase was to simulate and feld
test promising signal-control logic that will produce im-
proved signal timings for a grid network of traffic signals.
With the assistance of cooperating agencies, test networks
were located in Los Angeles and San Jose. The San Jose
computerized traffic signal network contained 46 signalized
intersections, and the Los Angeles network contained 26
signalized intersections. The following signal-tinving mcth-
ods were evaluated using simulation techniques and through
actual field tests: (1) existing control: {2} Delay-Difference
Method, Preferrcd Arterials Plan; (3) Delay-Difference
Method, Volume Priority Plan; {4) Delay-Difference
Method, Mixed Cycle Plan; (5) SIGOP Plan: (6) Com-
bination Method Plan,

The final report has been published as:

NCHRP Report 124, “Impreved Criteria for Traffic Sig-
nal Systems in Urban Networks.”

Project 3-6 FY 63, FY '64, and FY 66

Effect of Regulatory Devices on Intersectional
Capacity and Operation

D¢ Leuw, Cather & Company
Ronald Pfefer

April 1, 1963

August 15, 1966

$153175

Rescarch Agency:
Principal Invest.:
Eflective Date:
Completion Date:
Funds:

This project was for the purpose of identifying the effect
of specified traffic regulatory devices on intersection capac-

ity and operations and on systems of traffic facilities. The
effects of stop and yield signs were investigated as they apply
to capacity, traflic operations, safcty, driver acceptance, and
the traflic operations of the area of influence.

The initial phase of research has been published as:

NCHRT Report 11, “Effect of Control Devices on Traffic
Operation.”

The report examines cfficicnt methods of intersection
study and derives some preliminary relationships concern-
ing the operations of intersections with yieLD and two-way
STOP controf and their sireet system effects.

During the second phase of research, field data were
collected at sTop- and YiELD-sign locations in the areas of
Chicago, San Francisco, New York, and Toronto. Anal-
yses werc made to select criteria for interscction controls
and develop a method for applying them. Programs and
procedurcs were developed to integrate and analyze the
field data collected during the first phase. Detailed traffic-
control-devices questionnaires were analyzed from States,
cities, and counties throughout the country.

The final report has been published as;

NCHRP Report 41, “Effect of Contro! Devices on Traffic
Operations.”

Project 3-7 FY '64, '65, 67, '71, and "73
Establishment of Standards for Highway Noise Levels

Bolt Beranek and Newman
Andrew Kugler

Research Agency:
Principal fnvest:

Lffective Date: 2164 1071468 471,71 91772
Completion Date: 4:30°67 1715570 6AWTZ 11530074
Funds: $144.920  $69.930  $49,927  $A164H1L

This project was concerned with the evaluation of noise
levels of the various classes of highways and the effective-
ness of controlling highway noise through highway design
features as well as the reduction of noise production by
means of legisiation and vehicle regulation. Questions relat-
ing to highway noise levels and their cfect on adjacent
land users frequently arise in urban highway planning and
design.

The Phase 1 research involved the selection of the most
appropriate means and units for measuring and evaluating
highway noise. Its results have been published as:

NCHRP Report 78, “Highway Noise-Measurement,
Simulation, and Mixed Reactions.”

The Phase II research objective was to prepare a high-
way design noise manual for the practicing highway engi-
neer. In addition, a magnetic tape recording was produced
to demonstrate basic elements of highway noise and to pre-
sent examples illustrating changes in fraffic noise. Loan
copies of the tape recording are available on request to the
NCHRP Program Dircctor.

The results of the Phase 1T rescarch have been published
as;

NCHRP Report 117, “Highway Noise—A Design Guide
for Highwuy Enginecrs.”

The objcctive of the Phase IIT research was to conduct a
thorough measurement program on various noise reduc-




tion treatments under a variety of traffic and environ-
mental conditions. This research developed a tie between
field data and analytic approaches so that the performance
of neise reduction treatments may be more accuratcly
predicted.

The results of the Phase 111 research have been published
as:

NCHRP Report 144, “Highway Noise—A Field Evalua-
tion of Traffic Noise Reduction Measures.”

The Phase IV research started on September 1, 1972,
with the following ohjcctives: to summarize the present
state-of-the-art for controlling the noise-producing proper-
ties of the individual mechanical components of motor
vehicles that Jeud to the composite noise produced by motor
vehicles on highways; to assess the technological and eco-
nomic feasibility of reduction of traffic noise that will en-
able highway officials to scek federal and local legislation
that might redistribute the burden of noise control; and
to improve procedures for highway noise controi that will
allow the designer to more realistically assess the highway
noisc problem.

The research has been completed, Final report materials
include a computer program for use with the design guide
and a 17-min color film entitled "Quiet Highway Design.™
The film 1s availuble on a loan basis, and copies of the
computer program can be supplied upon request to the
Program Director, The final report on the concluding
phase of this research has been published in two volumes:

NCHRP Report 173, “Highway Noise—Generation and
Control.” and

NCHRP Report 174, “Highway Noise—A Design Guide
for Prediction and Control.”

The report on a study task rclated to “Time-Varying
Highway Noise Criteria” is not being published. but is
summarized in “Summary of Progress Through 1976."

Project 3-8 FY *64 and FY '63

Factors Influencing Safety at Highway-Rail
Grade Crossings

Alan M. Voorhees & Associates
David W. Schoppert
Dan W. Hoyt

Research Agency:
Principal Invest.:

Effective Date: Dec. 1, 1963 Apr. 1, 1965
Completion Date: Dec. 31, 1964 Tan, 6, 1967
Funds: £17,171 $74,250

This study was directed toward the interpretation and
analysis of currently available highway-rail grade-crossing
data in the United States.

The initinl research reviewed previous work in this area
and developed a mathematical medel for predicting acei-
dents, and this was tested with accident data obtained from
Minnesota, Oregon, and Virginia. A warrant was developed
based on the cost of providing protective devices and the
cost of possible accident savings.

Later work involved the development and testing of
improved grade-crossing protective devices and several
experimental devices were studied by the agency. A human
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factors study was completed. Several important sources of
data were found that facilitated the research associated with
the development of the accident predictive model as well as
refinement of the proposed criteria for grade-crossing pro-
tection, Data acquired from Stanford University included
18 vears of data at 617 crossings and data acquired from
the Ohio Department of Highways inclnded all accidents
occurring at [,000 rural grade crossings, From the Inter-
statc Commerce Commission the investigators ohtained
morc than 15,000 grade-crossing accident reports spanning
a five-yvear period.

The project report has been published as:

NCHRP Report 50, “'Factors Influencing Safety at High-
way-Ratl Grade Crossings.”

Project 3-9 FY 66

Analysis and Projection of Research on Traffic

Surveillance, Communication, and Control
Research Ageney:
Principaf Invest.:
Effective Puate:
Completion Date:
Frnels:

Roy Jorgensen and Associates
Karl Moskowitz

October 15, 1966

January 14, 1968

$23.760

The purpose of this study was to review the results of
NCHRP Projects 3-2, 3-3, and 3-4, together with the accom-
plishments of other recently completed rescarch in this area
in the United States and abroad, and to determine the state
of the art and set forth guidelines regarding the proposed
future research efforts to be conducted in this area.

The investigators visited other researchers to collect prog-
ress reports and uppublished information. On-site obser-
vations were made on the mujor freeway surveillance
and control facilitics currently in operation.

The project report has been published as:

NCHRP Receport 84, “Analysis and Projection of Re-
search on Traflic Surveillance, Communication, and
Control.”

Project 3-10 FY '66

Application of Vehicle Operating Characteristics to
Geomnetric Design and Traffic Operations

Research Agency:
Principal Invest.:

Cornell Aeronautical Laboratory
Morteon 1. Weinberg

Dr. Kenneth ). Tharp

lanuary 1, 1966

March 10, 1967

41,520

Fffective Date:
Completion Date:
Funds:

This research was directed at identifying the motor ve-
hicle characteristics that are related to highway gecometric
design and traffic control operations. The objective was to
determine the relationships between the vehicle and its
operating environment. Yehicle characteristics were re-
viewed, and where appropriate highway design criteria
were suggested.

Elements of geometric design and traffic operations pre-
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sented in the basic design and policy manuvals were
analyzed to determine how vehicle characteristics are being
utilized. A rational approach was made to determing,
expand, or modify the existing criteria. The results of the
review revealed those vehicle characteristics which should
he known and used in designing and operating streets and
highways., For vehicle characteristics which are presently
unknown or where information is outdated, methods of
obtaining data and methods of using this information in
geometric design and traffic operations were recommended.

The final report has been published as:

NCHRP Report 68, “Application of Vehicle Operating
Characteristics to Geometric Design and Traffic Condi-
tions.”

Project 3-11 FY '67

Optimizing Street Operations Through Traffic
Regulations and Control

Peat, Marwick, Mitchell & Co.

James H, Kell

September |, 1966

September 30, 1968

$258,33t1

Resedrch Agency:
Principal ivest.:
Effective Date:
Completion Date:
Funds:

This research was directed to applying the best traffic
regulation and control techniques to an area of typical
urban strects and cvaluating results, [nnovations that may
be expected to improve operational clficiency were ex-
plored, The citics of Sunnyvale and Redwood, Calif., were
selected as the cooperating demonstration test cities. The
research emphasis was placed on a quantified evaluation of
the effect of traflic regulation and control techniques on
the central business districts of these cities.

A Dbase-condition traffic operations profile was estab-
lished for each city and uscd for subscquent comparisons
as changes in traffic regulations and control were imple-
mented and evaluated through a serics of test stages. Opera-
tional techniques ranging from relatively siinple, but effec-
tive, signal timing to extensive Iefi-turn prohibitions and
one-way operations, were evaluated. Angle parking, no-
stopping lowaway, and unbalanced traffic flow were also
evaluated throughout an area of urban streets. Average
specds, slops, delays, and a varicty of other measures
were used 1o determine the relative magnitude of opera-
tional ¢fMiciency on an areawide basis. Business perform-
ance, public acceptance, and driver observance were also
measured for cach combination of traffic improvement
techniques.

As this research study included the significant arcas of
business performance and public opinion. greater insight
was gainad inlo the political feasibility of a proposed traflic
change. The study findings substantiated the theory that
no major traffic improvement plan can be implemented,
regardless of the cxtent to which it muy serve the public
interest, unless it meets with the support of the gencral
public, especially that of the business community.

The final report has been published as:

NCHRP Report 110, “Optimizing Strcet Operations
Through Traffic Regulations and Control.”

Project 3-12 FY '67, FY '68, and FY '71

Development of Information Requirements and
Transmission Techniques for Highway Users

Research Agency:  Airborne Instruments Laboratory

Principal Invest.: M. AL G. F. G F.
Warskow King King
Effective Date: 10/1/66 4/1/68 3/29/71
Compliction Date; 12/31/767 12/1/69 12,11/72
Funels: $198,655 $100,500 $99,821

The objective of the over-all rescarch problem was the
devclopment of a well-defined information system for the
highway user. The system represents all conditions with
which the driver is routinely, occasionally, and rarely
confronted.

Analysis of the driving task disclosed that the operations
performed by a driver can be characterized in terms of a
hierarchy. It was found that a demanding priority (pri-
macy) exists in satisfying information needs, and it was
concluded that satisfying the primacy of information needs
is basic to the design of a highway information system. A
procedure was developed for the systematic application of
these principles to actual highway situations in accordance
with basic information system rcquirements, In addition,
current sipn use was investigated, particularly the night
legibility problem, to determine problem arcas in sign ap-
plication criteria. Mathematical analyses were presented on
the probability of sign blockage by trucks. and the eflect
of lateral displacement of signs. A sign design procedure
to incorporate the findings with regard to sign use was
outlined, The test site for the project was located in North
Carolina.

The first and second phase rescarch has been completed,
and the project report has been published as:

NCHRP* Report 123, “Information Requirements and
Transmission Techniques for Highway Users,”

Although enginecrs have certain established concepts and
standards regarding highway guide signing, additional re-
scarch, identified as Phase 111 of this project, was con-
ducied to determine whether or not these present stan-
dards provide the information required to guide motorists
properly on their journeys. This rescarch involved critical
highway signing in and around urban arcas and included
inner-city signing, beltway signing, and junction signing
for arterial routes and freewayvs.

The final report will not be published in the NCHRP
report series; however, a summary of the report is Included
in the NCHRP Sunumneary of Progress Through 1973,

Project 3-13 I'Y 6%

Guidelines for Medial and Marginal Access Control
of Major Roadways

Texas A & M University
Rescarch Foundation
Dr. Verglt G. Stover
Septcmber 1, 1967
November 30, 1969
$149.293

Research Ageney,

Principal fnvest.
Effective Deate:
Completion Date:
Frunds:




A need existed for guides in selecting the degrec of ac-
cess control for a specific project and for selecting the type,
location, and width of median and median openings and the
design and frequency of entrances to be associated with the
degree of access control,

Factors considered in this research were: accident fre-
quency and severity; cost of physical construction and right-
of-way to accomplish access control: legal considerations;
traffic patterns: service to the highway user; motor vehicle
operating costs; travel time and costs; land use; convenience
of access to abutting property; property values; and provi-
sion for future needs for access control and for changing
traffic characteristics, user requirements, or land use.

The project report has been published as:

NCHRP Report 93, “Guidelines for Medial and Mar-
ginal Access Control on Major Roadways.”

