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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 0 }9 Z 9
Systemalic. well-designed research provides the most ef- )

fective approach to the solution of many problems facing

highway administrators and engincers. Often, highway D
problems arc of local interest and can best be studied by :
highway departments individually or in cooperation with s

their state universities and others, More prednminantly. '
however, the need for more cfficient, economic,  and safer
highway transportation and the importance of meshing
with other modes und other societal concerns leads to
national problems of increasing complexity. A coordinated
program of hi -guality cooperative rescarch provides a
highly effcctive approach to such problems.

In recognition of these necds, the highway administrators
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national
highway research progrum cmploving modern scientific
techniques. This program s supported on a continuing
basis by funds from participating member states of the
Association and 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 hy the Association to adinin-
ister the rescarch program because of the Board's recog-
nized objectivity and understunding of modern research
practices. The Board is uniquely suited for this purpose
as: it maintains an extcnsive committee structure from
which authorities on any highway transportation subject
may be drawn: it posscsses avenues of communications and
cooperation with federal, state, and local governmental
agencies, universities, and indusiry: its relationship to its
parent organization, the National Academy of Sciences, a
private, nonprofit institution, is an insurance of objectivity;
and it maintains a full-timc research correlation stalf of
specialists in highway trunsportation matters to bring the
findings of research directly to those who are in a position
to use them.

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

The needs for highway research are many, and the
National Cooperative Highway Research Program is an
efficicnt mechanism for providing solutions 1o 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 1977

INTRODUCTION

The National Cooperative Highway Rescarch Program
{NCHRP) was cstablished in 1962 to provide a continuing
program of highway research. It is sponsored by member
departments of the American Association of State Highway
and Transportation OMicials (AASHTO), in cooperation
with the Federal Highway Administration (FHWA), U. 5.
Department of Transportation, and carried out under a
three-way agreement beiwcen these agencies and the Na-
tional Academy of Sciences. AASHTQ annually proposes
specitic research problems for inclusion in the NCHRP
fiscal year activities. At least two-thirds of the member de-
partmenls must approve the research problems and agree
to their financial support before they can be brought iuto
the Program. Following balloting by the member depart-
ments, the approved problems arc referred to the Academy,
where they are reviewed to determine their acceptability
for administration by the Acadeiny through the Transpor-
tation Rescarch Board of its National Research Council,
Each State annually contracts with the Academy to commit
an amount equal to 432 % of its 112 % Tederal-aid highway
planning research (HPR) funds. From these coniributions.
@ cooperative pool of about $32 million is made available
for NCHRP's contract research and for its administrative
and technical operation.

Once accepted, the problems making up the program are
assigned to project pancls or committees made up of per-
sons knowledgeable in each particular problem area. They
analvze the probleins, outline particular projects and their
objectives, and then prepare research project statements on
which proposals are solicited from qualified private and
public research agencies. They review the proposals, rec-
ommend contract awards, and provide counsel to the
NCHRP staff responsible for suerveillunce of work under
the research contracts. Finally, they review final reports for
acceptability and for accomplishment of the approved re-
search plan. Therc are presently some 580 miembers on
these panels coming from 41 Staics, the District of Co-
lumbia, and Canada.

A professional stafl is assigned to NCHRP by the
Board. Projects engineers with individual specialties and
training in the broad areas of physical research and traffic
planning 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, cach engineer regu-
larly visits his assigned projects throughout their contract
periods. 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. If necessary, frequent
mcetings involving the staff, panel, and agency personnel
arc held to review project progress and provide guidance
for continuing work. Finally, the projects engincer and the
panel evaluate the completed research to determine the de-
gree of technical compliance with the contract and the ac-
ceptability of the final report to the Board and the Academy.

The rescarch flindings are published in cither of two
regular NCHRP report series. Each highway administrator
receives a copy immediately on publication, and somc
3,000 to 5,500 copies arc formally distributed through the
Transportation Research Board's selective distribution
system.

Another means for bringing research findings before the
practicing engineer consists of the NCHRP Hesearch Re-
stfty Digest—a series of flyers published at frequent inter-
vals in the interest of providing an early awareness of the
research results emanating from the various projects. By
making these results known as they arc developed and prior
to publication of the final reports, it is hoped that theit
early use in practice will be encouraged.

Over the years, 47 detailed progress reports have been
submitted by the NCHRP to the sponsors to provide them
with current information on the specifics of technical prog-
ress of the projects, as well as the specifics of administrative
matters relating to Program operation. These reports are
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 twelith
issue covers the Program from its inception through De-
cember 31, 1977, and illustrates in detail how the NCHRP
functions,

Although research in the NCHRP is presently spensored
by AASHTOQ, the Program is designed to administer re-
scarch for other agencies as well. However, the following
description of how projects are formulated and research is
administcred applies specifically to research sponsored by
the AASHTO.




HOW NCHRP PROGRAMS ARE FORMULATED

Research problems from the Americap Association of
State Highway and Transportation Officials are initiated on
an annual basis, and there are many steps (refer to Fig-
ure |) between initiation and the time that the final reports
are published. Each fiscal year's program must start with
the identificarion of critical problems by:

s The chicf administrative officers of the member state
highway and transportation departments.

» The chairmen of subcommittecs under AASHTO'
Standing Commitice on Administrative Practices.

e The chairmen of subcommittees under AASHTO's
Standing Committee on Highways.

® The Exccutive Committee of AASHTO.

® The Federal Highway Administrator.

The many problems reccived from these sources each
year are first screencd to determine:

® ]f the proposed problem is of mutual interest to all or
many of the Statcs and whether it can be handled more
clfectively under a cooperative program than by an indi-
vidual member department.

® If the proposed problem represents an immediate
research need in the transportation field,

¢ If similar efforts are already under way, or if satis-
factory answers are already available. Jn thesc respects,
a search is made of the relevant literature stored in the
Board's automated Highway Research Infurmation Service,

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

Chief Administrative Committees AASHTO Federal
SOURCE Officers of of Executive Highway
OF Member Departments AASHTO Committee Administrator
RESEARCH
PROBLEMS
Y

EVALUATION OF
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Flow Diagram for Each Program from Initiation to Referral by AASHTO to the National Academy of Sciences




The technical merits of the problems that survive this
initial screening arc then evaluated in depth by the Special
AASHTO Sclect Committec on Research, Final priorities
are placed on them during an annual meeting that is held
specifically to formulate research programs for the NCHRP.
Based on the funding anticipated to be available from the
Federal apportionment for the given fiscal ycar, the Com-
mittee carries out two major activities. First, a review is
made to determine which completed or on-going projects
should receive additional funding for further work. Dur-
ing this part of program development the committce re-
ceives NCHRP recommendations for continuations and
has detailed status reports available on each project in the
Program since FY '63. Also available are reports from
the NCHRP. TRB, and Federal Highway Administration
research staffs dealing with appropriateness of the proposcd
research in light of other research that is under way in this
and other research programs.

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

The complete program, made up of continuations and
necw problems, is sent to the AASHTO Exccutive Commit-
tee for review, approval and/or modification, and accept-
ance. The Executive Committee acts in the fall-winter
period each year.

After the program is approved, it is sent by AASHTO’s
Executive Director to the member departments for ballot-
ing. The final program for each fiscal year consists of those
problems that have reccived a favorable vote by two-thirds
or more 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 scnt to the Federal Highway
Administration for its review, Within the Academy struc-
ture, the NCHRP stafl reviews each item to again ensurc
that there will be no duplication of ¢ither on-going or com-
pleted research.

PROGRAMS RECEIVED TO DATE

The first research program was rcceived when the three-
way agreement was sipned and consisted of 34 problems
with an average funding of about $55,000. A similar pat-
tern existed for the second program; however, subsequent
years have seen a decrease in the numbers of problems pro-
grammmed (see Table 2) and an increase in the levels of
funding for individual projects. Since 1967, for cxample,
each year's program has consisted of some 9 new problems
with funding ranging between $100,000 and $300,000 and
some 10 continuations—also funded in the same range—of
projects begun in earlier years. This is not tc be taken as a
decrease in the needs of the sponsors. To the contrary, the
necds are many and are cvidenced by an ever-growing list
that has ranged as high as 188 problems submitied for
evaluation in a single year. Regrettably, funds available to

the NCHRP each year permit inclusion of but a fraction
of the problems submitted.

In 1977 AASHTO rcferred the sixteenth program (FY
*78) uf research problems. From all programs through
FY 78, 272 research projects have resulted, on which con-
tracts have been written with a total funding obligation
of about $41.3 million. The subject matter 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 early date to
the many acute problems facing administrators and engi-
neers, The seventeenth group of rescarch problems (FY
"79 program) was selected in September 1977 and will be
referred to the Academy felluwing the States’ ballot on the
recommended problems.

FINANCING THE PROGRAM

Each vear each Statc contracts with the National Acad-
emy of Sciences to support the Program. The agreement
commits the Statc to 414 percent of its 1¥2 percent Federal-
aid planning and research (HPR) funds. A member depart-
ment’'s contribution, if so elected and when authorized by
the Federal Highway Administrator, may bc financed di-
rectly froin the Federal-aid monics without State matching
funds. On the other hand, the member department’s con-
tributioo may be financed from both Federal and State
matching funds or entirely from State funds. From these
contributions a cooperative pool of about 3334 million is
made available each year for NCHRP’s contract research
and for its adininistrative and technical operation,

HOW THE NCHRP IS ORGANIZED TO ADMINISTER
RESEARCH PROGRAMS

In line with the Board’s responsihility for administering
the NCHRP, a TRB Exccutive Committee Subcommittee
for the NCHRP considers all matters relating to policies
and procedures required for the planning and administra-
tion of the Program. This coinmittee is drawn from the
oflicers and ex-officio members of the Executive Com-
mittee.

In addition, thc Board has esiahlished eight broad re-
search fieids under which project panels are organized
Lo dea] with research in specific problem areas falling within
the broad fields (refer to Figure 3). For example, in the
broad subject ficld of Transportation Planning cach project
falling within the more specific subject areas 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 prejects that do not convenicntly fit under one of
the first seven general fields are assigned to the eighth one,
Special Projects.

In terms of generalized subject areas, the distribution of
all projects through FY 1978 within the fields of Figure 3
is as follows:
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NAS
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TRB

NO. OF FERCENT
FPROJECTS OF FUNDS

GENERATLTZED
SUBJECT ARLAS

39 11.1 Socio-economic and environmental
issues

38 20.9 Urban issues

6 3.4 Multimodal issues

46 17.3 Safety aund accident prevention

19 1.0 Legal studies

11 14.1 Special projects {including in-
house)

21 7.9 Improved materials quality and
performance

16 4.4 Highway maintenance

23 52 Specifications. tests, and construc-
tion control

56 14.7 Structural design and performance

Members of the project panels do not act as consultants
or advisors to project investigators. Members may. ac-
cerding to established policy, submit proposals for re-
search. If they do, they are dropped from panel participa-
tion until the research agencies have becn selected. if
unsuccessful, they may return to full participation. Some
580 individuals serve without compensation on thesc
project panels, and their total yearly contribution to the
Program is estimated to be at least 3,500 man-days. Mem-
bers are drawn from the agencies given in Table 1, and
they come¢ from 41 States, the District of Columbia, and
Canada. State highway and transportation department em-
ployees constitute a significant portion of panel member-
ship. The duties and responsibilities of the membership
include:

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

® Dralting definite statements of objectives for projects
within the problem area and within the funds allotted.

® Reviewing research proposals and making recommen-
dations regarding selection of research agencies,

* Reviewing research progress.

* Providing guidunce regarding technical aspects of the
research.

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

* Muking recommendations as to whether or not studies
of problems included in prior fiscal year programs should
be continued.
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Following thec NCHRP staff review made after program
referral to the Academy, the recommended program is re-
ferred to the TRB Fxecutive Committee Subcommittee for
the NCHRP for comnents as to the critical need for the
rescarch, the availability of other suitable sponsors. and
whether or not the research ilems are appropriate to be
identified with the Academy. Unacecptable problems are
returned by the Academy to the AASHTO Executive Com-
mittce with the reason for rejection and, when appropriate,
with a recommendation for disposition.

HOW THE PROJECTS ARE PLACED UNDER CONTRACT

It is important to note that the WCHRP is not in the
business of awarding prants for basic research. Rather.
the Program calls for contract research with specific ob-
jectives that, if achieved, will result in problem solutions
that can be practically applied, As thc NCHRPF officially
gets cach year's program under way. the project panels
meet 1o write research *project statements” based on the
rescarch problems referred by AASHTO.

These statements are then sent automatically to a mailing
list of some 3,000 interested individuals and research agen-
cies. Because of deadlines the NCHRP must meet. pro-
posals must be submitted according to fixed deadlines, and
extensions simiply cannot be granted. The subsequent pro-
posal return average has increased over the years from
6 per project to a high of 17 per project (refer to Table

2). The range of proposals has been 2 to 35, and an indi-
vidual agency has submitted as many as {1 proposals dur-
ing a particular year's program; however. most UgEncies
submit only one (refer to Table 3).

TABLE 1

DISTRIBUTION OF PROJECT PANEL AND
COMMITTEE MEMBERSHIP WITH
RESPECT TO AFFILIATION

NO, OF POSITIONS
AFFILIATION MEMBERS  INVOLVED
State highway and transportation

departments 250 305
Federal Highway Administration 83 102
Special transportation and

other governmental agencies 73 88
Educational institutions 71 80
Research institutcs 3 5
Industry, consultants, and

trade associations 85 111
Professional societies and

seTvice organizations 1 1
Transportation Research Board 14 77
All 580 779







Contracts have been let to agencies headquartered in
more than one-half of the States and the District of Co-
lumbia (refer to Table 6). In certain instances, the Board
conducts NCHRP research directly in its Special Projects
Division.

The opportunity to propos¢ is oOpen to anyone possessing
extensive, demonstrated capability and experience in the
preblem areas in question: never are projects developed
with the intent that they go to particular agencies, Becausc
the projects are sceking practical remedies for pressing
operational problems, it is expected that only the highest
level of agency capability will be applicd in meeting the
commitments of the proposal—capability cannot be de-
veloped at project expense. Consonant with the goal of
providing practical, readily wusable solutions to pressing
problems, time and experience have led to the development
of fairly stringent specifications for proposals and agency
attributes that are acceptable to the mission-oricnted nature
of the NCHRP. The types of agencics responding with pro-
posals for the 16 programs to date are given in Table 4.

The stalf 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
rescatch plan and approach.

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

® The gualifications of the principal investigator(s).
* The adcquacy of the facilities.

The proposed budget is not one of the primary factors
becausc the funds available are given in the project state-
ment. It does not enter the evaluation process leading to
agency sclection, except when specific items are reviewed to
better determine manpowcer allocations. When the pro-
posed cost exceeds the funds available, the proposal is re-
jected on receipt.

A panel meeting is held to select an agency. and a review
is made of all known aspccts of agency performance on
other research projects under NCHRP or clsewhere. The
successful propoesals are retained by the pancl members for
use in monitoring the research. Proposals are considercd
to be privileged. and the information in them is not released
outside of the Academy unless cxplicit approval is ebtained
from the agency. Policy also holds that panel notes, dciib-
erations, ctc,, are privileged.

Following the selection meeting. a list of recommended
research agencies is transmitted to the AASHTO Executive
Committec and the Federal Highway Administration for
their review and consideration. Contracts between the
Academy and the research agencies are exceuted, and
research is begun. Again, it should be emphasized that the
NCHRP is a program of contract research—it does not
operate on a grant hasis. Further, proposals can be re-
ceived only in response to advertised project statcments,

as the tfunds available each year to the Program are ear-
marked in their entirety for research problems specified
by the sponsor—AASHTO, New research areas can be
recognized only through the previously described 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 debricfing is intended to indicate to the
proposers the technical areas in which their proposals were
judged weak and deficient and how the weaknesses or de-
ficiencies were factors in their not having been selected. All
debrielings are conducted in a scrupulously fair, objective,
and impartial manner, and the information piven the un-
successful proposers is ahsolutcly factual and consistent
with the evaluations by the NCHRYP panels. The fac-
tors constituting the basis for selection of the successful
ageney are identified, but the debriefing does not include a
point-by-point comparison of all the elcments considered
in the evaluation criteria. Neither is there any revelation of
canfidential business information, trade secrets, techniques,
or processes of the other proposers, nor is therc any indi-
cation of the relative merits or technical standings of the
unsuccessful proposers.

The projects included in the 16 fiscal year programs
conducted to date are listed in Table 5. There are 120
projects 1n traffic planning research, [31 in physical re-
search, and 2! in the special projects arca. The 272
projects are distributed among more than one-half of the
States and the District of Columbia. To date, 231 of the
projects have been completed.

The Academy’s research contract is either:

®* Cost-Reimburscment (CR)
* Cost-Reimbursement Plus Fixed Fee (CRPFF)

* Fixed Price {FP) (uscd only rarcly to date for con-
tracts under $30,000)

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

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

About two vears elapse 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 lo he excessive; however, it is not. It providces
for the advance planning that is necessary to ensure that
program development for any given year meshes appro-
priately with the apportionment of Fedecral-aid funds for
that ycar. This permits smooth progression lrom year to
year throughout the planning and activation phases of each
YCar's program.



TABLE 5

PROJECTS FOR FY '63 THROUGH FY *78, SUMMARY OF STATUS THROUGH DECEMBER 31, 1977

PROJECT

NO.

— e 00 ] O

e

LR S

TITLE

CONTRACT
AMOUNT OR
- RESEARCH CONTRACT
AGENCY COST
AREA ONE: DESIGN—PAVEMENTS
Development of Procedures for Comparing the AASHO Road Test Findings with HRB 42,800*
Performance of (1) Existing Pavements and (2) Newly Constructed
Experimental Pavements
Guidelines for Extending the Findings of the AASHO Road Test—Implementation Phase HRB 11,356%*
Comparison of Different Methods for Evaluating Pavement Conditions Purdue U 29,957+
Factors Influencing Pavement Performance—Repional Purdue U 45982+
Factors Influencing Pavement Performance— Local Northwestern U 19,850%
Factors Influencing Pavement Performauce U of California 19,800*
Extension of Road Test Performance Concepts Georgia Tech 10,000*
Cxtension of Road Test Performance Concepts Duke U 19,924
Extension of Road Test Performance Concepts Purdue U 12,243%
Delecting Variations in Load-Carrying Capacity of Fiexible Pavements Cornell Aero Lab 49,01 1%
Detecling Seasonal Changes in Load-Carrying Capabilities of Flexible Pavements Texas A & M 49,428+
Standard Measurements for Satellite Program—Measurement Team Texas A & M 61,353%
Development of Interim Skid-Resistance Requirements for Highway Pavement Surfaces Penn State U 24,815+
Factors Tnvolved in the Design of Asphalt Pavement Surfaces Materisls R & D 23.255+%
Evaluation of Studded Tires Cornell Aero Lab 24,998%
Translating AASHO Road Test Findings—Basic Properties of Pavement Components Materials R & D 99,803~
103,291*
Systems Approach to Pavemnent Design—Implementation Phase Texas A & M 100,000%
Development of Pavement Structural Subsystems Mulerials R & D 400,000
Evaliation of AASHO Tnterim Guides for Design of Pavement Structures Materials R & D 63,720
20,208*
Determination of Pavement Friction Coefficients Required for Driving Tasks Franklin Inst 309,244#
Wet-Weather Skidding Accident Rednction at Intersections Ohio DOT 199,955
Locked-Wheel Pavernent Skid Tester Correlation and Calibration Techniques Penn State U 319,000*
Requirements for Wear-Resistant and Skid-Resistant Highway Pavement Surfaces Materials R & D 261.955%*
Effecis of Studded Tires on Highway Safety Calspan Corp 208,898%
Effects of Studded Tires on Highway Safety—Non-Winter Driving Conditions U of Michigan 39.450*
Influence of Combined Highway Grade and Horizontal Alignment on Skidding U of Michigan 69,968*
Design of Continuously Reinforced Concrete Pavements for Highways U of Texas 151,870%
Evaluation of Winter-Driving Traction Aids Penn State U 300,000
Guidelines for Recycling Pavement Materials Texas A&M 200,000
Calibration and Correlation of Response-Type Road Roughness Measuring Systems U of Michigan 250,000
Development of a System for Nationwide Evaluation of PCC Pavements U of Minois 125,000
AREA TWO: ADMINISTRATION—ECONOMICS
Criteria for Highway Benefit Analysis U of Washington 101,948*
Guitdelines for the Determination of Community Cousequences U of Washington 48.873*
Analysis of Motor Vehicle Accident Data as Related to Hiphway Classes and Design Cornell Aero Lab 155,972%
Elements
The Value of Highway Travel Time, Comfort, Convenience, and Uniform Driving Speed Texas A & M F7.100%*
Running Cost of Motor Vehicles as Affected by Highway Design and Traffic Catholic U 45,598
51,265+
Running Cost of Motor Vehicles as Affected by Highway Design and Traffic Paul J. Claffey 35,000%
I0.665
Warranted Eevels of Improvement for Local Rural Roads Stauford U 40,000+
Road User Costs in Urban Areas Catholie U D9.376*
Estimation and Evaluation of Diverted and Generated (Induced) Traffic Northwestern U 40,000*
Effect of Highway Landscape Development on Nearby Property Franklin Inst 149,103
Future Needs for Oversize-Overweight Permit Operation on State Highways Jorgensen & Assoc B9.655*
Summary and Evaluation of Economic Consequences of Highway Improvements HRB 110,000%*
Highway User Economic Analysis Stanford Res Inst 90,074#
9,995
AREA. THREE: TRAFFIC—OPERATIONS AND CONTROL
Development of Criteria for Evaluating Traffic Operations Cornell Aero Lab 78,965
79.913%
Surveillance Methods and Ways and Means of Communicating with Drivers Cornell Aero Lab 246,756*
Sensing aud Commnnication Between Vehicles Ohio State U 163,190*
Means of Locating Disabled or Stopped Vehicles and Methods of Communication Airborne Fustr 78517
with a Central Location 49,474+
Improved Criteria for Designing and Timing Traflic Signal Systems Planning Res 123,030*
48,155%
93717+
Effect of Regulatory Devices on Intersectional Capacity and Operation 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)
3fli64 8731765 Contract terminated —No report 1-1(2)
2/15/63 2 2865 Completed—Initial phase published as NCHRP Report 7. final report naot 1-2
published; summarized in Snmmary of Progress to June 30, 1967
2/15/63 9/30,67 Completed—Pubtished as NCHRP Report 132 1-3(1)
9163 9/30/64 Completed—Published as NCHRP Report 22 1-3(2)
471/64 10731765 Completed—Published as NCHRP Report 35 1-3{%)
10/1.63 930,64 Completed—Published as NCHRP Report 10 1-4(1})
2/1/63 0/30/66 Completed —Published as NCHRP Report 97 1-4(1)A
201,64 173166 Completed —Published as NCHRP Report 30 1-4(2)
141564 7415765 Completed—Published as NCHRP Report 21 1-5
9:1:66 6.30/68 Completed—- Published as NCHRP Report 76 1-5(2)
33164 1/31,67 Completed—Published as NCHRP Report 59 1-6
6:15:65 12/15/66 Completed—Published as NCHRP Report 37 -7
1/1/65 2/28/66 Completed—Published as NCHRP Report 39 1-8
104166 6/30/67 Completed--Published as NCHRP Report 61 [-9
0/12/66 3/11/68 Completed—Report included in NCHRP Reports 138,140 -1
12/1/68 12/31/70 Completed—Published as NCHRP Reports 139,140 1-10
3/1/72 12/31/73 Completed-—Published as NCHRP Report 160 1-10A
2/1/74 8/31/79 Phase [ report in review stuge; Phase 11 research in progress 1-10B
10/23/67 6/30/70 Completed—Published as NCHRP Report 128 1-11
8/1/70 4/30/71 Completed—Published by AASHTO t-11
8/25/69 6/8/73 Completed—Published as NCHRP Report 154 1-12
7/1/75 7/1/78 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 edilorial and publication process 1-12(3)
4/19/71 8/20/74 Report in editorial and publication process 1-13
2/15/72 5/31/73 Completed —Published as NCHRT Report 176 1-13(2)
10/15/72 1/14/74 Report in editorial and pnblication process 1-14
8/1/72 8/31/75 Completed— Rep. not to be publ: agency rep. avail. (~ee proj. write-up far details) 1-15
6374 10°31 77 Report in review stage I-16
11/1/76 1/31/79 Research in propress 1-17
10/1/77 7/1/80 Research in propress 1-18
1/23/78 1/22/80 Contracl pending 1-19
6/1/63 11/30/67 Completed—Rep. not publ; sum. in Summary of Progress Theouph June 30, 1968 2-1
7/1/63 8:31/64 Completed- ~Published as NCHRP Report 18 2-2
6/1/63 8/31/66 Completed—Published as NCHRP Report 47 2-3
6:1:63 B/31/66 Completed—Published as NCHRP Report 33 2-4
6/1/63 8/51/64 Completed—Publisbed as NCHRP Report 13 2-5
6/1/65 12/31/66 Completed—Report inclnded in NCHRP Report 111 25
77067 12/31/68 Completed—Report included in NCHRT' Report 111 2-5A
8/11,/69 8/10/70 Completed—Report included in NCHRP Report 111 2-5A
6/1/63 9/30/66 Completed—Published as NCHRP Report 63 2-6
271764 5/31/66 Completed—Report inclnded in NCHRP Report 111 2-7
5/1/64 8/31/66 Completed—Rep. not publ.; summarized in Summary of Progress to June 30, 1967 28
11/8/65 1/31/68 Completed—Publisbed as NCHRP Report 75 2-9
11/1/66 4/30/68 Completed—Published as NCHRP Report 80 2-10
1/1/67 7/31/70 Completed—Pnblished as NCHRP Report 122 2-11
4/1/74 10/31/75 Completed—Report not published 2-12
101176 53177 Compleled—Report to be published by AASHTO 2-12
2/15:63 2/29/64 Completed—Report not published; summarized in Summary of Progress to 3-1
7/2/64 2/28/66 June 30, 1967
2/15/63 4/30/66 Completed—Published as NCHRF Reports 9, 28, 29 3-2
2/15/63 11/30/65 Completed—Published as NCHRP Report 51 3-3
3/1/63 3/31/65 Completed—Published as NCHRP 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 Reporis 3, 32 3-5
1/1/66 7/31/67 Completed—-Published as NCHRP Report 73 3-5
8/1/68 12/31/69 Completed—Pnblished as NCHRP Report 124 3-3
3-6

4/1/63 8/15/66 Completed—Published as NCHRP Reports 11, 41
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3-17
3-18(1)

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

3-18(4)
319
3-20

3-21
3-22
3-224A
3-23
3-24
3-25
3-26
3.27
3-28

AREA THREE (Continued)

TITLE

RESEARCH
AGEMNCY

Establishment of Standards for Highway Noise Levels

Fuctors Influencing Safety at Highway-Rail Grade Crossings

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

Application of Vehicle Operating Characteristics to Geometric Design and Traffic
Operations

Optimizing Street Operations Through Traffic Regulations and Control

Development of information Requirements and Transmission Techniques for
Highway Users

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

Weaving Area Operations Study

I'reeway Lane Drops

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

Traffic Control in Qversaturated Street Networks
Cost-Effectiveness Methodology for Evalnation of Signalized Street
Network Surveillance and Conlrol Syslems
Methodology for Performance Evaluation of Signalized Network Control Strategies
Grade Effects on Traffic Flow Stability and Capacity
Traffic Signal Warrants

Motorist Response to Highway Guide Signing

Guidelines for Design and Qperation of Ramp Control Systems

Ciuidelines for Design and Operation of Ramp Control Systems

Guidelines for Uniformity in Traffic Control Signal Design Confignrations
Determine the Luminons Reguirements for Retroreflective Highway Signing
Cost and Safety Bffectivencss of Highway Design Flements

Investigation of Selected Noise Barrier Acoustical Parameters

Guidelines far Selecting Traffic Signal Control at Individual Intersections
Development of an Improved Highway Capacity Manual

AREA FQUR: MATERIALS AND CONSTRUCTION—GENERAL MATERIALS

Development of Appropriate Methods for Evaluating the Effectiveness of Stabiiizing
Agents

A Study of Degrading Aggregates in Bases and Subbases with Production of Excessive

Amounts of and/or Harmful Types of Fines

Development of Methods to Identify Aggrepate Particles Which Undergo Destructive
Yalume Chanpes When Frozen in Concrete

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

Synthetic Aggregates for Highway Uses

A Study of the Mechanism Whereby the Strength of Bases and Subbases Is Aifected by
Frost and Moisture

Protective Coatings for Highway Structural Steel

Fatigne Strength of High-Yield Reinforcing Bars

Research Needs Relating to Performance of Apgpregates in Highway Construction
Density Standards for Field Compaction of Granular Bases and Subbases
Predicting Moisture-Induced Damage to Asphaltic Concrete

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

Waste Materials as Potential Replacements for Highway Aggregates

Buried Plastic Pipe for Drainage of Transporiation Facilities

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

Temporary Pavement Marking Paint Systems

Coating Systems for Painting Old and New Structural Steel

Bolt Beranek

Yoorhees & Assoc

Yorgensen & Assoc
Comell Aero Lab

Peat, Marwick
Airborne Instr

Texas A& M
Edwards & Kelcey
Poly of New York
System Dev Corp

Penn State TJ
Stanford Res Tnst

Poly of New York
JHK & Assoc

Compuiran
Midwest Res Inst
KLD Associates

BioTechnology
Stanford Res Inst
Texas A& M
KLD Associates
U of Michigan
Jorgensen Assoc
Penn State U
Yoorhees & Assoc
JHK & Assoc

U of Illinois
Purdue U
VPI

Penn State U

Battelle Mem Inst
Michigan Tech U

Steel Str Paint
PCA

VPI
Clemson U
U of Idaho

Utah DOT

Utzh DOT

U of Illinois
Valley Forge Lab
Simpson Gumpertz
Penn State U

Sw Research Inst

Georgia Tech

CONTRACT
AMUOUNT OR
CONTRACT

COS¥

144,920+
69,930+
49.927%

316,011
17,171%
74,250
23,760*

41,520%

258,331%
198,655
100.500*
99,821
149,203%
990,000+
300,000%*
99 78y
76.815%
79.983=
323,998+
57,662
200,000+
123,267%

60,000
220,443 %
120,000+
80,000
272,071
199,030%
249,823
300,000
100,000
260,000
74,795
150,000
150,00

114,991*
63,990%

20.000%
23,337
56,457%
49,756%
14,790%
64,105%

25.000=
100,000%
50,000%
55,254
95248+
190,177
71,652
93,494
125,000
50,000%
53,663%
200,000
150,000
49,500

149,844




FROJECT STATLUS

START- COMPLE-
ING TION
DATE FATE
2/1,/64 4/30/67
10/14/68 1/15/70
471471 6/30/72
9/1/72 11730/74
12/1/63 12/31,/64
4/1/65 1/6/67
(0/15/66 1/14/68
1/1/66 3/10/67
9/1/66 9/30/68
10/1/66 12/31/67
4/1/68 12/1/69
3/29/71 12/11/72
9/1/67 11/30,/69
10/1/67 1/10/70
10/1/69 12/31/73
11/1/69 4/30/71
5/1/72 10/31/73
171771 11/30/72
7/15/71 5/15/74
4/15/75 6,30/77
9/1/71 6,/30/75
5/1/75 4/15/77
7/21/77 7/21/78
9/1/71 8/31/74
9/1/72 4/15/74
11/1/74 7/31/76
4/1/74 1/31/76
4/15/74 12/31/75
2/1/77 10/31/78
4:8:74 72877
9/1/74 4/30/77
7/15/75 4/16/78
12176 22878
11/15/76 11/15/78
12/15/77 3/15/79
6/1/63 10/31/66
2/15/63 11/30/66
3/1/63 9/30/64
7/1/68 3/31/67
3/25/63 1/31/65
7/1/65 §/31/67
3/1/63 4715/64
2/15/63 8/31/65
3/1/65 11/30/66
10/1/67 2/28/70
2/1/71 8/31/73
1/1/68 4/30/69
4/1/71 6/30/73
9/1/71 3/31/74
8/1/75 1/31/82
10/1/68 6/30/71
10/1/72 12/31/77
10/15/69 3/31/71
9/1/72 11/30/73
9/16/74 3/15/7%
12/1/76 2/28/79
11/1/76 2/28/78
1/1/78 3/31/80

Completed—Published as NCHRFP Report 78
Completed—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
Completed—Total project published as NCHRP Report 30
Completed— Published as NCHRP Report 84

Completed—Published as NCHRP Report 68

Completed—Published as NCHRP Report 110

Completed—Report iucluded in NCHRP Report 123

Completed—Report included in NCHRP Report 123

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

Completed—Published as NCHRP Report 113

Completed—Published as NCHRP Report 159

Completed—Rep. not publ.; summarized iu Summary of Progress Through 1971
Compleied—Published as NCHRP Report 175

Completed—Pubiished as NCHRP Report 145

Completed—Report included in Phase [I report

Compleled—Rep. not publ.; agency rep. avail. {sce proj. write-up for details}
Report in editorial and publication process

Completed—Rep. not publ.: agency rep. avail. {see proj. write-up for details}

Research in progress

Report in editorial and publication process

Completed—Report included in Phase 1T report

Completed—Rep. not publ.; summarized in Summary of Progress Through 1977
Report in editorial and publication process

Completed—Rep. not publ.; agency rep. avail. (see proj. write-up for details)
Research in progress

Completed—Rep, not publ.; summarized in Summaury of Progress ‘Through 1977
Completed—Rep. not publ.; agency tep. avail. (see proj. write-up for details)
Research in progress

Report in review stage

Research in progress

Research in progress

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

Completed—Published as NCHRP Report 12

Completed—Published as NCHRP Report 65

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

Completed—Published as NCHRTP Report 66

Completed—Published as NCHRP Report 8

Completed—Report not published; summarized in Summary of Progress Through
June 30, 1968

Completed—Published as NCHRP Reports 74, 744, 74B

Completed—Report included in NCHRP Report 164

Completed—Report included in NCHRP Report 164

Completed—Published as NCHRP Report 100

Completed—Published as NCHRP Report 172

Report in editocial and poblication process

Research in progress

Completed—Report iucluded in Phase II report

Report in review stape

Completed—Published as NCHRT Report 135

Completed—Published as NCHRP Repart 166

Research in progress

Research in progress

Completed—Rep. not pub).; agency rep. avail. for loan

Project in developmental stage

Contract pending
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3-18(1)
3-18(2)
3-18(3)

3-18(4)
3-19
320
3-20
3-21
322
3.22A
3-23
3-24
3.25
3-26
3-27
3-28
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TITLE

RESEARCH
AGENCY

AREA FIVE: TRAFFIC—ILLUMINATION AND VISIBILITY

Effects of Illumination on Operaling Characteristics of Freeways—Traflic Flow, Driver
Behavior, and Accidents

Effects of Illumination on Operating Characteristics of Freeways—Driver Response,
Vistbility, and Visual Discomfort

Eflects of NMumination on Operating Characteristics of Freeways—Driver Discomfort

Visual Informution Needed by the Driver at Night

Economic Study of Roadway Lighting

Nighttime Ulse of Highway Pavement Delineation Materials

Development of Optimum Specifications for Glass Beads in Paverment Markings

Pavement Marking Systems for Tmproved Wet-Night Visibility Where Suowplowing [s
Prevalent

Highway Fog

Iighway Fog

Roadway Delinealion Systems

Warrants for Highway Lighting

AREA SIX: MAINTENANCE—SNOW AND ICE CONTROL

Develapment of Econemical and Effective Chemical Deicing Agents to Minimize Injury
to Highway Structures and Vehicles

Nonchemical Methods for Preventing or Removing Snow and Tce Accumulations on
Highway Structures

Development and Evaluation of Protective Coatings to Prevent Deterioration of
Concrete Structures by Deicing Agents

Evaluation und Development of Methods for Reducing Corrosion of Reinforcing Steel

Study of Physical Factors Influencing Resistance of Concrete to Deicing Agents

To Evaluate Existing Methods and/or Develop Improved Methods for the Measurement
of Certoin Properties of Concrete

Estimation of Disintegration in Concrete Structures

Estimation of Disintegration in Concrete Structures

Evaluation of Methods of Replacement of Deteriorated Concrete in Stroctures

Potential Accelerating Eifects of Chemical Deicing Damage by Traflic and Other
FEnvironmental-Tnduced Stresses in Concrete Bridge Decks

Develop Improved Snow Removal and Yee Control Techniques at Interchaneces

Livonomic Kvaluation of the Fffects of Tce and Frost on Bridge Decks

AREA SEVEN: TRANSPORTATION PLANNING—TRAFFIC PLANNING
The Influence of Land Use on Urban Travel Patterns

Traffic Attraction of Rural Qutdoor Recreational Areas

Weighing Vehicles in Motion
Factors and Trends in Trip Lengths

Predicted Traffic Usage of a Major Highway Facility Versus Actual Usage
Multiple Use of Lands Within Highway Rights-of-Way

Motorists” Needs and Services on Interstate Hizhways

Ulser Cost and Related Consequences of Alternative Levels of Highwayv Service
Development of Models for Predicting Weekend Recreational Traffic
Peak-Period Traffic Congestion

‘The Instiluticnal Aspects of Tmplementing Congestion-Reducing Techniques

AREA EIGHT: TRANSPORTATION PLANNING—URBAN TRANSPORTATION

Soctal and Economic Factors Affecting Travel

Factors Influencing Modal Trip Assignment

Individual T'references for Various Means of Transportation
Criteria for Evaluating Alternative Transportation Plans
Criteria for Evaluating Alternative Transportation Plans
Transportation Aspects of Land-Use Controls

Individual Preferences for Alternative Dwelling Types and Environments

Dvaluation of Data Reauirements and Collection Technigues for Transportation Planning
Data Requirements and Transportation Planning Procedures in Small Urban Areas

The Tmpact of Highways upon Environmental Values (Stndy Design?