Project 3-14 FY '68

Optimizing Flow on Existing Street Networks

Edwards & Keicey
Walter E. Pontier
October 1, 1967
January 10, 1970
$990.000

Research Apency:
Principal Invest.:
Effective Date:
Ceamplerion Date:
Frnds:

This project investipated the benefits to traffic flow in
downtown areas which can be achieved by application of
traflic engineering measures, Experimentation to quantify
the clicet of road improvements was carried on in two
study areas—the downtown portions of Louisville, Ky., and
Newark, N.J. Data developed for control and analysis of
these experiments were subjected to statistical evaluation to
describe those controlling conditions which influence 1nea-
surcments in the downtown area and to develop meaningful
relationships which describe the quality of traffic flow,
attaining a level of service definition for downtown streets,
Methods were developed for application of the results of
this research to streets of other areas,

Thirty-seven cxpcriments were conducted to guantify
the elfect of traffic enginecting mcasures. These experi-
ments can be grouped into siX major categories, as follows:
Directional control and Jape use, curb lane controls, chan-
nelization, signal controls, inclement weather effects, and
bus operation.

Consideration of the limitations of a direct capacity-
volume approach to analysis of downtown traffic fows
led to investigations of developing other means for quanti-
fying and describing traffic flow of a downtown area. These
included studies of acceleration noise, mean velocity gradi-
ent, and travel time, together with several elements related
to travel time such as delay time, average speed, running
speed, number of stops, and the number of saturated cycles
at signalized intersections. These analyses indicated that
a comprehensive analysis of travel time was the best
medium for understanding and classifying traffic ffow in
the downtown area. Using the voluminous travel time
and intersection study data accumulated on the project,
regression analyses werc performed to demonstrate the
relationships which ¢xist between various elements of
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travel time, It was also demonstrated that these relation-
ships are fairly constant for arterial streets of the two study
areas, in spite of their widely differing characteristics. The
delay ratio—the ratio of delay Lime to total travel time—
was developed and used in u level-of-service definition for
arterial roadways of the downtown arca.

A statistical evaluation of flow data described the vari-
ance and distribution of many elements of traffic flow. This
study also described the effect of seasonal, daily, and hourly
variations of traffic flow, developing information for control
of surveys in the downtown areas.

A network analysis study was conducted to evaluate
various models for use in analysis of downtown area
traffic flows. As a resnlt of this study, Newell’s Intersection
Model was selected for use in estimating delays at un
intersection. Validation tests were performed and ihe
model was accepted for this use. This Signa! Analeg
Model was developed for use in studying offset relation-
ships hetween adjacent sipnals. This model, together with
conventional time-space diagramining techniques and the
SIGOP program, was used in developing the offsct rela-
tionships between adjacent signals. The major benefit ex-
perienced from use of this model was that the network
offset relationships are made visible to the designer in
three dimensions, so that the effect of any adjustment
may be immedialely seen at adjacent intersections.

A fine-grain Network Assignment Model was developed
for the downtown Newark study area, using the Burean
of Public Roads assignment system. This model was
calibrated and found to be useful for analysis of the func-
tional use of downtown strecis. This model is comparable
in accuracy to similar models commonly used for analysis
of urban area traffic problems,

The Network Assignment Model may be used to deter-
ninc the over-all efficiency of the nctwork. The over-all
average travel speed developed from total trip time and
total trip mileage outputs of the nelwork can be used to
develop a network level of service. [t is anficipated that
the network level of service may become a useful measure
for determining priorities for the allocation of funds in
relation to need.

The final report has been published as:

NCHRP Report 113, “Optimizing Flow on Existing
Street Networks.”

As part of the project a film, “Relief for Tired Streets,
was produced. It demonstrates the results that can be ob-
tained by applying sound traffic engineering practices to
our nation’s urban traffic problems. [.oan copies of the
Alm may be obtained through the NCHRP.

EE)

Project 3-15 EFY 70

Weaving Area Operations Study

Polytechnic Institute of New York
Dr. Louis J. Pignataro

October 1, 1969

December 31, 1973

£300,000

weaving sections on multilane

Research Agency:
Principal Invest.:
Effective Duate:
Completion Date:
Funds:

Design  criteria  for
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controlled-access highways require revision and updating,
taking into account such variables as roadway geometrics,
composition of traffic, volumes of mainline vehicles, and
volumes of weaving vehicles.

The objective of this tescarch is Lo analyze and evaluate
the procedures recommended in Chapters 7 and 8 of the
1965 Highway Capacity Manual. Based on the findings
the agency is to develop improved techniques for the
analysis and design of weaving sections.

A new algorithm has been developed and evalualed.
using botb feld data and an available data base from
FHWA sources., The design and analysis procedures have
been developed in such a way that graphical, analytical.
and computer solutions can be employed. These technigues
have been reviewed and tested by selected state highway
agencies.

The research has been completed, and the final report
has becn published as:

NCHRP Report 159, “Weaving Areas-—Design and
Analysis,”

Project 3-16 FY 70

Freeway Lane Drops

Research Agency: Systetn Development Corp.

Principal Invest.: Antranig V., Gafarian
Diance N. Goodwin

Effective Date: Nov. 1, 1969 May 1, 1972
Completion Dute: Apr. 30, 1971 Oct. 31, 1973
Funds: 359,789 76,815

Muny variables affect the operating conditions and safety
of the wvarious lane drop configurations. Sound criteria
for the selection of the proper lane drop design for various
traffic and freeway geometric conditions are needed. Ac-
cordingly, the objectives of Phase 1 were:

1. From field data determine the effeciiveness of existing
mainlineg lane drops from the standpoint of safety and
traffic operations,

2. Determine the eflects of Lhe significant parameters
associated with various levels of safety und traffic service.

3. Recommend configurations for lane drops based on
the findings of objectives 1 and 2. In this context “con-
figurations™ in¢ludes distance from the nearcst upstream
and downstream ramps.

In the first phase, three lane-drop sites with different
geometric configurations were studied intensively to deter-
mine traffic operations and safety effects. The report on
this initial phase was not published; however, a summary
of the Phase I report 1s included in NCHRP Summary of
Progress Through 1971,

The Phase [ research continued with the samc three
objectives and the addcd objcctive of recommmending re-
medial treatments in a sct of guidelines based on analysis
of descriptive data and traffic performance from many
cxisting lane-drop sites.

The research has been completed, and the final report
has been published as:

NCHRP Report 175, “Freeway Lane Drops.”

Project 3-17 FY 7}

Improving Traffic Operations and Safety at Exit
Gore Areas

Research Agency:
Principal Invest.:
LEffective Date:
Completion Date:
Funds:

The Pennsylvania State University
James 1. Taylor

January 1. 1971

November 30, 1972

$79 983

This research project addressed itsclf to the problem of
crratic maneuvers, such as backing-up and stopping in the
gore area, that occur with alarming frequency at freeway
cxit areas. Specifically, it was dirccted toward answering
three basic gquestions: What factors cause motorists to
make erratic maneuvers at exit gore areas? What remedial
devices can be employed to reduce their occurrence at
existing sites? And, what changes in design und traffic
control criteria can be recemmended that will minimize
the problem at future sites? The results of this study pro-
vide answers to these guestions, and the findings can be
used by traffic and design engineers to enhance the safety
and traffic operations at freeway exit facilities.

Nine exit sites, incorporating different geometric fea-
tures, were examined fer erratic mancuvers during the
course of this project. Analyses of the patterns of the
erratic maneuvers themselves and on-site driver interviews
were used to determine causative factors of these maneu-
vers. The results indicate that more than onc factor is
usually present at any one site and that these factors vary
from site to site.

The final report has been published as:

NCHRP Report 145, “Improving Traffic Operational and
Safety at Exit Gore Areas.”

Project 3-18(1) FY *70

Improved Control Logic for Use with Computer-
Controlled Traffic
Stanford Research Institute

Dr. Dale W. Ross
Dr. Thomas L. Homphrey

Research Agency:
Principal Invest.:

Efjective Date: Tuly 15,1971 April 15,1975
Coripletion Date:  May 15,1974 Aug. 31, 1976
Funds: $323.998 552912

During the past few years, a large number of general-
purpose digital-computer-controlled traffic signal systems
have been installed. Although the potential of these sys-
tems to improve operations and to increase capacity has
been demonstrated, there still exists a sizeable gap betwcen
the inherent hardware capabilitics and the know-how
(software) necessary to use thesc systems at optimum
efficiency.

The cbject of this rescarch has heen to study traffic flow
and control interaction, and to develop an advance control
concept, strategy, and computer program. The research has
included development of an operational control program
that has the capahility of calculating optimal offset pat-
terns for a network of signalized intersections and deter-




mining independent and variable signal spiit adjustments.
The program, designed for application under all levels of
network traffic volumes, including oversaturated conditions,
has been tested and evaluated with actual traffic in the
San Jose traffic control system,

A final report describing the ASCOT program system
has been submitted and is available on a loan basis upon
request to the NCHRP Program Director. A 20-min color
filin describing the program and its functions is also avail-
able upon request.

Project 3-18(2) FY 71

Traffic Control in Oversaturated Street Networks

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Funds;

Polytechnic Institute of New York
Dr. Louis I. Pignataro

September 1, 1971

June 30, 1975

$200,000

Traffic operations and control techniques that function
effectively when street network demands are below satura-
tion deterioratc when severc saturation exists for any
length of time. Research is necded to define the scope and
magnitude of the problem, nationwide; to determine how
the problem can best be combatted with existing control
techniques; and to begin a systematic rescarch process lead-
ing to improved operation and control of oversaturated
networks.

The specific objectives of the first phase of the project,
which has been completed. were to:

1. Define the measures of network oversaturation and
determine the existing scope and magnitude of the over-
saturated strect-network problem.

2. Define the root causes of the problem,

3. Evaluate the relative effectiveness of existing opera-
tions and control techniques used to combat the problem.

4. Prepare detailed operatinnal guidelines for applica-
tion of existing traffic operations and control techniques of
illustrated effectivencss.

5. Describe alternative concepts of advanced traffic-
control techniques for improving the efficiency of traffic
operation in oversaturated networks.

6. Formulate a detailed plun and program for systema-
tic development, testing, and application of improved traf-
fic control m oversaturated networks,

A final report on this phase has been submitted. Al-
though it wiil not be published, unedited draft copies are
available on lean upon request to the NCHRP Program
Director. The essential findings of this report have been
published as NCHRP Research Results Digest 51.

A continuation phase with the following objectives was
initiated: to carry out further studies in minimai-response
signal policies, nonsignal effects and remedies. and highly
responsive policies; to produce a set of recommendations
und guidelines for applying solutions to the problems of
oversaturation. The research has been completed, and the
final report covering the entire project is in the NCHRP
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editorial and publication process. During this period, copies
of the report are available on a loan basis upon request to
the NCHRP Program Director.

Project 3-18(3)  FY ‘75

Cost-Effectiveness Methodology for Evaluation of
Signalized Street Network Surveillance and
Control Systems

JHK & Associates

Thomas L, Stout

Research Agency:
Principal Invest.:

Effective Date: May 1, 1975
Camplerion Date: Juiy 31, 1976
Funds: $100,000

Improved systematic procedurcs to evaluate alternative
traffic control systermns. presented in a readily understand-
able and implementable form, are needed to aid the traffic
engineer in deciding how best to use his budget in choosing
among solutions.

The objectives of this research werce te develop and to
demonstrate a practical total-system cost-effectiveness
methodology for the comparative cvaluation of alternative
traffic surveillance and control systems for signalized street
networks. The methodology developed should take into
consideration ail pertinent factors bearing on the choice
of the best controt technique, including such factors as
types of hardware components used: extent of real-time
human operator interface required or desired; degree of
automated traffic sensing employed for either on-line con-
trol or off-line system support purposes; physical and
traflic How characteristics of the street network being con-
trolled; and technical skills and other resources of the
operating agency.

The research cifort consisted of four major tasks. The
first was to identify the range of systems to be covercd, for
cxample, from systems with nonresponsive time-of-day
control to those with on-line timing plan optimization, The
next task was to develop a systematic methodology for
evaluating alternative designs. The third task was to exer-
cise the cost-effectiveness methodology in order to demon-
strate its usefulness. Lastly, the results were to be docu-
mented in a final repert and the procedure described in a
user manual for traflic enginecrs.

The project's revised final report and user manual have
been submitted. While they are under review and in the
editorial and publication process, copics of both documents
may be obtained on a loan basis upon request to the
NCHRPY Program Dircctor.

Project 3-19 FY 72
Grade Effects on Traffic Fiow Stability and Capacity

Midwest Research Institute
Andrew D. St John

Research Agency:
Principal fnvest.:

Effective Date: September I, 1971
Completion Date:  August 31, 1974
Funds: $220,443

The nonuniform performance capabilities of vchicles are
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a major detrimental factor in the flow of traffic on two-
lane roads and on multilanc highways, The performance
differences are more significant on grades and increase the
likelihood of traffic instabilities, accidents, and loss of
capacity.

The objectives of this research were to:

1. Determine and verify methods for calculating the ac-
celeration and speed-maintenance capabilities on grades of
a wide range of motor-vehicle types, including trucks and
combinations, buses, campers, housetrailers, low-perform-
ance passenger cars, and other atypical vehicles normally
found on Interstate and primary highway systcms.

2. Determine the factors that create instabilities in the
traflic stream on grades, Particular attention is to be given
to the roie of low-performance and unusual-size vchicles
in the creation of these instabilities.

3. Determine, through use of appropriate digital-com-
puter trafic-simulation modcls and by correlated ficld mea-
surements, the passenger-car equivalencies for the vchicle
types enumerated in objective 1.

4. Delermine the effects on safety and traffic flow with
both restricted and unrestricted operations of [2- and 14-ft-
wide loads on highways in varying terrain. The goal of
this objective is to provide guidance for the regulation of
these unusual load widths.

5. Estimate, by use of correlations betwcen tratfic flow
characteristics and accident frequencies, the accident im-
plications for the situations studied in objectives 2 and 4.

The research has been completed and the final reportt is
in the NCHRP cditorial and publication process. Copies of
the agency draft are available on a loan basis upon request
to the NCHRP Program Director.

Project 3-20 FY '73

Traffic Signal Warrants

KLD Associates

Edward B. Lieberman

Sept. [, 1972 MNov, 1, 1974
Apr. 15,1974 July 31,1976
$ 120,000 HR0.000

Research Agency:
Principal invest.:
LEflective Date:
Completion Dare:
Funds:

The purpose of traffic signal wurrants should be to
determine when the improvement uf intersection perform-
ance (operation and/or safety) should include the installa-
tion of a traffic control signal.

Fxisting traffic signal warrants as presented in the
“Manual on Uniform Traffic Control Devices for Streets
and Highways™ may net consider ail of the factors that
should go into a determination of need for traffic signal
control, or comsider them only in general terms. It is
often necessary to temper the numerical warrants with
judgment to the degree that the warrants may appear
discredited. This is not to say that engineering judgment
should be precluded in the decision. Improved warrants
should lead to better and more consistent applications.

The objective of this research is to evaluate the adequacy
of existing warrants, or the necd for revised or additional
warrants, in meeting current needs for determining whether
a traffic signal should be instailed.

The rescarch has been completed and the final teport has
been submitted. Mew warrants have been developed and
are presented in the report, which also includes recom-
mended changes for the relevant text of the Manual on
Uniforim Traffic Conrrol Devices dealing with tralffic sipnal
warrants. Procedures for field validation of the proposcd
warrants have also been desipned and are recommended in
the report .

Pending review and acceptance of the report and its
recommendations, copies are available on a loan basis upon
request to the NCHRP Program Director.

Project 3-21 Fy 74
Motorist Response to Highway Guide Signing

Research Agency:
Principal Invest.:

BioTechnology, Inc,
Fred R. Hanscom
Wallace G. Berger
April 1, 1974
Januvary 31, 1976
§272.071

Effective date:
Completion Date:
Fureds:

The value of recent research evaluating the effects of
guide signs on the motorist has been limited by a lack of
validated measures of driver response to various signing
alternatives. Validation ol both new and existing measures
is needed to ensure that sign studies will have a commion
base and that signing standards can be based on definitive
research results.

The first rescarch phase under this project was directed.
therefore, to identification of promising measures of driver
response te guide signing and (o development and valida-
tion of such measurcs. The rescarch has been completed.
and the final report is in the editortal and publication
process. Copies of the agency report are available, prior
to publication, on a loan basis upon request to the NCHRT
Program Director.

A second phase of the project is being initiated. with
emphasis on applications of variable-message signs. It 1s
expected to begin with 4 synthesis of both curreni practice
and past rescarch that will also include an identification of
apparent resgarch needs, This will be followed by defini-
tionn of a specific rescarch project directed toward the most
pressing nceds that can be investigated within the con-
stratnts of available funds.

Project 3-22 FY '74

Guidelines for Design and Qperation of Ramp Control
Systems

Stanford Research [nstitute
Dale P. Masher
April 15,1974

Research Agency:
Principal Invest.;
Effective Date:




December 31, 1975
$199.030

Completion Date;
Funds:

A considerable investment will be made in ramp control
systems during the next decade by many governmental
units that are now heginning to undertake their design and
construction in order to reduce accidents and delay. How-
ever, there are not yet adequate design puidelines for in-
stalling and operating such systems. Such guidelines are
currently required to facilitate the selection of the most
cost-effective ramp control systems and to prevent their
early obsolescence.

The objectives of this project, therefore, werc 10 analyze
existing ramp control techniques and to develop design pro-
cedures for freeway ramp control systems. The research
considered those types of ramp control designed to keep
freeways operating at or near capacity during peak periods
with a minimum of manual operation. Merge control, gap-
acceptance systems, and computerized control of traffic
signals on surface streets in the freeway corridor may be
relevant tools, but the development of design puidelines for
these techniques was considered to be outside the scope of
this project. Additionally, this project did not address
guidelines for extensive freeway surveillance features ex-
cept where these features relate to the control systems.

More specifically, the following tasks were addressed:

. Preliminary design puidelines for the configuration of
traffic control devices Tor ramp control ficld installations
were developed.

2. Recommendations and supporting rationalc were pre-
pared concerning selection eriteria for basic control strate-
pies, with duc regard to optimization of throonghput, fair-
ness {equity), diversion routes, ramp storage requirements,
safety, and other appropriate factors.

3. Real-time on-line system control logic was thotoughly
investigated. A control system hjerarchy for integrated
system management applicable to most control system
projects was developed.

4. Recommendations and the supporting rationale re-
garding the selection of electronic hardware were prepared.
Procedures for evaluating the cost-cffectiveness of alterna-
tive techniques for data communication, data processing,
and control were also developed.,

5. Guidelines for control system adjustment to accom-
modate changes in traffic patterns, capacity, or operating
policy were included.

Research activities included; (a) visits to a number of
ramp-metering installations; (b) study of control device
configurations, selection criteria, and system hierarchies;
fc) development of preliminary guidelines to assist traffic
engineers in the selection of rainp control systems. The
final report will not be published in the regular NCHRP
series; but copies of the draft report, "Guidelines for
Destgn and Opceration of Ramp Control Systems,” Decemn-
ber 1973, are available from Xerox Universily Microfilms,
Tnc.. 300 North Zeeb Road. Ann Arbor. Michigan 48103,
[.oan copies are available from NCHRP.
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Project 3-22A FY 77

Guidelines for Design and Operation of Ramp
Control Systems

Research Agency:

Principal Invesi.:

Eflective Date:

Completion Date:

Funds:

Contract pending

Preliminary guidelines have been developed m NCHRP
Project 3-22 for desipning and operating ramp control sys-
terns,  Specific guidelines for ¢valuating cost-effectiveness
are needed to determine what level of control Is appropriate
and what incremental benefits are obtained by selecting
higher levels of control. Typically the designer must choose
between local pretimed and traffic-responsive controls, as
well as systemwide types of control, without knowing the
relative cost-effectiveness of each control alternative pro-
posed for the given freeway application. A comprehensive
evaluation procedure is needed to assist designers and
trafic engineers in selecting the appropriate control and
associated hardware needed for implemeniation. In devel-
oping the guidelines for cost-effcctiveness evaluation, the
basic considerations that need to be addressed include:
{1} incremental benefits associated with each level of con-
trol; (2) stafing requirements; {3) freeway safety; (4) user
costs, such as vehicle delays, emissions. and fuel consump-
tion, (3) maintenance and system operation costs; and
{6) installation costs,

The objective of this research is to develop an analytic
procedure and guidelines for comparative cvaluation of
alternative ramp control system designs. This procedure
shall be applicable in determining whether or not ramp
control can be employved bencficially and, if so, the 1ype of
controd systern that is most appropriate. The selection
methodology must consider local pretimed and responsive
control as well as systemwide control. Furthermore, the
benelit and performance dala base necessary to permit
comparative analysis and design must be obtained by the
research team by analyeing availabie data and conducting
appropriate fleld research. Analysis procedures for quanti-
fying benefits, performance, and costs, as well as specific
data for use in comparing alternate designs, arc required.
To meet this objective the following tasks arc to be ac-
complished:

Task 1. Identify and define variables that affect the
benefits attributable to the three basic types of ramp con-
trol. These include, but are not limited to, variations in
Now characteristics. freeway geometrics, frequency of in-
cidents, quality and availability of zlternate routes, meter-
ing rate constraints, and vehicle occupancy,

Task 2. Develop and describe jn detail a method to con-
duct a benefit and cost analysis for each increment of ramp
control. The costs to be considered include initial, operat-
ing, and maintenance costs. The benefits to be considered
include changes in: (a} over-all delay, (b} incident poten-
tial, (¢} fuel consumption, {(d} vehicle emissions, (¢) di-
verted traflic, and (f) other direct and indirect user
benefits.
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Task 3. Based on the variables identified in Task 1 and
the methodology developed in Task 2, obtain the various
types of data required to develop the desired gnidelines.
Techniques will include analysis of available data, collec-
tion of new data, and field evaluations.

Task 4. Develop a comprehensive set of guidelines to
assist the trafiic engineer in selecting the appropriate type
of freeway ramp control. The methodology developed in
Task 2 is to be refined to permit direct ficld application
by an engineer. Specific design data needs are to be clearly
defined. The guidelines are to be concise and prepared
as a separate document rom the research report.

Research is to be initiated in carly 1977,

Project 3-23 FY 74

Guidelines for Uniformity in Traffic Control Signal
Design Configurations

KI[.D Associates
Gerhart F. King

Research Agency:
Principal Tnvest.:

Efective Date: April 8, 1974
Completion Date: February 28, 1977
Funds: £300.000

The 1971 MUTCD (Part 1V “Signals,” Sections B and
D, and Part VI, Section D, “School Area Traffic Signals™)
permits a broad range in trafiic control signal design con-
figurations and operation. Scientifically based guidelines
for uniforin stundards are necded to reduce the possibilities
ot confusion and hazard, These guidelings should permit
the fexibility needed to meet very unusual conditions,

The purpose of this study is the preparation of such
guidelines for optimum tratfic control signal design con-
figurations at intersections and mid-block crossing loca-
tions, The optimizing process must at least include consid-
erations of costs and user response in terms of observance,
safety, and cfficiency. The details of operation of traffic
control signals are felt to be beyond the scope of this
project. As a result, operations need only be considered to
the extent that special configurations may be required for
special operation technigues, such as separate left-turn
phases.

The research will include at least the following objectives:

I. Preparation of an annotated bibliography of relevant
literature and rescarch in progress pertaining to traffic
control signal design configurations.

2. With rcference to Part IV, Sections B and D. and
Part VII, Section D, of the 1971 MUTCD, a study of traffic
control signal design configurations, including, but not
limited to: number and arrangement of lenses in signal
faces, size of signal lenses, type of signal lenses {arrows
and program visibility signal), visibility and shielding of
signal faces, number of signal faces, horizontal and vertical
location of signal faces.

3. Identification and consideration of all factors related
to the approach to signalized locations that affect or in-
Auence the obscrvance, salety, and efficiency of traffic
control signals,

4. Development and validation of a detailed set of traffic
control signal design guidclines-——based on field, human
behavioral, and theoretical analyses—that would produce
optimum traffic control signal design configurations,

5. Preparation of proposed revisions of the referenced
sections of the 1971 MUTCD.

6. Identification of the areas in which further research
is indicated.

All research associated with the preceding objectives has
been completed and the final report on the project is under-
going review, Il is anticipated that a revised report will be
available on a loan basis in carly 1977,

Project 3-24 FY 75

Determine the Luminous Requirements for Retrore-
flective Highway Signing

Research Agency:

Principal Invest..

Effective Date:

Completion Date:

Funds:

University of Michigan
Dr. Paul L. Qlson
September 1, 1974
March 2, 1977
$100,000

This project is being conducted in two phases, with the
following objectives:

Phuse §

1. Review and summarize the literature and research
findings relevant to the relationship between reflectivity and
sign legibility, This review is to consider factors such as
{a) sign characteristics, (b} sign location, (c¢) ambient
Mlumination conditions, (d) traflic characteristics, (e) road
geometry, tf) vehicle headlighting variables, (g) environ-
mental conditions, (h) driver characteristics.

2. Survey available retroreflective materials and describe
their characteristics on the basis of available information,

3. Summarize current traffic engineering practices in re-
gard to use of retroreflective signing inaterials.

4, Identify and describe problems pertinent to this in-
vestigation arising from activities conducted in Objectives
1, 2. and 3 specifically, (a) outline the information neces-
sary to specify the luminosity values nceded for proper
trathc engineering decisions, (b) indicate those problem
areas in which the necessary information is still lacking,
fc) rank these problem areas in order of their relative crit-
icality to proper conclusion of the current investigation,
and (d) indicate the relative probability of obtaining re-
search solutions to these problem areas within the time and
budget constraints of the current investigation.

5. Prepare a Phase [ report detailing accomnplishments
to date and describing a comnprehensive research plan for
Phase IT to solve each of those probleins identified as being
both critical to the investigation and researchable within
time and budget constraints.

Phase 11

1. Conduct the approved field and/or laboratory re-




search in otder to develop the ranges of acceptable lumi-
nosity values to include:

(a} A laboratory investigation to determine the effect
of background and legend luminance and other variables on
visibility distance.

(b) A laboratory investigation to equate the photo-
metric and legibility characteristics of button and sheeting
legend materials.

{c) Development of a computer model to predict legi-
bility distance of various combinations of signing materials
under a wide variety of roadway conditions.

(d) A field study to validate the computer model, by
comparing actual and predicted visibility distances to signs
installed along roads.

2, Present the values in a form usable by the engineer in
conducting a signing program.

Research has been completed and the draft final report
Is in the review stage.

Project 3-25 FY 76

Cost and Safety Effectiveness of Highway Design
Elements

Research Agency:

Principal Invest.:

Roy Jorgensen Associates, Inc.
Joseph F. Banks, Jr.

Dr. Richard L. Beatty

Dr. David B. Brown

July 15, 1975

Scptember 16, 1977

$260,000

Effective Date:
Completion Dare;
Funds:

The current highway accident toll in the United States
is approximately 50,000 deaths, 2 million injuries, and
more than $10 hillion in costs for some 17 million acci-
dents annually. Even with the best economic conditions,
funds are invariahly insufficient to fnance all improve-
ments nceded to reduce this toll. Tt is imperative, therefore,
to aveid design standards that may not be cost effective in
reducing accidents.