The Impact of Highways upon Environmental Values (Study Design)

The Tmpact of Highways upon Environmental Values

Yale University
Ohio State U

Inst for Research
Ohio State U
Franklin Inst
Sw Rescarch Inst

Penn State U
Texas A& M

Cornell Acro Lab
Sperry Rand
Penn State U
Texas A& M

ITIT Research Inst
Jorgensen & Assoc
Battelle Mem Inst

Battelle Mem Inst
U of litincis

Ohio State TJ

Geotechnics

IIT Research Tnst
Tallamy Assoc

U of Mlinais

Taltamy Assoc
Midwest Res Inst

Louis E, Keefer
T Research Inst

Franklin Inst
Voorhees & Assoc

Yale University
Barton-Aschman
Airborne Instr
Stanford Res Inst
Midwest Res Inst
Remak/Rosenbloom
Remak/ Rosenbloom

Yogt, Ivers

IIT Research Tnst
U of Penn
Northwestern U
L of Ilinois
Victor Groen

I of N Carolina
Creighton-Hamburg
1T of Tennessee
MIT

Daniel, Mann et al
MIT

CONTRACT
AMOUNT OR
CONTRACT
COST

124319+
21,530+
81,187+

37,4607
100,940*
19412
50,000+
100,000*
99,350+
200,000%

99.955%
93 .540*
469,526%
198,875*

40,000*
25.000*%
3R, 557+

39,330
72,5007
69,393+

8,547
44,614%
25,0007

200,000+

95,000%
50.000*
50,000%

62,674*
66894+
24,652
24,844
73,391*
§9.250%
61,730%
99,675
24,220*
99.267%
95.070%
7+4.983%
49.624%
68.902

94.558*
298.033%
63282+
89900+
5.000:=
25867
90.57 1%
99,897+
190,000
99,968
29.654%
28.950%
470,000



START- COMPLE-
ING TION PROJECT
DATE DATE PROJECT STATUS NO.
2/15/63 5/31/66 Completed-—Report included in NCHRP Report 60 3-2(1%
FAVLY /31767 Completed—Report included in NCHRP Report 60 5-201)
2/15/63 8/31/65 Completed—Report included in NCHRP Report 60 5-2(2)
2/20763 2/28/66 Completed—Report included in NCHRP Report 60 5-2(3)
9/1/64 3/31/67 Completed—Published as NCHRP Report 99 5-3
T/20.64 8/31/65 Completed—Published as NCHRP Report 20 5-4
371765 12/31/66 Completed-—Published as NCHRP Report 45 5-5
T/15/67 9/15/69 Completed—Published as NCHRP Report 83 55
5/1/71 6/30/73 Completed—Rep. not publ.; summarized in Summary of Progress Through 1976 5-5A
5/1/71 12/31/74 Report in editorial and publication process 5-5B
10/2/67 4/30/69 Completed—Published as NCHRP Report 95 5.6
9/1/70 5/31/73 Completed—Published as NCHRP Report 171 5-6A
10/1/68 6/30/71 Completed—Published as NCHRP Report 130 57
3/16/70 2/15/73 Completed—Published as NCHRP Report 152 58
2/15:/63 9/30/64 Completed—Fublished as NCHRP Report 19 6-1
2/15/63 2/29/64 Completed—Published as NCHRI Report 4 6-2
3/1:63 2728763 Compleied—DPublished as NCHRP Report 16 6-3
3/1/63 4/30/65 Completed—Published as NCHRP Report 23 6-4
37163 8/31/65 Completed—Published as NCHRP Report 27 6-5
371463 2/28/66 Completed—Rep. not publ.; summarized in Summary of Progress to june 30, 1967 6-6
3/1.63 8731764 Contract terminated—no report; research resumed under Praject 6-7A 6-7
2/1/65 7/31/66 Completed—Rep. not publ.; summarized in Summaty of Progress to Junc 30, 1967 6-7A
2:15°63 2/29/64 Completed—Published as NCHRP Report 1 6-8
171763 6/15/68 Comtpleted —Published as NCHRP Report 101 6-9
9/1/67 9/30/70 Completed—Published as NCHRP Report 127 6-10
9/1/70 11/30/71 Init. phase completed—rep. to be incl. in Phase 1T rep. 6-11
9/12/72 9/11/74 Report in editorial and publication process 6-11
271764 1/31/66 Completed—Published as NCHRP Report 24 7-1
4/1/66 9/30/67 Completed—Published as NCHRP Report 62 7-1
2/17/64 3785465 Compleled—Report included in NCHRP Report 44 7-2
5/1 65 5.31/66 Completed—Total project published as NCHRP Report 44 7-2
2/1/64 8:31/67 Completed --Published as NCHRP Report 71 7-3
2:1°64 10/31/66 Completed—Published as NCHRP Report 48 7-4
10,/23/67 1/10/69 Completed—Published as NCHRP Report 89 7-4
271764 11:30/66 Completed—Published as NCHRP Report 58 7-5
2/1/66 228467 Completed—Published as NCHRP Report 53 7-6
11 66 12:31:67 Completed—Published as NCHRP Report 64 7-7
9/1/70 4/15/72 Completed—Published as NCHRP Report 133 7-8
9/1/72 5/15/74 Completed—Rep. not publ.; summarized in Summary of Progress Through 1976 7-9
4/1/74 3/31/75 Completed—Published as NCHRP Report 169 7-1D
4 175 12°15 77 Report in review stage 7-10(2}
2:1/64 9:23:06 Cumpleted—Published as NCHRP Report 70 8-1
21 64 B:31/66 Completed—Published as NCHRP Report 57 8-2
2/1:/64 37314765 Completed—Rep. not publ.; summarized in Summary of Progress to June 30, 1967 g3
200 A3 8:1/67 Completed—Report included in NCHRP Report 96 8-4
10/14/68 1/10/69 Completed—Published as NCHRP Report 96 8-4A
4/1/65 5/31/66 Completed—Published as NCHRP Report 31 8.5
B8/7/67 1/15/70 Completed—Published as NCHRP Report 121 8-5
2/14/66 3/13/68 Completed—Published as NCHRP Report 81 8-6
9/13/68 8§/28/70 Completed—Published as NCHRP Report 120 8-7
61/73 6/14/75 Completed—Published as NCHRP Report 167 8-TA
9/16/68 3/14/69 Completed—Study design, not to be published 8-8(1)
9/9/68 3/7/69 Complcted—Stndy design, not to be published 8-3(2)
9/15/69 7/31/74 Completed—Pnhlished as NCHRP Report 136 8-8(H



TABLE 5 (Continued)

CONTRACT
PROJECT AMOUNT OR
RESEARCH CONTRACT
NO. TITLE AGENCY COST
AREA EIGHT (Continued)
8.9 Comparative Economic Analysis of Alternative Multimodal Passenger Transportation Creighton-Hamburg 100,000+
Systems
8-10 Planning and Desien Guidelines for Efficient Bus Utilization of Highway Facilities Wilbur Smith 149,507%
8-11 Social, Economic, Environmental Consegnences of Not Constructing a Transporiation DACP, Inc 146,749
Facility
812 Travel Estimalion Procedures for Quick Response to Urban Policy Issues Metro Wash COG 39.895%
8-12ZA Travel Estimation Procednres for (nick Response to Urban Pelicy Tssues Comsis Corp 230,411
8-13 Disaggregate Travel Demand Models Chas River Assoc 100,000
87,000
§-14 New Approaches to Understanding Trave]l Behavior Boston College 149 860
8-14A New Approaches to Understanding Trave! Hehavior: Phase [T Chas River Assoc 221.250
8-15 State and Regional Transportation Impact Kdentification and Measurement Higelow-Crain §0,000%
8-15A Economic Impacts of State Transportation Policies and Programs Reg Sc Res Inst 117.852
8-16 CGiuidelines for Public Transportation Levels of Service and Evaluation U of Tennessee 480,000
8-17 Freipht Data Requirements for Statewide Transportation Systems Planning R. Creighton Assoc 225,000
§-18 Techniques for Evaluating Options in Statewide Transportation Planning,/Programming Plng Enve Int/AMV 300,000
8-19 The Relationship of Changes in Urban Highway Supply to Vehicle-Miles of Travel Cambridge Syst Inc 159,954
8-20 Improved Methods for Vehicle Counting and Determining Vehicle-Miles of Travel Hamburg & Assoc 200,000
AREA NINE: MATERIALS AND CONSTRUCTION—BITUMINOUS MATERIALS
9.1 Asphalt Durability and Its Relation 1o Pavement Performance American Qil 50,000*
50,000%
9.2 Asphalt Duocability and Its Relation to Pavement Perfarmance—Adhesion Montana College 101,903%
4.3 Evaluation of Pavement foint and Crack Sealing Matenals and Practices Rensseiagr 24 utp*®
9-4 Minimizing Premature Cracking of Asphaltic Concrete Pavements Muterials R & D 99,560%*
9-4A Bayesian Analysis Methodology for Yerifying Recommendations to Minimize Woodward-Clyde 199 994
Asphalt Pavement Distress
AREA TEN: MATERIALS AND CONSTRUCTION—SPECIFICATIONS, PROCEDURES, AND PRACTICES
10-1 Development of Guidelines for Practical and Realistic Construction Specifications Miller-Warden 25,000%
10-2 Evzluation of Construction Control Procedures Miller-Warden 59,750
10-24 Evaluation of Construction Control Procedures Materials R & D 70,945%
10-3 Eitects of Different Methods of Stockpiling and Handling Aggregates Miller-Warden 25,000=
30,000
10-4 Rapid Test Methods for Field Control of Construction Clemson U 30,000*
69,320¢
1G-5 Density and Moisture Content Measurements by Nuclear Methods Res Triangle inst 28 801"
539 835+#
10-5A Optimization of Nuclear Density and Moisture 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 Potentiul Uses of Sonic and Ultrasonic Devices in Highway Construction Ohio State U 24,310%
10-8 Evalvating Procedures for Determining Concrete Pavement Thickness and Pa Dept of Transp 151,982%
Reinforcement Position
10-9 Chiteria for Need of Seal Coats for Bituminous Pavements U of Minnesota 50,000+
10-10 Acceptance Criteria for Electroslag Weldments in Bridges US Steel 300,000
10-11 Development of a Performance Specification for Bridge Deck Joint-Sealing Systemns Howard, Needles et al 29,996
i0-12 Acceptance of Aggregates Used in Bituminous Paving Mixtures Texas A &M 174,889
AREA ELEVEN: ADMINISTRATION—LAW
11-1 Rules of Compensability and Valuation in Highway Land Acquisition U of Wisconsin 84,840%
11-1{1) Fliminating Enhaucement or Diminution Effects on Right-of-Way Valvation Real Estate Res 5,000+
11-1(2) Recognition of Benefits to Remainder Property in Highway Valuation Montano & Assoc 5,000*
11-1{3) Taxation Aspects of Right-of-Way Acquisition U of Tulsa 2,250%
i1-1(4) Compensation in the Nature of Additives to Market Value U of Oklahoma 2,500%
ti-1(5) Rules of Discovery and Disclosure in Highway Condemnation Proceedings L.ong, Mikkelborg 2,500*
11-1(6)} Valnation and Condemnnation Problems of Selected Special Purpose Properties Edward E. Tevel 7.500%
11-1(7} Valuation and Compensability of Noise, Pollution, and Other Environmental Factors U of Oklahcma 2,500
11-1(8) Remainder Damages Caused by Drainage, Runoff, Blasting, and Slides Harrison Lewis 7,500+
1H-1{9) Valuation and Condemnatior Problems Invelving Trade Fixtures Edward L. Snitzer 5,000%
11-1(10) Compensability and Valuation Aspects of Residential Displacemeat in Ross, Hardies et al 5,000%
Highway Programs
11-1¢11) Valuation Elements of Joint Development Projects, Including Air Rights Real Fstate Res 5,000%
11-2 Theory and Practice in Inverse Condemnation Reg & Urban Plan 15,000%
11-3 Valuation and Legal Tmplications of Scenic, Conservation, and Roadside Fasements Sutte, Jr. & Assoc 25,000%
1-3¢01) Public Control of Roadside Advertising Signs for Highway Beautification Sutte, Jr. & Assoc 20,000+
11-372) Public Control of Tunkyards for Highway Beautification Real Estate Res 13,300%
11-4 Elimination of Wide Divergence in Right-of-Way Valvation Am Inst Rl Est App 24,959+%
11-5 Valuation of Air Space Daniel, Mann et al 49 800*
11-6 Valuzlion and Compensability of Noise Pollution Jack Faucett Assoc 94,744*




START-
ING

DATE

9/1/71

971471
916 74

9:3,74
11/1/75
9/15/74

$/1/76

1178

1/1,78

9/1/74
104177

1,1.76
7/15:75

9/1 75
12/1/76

172778

T

|

—

C1e
i

o g
L

6/1.63
11/1/7
215775

THER
114 63
713 66

10722, 63
10/15/64

2/1/64
571765
1715764
4163
2168
2/1764
27164
3/2/70

11/1/69
5174
12/1/76
9/1,77

1/1/65
9,2/68
10/1,/68
9/16/68
12/1/68
9/15/68
9/2/68
10/1/68
10/15/68
3/15/69
3/15/69

2/24/69
2/1/65
11/1/66
10/1/68
9/2,/68
7/1/69
10/1/70
4/1/74

COMPLE-

TION PROJECT
DATE PROJECT STATUS NO.
1/31/73 Completed—Published as NCHRP Report 146 £-9
7431773 Compleled—Published as NCHRP Reports 143 and 155 8-10
6 30 78 Phase T completed— Agency rep. avail. (see proj. write-up for details)}; Phase IF res. 8-11

in prog.

12:31 75 Completed—Rcesults to be published in 8-12A report 8-12
8/31:78 Rep. in edit. and publ. process; agency rep. avail. (see proj. write-up for details) B-12A
1/31/76 Phase I completed—Rep. not publ.; agency rep. avail. (see proj. write-up for details) 8-13
2/28/78 Phase I research in progress 8-13
4 30 77 Completed—Rep. not publ.; agency rep. avail. (sce proj. write-up for details} §-14

1/1/80 Contract pending 8-14A
5/31/76 Phase 1 completed—Rep. not publ.; agency rep. avail. {see proj. write-up for details) 8-15

12/31.78 Research in progress 8-15A
3:31 78 Research in progress B-16
2:15 77 Completed—Published as NCHRP Reports 177 and 178 8-17
2/28 78 Phase I report publ. as NCHRP Report 17%; Phase IT report in review stage 8-18
6/30/78 Research in propress 8-19
6/30/79 Contract pending 5-20
731,63 Completed—Report included in NCHRP Report 67 9-1
43067 Completed—Total project published as NCHRP Report 67 9-1

10 31.°67 Completed—Rep. not publ.; summarized in Summary of Progress Through 1972 92
630766 Completed—Published as NCHRP Report 38 9.3
6/30/73 Report in editorial and publication process 9-4

5/1,78 Research in progress 0-4A

11/14764 Completed—Published as NCHRP Report 17 10-1

271766 Completed—Published as NCHRP Report 34 10-2

1114 a7 Completed-—Published as NCHRP Report 69 10-24
473064 Completed—Published as NCHRP Report 5 10-3

10/16/65 Completed—Published as NCHRP Report 46 10-3
2/28/65 Completed—Report included in NCHRP Report 103 10-4
2/28/67 Completed—Published as NCHRP Report 103 10-4
1/31°63 Completed—Published as NCHRP Report 14 10-5
10/7:66 Conipleted—Published as NCHRP Report 43 10-5
1/31:70 Completed—Published as NCHRP Report 125 10-5A

10:31:66 Completed- -Published as NCHRP Report 52 10-6
373165 Completed- -Published as NCHRP Report 25 10-7
7/31/73 Completed —Published as NCHRP Report 168 10-8
2/28/74 Completed—Rep. not publ.; summarized in Summary of Progress Through 1976 10-9
3:31 78 Research in progress; agency report on Phase I available for loan 10-10
2/28/78 Report in review stage 10-11
8/31/80 Research 1u progress 10-12
4/30/67 Cowmpleted—Published as NCHRP Report 104 11-1
2/28/69 Campleted—Published as NCHRP Report 114 11-1(1)
3/31/69 Completed—Published as NCHRP Report 88 11-1(2)
4/30/69 No final report—Project terminated 11-1(3)
5/31/69 Completed—Rep, not publ.; summarized iv Summary of Progress Through 1972 11-1(4)
4/14/69 Completed—Published as NCHRP Report 87 11-1(5)
11/28/69 Completed—Published as NCHRP Report 92 11-1(6)
3/31/69 Completed—Rep. not publ.; summarized in Summary of Progress Through 1972 H-L(T)
1/15/70 Completed---Pubtished as NCHRP Report 134 11-1(B}
12/1/69 Completed—Published as NCHRP Report 94 11-1(9)
9/15/69 Completed—Published as NCHRP Report 107 I1-1(10)
8/25/69 Compieted—Rep. not publ.: summarized in Summary of Progress Through 1972 1i-1¢11)
6/30/66 Completed—Published as NCHRP Report 72 11-2

12/15/67 Completed—Published as NCHRP Report 56 11-3

12/31/69 Completed—Published as NCHRP Report 119 [1-3(1)
2/28/70 Completed—Published as NCHRP Report 112 11-3(2})
2/28/71 Completed—Published as NCHRP Report 126 11-4
5/31/72 Completed—Published as NCHRP Report 142 11-5
T/31/758 Completed—Report not publ.; agency report avail. (see proj. write-up for details) 11-6




TABLE 5 {Continted)

PROJECT

NOQ.

[0 % I R SN 20 B ]
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et B B I PR WL %

3
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12-9
12-10
12-11

12-12
12-13
12-13A
12-14
12-15
12-15(2)
12-15(3)
12-16
12-17
i2-18
12-19
[2-20

17-1
172
17-2A
17-3
17-4

18-1
18-2
18-2(2)

19 1
19-2(1)
19-2(2)
19-2(3)
19-2(4)
19.3

TITIE

AREA TWELVE: DESIGN—BRIDGES

Deformation of Steel Beams Reiated to Permitted Highway Bridpe Overloads
Eyistribution of Wheel Loads on Highway Bridpes

Idevelopment of Waterproof Roadway Joints for Bridges

Thermal Characteristics of Highway Bridges

IProtection of Steel in Prestressed Concrete Bridges

Prediction of Permanent Camber of Bridpes

Effects of Weldments on Fatigue Strength of Steel Beams

Bridge Rail Service Requirements as @ Basis for Design Criteria

Elustomeric Bearing Research
Analysis and Desipn of Bridge Bents
Walerproof Membranes for Protection of Conerete Bridge Decks

Welded Steel Bridge Members Under Variable-Cycle Fatipue Loadings

Cathodic Protection for Reinforced Concrete Bridge Decks

Field Evaluation of Galvanic Cathodic Protection for Reinforced Concrete Bridge Decks
Subcritical Crack Growth in Steel Bridge Members

Detection and Repair of Fatigue Cracking in Highway Bridges

Retrofitting Procedures for Faligue-Damaged Full-Scale Welded Bridge Beams
Fatigue Behavior of Full-Scale Welded Bridge Attachments

Influence of Bridge Deck Repairs on Corrosion of Reinforcing Steel

Evaluation of Repair 'Fechniques for Damaged Steel Bridge Members

Development of an Integrated Bridge Design System

Cathodic Protection of Concrete Bridge Structures

Bridges on Secondary Highways and Local Roads: Rehabilitation and Replacement

AREA THIRTEEN: MAINTENANCE—EQUIPMENT
[iquipment Rental Rates

AREA FOURTEEN: MAINTENANCE—MAINTENANCE OF WAY AND STRUCTURES

Uperading of Unit Maintenance Cost Endex and Development of Interstate Maintenance
Requirements

Techniques for Reducing Roadway Occupancy During Routine Maintenance Activities

Improved Pavement-Shoulder Joint Design

Reconditioning Heavy-Duty Freeways in Urban Areas

Maintenance Levels-of-Service Guidelines

AREA FIFTEEN: DESIGN—GENERAL DESIGN
Guardrail Design
Guardrail Performance and Design

Design to Control Erosion in Roadside Drainage Channels
Rational Structural Analysis and Design of Pipe Culverts
Estimating Runeff Rates from Small Rural Watersheds
Dynamic Characteristics of Heavy Highway Vehicles
Development of Criteria for Safer Luminaire Supports

AREA SIXTEEN: DESIGN—ROADSIDE DEVELOPMENT
liffects of Deicing Compounds on Vegetation and Water Snpplies
Livaluation of Research on Roadside Development

Erosion Control During Highway Construction

AREA SEVENTEENM: TRAFFIC-—SAFETY

Development of Improved Methods for Reduction of Traffic Accidents
Methods for Evaluating Highway Safety Improvements

Methods for Evaluating Highway Safety Tmprovements

Application of Traffic Conflicts Analysis at Intersections

Evaluation of Traffic Controls for Street and Highway Work Zones

AREA EIGHTEEN: MATERIALS AND CONSTRUCTION—CONCRETE MATERIALS
Revibration of Retarded Concrete for Continuous Bridge Decks

Use of Polymers in Highway Concrete

Polymer Concrete in Highway Bridge Decks

AREA NINETEEN: ADMINISTRATION—FINANCE

Budgeting for State Highway Departments

Develop Performance Budpetinp System to Serve Highway Maintenance Management
Develop Performance Budpeting System to Serve Highway Maintenance Management
Develop Performance Budgeting System to Serve Highway Maintenance Manapement
Develop Performance Budgeting System to Serve Highway Maintenance Management
Fconomic Effects of Changes in Tegal Vehicle Weights and Dimensions on Highways

RESEARCH
AGENCY

U of Missouri
Towa State U
Sw Research Inst
Sw Research Inst
U of Denver

U of Missouri
Lehigh University

Texas A&M

Battelle Mem Inst
PCA
Materials R & D

US Steel

USS Eng & Consult
PCA

U3 Steel

Lehigh U

Lehigh U

Lehigh U

Battelle Colnmbns
Battelle Colnmbns
Multisystems Inc,
Corrosion Eng & Res
U of Virpinia

Emst & Ernst

Tallamy Assoc

Byrd, Tallamy et al
Georgia Tech

Texas A& M
Woodward-Clyde

Cornell Aero Lab
Sw Research Inst

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

YPI
Western States
Utah State U

Cornell Aero Lab
ORI

Jorgensen & Assoc
Midwest Res Tnst
BioTechnolopgy Inc

U of Illinois
Lehigh U
[ehigh U

Frnst & Ernst

Booz- Allen & Ham.

Eronst & Ernst
Jorgensen & Assoc
Jorpensen & Assoc
Wiibur Smith

CONTRACT
AMOUNT OR
CONTRACT
COsT

50,000%
79,512
149 895
102,400*
173,255+
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
125,000
214,912
50,000
224 895
224,684
119,970

$ 22,8007

205,128+

200,000*
100,838*
99,663

200,000

19,723*
280,000%
100,000%

97,300*

49,937%
299,902*
135.000%
147,284 %

217.300%

100,000

179,224
70.776

247,847+
29,973%
GR,403*

190,000

200,000

103,895*
300,000
30.000

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

220,000*

96,728+



START- COMPLE-

ING TION PROJECT
DATE DATE PROJECT STATUS NO.
271765 6,/30/67 Report included in Project 12-6 report 12-1
61,66 12/31,68 Completed—Published as NCHRP Report 83 12-2
12/15/65 3/14/69 Completed—Report available only ta sponsors 12-3
12/15/65 3/31/68 Completed—Rep. uot publ.; summarized iu Sumwmary of Progress Through 1969 12-4
9/15/66 11/15/68 Completed—Published as NCHRP Report 50 12-5
2/1/67 4/30/72 Completed—Rep. uot publ.; summarized in Summary of Progress Through 1975 12-6
10/1/66 1731770 Completed—Published as NCHRP Report 102 12-7
7/1/710 12/31/72 Completed—Published as NCHRP Report 147 12-7
3/1/68 2:28/69 Completed—Published as NCHRP Report 86 12-R
1/2/70 6/30/71 Completed—Published as NCHRP Report 149 12-8
9/1/67 1/31/70 Completed—Published as NCHRP Report 109 12-9
1/1/70 12/31/73 Completed—Published as NCHRP Report 163 12-10
B/1/70 3/31/73 Completed—Published as NCHRP Report 165 12-11
7/15/73 6/30/78 Research in progress 12-11
107170 16/31/73 Reporl in editorial and publication process 12-12
10/1/72 T/31/74 Completed-—Published as NCHRP Report 180 12-13
8/1/75 7/31/78 Research in progress 12-13A
10/1/72 6/30/74 Completed—Published as NCHRP Report 181 12-14
10/1/72 4/30/75 Report in editorial aud publication pracess 12-15
6/1/76 8/31/78 Research in progress 12-15(2)
2/1/78 3/31/80 Contract pending 12-15(3)
9/1/74 11/30/77 Report in review stage 12-16
11/15/76 4/30/78 Research in progress 12-17
9/6/77 3/5/80 Research in progress 12-18
1/1/78 12/31/80 Contract pending 12-19
3/1/78 11/30,79 Contract pending 12-20
2/1/65 1/31/66 Campleted—Published as NCHRP Report 26 13-1
3/1/65 3/31/67 Completed—Published as NCHRP Report 42 14-1
10/1/70 3/31/73 Completed—Published as NCHRP Report 161 14-2
94/15/72 3/15/76 Report in editorial and publication pracess 14-3
4/15/74 3/24/76 Report in editorial and publication process 14-4
1/1/78 9/30/79 Coutract pending 14-5
12/15/65 6/14/66 Completed—Published as NCHRP Report 36 15-1
Fi1/67 8/31/70 Completed—Published as NCHRP Reports 34, 115 15-1(2)
5/1/70 12/31/71 Completed—Published as NCHRP Reports 118, 129 15-1(2)
7/1/66 6/30/74 Completed—Publ. as NCHRP Rep. 108; Ph. II rep. sum. in Sum, of Prog, Through 1975 15-2
10/1,/67 12/31/68 Completed—Published as NCHRP Report 116 15-3
9/1/67 3/16/70 Completed—Published as NCHRP Report 136 15-4
8/15/67 1/10/69 Completad—Published as NCHRP Report 105 15-5
9/1/67 /31/68 Completed—Published as NCHRP Report 77 15-6
3/1/66 4/30/72 Completed—Published as NCHRP Reports 91 and 170 16-1
10/1/67 3/31/69 Completed—Puhlished as NCHRP Report 137 16-2
11/1/73 6/30/76 Completed—Rep. not to he publ.; agency rep. avail. for loan 16-3
1/3,/78 4/2/79 Contract peuding 16-3
2/1/66 5/31/68 Completed—Published as NCHRP Report 79 17-1
1/10/72 6/20/72 Contract terminated—no report; research resumed under Project 17-24 17-2
2/1/73 7/31/74 Completed—Published as NCHRP Report 162 17-2A
12/15/77 3/31/79 Research in progress 17-3
1/2/78 3/31/79 Contract pending 17-4
9/1/67 12/1/69 Cowpleted—Published as NCHRP Report 106 18-1
10/1/72 9/30/75 Report in editorial and publication process 18-2
1/1/78 12/31/78 Contract pending 18-2(2)
9:5/67 9/4/68 Completed—Report not publ.; summarized m NCHRP Research Results Digest 20 19-1
5/2/68 10/31/68 Completed—working plan, not published 19-2(1)
9/2/68 10/31/68 Completed—working plan, not published 19-2(2)
9/2/68 10/31/63 Completed—Research continued as Project $19-2(4) 19-2(3)
2/1/69 11730471 Completed—Published as NCHRP Report 131 19-2(4)

9/15/70 6/14/72 Completed—Published as NCHRP Report 141 19-3




TABLE 3 {(Continued)

I'ROJECT

NO,

20-1
20-2
20-3

20-3A
20-38

20-3C
20-31
20-4

20-5
20-6
20-7

20-8
20-9

20-10
26-11
20-11A
20-11R
0-11C

20-12
20-13
0-14
20-15
20-16

21-1
212
21-2(2)

21.2(3)

221
22-1A
22-2

22-2(2)
22-3
22-3A

TITLE

AREA TWENTY: SPECIAL PROJECTS
Highway Research Information Service
Research Needs in Highway Transpertation

Optimizing Freeway Corridor Operation Through Traffic Surveillance, Communication,

and Control

Optimizing Freeway Corridor Operation Through Traffic Surveillance, Communication,
and Ceontrol

Optimizing Freeway Corridor Operation Through Traffic Surveillance,
Communication. and Control—Summary Reporting

Summary of the Lodge Freeway Research

Summary of All Freeway Surveillance, Communication and Control Experience

Public Preference for Future Individval Transportation

Svnthesis of Information Related to Highway Problems
Right-of-Way and Legal Problems Arising out of Highway Programs
Research for AASHTO Standing Committee on Highways

Interactive Graphic Systems far Highway Design
Sacioeconomic Consequences of Right-of-Way Acquisition Induced
Resident Dislocation
The Benefits of Separating Pedestrians and Vehicles
Toward Environrnental Benefit/Cost Analysis—Measurement Methodology
Toward Fnvironmental Benefit/Cost Analysis—Measurement Methodology
Toward Environmental Benefit/Cost Analysis: Energy-TFlow Analysis (Manval)
Toward Environmental Benefit/Cost Methodology: Energy-Flow Analysis (Study
Design)
Effects of Air Pollution Regulations on Highway Constroction and Mainlenance
Beneficial Environmenial Effects Asseciated with Freeway Construction
Monitoring Carbon Monoxide Concentrations in Urban Arcas
Fcalogical Effects of Highway Fills on Wetlands
Stule Laws and Regulutious on Truck Size, Weight, and Speed

AREA TWENTY-ONE: SOILS AND GEOLOGY—TESTING AMD INSTRUMENTATION

Instrumnentation for Measurement of Moisture

Instrumentation for Moisture Measurement—Hases, Subgrades, and Earth Materials
{Sensor Development)

Instrumentation for Moisture Measurement
{Sensor Development)

Tnstrumentation for Maoisture Measurement—Rases, Subgracdes, and Earth Materials
{Sensor Evaluation}

Bases, Subpgrades, and Earth Materials

AREA TWENTY-TWO:; DESIGN—VEHICLE BARRIER SYSTEMS
Concepts for Improved Trafic Barrier Systems

Testing and Evaluation of Bridge Rail Concepts

Traflic Barrier Performance and Design

Multiple Service Level Highway Bridge Railings—Performance and Design Criteria
Field Fvaluatiou of Vehicle Barrier Systems
Field Evaluation of Vehicle Barrier Systems

RESEARCH
AGENCY

HRB
Tallamy—Smith
Texas A & M

U of Michigan
Patrick J. Athol

Asriel Taragin
Voorhees & Assoc
Chilton Research
National Analysts
TRDB

TRB

T

Control Data
RMC Res Corp

Stanford Res Inst
Poly of New York
Cornell U

Cornell U

The Cannon Group

Howard, Needlesctal
Penn Siate U
Technol Serv Corp
U of Mass

R J Hansen Assog

Res Triangle Inst
Sw Researcch Inst
SUNY Builalo

Sw Research Inst

Walter W. White
Texas A &M
Sw Rescarch Tnst

Sw Research Inst
Calspan Corp
Arthur L. Elliott

CONTRALCT
AMOUNT OR
CONTRACT
COST

455,000*
98.760%
394.016*
200,540+
505,631*
20,0001
t1ed

—+

10,183*

40,000
1952607

83911%
33000088
100,000 %
100,000

49.672*
214,279

100.000*

100.000*
27,212%

140.000
15,000

80,446%

49,965%

99,973
150,000
281,975

35,0277
64,976%

29,953+

150,000

25.000*
40,000%
125,000+
80,000*

165,000
25.000"
10.000%

* Final contract cuost.
+ NCHRP funds obligatcd under the $314,340 fous-way ngreemcent among the National Academy of Scicwees, Michigan Department of State Highways, Wayne County,
and the City of Derroit,
1t NCHRP funds ebligated under the $70,000 five-way agrcement among the Mational Academy of Sciences, Michigan Department of State Highways, Wayne County,
the City of [etroit, and the University of Michigan.




START-
ING
DATE

3/16/64
4/1/66
12/15/66
1/1/67
11/20/68
1/1/69
7/1/72

11/15/75
515 77

5/2/67

502467
12/15/67
11/1/68
1272768

9/1/70
8/1/72

B/26/74
9/1/72
9/1/75

1-24 77
41 77

4/1:74
9/3/74
L0/1/76
i2/1/76
10/11/76

H/25/69
2/1/72

4/1/72

93 74

10/1/70
3/1/74
1/1/72

10/1/73

8/1/76
/1,74
7/1/74

COMPLE-
TION
DATE

PROJECT STATUS

10/31/67
12/31/67
1/31/69
12/31/68
5/31/71
12/31/69
9/27/74

T/5/78

1578
1/21/69 (CRS)
1/2/68 (NA)

pLAg s
L L

7731771
12/17/76

4/30/76
5731774
11/30/76
1023 78
12 31 77

7/31°75
8/2/75
1/31/78
11/30/78
9/1/78

2/24/71
1/31/74

9/30/73

6 1577

12/31/71
5/30/75
9/30/73
3/31/75

7/31/78
2/15/75
12/31/74

Completed—Informal publication only; service is operational
Completed—TPublished as NCHRP Report 35
Completed—Results summarized in Project 20-3C report

Completed—Results summarized in Project 20-3C report
Project terminated uncompleted: no reports prepared

Completed—Rep. not publ.; agency rep. avail. (see proj. wrile-up for details)

Research in progress

Completed—DPublished as NCHRP Reports 49, 82

Completed—Published as NCHRP Reports 49, 82

Research in progress: Topic reports published as NCHRP Syntheses 1 through 46

Research in progress: Refer to Table 9 and proj. write-up for publications

Research in progress:  Completed task reports published as NCHRP Reports 148, 150,
157, 158; and as NCHRP Research Results Digests 55, 57, 98

Completed—Rep. not publ,; summarized in Summary of Progress Through 1972

Report in review stage

Report in editorial and publication process

Completed—Rep. not publ.; agency rep. avail. (see proj. write-up for details)
Completed—Rep. not publ.; agency rep. avail. {see proj. write-up for details)
Research in progress

Report in review stage

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

Completed—Published as NCHRP Report 138
Completed—Report not fo be publ,; to be included in Project 21-2(3) report

Completed—Report not to be publ,; to be included in Project 21-2(3) report

Report in review stage

Completed—Rep. uot publ.; summarized in Summary of Progress Through 1972

Report in editorial and publication process

Tuit. phase completed—Findings incl. in report on Task 1, Phase 11

Task 1 rep. som. in NCHRP Res. Resuvlts Digest 84; Task 2 rep. publ. as NCHRP
Report 153

Reseurch in progress

Completed—Rep, uot publ.; summarized in NCHRP Research Results Digest 76

Compleled—Rep, not publ.; summarized in NCHRP Rescarch Results Digest 76

PROJECT
NO.