To maximize accident reduction with the limited avail-
able funds, design standards should be flexible. The design
should be tailored for each project, route segment, or sub-
system to produce significant accident reductions per dollar
expended. In this fashion, the cumulative accident redue-
tion of many such improvements will preatly exceed the
reduction possible from a relatively few improvements
designed according to a rigid set of high standards that
Ignore costs.

Currently available data provide gross measures of the
over-all safety and service benelits of highway facilitics.
However, the data are limited or lacking to evaluate the
standards for specific situations and design elements in
terms of accident frequency and severity, What is needed
is an optimization of geometric design standards for high-
way facilitics. both urban and rural, that reflects a regard
for cconomy without sacrificing traffic safety. Such stan-
dards could be applied to the upgrading of existing high-
ways, which will constitute the bulk of the highway con-
struction program in the foresccable future.
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This rescarch project covers applicable design elements
on various highway facilities, including beth high and low
volumes and urban and rurai conditions. The general
chjectives are: {1) to guantily the effect of varying the
magnitude, size, or dimension of each roadway and road-
side design element {and/or combination of elements
where they are interactive) on accident frequency and
severity; and (2) to develop methedology to measure the
cost-effectiveness of the various levels of cach eleinent.

Because of the large number of variables involved in the
geometric cross scction and longitudinal design, as well as
environmental and traffic factors, it is realized that all pos-
sible factors and combinations of factors cannot be con-
sidered within the time and funding constraints for this
project. Therefore, this research is being conducted in two
phases.

Phasc I consisted of an exploratory effort to identify
those areas that eifer promise as the most fruitful to pursue
in more detail. The probable gross effccts of various design
clements on accidents and costs were assessed. and those
elements with greatest promise are receiving further study
in Phase 1. An interim treport summarizing the results of
Phase | was prepared.

Phase [T consists of {1} quantifying the effect on ac-
cident frequency and severity for individual design cle-
ments and any interactions thereof and (2) developing
methodology for, and examples of, cost-cffectiveness analy-
ses. Developing values for accident costs, as well as con-
struction. maintenance, and operational costs, will not be a
task for this project.

Westat, Inc., and Auburn University are serving as sub-
contractors on this project.

The Phasc [ effort has been completed, and work is under
way on Phase IL. Design clements selected for detaited
study includc roadway width, median width, median-barrier
type, and shoulder-surface type.

Project 3-26 FY '77

Investigation of Selected Noise Barrier Acoustical
Parameters

Research Agency:
Principal Invest.:

The Pennsylvania State Universily
Dr. Sabih I. Hayek

Dr. James M. Lawther

November 1, 1976

February 28, 1978

74,795

Effective Date:
Completion Date:
Funds:

Noisc barriers arc hccoming increasingly important as
noisc abatement measures along new highways as well as
along cxisting highways. Predicting their eflcctiveness
has been difficull, however, because analytical and pre-
dictive measures have had some limitations. Even though
new barrier design guides are becoming available, there
is still a need to examine certain acoustic parameters,
Rescarch is needed to assess the linportance of these
paraineters and to determine how they may best be in-
cluded in analysis procedurcs. Specifically, the potential
effects of barrier cross-sectional shape, barrier surface




a6

characteristics, and barrier influgnce on  ground cover
effccts are not considered in currently used procedures.
[nhasmuch as these parameters have been recognized as
possible causes of Jifferences between the predicted and
measured performances of noise barriers, it is necessary to
deterntine whether they should be included in future design
suides.

The basic project objective, therefore, is to complete an
analysis of c¢rosssectionul shape, surface characteristics,
and the influcnce on ground cover effects. The significance
of these parameters will be evaluated in termis of the sensi-
tivity of barrier effectivenecss to cach, and the bounds of
their effects will be delineated.

Project 3-27 FY 77
Guidelines for Selecting Traffic Control at
Individual Intersections

Alan M, Voorbees & Assoclates, Inc.
Philip J. Tarnofl

November 15, 1976

Noventher 15, 1978

S1A0,000

Research ageney:
Principal Invest.:
Fflective Date:
Completion Date:
Fuonds:

Adequate poidelines are not currently available to com-
pare the three basic traffic signal contrel types: pretimed,
semi-traffic-octuated, and  full-traffic-actusted.  Although
traffic engincers recognize that cach type of control has its
appropriate use, sglection of control type is generally de-
termined without o comprehensive analysis because of the
lack of guidelines and date. To properly evalvate and
determine the best type of traffic signal control to use at
an intersection, sonme of the basic considerations that need
to be addressed are (a) maintenance requirements, (b}
vehicle delays on the major and minor streets, (¢) over-all
traffic safety, (d} coordination adaptabtlity. and (e) cost
effectiveness.

The objective of this research is to develop guidelines
for selecting the most appropriate type of traflic signal
control for an individual mntersection in both urbun and
rural areas. Consideration of the case of adjacent inter-
sections will be included in the guidelines in regard to the
sglection of coordinated versus independent operation.

To accomplish this objective, the following specific tasks
are to be conducted:

Task 1. Review and summarize relevant literature and
research Mindings,

Task 2. ldentify and define the study variables for cach
of the three basic types of traftic signal controls. The
variables include: {a) a representatrve selection of various
intersection configurations, (b) an appropriate selection of
phasing alternatives, (¢) a range of volumes.

Task 3. Develop and describe in detail a methodology
for a cost-effectiveness evaluation. The methodology is to
provide the basis for determination of the type of traffic
signal control to be used and will include such items as
(a} imitial costs, (b)Y maintenance costs, (¢} over-all delay,
{d) percentage of traffic stopped, (¢} vehicle emissions, ()
fuel consumption. and (g} other direct and indirect user

costs. Special emphasis is to be placed on the relationship
of the incremental benefits of more sophisticated types of
traftic signal control to the associated costs und mainte-
nance requirements. Operating reliability of the traffic sig-
nal control equipment will be fully considered.

Task 4. Based on the variables identified in Task 2 and
the methodology developed in Task 3. obtain the various
tvpes of data required to develop the desired guidelines,

Task 5. Develop a comprehensive set of guidelines to
assist the traffic engineer in selecting the appropriate type
of Iraffic signal control for individual intersections. The
methadology developed in Task 3 is to be refined to permit
its application by an engincer without his having to refer to
other documents. Data needs are to be ¢learly defined.

Research on this project was initialed recently.

AREA 4:

Project 4-1

GENERAL MATERIALS

FY '63 and FY "64

Development of Appropriate Methods for Evaluating
the Effectiveness of Stabilizing Agents

Revearch Agency: University of Iilinois
13r. E. I. Barenberg
June 1, 1963
October 31, 1966

5114,991

Principal Invest.:
Effective Date:
Completion Date:
Frenes.

This study was directed toward the further improve-
ment of existing methods or the development of new meth-
ods of tests which will lead to a way of measuring the effec-
tiveness ol various stabilizing agents. The methods are
expected to provide definitive data to predict performance
under in-service conditions and provide criteria for the
design and construction of pavement components involving
stabilized materials.

This research was conducted principally by means of
laboratory experiments to investigate the ecffectiveness of
viscous and nonviscous materials as stabilizing agents. Type
I portland cement and a penclration-grade asphalt were
chosen for the study because of their popularity as reflected
in current usage. and iimited tests of model pavements
stabilized with both these materials were conducted in the
research agency’s test track for the purpose of correlating
t¢ results obtained in the laboratory with the behavior of
the miodel pavements,

Research has been completed. The project report will not
be published in the regutar NCHRP Report series, but a
summary is included in the NCHRP Susnnary of Progress
Through fune 30, 1968.

Project 4-2 FY "63 and FY ‘64

A Study of Degrading Aggregates in Bases and Sub-
hases with Production of Excessive Amounts
of and/or Harmful Types of Fines

Research Ageney: Purdue University




Principal Invest.. Dr, R. B. Johnson

Dr. N. B. Aughenbaugh
Dr. N, M. Smith

Dr. T. R. West

Eflective Date: February 15, 1963
Completion Date: November 30, 1966
Funds: $63.990

This study was directed toward the development of
tests or procedures for predicting the amount and effects of
apgregate degradation und the development of technigues
for upgrading such aggregates for economic use in highway
pavement structures.

Numerous aggregate samples were obtained from high-
way agencies, together with available test data and infor-
mation on performance expericnce. Standard laboratory
tests, such as determination of specific gravity, freeze-thaw
resistance, and Los Angeles ahrasion loss, were conducted
by the research agency. Many additional data, primarily
of a petrographic nature, were also collected. An analysis
was madc of the standard laboratory data, the petrographic
information, and the reported field performance to deter-
mine the group of tests most likely to predict the degrada-
tion of an aggregate when used in a roadway base or sub-
base course.

The research has been completed, and the project report
has been published as;

NCHRP Report 98, “Tests for Evaluating Degradation
of Base Course Aggregates.”

Project 4-3(1) FY °63 and FY ’66

Development of Methods to Identify Aggregate Parti-
cles Which Undergo Destructive Volume
Changes When Frozen in Concrete

Virginia Polytechnic Institute
Dr. R. D. Walker

Research Agency:
Principal Invest.:

Effective Date: Mar. 1, 1963 July 1. 1965
Completion Date: Sept, 300 1964 Mar. 31, 1967
Funds: 520,000 $23.237

Rescarch conducted under this study related to the de-
velopment of a rapid method of test(s) to distinguish dele-
terious particles in aggregates and to predict their behavior
under various degrees of exposure in concrete subjected to
freczing and thawing. The work was similar to that con-
ducted under Project 4-3(2) at Pennsylvania State Univer-
sity (the same objectives apply) but diffcrent in approach.,
Certain apgregates investigated were common to both
studies,

The initial rescarch phase has been completed, and the
project report for this phase has been published as:

NCHRP Report 12, "[dcntification of Aggregates Caus-
ing Poor Concrete Performance When Frozen.”

The final research phase has been completed, and the
project report has been published as:

NCHRP Report 65, “One-Cycle Slow-Freeze Test for
Evaluating Aggregate Performance in Frozen Concrete,”
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Project 4-3(2) FY '63 and FY 66

Development of Methods to Identify Aggregate Parti-
cles Which Undergo Destructive Volume
Changes When Frozen in Concrete

Research Agency:
Principal Invest.:

The Pennsylvania State University
Dr. T. D. Larson

Effective Date; Mar, 25, 1963 July 1, 1965
Completion Date: Jan. 31, 1963 Aug. 31, 1967
Funds: 556,457 $49.756

This project involved the development of a rapid test(s)
to distinguish deleterious particles in aggregates and thereby
predict their behavior under various degrees of exposurc in
concrete subjected to freezing and thawing, The study was
similar  to that conducted under Project 4.3(1) at
Virginia Polytechnic Institute (the same objectives apply)
but diflerent in approach. A numiber of ageregates investi-
gated were common to both studies.

The initial research phase has been completed, and the
project teports for this phase have been published as:

HRB Special Report 80, “A Critical Review of Literature
Treating Methods of Identifving Aggregates Subject to
Destructive Volume Change When Frozen in Concrete
and a Proposed Program of Research.” and

NCHRT Report 15, “Identification of Concrete Aggre-
gates Exhibiting Frost Susceptibility,”

The final research phase has been comnpleted. and the
project report has been published as:

NCHRP Report 66, “Idenlification of Frost-Susceptible
Particles in Concrete Aggregates.”

Project 4-4 FY *63

Synthetic Aggregates for Highway Uses

Battelle Meinorial Institute
M. J. Snyder

F. F. Fondriest

March 1, 1963

April 15, 1964

514,790

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Frunds,

In an effort to determnine potential sources of aggregates,
this study was authorized to explerce the feasibility of utiliz-
ing artificial aggregates in highway construction. The study
involved a survey of various industries regarding their pro-
duction of potential aggregates, particularly as by-products.
Inquiries were made of such users as highway depart-
ments as to desirable characteristics for apgregates. Con-
sideration was given to the production of synthetic aggre-
gates hy nuclear or other new techniques.

Research has been completed. and the project report has
heen published as:

NCHRP Report 8, “Synthetic Agpregates for Highway
Construction.”
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Project 4-5 FY '63

A Study of the Mechanism Whereby the Strength of
Bases and Subbases Is Affected by
Frost and Moisture

Research Agency.
Principal Invest.:
Effective Date:
Completion Date:
Funds:

Michigan Technological University
Dr. W. M. Haas

February 15, 1963

August 31, 1965

$64,105

This project involved an extension of present knowledge
and understanding of the phenomena of the action of frost
and moisturc in bases and subbases. Initially, laboratory
models were developed which incorporated significant vari-
ables as an aid in analyzing the mechanism of frost action
and its relation to strength. Hypotheses evolving from the
lahoratory were checked in the field.

Research has been completed. The project report will not
he published in the regular NCHRP report series, but a
summary is included in the NCHRP Summary of Progress
Through June 30, 1968,

Project 4-6 FY '65

Protective Coatings for Highway Structural Steel

Research Agency!
Principal Invest..
Effective Date:
Completion Date:
Funds:

Steel Structures Painting Council
John I, Keane

March 1. 1963

November 30, 1966

$25,000

Considerable information exists in the literature concern-
ing the protection of structural stcel from corrosion. This,
however, is widely scattered, often contradictory, and has
never been critically reviewed and reported on as to which
of the numerous coating formulations, coating systems, and
practices are best in conjunction with ¢nvironmental differ-
ences. This research involved a state-of-the-art review, field
exposure testing on which definitive rankings may be based,
and the development of plans for rescarch to acquire needed
information where adequate coatlings are not available.