§ Continuing activity supported at (he annual amount shown,
§§ Continuing activily supported in FY '78 at amount showl,
14+ Various research agencies.
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TABLE 6

AGENCY DISTRIBUTION OF FY '63 THROUGH
FY 78 PROJECTS

PROJECTS AND
CONTINTUATIONS

TYPE OF AGENCY NO. gl
Educational institutions 1033 37
Rescarch institutes 57 21
Industry, consultants, and

trade associations 104 38
Professional socicties and

service arganizations 3 2
State highway and transporta-

tion departments 3 >1
Special transportation and other

governmental agencies 1 <1
All 273 100

KEEPING TRACK OF RESEARCH IN PROGRESS

A professional staff is assigned to NCHRP by the Board.
Projects engineers with individual speciallics and training
in the broad areuas of physical research, traflic planning, and
special projects rescarch are responsible for administrative
and technical surveillance of the contracts. In addition to
reviewing guarterly progress reports and monthly progress
schedules, and matntaining tetephone contacts. each proj-
ects engincer visits his assipned research agencies through-
out their contract periods. He discusses with ecach principal
investigator his project’s status to learn if the research is
being pursucd in line with the approved rescarch plan,
Finally, the projects engineer and appropriate project panel
cvaluate the completed research 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 rcference has been made to the fact that many
activities take place between initiation of research programs
and execution of research conlracts. Many additional ones
tuke 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 results and to increase the prob-
ability thai useful results will find their way into practice
more quickly. Beyond the sponser’s first weighting of the
odds by sctting the goals for a program of applied re-
scarch dedicated to solving pressing operational problems,
the NCHRP tries to further weight the odds favorably by
concentrating on;

* Establishing the agency and personnel qualifications
that are mandafory if the goals arc to be achieved. Fmpha-

sis 1s placed on the importance of a record of successful
past performance in endeavors similar to those to be under-
taken. Turther, it is also stipulated that propeosals are not
acceptable if they do not contain specific statements as to
how the contemplated results can be used to improve prac-
lice,

* Utilizing persons who are not only cxperts in the par-
ticular problemn area but who also have 4 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-
posuls can be based. Experts drawn from the bighway and
transportation departinents play a major role in this task.

® Excreising extreme care in the process of selecting
research agencies to cnsure not only 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 and project panel
review of und suggested modifications to the rescarch plan
—a clear mecting of the minds as to what specifically is
cxpected from the rescarch and the personnel cartving it
out in order to meet the needs of the practicing engineer,

* Acquiring an amplified rescarch plan that is intended
to detail comprchensively the approved research plan and
to include a specific schedule of events for the major tasks.
This docunent is used by the staff in the day-to-day surveil-
lance of the project’s progress and by the project panel
ias Tequired.

® Carrying out project surveillance sutficient to keeping
the research in line with the approved rescarch plan. con-
stantly keeping the researchers aware of the needs of the
practicing engineer. and insuring that all project develop-
ments through final 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 engineer. Different treatment is given to
the material that would be of interest to other rescarchers.

NCHRP Reporting of Research Reasults

In an applied rescarch program such as the NCHRP, the
sponsor rightfully expects not only results that are accurate
but aiso findings that can be readily put into practice. This
means that the final rescarch reports must be presented in
language understandable to both administrators and engi-
neers and in such format as to permit easy assimilation.
Too many of today’s rescarch reports are frequently so
clouded by obscure language and format that the reader
must spend precious lime and effort in translating them into
concise and readily usable working documents.

Rescarch agencies for the NCHRP are required to report
their results in a form that succinctly summarizes the find-
ings for the busy administrator and likewise informs the
practicing engineer of the application of the findings. These
objectives are accomplished through a “Summary 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 labored through
to cxtract the findings. The Program specifies 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
ensurc that useful research results are made immediately
available to the appropriate operations personne!l in the
State organizations. One means consists of forwarding to
themn copies of the research agency drafts of final reports.
According to the urgency of the particular circumstances,
these drafts may be cither 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 are 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 adminisirative
officer of cach highway or transportation department.
Then. through the Transportation Research Board's selec-
tive distribution system. copics go automatically to about
100 librarics, Board representatives in the State highway
and transportation departments, educational institutions,
liaison represcntatives, appropriate panels and commiltces
of the Board, and individual members who have selected
publications in the particular subject area of the report. As
a further means of disseminating the research reports. an-
nouncements of their availability are made to the trade
press. Each of these reports contains a staff-prepared fore-
word that directs the attention of the busy reader 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 each
of the highway or transportation departments as a meadsure
ol providing a current awareness of on-going work. In ad-
dition, the Board's Technical Activities Staff personnel fol-
low the progress of the work throughout its conduct and
consequently are able to discuss application of the research
resuits with the highway engineers during their various State
highway and transportation department visits. Further-
more, AASHTO has provided the NCHRP with annual
opportunities for staff and project rescarchers to go before
the various commitiees of the Association to present the
findings of their particular rescarch and the usefulness of
these findings to the practicing bighway engineer. Rescarch
findings not published in the NCHRP series arc summarized
in a subsequent NCHRP Summary of Progress report,
tssued annually each Fanuary. On an interim basis, the
findings are sometimes reported in a Research Results Di-
gest, described next.

Anpother means for bringing research findings before the
practicing engineer was instituted in December 1968 with
the first issuc of NCHRP Research Results Digest—a series
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of flyers being published at frequent intervals. These Di-
gests are being issued in the interest of providing an early
awareness of the rescarch 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 series. it is hoped that their carly use
in practice will be encouraged. For the most part, cach
Digest is intended to be very bricf in summarizing specific
findings—they do not deal with research methodology—
and require the reader to expend very little time in deter-
mining how the research results may be of use to him. The
basic format is couched in terms of the problem and the
solution to it, the findings, and applications, Operations
personnel should find them of direct assistance in scrving
the intermediary, or interpretive, position between rescarch
and operating personnel, for cach Digest speaks directly 1o
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 cxplicitly enough to
permit dircet application to practice.

¢ Whether the results have to be translated into the
wotking 1ools with which the practicing cngineer is familiar.

¢ Whether the research findings have been cvaluated
sufficiently to make some teasonable determination of the
probability of their success when applied to practice.

IMPLEMENTING RESEARCH RESULTS

In recent years there have been scveral opportunitics for
the Program and various AASHTO committees to work
together to structure the research findings into the best
possible form for immediate use by the practicing engineer.
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 Gindings, Be-
yond that point, only final reporting remains, and it is up
to the sponsor to implement the findings. Without steps in
this direction, successful rcsearch may just as well have
been totally unsuccessful—the end result is the same. Only
if the results get around and arc used can it be said that
AASHTO truly is capitalizing on its investment in a re-
search mechanisin that has been demonstrated to be cost
effective.

In summary, then, it should be evident that the NCHRP
normally possesses only indirect means for promoting im-
plementation of research results; there is little opportunity
for more dircet discourse with the sponsor by which imple-
mentation may be promoted. Every possible opportunity is
therefore taken all along the way to capitalize on the in-
direct means to the fullest extent. There has been stcady
improvement as regards the usefulness of NCHRP prod-
ucts, and this situation is expected to maintain its trend.
It is hoped that there will be a corresponding rise of user
interest that will be reflected by increased utilization of
NCHRP research results.
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EXAMPLES OF UTILIZATION OF
NCHRP RESEARCH RESULTS

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

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

EXAMPLES OF UTILIZATION OF NCHRP RESULTS *

NCHRP NCHRP
PROJECT PURLICATION USLR HOW USED
I-1 Reports 2, 24 Tilinois Div. of In studies of existing pavements and of the rehabili-
Hwys., Bur. of tated AASHO Road Test project at Ottawa, 1il, Par-
Res. and Devel. ticular use made of recommendations for experi-
mental designs, measurement programs, and data
processing analysis.
Connecticut Dept. of To design experimental pavernent projects.
Transportation
1-2 Report 7 New York Dept. of To develop a flexible pavement performance equation;
Transp. in usc as of June 196G8.
Tallamy, Byrd, In study of highway maintcnance quality levels for
et ai, Ohio Dept. of Hwys.
1-3(2) Report 22 Connecticut Dept. of In evaluating flexible experimental pavements.
Transportation
1-3(3) Report 35 Connecticut Dept. of In evaluating Hexible experimental pavements.
Transportation
1-4 Report 10 Connecticut Dept. of In analyses of data from experimental pavements.
Transportation
1-4(2) Report 30 Connecticut Dept. of In evaluating flexible experimental pavements.
Transportation
-5 Report 21 Connecticut Dept. of Tn evaluating flexible experimental pavements.
Transportation
1-5(2) Report 76 North Dakota State Major equipment purchase was based on successful
Highway Dept. use of similar equipment in conduct of project.
Connecticut Dept. of In evaluating flexible experimental pavements.
Transportation
1-7 Report 37 Nat’l. Hwy. Safety In preparation of a Highway Safety Program Manual
Bur. for issuance to the States.
92nd Congress, House of Representatives subcommitiee hearings on
1 st Sess. highway safety and skidding,
Connccticut Dept. of As justification to establish skid test program in Con-
Transportation necticut,
1-8 Agency final Consultant for USN Development of a new approach to pavement design
report and USAF 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,
1-9 Report 61 Californja Div, of In evaluation of proposed State legislation regarding
Hwys. use of studded tires.
Connecticut Dept. of In providing documnentation for studded tire legisla-
Transportation tion,
1-10 Agency final Consultant for USN See Project 1-5.
report and USAF
1-11 Agency rcport .S, Forest Service In preparation of an Enginccring Technical Report

evaluating several commonly accepted pavement
design methods, as to their applicability for the




EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

NCHRP NCHRP
PROJECT PUBLICATION
1-12 —
Report 154
1-12(2) -
Report 151
1-12(3) —
1-14 Agency final
report
2-3 Reports 13, 111
2-5A Rcport 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
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HOW USED

AASHTO

92nd Congress,
1st Sess.
Connecticut Dept. of
Transportation
92nd Congress,
1st Sess.
Connecticut Dept. of
Transporiation
Ncw York Dept. of
Transpoertation

ASTM
92nd Congress,
1st Sess.
Va. Dept. of Highways

One State
(unknown)
AASHTO

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

California Div, of
Hwys.

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 subcommittcc hearings on
highway safety and skidding.

As background information on skid-testing program,

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

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

As basis for updating ASTM Method E274.

See Project 1-12.

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

To replace outdated material in AASHTQ book, Urban
Freeway Design.

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

In preparing texthook on traffic enginecring.

In textbook, Principles of Engineering Econonty.

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

In a FAIl 80 Motorist Communication project. Also,
more emphasis is being placed on the influence of
pedestrians on signal timing, because signals in the
small cities are almost always in the CBD where
there are many pedestrians.

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

Incremental 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 cstimated and used in a benefit/ cost analysis of
traffic signal systern improvement alternatives,

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

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



24

EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued:

NCLRP
PROJECT

3.7

NCHRP
FURTICATION

Agency final
report

Reports 78, 117
and “Illustrative
Recording of
Trafiic Noise”

L'SER

HOV USLD

Cioodell, Grivas
and Assoc,

Hwy. Depts,, FHWA
offices, universities,
consulting firms,
County Bd. of
Educ,

Georgia State Hwy,
Dept.

Minnesota
Iegislature

Virginia Dept. of
Hwys.

Artzona cons. firm

Natl. Assn. of
Homebuilders

Missouri State Hwy.
Comm,

Federal Highway
Administration

Louisiana Dept. of
Highways
AASHTO

Obtaincd contract to use model described in report on
a network in Detroit,

Demand for the tupe has been large, and losn copies
have been circulated widely.

Although the principal use of the tape has been edu-
cational in nature. one County Board of Education
was 50 impressed with the noise differentjal between
the open and closed window situation that con-
sideration was given to installation of air con-
ditioning and storm windows for school buildings
adjacent to frecways.

Noise design guide used in design of the urban freeway
systemn.

For demonstration purposes in hearings by Housc
Transportation Commmittee. and Senate Highways
and Natural Resources and Environment Commit-
tees. Both Senate committees took favorahle action
on a Truck Noise Control bill patterned after the
Calilornia 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 [-195, a six-lane depressed high-
way in a residential arca of Richmond. Using the
computer program from Report 78, peak-hour traf-
fic was used to project the noise levels; comparisons
were made with actual readings taken in the area.
Ancther case invelved projecting noise levels on
I-66 in the vicinity of Washington, 1D.C., to deter-
mine if they would be within an acceptable limit.
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
evaluations ol major projects,

In design and location of a 4.5-mile segment of ]-10
(Papago Freeway) traversing a high-density area of
downtown Phocnix., Recommendations made arc
cxpected to substantially reduce the noise levels in
the areas adjucent to the Frecway.

[n development of a Builders' Aconstical Manual that
includes guidelines for prediction of site noise due
to traffic.

Highway traffic noise simulation program used to es-
tablish noisc projecticns en new project designs.

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

As primary texts in a “noisc school™ for parish
{county) engineers,

As source documents Tor new {1974) publication,
“Guide on Evaluation and Attenuation of Traffic
Noise.”
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued]

NCHRP NCHRP
PROJECT PUBLICATION USER HOW USLD
Report 117 Howard, Needles, ‘The medel for predicting highway traflic noise was
Tammen & Bergendoff validated under contract to a state highway depart-
ment,
Express Hwy. Res. Abridgment {8 pp.)} publisned in April 1972 issue of
Foundatton {Japan) Expressways and Automobiies (in lapanese).
Colorado Dept. of A projected noise study is based on a U.S. DOT pro-
Highways gram that was developed directly from this report.
which is considered to represent the best study pro-
cedure from available empirical and theoretical re-
search on highway noise,
Minnesota Dept. of Predictions for use in design of 1-35W noise barrier in
Highways south Minneapolis.
Agency linal report Environmental Protec- ln evalualing alternatives for truck noise emission
draft tion Agency regulations.
Agency finul report National Bureau of Published a form of the Noise Prediction Nomogram
Standards adapted to an “L-equivalent” measure,
Maryland-Natl, Capital ~ Found to be useful and quitc accurate as a tool in
Park and Plan. preparation of land-use plans.
Comm,
Reports 78, 117. 144 Connecticut Dept. of As a basis for noise analyses.
Transportation
3-8 Report 30 Orange Co. (Calif.) Extensive use us the best available source of informa-
Traffic Eng. tion for preparation of warrants for the installation
Council of protective devices at rail-grade crossings.
llinois Div. of In & continuing program toward grade crossing safety,
Hwys.. Bur. of with particular use seen for the portion dealing with
Design crossipgs where flashing light signals—with or
without gates—are not warranted.
Connecticut Dept. of Source reference for Railroad-Highway Safety Grade
Transportation Crossing Program.
3-9 Report 84 Califorma Div, of Recommendations being used on the Treeway Sur-
Hwys. veillance and Control Project (Los Anpeles), in-
volving expenditure of about $8 million in three
Veurs.
3-12 Report 123 Transp. Systems Information on fixed highway signing principles was
Center particulacly helpful in providing control signals to
pilots at Kennedy International Airport (New York).
Agency report Street Name Signing As background information in review of street name
Comm,, ITE signing applications to meet motorists’ needs.

3-13 Report 93 City of Waco, Tex. Plans to incorporate in subdivision and zoning regu-
lations many of the controls recommended as a
means of attempting to protect facility capacity
and safety.

3-14 Film, “Relicf for New York Dept. of To encourage municipalitics in the State to apply

Tired Streets™ Transportation traffic engincering solutions to their congestion
prohlems.

3-15 Agency report Consultant Using nomographs and incorporating the research find-
ings into some current projects.

3-16 Agency finat FHWA As support material in resolving an operations prob-

report lem.

3-18(1) Agency interim City of Lincoln, In design of a digital computer-controlled traffic con-

report Nebraska trol system to supervise 230-300 signalized inter-
sections.

Agency final report New Zealand Ministry To reduce hardware costs by applying greater software

of Works capabilities to computer-controlled traffic signal

operations.
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EXAMPLES OF UTILIZATION OIF NCHRP RESULTS {Continued)

NCHRP
PROJECT

3-18¢2)

3-18(3)

3-1%

3-20

3-21

4-3

5-4

5-7

6-2

NCHRP
PURLICATION

Agency final
Teport

Agency interim
rcport

Agency report

Agency final
report
Agency report

Agency [inal
report

Reports 12, 15,
65, and 66

Reports 74, T4 A,

74B
Apgency interim
report

Report 240

Report {30

Report 19

Report 4

USLER

I\'ew_York State
Dept. of Transp.

Metropolitan Dade
County. Florida
FWHA

Texas St. Dept. of
Hwys. and Pub.
Transportation

Utah Dept. of
Transportation
FHWA

N1 Tpk. Auth,

ASTM

Connecticut Dept. of
Transportation
Federal Aviation Admin.

State Highway and
Transportation Ma-
terials Engineers

1.8, Forest Service

City of Albuquerque,
N. Mex,

AASHTO Stdg. Comm.
on Engrg. and QOpers.

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

HOW USED

As background and design cvaluation for a centralized
computer trafiic surveillance and control system in
the Nortthern Long [sland Corridor.

As basis for operational changes at selected {ocations.

A summary report presenting results of a survey of
traflic signal system design and operation practices
was used in development of a FHWA training pro-
gram for trafiic engincering personnel.

The report, “An Approach for Selecting Traffic Con-
trol Systems,” has been selected as a textbook for
a course for city and state traflic engineers in trafhic
signal system design.

In highway analysis.

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

In conjunction with a research project studying visual
effects of variable-message signs.

Basis for development of C671, “Tentative Method of
Test for Critical Dilation of Concrete Specimens
Subject to Freezing,"” and CGB2, “Resistance of
Agurcgates to Freezing.”

As backup in developing paint systems for highway
bridges.

Tentative guidelines for selection and installation of
plastic pipe were uscd to reduce time and funds re-
quircd for a research project on plastic pipe for
airport drainage.

On basis of advisery panel member comments that
information in report would be useful to practicing
engineers, report was distriboted to members of
AASHTO Operating Sub-Comimittee on Materials.

Distributed to each regional office on basis of head-
guarters oflice determination that it will prove of
use 10 engineers involved in design of road and
sanitary sewer projects,

In deciding on use of certain materials for sewers.

Input {with Report 77, Proj. 15-6) to the March 1969
publication, 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-
tors.

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

In developing deicing chemical policy.

See Project 6-1.

In developing snow and ice policies,



EXAMPLES OF UTIILIZATION OF NCHRP RESULTS (Centinted)

NCHRP NCHRP
PROJECT PUBLICATION
6-3 Report 16
6-4 Report 23
6-5 Report 27
6-8 Report 1
6-10 Apency reports
Report 127
Report 127 and
35 mm slides
7-4 Report 89
7-7 Report 64
7-8 Report 133
7-10 Agency interim
report
Agency final report
8-3 Agency final
report
8-4 Report 96
8-5 Report 121
8-8(3) Agency interim

report

USER

27

HOW USED

California Div. of
Hwys.

Natl. Flaxseed
Processors Assi.

Connccticut Dept. of
Transpuortation

lowa Statc Hwy.
Comm.

California Div. of
Hwys.

California Lnv. of
Hwys,

UJ.S. Park Serv.

California Div. of
Hwys.

Connecticut Dept. of
Transportation

New York Statc Dept.
of I'ransp.

Mlinois Dept. of
Transp., Bur. of
Planning

Ohio Dept. of
Hwys.

Connecticut Dept. of
Transportation

Dept. of Engincering,
Univ. of Wisconsin

Orcgon County Transit
Dist.

U.5. Environmental
Protection Agency

Arizona Hwy.
Dept.

Dept. of Engineering,
Univ. of Wisconsin

Dept, of Engincering,
Univ. of Wisconsin

Towa Statc Hwy. Comm,

See Project 6-1,

Advertising (Civil Eng., Feb. 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
portiand cement concrete bridge decks.

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

See Project 6-1.

See Project 6-1.

Techniques used by consulting engineering firm for
deck repair of Memorial Bridge, Washington, D.C.,
depcnded heavily on reported results.

In preparation of plans for two sections of U850
from Riverton to the Nevada State linc. Design
consideration given to thosc factors considered vital
to increased safety and rcduced maintenance at in-
terchanges under the adverse conditions of snow
and ice.

As source reference for snow and ice policy.

Region 5 duplicaicd a loan set of 35-mm slides illus-
trating Appendix J for showing at Region meetings.
They have proven helpful for both design and
maintenance activities.

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

Implemented sevcral recommendations pertaining to
rest areas with maps and other information of in-
terest to motorists, signing conformity, service pa-
trols, patrol aircraft, and medicopter scrvice.

As a basis for noise auvalyscs.

As a reference text for an extension course entitled,
*“Drata Collection and Evaluation Techniques for
Transportation Systems Management.”

In preparation of an energy contingency plan.

To hriecf members of Senatc Public Works Committee
on the state of the art of transportation controls.

Source material for decisions based on consumer sen-
sitivity to the various factors considered in trip
making.

As a text in short course on Urban Transportation
Planning.

As a text in Traffic Engineering Seminar,

In development of an action plan in conformance with
FHWA PPM 950-4.
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

NCHRP
PROJECT

9-3

10-1

10-2

10-2A
10-5

10-6

10-8

10-9

11-1{6}

NCHRP
PUBLICATION

Agency final
reporl

Report 156

Agency (inal

report

Agency final

report

Report 38

Report 17

Report 34

Report 69

Reports 14, 13

Report 52

Apgency final
report

Res. Results
Digest 48

Report 92

USER

Delaware Dept.g
Hwys. and Transp.

New York DOT, Transp.

Planning Div.

IFHWA

Michigan DOT

Nat'l. Inst. for Road
Research, South
Africa

Connecticut Dept. of
Transportation

Winois Department of
Transportation

FHWA

Princeton Univ.
Ford Motor Co.

North Dakota State
Uniy.

INinois Div. of
Hwvs., Bur. of
Materials

Connecticut Dept. of
Transportation

IMinois Div. of
Hwys., Bur. of
Materials

Connecticut Dept. of
Trunsportation
Connecticut Dept. of
Transportition
Hiinois Div. of
Hwys., Bur. of
Res. and Devel.
Pennsylvania Diept. of
Transportation

1. of Minnesota and
Minnesota Dept. of
Hwys.

New Mexico State
Hwy. Comm.

HOW USED

In devclopment of an action plan in conformance with
FHWA PPM 90-4,

In preparation of a synthesis report giving background
to regional personnel responsible for citizen partici-
pation. Also useful in development of NY State
Action Plan,

Assisted 1in development of PPM $0-4,

Assisted in preparation of the state’s Action Plan,

In developing similar procedures in South Africa.

In preparing environmental impact statements.

Portions incorporated into a manual on assessment of
ecological impacts from highways for distribution to
district engincers and others doing work for the
department.

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

In graduate courses.

Saved countless hours of scarch and survey by state-
of-thc-art section on highway joint and crack scal-
ing materials and methods. Useful in [urther un-
derstanding various design, construction, and main-
tenance problems, in analyzing specific failurcs, and
in adapting future developments in highways to
their industrial and other roadway problems.

Basic text for a course in statistical quality control
taught to both undergraduates and a sizeable num-
her of engineers, the majority of the latter being
highway department employces.

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

As reference by Specifications Division.

In conjunction with supplementary materiais, as a
basis for recommending and/or limiting stockpiling
methods to be included in the policy bheing de-
veloped for aggregate inspection and acceptance,

In developing statistical specifications.

In establishing nuclear density and moisture tests in
soils.

Considering a trial of recommendation [or use of nu-
clear peilet technique for measuring pavement thick-
eSS,

The Ohio State ultrasonic gauge, several eddy current
proximity pauges, and additicnal pachometers will
be uscd with the new statistically based acccptance
specifications to reduce over-all construction costs.

In seminars conducted throughout Minnesota to train
city and county personnel in use of the pavement
sirface condition rating system,

In settling negotiations for purchase of an airport.




EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Comtinued]

NCHRP
PROJECT

11-3

12-5

12-7

12-8

12-11

13-1

14-1

NCHRP

PUBLICATION

Report 56

Report 83

Report 90

Report 102

Report 147

Report 86

Report 165

Report 26

Report 42

LU'SER

HowW UsED

Indiana St. Hwy, Comnt.,

Land Ac¢. Div.
tlinois Div. of

Hwys,, Bur. of

Rt-of-Way

California Div, of
Howys,

California Div. of
Hwys.

Naval Ship Res. and
Devel. Lab.

inois Dept. of
Transp.. Bur. of
Design
Connecticut Dept. af
Transportation
AASHTO

Connecticut Dept, of
Transportation

American Railway
Engineering Assn.

Canadian Stds.
Assn,

Connecticul Dept. of
Transportation

Minnesota Dept. of
Transportation

Dejawarce State
Hwy. Dept.

Minnesota Dept.
of Hwys.

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

Connecticut Dept, of
Transportation

Rated as “excellent.” Requested extra copies for use in
development of new work in area of responsibility.
Most of the principles set forth have been in practice.
l.and Econemic Study unit will conduct a study ac-
cording to the report recommendation for one
method of analysis of the valuc of scenic easements,

Own research project on “Analysis, Design and Be-
havior of Highway Bridges™ used both basic knowl-
gdge and example 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 further model
and prototype verification of analytically obtained
values.

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

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

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

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

Fatigue specification recommendations werc adopted
in total in the 1974 Interim AASHTO -Standard
Specifications for Highway Bridges.”

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

To develop modifications te fatigue provisions in
AREA Specifications (1975).

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

To provide backup information for current bridge-rail
design.

In sclecting waterproof memhrane systems for ficld
evaluation.

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

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

In development of a unit maintenance expenditure
index for the State.

In a study to develop a forecast of maintenance needs
for the 197080 decade and compare it with the
trends in highway maintenance needs for the U.S.
as a whole and for the Northeast region in par-
ticular.

In establishing Maintenance Management System.



30

EXAMPLLES OF UTILIZATION OF

MCHRP
PROJECT

LA

-1

15-1(2)

15-2

NCIIRE
PUBLICATION

Report 36

Report 54

Report 115

Report 118

Report 108

NCHRI RESULTS {(Continued?

USER

Commercial firm

Federal and State
agencies

Anierican Iron
and Steel Inst.

Hlinois Div. of
Hwys.

Nevada Dept. of
Hwys.

lilinois Dept. of
T'tansp., Bur. of
Design

Connecticut Dept. of
Trunsportation

New York State
Dept. of Transp.

Connecticut Dept.
of Transp.

Wisconsin Dept. of
Transp,

Kansas State Hwy.
Commission

Minnesota Dept. of
Highways

Colorado State Dept.
of Hwys.

Soil Conserv. Serv.,
U.S. Dept. of Agr.

HOW USED

In formulating a design for a new fiberglass guardrail
system.

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

Recommendations on  standardization of guardrail
hardware by the Highway Task Force of the Insti-
tute's Sheet Committee to include use of the flat
washer illustrated on page 29 of Report 54,

Included in highway design policies and standards by
Bur. of Design. New Bur, of Maintenance stan-
dards for guardrail and median barriers adapted
from report. Bur, of Traffic cemments highlight
Design Manual or Highway Standards areas that
could be improved by the findings; the warranting
of trial installations of various types of median bar-
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.

In 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 a basis of guide rail systemns currently used in Con-
necticut.

As 2 vital supplement to a recently prepared design
manual covering policies, procedures, and standards.
Design guide refers to report for further informa-
tion.

On trial basis. uscd the design technique developed
for channels lined with riprap. Major relocation
of a stream and tributaries having a design flood dis-
charge of 3,900 ¢fs [rom 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 js continuing, especially ohservation
of behavior during and after any signilicant storms.

Cnannel design procedurc applied to diiches along
the Lake Wissota—Cadott Road in Chippewa
County. These were previously subject to erosion,
but none has oceurred since use of riprap accerd-
ing to the procedure.

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

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

Methed to size riprap protection included in Ch. 8 of
Design Manual.

Recomnmiendations used in preparation of SCS Tech,
Release No. 39 "Hydraulic Design of Riprap Gra-
dient Control Structures.”
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

NCHRP

As source documents for “Stable Channel Designs™;
design procedures for riprap linings developed prin-
cipally froin Report 108,

Riprap design procedure applicd to channels along
motorways in Spain.

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

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

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

As a basis for brecakaway luminaries for highway

Appendix D (“Effects of Salts on Plant Biota”) is the
most complete dissertation on soil salinity and
salt-tolerant plants in the Division’s reference files.

As a primary reference in formulating the National
FEnvironmental Policy Act of 1969 and Executive
Order 11514 on “Protection and Enhanccment of
Environmental Quality.”

In preparation of environmental impact statements.

In a training program on crosion control for state per-

In devclopment of a college textbook, Economic
Analysis for Highways.

As starting point for a Tri-Level Accident Research
program for NHTSA and the Motor Vehicle Mtrs.

To assist in evaluating safety improvements accom-
plished under on ongeing safety program.

As a refcrence and teaching aid in a graduate course
in highway safety programming.

By staff scrving as instructors for a scries of regional
seminars on evaluation of safety improvements.

As a primary reference in training courses on Manag-
ing Highway Maintenance.

As source document in investigating certain aspects of
vchicle sizes and weights on South African high-

The Highway Research Information Service 1s known
to be used widely by a number of organizations in
addition to state highway departments. Recognition
has been given to the periodic issues of Highway
Research in Progress as being very useful and of
great value to many other povernmental agencies,

NCHRE
PROJECT PUBLICATION USLER HOW USED
Report 108 and Hydraulics Branch,
agency final report Bridge Division,
draft FHWA
Report 108 and Consultant, Madrid,
agency final report Spain
15-4 Report 136 Indiana State Highway
Comm.
Mlow estimates.
15-6 Report 77 AASHTO Stdg. Comm.
on Highways
ing.
California Div. of
Hwys.,
Connecticut Dept. of
Transportation lighting.
16-1 Report 91 California Div. of
Hwys,
U.S. Government
Connecticut Dept, of
Transportation
16-3 Agency final Iowa Dept. of
report Transportation sonnel.
17-1 Report 79 Robley Winfrey
Calspan
ASsI.
17-2A Agency final South Dakota Dept. of
report Transportation, Div.
of Hwys.
Report 162 Northwestern Univ.
Office of Highway
Safety, FHWA
19-2(4} Report 131 Office of Research and
Development, FHWA
19-3 Report 141 Natl. Inst. for Road
Rescarch, South Africa
wiys.
20-1 {HRIS} Many diverse
apencies
20-2 Report 55 illinois Div. of

Hwys., Bur. of
Res. und Devel,

A committee within the Ilinois Highway Research
Council, having the assiznment of developing a sys-
tem of establishing research prioritics for the Divi-
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EXAMPLES

NCHRP
FROUECT

20-3

20-5

20-6

NCHERP
PURLICATION

Synthests 1

Svnthesis 4

Synthesis 5

Synthesis 6

Synthesis 7

Synthesis 10

Synthesis 11

Synthesis 12

Svnthesis 14

Synthesis 16

Synthesis 18

Synthesis 24
Synthesis 32

Res. Results
Digest 11

Res. Results
Digest 11 and
others

OF UTILIZATION OF NUCHRP RESULTS (Continued)

L'SER

California Div. of
Hwys.

Connecticut Dept. of
Transportation

California Div. of
Hwys,

U.S. Dept. of
Transp.

New Mexico State
Hwy. Dept.

Center for IPublic
Works Studies and
Experimentation
{Spain)

Lonistana Dept. of
Hwys.

Connecticut Dept. of
Transportation

92nd Congress,
15t Sess.

Caonnecticut Dept. of
Transportation

Connecticut Dept. of
Transportation

AASHTO

Connecticut Dept. of
Transportation
Texas Hwy. Dept,

Connecticut Depl, of
Transportation

Connecticut Dept. of
Transportation

Texas Hwy. Dept. and
Texas Div., FHW A

Connecticut Dept. of
Transportation
Connccticut Dept. of
Transportation

Maryland State
Roads Comm.
Colorado Dept. of

Hwys.

How USEDN

sion’s program, the method outlined for structuring
research programs.

Although not yet published. results from the second
year of research are being used as background for
instaliing surveillance and control systems and in
planning alternative methods of improving opera-
tions on the Los Angeles Area freeway system,

As @ basis Tor current signing patterns from Mainte-
nance.

Serves a3 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 Bridge Construction
Manneal.

Translated into Spanish as an “Information Bulletin®
of the Transport und 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 molorist aid calt-box system,

By Mauintenance in training persennel for cquipment
responsibilities,

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

As a basis for Maintenance Telecommunicalion Sys-
tent.

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
Caonnecticut.

Reference source for 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 icc policy.

As backup for studded-tire legislation.

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

Used on several occasions involving condenmnation
cases and other legal matters. Digests nofed as be-
ing extremely helpful in view of their discussions of
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Fatiguc Strength of Steel Beams.” In 1977, Lhe Principal
Investigator, Professor John W. Fisher, received the T, R,
Higgins Award from the American Institute of Steel Con-

PERSONNEL

Helen Mack joined the stalt of the National Cooperative
Highway Research Program on September i, 1977, as
Associate Technical Edilor. She succeeds Patricia A,
Peters, who resigned as of June 30, 1977, after some 312
years in the position.

Mrs. Mack received her Bachelor of Arts degree in So-
cial Sciences and Feconomics from Boston University and
has more than 20 years experience in the editing and pro-
duction of lechnical publications. Most recently she was

SUMMARY

The National Cooperative Highway Research Progrum
is a unigue contract research effort designed to respond
quickly and efficiently to the nceds of Stale highway and
transportation departments through the solution of the
pressing transportation problems, Although the Transporta-
tion Research Board administers the Program. the rescarch
content is solely the prerogative of the American Assocta-
tion of State Highway and Transportation Oflicials and its

struction as author of NCHRFP Report 47, “Fatigue
Sirength of Steel Beams with Welded Stiffeners.”

responsible for the technical editing of an Energy Diction-
«ry; other publications include the Thcory and Appiications
of Holography and the Handbook of Geophysicy and Space
Environments. Prior Lo joining NCHRP she served as
senior technical editor at Mcl.aughlin Research Corpora-
tion. Tetra Tech, National Pctroleum Council, National
Aeronautics and Space Administration, and Massachusetts
Institute of Technology.

member departments. The Program is one of applied
(rather thun basic) research, and every possible effort is
made to help administrators and enginecrs put the findings
ta carly use. Program policy ensures maximum ¢xposure
of the research while in progress in the hope that research
results will, in fact, more quickly find their way inio prac-
tice in the form of policies. procedures, specifications, and
standards of State highway and trunsportation departments.




TABLE 7
PUBLISHED REPORTS OF THE NATIONAL COQPERATIVE HIGHWAY RESEARCH PROGRAM

Rep.
No.