[nformation necessary to review, summarize, and evaluate
the current state of the art of protection of structural stecl
was secured from a search of some 2,000 pieces of technical
literature and by correspondence and discussions with
numerous individuals, organizations, and societies both in
the United States and abroad. A parallel experimental study
was conducted to determine the effects of surface prepara-
tion on the performance of coatings.

Research has becn completed and the final report has
becn published as:

NCHRP Report 74, “Protective Coatings for Highway
Structural Steel.”

In addition, the following documents have been pub-
lished in extremely limited quantities;

NCHRP Report 74A, “Protective Coatings for Highway
Structural Steel—Literature Survey.”

NCHRP Report 74B, “Protective Coatings for Highway
Structural Steel—Current Highway Practices.”

Project 4-7 FY '68,°69

Fatigue Strength of High-Yield Reinforcing Bars

Portland Cement Association
Dr. John M, Hanson
Dr. Thorsteinn Helgason

Research Agency:
Principaf [nvest..

Effective Date: Oct, 1, 1967 Feb. 1, 1971
Campletion Dute: Feb. 28, 1970 Aug. 31,1973
Funds: $100,000 $50,000

The AASHO Road Test indicated that the fatigue
strength of reinforcing bars is one of the key elements de-
termining the fatigue life of reinforced concrete bridge
members. Advances in bridge technology, utilizing high-
vield reinforcing bars, increase the possibilities of the fatigue
strength of the reinforcement limiting the life of the struc-
ture.

The principal objective of this study was to obtain fatigue
strength test data on ASTM A432 stcel bars (gencrally
Grades 50 and 75) to support realistic design criteria, This
was approached through the design and execution of a
statistically valid experiment.

Phase [ ecxperimental work consisted of repeated-load
tests on rectangular and T-shaped concrete bearns rein-
forced with a single longitudinal bar. These specimens con-
tained bars ranging in size from No, 5 to No. 11 and having
nominal yield stresses from 40 to 75 ksi. Major emphasis
in the Phase I study wuas on stress range, minimum stress.
bar diameter, type of specimen, and grade of bar.

Phase 1 had the objectives of (1) determining the effect
of surface geometry {deformation pattern and details) and
{2) incorporating the results or Phases I and II into a
single final report. A total of 353 fatigue tests was con-
ducted in the two phases of work,

On the basis of the observed hehavior, a fatigue design
provision was developed for deformed reinforcing bars
suggesting a limitation on the service load stress range.

Research has been completed and the project report pub-
lished ax: .

NCHRP Report 164, “Fatigue Strength of High-Yield
Reinforcing Bars.”

Project 4-8 FY '68

Research Needs Relating to Performance of
Aggregates in Highway Construction

Research Agency:
Principal Invest.:

Virginia Polytechnic Institute
Dr. R. D. Walker

Effective Date: January I, 1968
Completion Date: April 30, 1969
Funds. 555,254

There is concern over the shortage of high-grade aggre-
gates available at reasonable cost in many areas of the coun-
try. Efficient use of aggregates is handicapped by lack of
quantitative informalion on the interaction between prop-
erties of the aggregate and its performance in a particular
environment. The total problem involves (1) identification
of the uses for which available aggregates arc suitable with
normal processing, (2) methods of upgrading available




aggregates where necessary to make them acceptable for a
particular use. and (3) adapting construction practices to
permit use of available aggregates.

The objective of this research was to formulate a compre-
hensive series of statements of research problems and rec-
ommended studies (including estimates of time, cost, and
priority) which have as their objective the devclopment of
procedures by the use of which a highway materials engi-
neer may ¢valuate quantitatively the relevant properties of
agoregates to be selected for a given class of use, in a given
environment of service, for a given level of performance.

Rescarch has been completed and the project report
has been published as:

NCHRP Report 100, “Research Needs Relating to Per-
formance of Aggregates in Highway Construction.”

Project 4-8(2) FY '71

Density Standards for Field Compaction of
Granular Bases and Subbases

Research Agency: Clemison University

Principal Invest.: J. P. Rostron
Effective Date: April 1, 1971
Completion Date:  June 30,1973
Fuds: $95,248

Information is needed on the degree of compaction that
should be attained during the construction of highway
pranular base and subbase courses as a function of such
factors as nature of the matetial, environment, traffic, sub-
grade conditions, thickness of layer, and location of layer
within the system. Density standards that provide for these
factors are nceded. Test procedures used to develop data
to sel such standards must be suitable for various mate-
rials, however thcy may be used, and must account for
these factors as may be appropriate. OQften the so-called
“degrce of compaction™ {such as 95% AASHO T 180) is
not directly related to the materials’ propertics or to field
performance. Improper setting of density standards results
in {a) rejection of materials from which satisfactory bases
and subbases can be constructed, and (b) construction of
bascs and subbases that contribute to pavement system
failure by subsequent additional compaction.

The objectives of this project were:

1. To evaluate current and proposed procedures and
criterta for the setting of density standards.

2. To illustrate examples of inadequate standards and
the conscquences of such inadequacy.

3. To develop new or revised procedures and criteria for
more appropriate density standards.

4. To illustrate that the new or revised procedures and
criteria would yield adequate density standards.

5. To draft, in a form suitable for adoption or adapta-
tion by highway departments, proposed new or revised pro-
cedures and criteria for the setting of density standards to
control compaction during the construction of granular
bases and subbascs.
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The research included a literature review, an information
survey, Interviews with highway personnel, laboratory tests,
and prototype tests,

Research has been completed and the project report has
been published as:

NCHRP Report 172, “Density Standards for Field Com-
paction of Granular Bases and Subbases.”

Project 4-8(3) FY '72 and FY '76

Predicting Moisture-Induced Damage to Asphaltic
Concrete

Resecarch Agency:
Principal Invest.;

University of Idaho
Dr. Robert P. Lottman

Effective Date: Sept. 1, 1971 Aug. 1, 1975
Completion Dare:  Mar. 31, 1974 Jan. 31, 1982
Funels: $190.177 $71,652

The loss of bond (stripping} duve to the presence of
moisture between the asphalt annd the aggregate in asphaltic
concrete is a problem in many areas of the country and is
severc from the standpoinl of highway pavement perform-
ance In some instances. ‘the problem is influenced by
many factors, such as asphalt characteristics, agpregate
properties, mix design, construction procedures, environ-
mental conditions, and traffic: however, field experience
has indicated almost invariably that the presence of mois-
ture in combination with the other factors is critical with
regard to the loss of adhesion between the asphalt cement
and the aggregate particles.

Ultimately, the aggregate properties and the asphall
cement characteristics that affect adhesion must be identi-
fied. This knowiedge is basic to the development of tech-
niques that are necded for optimizing the choice of mate-
rials or for specifying appropriate corrective measures
where loss of bond is likely to be a problem. Howcver,
the accomplishment of these ultimate objectives requires
fundamental studies that are time consuming and neccssi-
tate the development of test systems for correlating the
findings with ficld performance. The objective of this
project is to meet an interim need for a laboratory testing
system that will quantitatively predict the ability of asphaltic
conecrete to resist the detrimental effects of moisture under
ficld conditions,

Rescarch in Phase [ included sampling and laboratory
testing of mixtures composed of materials from many pave-
ments in service, some of which were experiencing moisture
damage and some not. Effort was made to reproduce in the
laboratory the observed response to moisture in the field.
The study produced a tentatively proposed system of tests
for determining the inoisture susceptibility of asphaltic
concrete mixtures and a detailed work plan for a [ield
evaluation of the system. The primary research program
was conducted by the University of Idaho, with assistance
by Batteile-Northwest and the University of Washington.

The final report for Phase 1 is in the editorial and pob-
lication process.

The objective of the Phase II research is to provide [ield
verification of, or suitable modifications thereto, the test
system tentativcly proposed under Phase 1 for predicting
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the susceptibility of asphaltic concrete mixtures te moisture
damage. Cooperative arrangements have been made with
six state highway and transportation agencies and with
Region 10 of the Federal Highway Administration for
experimenial construction, testing, and performance obser-
valions over a five-year period to evaluate the proposed test
sysient,

Research is in progress on the Phase I program. Con-
struction of the pavement fest sections has becn completed
in Arizona, Colorado, Georgia, Idaho, Montana, Virginia,
and FHWA Region 10, Initial cores have becn taken and
laboratory speciinens prepared for most of the test sections.
Data are being received and analyzed on a continuous
basis. No findings are available at this point in the Phase
1T study.

Project 4-9 FY '69

Evaluation of Preformed Elastomeric Pavement Joint
Sealing Systems and Practices

Research Agency:
Principal Invest.:

Ulah State Highway Department
Dale E. Peterson

Effecrive Date: Oct. 1, 1968 Oct. 1, 1972
Completion Date: June 30, 1971 Dec. 31, 1977
Funds: £93 494 $125.000

The problem of sealing transverse joinls in portland
cement concrete pavements to prevent intrusion of objec-
tionable materials is of prime importance to many State
highway departmcents. Tor several years, a number of Statcs
have specificd extruded ncoprene compression seals for the
sealing of these joints. Recently, other types of clasiomeric
preformed seals have also been used for this purpose.
Largely because of a lack ol sulficient correlation between
joint sealing requirements and field performance informa-
tion, most existing specifications for preforined seals con-
sist of requirements pertaining to the ncoprene elastomer
used in labricating the seal and the size, shape, configura-
tion, etc., of the fabricated product. The relation of these
requiremenls to seal performance in service, or their sig-
nificance as predictors of performance, has not been fully
developed, In view of the increasing use of prcformed
seals, further laboratory and field studics are required to
develop design, material, installation, and performance
criteria,

Phase T of this project, through a review and analysis
of existing information and an extensive laboratory testing
program, has successfully provided urgenily needed tenta-
tive guide specifications, inclusive of performance criteria,
for preformed elastomeric joint scals for use in portland
cement concrete pavement joints. This information was
rcported in NCHRP Research Results Digest 35, “Ewvalua-
tion of Preformed Elastomeric Pavement Joint Sealing
Systems and Practices™ (Feb. 1972). The primary experi-
mental program for Phase I was conducted by the Utah
State Department of Highways, with analytical assistance
from the University of Utah.

The tentative guide specifications provided by Phase T

are well suited to interim service, For full acceptance, a
ficld research program is needed to validate the soundness
of, or provide appropriate modifications for, the tentative
specifications that have becn cstablished. This program is
being conducted as Phase LI of the project.

In Phase II, an cxperimental program of field study has
heen designed and instituted to test the tentative specifica-
tions. Iostallation of preformed elastomeric sealers in
sawed transversc joints on construction projects in seven
states has been accomplished. Planning, supplemental spe-
cifications, and cvaluative observations during the installa-
tions were provided as part of the project cffort. Samples
of the sealers were retained at the construction stage and
subjected 1o laboratory test. Samples arc also being re-
moved periodically following construction and tested in the
laboratory. Force-deflection tests are the primary inethod
of sample evaluation,

Observations of field performance are being made at the
time of post-construction sampling. The field sampiing
program has been completed through the 36-month pe-
riod. All seals have developed some permanent set but the
seal material appearcd to be in good condition, Bond was
nonexistent in many cases, resulting in fine material be-
coming lodged between the seal and the pavement. The
importance of the lubricant adhesive as an integral part of
the sealing process is becoming more evident with cach
sampling period. The importance of extending the scals
down the side of the pavement to prevent the intrusion of
water is also becoming apparent.

An inferim report covering the first two years of ex-
posure has been reccived and reviewed, The resulting in-
formation will be incorporated in the final report.

Project 4-10 FY '70

Promising Replacements for Conventional Aggregates
for Highway Use

Research Agency:
Principal Invest.:
Lffective Date:
Completion Date:
Funds:

University of Hlinois
Dr. C. R, Marck
Octoher 15, 1969
March 31, 197!
£50,000

Although nationally there is an abundant supply of con-
venttonal apgregates suitable for highway construction,
there are localized areas. and in some cases regions, in
which they are not cconomically available or are becoming
depleted. The problem is compounded because many of
the existing sources are becoming unavailable through
zoning restrictions, pollution control, and appreciating land
vilues.

It is imperative that studics now be initiated to determine
whether available technology can be used to atleviate the
problem of diminishing aggregate supplics in the affected
areas.

The purposc of this project was to study the utilization of
modern technology as it might apply to the devclopment of
substitute materials and/or new procedures for upgrading
eXisting unsuitable materials for use as aggregates in port-




land cement congrete, bituminous mixes, and base courses.
The rescarch has been completed and the project report
has been published as:
NCHRP Report 135, “Promising Replacements for
Conventional Apggregates for Highway Use,”

Project 4-10A  FY 70

Waste Materials as Potential Replacements for High-
way Aggregates

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Funds:

Valley Forge Laboratories
Richard H. Miller

Sept. 1, 1972

Nov, 30, 1973

$£53,663

Although an abundant supply of conventional aggregates
suitable for higbway construction exists nationally, there
are localized areas, and in some cases regions, in which
aggregates are not economically available or are becoming
depleted. The problem is compounded by the loss uf
existing sources threugh zoning restrictions, pollution con-
trols, and appreciating land values.

The use of waste material as aggregate offers one method
of alleviating this problem in highway construction where
suitable sources are available in significant quantitics,
Such utilization will serve the public interest by providing
ccologically and economically acceptable means for dis-
posal of wastes in addition to providing replacements for
necded aggregates in urban areas where the shortage is
often most severe. Research is needed now to determine
the types, sources, and quantities of waste materials poten-
tially useful as replacements for highway aggregates.