*

10
11

12

13

14

15

16

17

18
19
20
21
22

23

Title, Project, Pages. Price

Rep.
No.

title, Project, Pages, Price

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

Evaluation of Methods of Replacement of Deteric-
rated Concrete in Structures (Proj. 6-8). 56 p.,
52.80

An Introduction to Guidelines for Satellite Studies of
Pavement Performance {Proj. 1-1), 19 p., $1.80
Guidelines for Satellite Studies of Pavement Per-
formance, 85 p.+9 figs., 26 tahles, 4 app., $3.00
Imiproved Criteria for Traffic Signals at Individual
Intersections—Interim Report (Prej. 3-5), 36 p..
$1.60

Non-Chemical Methods of Snow and Ice Control on
Highway Structures (Proj. 6-23, 74 p.. $3.20
Lilecis of Dilferent Methods of Stockpiling Aggre-
gutes—Interim Report (Proj. 10-3), 48 p.,  $2.00
Means of Locating and Communicating with Dis-
abled Vehicles—Interim Report (Proj. 3-4), 56 p.
£3.20

Comparison of Dillerent Methods of Measuring
Pavement Cendition—Interim Report {Proj. 1-2),

2 p, $1.80
Synthetic  Aggregates for Highway Construction
{(Proj. 4-4), 13 p., $1.00

Tralic Surveillance and Means of Communicating
with Drivers—TInterim Report (Proj. 3-2), 28 p.,
§1.60

Tlecoretical Analysis of Struclural Behavior of Road
Test Tlexible Pavements (Proj. 1-4). 31 p.. 82,80
Effect of Control Devices on Traffic Operations—
Interim Report (Proj, 3-6), 107 p.. $5.80
Identification of Aggregates Causing Poor Concrete
Performance When Frozen—Interim Report (Proj.
4-30133, 47 p., $3.00

Running Cost of Motor Vehicles as Affected by High-

way Design  Interim Report (Proj. 2-5). 43 p..
$2.80

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

Identification of Concrete Aggregates Exhibiting
Frost Susceplibility—Interim Report {Proj. 4-3(2)),
66 p, £4.00

Protective Coatings to Prevent Detcrioration of Con-
crete by Deicing Chemicals (Proj. 6-3), 21 p,
81.60

Development of Guidelines for Practical and Realis-
tic Constroction Specifications (Proj. 10-1}, 109 p.,
£6.00

Community Consequences of Highway Improvement
{Proj. 2-2). 37p.. $2.80

Feonomical and Effective Deicing Agents for Use on
Highway Structures (Proj. 6-1), 19 p.. 31.20
Economic Study of Roadway Lighting (Proj. 5-4),
77 p. $3.20

Dectecting Variations in Load-Carrving Capacity of
Flexible Pavements (Proj. 1-3), 30 p., $1.40
Factors Influencing Flexible Pavemcnt Performance
(Proj. 1-3(2)}, €9 p., $2.60

Methods for Reducing Corrosion of Reinforcing
Steel (Proj, 6-4), 22 p., 5140

* Highway Research Board Special Report 80,

24

25

26

27
28
29

30

39
40
41

42

43

44

45

46

47
48

49

50

51

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

Potential Uses of Scnic und Ultrasonic Devices in
Highway Censtruction (Proj. 10-7}, 48 p., $2.00
Development of Uniform Procedures for Establishing
Construction Equipinent Rental Rates (Proj. 13-1),
33p., 51.60

Physical Facters Influencing Resistance of Concrete
to Deicing Agents (Proj. 6-5), 41 p., 52.00
Surveillance Methods and Ways and Means of Com-
municating with Drivers (Proj. 3-2), 66p.,, $2.60
Digital-Computer-Controfled Traffic Signal System
for a Small City {Proj. 3-2), 82 p., $4.00
Exiension of AASHO Road Test Performance Con-
cepls (Proj. 1-4(2) 1}, 33p, $1.60

A Review of Transportation Aspects of Land-Use
Conlrol (Proj. 8-57, 41 p., $2.00

[mproved Criteria for Traflic Signals at Individual
[ntersections {Proj. 3-5), 134 p., $5.00
Values of Time Savings of Commercial Vehicles
{Proj. 2-4), 74 p., $3.60

Cvaluation of Construction Control Procedures—
Interim Report (Pro]. 10-2), 117 p., $5.00
Prediction of Flexible Pavemcnt Deflections from

Laboratory Repeated-l.oad Tests (Proj. 1-3(1)},
117 p, $5.00

Highway Guardrails—A Review of Current Practice
{(Proj. 151}, 33 p., $1.60

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

Evaluation of Pavement Joint and Crack Sealing Ma-
terials and Practices {Proj, 9-3), 40 p., $2.00
Factors Involved in the Design of Asphallic Pave-
ment Surfaces (Proj. 1-8}, 112 p., $5.00

Means of Locating Disabled or Stopped Vehicles

{Proj. 3-4011)), 10 p., 52.00
Effect of Control Devices on Traffic Operations
(Proj. 3-6), 33 p., $3.60

Interstate Highway Maintenance Regquirements and
Unit AMaintenance Expenditure Index (Proj. 14-1},
144 p., $5.60

Density and Moisture Content Measurements by

Nuclear Methods (Proj. 10-5}), 38 p., $2.00
Traflic Attraction of Rural Quidoor Recreational
Areas (Proj. 7-2), 28 p., $1.40

Development of [mproved Pavement Marking Ma-

terials—I.aboratory Phase (Proj. 5-5), 24 p.,
$1.40
Effccts of Different Methods of Stockpiling and
Handling Aggregates  (Proj.  10-3), 102 p.,
$£4.60

Accident Rates as Related to Design Elements of
Rural Highways (Proj. 2-3}, 173 p., $6.40
Factors and Trends in Trip Lenpths (Proj. 7-4),
70 p.. $3.20

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

Factors Influencing Safely at Highway-Rail Grade
Crossings {Proj. 3-8), 113 p., $5.20

Sensing and Communication Between Vehicles (Proj.
3-3). 105 p., $5.00



TABLE 7 (Ceontinyed)

Rep.
Neo.

52

53

54

35

56

57

58

59
60

61
62

63
64

65

66
67

68
69

70
71

72

73
74
T4A

748

75

76

Title, Project, Puges, Price

Measurement of Pavement Thickness by Rapid and
Nondestructive Methods (Prop. 10-6), 82 p,
$3.%0

Multiple Use of lands Within Highway Rights-of-
Way (Proj. 7-6), 68 p., $320

I.ocation, Selection, and Maintenance ol Highway
Guardrails and Median Barriers (Proj. 15-1(2)),
63 p., $2.60

Research Needs i Highway Transportation (Proj.
20-2y, 66 p., 52.80

Scenic Easements- lepal, Administrative, and Valua-
tion Problems and Procedures {Prej. 11-3}, 174 p.
$6.40

I'actors Tofluencing Modal Trip Assignment (Proj.
82}, 78 .. $3.20

Comparative Analysis of Traffic Assignment Tech-
nigues with Actual Highway Use (Proj. 7-5), 85 p,
$3.60

Standard Measurements for Salellite Road Test Pro-
gram {Proj. 1-6), 78 p.. $3.20

Effects of [[lumiration on Operating Characteristics
of Ireeways (Proj. 5-2), 148 p., 56.00
Evaluation of Studded Tires—Performance Data and
Pavement Wear Measurement (Proj, 1-9), 66 p..
$3.00

Urban Travel Patterns for Hospitals, Universities,
Oflice Buildings and Capitols {Proj. 7-1), 144 p..
$5.60

Fconomics of Design Standamds for low-Volume
Rural Roads {Proj. 2-63, 93, 54.00
Motorists” Needs and Services on Interstate Highways
(Proj. 7-7), 88 . $3.60

COne-Cycle Slow-Freeze Tesl lor Fvaluating Aggre-
pate Performance in Frozen Concrete (Proj, 4-301) ),
21 p., $1.40

Identification of Trost-Susceptible Particles in Con-
crete Agpregates (Proj. 4-3(23), 62 p.. $2.80
Relation of Asphalt Rheological Properties to Pave-
ment Durability (Proj. 9-1). 45 p.. £2.20
Apphication of Vchicle Operating Characteristics to
Gicometric Design and Traffic Operations (Proj. 3-
16y, 38 p.. $2.00

Evaluation of Construction Control Procedures
Apgregate Gradation Variations and Effects {I'roj.
10-2A7, 58 p., $2.80

Social and Economic Factars Affecting Intercity
Travel {PProj. 8-1}, 68 p., $3.00

Analytical Study of Weighing Methods for Highway
Vehicles in Molion {Proj. 7-3). 63 p., $2.80
Theory and Practice in Inverse Condemnation [lor
Five Representative States (Proj. 11-2), 44 p.,
$2.20

[mproved Criteria for Traflic Signal Systems on
Urban Arterials {Proj. 3-5), 55 p., $2.80
Proteciive Coatings for Highway Structural Stecl
f1roj. 4-6}, 64 p., $2.80

Protective Coatings for Highway Structural Steel—
Literature Survey {Proj. 4-6), 275 p, 5£8.00
Protective Coatings for Highway Structural Steel—
Current Highway Practices (Proj. 4-6), 102 p..
S<.00

Eftect of Highway I.andscape Development on
Nearby Property (Proj. 2-9), 82 p., $3.60
Detecting Seasonal Changes in Load-Carrying Ca-
pabilities of Flexible Pavements {Proj. 1-5(2)),
37 p., $2.00

79

80
81

82

B3

B4

RS
L1

R7

88

B9
90

91

92

93

Y4

95
96

97

98
99

1400

101
102
103

104

105

Titde, Profect. Puges. Price

Development of Design Criteria for Saler Luminaire

Supports (Proj. 15-6), 82p, $£3.80
Highwav  Noise—Measurement,  Simulation, and
Mixed Reactions {Proj. 3-7), 78 p., 53.20

Development of Improved Methods for Reduction

of  Traflic  Accidents  (Proj. 17-13, 163 p..
56,40
Oversize-Overweight  Permit  Operation on State

Highwavs (Proj. 2-10), 120 p. $5.20
Moving Behavior and Residential Chotce—A Na-

tional Survey {Proj. 8-6), 129 p.. §5.60
National Survey of Transportation Attitudes and
Behavior  Phase 11 Analvsis Report {Proj. 20-43,
"9 p.. 54.00

Mstribution of Wheel Loads on Highway Bridges
(Proj, 12:2). 56 p.  $2.80

Analvsis and  Projection of Research on Traffic
Surveillance, Communication, and Control { Proj.
39 48 po. 52,40

Development  of  Formed-in-Place Wet  Rellective
Murkers (Proj. 5-5), 28 p., S1.80

Tentative  Service Requirements for Bridge Rail
Systems (Proj. 12-8), 62 p., $3.20

Rules of Discovery and Disclosure in Highway Con-
dennation Proccedings (Proj. 11-1(53), 28 p.,
52.00

Recognition of Benefits to Remainder Property in
tHighway Valuation Cuses (Proj. 11-1(23), 24 p.,
$2.00

Faclors, Trends, and Guidelines Retated to Trip
Length (Proj. 7-4). 39 p, $3.20

Protection of Steel in Prestressed Concrele Bridges
(Proj. 12-5). 86 p., 54.00

Effcets of Deicing Salts on Water Quality and Biota
—Literature Review and Recommended Research
(Proj. 16-1), 70 p.. §3.20

Yaluation and Condemnation of Special Purpose
Properties {Proj. 11-1(6)), 47 p., 52.60
Guidelines for Medial and Marginal Access Conlrol

on Major Roadways (Proj. 3-13}, 147 p..
S6.20

Valuution and Condemnation Problems Involving
Trude Fixtures (Proj. 11-1{9)}, 22 p., F1.80
Highway Fog {Proj. 5-G), 48 p., 52.40

Strategics for the Evalvation of Alternative Trans-
pottation Plans (Proj. 8-4), 111 p.. 55.40
Analysis of Structural Bebavior of AASHO Road
Test Rigid Pavements (Proj. 1-4({1)A), 5 p.,
$2.60

Tests for Fvaluating Degradation of Base Course
Aggregates (Proj. 4-2}), 98 p., $5.00
Visual Requiremenis in Night Driving (Proj. 5-3),
38 p. $2.60

Rescarch Needs Relating to Performance of Agpre-
gates in Highway Construction (Proj. 4-8), 68 p.,
£3.40

Eitect of Siress on Freeze-Thaw Durability of Con-
crete Bridge Decks (Proj. 6-9), 70 p., $3.60
EiTect of Weldments on the Fatipue Strength of Steel
Beams (Proj. 12-7), 114 p., $£5.40

Rapid Test Methods for Field Control of Highway
Construction (Proj. 10-4), 89 p., $5.00

Rules of Compensability and Valuation Evidence
for Highway Land Acquisition (Proj. 11-1},

77 p., 54.40

Dynamic Pavement Loads of Heavy Highway Vehi-
94 p.,

cles (Proj. 15-5), $5.00



TABLE 7 (Conrinied)

Rep.
No.

106

107
108
109
110

111

112

113

114

116
117
118
119
120
121

122

123

124
125

126
127

128

129

130

131

132

133

Title, Project, Fages, Price

Rep.

No.

Title, Project, Pages, Price

Revibration of Retarded Concrete for Continuous
Bridge Decks (Proj. 18-1), 67 p.. $3.40
New Approaches to Compensation for Residential
Takings (Proj. 11-1(10})), 27 p.. §2.40
Tentative Design Procedure for Riprap-Lined Chan-
nels {Proj, 15-2), 75 p.. 54.00
Flastomeric Bearing Research (Proj. 12-9}.
$3.00

Optimizing Street Operations Through Traffic Regu-
lations and Control (Proj. 3-11}, 100 p., S4.40
Running Costs of Motor Vehicles as Affected by
Road Design and Tratfic (Proj. 2-5A and 2-7).
97 p.. $5.20

33 p-

Tinkyvord  Valuation—Salvage  Indusiry  Appraisal
Principles  Applicable to Highway Beautification
(Proj. T1-3(2)). 41 p.. £2.60

Optimizing Flow on Existing Street Newworks (Prol
314, 414 ., S15.60

Eflects of Proposed Highwav Improvements on Prop-
erty Values (Proj. 11-1(137, 42 p.. §2.60
Guardrail Performance and Design (Proj. 15-1124).
70 p.. $3.60

Struciural Analysis and Design of Pipe Culverts { Pro.
15-37, 155 p.. $6.40

Highway Noise -A Design Guide for Highway Fn-
gineers { Proj. 3-7), 79 p.. $4.60

Location, Selection, and Maintenanee of Highway
Trauttic Barriers {Proj. 15-1(231}, 946 p.. £5.20
Cantrol of Highway Advertising Signs—Some .egal
Problems (Proj. 11-3(1)). 72 p.. $3.60
Duta Requirements for Metropolitan Transportation
Planning (Proj. 8-7). S0 p.. 54,80
Protection of Highway Utility (Proj. 8-51.
$5.60

Summary and Evaluation of Economic Consequences

13 p..

of Highway Improvements (Proj. 2-113, 324 p..
$13.60
Development  of Information  Reguirements  and

Transmission Technigues for Highway Users {Proj.
31 239 p.. $9.60

Improved Criteria for Traflic Signal Svstems n Ur-
ban Networks (Proj. 3-3) 86 p. $4.80
Optimization of Density and Moisture Conlent Mca-

surements by Nuclear Methods (Proj. 10-5A).
86 p.,  $4.40

Divergencics in Right-of-Way Valuation (Proj. 11-
4). 37 p.. $3.00

Snow Removal and Tee Control Technigues at Inter-
changes {Proj. 6-107, S0 p.. §5.20
Cvaluation of AASHO Interim Guides for Design
of Pavement Structures (Proj. [-11), il p.
$5.60

Guardrail Crash Test Evaluation——New Concepts
and  End  Desipns  (Prej. 15-1(2)). 8% p.
$4.80

Roadway Delincation Systems {Proj. 5-7). 349 p.

$14.00
Performance Budgeting System for Highway Main-

tcnance Management (Proj. 19-2(4)1}, 213 p.
§8.40

Rclationships Between Physiographic Units and
Highway Design Factors (Proj. 1-3(1)), 161 p.,

§7.20
Procedures for Estimating Highway User Costs, Air
Pollution, and Noise Effects (Proj. 7-8}, 127 p..
$5.60

134

135

137

138

139

140

141

142

144

145

146

147

148

149

150

152

153

154

155

156

157
158
159

160

Damages Due to Drainage, Runoff, Blasting. and
Slides (Proj. 11-1(8)), 24 p., $2.80
Promising Replacements for Conventional Aggregates
for Highway Use (DProj. 4-10). 53 p., $3.60
Estunating Pecak Runoff Rates from Ungaged Small
Rural Watersheds (Proj. 15-4}, 85 p.. $4.60
Readside  Development—Evatuation of Research
{Proj. 16-27%, 78 p.. $4.20

Instrumentation  for Measurement of  Moisture -
Literature Review and Recommended Rescarch

tProj. 21-10, 60 p.  $S4.00
Flexible Pavement Design and Management—Sys-
tems Formulation (Proj. 1-10}, 64 p.. $4.40

Flexible Pavement Design und Management—Ma-
terinls  Characterization  (Proj. 1-10), 118 p.,
£5.60

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

184 p.. £3.40
Valuation of  Air Space (Proj. 11-57, 48 p.,
S4.00

Bus Use of Highways—State of the Art (Proj. 8-103,
406 p.. $16.00

Highway Noise -A Field Evaluation of Trafiic Noise
Reduction Measures { Proj. 3-7). 80 p.. 5440
Improving Traflic Operations and Safety at Exit Gore
Areas (Proj. 3-17). 120 p.. $6.00

Alternative Multimodal Passenger Transportation Sys-
tems—Camparative Economic Anaivsts {Proj. §-9),
68 p., 5400

Tatigue Strength of Stecl Beams with Welded Stif-
feners and  Attachments  (Proj. 12-7), 35 p,
$4.80

Roadside Safety improvement Programs on [Free-
ways— -A Cost-Effectiveness Priority Approach {(Proj.
20-7), 64 p.. $4.00

Bridoe Rail Design—Factors, Trends, and Guidelines
(Proj. 12-8). 49 p., $4.00

LEifect of Curb Geometry and Location on Vehicle
Behavior (Proj. 20-7), 88 p., $4.80
Locked-Wheel Pavement Skid Tester Correlation and

Calibration Techniques (Proj, 1-12(2)7), 100 p.,
$6.00
Warrants tor Highway Lighting (Proj. 5-8), 117

p.. $6.40 _
Recomniended Procedures for Vehicle Crash Testing
of Highway Appurtenances (Proj. 22-2}, 19 p,
£3.20

Determining  Pavement Skid  Resistance Require-
ments al Intersections and Braking Sites (Proj. 1-12).
64 p., $4.40 ‘
Bus Use of Highways—Planning and Design Guide-
lines (Proj. 8-10, 161 p., $7.60 . _
Transpertation Decision-Making —A Guide to Social
and Environmental Considerations (Proj. 8-8(3)),

135 p.. $7.20 _ _
Crash Cushions of Waste NMaterials (Proj. 20-7),
73 p.. 54.80 ‘ ‘
Selection of Safc Roadside Cross Sections (Proj.
20-77, 57 p. $4.40 ) _
Weaving Arcas—-Design and Analysis {Proj. 3-15),
119 p.. $6.40

Flexible Pavement Design and Manage.mcnt—-Sys-
tems Approach Implementation (Proj. 1-10A)Y,
53 p.. £4.00



TABLE 7 {(Continued )

Rep. Synthesis of Highway Practice
No.  Title, Project, Pages, Price No. Title, Pages, Price
161 Techniques for Reducing Roadway Occupancy Dur- 1  Traffic Control for Freeway Maintenance (Proj. 20-5,
ing Routing Muintenance Activities {Proj. 14-2), Topic 1}, 47 p., $2.20
35 p., $4.40 2 Bridge Approach Design and Constrnetion Praetices
162 Methods for Evalualing Highway Safety Improve- {Proj. 20-5, Topic 2), 30 p., $2.00
ments {1Proj. 17-2A), 150 p., 57.40 3 ‘traffic-Safe and Hydraulically Efficient Drainage
163 Design of Bent Caps for Concrete Box-Girder Practice (Proj. 20-5, Topic 4), 38 p., $2.20
Bridges (Proj. 12-10), 124 p., 56.80 4 Concrete Bridge Deck Durability (Proj. 20-5, Topic
164 Fatiguc Strength of High-Yield Reinforcing Bars 3), 28 p., $2.20
(Proj. 4-7). 90 p.. 35.60 5 Scowr at Bridge Waterways (Proj. 20-5, Topic 5),
165 Waterproof Membranes for Protection of Concrete 37 p., 52.40
Bridge Decks—Laboratory Phase {Praj. 12-11), 6 Principles of Project Scheduling and Monitoring
70 pp. 450 {Proj. 20-5, Topic 6), 43 p., £2.40
166  Waste Materials as Potential Replacements for High- 7 Motorist Aid Systems (Proj. 20.5, Topic 3-01),
way Ageregates {Proj. 4-10A), 94 p.. $3.60 28 p. $2.40
167 Transportation Planning for Sinall Urban Areas 8  Construction of Embhankments {Proj. 20-5, Topie 9},
{Proj. 8-TA), 71 p., 34,80 38 p.. $2.40
168 Rapid Mcasurement of Concrele Pavement Thick- 9 Pavement Rchahilitation—Materials and Techniques
ness and Reinforcement Location—Field Evaluation { Proj. 20-5, Topic 8), 41 p., $2.80
of Nondestructive Systems (Proj. 10-8), 63 p., 10 Recruiling. Training, and Retaining Maintenance and
$4.80 . N ) ) Equipment Personnel {Proj. 20-5, Topic 10), 35 p,
169 Peak-Period Traffic Congestion—Options for Cur- $2.80
rent Programs (Proj. 7-10). 65 p.. $4.30 - . ) e s
170 Effects of Deicing Salts on Plant Biota and Soils— 1 Dngloment of Management Capability (Proj. 20-5,
Experimental Phase (Proj. [6-1). 88 $5.60 Topic 12), = 30p, ~ $3.20
17 -Ape mf:n d ‘m,"_{ Sr0J- 10~ - p-. e 12 Telecommunications Systems for Highway Admin-
1 Highway FO_g-TVI:sIbIth Measures fmd Guidance istration and Operations {Proj. 20-5, Topic 3-03),
Sysiems (Prof. 3-6A) . 40 p., $4.00 29 p.. $2.80
172 Density Standards for Ficld (“‘ompaction of Granu- 13 Radio Spectrum Frequency Management (Proj. 20-5,
lar Bases and Subbases (Proj, 4-8(2)), 73 p.. Topic 3-03) 17 $7.80
$4.80 14 Skid Resistnce (Prol 204 Ton 66
173 Highway Noise—Generation and Control (Proj. 54”60 esistance (Proj. -5 Topic 7). > P
377, 174p..  $8.00 S . ,
174 Highway Noeise—A Design Guide for Prediction and 15 MQ.IT“WKJQ Im;s_pg;t;})t(l)o? P_l{allr}lngq—g)lj?eds "j(ll Re-
Control (Proj. 3-7),  193p.  $9.60 g;}"t‘,ﬁ““”‘s (Proj. 20-5. Topic 3-02). P
175 Freeway Lanc Drops (Proj. 3-16). 72 p. R L )
$4.80 16  Continuously Reinforced Concrete Pavement {Proj.
176 Studded Tires and Highway Safety -Feasibility of De- 20-5, Topic 3-08), 23 p., $2.80
termining Indirect Effects {Proj. 1-13(2)). 42 p.. 17 Pavement Traffic Marking—Materials and Applica-
$4.00 tion Affecting Serviceability (Proj. 20-5, Topic 3-
1797 Freight Data Reguirements for Statewide Transpor- 05), 44 p.. £3.60
tation Systems Planning—Research Report (Proj. 8- I8 Frosion Control on Highway Counstruction {Proj.
17, 197 p. $8.80 20-5, Topic 4-01), 52 p., $4.00
178 Freight Data Requirements for Statewide Transpor- 19  Design. Construction, and Maintenance of PCC
tation Systems Planning—User's Manual (Proj. 8- Pavement Yoints (Proj. 20-5, Topic 3-04), 40 p.,
17), (in press) ] $3.60
179 E‘valuating Oplic_:ns in Statewide TI’Ei‘nSpOFlatIOIl PIar?- 20 Rest Arews (Proj. 20-5, Topic 4-04). 38 p..
ning/ Programming—Issues, Techniques. and Their $3.60
R‘clauopshnps (Pr_o]‘ 8-18). . oL p., $5.60 . 21  Highway Location Refcrence Methods (Proj. 20-5,
180 Cathodic Protection for Reinforced Concrete Bridge .
. Topic 4-06), 30 p, $3.20
Decks (Proj. 12-13), 135 p.. $7.00 - . .
S : 22 Maintcnance Management of Traffic Signal Equip-
181 Suberitical Crack Growth in Steel Bridge Members . .
. . ) ment and Systems {Proj. 20-5, Topic 4-03), 41 p.,
(Proj. 12-14).  (in press} $4.00 ’
23 Gelting Research Findings into Practice (Proj. 20-5,
Topic 11}, 24 p., $3.20
24 Minimizing Deicing Chemical Use { Proj, 20-5, Topic
4-02), 58p., $4.00
25 Reconditioning High-Volume Freeways in Urban
Areas (Proj. 20-5, Topic 5-01), 56 p.. $4.00
26 Roadway Design in Seasonal Frost Areas (Proj. 20-5,
Topic 3-07), 104 p,, $6.00
27 PCC Pavements for Low-Volume Roads and City
Streets {Proj. 20-5, Topic 5-06), 31 p, $3.60
28 Partial-Lane Pavement Widening (Proj. 20-5, Topic

505),  30p.,  $3.20



No.
29

30
31
3z
k)

34

35

6

a7
38

39

40

41
42

43
44

45

46

Synthesis of Highway Practice
Title, Pages, Price

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

Biturninous Emulsions for Highway Pavements {Proj.
20-5, Topic 6-10), 76 p., $4.80

Highway Tunpel Operations (Proj. 20-5, 'lopic
5-08), 29 p., $53.20

Effects 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 Utilities 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 Equipinent for Testing Highway
Materials, Products, and Performance (Proj. 20-5,
Topic 6-017, 70 p., $4.80

Lime-Fly 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 Handicapped,
Elderly, and Economically Disadvantaged (Proj.
20-5, Topic 607}, 54 p., $4.40

Staffing and Management for Social, Economic, and
Environmental Impact  Assessments (Proj. 20-5,
Topic 7-02), 43 p., $4.00

Bridge Bearings (Proj. 20-5, Topic 6-09}, 62 p.,
54 .80

Design of Pile Foundations (Proj. 20-3, Topic 5-04),
68 p. $4.80

Encrgy Effects, Efliciencies, and Prospects lor Vari-
ous Modes of Transportation {(Proj. 20-5, Topic
7-05}, 57p., $4.80

Consolidation of Concrete for Pavements, Bridpe
Decks, and Owerlays (Proj. 20-5. Topic 7-01},

61 p.. $4.80
Rapid-Sctting Materifals for Palching of Concrete
{Proj. 20-5, Topic 6-05}, 13 p, $2.40

Recording and Reporting Methods for Highway
Maintenance Expenditures (Proj. 20-5, Topic 7-04),
35p,  S3.60

TABLE &

UNPUBLISHED REPORTS OF THE NATIONAL
COQPERATIVE HIGHWAY RESEARCH PROGRAM @

PROJECT SUMMARIES IN SUMMARY (OF
PROGRESS REPORT FOR PERIOD ENDING

June 30, 1967
June 30, 1968
Dec. 31, 1969
Dee. 31,1971
Dece. 31, 1972

Dec. 31, 1973

Dec. 31, 1975
Dec. 31, 1976

Dec. 31, 1977

1.2, 2-8, 3-1, 6-6, 6-7A, 8-3

2-1, 4-1, 4-5

12-4

3-16

92, 11-1(4), 11-1(7), 11-1{11), 20-8,
22-1

3-12

12-1/12-6, 15-2

37, 5-5A.7-9, 10-9

3-20, 3-23, 3-24 1

1 Sge Table 5 for project titles. For information on oblaining copies of
research agency reports write to University Microfilms Internatiopal, 300
MNorth Zeeb Road, Ann Arbor, Michigan 43106,

* Apency report s not available through University Microfilms; the re-
port may be obtained from the Publications Office, Transportation Fe-
search Board, 2101 Constitution Avenue NW, Washington, D.C. 20418,
See project write-up for other details,



TABLE ¢

NCHRP RESEARCH RESULTS DIGESTS«

IMNGEST
NO,

__31
6h

11"
14

191
2k
22
25+

ain

a2

391
40t

41+

a2

45
a7h

48
51
53

541

PRORT.
M3,

20-6

20-6

20-h
12-3
20-6
19-1
20-6
206

20-6

2{)-6

49

20-6
20-6

20)-6

20-6

22-2

20-6
20-6

10-9
3-18{2)
22-2
20-6

20-7

TIITE

Relocation Assistance Under Chapter
Five of the 1968 Federal-Aid Highway
AcL

Standing to Sue tor Purposes of Secur-
ing Judicial Review of Cxercise of
Administrative Discretion in Route
Location of Federal-Aid Highways
Vahtation Changes Resulting from In-
fluence of Public Improvements
Wilerprool  Expansion  Joints
Bridges

Advance Acquisition Under the Ted-
cral-Ald Highway Act of 1968
Budgeting for State Highway Depart-
ments

Valuation In Eminent
Affected by Zoning
Federal Environmental Legislation ancd
Regulations as Affecting Highways
Proposed  Legistation to  Authonze
Joint  Development  of  Highway
Rights-of-Way

Changes in Existing State Law Re-
yuircd by the Uniform Relocation As-
sistance and Real Property  Acquisi-
tion Policics Act of 1970

Cvaluation of Preformed Elastomeric
Pavement Toint Scaling Systems and
Practices

Legal Effect of Representations as to
Subsurface Conditions

Appeal Bodies for Highway Reloca-
tion Assistance

Trial Strategy and Technigues to IEx-
clude Noncompensable Damages and
Improper Valuation Mcthods in Emi-
nent Domain Cases

Supplemental Condemnation: A Dis-
cussion of the Principles of Excess and
Substitate Condemnation

Evaluation of Breakaway Cable Ter-
minals for Guardrails

Exclusion of Tncrease or Decrease in
Value Coused by Public Improvement
for Which TLands Are Condemined
Trial Sirategy and Techniques Using
the Comparable Sales Approach to
Yaluation

Surface Condition Rating System for
RBituminous Pavements

Tralfic Conirol in Oversaturated Street
Netwarks

Development of a Breakaway Cable
Terminal for Median Barriers

Trial Strategy and Techniques Using
the Income Approach to Valuation
Side-Friction Fuctors in the Design
of Highway Curves (Task 4)

for

Domain  as

DIGEST  PROJ.

NGO NO. TITLE

5% 9.4 Minimizing Premature Cracking in
Asphaitic Concrete Pavement

59 12-15 Clussification of Welded Bridge De-
tails for Fatigue Loading

&0 12-12 Fatigue  of Welded  Steel  Bridge
Members Under Variable-Amplitude
loadings

66 12-15 Nondestructive Methods of Fatigue
Crack Detection in Steel Bridge Mem-
bers

68 20-6 The Meaning of Highway Purpose

72 1-14 Recommiended Meoedification of Super-
clevation Practice for Long-Radius
Curves

74 10-10 Electroslag Weldments in Bridges

75 21-2, Development of Prototvpe Soil Mois-

21-202)  ure Sensors
T6H" 22-3, Field Evaluation of Vehicle Barrier
22-3A Systems

77 20-7 Larth-Berm Vehicle Deflector (Task
3)

78 3-20 Traflic Signal Warrants—A  Bibliog-
raphy

79 20-6 Personal Liability of State Highway
Department Glficers and Employees

g 20-6 Liubtlity of State Highway Depart-
ments for Design. Construction, and
Matntenance Defects

81 22-1A Crash Testing and Evaluation of At-
tenuating Bridge Railing System

82 1-15 Design of Continuously Reinforced
Concrele Pavements for Highways

Kar 20-6 Liability of Statc and Local Govern-
ments for Snow and Ice Control

84 222 Breakaway Cable Terminals for
Guardrails and Median Barricrs

85 12-16 Bridge Deck Repairs

86 =22 Guidelines for Design and Operation
of Ramp Control Systems

B7 3-24 Current Practices in Use of Retro-
reflective Signing Materials

89 1-12¢3)  Guidelines for Skid-Resistint Highway
Puavement Surfaces

94 20-5 Continuing Project to Synthesize In-
formation on Highway Problems

b4 321 Motorist Response to Guide Signing

93 N-11 Impact  Asscssment  Guidelines  for
Eviluating the No-Build Alternative
in Transporiation

94 8-13 Disagpgregale Travel Demand Models

95 20-6 legil  Implications of Regulations
Aimed at Reducing Wet-Weather Skid-
ding Accidents on Highways

96 20-6 Continuing Project on Highway Right-
of-Way and Legal Problems

Lrl 3-23 Guidelines for Uniformity in Traffic
Control Signal Design Conligurations

98 20-7 Safety at Narrow Bridge Sites {Task 7)

Ree Table 8 for project Litles,
depending on guantity.  Single copies are $1.00 each, prepaid

Numbers inissing from (h

¢ series have been superseded hy published reports, Dipests are provided at a nominal cost

R“'ah- 2|]l]l l(]"?inm_i[minﬂ Avenue NW, Washington, [0, 20418 if order is less than §7.50. Mauke reguest to Publications Oftice, Transportation Rescarch
Final pulication. T '




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 4gency:
Principal fnvest.:
Fllective Date:
Completion Date:
Funds:

Highway Research Board
Dr. Paul L. Irick

Muarch 1, 1963

Fehruary 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 behavior. waffic factors. and environmental factors.
Recommendations were made for experimental designs and
requirements for collecting adequate data.

The firal report has been published in two volumes as:

NCHRP Report 2. “An I[ntroduction to Guidelines
for Satellite Studies of Pavement Performance™:

NCHRP Report 2A. “Guidelines for Satellite Stadies
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) LY 64
Guidelines for Extending the Findings of the AASHQ
Road Test—Implementation Phase

Research Ageney:
Principal Invest.
Fflective Date:
Completion Date:
Frunds:

Highway Research Board
Dr. Paul E. Irick

March 1, 1964

August 31, 1965
511,356

In follow-up to the developmentl of NCHRTP Report 24,
the intent of this continuation was to establish means
for advising and assisting the various salellite programs in
the use of the guidelines, technigues, and standards for data
acquisilion, procedures for data processing, and methods
for updating the original guidelines in light of the findings
of other rescarch in Area One.

Inasmuch as the Bureau of PPublic Roads underiook
implementation 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 Canditions
Researclt 4gency:
Principal Invest.:

Purdue University
Prot. E. 1. Yoder
Prof, B. E. Quinn
February 15, 1963
February 28, 1963
529,957

Ffieetive Date:
Comipletion Duate:
Fueneds:

This project was authotized o evaluate the effectiveness
of various objective measurement techniques for obtain-
ing data on road surface propertics for use in the predic-
tion of pavement serviceability ratings. Initially, a com-
parison was made between existing types ol “road-rough-
ness” measuring equipment.  Such devices as the BPR
roughonicter, the AASHO slope profilometer, and the
CHLOE profilometer were involved in the comparison
study.

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

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

Because the initial research resulted in sufficient data to
permit calculation of elevation power spectra, the work
was extended to consider specificailv the problems asso-
ciated with using these spectra as criteria of pavement
condition. The report on the power spectra work was nof
published n the regular NCHRP series, but a summary
was included in the “Summarics of Unpublished Reports,”
Stommary of Progress o June 30, 1967, A paper on this
work was alse published in Highway Rescarch Reeord
No, 189,

A copy of the agency’s inul report may he obtained from
Uhiversity Microfilms International, 300 North Zeeb Road,
Ann Arbor, Michigan 48106,

Project 1-3(1) FY '63 and FY ’64

Factors Influencing Pavement Performance-—

Regional

Purdue University
Prof, K. B. Woods
Prof. E. I. Yoder
Prof. R. D. Miles
Dr. C. W. Lovell, Ir.
February 15, 1963
September 30, 1967
545982

Research Ageney:
Principal fnvest.:

Effective Pate:
Campletion Date:
Funds:

The depree of influence of various factors commonly
assumed to affect pavement performance has not been suit-
ably evaluated 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 clfect of cach factor,
and o 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
oW, Lovell, Ir., and published in the Highway Engineer-
ing Hondbeok, McGraw-Hill, New York (1960). The
highway factors analyvzed by physiographic unit were:
(1) availability of aggregates, (2} soil origin and texture,
t3) higb-volume-change soils. (1) potenttally poor sub-
grade support conditions, and (5} frost-susceptible soils.

The research bhas been completed, and the project report
has been published as;

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

Project 1-3(2) FY 63

Factors Influencing Pavement Performance—Local

Researeh Ageney: Northwestern University
Dr. R. L. Kondner
September 1, 1963
September 30, 1964

S19.850

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

En contrast with other rescarch concerned with organiz-
ing regions into like groupings of sufficient size to permit
the applications of the principles of meteorology, pedology,
and geology to the identification of significant factors
influencing pavement performance, this study was directed
to the establishment 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 experiments were examined, and observed
behavioral frends were expressed mathematically for con-
sideration of the possibility of incorporating performance,
cxpressed in terms of the present serviceability index (PS1),
in flexible paveinent design procedurcs.

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

NCHRP  Report 22, “Tactors
Pavement Performance.”

Influencing Flexible

Praject 1-3(3) FY "64

Factors Influencing Pavement Performance

Research Agency:
[l -

University of California
Dr. H. B. Sced

Prof. C.1.. Monismith
April 1, 1964

October 31, 1965
$19,800

Principal Invest.:

Effective Dute:

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 reaction of the entire pavement sections to these
test conditions. The degree of influence of various factors
commonly assumed to affect pavement performance has
nol heen suitably evaluaied, 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 cxpericnce fatigue cracking under repetitions of
hecavy load, this research was initiated to develop pro-
cedures for predicting pavement deflections on the basis of
the results from controlled repeated-load tests on matcrials
comprising the pavement sections and within the frame-
work of existing laycred system theory.

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

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

Project 1-4(1)  FY '63

Extension of Road Test Performance Concepts

Georgia Institute of Technology
Dr. A. 8. Vesic

[eonard Domaschuk

October 1, 1963

September 30, 1964

$10,000

Research Agener:
Principal Tnvest.:

Effective Date:
Completion Date:
Frndds:

This rescarch involved a ceritical review of existing hy-
potheses and the developmient of new hypotheses of Rexi-
ble pavement performance as related to fundamental prin-
ciples of cngincering 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 clsewhere.,

Rescarch has been completed, and the results have been
publisbed as:

NCHRP Report 10, "Theoretical Analysis of Structural
Rehavior of Road Test Flexible Pavements.”

Project 1-4{1)A FY 64

Extension of Road Test Performance Concepts

Duke University
Dr. A, 8. Vesic
February 1, 1965
September 30, 1966
$19.924

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

This research was concerned with existing theories of
struciural behavior of rigid pavements. Available data on
deflections, stresses. and observed structural failures of




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

The project report has been published as:

NCHRP Report 97, “Analysis of Structural Bebavior
of AASHO Road Test Rigid Pavements.”

Project 1-4(2)  FY '64

Extension of Road Test Performance Concepts

Purdue University
Dr. M. E, Harr
February 1, 1964
January 31, 1966
$12.243

Rescarch Agency:
Principal Invest.;
Effective Dare:
Completion Date:
Fronds:

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 gencral, 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 pursue
this problem, this research study was autherized to examine
existing hypotheses and to develop new hypotheses of
pavement performance as related to fundamental principles
of ¢ngineering mechanics and materials science and, al-
ternately. to test these hypotheses with data from any other
available source,

This research has been compleied, and the project report
has been published as:

NCHRP Report 30, “Lxtension of AASHO Road Test
Performance Concepts.”

Project 1-5 FY '64

Detecting Variations in Load-Carrying Capacity of
Flexible Pavements

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

Cornell Aeronautical Laboratory
Dr. N. M. Isada

Tanuary 15, 1964

July 15, 1965

549,011

A necd exists for an accurate method which will indicate
the relalive load-carrying capacity of pavements when com-
pared with capacities during fall or other seasons so that
restrictions in load limits ¢an be more objectively applied.
It is desirable that such a rncthod be rapid and simple
in operation and noadestructive 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 chanpes
in the elastic properties. The findings have been published
as:

NCHRP Report 21, "Detecting Variations in J.oad-
Cartrying Capacity of Flexible Pavements.”

Project 1-5{(2) FY ’'67

Detecting Seasonal Changes in Load-Carrying
Capabilities of Flexible Pavements

Texas A & M University
Rescarch Foundation

F. 1. Scrivner

W. M. Moore

Seplember 1, 1966

Tune 30, 1968

$49 428

Researeli Ageney:
Principal Invest ..

Effective Date:
Completion Date:
Funds:

Frost, temperature, moisture, and other environmental
factors influence the seasonal changes in strength of flexihle
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 capabilitics of pavements during all sea-
sons of the year. The objectives of this study were to
evaluate methods of mecting this need and to develop
techniques and guidelines for field use of the most promising
procedure. As a result of the evaleation, the Lane-Wells
Dwvnaflect equipment was selected for field evaleation and
recommended for field operation.

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

NCHR/P Report 76, “Detecting Seasonal Chanpes in
Load-Carrying Capabilities of Flexible Pavements.”

Project 1-6

Standard Measurements for Satellite Program—
Measurement Team

FY ‘b4

Texas A & M University
Rescarch Foundation

F. H. Scrivner

March 31, 1964
January 31, 1967
$61.353

Research Agency:

Principal Invest.:
Effective Date:
Campletion Darte:
Funds:

This rescarch related to establishing measurement teams
equipped, staffed. and trained to make common denomina-
tor measurements on the prujects in any proposed satellite
research program and to insure continuity of these measure-
iments during the life of such a program,

The measurement program considered minimal for a
nationwide coordinated satellite program was outlined
in the puidelines preparcd under NCHRYP Project 1-1, but
the guidelines did not specify actual items of test equip-
ment nor describe team personnel requiremenis or pro-
cedures in detail. In addition. it did not attempt to define
the testing program for the measurement teams in terms of
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frequency of visits to individual projects or schedules of
measurements within projects.

Rescarch has heen completed. and the project report has
been publishod as:

NCHRP Report 59, “Stundard Measurements for Satel-
lite Road Test Program.™

Project 1-7 FY '65

Development of Interim Skid-Resistance Require-
ments for Highway Pavement Surfaces

Research Ageney:
Principal fnvest.:
Fiffective Dare:
Completion Pate:
Funds:

The Pennsylvania State University
Prof. W. E. Mever

June 15, 1965

December 15, 1966

$24 815

This study was conductled to satisfy an immediale need
for determining minimum service wvalues of skid resis-
tance. These values are interim in nuature, as much ad-
ditional rescarch on the skid problent is needed. The high
speeds and rapid accelerations and decelerations of modern
vehicles result in pavement surfaces which were once con-
sidered skid reststant hut are now deficient in this respect,
The prohlem lies not only in providing surfaces whi-h
are adeguately skid resistant but also in the development
of slandard measurement cyuipment and procedure. The
specific objectives of this rescarch were to (1) develop a
state-of-knowledge report on skid measurement technigues
und coeflicients for highway pavements, (2} recommend
interim design values and minimum  service values for
skid resistance of wel pavenients in terms of safety and
cconomy for different methods of measurements. and
{3) outiine a long-ranpe program to provide verification or
refinement of the recommended vatues.

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

NCHRP Report 37, “Tentative Skid-Resisiance Require-
menis for Muin Roral Highwavs,”

Project 1-8 FY '65

Factors involved in the Design of Asphalt Pavement
Surfaces

Research Ageaey:
Principal frivest.:
Fffective Date:
Completion Date:
Frnds:

Matcrials Research & Development
. N. Finn

January 1. 1963

February 28, 1966

$23.255

Research i necded to improve the methods currently
being used to desipn both asphalt concrete mixtures and
thicknesses for flexihle pavement surfaces. It is necessary
that design methods take into consideration the many
fuctors that affect surface-course performance and the func-
tion of the surface course 1 performance of the (otal struc-
ture of the pavement. A knowledge of all these interrela-
tionships is necessary to the achicvement 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:
(o appraise the state of knowledge concerning both the
recognition of and accounting for these factors in design:
and to recommend areas in which new test methods and
research are necded if currently used test methods are
inadeyquate to provide the necessary information concern-
ing the fundamental factors.

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

NCHRP Report 39, “Factors Involved in the Design of
Asphaltic Pavement Surfaces.”

Project 1-9
Evaluation of Studded Tires

Researcl Ageney:
Principal Invese.
Effective Date:
Cennpletion Pare:
Fiemdds:

EY 67

Cornell Aeronautical Laboratory
I, R. Haselton

October 1. 1966

June 30, 1967

524,998

This was essentially o state-of-the-art study in which cur-
rentty available data on the performance of studded tires
were evuluated 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 pavernent wear caused by studded tires and for a con-
trolled systematic means for investigating the pavement
wear on a nationwide Dusls.

Rescarch has been completed. and the project report has
been published as:

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

Project 1-10 TY 67 and FY '69
Translating AASHO Road Test Findings—
Basic Properties of Pavernent Components

Materials Rescarch and Development
B. A. Vallerga

F. N. I'inn

Dr. W. R, Hudson

Dr. Keshavan Nair

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

Research Ageney:
Principal fnvest.:

A wealth of useful desien and performance information
resulted from the AASHO Road Test; however, means do
not now cxist for reliably translating this information to
other localities throughout the United States. This research
concentrated on improving the understunding of the sig-
nificant basic properties of pavement systems and com-
ponents amd their relationships o design and perform-
ance, with due regard to Jocality and environment. The



specific objectives of the research were (1} development of
descriptions of significant basic properties of materials used
in road structures, (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 values of the
basic properties. which would be applicable to all locations,
environinents, and traffic loadings.

Project eforts were divided into two major subdivisions:
(13 characterization of materials in terms of stress‘strain
relationships representative of loading and environmental
conditions, and t2) formulation of an operational pave-
ment system model that organizes the over-all influencing
tactors, such ax materials characterization, maintenance re-
quirements. user costs, and economics, within a suitable
framework for flexible pavement design and management,

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

NCHRP Report 139, “Flexible Pavement Design and
Management—Systems Formulation™ and

NCHRP Report 140, “Flexible Pavement Design and
Managemeni—~-Materials Characterization.™

Praoject 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 Ageney:
Principal Invest.:

Fflective 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 imposcd 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 pavement sys-
tems meodel (SAMPS), 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 o be fully implementable.
detuiled deseriptiony for user guides, input forms, and data
feedback storage systems are needed.

The primary objective of this project was the further de-
velopment of the SAMPS program to feld application
stage and its pilot testing in one or more state highway
departments,

Tbe research has been completed and the objective
accomplished. The systems modet (now designated as
SAMPA) has been modified 1o mclude full roadbed cross
sections, variable unit costs with quantity and time, stochas-
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tic variability of some values, environmental roughness, and
a modified structural subsystem. Trial implementation of
the SAMPS program was undertaken in the states of
Florida. Kansas, and Louistuna. An evaluation of the pilot
studies indicates that SAMP6 is an operational computer
program that can be a useful tool in the paveinent design
and munagement process.,

The project report has been published as:

NCHRP Report 160, “Flexible Pavement Design and
Management—Systems  Approach Implementation.”

Project 1-10B 'y 73

Development of Pavement Structural Subsystems

Materials Rescarch and
Development

F. N. Finn

W. S, Smith

February 1, 1974
August 31, 1979
S400.000

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

Pavements are extremely complex physical systems in-
valving the mteraction 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
nust consider all of these influencing factors, plus other
constraints imposed by management.

Methods have been developed and are being implemented
for considering the eflect of the interaction of the numerous
variables during the over-all pavement design and manage-
ment process. One example of an operational pavement
design and management system has bheen developed under
NCHRP Projects 1-10 and 1-10A. To be most useful, a
pavement management system should contain mechanistic
structural subsystems that utilize measured values of the
significant basic or fundamental propertics of the pavemcenti
components and have the capability to predict certain dis-
Lress modes that can be related to the performance of the
pavement.

The primary objective of this project is to develop,
modutarize, and demonstrate implementability of flexible-
type pavement structural subsystems utilizing implemen-
table mechanistic techniques to analyze specific distress
modes in pavement structures for various environmental,
traffic, and construction conditions and having the capa-
bility of being used to evaluate both new pavement struc-
tures and overlays. The analysis techniques are to be bascd
on available information from previous and current re-
scarch. They are cxpeeted to be applicable to all flexible-
type pavements, including those with treated base and sub-
base courses and full-depth bituminous structures. Specific
distress modes to be considered are:

{(a)} Cracking from repetitive traffic loading,

{b) Permanent deformation from repetitive traffic load-
Ing.

(¢) Thermal cracking.
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The imitia] phase of the research has been completed with
the development of two computer programs, one referred
o as PDMAP (Probabilistic Distress Models for Asphalt
Pavements) for fatigue cracking und permanent deforma-
tion, and the second referred to as COLD {Computation
of Low-Temperature Damage) for low-temperature crack-
ing. The programs are capable of predicting the occurrence
of pavement distress bused materiul properties, traflic Toad-
ing, and environmental input datu. They can be used in
pavement management systems, diagnostic investigations,
formulation of design criteria, and preparation of material
and construction specifications.

The essential findings from the initial phase of the proj-
cct have been published 1n a paper, “"Mechanistic Structural
Subsystems for Asphalt Concrete Pavement Design and
Marmapemend.” in Transportation Research Record 602 and
in the Proceedings of the Fourth International Conference
on Structural Design of Pavements,

A verification and implementation phase of the project
15 in progress. The reseurchers are assisting the personnel
of two stute highway agencies doring calibration and imple-
mentation of the PDMAP and COL.D programs.

Project 1-11 'Y 63

Evaluation of AASHO Interim Guides for Design
of Pavement Structures

Mutertals Research and
Development

C.I. Van Til

B. T, McCullough

Oct. 23, [967

Tune 30, 1970

$63,720

Researclt Apeney:
FPrincipad Trvest.:
Effeetive Dutes:

Completion Dares:
frnds:

Aup. T 1970
Apr. 30, 1971
£20.205

In the AASHO Interim Guides for the Design of Flexible
and Rigid Pavement Structures, distribuled in 19620 it was
emphasized that the guides were . . L interim in nalure
and subject lo adjustment based on experience and addi-
tional research.” Since that time, no evaluation has been
made of the expericnce accumulated by the Siate highway
departments as reflected by current design procedures, An
immediate need existed for a review and evaluation of these
procedures for the purposc of updating the guides. Ac-
cordingly. the specific objectives of this research were
{1) to colleet, review, and summarize currcnt State high-
way department pavement design procedures, and (2) to
develop proposed revisions te the AASHQO Interim Guides
for the Design of Pavement Structures based on an evalua-
tion of the results of the first objective.

To achieve the objectives. information on current pave-
ment design procedures was collected from 50 state high-
way departments, the District ol 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 area, For the purpose of providing Siate
highway departments with maximum benefits from the
project, a continuation coniract was exccuted with the

agency with the objective of drafting revised Guides based
on suggested revisions contained in the project report.

Research has been compleled, and the project reports
have been published as:

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

“AASHO Interim Guide for Design of Pavement Struc-
turcs,” published by the American Association of State
Highway and Trunsportation Officials, Washington, 1, C,

Project 1-12 FY 70
Determination of Pavement Friction Coefficients

Required for Driving Tasks

The Franklin Institute
Eugene Farber
August 25, 1969

June 8, 1973
5309.244

Research Ageney:
Principal Invest.:
Effective Dare:
Caompletion Date:
Funds:

Increases in traffic density, vehicle speed, and engine
horsepower contribute to the rise in number and the severity
of highway accidents resulting in thousands of deaths and
billions of dollars in property damage each year. It is
recognized that the highway accident problem s very comn-
plex, involving relationships beiween the higchway, vehicle,
driver, traffic, weather, and other variables. Fxtensive re-
search is needed in all of the various aspects of this prob-
lem,

The ultimate objeclives of research in this problem area,
dealing with the frictional coupling of the vehicle tire and
the pavement surface, were to (1) determine pavement skid
resistance reguirgments, (2) improve the reliability of skid
resistunce measurements, and {33} improve the ahility 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-
quirements for various classes of highways, taking into
consideration such factors as driver and vehicle character-
istics, traffic, weather, and highway pcometry,

Rescarch has been completed and a procedure developed
for determining skid resistance requirements for inter-
seciions and other roadway sites where braking occurs.
Further research is necessary to develop procedures for
determining minimuom  skid resistance requirements for
highway curves and other sites subjected to cornering
NIANCUVETS.

The project report has been published as:

NCHRP Report 154, “Determining Pavement Skid Re-
sistance Requirements at Iantersections and Braking Sites.”

Project 1-12A

Wet-Weather Skidding Accident Reduction at Inter-
sections

FY 74

Ohio Department of Transportation
R. D. Paddock

Research Agency:
Principal Invest.:




Effective Date: July 1, 1975
Completion Date: July 1. 1978
Funds: 5199955

Roadway accidents are known to involve extremely com-
plex interrelationships 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. Because of the magni-
tude of the problem, extensive research in all its aspects has
not only been conducted to date bul also is continuing with
the objective of bringing about still further unprovements
in highway safety.

One area of contimuing rescarch is that of pavement skid
resistance. Although the inhcrent complexitics in this area
have long been recognized, the establishment of universal
tninium pavetnent 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 op actual traffic
necds at cach particular site, Research conducted under
NCHRP Project 1-12 indicates that longitudinal accelera-
tions can be used to predict the relative traffic demand for
tire-pavement interface friction at braking sites. Refine-
ment and field validation of longitudinal acceleration as-
sessinent s needed to provide highway agencies with addi-
tional tools for determining types of corrective actions
necded at high or potentially high accident sites.

This project is directed toward the examination of meth-
ods developed under WCHRP Project 1-12 for determining
vehicular Tongitudinal acceleration forces and to relate
these forces to the incidence of vehicle skidding through
loss of traction at the tire-pavement interface. The over-all
ohjeclive is to provide highway agencies with practical
methods needed for determining where longitudinal accel-
cration demand exceeds available tire-pavement interface
friction. Tt is anticipated that these methods will provide a
basis for relating specific aceeleration demand at particular
sites to other factors such as geometric design features,
driver bchavior, tire frictional paramcters, climate, traffic
and pavement surface characteristics,

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 system (a) by
conducting feld tests wuwsing accelerometers installed in
automobiles or {b} by comparable direct methods.

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

4. Prepare a procedural manual for impiementation of
the system, including dctailed descriptions of the equip-
ment. measurements. analyses, and limitations.,
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Rescarch is in progress. Automated equiprment has been
developed and field tested for the collection and analysis of
vehicle acceleration data at intersections. Dala have been
collected at inlersection sites with histories of both high
and low wet-weather accident rates. Preliminary analysis
Indicates a significant retationship between vehicle accelera-
tion values and wet-weather accident expericnce at inter-
sections, Speed data at intersections may also be related to
vehicle acceleration values and thus be used to predict
wet-weather accident potential at intersections where suit-
able accident data ure not available.

Project 1-12(2) FYy 71

Locked-Wheel Pavement Skid Tester
Correlation and Calibration Techniques

The Pennsylvania State University
Prof. W. E. Meyer

R. R. Hegmon

September 16, 1970

May 15, 1973

$319,000

Research Agency:
Principal Invest.:

Effective Date:
Completion Dute:
Frends:

Increascs in traffic densily, vehicle speed, and cngine
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
year. [t is recognized that the highway accident probletn
is very complex, involving relationships among the high-
wav, vehicle, driver, traflic, weather, and other variables.
Extensive research is neceded in all of the various aspects
of this problem.

Implemeniation 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.

The project report has been published as NCHRP Re-
port 151, “Locked-Wheel Pavement Skid Tester Correla-
tton and Calibration Techniques.”

Project 1-12(3)  FY '72

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

Materials Rescarch & Development
C.J. ¥Van Til

November 1, 1971

September 30, 1975

$261.,955

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

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

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

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

The research has been completed. Fhe essential findings
have becen published as NCHRP Research Results Digest
89. The final report, covering hoth objectives, is in the
cditorial and publication process.

Project 1-13
Effects of Studded Tires on Highway Safety

Research Agency:
Principul Invest.:
Effective Dute:
Completion Date:
Frnds:

FY 72

Calspan Corporation
Kenneth Perchonok
April 19, 1971
August 20, 1974
$208.898

The use of studded tires has been encouraged by claims
for greater highway safely. Many highway and transporta-
tion departments, awarce of accelerated pavement damage
caused by studded tires, have conducted studies designed to
measure the damage and evaluate the associated costs, The
specific objective of this project was to measure, by study
of accidents, accident records. sccident investigations, or
other appropriate means, the clfect of studded tire use on
the incidence and 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 sxposure 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 beforc and after
studded tires were banned in the State. The Michigan
analyses included a comparison of accident rate and Injury
occurrence for autos having studded tires with autos having
snow tires. Various procedures were cmployed to control
and measure driver cflects associated with the type of tire
used. Although all relationships that were developed did
not prove to be stalistically significant (at the 95 percent
level), a slight safely advantage was indicaied 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: University of Michigan

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

February 15, 1972

May 31, 1973

$39.450

Principal Invest.:

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 cbannels, 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 {o cause premature
loss of pavement markings. Quantitative information is
needed on these, and other, stud-related influences on high-
way safety that should be considered in reaching rational
decisions regarding the over-all value 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 safety cflects and to use this synthesis to formulate
a plan for determining the magnitude of these non-winter
safety effects where this information cannot be derived with
assurance from cxisting data,

Project work has been completed and has offered some
insight into the magnitude of the further investigational
work required to quantify the many stud-related influences
on highway safety,

The project report has been published as:

NCHRP Report 176, “Studded Tires and Highway Safety
—Feasibility of Determining Indirect Benefits.”

Project 1-14 FY 73

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

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

University of Michigan
Paul Fancher

October 15, 1972
January 14, 1974
569,968

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

At present, “A Policy on Geometric Design of Rural
Highways" (AASHQ, 1965) treats combinations of vertical
and horjzontal alignment in a general and relatively non-
specific manner. Although a detailed treatment is afforded
to horizontal alignment alone and a similar treatment is
given vertical alignment alone, a significant information gap
cxists on combined zlignments, Because the combined



alignment condition is common, and because certain com-
binations of alignmients have been identified as a probable
causative factor in skidding accidents, the study of these
combinations is most appropriate.

The objective of the research was to develop tentative
guidelines for highway geometrics and pavement surface
characteristics to ensure adequate vehicle control during
anticipated maneuvers on highway seclions containing the
combination of horizontal alignment and upgrade and
downgrade vertical alignment.

Rescarch has been completed with the finding that the
AASHTO design procedures—as described in A4 Policy on
Geometric Desipn of Rural Highwavs, 1965 and A Policy
on Design of Urban Highways and Arterial Streets, 1973 —
provide a practical method for arriving at reasonable geo-
metric designs for sites with combined horizontal curvature
and vertical grade, provided (1) the sclected values of
superelevation are large enough to result in adequate pave-
ment surface drainage and (2) the pavement skid resistance
is suficient for anticipated vehicle maneuvering. However,
misinterpretation of the AASHTO design procedures has
resulted in design and construction of long-radius curves
with inadequate superelevation for surface drainage that
contributes to an extraordinary wet-weather accident rate
at this type of site.

The essential 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 ts in the NCHRP cditorial and pub-
lication process.

Project 1-15 FY 73

Design of Continuously Reinforced Concrete Pave-
ments for Highways

Research Agency:
Principal Invest.:

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

Dr. W. R. Hudson

August 1, 1972

Augusl 31, 1975

$151.870

Effective Date:
Completion Date.
Funds:

Mast of the thousands of miles of CRCP that have heen
built have been perforining 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 affect performance. These
problems pgenerally have appeared to be associated with
irregular 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) spalling transverse cracks, and (4) failure of
the concrete. To overcome these problems and to realize
the total potential from CRCP, design procedures more
precise than the current procedures based on limited and
mcomplete performance data are needed.
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Project work included general condition surveys of
CRCP performance in a large group of states and diag-
nostic studies in several; laboratory studics of the behavior
of model CRCT slabs under repetitive loading; and theo-
retical analysis of CRCP behavior. The research produced
well-defined guidelines for a new CRCP design procedure;
recommendations for certain of the required desipn criteria
and for approaches to the establishment 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 repott has been distributed to the
Program sponsors and other mterested persons. It will not
be published in the regular NCHRP Report series but is
availuble on a loan basis upon request to the NCHRP Pro-
gram Director. Copies may also be obtained from Uni-
versily Microfilms [nternational, 300 North Zeeb Road.
Ann Arbor. Mich, 48106.

Project 1-16 FY 74

Evaluation of Winter-Driving Traction Aids

The Pennsylvania State University
Prof. W. E. Mever

Dr, 1. J. Henry

June 3, 1974

October 31, 1977

$300,000

Research Agency:
Principal Invest.:

Effective Date:
Completion Dare:
Frunds:

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

The objectives of this project were to:

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

(a) Vechicle performance (traction, braking, control).

(b) Pavement surface characteristics (physical proper-

ties of ice and snow).

(¢} Bare-pavement wear.

2. Conduct an experimental program to evaluate the
performance of available winter-driving traction aids on
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ice and snow. using the standardized procedure for evaluat-
iny vehicle performance.

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

4. Prepare an over-all cost-henefit type of ranking for
winter-driving traction aids, singularly and in combinations
where appropriate, considering such faclors as perform-
ance on osnow and ice, pavemenl wear, Coononucs. User
convenicnee, practicality, durability, and reliability,

Rescarch has heen completed. with partial accomplish-
ment of project ohjectives, A set of vehicle performance
lest procedures has been selected for evalualing winter-
driving traction aids. An experimental program to evaluate
the performance of available winter-driving traction aid
types on ice surfaces was conducted on an indoor tee rink.
Testing on snow surfaces was not completed due to fack of
snow and difficulties characterizing snow surfaces. A cost-
effectiveness model for evaluating winter-driving traction
aids has been developed and illustrative examples prepared.
Although an over-all runking of winter-driving traction ards
could not be made due to the limited amoont of data avail-
able, standardized test procedures are described for com-
paring the performance of traciion aids of a similar type.

The project report is in the teview stage,

Project 1-17 Yy 77

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

Dr. Jon AL Epps

November 1. 1976

January 31, 1979

5200000

Rescarch Ageney:

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

State and local agencies responsibie for the construction,
rehabilitation, and maintenance of transportation lacilities
are faced with inflution. reductions in available tunds. re-
ductions of material suppfies. and curtaibment of energy use.
Because of these, an urgent need exists to examine the use
of matertals, energy. and funds m order (o further optimize
their utilization, One approach toward meeting this need
is to reuse or recycle existing pavernent materials for re-
construction and rehabilitation of portland cement concrete
and bituminous pavements,

The over-all objective of this project is to develop real-
istic suidelines for the reeveling of pavement materials for
the rehubilitation and reconstruction of existing pavenients.
It 15 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
I. Cuategory 3.

Task 7.

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

. Exisling pavemient structure and geometry:
a. Conditions indicating feasibility of reeycling,
b. Material resources available in pavements.
Methods for sampling, testing, and c¢valuating re-
cyclable piavement materials.
2. Vurious recycling approaches:
a. Eguipment needs.
b. Environmental effects.
¢. Fnergy requirements,
d. Deonomics.
3. Recycling procedures and processes:
a. Malerial properties requirenients,
b, Material testing procedures,
¢, Additives.
d. Pavement mix design,

Fask 2.

Evaluate the practicubility of the guidelines developed
under Task I

It is intended that this evaluation be accomplished by
analyzing and interpreting information from ongoing pave-
ment recycling projects not only concurrently with the de-
velopment of the guidelines but alko near the completion of
the project.

Rescarch 13 in progress. Task | of the study has been
completed with the preparation of guidelines lor recyeling
pavcment materials. A laboratory progrum to evaluate the
guidelines is being developed.

Project 1-18 Y 77

Calibration and Correlation of Response-Type Road
Roughness Measuring Systems

University of Michigan
Dr. T. D. Gillespic
October 1, 1977

July 1. 1980

230,000

Research Ageney:
Principal fnvest.:
Effective Date:
Completion Date:
Funds:

Respopse-type road roughness mewasuring systems  are
used by muany state highway and transportation apgencies to
perform road roughness surveys. Although several differ-
ent types ol systems are used, most are of the type that
accumulate the displacement measurement between  the
rear axle housing and the body of the measuring automo-
bile. The main advantuages of these response-type systems
are their relatively low cost, simplicity ol operation, and
high measuring speed. One of their disadvantages is the
difficulty in correlation between similar and dissimilar sys-
temis: anather s their susceptibility to changes that affect
their time stability, Most users attempt to minimize the
effect of these changes by periodic calibration.

Presently used calibration procedures normally consist of
driving the measuring system over roads that have previ-
ously been accepted as reference surfaces. The measure-
ments oblained are then compared to the roughness values
of the refercnce surfaces. Based on these comparisons, a
relationship is obtained which can be applicd 10 measure-




ments on other roads, Lhere are two problems with this
calibration method: (13 the roughness values of the ref-
erence surfaces are difficull to determine, and (2} once
delermined. the values change with scason, age. and use.

There is a need for alternative methods for calibration of
response-lype roughness measuring systems, Some methods
that have been sugpested are:

1. The use of a profile measuring syslem as a reference.
This method of calibration is feasible il a reference nstru-
ment, such as GMR profilometer, is available, or could be
made available to all agencies. However. it would be neces-
sary to have some means of checking the reference instru-
ment o ensire that it had notl deviated from the original
calibration.

2. The uxe of a “shaker-type™ device that would be pro-
grammed to reproduce toad profile inputs of varving de-
grees of roughness. These inputs would be used as stan-
dards and would be independent of seasonal variations and
changes duc to deterioration of the roadway surface. It is
necessary that this system would be acceptable to the
patential users at reasonable cost.

3. An cnhancenment 10 the present method by establish-
ment of a number of sites wherte agencies could bring their
systems for processing through a series of runs on specially
constructed standard reference surfaces. Ruescarch would be
needed to determine how and in what way standard sur-
faces could be built and maintained to ensurc nonvarying
roughness characteristics,

The objective of this research is the devclopment and
verification of relatively tapid and inexpensive methods
(prowedures and development or adaptation of associated
equipment ) Tor the calibraton and correlation of response-
type roughness measuring systems used for measuring the
roughness of pavements. ITmplementation of the procedures
should result in definable accuracy and consistency of mea-
surements over time, under varying conditions, and between
different road sections.

It is anticipated that this objective will be accomplished
by the conduct of the following tasks, listed in order of
priority:

1. Evaluate the time stability of various response-type
pavement roughness mwcasuring systems in relation to a
selected reference or standard.

2. Develop methods for calibration of response-type
roughness measuring systems in relation to a sclected ref-
erence or standard.

3. Develop procedures for eslablishing correlations be-
tween similar response-type roughness measuring systems.

4. Develop procedures for establishing correlations be-
tween dissimilar response-type roughness measuring systems,

5. Demonstrate the practicality of using pavement rough-
ness data from various properly calibraled response-type
roughness measuring systems in the determination of pave-
nient serviceability.

Rescarch has bepun with development of a detailed work
plan und identification of pavement roughness measurcment
cquipment currently in use.
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Project 1-19 'y '74

Development of a System for Nationwide Evaluation
of Portland Cement Concrete Pavements

Research Ageney:
Principal Invest.:
Eflective Date:
Completion Date:
Funds:

University of Tllinois
13r. M. 1. Darter
January 23, 1978
January 22, 1980
$125.000

Although the great myjority of portland cement concrete
{PCC} pavements in the Uniled States are providing satis-
factory performance, there is sulficient mileage of pre-
maturely distressed pavement to necessitate a systematic
approach to defining the causes and remedies of this dis-
tress. Many changes have been, and continue to be, made
in the design and construction of PCC pavements. Tt is
helieved to be highly important to determine the effects of
these changes in order o avoid the possibility of construct-
ing additional miles of pavement that might fail pre-
maturely, Tt is also believed that in many respects the
pavements presently in service constitule a dependable
source of information on which to base future improve-
ments in design and construction. Considering the mileage
of PCC pavemenl built cach year, any deficiency in their
design and construction can result in continuing mainte-
nance problents of significant proportions.

A pencral evaluation of the performance of existing PCC
pavements should provide guidance for design and con-
struction in the future and develop information wseful in
planning rehabilitation of these pavements.

‘The ultimate objective of research in this problem area
is improvement of performunce of PCC pavements bused
an evaluation of existing pavements. The analysis of data
from in-service pavemnents should result in identification of
design and construction features that are cssential fo satis-
factory long-term performance of PCC pavements and
should provide information useful in ptanning their re-
hahilitation,

Recognizing that a nationwide survey and evaluation of
the performance of all existing PCC pavements. or of those
on the Interstate System alone. is beyond the realistic scope
of this project, the objectives of this project are (a) the
development of a system for collection and analysis of
infermation relevant to the performance of PCC pavements
and the cvaluution of the nuture, extent, and cause of dis-
tress in such pavements and (b) demonstration of the
system. The systemi could be used in conjunction with pave-
ment managenent systems for continued collection and
analysis of information and identification of mecthods for
further improvements in the performance of PCC pave-
ments.

Accomplishment of the project objectives will require
completion of the following tasks:

1. Develop a practical system for continuous evaluation
of the performance of PCC pavements. 'The system that is
developed should:

fa) Be capable of considering all physical factors that

conld affect PCC pavement performance, including
structural design and compoenents, environmental
conditions, and traflic loadings.
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(b} Be capable of considering distress in relation to such
factors as drainage conditions, subgrade, subbase,
design Teatures, materials, construction methods.
age, and maintenance activities.,

{c} Be suitable for collection and analysis of informa-
tion on an individual state basis and on a nation-
wide hasis so that it can be used for the planning,
design, and formulation of maintenance and re-
habilitation strategies.

{d} Permit correlations between such factors as design
features. environment, traffic, pavement perfor-
mance, and distress.

{e) Provide a framnework lor implementation.

2. Demonstrate the system developed under Task 1. This
task will consist of applyving and refining the system de-
veloped under Task | to the survey and evaluation of
jointed PCC pavements repsesenting a range of service-
ability, climates, and regions of the country,

AREA 2:
Project 2-1

ECONOMICS
FY 63 and FY 64

Criteria for Highway Benefit Analysis

University of Washington
Prof. R, ;. Hennes

Jung 1, 1963

Novembher 30, 1967
$101.948

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

This project provided estimates of the relevance of
dilferent tvpes of henefit and cost data to decisions in
highway location, Basic guides Tor prioritics, guldelines 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. FEconomics, and Soci-
ology of the University of Washingion.

The fimal report will not be published in the NCHRP
report series; however, a summary is included in NCHRP
Sunvnary of Progress Through June 30, 1968,

A copy of the agency’s linal report may be obtained from
University Microfilms International, 300 North Zeeh Road,
Ann Arhor, Michigan 48106.

Project 2-2 FY '63

Guidelines for the Determination of Community
Consequences

Research Agency: University of Washington

Principal Invest.: Prof. Edgar M, Horwood

Effective Date: July I, 1963
Caompletion Date: Aupust 31, 1964
Frenels: 43,873

This project was concerned with identifying and predict-
ing community conseguences arising from highway im-

provements. It was designed to seek out both favorable and
unfavorable conscquences and involved evaluation of exist-
ing economic impact studies, developing of guidelines for
highway agencics to follow in these studies. and the outlin-
ing of urgent 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 teport 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 research has been completed, and the results have
been published as:

NCHRP Report 18, “Community Consequences of High-
way Improvement.”