NCHRP Project 4-10, “Promising Rcplacements for
Conventional Aggregates for Highway Use,” identified
the potentia] for using waste materials as aggregate in
highway construction. The objectives for Project 4-104,
as developed from the prior cffort, were to;

. Provide an inventory of the types, sources, and
quantities of waste materials potentially suitable for the
production of synthetic aggregates or for otherwise re-
placing conventional aggregates in highway construction.

2. Provide an assessment of the prospects for practical
use of specific waste materials for production of synthetic
aggregates or otherwise replacing the need for conventional
aggregates in highway construction, particularly where
aggregate supplics are scarce.

Accomplishment of project objectives involved:

1. Identification of all types and locations of waste
materials available or anticipated tu be available in the
future in significant quantities that arc considered poten-
tially suitable for use in highway construction as replace-
ments for conventional aggregates.

2. Compilation of information essential to evaluating
the technical and economic feasibility of using the most
promising waste materials as replacements for apgregates
in highway construction,

71

3. Based on the information compiled in Task 2, an
assessment of the fechnical and economic feasibility of
current and future use of the waste materials having the
greatest potential for use as replacements for aggregates in
highway construction, particularly where conventional ag-
gregates are not economically available or arc becoming
depleted.

4. Determination of the status of use of wuste materials
in highway construction as replacemenis for aggrepates.

Based on technical, cconomic, and enviroenmental evalu-
ations, 30 waste materials were found to have some poten-
tial for use as highway aggregates. The basic technology
was judged to exist for converting any one of the inaterials
into aggregate, but in most instances much experimentation
remains to be done.

Research has been conipleted, and the project report has
been published as:

NCHRP Repori 166, "Waste Materials as Potential Re-
placements for Highway Aggregates.”

Praoject 4-11 FY 75

Buried Plastic Pipe for Drainage of Transporlation
Facilities
Research Agency:
Principal Invest:
Effective Date:

Completion Date:
Funds:

Simpson Gumpertz & Heger
Frank J. Heger

September 16, 1974

March 15, 1978

5200,000

A number of pipe products, made of plastics as defined
in ASTM D883, have become available to the transporta-
tion industry within the past few years and appear to have
good potential for cconomical use as underdrains, storm
sewers, culverts, and other drainage structures. However,
due to the lack of cxperience with these products in trans-
portation facilities, use in this feld has been limited.
Understandably, there has been u reluctance to use them
in place of, or as alternates to, more conventional pipe
products whose in-service behavior has becn established
by many yvears of experience in a wide range of applica-
tions. Accordingly, it is necessary to undertake an evalua-
tion of the theoretical considerations and field performance
ol buried plastic pipe for use in transportation facilities,

Objectives:

The over-all objective of this project is to develop and
evaluate design, installation, and performance criteria for
the use of buricd plastic pipe products in transportation
facilities.

The specific objectives of Phase [ are 1o;

1. Identify the types, sizes, and physical and chemical
characteristics of plastic pipe products currently available
and considered suitable for usc as underdrains, storm sew-
ers, culverts, and other drainage structures.,

2. Based on available research and experience with
buried plastic pipe: (a) cvaluate the current state of the
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art; (b) appraisc the performance with regard {o abrasion,
frost action, temperature variations, and other environmen-
tal considerations; and (c) prepare tentative guidelines for
recommended design and instailation procedures.

3. QOutline an experimental prograin, (intended to be
performed under Phase 11} to improve the understanding
of (2} the time-dependent soil-structure interaction of
buried plastic pipe subjected to earth and live loads and
{b) any other performance factors that appear 1o nced
further study.

The specific objectives of Phase 11 arc to:

4. Conduct the experimental program outlined in Ob-
jective 3, subject to approval by the NCHRP.

5. Analyze and interpret the information obtained from
the experimental program, synthesize the data with other
available information, and evaluate the tentative guidelines
preparcd under Objective 2.

6. As part of the final report, prepare a manual on the
use of buried plastic pipe for drainage of transportation
facilitics, with particular attention to permissible loads and
deflections, use limitations, material specifications, accept-
ance tesls, construction and maintenance techniques, and
inspection criteria.

Phase 1 has been completed and un interim report con-
taining tbe findings has been submitted, reviewed, revised,
and distributed to the sponsoring agencies.

Rescarch is in progress on Phase IF of the study, Several
types of plastic pipe have been installed in Maine and New
Hampshire under various bedding and loading conditions,
Cover over the pipe varies from 2 ft to 22 ft. Several see-
tions of pipe are instrumented with struin gauges. Deflec-
tions are heing mcasured. Seme pipe sections will be re-
moved for physical testing and others will remain in place
permanently. Recommended specifications for use of
plastic pipe under transportation facilities are being pre-
pared for consideration by AASHTO and ASTM.

Project 4-12 FY 77
Upgrading of Poor or Marginal Aggregates For
PCC and Bituminous Pavements

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Funds:

The Pennsylvania State University
Dr. Philip D. Cady

December 1, 1976

February 28, 1979

$150.000

‘The performance of high-type pavements, of either PCC
or hituminous concrete, is inflluenced by many factors.
Some of these arc materials, environment, traffic loading,
construction practices, and mamtenance. One of the most
important factors in the satisfactory performance of a
pavement is the incorporation of cearse aggregate con-
sisting of sound, durable particles free from objectionable
coatings. The rapid deplelion or inaccessibility of such
high-quality aggregates requires that methods be devised
for upgrading poor or marginal materials,

The over-all objective of this study is to advance meth-
ods of upgrading poor or marginal-quality coarse aggre-
gates to acceptable durability and structural levels for use
in high-type bituminous and PCC pavement mixtures. The
procedures for upgrading aggregates in this study are
limited to the use of different types of coatings, chemical
treatments, or impregnation with plastics or other mate-
rials.

The beneficiation will address recognized problems such
as free-thaw damage, stripping. degradation. inadequate
soundness, alkali-aggregate reactions. destructive volume
changes, and objectionable coatings. In addition, but of
secondary importance, the cconomic feasibility of blending
sutisfactorily coated or impregnated aggregates with un-
treated aggregates will be considered.

This study docs not address itself to pavement surface
characteristics, such as skid properties, texture and rough-
ness, or mixtures applicd as seal coats or thin surface
treatments.

The research will include the following tasks:

Task 1. {a) Identification of aggregate problems tbat
may be mitigated by beneficiation.

(b} Review of literature and research in progress.

(¢) Identification of current and potentially avaitable
practices and methods for upgrading aggregate quality.

Task 2. Preliminary analysis of practices and methods.

Task 3. Preparation of an interim report that includes
the findings from Tasks 1 and 2 and provides recommen-
dations for the evaluation in Task 4 of procedures that
appear to be technically and economically feasible.

Task 4. Laboratory development and evaluation of can-
didate procedures with selected aggregates.

Task 5. Preparation of a final report that includes find-
ings of research and recommendations for possible field
evaluation (i.e., pilot study) of selected procedures.

Through December 31, 1976, efforts have been directed
at the completion of Task 1.

Project 4-13 FY "77

Temporary Pavement Marking Systems

Southwest Rescarch [nstitute
John M. Dale

November 1, 1976
February 28, 1978

$49 500

Research Agency:
Principal Invest.:
Efective Date:
Coinpletion Dare:
Frnds:

Maintenance and construction operations on all classes
of highways frequently require temporary pavement mark-
ings to provide motorist guidance and safe traffic move-
ment. When existing pavement marking materials, devices,
and icchnigues are used for this purpose, they are difficult
to remove in a cost-effective manner without leaving scars
on the pavement that may mislead the motorist. There
remains a continuing need, for ull types of pavement sur-
faces under all environmental and traffic conditions, for a
temporary pavement marking system. Temporary marking
systemns are defined as those cither casily applied and easily




removed or those easily applied and self-destructible under
controlled conditions.

The general objective of this research is to explore the
feasibility of onc or more candidate solutions by awarding
one ar more contracts within the limits of availuble funds.
The specific ebjectives arc: (1) To examine one or more
concepts, existing or new, that offer promise for develop-
ment inic workable temporary pavement marking systems.
The desired characteristics of these systems include delinea-
tion quality, ease ol installation and removal, absence of
adverse environmental effects, ease of implementation, and
cost-effectiveness.  {2) To analyze the feasibility of the
concept or concepts in comparison with existing practice
with reference to, but not limited to: (a) manpower.
cquipment, and material costs {application and removal),
(b} effect on traffic during application and removal, (¢}
traffic control cffectiveness, (d) system durability, (e) ma-
terial and process availability, and (f) hazards to workmen
during application and removal.

The analysis will include field testing of promising sys-
tems, guided by case and Jaboratory studies, to Lhe extent
that project resources permit,

AREA 5: ILLUMINATION AND VISIBILITY

Project 5-2(1) FY '63

Effects of lllumination on Operating Characteristics
of Freeways—Traffic Flow, Driver Behavior,
and Accidents

Research Agency: Yale University,
Bureau of Highway Traffic

Principal Invest.: Fred W. Hurd

Eflective Date: Feb. 15, 1963 Feb. 1, 19587
Completion Date: May 31, 1966 July 31, 1967
Funds: $124.319 $21,530

Because of insufficient information on the requirements
in freeway illumination, thorough research nceds to he
performed. A scientific basis for warrants and design cri-
teria for use in instailing continuous and localized lighting
on freeways is needed, as is evaluation in terms of benefits
and costs.

A S-mile scgment of the Connecticut Turnpike in the
Bridgeport area was selected for the study site. The light
intensity was changed to reflect illumination at hoth the
0.2 and 0.6 average horizontal fooicandle levels. The same
study area has been used for Projects 5-2(2) and 5-2(3).

Yale University has evaluated the day and night operating
characteristics of traffic flow, driver behavior, and accidents.
Traftic characteristic data from more than 400,000 picture
frames were transferred to punched cards, and analyzed by
an eglectronic computer. Information was obtained on lane
use, variation of placement and velocity, headway distribu-
tions, vehicle clustering by type, and use of the on-ramp.
Evaluations of day and night accident data and traflic vol-
ume dala have been made.

The project repert has been published as:

NCHRP Report 60. “Effects of Illumination on Operat-
ing Characteristics of Freeways.”
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Project 5.2(2) FY '63

Efiects of lllumination an Operating Characteristics
of Freeways—Driver Response, Visibility,
and Visual Discomfort

Research Agency:
Principal Invest.:

The Ohio State University
Dr. Thomas H. Rockwell
Dr. H. Richard Blackwell
February 15, 1963
Aupust 31, 1965

$81,187

Effective Date:
Completion Pate;
Funds:

The objectives of this research supplemented Project
5-2(1}, the accent in this contract being on the characteris-
tics of driver response, visibiity, and visual discomfort.

[n conducting its resecarch, Ohio State made interdisci-
plinary personnel and resources available. The instrumented
vehicle utilized in Project 3-3 was also used in this project,
as were various types of lighting and optical instruments
developed by The Ohio State University. This project was
coordinated with Project 5-2(1) for the phases of the work
that were conducted on the Connecticut Turnpike site.

The driver response and roadway luminance data were
transformed from the oscillograph record from the survey
vehicle to numerical records for the studies conducted on
the Connecticut Turnpike. Analytical procedures were pre-
pared to provide a cross-correlation of driver control activ-
ity with roadway geometry, traffic density, subject charac-
teristics, and illumination levels, The analysis tested the
correlation of driver variables with the severity of disability
glare. and studies were conducted to see if any change in
the visual cnvironment was cffected by the light intensity
change.

The results presented in the project report have been
combined with the results of Project 5-2(1) and have been
published as:

NCHRP Report 60. “Eflects of Iluminalion on Operat-
ing Characteristics of Freeways.”

Project 5-2(3) FY "63

Effects of Hlumination on Operating Characteristics
of Freeways—Driver Discomfort

The Tnstitute for Research at
State College. Pennsylvania
Dr. Paul M. Hurst

February 20, 1963
February 28, 1966

$£37.460

Research Ageney:

Principal Invest.:
Fflective Date:
Completion Pate:
Frunds:

As with Project 5-2{2), this research complemented that
of Project 5-2(1}. This study was concerned with only one
aspect. that of driver comfort as related to anxiety as mea-
sured under various lighting conditions. The Institute for
Rescarch. a private research agency located at State College,
Pennsylvania, obtained rescarch data from motorists driv-
ing through the test arca of the Cennecticut Turnpike.
Driver-questionnaire informatioo was used to determing
apprehension based on a numerical score and also to locate
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those events related to illumination which appeared to be
most vexing to drivers.

The analysis included neonparametric tests of the effects
of illumination, weather, moon brightness {as a function of
elevation and phase), traflic volume, driver experience,
driver familiarity, and day vs. night upon DDS scores and
NTD scores,

The results presented in the project report have been
combined with the results of Project 5-2(1) and have
been published as:

NCHRP Report 60, “Effects of IJlumination on Operat-
ing Characteristics of Freeways.”

Project 5-3 FY "64
Visual Information Needed by the Driver at Night

Research Apency:
Principal fnvesr.:

The Ohio State University
Dr, Thomas H. Rockwell
Dr. Ronald L. Ernst
September 1. 1964
March 31. 1967
5100940

Effective Date:
Completion Date:
Funds:

This research was designed to detertnine mininum infor-
mation necessary to maintain control stability and identify
the informatton which is normally used. Visual degrada-
tion studies were conducted to determvine limits of perform-
ancc stability bused on driver performance criteria pre-
viously established. Mapping of the visual field through
selective degradation was conducted to identify classes of
information used by nighttime drivers. Research was con-
ducted to determine times and distances Lo satisfy informa-
tion needs for optimal control. Visual cues were scaled
by photometric calibration of viewed object contrasts and
edge markings. An eye marking unit was cmployed to
assess relative cue importance in maintaining perforniance.
An attempt was made to formulate the effect of freeway
informational features on driving performance based on
perceptual and highway destgn factors.