Project 2-3 FY *63 and FY "64

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

Cornefl Aeronautical Laboratory
I>r. ], K. Kihlberg

june 1, 1963

August 31, 1966

5155972

Research Agency:
Principal Invest..
Eflective Date:
Cuompletion Date:
Funds:

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

Phase 1 was accomplished with highway and accident
data from California, Louisiana, and Ohio. The highway
data were the highway networks divided into a muliitude
of short segments, each of known length, each with a
known ADT, and cach homogencous with respect to num-
ber of lancs, access control, and median. Data of the ac-
cidents that had occurred on a particular highway scgment
were alflixed 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 each
State was subdivided into scgments. each 0.3 mile long,
cach with known ADT, each homogeneous with respect to
number of lanes, access control, and median, and each con-
taining known geometric elements {curvalure, gradient,
interseclions, and structures). As in Phase 1, accidents
werc affixed to the highway scgments at the site of oc-
currence. Proper grouping allowed calculation of accident
and severity rates (within cach State) for the various geo-
metric ¢lements.

The project report has been published as:

NCHRP Report 47, “Accident Rafes as Related to Design
Elcments 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

August 31, 1966

ST7.100

Research Agency.

Principal Invest.:
Effective Date:
Conpletion Date:
Funds:

Various picthods that have heen proposed to evaluate
time savings accruing to highway vehicles are reviewed in
this report, and two sclected models were used 1o analyze
[nterstate Commerce Commission data on commercial
highway carriage for the year 1962, Values of time saving
in dollars per hour were derived for nine geographical
regions as designated by the Interstute Commerce Com-
mission for cargo vehicles and for intercity huses. Detailed
methodology of the cost-savings model is presented so that
other researchers can make similar estimates under known
local conditioms. Alse. an updating technigue has been
developed. and the 1962 costs were projected (o 1965 utiliz-
ing equipment costs and driver wages and benefit indexes
to develop multipliers. The assumptions of this technique
and the limitations of applving 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 TY '64

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

Research Agency: fhe Catholic University of America
Dr. Paul I. Claffey
June 1, 1963

Aug. 31,1964

$49.998

Principal Invest.:
Effecrive Date:
Completion Date:
Funds:

June 1. 1965
Dee. 31, 1966
§31.265

In this project. the motor vehicle running costs were
developed for use in evaluating user costs related to pro-
posed highway improvements and traffic regulations. These
cosls were determined [rom actual vehicle field tests as
welt as {rom the available lileraiure.

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

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

‘This report relates the fuel consumption cost of a typical
passenger vchicle 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 studics
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 research, fuel and time con-

33

sumption data were collected fot a second passenger vehi-
cle, a transit bus. a tractor semitrailer, a single-unit truck,
and a diesel truck. A special fucl meter for measuring the
fuel consumption of diesel trucks was developed.

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

NCHRP Report L11, “Runmning Costs ef Motor Vehicles
as Alfected by Road Design and Traffic.”

Project 2-5A FY 65 and TY 67

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

Research Ageney: Paul J. Clatfev and Associates
Dr. Paul J. ClatTey
Julv 1. 1967

Dee. 3101968

$35.000

Principal Invest.:
Eftective Dare:
Completion Date:
Frnds:

Aug. 11,1969
Aug. 10, 1970
530.665

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
gradient. roud surface. speed-change frequency. and traffic
volumes have on the running costs of passenger 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 depreciation, tire wear.
and accidents. Condensed graphs of the findings of the
fuel consumption and tire wear studies are presented. Each
is designed lo provide fuel and tire wear cost for various
combinations of road design elements and speed-change
conditions for u given running speed. Also included are
families of curves of fucl 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
10 travel distance. topether with average oil consumption
rates for operation on dust-free pavements in {ree-Aowing
traffic, on dusty roads in free-flowing traffic, and on high-
type pavements under restrictive traffic conditions. Several
appendices detail a comparative analysis of Tuel consump-
tion of dicsel and gasoline trucks, determination of the
excess fuel consumed by passenger car passing mancuvers.
an invesligation of devices for the measurement of tire
wear, developmeni of equipment for the measurement of
vehicle fuel consumption, and an annotated 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 Traflie.”
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Project 2-6 FY "63 and FY "64

Warranted Levels of Improvement for
Local Rural Roads

Stanford Unjversity
Prof. C. H. Ogleshy
Tune 1, 1963
September 30, 1966
$40.000

Rescarch Ageney:
Principal Invesi.:
Eflective Date:
Completion Date:
Funds:

This project was concerned 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 wuser benefits were
weighed against cost. Economic and social consequences
to local residents, businesses. and communities were studied
also and related to the proposed rural toad improvements,
Operating costs on two-lane roads of various widlths 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 traflic volumes of 400 vehicles per day or less.

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

NCHRP Repori 63. “Economics of Design Standards for
Low-¥olume Ruril Roeads.”

Project 2-7 FY "64 and FY "65

Road User Costs in Urban Areas

The Catholic University of America
Dr. Paul J. Ciafley

February 1, 1964

May 31, 1966

599 376

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

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

The final report contains information on fuel and time
consumption rates of a passenger 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 molor vehicle accident costs and oil and mainte-
nance costs which can be attributed to urban driving con-
ditions. Tire wear data were collected for freeway and
urban arterial comparisons.

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

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

Project 2-8 FY 64

Estimation and Evaluation of Diverted and
Generated (Induced) Traffic

Research Agency:
Principal frnvest.:
Fffective Date:
Campletion Date:
Frnds:

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

August 31, 1966
540,000

Traflic volumes on new or improved highway facilities
are found to increase more than can be attributed to nor-
mal growth of existing traffic. This extraordinary traffic
increase is composed of (wo components, diverted and
gencraled. In making analyses of highway itnprovement
consequences, such diverted and generated traffic must be
taken into account. At the present time, sufficient informa-
tion is not available concerning characteristics of this type
ol traffic.

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

A copy of the agency’s final report may be obtained from
University Microfilms International, 300 North Zeeb Road,
Ann Arbor, Michizan 48106,

Project 2-9 FY '66
Effect of Highway Landscape Development on
Nearby Property

The Franklin Institute
Joel N. Bloom
November 8. 1965
January 31, [968
$149.103

Resvarch Agency:
Principal Invest.:
Effective Dare:
Completion Dute:
Frnds:

The inlent of this research is to study how highway
landscape development affects nearby property on a nation-
wide basis, This study determines the comparalive effccts
of ditferent basie tvpes of landscape treatments in regard to
property values. land use compatibility, and general accept-
ability. Factors relative 1o the problem include geometric
design as well as plantings, fencing, slope blending, and
screening applications.

A pilot study was conducted in the Phifadelphia area to
test the rescarch techniques. Measurements of headlight
annoyvance, noise, vibration, air pollution, and concealment
were made and correlated to the highway design and land-
scape treatment, property valualion, and attitude data oh-
tained from household interviews. Field studies have con-
tinved in New York, Connecticut, Pennsylvania, Maryland,
Ohio, and California. Statistical tests were conducted to
determine if an economic eflect could be determined. Re-
gression analyses were made to illustrate the effects that
landscapes and landforms have on noise level reduction.
Correlation analyses were made to show the relations
among Jandform. landscape. disturbance, interview data,
and the value of propertics adjacent to highways.




The teport will assist highway cngineers and landscape
archilects in devcloping designs that will reduce highway
noisc levels to an acceptable range for adjacent residents.
The rescarch results have been published as:

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

Project 2-10 FY "a7

Future Needs for QOversize-Overweight Permit
Operation on State Highways

Roy Jorgensen and Associates
Ralph D. Johnson

Research Agency:
Principal fnvest.:

Fffective Date: November [, 1966
Completion Pate: April 30, 1968
Frurds: $99.655

The purpose of this study was to evaluate the extent of
current and future activities of oversizc-overweight vehicles
in relation to 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 Stale 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 stalistical analyses, This amounted to a sample of
60,139 permits, which represents an estimated 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 moveinents made during
the summer of 1967. The Mobile Hoine Manufacturers’
Association provided stalistics on shipments, and the De-
fense Department contributed data on their special move-
ments.

Detailed analysis was conducted using automatic data
processing statistical programs. Future trends in industries
reliant upon permits for movement of certain commodi-
ties were projected to 1975. The research results have
been published as:

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

Project 2-11 FY '67

Summary and Evaluation of Economic Consequences
of Highway Improvements

Highway Research Board

Robley Winfrey

Research Agency:
Principal Invest.:

Effective Date: January 1, 1967
Completion Date! July 31, 1970
Frunds: 5110000

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
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used directly by engincers, cconomists, and others who
wish to make highway cconomic studies.

The research was conducted in four phascs: (a) to
present the background and principles of engincering econ-
omy and economic analysis; {b) to present the findings
of Projects 2-1 to 2-9, together with supplemcntary data
from other sources, in an organized Torm for usc in benefit-
cost studics and other economic analyses; (¢} to identify
gaps in the information available and necded research to
fill these gaps: and (d) to make an introductory study of
probable future trends in the technology of economic
amalysis,

The project report has been published as:

NCHRP Report 122, “Summary and Evaluation of Eco-
nomic Consequences of Highway Improvements.”

Project 2-12 FY "73 and FY 77

Highway User Economic Analysis

Stanford Research Institute
D. G. Anderscn

Research Agency:
Principal Invest.:

Eflective Dare: Apr. 1, 1974 Oct. 11,1976
Completion Date: Oct. 31, 1975 May 31, 1977
Frnds: $90.074 $9.995

There is continuing necd for simple and practical meth-
ods for analyses of highway improvements based on costs
and benefits to road users. Such analyses can provide eco-
nomic factors bearing on the choice between alternative
locations or designs for highway improvement projects.
These cost and benefit analyses are needed, together with
other major factors {social and cnvironmental effects, fund-
ing programs. etc.} to arrive at project decisions for a given
scction of highway.

The 1960 AASHO “Inlormational 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,
casy-to-use method for carrying out economic analyscs on
highway alternatives by those having only basic knowledge
of principles of cconomics. The objective of this research
was to employ, to the best possible extent. current empirical
data on highway user benefits and costs {such as from
NCHRP Rcport 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
methodology based on sound economic theory and suitable
for immediate, direct application. The methodology pro-
vides a means of evaluating public transit opcrating on
public highways. This evaluation allows comparisons bc-
tween transit operation and additional highway improve-
ments. Further, proccdures were developed that provide
the user with a means for periodic updating of the numeri-
cal factors and cost coeflicients 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 read user bencfits and costs only.

The final report has been accepted by AASHTO and will
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be published as a replucement for their 1960 publication.
Loan copics of the agency 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 Acronautical Laboratory
Jaime F, Torres
Feh. [5, 1963
Feh, 29, 1964
578,965

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

Julyv 2. 1964
Feb. 2¥. 1966
£79.913

This research project provided an invesligation into
the application of c¢riterin based on travel time, driver
comfort, safety, and vehicle running costs, The lincar
combination of these factors weighted by an appropriate
set of cost coclficients quantified the operational per-
formance. A procedure was studied which would pro-
vide estimates of the four components based on mea-
surements of traflic volume and an inventory of roadway
characteristics. Travel time. volume, and roadway inven-
tory data were collected from several cities and analyred.
Estimating relationships were derived for many classes
of urbun arterials. whereby travel time can be oblained
from the measurement of volume and a knowledge of the
strect characteristics. A survey vehicle was equipped to
monitor skin resistance, heuart pulse. and respiration of two
subjects in traffic while steering, brake, throttle, and speed
were heing recorded to study driver comfort. Accident data
in the Buffalo areu were anaivzed and related to the safety
factor, und vehicle running costs were estimated through
the use of speed distributions for a sample of streets,

The final report was not published in the NCHRP report
series: however, o summary of the report is available in
Highway Research Record No. 24 and also in the NCHRP
Sumimary of Progress 1o Tune 30, 7967,

A copy of the agency’s final report may be oblained from
University Microliling international, 300 North Zech Road,
Ann Arhor, Michigan 48106,

Project 3-2 FY "63 and FY '64

Surveillance Methods and Ways and Means of
Communicating with Drivers

Cornell Acronautical Laboratary
Morton I. Weinberg

February 15, 1963

April 30, 1966

$246.756

Researcl Ageney.:
Principal frvest.:
Iflective Date:
Completion Puate:
Frsds:

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
Stales to further its 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
airbarne observer for traffic control. It has been published
as:

NCHRP Report 9, “Traffic Surveillance and Means of
Communicating with Drivers.”

In the second phase of the project. the rescarchers devel-
oped the mathematical logic to predict the effects from
unexpected blockages on « freeway and validated the model
on the John C. Lodge Freeway in Detroit.  Also included
was an evaluation of an airborne surveillance and control
svstem. The results of this phase have been published as:

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

In the thied phase of the project, a computer-controlled
signal system for a typical urbun complex was synthesized,
including control logic and eguipment requirements. The
rcsults of this phase huve 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 Treilerer
February 15, 1963
November 3. 1965
$163.190

Research dgeney:
Principal Invest.:

Fflective Date:
Completion Date:
Funds:

This project involved establishment of the operating
requirements of a communication system desipned to enable
better communications between vehicles on expressway-
tvpe facilitics.

Evaluation and comparative examinations of four inter-
vehicolar communication systems were completed. These
involved both night and day study of car-following for no
signal display, for the conventional brake light, for the tri-
light systern 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 mnade. Taxonomies of func-
tional groupings of conceptual rear-end visual display
componenils 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, Ficld 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 Aow.
Model development studies were made to guantitatively
evaluate possible improvements which may hc obtained
through improved communication between vehicles,



The final report has been published as.
NCHRP Report 51, “Sensing and Communication Be-
tween VYehicles,”

Project 3-4 FY '63, FY "64, and FY 66

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

Airborne Instruments Laboratory
Fred Pogust
March 1, 1963
March 31, 1965
378517

Research Agency!
Principal fnvest.:
Etlective Date:
Completion Date:
Funds:

July 1, 1965
Dec. 13, 1966
549,474

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

An interim report has been published as:

NCHRP Report 6, “Mecans of Iocating and Com-
municating with Disabled Vehicles.™”

Following the comprehensive review of the nature, cx-
tent. and characteristics of the stopped-vehicle probiem
conducted during the first vear of rescarch, the researchers
continued to investigate the feasibility of a detector system.
A roadside vehicle detector sysiem 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 infrured-emitting
diodes, A prototype systerm was built, tested, and demon-
strated to the project panel.

The final report has been published as:

NCHRP Report 40. “Means of locating Disabled or
Stapped Vehicles.”

Project 3-5 FY '3, FY '6d, FY '66. and FY "69

Improved Criteria for Designing and Timing
Traffic Signal Systems

Planning Research Corp.
. A. Wagner, Ir.

371763 7/0/66
12/31/65 7/31 67
$123,030 $48,155

Rescarch Agency:
Principal fhvest.:
Effective Date:
Completion Date:
Funds:

871768
12/31/69
393,717

‘The over-all objective of the rescarch was to determine
the most cfficient method of timing traffic signals for ise-
lated intersections, arterial highways—ead-grd-petworks 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
been published as:

NCHRP Repori 3, “Improved Criteria for Traffic Signals
at Individual Intersections—Interim Report,” and
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NCHRP Report 32, “Improved Criteria for Traffic Sig-
nals at Individua! Intersections.™

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

NCHRP Report 73. “Improved Criteria for Designing
and Timing Traffic Signal Systems—Urban Artterials.”

The ohjective of the third phase was to simulate and field
test promising signal-control logic that will produce int-
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 Josc
computerized traflic signal network contained 46 signalized
intersections. and the Los Angeles network contained 26
signalized intersections, The following signal-timing meth-
ods were evatuated using simulation technigues and through
actual field tests: (13 existing control: (23 Delay-Diflerence
Method, Preferred Arterials Plan: (3) Delay-Diflerence
Method, Volume Priority Plan: (4) Delay-Difference
Method, Mixed Cyele Plan: (5) SIGOP Plan: (6) Com-
hination Method Plan.

The hnal report has been published as:

NCHRP Report 124, “Improved Criteria for Traflic Sig-
nul Systems in Urban Networks.”

Project 3-6 FY "63. FY 64, and FY "66

Effect of Regulatory Devices on Intersectional
Capacity and Operation

Research Agency:

Principal fnvest.:

Fifective Date:

Completion Dute:

De Leuw, Cather & Company
Ronald Ptefer

April 1. 1963

August 15, 1966

Frnds: $153.173

The purpose of this research was to identify the effect
of specified traffic regulatory devices on intersection capac-
ity and operations and on syslems of traffic facilities. The
cilects of stop und vield signs were investigated as they apply
to capacily. traffic operations, safety, driver acceptance, and
the (raltic operations of the arca ol influence.

The initial phase of research has been published as:

NCHRP Report 11, “Eifect of Control Devices on Traffic
Operation.”

The report examines cofficient methods of intersection
stidy and derives some preliminary relatjionships concern-
ing the operations of intersections with yIELD and two-way
sToP control and their street system effects,

During the sccond phase of research, field data were
collected at sTop- and Y/ELb-sign locations in the arcas of
Chicago. San Francisco, New York, and Toronto. Anal-
yses were made Lo select criteria for intersection controls
and develop a method for applying them. [rograms and
procedures were developed to integrate and anafyze the
field datu collected during the first phase. Detailed traffic-
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control-devices questionnaires were analyzed from Statcs,
cities, and counties throughout the country.

The finad report has been published as;

NCHRP Report 41, “Eflect of Control Devices on Traffic
Operations.”

Project 3-7 FY "G4, "65, "67, '71, and '73
Establishment of Standards for Highway Noise Levels

Bolt Beranek and Newman
Andrew Kugler

Research Agency:
Principal Invest:

Effective Date: 20164 W 14568 441/7) 91,72
Completion Pate: 430767 1715570 6730772 11730074
Funds: F144920 $60.930  §49.927  $316.041

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

The Phase T rescarch involved the selection of the most
appropriate means and units for measuring and evaluating
highway noise, Hs results have been pubtished as:

NCHRP Report 78, “Highway WNoise-Measurement,
Stmulation, and Mixed Reactions.”

The Phase 11 research objective was to prepare a high-
way design noise manual for the practicing highway cngi-
neer. In addition, a magnetic tape recording was produced
to demonstrate basic elements of highway noise and to pre-
sent examples illustrating changes in traffic noise. Loan
copies of the tape recording are available on request to the
NCHRP Program Director.

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

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

The objective of the Phase 111 research was to conduct 2
thorough measurement program on various noise reduc-
tion treatments under a variety of traffic and environ-
mental conditions. This research developed a tie between
fiefd data and analytic approaches so that the performance
of noise reduction trealments may be more accurately
predicted.

The resulis of the Phase 1T rescarch have heen published
as:

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

The Phase BV research started on September [, 1972,
with the following objectives: to summarize the present
statc-of-the-art for controlling the noise-producing proper-
ties of the individual mechanical components of motor
vehicles that lead to the composite noise produced by motor
vechicles on highways: to assess the technological and eco-
nomic feasibility of reduction of traffic noise that will en-
able highbway officials to seek federal and local legislation
that might redistribute the burden of noise control; and

to improve procedures for highway noise control that will
allow the designer to more realistically assess the highway
noise problem,

The research has been completed. Final report materials
include a computer program for usc with the design guide
and a 17-min color film entitled “Quiet Highway Design.”
The film is available on a loan basis. and copies of the
computer program can be supplied upon request to the
Program Director. The fimal 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 Desizn Guide
for Prediction and Control.”

A report on a study task on time-varying highway noisc
criteria was not published but was summarized in NCHRP
Summary of Progress Through I976. A copy of the study
task report may be obtained from University Microfilms
International. 300 North Zechb Road, Ann Arbor, Michigan
45106.

Project 3-8 FY ’64 and FY '65

Factors Influencing Safety at Highway-Rail
Grade Crossings

Alan M. Voorhees & Associales
David W. Schoppert
1Jan W. Hoyt

Research Apency:
PFrincipal hvest.:

Effective Date: Dec. 1. 1963 Apr. 1, 1965
Completion Date: Dce. 31, 1964 Jan. 6. 1867
Frinds: S17,171 574,250

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

The initial research reviewed previous work in this area
and developed a mathematical medel [or predicting acci-
dents, and this was tested with accident data obtained from
Minneseta. Oregon, and Virginia. A warrant was developed
bused on the cost of providing pretective devices and the
cost of possible accident savings.

Later work invelved the development and testing of
improved grade-crossing protective devices, and several
experimental devices were studied by the agency. A human
factors study was completed. Several important sources of
data were found that lacilitated the rescarch 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 years of data at 617 crossings, and data acquired from
the Ohio Department of Highwavs included all accidents
occurring at 1,000 rural grade crossings. Trom the Inter-
state Commerce Commission. the investigators obtained
more than 15,000 grade-crossing accident reports spanning
a five-year period.

The project report has been published as:

NCHRP Reporr 50, “Factors Influencing Safety al High-
way-Rail Grade Crossings.”



Project 3-9  FY ‘66

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

Roy Jorpensen and Associates

Karl Moskowitz

October 15, 1966

January L4, 1968
$23,760

Research Agency:
Frincipad Invest.:
Effective Dute:
Completion Date:
Funds:

The purpose of this study was to review the results of
NCHRP Projects 3-2, 3-3, and 3-4, topether with the accom-
plishments of other recently completed research 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 rescarch efforts to be conducted in this area.

The investigators visited other researchers 1o collect prog-
ress reporis and unpublished informnation. On-site obser-
vations were made on the major freeway surveillance
and control facilities currently in operation.

The project report has been published as:

NCHRP Report 84, “Analysis and Projection of Re-

search on Traffic Surveillance, Communication, and
Control.”
Project 3-10 FY ‘66

Application of Vehicle Operating Characteristics to
Geometric Design and Traffic Operations

Cornell Aeronautical Laboratory
Morton 1. Weinberg

1>r, Kenneth J. Tharp

January 1, 1966

March 10, 1567

541,520

Research A gency:?
Principal Invest.:

Eflective Duate:
Completion Date:
Frinds:

This research was directed at identifying the molor ve-
hicle characteristics that are refated to highway geometric
design and traffic control operations. The objective was 1o
determine the relationships between the vehicle and its
operating environment. Vehicle characteristics were re-
viewed: where appropriate, highway design cirteria were
suggested.

Elements of gcomelric design and tralfic operations pre-
sented in the basic design and policy manuals were
analyzed 1o determine how vehicle characteristics are being
utilized. A rational approach was made to determine,
cxpand, or modify the existing criteria. The results of the
review revealed those vehicle characteristics which should
be 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 Rcport 68, “Application of Vehicle Operating
Characteristics to Geometric Design and Traffic Condi-
tions,”
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Project 3-11 FY 67
Optimizing Street Operations Through Traffic
Regulations and Control

Peat, Marwick, Mitchell & Co.
James H. Kell

September 1, 1966

Septemher 30, 1968

$258.331

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

This research was directed to applying the best traffic
regulation and control techniques to an arca of typical
urban streets and evaluating results. Innovations that may
be expected to improve operational efficiency were cx-
plored, The citics of Sunnyvale and Redwooed, Calif., were
sclected as the cooperating demonstration test cities. The
rescarch emphasis was placed on a quantified evaluation of
the effect of traffic regulation and control techniques on
the central business districts of these cities.

A base-condition traffic operations profile was estab-
lished for each city and used for subsequent comparisons
as changes in traffic repulations and control were imple-
mented and evaluated through a series of test stages. Opera-
tional techniques ranging from relatively simple. but effec-
tive, signal timing to extensive left-turn prohibitions and
onc-way operations, were cvalualed. Angle parking, no-
stopping towaway, and unbalanced fraffic Aow were also
evaluated throughout an area of urban streets. Average
spceds, stops, dclays, and a variety of other measures
were used to determine the refative magnitude of opera-
tional efficiency on an areawide basis. Business perform-
ance, public acccptance, and driver observance were also
measured for each combination of traffic improvement
lechniques.

As this tesearch study included the significant areas of
business performance and public opinion, greater insight
was gained into the political feasibility of u proposed traffic
change. The study findings substantiated the theory that
no major traffic improvement plan can be implemented,
regardless of the cxtent to which it may serve the public
interest, unless it meets with the support of the general
public, especially that of the busincss community.

The final report has been published as:

NCHRP Report 110, “Optimizing Street 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

Resedarch Ageney: Airborne Instruments [aboratory

Principal Invest.: M. AL G.F. G:F.
Warskow King King
Effective Date: 10/1/66 4/1/68 3/29/1
Completion Date: 12/31/67 12/1/69 12/11/72
Funds: 5198.655 100,500  $99,821

The ohjective of the over-all research problem was the
development of a well-defined information system for the
highway user. The system represents all conditions with
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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
hicrarchy. [t was found that a demanding priority (pri-
macy) exists Iin satisfving 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 requirements. In addition,
current sign use was investigated, particelarly the night
legibility problem, to determine problem areas in sign ap-
plication criteria. Mathemutical analyses were presented on
the probubility of sign blockase by trucks and the effect
of lateral displaceinent 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- und second-phase rescarch has been completed.
and the project report has been puhlished as:

NCHRP Report 123, “Information Regquirements and
Transmission Techniques for Highway Users.”

Although engineers have certain cstablished concepts and
standards regarding highway guide signing, additional re-
scarch, identified as Phase I of this project, was con-
ducted 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 areas and included
inner-city signing, beltway signing, and junction signing
lor arterial routes and frecways.

The final report was not published in the NCHRP report
series: however, a sumntary was included in NCIHRP Swum-
mary of Progress Through 1973,

A copy of the agency’s linal report may be obtained from
LUniversity Microfilms International, 300 North Zech Road,
Ann Arbor, Michigan 48106,

Project 3-13 FY 6%

Guidelines for Medial and Marginal Access Control
of Major Roadways

Texus A & M University
Rescarch Toundation
Dr. Vergil G. Stover
September 1, 1967
November 30, 1969
$149.293

Resvarclh Agency:

Frincipal Fivese.:
Effective Drare;
Completion Page:
Frincds:

A need existed for guides in selecting the degree of ac-
cess control for a specific project and for selecting the type,
Tocation. and width of median and median openinps and the
design and frequency ol e¢ntrances to be associated with the
degree of access controf,

Factors considered in this research were: uccident fre-
quency and severity; cost of physical construction and right-
of-way to accomplish access controly legal considerations;
traffic patterns: service to the highway user: motor vehicle
operating costs; travel time and custs; 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 & Kelcey
Walter E. Ponticr
October 1, 1967
January 10, 1970
£994,000

Research Ageney:
Principal Invest
Effective Date:
Completion Date:
Frends:

This project investipated the benchits to traffic low in
downtown arcas which can be achieved by application of
traific engineering measures. Experimentation to quantify
the effect of road improvements was carricd 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
deseribe those controlling condiiions which influence mea-
surcments in the downtown area and to develop meaningful
relationships which describe the quality of traffic Mlow,
attaining a level of service definition for downlown strects.
Methods were developed for application of the results of
this research to streets of other areas,

Thirty-seven experiments were conducted {o quantify
the effect of traffic engineering measures. These experi-
ments can be prouped into six major categories, as follows:
directional control and Tane use. curb lane controls, chan-
nelization, signal controls, inclement weather effects, and
bus operation.

Consideration of the limutations of a direct capacily-
volume approach to analysis of downtown traffic flows
led to investigations of developing other means for quanti-
fying and describing traffic low 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 comprchensive analysis of travel time was the best
medium for understanding and classifying traffic flow in
the downtown area. Using the voluminous travel time
and intersection study date accumulated on the project,
regression analyses were performed to demonstrate the
relationships which exist between various clements of
travel time. It was also demonstraled 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 time to total travel time—
was developed and used in a level-of-service definition for
arterial roadways of the downtown area,

A statistical evaluation of llow data described the vari-
ance and distribution of many elements of traffic low. This
study also desecribed the effect uf seasonal, daily, and hourly



variations of traffic flow, developing information for control
of surveys in the downtown arcas.

A network analysis study was conducted to cvaluate
various models for use in analysis of downtown arca
traffic lows. As a result of this study, Newell’s Intersection
Model was selected for use in estimatiug delays at an
intersection,  Validation tests were performed and the
model was accepted for this use. This Signal Analog
Model was developed for usc in studving offset relation-
ships between adjacent signals. This model. together with
conventional time-space diagramming techniques and the
SIGOP program. was used in developing the offset 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 immediately seen at adjucent intersections.

A finc-grain Network Assignment Model was developed
for the downtown Newark study area, using the Bureau
of Public Roads assignment systemr. This model was
calibrated and found to be useful for analysis of the func-
tional use of downtown streets, 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-
mine the over-all efficiency of the network. The over-all
averape travel speed developed from total trip time and
total trip mileage outputs of the network can be used to
develop a network level of service. It is anticipated that
the network level of service may become a useful measure
for determining priorities for the allocation of fupds in
relation (o need.

The final report has been published as:

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

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

Project 3-15 FY 70
Weaving Area Operations Study

Research Agency:
Principal Invest.:

Polytechnic Institute of New York
Dr. Louis J. Pignataro

Effective Date: October 1, 1969
Completion Date: December 31, 1973
Funds: $300,000
Design criteria for weaving sections on multilane

controlled-aceess highways require revision and updating,
taking into account such variables as roadway geometrics,
composilion of traffic, volumes of mainline vehicles, and
volumes of weaving vehicles.

The cbjective of this research is to analyze and cvaluate
the procedures recommended in Chapters 7 and 8 of Lhe
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1965 Highway Capacity Manual, Based on the findings
the agency is to develop improved techniques for the
analysis aud design of weaving sections.

A mew algorithm has been developed and evaluated,
using both field 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 techniques
have been reviewed and tested by selected State highway
agencies,

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

NCHRP Rcport 159,
Anaivsis,”

“Weaving Areas—Design and

Project 3-16 EY 70

Freeway Lane Drops

System Development Corp.
Antranig V. Gafarian
Diane N. Goodwin

Research Agency:
Principal Iivest.:

Effective Date: Nov. 1, 1969 May 1, 1972
Completion Date: Apr. 30, 1971 Oct. 31, 1973
Funds: $99.789 876,815

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

!. From fleld data, determine the effectiveness of exist-
ing mainline lane drops from the standpoint of safcty and
traffic operations.

2. Determine the effects of the significant parameters
associated with various levels of salety and tralfic service.

3. Recommend configurations for lane drops based on
the findings of objectives 1 and 2. In this context “con-
figurations™ includes distance from the nearest upstream
and downstrean ramps.

In the first phase, three lanc-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 seport is included in NCHRP Sununary of
Progress Through 1971,

A copy of the agency's final report may be obtained from
University Microfilms International, 300 North Zech Road.
Ann Arbor, Michigan 48106,

The Phase II research continued with the same three
objectives and the added objective of recommending re-
medial treatments in a set of guidelines based on analysis
of descriptive data and traffic performance from many
existing lane-drop sites.

The rescarch has been completed, und the final report
has been published as:

NCHRP Report 175, “Freeway Iane Drops.”
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Project 3-17 'y 71

Improving Traffic Operations and Safety at Exit
Gore Areas

The Pennsylvania State University
James 1. Taylor

January 1, 1971

November 30, 1972

$79,983

Bescarch Agency:
Principal Invest.:
Effective Date:
Completion Dare:
Frnds;

This rescarch project addressed the problem of erratic
maneuvers, such as backing up and stopping in the gore
ared. that occur with alurming frequency at freeway exit
areas. Specitically, il was direcled toward answering three
busic questions: What factors cause moforists to make
erratic maneuvers at ¢xit gore arcas? What remedial de-
vices can be emploved to reduce their occurrence at exist-
ing sites? And, what changes in design and (raflic control
criteria can be recommended that will minimize the prob-
lemt at future sites? The results of this study provide
answers to these guestions. and the findings can be used
by (raflic and design engineers to enhance the salcety and
traffic operations at freeway exit facilities,

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

The final report has been published as:

NCHRP Report 143, "Improving [raffic Operational and
Safety at Exit Gore Arcas.”

Project 3-18(1) FY 70
Improved Control Logic for Use with Computer-

Controlled Traffic

Stanford Research Enstitute

Dr. Dale W. Ross

Dr. Thomas L. Humphrey

July 15, 1971 April 15, 1975
May 15,1974 June 30, 1977
$323,998 $57.662

Research Ageney:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

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 te improve operations and to increase capacity has
been demonstrated, there still exists a sizcable gap between
the inhercnt hardware capabilities and the know-how
(software) nccessary to use these systems at optimum
efficiency.

The object of this research has been to study traffic flow
and control interaction and to develop an advance control
concept, strutegy, and computer program, The research has
included development of an operational control program
that has the capability of calculating optimal offset pat-

terns for 4 network of signalized intersections and deter-
mining ndependent and variable signal split adjustments.
The programy, designed for application under all levels of
network traflic volumes, including oversaturated conditions,
has been tested and evaluated with actual traffic in the
San Jose traffic control system,

A final report describing the research and the resulting
ASCOT program package has been submitted, 1t will not
be published in the NCHRP report series, but copies are
available on cither a loan or purchase basis. A 20-min color
film describing the program and its functions is also avail-
able on a loan basis. Toan requests for the film or the
report, “Improved Control Logic for Use with Computer-
Controlled Traffie,” should be directed to: Program Di-
rector, NCHRP, 2101 Constitution Avenuc N.W.., Wash-
igion. DC 20418, To purchase the report, a check or
money order in the amount of $10.00 should be made pay-
able to Tremsportation Research Board and sent to the
Publications Office, ‘Vransportation Rescarch Board, same
address.

Project 3-18(2) FY 71

Traffic Control in Oversaturated Street Networks

Polytechnic Institute of New York
Dr. Louis J. Pignalaro

Septernber 1, 1971

June 30, 1975

$200.000

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

Traffic operations and control techniques that function
effectively when street network demands are below satura-
tion deteriorate when severe saturation exists for any
length of time. Research is needed to define the scope and
magnitude of the problem, nationwide; to determing how
the problem can best be combatted with existing control
techniques; and to begin a systematic research 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 cifectiveness of cxisting opera-
tions and control techniques used to combat the problem.

4. Prepare detailed operational guidelines for applica-
tion of existing traffic operations and control techniques of
iHlustrated effectiveness.

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

6. Formulate a detailed plan and program for systenia-
tic development, testing, and application of improved traf-
fic control in oversaturated networks.

A final report on this phase has been submitted. Al-



though it will not be published, unedited draft copies arc
available on lean upon request to the NCHRTP Program
Director, The cssential findings of this report have becn
published as NCHRP Research Results Digest 51.

A continuation phase with the following objectives was
initiated: to carry out further stndies in minimal-response
signal policies, nonsignal cflects and remedics, and highly
responsive policies and to produce 2 set of recommenda-
tions and 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
editorial and publication process, During this period, copies
of the report are available on a loan basis upon reqnest to
the NCHRP Program Dircctor.

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 Dare: May 1. 1975
Completion Date: April 15, 1977
Funds: $123.267

Improved systeinatic procedures to evaluate alternative
traffic control systems, presented in 2 readily understand-
able and implementable form, are necded to aid the traffic
engincer in deciding how best to use his budget in choosing
among solutions.

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

‘Fhe research effort consisted of four major tasks. The
first was to identify the range of systems to be covered, 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 usefulpess. Lastly, the results were to be docu-
mented in & final report, and the procedure described in a
user manual for traffic engineers.

The project’s revised final report and a separate manual
have been submitted, The research report. “Signal System
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Evaluation Mecthodolopy,” will not be published in the
NCHRP rcport series bul is available on a loan basis. The
manual, “An Approach for Selecting Traffic Control Sys-
terns” may be ohtained on a loan basis or purchased.
Loan requests should be directed to: Program Dircctor.
NCHRP, 2101 Copstitution Avenue N.W,, Washington, DC
20418, To purchase the manual, a check or money order
in the amount of $10.00 should be made payable to Trans-
portation Research Board and sent to the Publications
Office. Transportation Research Board, same address.