The project report bas been published as:

NCHRP Report 99, “Visual Information Needed by the
Driver at Night.”

Project 5-4 FY '64

Economic Study of Roadway Lighting

The Franklin Institute
Arno Cassel

July 20, 1964

August 31, 1965
519,412

Research Agency:
Principal Invest,:
Effective Date;
Completion Date;
Funds:

The purpose of this project was to determine capital cost
ranges and operating costs for prevailing light sources in
relation to type of luminaire disiribution system and light
intensity on the pavement,

The researchers collected data for economic compari-
sons, including costs for hardware, installation, uscful
operating life, power, maintenance, depreciation, taxes,

insurance, and financing for various lighting systems. Sam-
ple type and quantity of equipment were analyzed to
provide standard illumination levels on typical two-lane,
four-lane, and six-lane divided highways. A literature
scarch was made of available lighting cost studies, speci-
fications, design criteria for highway lighting installations,
maintenance, and replacement factors. Methods for evalu-
ating capital improvemcnt proposals were reviewed, and
the annual cost method appeared to be most suitable for
evaluating costs of different roadway lighting configura-
tions. Questionnaires were teceived from public utility
companies, municipalities, and State highway depattments
to acquire cost information.

The project report has been published as:

NCHRP Report 20, “Economic Study of Roadway Light-

ing."”

Project 5-5 FY '65

Nighttime Use of Highway Pavement
Delineation Materials

Southwesl Research Institute
John M. Dale

Research Agency:
Principal Invest..

Effective Date: Mar. 1, 1965 July 15, 1967
Completion Dete: Dec. 31. 1966 Sept. 15, 1969
Funds: $50.000 $100,000

In this study, ways of improving delineation of road-
ways under wet and dry conditions by cither improving
techniques utilizing existing materials or developing new
materials and techniques were investigated.

This program was initiated by a field study of the per-
formance characteristics of conventional marking materi-
als. Following this. the rcsearchers conducted studies of
the physical nature of reflective materials with particular
emphasis on their performance characteristics under vari-
ous types of water films. Attention was dirccted to the
development of a systematic approach to marking pave-
ments wherein one qualifies the surface 1o be marked.
determines the water film thicknesses to be encountercd, and
then selects one of several marking systems that will per-
form under the imposed conditions.

The project report on the laboratory phase of the re-
search has been published as:

NCHRP Report 45, “Development of Improved Pave-
ment Marking Materials—-Laboratory Phase.”

The purpose of the continuation phase was o further
develop, optimize, and ficld test the new marking svstem
that emerged from the initial research elfort.

The project report on the feld phase of the research has
been published as:

NCHRP Report 85, "Development of Formed-in-Place
Wert Reflective Markers.”

In addition te the final report, a motion picture film
was produced describing the results of the research. Loan
copies of the Alm are available from the NCHRP Program
Director.




Project 5-5A FY '71

Development of Optimum Specifications for
Glass Beads in Pavement Markings

Research Agency:
Principal Invest.:

The Pennsylvania State University
Dr. Luke M. Shuler

Effective Date: May 1. 1971
Completion Date: June 30, 1973
Funds: $99.350

This study was a continuation of recommended research
based on the findings of Project 5-5 as reported in NCHRP
Report 45,

Specific objectives were to:

1. Review and analyze world-wide research and prac-
tices involving the use and manufuacture of traffic marking
heads,

2. [dentify those variables that markedly influence the
effective utilization of glass beads in pavement markings.
Evaluate these variables by laboratory and field tests as
required in order to rate them in terms of their influence
on the effectiveness and serviceability of delineation under
actual traffic conditions. Ficld tests ar¢ to inelude mea-
surements of wet-nighttime reflectivity,

3. Dectermine the capability and economics of producing
glass beads of specilied gradation, composition, shape, flow
properties, color, etc.

4. Develop practical specifications and criteria for the
sclection and use of beads for reflectorizing traffic paint
markings,

5. Evaluate for one or more states the probable bepefits
that would accrue should the proposed specifications be
adopted in place of current specifications.

The rescarch included a survey of current practice and
field applications of test lines using a variety of paint film
thicknesses and glass bead samples. A quantitative study
was also undertaken of the retroreflective characteristics of
glass beads in horizontal markings by calculations based on
general mathematical optical theory.

The research has been comipleted. The final report has
been submitted but will not be published in the NCHRP
Report series. A summary of the final report is presented
in “Summary of Progress Through 1976."

Project 5-5B FY '72

Pavement Marking Systems for Improved Wet-Night
Visibility Where Snowplowing is Prevalent

Texas A & M University
Research Foundation
Dr. William M. Moore
September 1, 1971
December 31, 1974
200,000

Research Agency:

Brincipal Invest.:
Effective Date:
Comnpletion Date.
Funds:

Conventional reflectorized pavement marking systems in
common use lose their effectiveness markedly during pe-
riods of darkness in rainy weather. Raised reflectorized
markers arc guitc cffective under such circumstances and
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are in use where ¢xposure to snowplows is not a factor.
However, such markers may be quickly dislodged or des-
troyed in a large part of the U, S. where snowplowing is
commeon during the winter months.

Accordingiy, the objectives of this research were:

1. Develop one or more innovative concepts for pave-
ment marking systcrns that are practical, economical, and
effective under nighttime wet-pavement conditions and
compatible with snowplowing.

2. Conduct a laboratory and controlled field evaluation
of the system(s) developed in objective 1 and demonstrate
its (their) praetical and economic feasibility.

Interim reports subrinitted in September 1972 and Oc-
tober 1973 described the development and testing of the
“fArst peneration” markers and the development of the
“second generation” markers modified in accordance with
the findings from the first winter Held tests. The second
generation marking systems were tested at sites in Colo-
rado, New York, Pennsylvania, Virginia, and Texas.

The research has been completed and the final report is
in thc NCHRP editorial and publication process. Prior to
its publication, copies of the report arc available on a loan
basis on request to the NCHRP Program Director.

Project 5-6 FY "6§
Highway Fog

Cornell Aeronautical Laboratory
W. C. Kocmond

K. Perchonok

QOctober 2, 1967

April 30, 1969

$99,955

The objectives of this research were: (1) to review past
and current rescarch of warm and cold fog as it affects high-
way operation; (2) to prepare a state-of-the-art summary
of the review to include, but not be limited to, fog abate-
ment, guidance systems, measures of visibility, and effect
on traffic operations; (3) to determine the day and night
fog levels (standards of visibility) that produce significant
detrimental effects on driver performance and traffic op-
erations; (4) to explore the feasibility of warm and cold
fog abatement and vehicular guidance systems under high-
way conditions; and {5) to suggest ways and mcans of
obtaining maximum effectiveness of systcms to combat
reduced visibility due to fog.

The research has been completed and the final report has
been published as;

NCHRP Report 95, “Highway Fog.”

Reseurch Agency:
Principal Invest.:

Effective Dute:
Completion Date:
Fronds:

Project 5-6A FY 70
Highway Fog

Research Agency:
Principal Invest.

Sperry Rand Corporation
James Q. Dyal

Richard T. Brown
William H. Heiss




76

Effective Date:
Completion Date:
Funds:

September 1, 1970
May 31, 1973
593,540

This rescarch was a continuation of NCHRP research in
the gencral area of highway fog. The major objectives
of the research were to:

1. Analyze the highway fog problem and determine the
day and night fog levels {standards of visibility} that pro-
duce significant detrimental clfects on driver performance
and traffic operations.

2. Explore the feasibility of active and passive guidance
systems for frecways and expressways that will inform and
warn the motorist of prevailing roadway fog and traffic
conditicns ahead, and guide and control traffic more safely
and conveniently through the fog area.

The research was addressed principally to the first
objective and developed a mcasurable fog visibility index
and related this index to potential actions that can be
taken to eliminate or minimize the detrimental effects of
fog.

The research has been completed and the final report
has been published as:

NCHRP Report 171, “Highway Fog Visibility Mcu-
surgs and Guidance Systems.”

Project 5-7 FY '69
Roadway Delineation Systems

Research Agency:
Principal Invest.:

The Pennsylvania State University
Dr. J. I. Taylor

Effective Date: October 1, 1968
Completion Date: June 30, 1971
Funds: $469,526

Vehicles running off the road constitute a substantial
portion of the accidents on the nation’s highways. Im-
proved pavemcnt and roadway delineation treatments may
aid drivers in controlling their vehicles, thus improving the
safety aspects of the highway and casing the driving task,
especially during adverse weather conditions and at night.

Accordingly, the objectives of this research were: (1) to
review past and current research pertaining to roadway
delincalion; (2) to prepare a state-of-the-art summary of
the review; (3) to determine the driver’s delineation re-
quircments during various conditions, such as traffic,
weather, highway geometry, and illumination; {4) to cstab-
lish rational technique(s) [or determining the eflectiveness
and any detrimental side effects of delineation treatments
and, using the technigue{s) established, evaluate existing
and proposed delineation systems; (5) to test the more
promising delineation systems; (6) to develop practical cri-
teria for the selection of delineaticn treatments, including
factors of cost effectiveness and maintenance problems; and
{7) to compare the physical characteristics and perfor-
mance of colored pavements with those of conventional
asphalt and portland cement pavements.

The research has been completed and the final report
has been published as:
NCHRP Report 130, “Roadway Delineation Systems.”

Project 5-8 FY 70
Warrants for Highway Lighting

Texas A & M University
Research Foundation
Meilon I Rowan

Ned Walten

Researchi Apency:

Principal Invest.:

Effective Date: March 16, 1970
Completion Date: February 15, 1973
Funds: $199 627

A need existed to establish warrants for fixed roadway
lighting on the various classes of roadways in both urban
and rural areas; to determine whether the lighting should
be conlinaous or just at specific locations; and to prepare
guidelines Tor the design of lighting, Benefits from fixed-
source roadway illumination, including driver performance,
comfort, convenience and accident prevention, have needed
evaluation.

Warrants for fixed lighting on specific roadway classes
and at local highway situations should include consideration
of benefits and costs of lighting (initial and operating) to
satisfy the visual requirements of the driver. A method or
methods of evaluating costs and benefits of roadway lighting
to maximize returns on the investment should be developed
for the designer in order to determine the specific design.

The specific objectives of this project were to:

1. Review and analyze world-wide rescarch and practice
in roadway lighting, Prepare a state of-the-art summary of
the review.

2. Develop requirements for a suitable visual environ-
ment to be obtained by fixed roadway lighting for safe and
efficient traffic operations. Provide guidelines for the design
of fixed roadway lighting to oblain this cnvironment.

3. Evaluatc the possible benefits derived when a suitable
visual environment is provided by fixed roadway lighting.

4. Deicrmine warrants (the minitnum conditions} for
where fixed roadway lighting systems should he installed
for conlinuous lighting and at specific locations including,
but not limited to, interchanges and intersections,

5. Analyze the role of cost-eflectiveness and other eval-
aation techniques in {a) establishing the need for fixed
roadway lighting, (b) setting priorities for fixed lighting
projects, and (¢} evaluating alternative designs of lighting.

6. Recommend a method of setting priorities for the
installation of fixed lighting.

7. Provide typical example(s) of where lighting is war-
ranted and demonstrate the practical application of objec-
tives 1 through 6.

The research has been completed and the final report
has been published as:
NCHRP Report 152, “Warrants for Highway Lighting.”




AREA 6: SNOW AND ICE CONTROL

Project 6-1 FY '63

Development of Economical and Effective Chemical
Deicing Agents to Minimize Injury to Highway
Structures and Vehicles

IIT Research Institute
D. B. Boies

February 15, 1963
September 30, 1964
$40,000

Research Ageney:
Principal Invest.:
Ffective Dute:
Completion Date:
Funds:

Research was directed to the devclopment of chemical
agenis that are not only economical and effective when
used as deicing agents but also have minimal harmful effects
on metals and concrete. Consideration was given to the
relatedness of laboratory tests to field conditions.

The project report has been published as;

NCHRP Report 19, “Economical and Effective Deicing
Agents for Use on Highway Structures.”

Project 6-2 FY '63

Nonchemical Methods for Preventing or Removing
Snow and lce Accumulations on Highway
Structures

Research Agency: Roy Jorgensen and Associates
R. E. Jorgensen

R. D. Johnson

February 15, 1963

February 29, 1564

$25,000

Principal fnvest..

Effective Date:
Completion Dare:
Funds:

This study was primarily one of scarching the literature
and appraising the current status of knowledge of the sub-
ject. In addition to a literature survey, contacts were made
with highway depariments and other agencics that have
been confronted with the problem. Designs for structure
heating systems as used in the U.8. and other countries
have been evaluated, as have other nonchemical metheds.
The researchers have included in their studics the effective-
ness of nonchemical methods and economic losses due to
structure deterioration.

The project rcport has been published as:

NCHRP Report 4, “Non-Chemical Methods of Sncw
and Ice Control on Highway Structures.”

Project 6-3 FY ’63

Development and Evaluation of Protective Coatings
to Prevent Deterioration of Concrete
Structures by Deicing Agents

DBattelle Memorial Institute
M. J. Spyder

March 1, 1963

February 28, 1965
$58.557

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Funds:
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Investigations on this project were oriented toward de-
veloping new and evaluating existing materials to be applied
to concrete surfaces 10 inhibit concrete detericerations from
deicing agents, Consideration was given to fresh as well as
hardened concrete.