Project 3-18(4) FY 76
Methodology for Performance Evaluation of Signal-
ized Network Control Strategies

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

Computran Systems Corporation
Dir. H. Nathan Yagoda

July 21, 1977

July 21, 1978

$60.000

A common problem faced by the traffic engineer is the
necd to measure and evaluate performance in both grid and
linear strect networks under two or meore traffic control
strategics. Often, the magunitude of difference in traflic per-
formance between two strategies is relatively small but,
nevertheless, statistically significant. Thus, a need exists for
an efficient, practical, and unbiased methodology to deter-
minc whether two scts of traffic control stratcgies are equal
or different, with known levels of statistical confidence,
Even though the problem is compounded by the existence
ol uncontrollable extraneous variables affecting traffic per-
formance, it is nonetheless desirable to measure perfor-
mance empirically under actual operating conditions.

The research objectives are to develop and to demon-
strate a practical methodology for the comparative per-
formance evaluation of altcrnative traffic control strategies
for signalized street networks of 10 or more signalized inter-
sections. A two-part project is planncd. The final resuits of
Part 1 are to include:

1. One or more measurc(s) of cffectiveness (MOE) of
performance,

2. Methodolopy for field measurement of the selected
MOE(s),

3. Methodology for analysis of data to obtain the
MOE(s).

4, Mcaning and interpretation of the results.

5. A rescarch plan for Phase I, to validate the method-
ology and demonstrate its application.

The methodology and MOE are to be useful for evalna-
tion of cbanges in titning plans, methods of signal control,
and any signal control strategics. The desire is to obtain an
MOE and methodology that are as eflicient, simple, and
inexpensive as possible and that are readily usable by the
practicing traffic engineer.
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Project 3-19 FY '72
Grade Effects on Traffic Flow Stability and Capacity

Midwest Research Institute
Andrew D. St. John

Research Agency:
Principal Invest.:

Effective Date: September 1, 1971
Completion Date: August 31,1974
Funds: $£220,443

The nonuniform performance capabilities of vehicles are
2 major detrimental factor in the flow of traflic on two-
lane roads and on multilane 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. Dctermine and verify methods for calculating the ac-
celeration and specd-maintenance capahilities on grades of
a wide range of motor-vehicle types, including trucks and
combinations, buses, campers, housetrailers, low-perform-
ance passcnger cars, and other atypical vehicles normally
found con Interstate and primary highway systems.

2. Determine the factors that create instabilities in the
traffic stream on grades, Particular attention is fo be given
to the role of low-performance and unusual-size vehicles
io the creation of these instabilities,

3. Determine. through use of appropriate digital-com-
puter traffic-simulation models and by corrclated field mea-
surcments, the passenger-car equivalencies for the vehicle
types enumerated in objective 1.

4. Determine the effects on safety and traffic flow with
both restricted and unrestricted operations of 12- and 14-ft-
wide loads on highways in varying terrain. The goal of
this objective is to provide guidance for the regulation of
these unusuval load widths,

5. Estimate, by use of correlations between traflic flow
characteristics and accident frequencics, the accident im-
plications for the situations studied in objectives 2 and 4.

The research has been completed, and the final report is
in the NCHRP editorial and publication process, Copies of
the agency draft are available on a loan basis upon request
to the NCHRP Program Dircctor.

Project 3-20 FY '73
Traffic Signal Warrants

KLD Associates
Edward B. Lieberman

Research Agency:
Principal Invest,:

Effective Date: Sept. 1, 1972 Nov. 1, 1974
Completion Dare: Apr. 15,1974 July 31, 1974
Funds: $120,000 $80,000

The purpose of traffic signal warrants should be to
detcrmine when the improvement of intersection perfor-
mance {operation and/or safety) should include the instal-
lation of a traffic control signal.

Existing traffic signal warrants as presented in the
“Manual on Uniform Traffic Control Devices for Streets

and Highways" may not consider all of the factors that
should go into a determination of nced for traffic signal
control, or consider 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 meore consistent applications.

The objective of this rescarch is to evaluate the adequacy
of existing warrants, or the need for revised or additional
warrants, in meeting current needs for determining whether
a traflic signal should be installed,

The research has been completed, and the final report has
been submitted. New warrants have been developed and
are presented in the report. which also includes recom-
mended changes for the relevant text of the Manwal on
Uniform Traffic Control Devices dealing with traffic signal
warrants, Procedures for field validation of the proposced
warrants have also been desipned and are recommended in
the report.

The report has been provided to the National Advisory
Commitiee on Uniform Traffic Control Devices for con-
sideration. The report will not be published in the NCHRP
report series but is summarized in NCHRP Summary of
Progress Through 1977,

A copy of the agency's final report may be obtained from
University Microfilms International, 300 North Zeeb Road,
Ann Arbor, Michigan 48106.

Project 3-21 FYy 74
Motorist Response to Highway Guide Signing

Research Agency:
Principal Invest.:

BioTechnoiogy, Inc.
Fred R. Hanscom
Wallace GG. Berger
April 1, 1974
January 31, 1976
$272.071

Effective date;
Completion Date:
Frinds:

The value of recent rescarch evaluating the effects of
guide signs on the motorist has been limited by a lack of
validated measares ol driver responsc to various signing
alternatives. Validation of both new and cxisting measures
is needed to ensurc that sign studics will have a commeon
base and that signing standards can be based on definitive
research results,

The first research phase under this project was directed,
therefore, to identification of promising measures of driver
response to guide signing and to development and valida-
tion of such measures. The research has becn completed,
and the final report is in the editorial and publication
process. Copies of the agency report are available, prior
to publication, on a loan basis upon request to the NCHRP
Program Director.

A second phase of the project is planned, but its objec-
tive and scope will not be determined until rescarch needs
are clearly identified during the course of research in a
current Synthesis topic on variable-message signs.




Project 3-22 FY 74

Guidelines for Design and Operation of Ramp Control
Systems

Stanford Research Insutute
Dhale P. Masher

April 15, 1974

December 37, 1975
S$199.030

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

A considerable investment will be made in ramp control
systems during the next decade by many povernmental
units that are now beginning 1o undertake their design and
construction in order to reduce accidents and delay. How-
ever, there are not yet adequate design guidelines for in-
stalling and operating such systems. Such guidelines are
currently required to facilitate the selection of the most
cost-ctfective ramp control sysicms and to prevent their
early obsolescence.

The objectives of this project. therefore, were to analyze
existing ramp control icchniques and to develop design pro-
cedures for lreeway ramp control systems. The research
considered those types of ramp control designed to keep
freeways operating at or near capacity during pecak periods
with a minttnum of manual operation. Merge control, gap-
acceptance systerns, and computerized control of traffic
signals on surface streets in the freeway corridor may be
relevant tools, but the development of design guidelines 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:

1. Preliminary design guidelines for the configuration of
traflic comtrol devices for ramp control ficld instailations
were developed.

2. Recommendations and supportting rationale were pre-
pared concerning selection criteria for basic control strate-
gies, with due regard to optimization of throughput, fair-
ness (equity ), diversion routes, ramp storage requirements,
safety, and other appropriate factors.

3. Real-time on-line system control logic was thoroughly
investigated. A control system hierarchy 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-effectiveness of alterna-
tive techniques for data comnmnunication, 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;
(c) development of preliminary guidelines to assist traffic
engineers in the selection of ramp control systems. The
final report will not be published in the regular NCHRP
series but copies of the draft report, "Guidelines for Design
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and Operation of Ramp Control Systems.” December 1975,
are available from University Microfilms Inlernational,
300 North Zeeh Road, Ann Arbor, Michigan 48106, Loan
coples are available from NCHRP.

Project 3-22A EY 77

Guidelines for Design and Operation of Ramp
Control Systems

Texas A & M University
Research Toundation
Charles W, Blumentritt
Febroary 1, 1977
October 31, 1979

5249 823

Research Ageney:

Principal fnvest.:
Effective Date:
Complerion Date:
Funds:

Preliminary guidelines have been developed in NCHRP
Project 3-22 for designing and operating ramp control sys-
tems. Specific guidelines for evaluating cost-cflectiveness
are needed to determine what level of control is appropriate
and what incremental benefits are obtained by selecting
higher levels of control. ‘T'ypically the designer must choose
between local pretimed and iraffic-responsive controls. as
well as systemwide types of control. without knowing the
relative cost-cffectiveness of cach contrel alternative pro-
posed for the given freeway application. A comprehensive
evaluation procedure is needed to assist designers and
traffic engineers in selecting the appropriate control and
associated hardware needed for implementation. In devel-
oping the guidelines for cost-effectiveness evaluation. the
basic considerations that need to bc addressed include:
(1) incremental benefits associated with each level of con-
trol: {2 statling requirements: (3)freeway safety; (4) user
costs, such as vehicle delays, emissions, and fuel consump-
tion: (5) maintenance and system operation costs: and
{63 installation costs.

The objective of this rescarch is 1o develop an analytic
procedure and puidelines for comparative cvaluation of
alternative ramp control system designs. This procedure
will be applicable in determining whether or not ramp
control can be employed benclicially and, if so, the type of
control system lhal is most appropriate. The selection
methodology will consider local pretimed and responsive
control as well as systemwide control. Furthermore, the
benefit and performance data buse necessary to permit
comparative analysis and design will be oblained by the
research team by analyzing available data and conducting
appropriate field rescarch. Analysis procedures for quanti-
fying benefits, performance, and costs. as well as specific
data for use in comparing alternate designs, will be de-
veloped. To meet this objective the following tasks are
being accomplished:

Task 1. Identily and define variables that affect the
benefits attributable to the three basic types of ramp con-
trol. These include, but are not limiled to, variations in
flow characteristics, freeway geometrics, frequency of in-
cidents, quality and availability of alternate routes, meter-
ing ratc consiraints, and vehicle occupancy.

Task 2. Develop and describe in detiil a method to con-
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duct u henefit and cost analysis for each increment of ramp
control. The costs to be considered melude initial. operat-
ing, and mamtcnance costs. The benelits to be considered
include changes in: (u) over-all delay, (b) incident poten-
tial, (e) fuel consumiption, (d) vehicle emissions, (¢) di-
verted traflic, and {f) other direct and indirect user
benefits.

Task 3. Based on the variables identified in Task | and
the methodology developed in Task 2, obtain the various
types of data required to devclop the desired puidelines.
Techniques will include analysis of available data, collec-
tion of new datu, and field cvaluations.

Task 4. Develop a comprehensive set of guidelines to
assist the traflic engineer in selecting the appropriate type
of freeway ramp control. The methodology developed in
Task 2 is (o be refined to permit dircet ficld application
by an engineer. Specific design data needs are to be clearly
defined. The guidelines are to be concise and prepared
as i separale document from the rescarch report.

Rescarch on Task | s essentially complete, and a pre-
liminary cost-effectivencess methodology has been prepared.
Data collection and ficld studies will be initiated in carly
1978,

Project 3-23 FY 74

Guidelines for Uniformity in Traffic Control Signal
Design Configurations

K1.D Associates

Ceethart F. King

April 8, 1974

July 281977

£300,000

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

The 1971 MUTCD (Part [V “Signals,” Scctions B and
D, and Part Vi1, Section D, “School Area Traflic Signals™)
permits a broad range in traffic control signal design con-
figurations and operation,  Scientifically based guidetines
Tor uniform standards are needed to reduce the possibilities
ol confusion and huzard. These guidelines should permit
the flexibility needed to mect very unusual conditions.

The purpose of this study was the preparation of such
tuidelines for optimum traffic control signal design con-
figurations at intersections and mid-block crossing loca-
tions. The research included the following objectives:

L. Preparation of an annotated bibliography of relevant
literature and rtesearch in progress pertaining to (raffic
control signal dJesign confipurations.

2. With reference to Part IV, Sections B and D. and
Part VII, Section D, of the 1971 MUTCD, a study of traffic
control signal desipn cenfigurations, 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 shiclding of
signal faces, number of signal faces, horizontal and vertical
location of sipnal faces.

3. Identification and consideration of all factors related
to the approach to signalized locations that affect or in-

Auence the observance, safcty, and efficiency of traffic
control signals.

4. Development and validation of a detailed set of traffic
control signal design guidclines—Dbased on ficld, 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. ldentification of the arcas in which further research
is indicated.

The research has been completed, and the final report has
been submitted. [L will not be published in the NCHRP
report series, but a swmmary of its findings is presented in
NCHRP Sunumary of Progress Through 1977 and Research
Results Digest 97.

A copy of the agency’s final report may be obtlained from
University Microfilms nternational, 300 North Zeeb Road,
Ann Arbor, Michigan 48106,

Project 3-24 FY 75

Determine the Luminous Requirements for Retrore-
flective Highway Signing

University of Michigan
Dr. Paul 1.. Olson
September I, 1974
April 30, 1977
S100.000

Research Agency:
Principal Invesr.:
Effective Date:
Completion Date:
Feends:

Current stgning practices predominantly feature use of
retroreflective signing materials, Morcover, new reflective
materials becoming availabie will provide the traffic engi-
neer with a greater number of options in signing decisions.
In addition, it is becoming increasingly apparent that suf-
fictent mformation is not available concerning the cffect of
reflectivity on sign legibility and the range of reflectivity
values that will satisfy motorist needs.

The purpose of this study was to define the relationship
between sign [uminance and legibility in a way that would
assist in selecting optimum material choices for various
stgning applications as well as aid in decisions concerning
maintenance and replacement.

A laboratory study was carried out to define the effects
of luminance, contrast, color, and driver visual character-
istics on legibility distance. A computer model was devel-
oped to predict the legibility distance of a sign based on
the laboratory data as well as geometric and photometric
variables. A field study was conducted in which legibility
distance predicted by the model was compared with legi-
bility distance measured on a number of real and simulated
signs. Dty were developed that show graphically the rela-
tionship between legibility distance and the photometric
properties of background and legend materials,

The rescarch has been completed, and a summary of the
major findings is included in NCHRE Summary of Progress
Through {977, The apency's final reporl, “Delermine the
Luminous Requirements of Retroreflective Highway Sign-



ing.” is available at a cost of $6.00. To purchase the report,
a check or money order in the amount of $6.00 should be
made payable 10 the Tramsporiation Research Board and
sent to the Publications Office, Transportation Research
Board. 2101 Constitution Ave. NW. Washington, D.C.
20418,

Project 3-25 FY 76

Cost and Safety Effectiveness of Highway Design
Elements

Roy Jorgensen Associates. Inc.
Joseph I'. Banks, Ir.

Dr. Richard 1., Beatty

Dir. David B. Brown

July 15, 1975

April 16, 1978

£260,000

Rescarch Ageney:
Principal Invest.:

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 billion in costs for some 17 million acci-
dents annually, Even with the best economic condilions,
funds are invariably insufficient to finance all improve-
ments needed 1o reduce this toll. Tt is imperative, therefore,
10 avoid 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 fexible. The design
should be tattored for cach project, route segment, or sub-
system to produce significant accident reductions per dollar
expended. In this fashion, the cumulative accident redoe-
tion of many such improvements will preatly cxceed the
reduction possible from a relatively fcw 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 henefits of highway facilities.
However, the data are limited or lacking to cvaluate the
standards for specific situations and design elements in
terins of accident frequency and scverity, What is needed
is an optunization of geometric design standards for high-
way [acilities, both urban and rural, that reflects a regard
for cconomy without sacrificing traflic 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 loresceable future.

This rescarch project covers applicable design eleinents
on various highway facilities, including both high and low
volumes and urban and rural conditions. The general
objectives are: (1) 1o quantify the effect of varying the
nuagnitude, size, or dimension of cach roadway and road-
side design element (and/or combination of elements
where they are inleractive) on accident frequency and
severity; and (2) to develop methodology to measure the
cost-effectiveness of the various levels of cach clement,

Because of the large number of variables involved in the
geometric cross section and longitudinal design, as well as
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environmental and traffic factors, it is realized that all pos-
sible factors and combinations of factors cannot be con-
sidered within the timec and funding constraints for this
project. Therefore. this rescarch is being conducted in two
phases.

Phase 1 consisied of an exploratory effort to identify
those arcas that offer promise as the most fruitful te pursue
in more detail. The probable gross effccts of various design
clements on accidents and cosls were assessed, and those
elements with greatest promise are receiving further study
in Phase [1. An interim report summarizing the results of
Phase I was prepared.

Phase II consists of (1) quantifying the effect on ac-
cident frequency and severity for individual design ele-
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 Phase I efTort has been completed, and work is under
way on Phase II. Design clements selected for detailed
study include roadway width, median width, median-barricr
type, and shoulder-surface type.

Project 3-26 EY *77
Investigation of Selected Noise Barrier Acoustical

Parameters

The Pennsylvania State University
Dr, Sabih 1. Hayek

Dr. James M. Lawther

December 1, 1976

February 28. 1978

$74,795

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Fundy:

Noise barriers are becoming increasingly important as
noise abatement measures along new highways as well as
alony existing highways. Predicting their effectiveness
has been difficult, however, because analytical and pre-
dictive measures have had some limitations, Even though
new barricr design guides are becoming availuble, there
is still a nced to cxamine certain acoustic parameters,
Research is needed to assess the importance of these
parameters and to determine how they may best be in-
cluded in analysis procedures. Specifically, the potential
elfects of barrier cross-sectional shape, barrier surface
characteristics, and harrier influence on ground cover
effects arc not considered in currently used procedures.
Inasmuch as these paramecters have been recognized as
possible causes of differences between the predicted and
measured performances of noise barriers, it is nccessary to
determine whether they should be included in future design
ruides.

The basic project objective, thercfore, has been to com-
plete an analysis of cross-section shape, surface characteris-
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tics. and the influence on ground-cover cflects. The sig-
nificance of these parameters has been evaluated in terms
of the sensitivity of barrier effectiveness to each, and the
bhounds of their effects have been delineated.

Research has been completed. and the final report on the
project is undergoing an acceplance review. Itis anticipated
that the project will be continued in order to validale the
research findings of the first phase.

Project 3-27 FY 77
Guidelines for Selecting Traffic Control at

Individual Intersections

Alan M. Voorhees & Associates, Inc,
Philip J. Tarnoft

November 15, 1976

November 15, 19758

S130.000

Research agency:
Principal Invest.:
Effective Date:
Completion Date;
Furses:

Adequate puidelines are not carrently available to com-
pare the three basic traflic signal control types: pretimed,
semi-traffic-actuated, and  Tulltraffic-actuated.  Although
traffic engincers recognize that cach type of control has its
appropriute use, sclection of control type is generally de-
termined without o comprehensive analysis because of the
lack of guidelines and data. To properly evaluate and
determine the best type of traffic signal control to use at
an intersection, some of the basic considerations that need
to be addressed are (a) maiptenance requirements, b)
vehicle delays on the major and minor streets, {¢) over-all
traffic safety, {(d) coordinution aduptability, and (e} cost
cffectiveness.

The ohjective of this research is to develop guidelines
for sclecting the most appropriate type of traflic signal
control for an individual intersection in both urhan and
rural arcas. Consideration of the case of adjacent inter-
sections will be included in the guidelines in regard to the
selectian of coordinated versus independent operation.

To accomplish this objective, the following specilic tasks
are being conducted:

Task 1. Review and summarize relevant literature and
research findings.

Tusk 2. [dentify and define the study variables for cach
of the three basic types of traflic signal controls. The
variables include: (a) a representative selection of various
intersection configurations, (b) an appropriate sclection of
phasing aiternatives, (¢} a range of volumes.

Task 3. Develop and describe in detail a methodology
for & cost-clfcctiveness evaluation. The methodology is to
provide the basis for determination of the type of tralTic
signal control to be used and will include such items as
{a) initial costs, {b) maintenance costs, (¢) over-all delay.
(d} percentage of traflic stopped, (e) vehicle emissions, (f)
fuel consumiption, and (g} other direct and indirect user
costs. Special emphasis is to be pluced on the relationship

of the incremental. bencfits of more sophisticated types of
traffic signal contral to the associated costs and mainte-
nance requirements. Operating relizbility of the traffic sig-
nai control equipment will be fully considered.

Task 4. Based on the variables identified in Task 2 and
the methodology developed tn Task 3. abtain the varjous
types of dala reguired to develop the desired guidelings,

Task 5. Develop a comprehensive set of guidelines to
assist the traflic engineer in sclecting the appropriate type
of trafiic signal control for individual intersections. The
methodotogy developed in Task 3 js to be refined to permit
Hs application by an engineer without his having to refer to
other documents, Data necds are to be clearly defined.

Tasks 1 and 2 have been completed, and the cost-
effectiveness methodology is now being developed.

Project 3-28 FY 78

Development of An
Manual

Improved Highway Capacity

THK & Associates
William R. Reilly
December 15,1977
Muarch 15, 1979
S150.000

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

The Highway Capacity Manual, widely used for the plan-
ning, design, and operational aspects of streets and high-
ways, was most recently published in 19635, Since that time,
new rescarch findings offer great potential for its improve-
ment and expansion of its scope. Additional research m
some areas covered by the Manual is necessary to correct
inconsistencies, to cvaluate the effectiveness of analytical
pracedures, and to provide additional data on traffic char-
actleristics.  Althouph substantial research has been com-
pleted or is under way, the findings have not been assembled
into a single document refining the existing Manual.

This rescarch will be carried out in three phases, the
objectives of which are as follows:

Phase I. Current and future needs of users of the High-
way Capacity Manual are o be explicitly defined. Existing
information will be assembled to create an interim im-
proved Manual. Based on the needs defined above and a
thorough understanding of completed, current, and planned
rescarch in the highway capacity ficld, gaps in knowledge
will be defined. and specific research plans for filling these
eaps will be formulated.

Phase II. Needed research identified in Phase T will be
carried out. Its results will be integrated with the results
of Phase [ and other new research to provide the basis for
the improved Manual.

Phase ITI. An improved Manual based on the results of
Phases T and 11 will be prepared.

The work that has just begun on the project is limited to
the Phase [ objectives only.



AREA 4: GENERAL MATERIALS

Project 4-1 FY '63 and FY "64

Development of Appropriate Methods for Evaluating
the Effectiveness of Stabilizing Agents

University of Hlinois
I3r. E. 1. Barenberg
Jung 1. 1963
Qctober 31, 196860
5114991

Research Ageney:
Principal Invest.:
Effective Date:
Completion Dare:
Funds:

This study was directed towurd the further improve-
ment af existing methods or the development of new meth-
ods of tests which will lead to a way of measuring the eflec-
tiveness of 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
taboratory cxperiments to investigate the cffectiveness of
viscous and nonviscous materials as stabilizing agents. Type
I portland cement and a penetration-grade asphalt were
chasen for the study because of their popularity as reflected
in current usage. and limited tests of model pavements
stabilized with both these materials were conducted in the
research agency’s test track for the purpose of corrclating
the results obtained in the laboratory with the behavior of
the model pavemnents.

Rescarch has been completed. The project report witl not
be published in the regular NCHRP report series, but a
summary 15 included in the NCHRF Suinonary of Frogress
Through June 36, 1968,

A copy of the agency’s final report may be ohtained from
Universily Microfilms International, 300 North Zeeb Road.
Ann Arbor, Michipan 48106,

Project 4-2 FY '63 and FY 64

A Study of Degrading Aggregates in Bases and Sub-
bases with Production of Excessive Amounts
of and/or Harmful Types of Fines

Researclht Agency: Purdue University

Dr. R. B, Johnson

Dr. N. B. Aughenbaugh
Dr. N. M. Smith

Dr. T. R, West
February 15, 1963
November 30, 1966
563,990

Principal frivest.:

Eflective Date:
Completion Date:
Funds:!

This study was directed toward the development of
tests or procedures for predicting the amount and effects of
aggregate degradation and the development of techniques
for upprading 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-
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mation on performance expericnce. Standard laboratory
tests, such as determination of specific gravity, freeze-thaw
resistance. and Los Angeles abrasion loss, were conducted
bv the research apency. Many additional data, primarily
of a petrographic nature, were also collected. An analysis
was nade 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-
hase course.

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

NCHRP Report 98, ~Tests for Evaluating Degradation
of Base Course Aggregules.”

Project 4-3(1) FY '63 and FY '66

Development of Methods to Identify Aggregate Parti-
cles Which Undergo Destructive Volume
Changes When Freozen in Concrete

Researel Ageney:
Principal Invest.:
Effective Durte:
Completion Date:
Funds:

Yirginia Polytechnic Institute
Dr. R. D, Walker

Mar. 1, 1963 July 1. 1965
Sept. 30, 1964 Mar. 31, 1567
520,000 £23.337

Research 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 predicl their behavior
under varions degrees of exposure in concrete subjected to
freezing 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 different in approach.
Certain aggregates  investipated 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, “Identification of Aggregates Caus-
ing Poor Concrete Performance When Frozen.”

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

NCHRP Report 65, "One-Cyele Slow-Treeze Test for
Evaluating Aggrepate Performance in Frozen Concrete.”

Project 4-3(2) FY 63 and FY &6

Development of Methods to Identify Aggregate Parti-
cles Which Undergo Destructive Volume
Changes When Frozen in Concrete

Research Agency:
Principal revest.:
Lffective Date:
Completion Date:
Freneds:

The Pennsylvania State University
[Dr. T. I, Larson
Mar. 25, 1963
Jan. 31, 19635
$56.457

July 1. 1965
Aug. 31,1967
549,756

This project involved the development of a rapid test(s)
to distinguish deleterious particles in apgrepates and thereby
predict their behavior under various degrees of exposure in
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concrete subjected to freczing and thawing. The study was
similar to  that conducted under Project 4-3(1) at
Virginia Polytechnic Institule {the same objeclives apply)
but different in approach. A number of aggregales investi-
pated were common to both studies.

The initial research phase has been completed, and the
project reportis for this phase have been published as:

HRBE Special Report 80, “A Critical Review of Literature
Treating Methods of Identifying Agpgregales Subjeet to
Destructive Volume Chaoge When Frozen in Concrete
and a Proposed Program of Research,” and

WNCHRP Report 15, “Identification of Concrete Aggre-
gates Exhibiting Frost Susceptibility.”

The fingl rescarch phase has heen completed, and the
project report has been published as:

NCHRP Report 66, “Ldentilication of Frost-Susceptible
Particles in Concrete Aggregates.”

Project 4-4 FYy 63

Synthetic Aggregates for Highway Uses

Battelle Memorial Institute
M. 1. Soyder

F. F. Fondriest

March 1. 1963

April 15, 1964

14,790

Rescarch Agency:
Principal Frivest.:

Eflective Date:
Completion Daie:
Frnds:

In an effort (o determine potential sources of aggregates.
this study was authorized to cxplore the feasibility of utiliz-
ing artificial aggregales in highway consiruction. The study
involved a survey of various industries regarding their pro-
duction of potential apgregates, particularly us by-products.
Inquiries were made of such users as highway depart-
ments as to desirable characteristics for aggregates, Con-
sideration was given to the production of synthetic aggre-
gates by nuclear or other new techniques.

Rescarch has been completed. and the project report has
been published as:

NCHRP Rcport 8, “Synthetic Aggrepates for Highway
Construction.”

Project 4-5

A Study of the Mechanism Whereby the Strength of
Bases and Subbases Is Affected by
Frost and Moisture

FY '63

Michigan Technological University
Dr. W. M. Haas

February 15, 1963

August 31, 1965

$64,105

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

This project involved an extension of present knowledge
and understanding of the phenomena of the action of frost
and moisture 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
laboratory werce checked in the field.

Research has been completed. The project report will not
be published in the regular NCHRP report series. but a
summary 1s included in the NCHRP Suwmntary of Progress
Throngh June 30, 1968,

A copy of the agency's final report may be obtained from
University Microfilms International, 300 North Zeeb Road,
Ann Arbor, Michigan 48106,

Project 4-6 FY '65

Protective Coatings for Highway Structural Steel

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

Steel Structures Painting Council
John D. Keane

March 1. 1965

November 30, 19606

£25,000

Considerable information exists in the litcrature concern-
ing the protection of structural steel from corrosion. This,
however, is widely scattered, often contradictory, and has
never heen critically reviewed and reported on as to which
of the numerous coating formulations, coating systems, and
practices are best in conjunction with environmental differ-
ences. This rescarch involved a state-of-the-art review, field
exposurc testing on which definitive rankings may be based,
and the development of plans for research to acquire needed
information where adequale coalings are not available.

Information necessary to review, summarize, and evaluate
the current state of the art of protection of structural steel
was sccured from a search of some 2,000 picces of lechnical
litcrature and by correspondence and discussions with
numerous individuals, organizations, and societies both in
the Uinited States and abroad. A parallel experimental study
was conducted to determine the effects of surface prepara-
tion on the performance of coatings.

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

NCHRP Report 74, “Protective Coatings for Highway
Structural Steel.”

In addition, the following documients have been pub-
lished in extremcly limited quantitics:

NCHRP Report 74A, “Protective Coatings for Highway
Structural Steel—-Literature Survey.”

NCHRP Report 74B, “Protective Coatings for Highway
Structural Steel—Current Hiphway Practices.”

Project 4-7 FY "68, '6Y

Fatigue Strength of High-Yield Reinforcing Bars

Portland Cement Association

Dr. John M. Hanson

Dr. Thorsicinn Helgason

Feb. 1, 1971
Aug. 31,1973
$30,000

Research Ageney:
Principal Invest..

Effective Date:
Completion Dute:
Funds:

Oct. 1, 1967
Feb, 28, 1970
$100,000




The AASHO Road Test indicated that the fatigue
strength of reinforcing bars is one of the key elements de-
termining the faligue life of reinforced concrete bridge
members. Advances in bridge technology, utilizing high-
yicld reinforcing bars, increasc the possibilities of the fatigue
strength of the reinforcement limiting the life of the strnc-
ture.

The principal objective of this study was Lo obtain fatigue
strength test data on ASTM A432 steel bars (generally
Grades 60 and 75) to support realistic design criteria. This
was approached through the design and exccution of a
statistically valid experiment.

Phase 1 experimental work consisted of repcated-load
tests on rectangular and T-shaped concrete bcams 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 T study was on stress range, minimum stress,
bar diameter, type of specimen, and grade of bar.

Phase JI had the objectives of (1} determining the effect
of surface geometry (deformation pattern and details) and
(2} incorporaling the results of Phases 1 and II infe 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 behavior, a fatigue design
provision was developed for deformed reinforcing bars
suggesting a limitation on the scrvice load stress range.

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

NCHRP Report 164, “Fatigue Strength of High-Yield
Reinforcing Bars,”

Project 4-8

Research Needs Relating to Performance of
Aggregates in Highway Construction

Y "68

Virginia Polytechnic Institute
Dr. R. D. Walker

January 1, 1968

April 30. 1969

$55,254

Rescarcly Agency:
Principal Frnvest.;
Effective Date:
Completion Date:
Frnds:

There is concern over the shortage of high-grade agere-
gates available at reasonable cost in many areas of the coun-
try. Efficient use of aggregates is handicapped by lack of
quantitative information on the interaction between prop-
crties of the aggrepate and iis performance in a particular
environment. The iotal problem involves (1) identification
of the uses for which available aggresates are suitable with
normal processing, (2) methods of upgrading available
aggregates where nccessary to make them acceptable for a
particular usc, and (3) adapting construction practices to
permit use of available aggregates.

The objective of this research was to formulate a compre-
hensive serics of statements of research problems and rec-
ommended studies (including estimates of time, cost, and
priority} which have as their objective the development of
procedures by the use of which a highway materials engi-
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neer may evaluate quantitatively the relevant properties of
aggregates to be sclected for a given class of usc in a given
environment of scrvice for a given level of performance.
Rescarch has been completed. and tbe 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

Clemson University
I. P. Rostron
April 1, 1971

June 30, 1973
595,248

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

[nformation is necded on the degrec of compaction that
should be attained during the censtruction of highway
granular base and subbase courses as a function of such
factors as nature of the material, environment, traffic, sub-
grade conditions, thickness of layer, and location of layer
within the system, Density standards that provide for these
factors are needed. Test procedures used to develop data
tu set such standards must be suitable for various mate-
rials, however they may be used, and must account for
these faclors as may be appropriate. Often the so-called
“degree of compaction” (such as 95% AASHO T 180) is
not directly related to the materials’ properties or to field
performance, Improper setting of density standards results
in (a} rejectiun of materials from which satisfactory bascs
and subbases can be constructed and (b) construction of
bases and subbases that contribute to pavement system
failure by subsequent additional compaction.

The objcctives of this project were:

1. To evaluate current and proposed procedures and
criteria for the sctting of density stundards.

2. To illustraic cxamples of inadcquate standards and
the consequences of such inadequacy.

3. To devclop 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 adaptu-
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 subbases.

The rescarch included a literature review, an information
survey, interviews with highway personnel, luboratory tests,
and prototype tests,

Rescarch 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.”
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Project 4-8(3) FY 72 and FY 76

Predicting Moisture-Induced Damage to Asphaltic
Concrete

University of Idaho

Dr. Robert P. Lottman

Sept. 1, 1971 Aug. 1, 1975
Mar. 31, 1974 Jan. 31. 1982
$150,177 $71,652

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

Tthe loss of bond (stripping) duc to the presence of
moisture between the asphalt and the aggregate in asphaltic
concrete is a problem in many areas of the country und is
severe from the standpoint of highway pavement perfarm-
The problem is influenced by
many factors, such as asphalt characteristics, apgregate
propertics, mix design, construction procedures. environ-
mental conditions, and traflic; however, field experience
has indicated almost invariably that the presence of mois-
ture in combinaiion with the other factors is critical with
regard to the luss of adhesion between the asphalt cement
and the aggregate particles.

Ultimately, the agprepate propertics and the asphall
cement characteristics that alfect adhesion must be identi-
fied. This knowledge is basic to the development of tech-
niques that are needed for optimizing the choice of mate-

ANCE N S0Me  INstances,

rials or for specifying appropriate corrective measures
where loss of bond is likely to be a problem. However,
the accomplishment of these ultimate objectives requires
fundamental studies that are time consuming and necessi-
tate the development of test systems for correlating the
findings wilh ficld performance. The objective of this
project is to meet an interim need for a laboratory testing
systen that will quantitatively predict the ability of asphaltic
concrete to resist the detrimnental effects of moisture under
field conditions.

Research in Phuse I included sampling and laboratory
testing of mixtures composcd 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 feld.
The study produced a tentatively proposed system of tests
for determining the moisture susceptibility of asphaliic
concrete mixtures und a detailed work plan for a field
evaluation of the system. The primary research program
was conducted by the University of Idaho, with assistance
by Battelle-Northwest and the University of Washington.

The final report for Phase I is in the editorial and pub-
lication process.

The objective of the Phase I research is to provide ficld
verification of, or suitable modifications thercto. the test
system tentatively proposed under 'hase T for predicting
the susceptibttity of asphaltic concrete mixtures to moisture
damage. Cooperative arrangements have been made with
six Stute highway and (runsportation agencies and with
Region 10 of the Federal Highway Administration for
experimental construction, testing, and performance obser-
viations over a five-year period to evaluate the proposed test
system.

Rescarch is in progress on Phase 11, Construction of the
pavement test scctions has been completed by the seven

cooperating agencies.  Initial pavement cores have bheen
taken and laboratory specimens prepared for most of the
test sections. Data are being recelved from the cooperating
agencics on a continuing basis, Analvsis of the data at this
point indicates a sizeable tange of predicted moisture
darnage. No actual evidence of damage is observed at this
time.