The project report has been published as:

NCHRP Report 16, “Protective Coatings to Prevent
Deterioration of Concrete by Deicing Chemicals,”

Project 6-4 FY '63

Evaluation and Development of Methods for Reducing
Corrosion of Reinforcing Steel

Battclle Memorial Institute
A. B, Tripler, Ir.

March 1. 1963

April 30, 1965

539,330

Research Agency:
Principal Invest.:
Ffjective Date:
Completion Date:
Funds:

Research investigations for this project related to an ap-
praisal of existing methods for inhibiting corrosion of rein-
forcing steel in concrete. Consideration was given to such
methods as (1) coatings on reinfor¢ing bars, (2) inhibilors
in concrete mixtures, (3) inhibitors in deicing chemicals,
and (4) cathodic protection.

The project report has been published as:

NCHRP Report 23, “Methods for Reducing Corrosion of
Reinforcing Steel.”

Project 6-5 FY '63

Study of Physical Factors Influencing Resistance of
Concrete to Deicing Agents

Revearch Agency:
Principal Irnvest.:
Effective Date:
Completion Dare;
Funds:

University of lilinois
Prof. C. E. Kesler
March 1, 15863
August 31, 1965
$72,500

This research concerned the relationships between the
physical characteristics of concrete and the susceptibility of
concrete to damage from freezing and thawing in the
presence of free moisture and deicing agents. Studies were
made of the effects of varying concrete production methods
on potentially durable concrete. Variations in the surface
porosity, strength, and air-void svstem produced by differing
finishing techniques were e¢vahiated for typical air-entrained
concretes. Large- and small-scale specimens were cast and
effects of period and time of finishing, environmental con-
ditions, and additions ol water during finishing were evalu-
ated using surface scaling tests, surface tensile strength tests,
and microscopical determination of surface air-void pa-
rameters.

This project has been completed, and the report has been
published as:

NCHRP Report 27, “Physical Factors Influencing Re-
sistance of Concrete to Deicing Agents.™
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Project 6-6 FY '63

To Evaluate Existing Methods and/or Develop im-
proved Methods for the Measurement of
Certain Properties of Concrete

Research Ageney.:
Principal tnvest.:
Effective Date:
Completion Date:
Fundds:

The Chio State University
Prof. R. W. Bletzacker
March 1, 1963

February 28, 1966
$69.393

In arder to insure that finished concrete will conform to
those specifications selected to produce adeguate resistance
to deicing agents, this study was tnitiated to evaluate and/or
develop meltbods for securing pettinent quality control in-
formation at the carliest desirable or feasible age in order
thal any necessary correclive measures can be applied to
the work in progress. Specifically, the study concerned the
factors of (1) air content und uniformity of distribution,
{2) cement content and uniformity of distribution, (3)
water content and nniformity of distribution. and (4) thick-
ness of cover over reinforcement.

Research has been completed. The project report will
not be published in the regular NCHRP report series, but
a summary is included in the NCHRP Swimmary of Progress
ta June 30, 1967,

Project 6-7 'Y '63
Estimation of Disintegration in Concrete Structures

Geotechnics
Flovd O. Slate
Muarch I, 1963
August 31, 1964
SR,547

Research Agency:
Principal Invest.:
Eflective Date:
Completionn Date:
Funds:

This study invelved the developmient of instruments and
method(s) for fleld use to detect and determine the ex-
tent of disintepration of structural concrete. The nmethod(s)
should be able to delineate arca and depth within an ac-
curacy of approximately 10 percent,

The contract was terminated with no project report,
Research was resumed under Project 6-7A.

Project 6-7A FY 63

Estimation of Disintegration in Concrete Structures

HT Research Institute
Dr. W, J. McGonnagle
February 1, 1965
July 31, 1966

$44.614

Researcl Agency:
Principal Invest.:
Effective Date:
Completion Date:
Frinds:

This research study invalved the development of instru-
ments and method(s) for field use to detect and determing
the extent of disintcgration of structural concrete. The
method (s) should be able to delineate area and depth within
an accuracy of approximately 10 percent.

Rescarch has been completed. The project report will

nol be published in the regular NCHRP report series, but
a summary is included in the NCHRP Suninary of Progress
to fune 30, 1967,

Project 6-8 FY '63

Evaluation of Methods of Replacement of Deteriorated
Concrete in Structures

Research Agency,
Principal Invest.:
Effective Pate!
Completion Date:
Funds:

Bertram D. Tallamy Associates
Dr. B. D. Tallamy

February 15, 1963

[February 29, 1964

$235,000

This study was directed toward a search of available
literature and a canvass of agencics that have heen known
to employ methods of repair of structural concrete. The
rescarchers attempted an evaluation of the economics and
adequacy of the various methods to accomplish the job.
Recommendations were made of areas requiring further
study.

The project report hus been published as:

NCHRP Report 1. “Evaluation of Methods of Re-
placement of Deteriorated Concrele in Structures.”

Project 6-9 FY '64

Potential Accelerating Effects of Chemical Deicing
Damage by Traffic and Other Environmental-
Induced Stresses in Concrete Bridge Decks

Research Ageney:
Principad fnvest.:
Effective Date:
Completion Date:
Frnels:

University of Illinois
Prof. Clyde E. Kesler
January I, 1963
June 15, 1948
$200.000

Some present bridge designs allow a degree of Rexibility,
which, under traffic and other environmental forces, may
cause cracking and opening of existing cracks. This of
itself may be structurally unimportant, but in the presence
of deicing chemicals may contribute to corrosion of the
reinforcing and spalling of the conerete by providing access
channels for the corrosive agents. Stresses induced by traf-
fic may augment thosc of frost aciion sufficiently to cause
scaling in cases where 4 satisfaclory performance would
otherwise be expected. The objectives of this research were
to cstablish by laboratory studies the relationships between
performance and displacement in bridge-deck slabs. Adr-
entrained reinforced concrete deck slabs with restraints
similar to those cxperienced by slabs on structural steel
and reinforced concrete beam-type bridges were investi-
gated, and tests were conducted on replicas of actual bridge-
deck slabs. Loading and environmental conditions in these
tests simulated those encountered in the field.

The final report has been published as:

NCHRP Report 101, "Effect of Stress on Freeze-Thaw
Durability of Conerete Bridge Decks,™




Project 6-10 FY ’68 and FY 69

Develop Improved Snow Removal and lce Control
Technigues at Interchanges

Research Agency:
Principal Invest.:
Effective Date:
Completion Date:
Fuunds:

Bertram D. Tallamy Associates
[..GG. Byrd

September 1, 1967

September 30, 1970

$95.000

The variety of geometrical shapes of interchange ramps,
with associated structures, and their urban or rtural loca-
tions invariably creales problems with respect to oplimum
snow removal and ice controf techniques in the interchange
arcas. Furthermore, allernaile freezing and thawing of
plowed or unplowed snow across superelevated ramps con-
tributes Lo problems in snow and ice control. Drifting may
further aggravate this problem, Improved snow removal
and ice controb techniques in interchange areas are vital Lo
the safety of highway trafic.

The purpose of this study was to identify and cvaluate
the specific problems associated with snow removal and ice
control operations at interchanges and to recommend
methods for alleviating the problems. The investigation has
been completed and both physical and operational factors
that influence winter maintcnance operations at inter-
changes have been listed in the project report. Design con-
siderations and operational procedures aimed at alleviating
the problem have been described in a manual submitted as
part of the final report.

The project report has been published as:

NCHRP Report 127, “Snow Removal and Ice Control
Techniques at Interchanges.”

Project 6-11 FY 71

Economic Evaluation of the Effects of lce and
Frost on Bridge Decks

Midwest Research Institute
Rabert R. Blackburn

Sept. 1, 1970 Sept. 12, 1972
Nov., 30, 197t Sept. 11, 1974
$50,000 530,000

Research Agency:
Principal Invest.:
Effective Date:
Complerion Date:
Fonds:

Iee or frost on bridge decks while the approach pave-
ments remain ice- or frost-free is a known safety hazard.
Although little hard evidence has been presented to indicate
the extent of the problem, maintenance practice and re-
search on various preventive or remedial techniques often
assumes it to be significant. This project was undettaken to
fill a need to quantify the problem as a basis for rational
decisions concerning the economics of design and main-
tenance practices.

Phase [ of the project consisted of a literaturc search, a
survey of selected state highway departments, the formula-
tion of a cost-benefit methodology. a preliminary model
parametric analvsis, the collection of cost data on preven-
tive and remedial techniques in current use, the develop-
ment of a subsidiary net cost model. the formulation and
evaluation of a bridge classification model, and the compu-
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tation of illustrative examples of the cost-benefit methodol-
ogy.

The application of the methodology developed in Phase 1
to sample cases identified data that were lacking. Further-
more, the resulting models were found not to be in & con-
venient form for ready implementation. Phase 1I of the
project was designed to overcome the deficiencies. The
continued rescarch was directed at evaluating and imple-
menting the methodology developed so that it could be
used more readily by a highway administrator to determine
the added design or extra maintenance cost justified to
prevent or remedy ice or frost on bridge decks. The cost-
benehit methodelogy developed consists of a cost model and
a benefit model. A bridge characterization model was also
developed Tor predicling the annual number of ice and
snow accidenis o be expected on a bridge. given various
characteristics of the bridge. The use of the methodology
4nd bridge model appears promising: however, anyone
wishing to apply the process will need 1o develop a more
precise accident data base with regard to bridge and road
surface conditions (frost, localized ice, cte.) for the par-
ticular area of interest beyond that now being collected.
The data base can be generated using data collection pro-
cedures developed in the study.

Resgarch has been completed and the final report is in
the NCHRP editortal and publication process.

AREA 7: TRAFFIC PLANNING

Project 7-1 FY '64 and FY 65

The Influence of Land Use on Urban Travel Patterns

Louis E. Keefer
Louis L. Keefer
David K. Witheford

Research Agency:
Principal frvest..

Effective Dute: Teb, 1, 1964 Apr. 1. 1966
Corapletion Date: Jan, 31,1966 Scpt. 30, 1967
Funds: 562,674 566,894

This project sought to determine the criteria or values
concerning travel patterns created by major traflic gen-
erators. Such infortation is useful in forecasting the cffect
of various land uscs on street networks and in providing a
better basis for fucility design, as well as for the control of
various land uses. The nature or refationship between travel
patterns and influencing factors (i.c., travel time, traffic
generator characteristics such as location, sire, type and
intensity of land use, modes of travel, and other pertinent
variables} were evaluated.

A report on the initial research has been published as:

NCHRP Report 24, “Urban Travel Patterns for Air-
ports, Shopping Centers, and Industrial Plants.™

Origin and destination data for 12 conunercial airports,
28 shopping centers, and 51 industrial plants from various
cities in the United States were used in the analysis,

A report on the continuing phase of the research has been
published ax;

NCHRP Report 62, “Urban Travel Patterns for Hos-
pitals. Universities. Office Buildings, and Capitols.”
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This report presents trip characteristics for four specific
uses of land. The travel information on hospitals has been
derived from the study of data for 77 hospitals located in
16 different metropolitan areas. The findings for college
and wniversity travel were developed from 38 institutions
located in 16 metropolitan arcas. Travel patterns for six
state capitol complexes are presented. The trip characteris-
tics for 20 office buildings Jocated in 9 cities comiprise the
fourth type of land use studicd and reported in the con-
tinuation research phase.

Project 7-2 FY '64 and FY '65

Traffic Attraction of Rural Qutdoor
Recreational Areas

[1T Research Institute
Andrew Ungar

Research Agency:
Principaf {nvest.:

Eflective Date: Feb. 1, 1964 May I, 1965
Completion Date! Mar. 15, 1965 May 31, 1966
Funds: $24.652 $24.844

This rescarch was concerned with determining the traffic
attraction and gencration of rural outdoor recreational
areas, such as those created in many places by the creation
of artificial lakes. Knowledge of the traffic patterns gener-
ated by such recreational areas would enable rational plan-
ning of highway access and parking facilities.

The final report evaluates the attractiveness charac-
teristics and location of J8 Indiana state parks and com-
pares the results to a similar study of reservoir recreational
arcas in Kansas, A predictive model suitable for applica-
tion to the planning of new recreational arcas is described
utilizing trip distribution, a socio-economic aclivity index
of the contributing area, and an estimate of the attractive-
ness based on the facilities 10 be provided.

The project report has becn published as:

NCHRP Report 44 “Tralfic Attraction of Rural Out-
door Recreational Areas.”

Project 7-3 FY '64 and FY “65

Weighing Vehicles in Motion

The Franklin Institute
R. Clyde Herrick
February 1. 1964
August 31, 1967
$73,391

Research Agency:
Principal Invest.:
Fflective Date:
Completion Date:
Frunds:

The purpose of this research was to develop new or im-
proved methodology for weighing vehicles in motion with
review and study of existing or new cquipment. The ulli-
mate alm was to obtain load magnitudes automatically in a
way similar to obtaining traffic volumes by traflfic counters.

Franklin Institute’s appreach to this problem served to
complement the studies performed by others rather than
to duplicate existing research. The dala processing system
in block form only was developed on the project. [t was
planned that no full-scale or field testing would be per-
formed under this contract. Study was primarily given to

methods that will allow static weights of the axle to be
calculated from a limited number of dvnamic load obser-
vations.

The methods for estimating the stalic axle weight from
sumpled foree studied include averaging, dynamic models,
the interlacing polynomials, and regression analysis. A
preliminary system for the detection and the analysis of
weighing vehicles in motion was synthesized.

The project report has been published as:

NCHRP Report 71, “Analviical Study of Weighing
Methods for Highway Vehicles in Motion.”

Project 7-4 FY '64, FY '65, and FY '67

Factors and Trends in Trip Lengths

Alan M. 