Project 4-9 FY "69

Evaluation of Preformed Elastomeric Pavement Joint
Sealing Systems and Practices

Research Agency: Utah Depurtment of Transportation
Principal fnvest.. Dale E. Peterson
Effective Date: Oct, i, 1968
Completion Duate: June 30, 1971
Frnds: 563,494

Oct, 1, 1972
Dee. 31, 1977
$125,000

The problemt of sealing transverse joints in portland
cement concrete pavements to prevent intrusion of objec-
tionable malerials js of prime importance to many Siate
highway departments. For several vears, a number of States
have specified extruded neoprene compression scals for the
sealing of these joints. Recently, other types of elastomeric
preformed scals have also been used for this purpose.
Largely because of a lack of sufficient correlation hetween
jeint scaling requirements and field performance informa-
tien, most existing specifications for preformed scals con-
sist. of reguirements pertaining (o the ncoprene elastomer
used in fabricating the scal and the size, shape, configura-
tion, ete., of the fabricated product. The relation of these
requircements 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 preformed
seals, further laboratory and field studies are required to
develop design, material, installation, and performance
criteria.

Phase 1 of this project, through a review and analysis
of existing information and an cxtensive laboratory testing
program, has successfully provided urgently needed tenta-
tive guide specifications, inclusive of performance criteria,
for preformed clastomeric joint seals for use in portland
cement concrete pavement joints. This information was
reported in NCHRP Research Results Idigest 35, "Evalua-
tion of Preformed Elastomeric Pavement Joint Sealing
Systems and Practices” {Feb, 1972). The primary cxperi-
menta! program for Phase T was condocted by the Utab
Department of Transportation, with analytical assistance
from the University of Utah.

The tentative guide specifications provided hy Phase 1
are well suited (o interim service, For full acceptance, a
field research program is needed to validate the soundness
of, or provide appropriate modifications for, the tentative
specifications that have been established. This program is
being conducted as Phase IT of the project.

In Phase 11, an experimental program of field study has
been designed and instituted to test the tentative specifica-



tions. Installation of prefermed elastomeric sealers in
sawed transverse joints on construction projects in seven
states has been accomplished. Planning, supplemental spe-
cifications, and evaluative observations during the installa-
tions were provided as part of the project effort. Samples
of the sealers were retained at the construction stage and
subjected to laboratory test. Samples are also being re-
moved periadically following construction and tested in the
laboratory. Force-deflection tests are the primary method
of sample evaluation.

Observations of field performance are being made at the
time of post-construction sampling. The field sampling
program has been completed,  All seals have developed
some permanent set during the 4-year period. but the seal
material appears o be in good condition. Many more
veurs of service could huve been provided by the seals.
Bond was nonexistent in many cases, resulling in fing ma-
terial hecoming ladged between the seal and the pavement.
A major finding of the field evaluation program is that the
ability of elastomeric sealing systems to prevenl intrusion
of moisture und foreign material is more dependent on the
adhesion between the seal and the pavement than on the
pressure exerted by the compressed seal,

A final report covering both phases of the project is in
the ucceptance review stage.

Project 4-10 FY 70

Promising Replacements for Conventional Aggregates
for Highway Use

Hesearch Agency:

Principal Invest.:

Effecrive Date:

Completion Date:

Funds:

University of Illinois
Dr. C. R. Marck
October 15, 1969
March 31, 1971
$30.000

Although nationally there is an abundant supply of con-
ventional aggregates suitable for highway construction,
there are jocalized areas, and In some cases regions, in
which they are not economically 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
values.

It is imperative that studics now Dbe initiated to determine
whether available technolopy can be used to alleviate the
problem of diminishing agpregate supplies in the aflfected
areas.

The purpose of this project was to study the utilization of
modern technology as it might apply to the development of
substitute materials and/or new procedures for upgrading
cxisting unsuitable materials for use as aggregates in port-
land cement concrele, bituminoos mixes, and base courses,

The research has been completed, and the project report
has been publisbed as;

NCHRP Report 135, “Promising Replacements for
Conventional Apgregates for Highway Use.”
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Project 4-10A FY 70
Waste Materials as Potential Replacements for High-
way Aggregates

Valley Forge Laboratories
Richard H. Miller

Sept. 1, 1972

Nov. 30. 1973

853,663

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

Although an abundant supply of conventional aggregates
suitable for highway 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 of
cxisting sources through 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 gquantitics.
Such utilization will serve the public interest by providing
ccologically and cconomically acceptable means for dis-
posal of wasles in addition to providing replacements for
needed aggrepates in urban areas where the shortage is
often most scvere. Rescarch is needed now to determing
the types, sources, and guantities of waste materials poten-
tially useful as replacements for hiphway aggrepates.

NCHRP Project 4-10, “Promising Replacements for
Conventional Apgregates for Highway Use,” identified
the potential for using waste materials as aggregate in
highway construction. The objcctives for Project 4-104A,
as developed from the prior cffort, were to:

1. Provide an inventory of the types, sources, and
quantitics of waste materials potentially suitable for the
production of synthetic aggregates or for otherwisc re-
placing conventional aggregates in highway construction.

2. Provide an assessment of the prospects for practical
use of specific wasie materials for production of synthetic
apgregates or otherwise replacing the need for conventional
agpgregates in highway construction, particularly where
apgrepate supplies are scarce.

Accomplishment of project objectives involved:

1. Identification of all types and locations of waste
materials available or anticipated to bc available in the
future in significant quantities that are 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 fcasibility of using the most
promising waste materials as replacements for aggregates
in highway construction,

3. Based on the informalion compiled in Task 2, an
assessmecnt of the technical and economic feasibility of
current and future use of the waste materials having the
greatest potential for usc as replacements for aggregates in
highway construction, particularly where conventional ag-
gregates are not economically available or are becoming
depleted.

4. Determination of the status of use of waste materials
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in highway construction as replacements for aggregates.

Based on technical. economic, and environmental 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 materials
into aggregale, but in most instances much experimentation
remains to be done.

Research bas been completed. and the project report has
been published as:

NCHRP Report 166, "Waste Malerials as Potentiat Re-
placements for Highway Apgregates.”

Project 4-11 FY '75

Buried Plastic Pipe for Drainage of Transporiation
Facilities

Stmpson Gumpertz & Heger

Frank J. Heger

September 16, 1974

March 15, 1978

200,000

Research Agencey:
Principal fmvest:
Effective Date:
Completion Dare:
Frreds:

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 vears and appear to have
good potential for economical use as underdrains, storm
sewers, culbverls, and other drainage structures. However,
due to the lack of experience with these products in irans-
poriation Tacilities, use in this fleld has been limited.
Understundably, there has been a reluctance to use them
in pluce of, or as alternates Lo, more conventional pipe
products whose in-service behavior has been established
by many years of experience in @ wide range ol applica-
tions. Accordingly, it is necessary to undertake an evalua-
tion of the theoretical considerations and feld performance
of buried plastic pipe for use in transporiation (acilitics,

Ohfectives:

The over-all objective of this project is to develop and
evaluate design, installation, and performance criteria for
the use of buried plastic pipe products in transportation
facilities.

The specific objectives of Phase I are to:

1. Identify the tvpes, sizes. and physical and chemical
characteristics of plastic pipe products currently available
and considered suitable for use as underdrains, storm sew-
ers, culverts, and other drainage structures.

2, Based on uavailable research and experience with
buried plastic pipe: fa) cvaluale the current slate of the
art; (b} appraise the performance with regard to abrasion,
frost action, temperature variations, and other environmen-
tal considerations; and (¢) prepare tentative guidelines for
recommended design and instailation procedures.

3. Outline an experimental program, {intended (o be
performed under Phase I1) to improve the understanding
of {(a) the time-dependent soil-structure interaction of
buried plastic pipe subjected to carth and live loads and

{b) any other performance factors that appear to nced
further study.

The specific objectives of Phase [T are 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
prepared under Objective 2,

6. As part of the final report, prepare a manual on the
use of buried plastic pipe for drainage of transportation
facilities, with particular attention to permissible loads and
deflections., use limitalions, material specifications, accept-
ance tests, construclion and maintenance lechniques, and
inspection criteri:.

Phuse I has been completed, and an interim report con-
taining the findings has heen submitted, reviewed, revised.
and distributed to the sponsoring agencics.

Research is in progress on Phase II of the study. Several
types of plastic pipe bave been installed in Maine and New
Hampshire under vartous bedding and loading conditions.
Cover over the pipe varies from 2 ft to 22 ft. Several sec-
tions of pipe arc instrumented with strain gauges. Dellec-
tions arc being measured, Some pipe sections have been
removed for physical testing and other sections will remain
in place.

Research has been completed with accomplishment of
project objectives. The experimental program confirms the
tentative putdelines prepared under Phase 1 of the study.
The project report is being prepared, [t will include a
manual on use of buried plastic pipe for drainage of trans-
portation facilities and recommendations for AASHTO and
ASTM specifications on plastic pipe,

Project 4-12 I'Y 77

Upgrading of Poor or Marginal Aggregates For
PCC and Bituminous Pavements

The Pennsylvania State University
[Dr. Philip D. Cady

December 1, 1976

February 28, 1979

$150.000

Research Agenex:
Principal Invest.:
Effective Date:
Completion Duate:
IFrirreds:

The performance of high-type pavements, of either PCC
or hituminous concrete. is inflluenced by many factors.
Some of these are materials. environment, traflic loading.
construction practices, and maintenance. One of the most
tmportant factors in the satisfactory performance of a
pavement is the incorporation of coarse apgregate con-
sisting of sound, durable parlicles free from objectionable
coalings., The rapid depletion 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 bituminoos and PCC pavement mixtures. The
procedures for upgrading agpregates in this sludy are
limiled to the use of different types of coatings, chemi-
cal treatments, or impregnation with plastics or other
materials.

The bencliciation will address recognized problems such
as freeze-thaw damage, stripping, degradation, inadequate
soundness, alkali-aggregate reactions, destructive volume
changes, and objectionable coatings. In addition, but of
secondary importance, the economic feasibility of blending
sattsfaclorily coated or impregnated aggregates with un-
treated aggregates will be considered.

This study does not address itself to pavement surface
characteristics, such as skid properties, texture and rough-
ness, or mixtures applied as seal coats or thin surface
treatments,

The research will include the following tasks:

Task 1. (a) Identification of aggregate problems that
may be mitigated by beneficiation; (b) review of literature
and research in progress; (¢) idenlification of current and
potentially available practices and methods for upgrading
agoregate 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
appedr to be Lechnically and economically feasible.

Task 4, [aboratory development and cvaluation of can-
didate procedures with selected aggregates.

Task 3. Preparation of a final report that includes find-
ings of research and rccommendations for possible ficld
evaluation (i.e.. pilot siudy} of selected procedures.

Through December 31, 1977, the first three tasks have
been completed. and Task 4 is in progress,

Project 4-13 FY 77

Temporary Pavement Marking Systems

Southwest Research Institute
John M. Dale

November 1, 1976
Fehruary 28, 1978

549,500

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

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 technigues wre used for this purpose, they are difficult
to remove in a cost-effective manner without leaving scars
on the pavemnent thal may mislead the motorist. There
remains a continuing need, for all types of pavement sur-
faces under all environmental and traffic conditions, for a
temporary pavenent marking system. Temporary marking
systems are defined as those either easily applied and easily
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removed or those eastly applied and self-destructible under
controlled conditions.

The general objective of this research is to explore the
feasibility of one or more candidate solutions by awarding
one or more contracts within the limits of available funds.
The specific objectives are: (]} To cxamin¢ onc ot morc
concepts, existing or new, that offer promise for develop-
ment into workable temporary pavement marking systems.
The desired characteristics of these systems include delinea-
tion yuality, case of installation and removal, absence of
adverse environmental effects, ease of implementation, and
cost-effectiveness, (1) To analyze the feasibility of the
congept or concepts fn comparison with existing praclice
with reference to, but not limited to:
cquipment, and material costs (application and removal),
{b) effect on traffic during application and removal, (c)
traffic control effectiveness, (d) system durability, {¢) ma-
lerial and process availability, and (f) hazards to workmen
during application and removal.

{a) manpowger,

The concept of Lhis research was to develop and evaluale
additives to be used with cxisting traffic paints. Research
began with Tab tests of candidate additives of four types:
those with water of hydration, blowing agents, fuels, and
oxidizers, No practicable material was found to meet the
requirements ol the project. A final report has been sub-
mitted and is available, on a loan basis, on request to the
NCHRP Program Director.,

Further rescarch of (emporary marking materials, pur-
suing other approaches, is being planned.

Project 4-13A FY 77

Temporary Pavement Marking Paint Systems

Research Apency:
Principal Frivest.:
Effective Date:
Completion Date:
Funads:

To Be Detcrmined

Maintenance and construction operations on all classes
of highways frequently require temporary pavement mark-
ings to provide 1notorist guidance and safe traffic move-
ment. When existing pavement marking materials, devices,
and techniques are used for this purpose, they are difficuit
to remove in a cost-cffective manner without leaving scars
on the pavement that may mislead the motorist. There
remaing a continuing need, for all types of pavement sur-
fuces under all environmental and traflic conditions, for a
temporary pavement marking system, Temporary marking
systemis are defined as those either casily applied and casily
removed or those casily applied and self-destructible under
controlled conditions.

The specific objectives of this rescarch are: {1) to ex-
amine new paint formulations, primer materials, and re-
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lated combinations that offcr promise for development into
workable temporary pavement marking systems, (2) to
analyze the feasibility of the concept ar concepts in com-
parisan with existing practice.

Project 4-14 FY 78
Coating Systems for Painting Old and New Structural
Steel

Regsearch Ageney:
Principal fnvest.:
Effective Date:
Completion Date;
Fands:

Georgia Institute of Technology
Dro DT ONell

January 1. 1978

March 31, 1980

149 844

All state and local highway agencies have steel structures
that must be painted to provide protecticn against corro-
sion. Available funds dictate the number of structures that
can be painted and the grade of surface preparation that can
be used.

Although various coeating systems intended to protect
structural steel are available, users report a wide range of
results, Many systems. including those in general use, re-
quire a degree of surface preparation and the use of sol-
vents, hoth in the formulation and for cleanup, that are
being increasingly restricted to protect health and environ-
ment. [n addition, some systems bave poor flow charac-
teristics, require a high degree of surface preparation, and
require highly skilted applicalors.

The objective of this research is the preparation of
tentative guidelings for the use of cxisting and recently
developed nonproprietary coating sysiems for the painting
of structural steel with emphasis on such considerations as
{a) health and ¢nvironment, (b} cxposure conditions,
fc) application requirements, and {d} economics. Jt is
anticipated that accomplisbment of this objective will
involve:

1. Evaluation of current practices and experience of
public agencies, industry, and others involved in the pro-
tection of structural steel (both new and existing) with
regard (o such factors as surface preparation, coating
systerns, coating thickness, and c¢xposure.

2. Selection and cxperimental evaluation of recently de-
veloped coating systems for structural steel. The experi-
mental program is intcnded to be an accelerated test that
is expected to provide useful information after about one
year of exposure.

3. Preparation of tentative guidelines for the selection
and application of coating systems for defined sets of con-
ditions based on current experience and limited experi-
mental cvaluation work,

4. Design of a field evaluation program for selected coat-
ing systems compatible with the project ohjective. The field
evaluation design should consider the practicality as well as
the performance of the sclected systems.

5. Delermination of gaps in the tentative guidelines and
recommendation of priorities for needed research,

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 Traflic

Principal Invest. [Fred W. Hurd

Effective Date: Feb. 15, 1963 Feb. 1, 1967
Completion Date: May 31, 1966 July 31, 1967
Funds: 124,319 $21,530

Because of insuflicient information on the requirements
in freeway illumination, thorough rescarch needs to be
performed. A scientific basis for warranis and design cri-
teria for use in installing continuous and localized lighting
on frecways is needed, as is evaluation in terms of benefits
and costs.

A 5-mile segment of the Connecticut Turnpike in the
Bridgeport area was selected for the study site. The light
intensity was changed to reflect illumination at both the
(1.2 and 0.6 average horizontal footcandle 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.
Traffic characteristic data from more than 400,000 picture
frames were transferred to punched cards and analyzed by
an clectronic computer. Information was obtained on [ane
use, variation of placement and velocity, headway distribu-
tions. vehicle clustering by type, and use of the on-ramp,
Ewvaluations of day and night accident data and traffic vol-
umne data have been made,

The project report has been published as:

NCHRP Report 60, “Effcets of Ilumination on Operat-
ing Characteristics of Frecways.”

Project 5-2(2)  FY '63

Effects of lllumination on Operating Characteristics
of Freeways—Driver Response, Visibility,
and Visual Discomfort

Research Agency,
Principal fnvest.:

The Ohia State University
Dr. Thomas H. Rockwell
Dr. H. Richard Rlackwell
February 15, 1963
August 31, 1965

S$81,187

Fffective Date:
Completion Date:
Funds:

The objectives of this research supplemented Project
5-2{1}, the accent in this contract being on the characteris-
tics of driver response, visibility, and visual discomfort.

In conducting its research, 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 oplical instruments
developed by The Ohio State Universily, 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 illununation 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 environment was effected by the light intensity
change.

The results presented in the project report have been
comhined with the results of Project 5-201) and have been
published as:

NCHRP Report 60, "Effects of Illumination on Operat-
ing Characteristics of Freeways.”

Project 5-2{3) FY 63

Effects of Illumination on Operating Characteristics
of Freeways—Driver Discomfort

The Institute for Research at
State College. Pennsylvania
Dr. Paul M. Hurst

February 20, 1963
February 28, 1966
$37.400

Research Agency:

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

As with Project 5-2(2). this rescarch complemented that
of Project 5-2{1). This study was concerned with only one
aspect. that of driver comfort as related 1o anxiety as mea-
sured under various lighting conditions. The Institute for
Research. a private research agency located at State College.
Pennsylvania. obtained research data from motorists driv-
ing through the test area of the Connecticut Turnpike.
Driver-questionnaire information was used to determine
apprehension based on a numerical score and also to locate
those events related to illumination which appeared to be
most vexing to drivers,

The analysis included nonparametric tests of the effects
of illumination. weather, moon brightness {as a function of
elevation and phase}, traffic volume, driver expericnce,
driver lamiliarity, and day vs. night upon DDS scores and
NTD scores.

The resulis presented in the project report have becn
combined with the results of Project 5-2(1) and have
heen published as:

NCHRP Report 60, “Effects of [llumination on Operat-
ing Characteristics of Freewavs.”

Project 5-3 FY 64
Visual Information Needed by the Driver at Night

Research Agency: The Ohio State University
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Dr. Thomas H. Rockwell
Dr. Ronald 1., FErnst

Principal tavese.:

Effective Date: September 1, 1964
Completion Date: March 31, 19/7
Funds: $100.940

This research was designed to determine minimum infor-
mation necessary to maintain control stubility and identify
the information which is normally used. Visual degrada-
tion studies were conducted to determine liniits of perform-
ance stability based 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. Rescarch was con-
ducted to determing times and distances to satis{y informa-
tion needs for optimal control. Visual cues were scaled
by photometric calibratton of viewed object contrasts and
edge markings. An c¢ye marking unit was empleyed to
assess relative cue importance In maintaining performance.
An attemipt was made to formulate ibe effect of lreeway
informational features on driving performance based on
perceptual and highway design factlors.

The project report has been published as:

NCHRP Report 99, “Visual Information Needed by the
Driver at Night.”

Project 5-4 Y 64

Economic Study of Roadway Lighting

The Franklin lnstitute
Arna Cassel

July 241, 1964

August 31, 1965
$19.412

Researcli Agency:
Principal Invest.:
Filective Pate:
Completion Dare:
Frnds:

The purpose of this project was to determine capital cost
ranges and operating costs for prevailing light sources in
relation to type of luminaire distribution sysiem and light
intensity on the pavement.

The rescarchers collected data for ccomomic compari-
sons. including costs for hardware, installation, useful
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-lanc,
four-lane. and six-lane divided higbways. A literatore
search was made of available lighting cost studies, speci-
fications, design criteria for highway lighting installations,
mamntenance, and replacement factors. Methods for evalu-
ating capital improvement proposals were reviewed, and
the annual cost method appeared to be most suitable for
evaluating costs of different roadway lighting configura-
tions. QQuestionnaires were received from public utility
companies, municipalities. and State highway departments
to acquire cost information,

The project report has been published as:

NCHRP Report 20, “Economic Study of Roadway Light-
ing,”
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Project 5-5 FY 65
Nighttime Use of Highway Pavement

Delineation Materials

Southwest Research Institute
John M. Nale
Mar. 1, 1965
Pec. 31, 1966
$350,000

Researclht Ageney.
Principal Invest.:
Effective Date:
Corapletion Deare:

July 15, 1967
Sept. 15, 1969
$100.000

Funeds:

In this study, ways of improving delineation of road-
ways under wet and dry conditions by either improving
technigues utilizing cxisting malerials or developing new
materials and techniques were investigaled.

This program was initiated by a field study of the per-
formance characteristics of conventional marking materi-
als. TFollowing this, the rescarchers conducted stodies of
the physical nature of reflective materials with particular
emphasis on their performance characteristics under vari-
ous types of water films. Attention was directed to the
development ol a systemalic approach to marking pave-
menis wherein one qualifies the surface to be marked.
determines the water film thicknesses to be encountered. and
then selects one of several marking sysiems that will per-
form under the imposed conditions.

The project report on the laboratory phase of the re-
seiarch has been published as:

NCHRP Report 45, “Development of Tmproved Pave-
ment Marking Materials—-Laboratory Phase.”

The purpose of the continuation phase was to further
develop, optimize, and field test the new marking system
that emerged rom the initial rescarch effort.

The project report on the field phase of the research has
been published as:

NCHRYP Report 85, “Development of I'ormied-in-Place
Wel Reflective Markers.™

In addition to the final report, a molion picture flm
was produced describing the results of the research. Loan
copies of the film are available from the NCHRP Program
Director.

Project 5-5A Fy 71

Development of Optimum Specifications for
Glass Beads in Pavement Markings

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

The Pennsylvania State University
Dr. Luke M. Shuler

Muy 1. 1971

June 30, 1973

$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 analysc world-wide rescarch and prac-
tices involving the use und manufacture of traffic marking
becads.

2. Identify those variables that markedly influence the

effective utilization of glass beads in pavement markings.
Evuluate these variables by laboratory and field tests as
required in order to rate them in terms of their influence
on Lhe clfectiveness and serviceability of delineation under
actual traffic conditions. Field tests are to include mea-
surements of wet-nighttime reflectivity.

3. Determine the capability and economics of producing
glass beads of specified gradation, composition, shape, low
properties. color, etc.

4. Develop practical specifications und criteria for the
saleclion and use of beads for reflectorizing traffic paint
markings,

3. Ewvaluate for one or more states the probable benefits
that would accrue should the proposed specifications be
adopted in place of current specifications,

The research included a survey of current practice and
field applications of test lines vsing a variety of paint Alm
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 completed, The final report has
been submitted but will not be published in the NCHRP
Report scries. Howcever, a summary is presented in NCHRP
Swnnary of Progress Through 976,

A copy of the agency’s final report may be obtained from
University Microfilms International, 300 North Zeeb Road,
Ann Arbor. Michigan 48106,

Project 5-5B FY *72
Pavement Marking Systems for Improved Wet-Night
Visibility Where Snowplowing is Prevalent

Texas A & M University
Research Foundation
Dir. William M. Moore
Septemnber 1, 1971
December 31, 1974
$200.000

Research Ageney:

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

Conventional reflectorized pavement marking systems in
common use lose their effectiveness markedly during pe-
ricds of darkness in rainy weather. Raised reflectorized
markers are quite effective under such circumstances and
are in use where exposurc 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
common during the winter months,

Accordingly, the obiectives of Lhis research were:

1. Develop one or more innovative concepts for pave-
ment marking systems that are practical, economical, and
effective under nighttime wet-pavement conditions and
compatible with snowplowing.

2. Conduct a laboratory and controlled fleld cvaluation
of the system(s) developed in objective 1 and demonstrate
its (their) practical and economic feasibility.

Interim reports submitted in September 1972 and Oc-



tober 1973 described the development and testing of the
“first generation” markers and the development of the
“second generation” markers modified in accerdance with
the findings from the first winter field tests. The second
generation muarking 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 the NCHRP cditorial and publication process. Prior to
its publication, copies of the report are available on a [oan
basis on request to the NCHRP Program Director.

Project 5-6 Y "6%
Highway Fog

Research Agenev:
Principal Invest.:

Cornell Aeronautical Lahoratory
W. (. Kocmond

K. Perchonok

October 2, 1967

April 30, 1969

$99.955

The objectives of this research werc: (1) to review past
and current research 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 nf visibility, and effect
on traffic operations; (3) to dcterminc the day and night
for levels (standards of visibility} that produce significant
detrimental effcets on driver performance and traffic op-
erations: (4) to explore the feasibility of warm and cold
fog abalement and vehicular guidance systems under high-
way conditions; and (5} to suggest ways and means of
obtaining maximum eflcctiveness of systems to combat
reduced visibility due to fog.

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

NCHRP Report 25, “Highway Fog.”

Fffective Dute:
Completion Dute:
Frnds:

Project 5-6A FY 70
Highway Fog

Research Agency:
Principal Invest.:

Sperry Rand Cerporation
James O. Dyal

Richard T. Brown
William H. Heiss
September I, 1970

May 31, 1973

$93,540

Efiective Date:
Completion Date:
Funds:

This research was a continuation of NCHRP research in
the general area of bighway fog. The major objectives
of the rescarch were to:

1. Anaiyrc the highway fog problem and determine the
day and night fog levels (standards of visibility} that pro-
duce significant detrimental cffects on driver performance
and traflic operations.

2. Explore the feasibility of active and passtve puidance
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systemns for freeways and expressways that will inform and
warn the motorist of prevailing roadway {og and traffic
conditions ahead, and puide and control traffic more safely
and cenveniently through the fog area.

The research was addressed principally to the first
objective and developed a measurable fog visibility index
and related this index to pofential 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—Visihility Mea-
sures and Guidance Systems.”

Project 5-7 FY 69
Roadway Delineation Systems

The Pennsylvania State University
Dr. J. 1. Taylor

October 1, 1968

June 30, 1971

$5469,526

Research Agency:
Principul Invest.:
Efjective Date:
Completion Date:
Frunds:

Vehicles running off the road constitute a substantial
portion of the accidents on the nation’s highways. Im-
proved pavement and roadway delineation treatments may
aid drivers in controlling their vehicles, thus improving the
salety aspects of the highway and easing the driving task,
especially during adverse weather conditions and at night.

Accordingly, the objectives of this research were: (1) to
review past and currenl research pertaining to roadway
delineation; (2} lo prepare a slate-of-the-art summary of
the review; (3} 1o determine the driver’s delineation re-
quirements during various conditions, such as traffic,
weather, highway geometry, and illumination; (4} to estab-
lish rational lechnique(s) for determining the effectiveness
and any detrimental side effects of delineation treatments
and, using the technique{s) established, evaluate existing
and proposed delineation systems; (5) to tcst the more
promising delineation systems; (6) to develop practical cri-
teria for the selection of delineation treatments, including
factors of cost effectiveness and maintenance prublems; and
(7) to compare the physical characteristics and perfor-
mance of colored pavements with those of conventional
asphalt and portland cement pavements.

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

NCHRP Report 130, “Roadway Delineation Systems.”

Project 5-8 FY 70

Warrants for Highway Lighting

Texas A & M University
Research Foundation
Neilon I. Rowan

Ned Walton

Research Agency:

Principal Irivest.
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Efjective Date.
Completion Date:
Funds:

March 16, 1970
February 15, 1973
198,875

A nced existed to establish warrants for fixed roadway
lighting on the various classes of roadways in both urban
and rural arcas; to determine whether the lighting should
be continuous or just at specific locations; and to prepare
guidelines Tor the design of lighting. Benefils 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 locul highway sttuations should include consideration
of henefits and costs of lighting (initial and operating) to
satisfy the visual requirements of the driver. A method or
mcthods 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:

l. Review and analyze world-wide research and practice
in roadway liphting. Prepare a state-of-the-art summary of
Lhe review,

2. Develop requircments for a suitable visual environ-
ment ta be obtained by fixed roadway lighting (or safe and
clficient tralffic operations. Provide guidelines for the design
of fixed roadway lighting to obtain this environment.

3. Evaluate the possible benefits derived when a suitable
visual environment is provided by fixed roadway lighting.

4, Determine warrants (the minimum conditions) for
where fixed roadway lighting systems should bhe installed
for continuous lighting and at specific locations including,
hut not limited to, interchanges and intersections.

5. Analyze the role of cosl-cflectiveness and other eval-
uation technigues in (a} establishing the need lor fixed
roadway lighting, (h} sctting priorities for fixed lighting
projects, and (¢} evaluating alternative designs of lighting.

fr. Recommend a method of selting priorities for the
tnstallation 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 rescarch has been completed, and the final report
has been published as:
NCHRP Report 152, "Warrants for Highway Tighting.”

AREA 6: SNOW AND ICE CONTROL

Project 6-1 Y "63

Development of Economical and Effective Chemical
Deicing Agents to Minimize Injury to Highway
Structures and Vehicles

ITT Research Institute
3. B. Boies
February 135, 1963

Research Ageney:
Principal Invest.:
Fifective Date:

Completion Date:
Funds:

Septemtber 30, 1964
$40,000

Research was directed 10 the development of chemical
agents 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
relationship 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

Roy Jorgensen and Associates
K. E. lorgensen

R. D. Johnson

February 15, 1963

FFebruary 29, 1964

$25.000

Research Agency:
Principal Invest.:

Effective Dute:
Completion Date:
Funds:

This study was primarily one of searching the literature
and appraising the current status of knowledge of the sub-
ject. In addition to a literature survey, contacts were made
with highway departments and other agencies that have
been confronted with the problem. Designs for structure
heating systems as used in the U.S. and other countries
have been evaluated, as have other nonchemical methods.
The rescarchers have included in their studics the effective-
ness of nonchemical methods and economic losses due to
structure deterioration,

The project report has been published as:

NCHRP Report 4. “Non-Chemical Methods of Snow
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

Battelle Memorial Institute
M. I. Snyder

March 1, 1963

February 28, 1965
$58.557

Research Agency:
Principal Frvest.;
Effective Date:
Completion Date:
Iunds:

Investigalions on this project were oriented toward de-
veloping new and evaluating cxisting materials to be applied
to concrete surfaces to inhibit concrele deteriorations 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 Concrele by Deicing Chermnicals.”




Project 6-4 FY a3

Evafuation and Development of Metheds for Reducing
Corrosion of Reinforcing Steel

Battelle Memorial Institute
A. B. Tripler, Ir.

March 1. 1963

April 30, 19635

£319.330

Researcly Agency:
Principal Invest.
Fffective Dare:
Completion Date:
Funds:

Rescarch investigations for this project refated 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 reinforcing bars, (2) inhibitors
in concrete miixtures, (3) inhibitors in deicing chemicals,
and (43 cathodic protection.

The project report has been published as:

NCHRP Report 23, “Methods for Reducing Corrosion of
Reinflorcing Steel,”

Project 6-5 FY 63

Study of Physical Factors Influencing Resistance of
Concrete to Deicing Agents

University of Illinois
Prof. C. E. Kesler
March 1, 1963
August 31, 1965
$72.500

Research Ageney:
Principal Invesr.:
Effective Date:
Campletion Date:
Funds:

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 concrele. Variations in the surface
porosity, strength, and air-void system produced by diifering
fimishing technigues were evaluated 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 of water during finishing were cvalu-
ated using surface scaling tests, surface tensile strength tests,
and microscopical determination of surface air-void pa-
rameters.

"I'his project has been completed, and the report has been
published as:

NCHRP Report 27, “Physical Factors Influencing Re-
sistance of Concrete to Deicing Agents.”

Project 6-6 FY ‘63

To Evaluate Existing Methods and/or Develop Im-
proved Methods for the Measurement of
Certain Properties of Concrete

Research Agency:
FPrincipal Invest.:
Fflective Date:

The Ohio State University
Prof. R. W. Bletzacker
March 1. 1963
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Completion Date:
Funds:

February 28, 1966
£69.393

[n order o insure that finished concrete will conform to
those specifications selecied (o produce adequate resistance
to deicing agents, this study was initiated to evaluate and/or
develop methods for sgcuring pertinent guality control in-
formation at the earliest desirable or feasible age in order
that any necessary correclive measures can be applied to
the work in progress. Specifically, the study concerned the
factors of (1} air content and uniformity of distribution,
(2} cement content and uniformity of distribution, (3)
water content and uniformity 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 summuary is incivded in NCHRFP Summary of Progress
to fune 30, 1967,

A copy of the agency's final report may be ebtained from
University Microfilms International. 300 North Zeeb Road.,
Ann Arbor. Michigan 48106,

Project §-7 FY 63

Estimation of Disintegration in Concrete Structures

Geotechnics
Floyd Q. Slale
March 1, 1963
Augusl 31, 1964
8,547

Research Agency:
FPrincipal fnvest:
Effective Date:
Completion Date:
Funds:

This study involved the development of insiruments and
method{s} for ficld use to detect and determine the ex-
tent of disinlegration of structural concrete. The method(s)
should be able 1o delineate arca and depth within an ac-
curacy of approximetely 10 pereent,

The contract was terminated with no project teport,
Research was resumed under Project 6-7A.

Project 6-7A FY 63

Estimation of Disintegration in Concrete Structures

IIT Rescarch Institule
Dr. W. J. McGonnagle
Febroary 1, 1965
July 31, 1966

S44.614

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

This research study involved the development of instru-
ments and method(s) for field use to detect and determine
the extent of disintegratiun of structural concrete. The
method (s} should be able to delineale area and depth within
an accuracy of approximately 10 pereent,

Rescarch has been completed. The projeet report will
not be published in the regular NCHRYP report series, but
a summary is included in NCHRP Summary of Progress
to June 30, 1967

A copy of the agency's final report may be obtained from



University Microfilms International, 300 North Zeeb Road,
Ann Arbor, Michigan 48106.

Project 6-8 FY "63

Evaluation of Methods of Replacement of Deteriorated
Concrete in Structures

Research Agency:
Principal Invest.:
Fffective Date:
Completion Date:
Frnds:

Bertram D. Tallamy Associates
Dr. B. D. Tallamy

February 15, 1963

February 29, 1964

525,000

This study was directed toward @ scarch ol avatlable
literature and a canvass of agencies that have been known
to employ oicthods of repair of structerat concrete. The
researchers attempted an evaloation of the cconomics and
adequacy of the various methods (o accomplish the job.
Recommendations were made of areas requiring further
study.

The project report has been published as:

NCHRP Report 1. “Evaluation of Methods of Re-
placement ol Deterioraled Conerete in Structures.”™

Project 6-9 FY 64
Potential Accelerating Effects of Chemical Deicing
Damage by Traffic and Other Envireonmental-

Induced Stresses in Concrete Bridge Decks

Research Agency:
Principal Invest.:

University of Hlinois
Prof. Clyde E. Kesler

Effective Date: Januvary 1. 1965
Completion Date: June 15, 1968
Frunds: $£200.000

Some present bridge designs allow a degree of flexibility,
which, ender 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 concrete by providing access
channels for the corrosive agents. Stresses induced by traf-
fic nay augnment those of frost action sufficiently to cause
scaling in cases where a satisfactory performance would
otherwise be expected. The objectives of this rescarch were
to establish by laboratory studies the relationships between
performance and displacement in bridge-deck slabs. Air-
entrained reinforced concrote deck slabs with restraints
sitmilar to those experienced by slabs on structural steel
and reinforced concrete boam-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 cncountered in the field.

The final report has been published as:

NCHRP Report 101, “Effect of Stress on Freeze-Thaw
Drability of Concrete Bridge Decks.”

Project 6-10 FY '68 and FY '69

Develop Improved Snow Removal and Ice Control
Techniques at Interchanges

Research Agency:
Principal Invest.:
Effective Dute:
Completion Date:
Franes:

Bertram D. Tallamy Associates
L. G. Byrd

September 1, 1967

September 30, 1970

§95.000

The variety ol geometrical shapes of interchange ramps,
with ussocialed structures, and their urban or rural loca-
tions invariably crcates problems with respect to optimum
snow removal and ice control techniques in the interchange
areas. Furthermore. alternate freezing and thawing of
plowed or unplowed snow across superelevated ramps con-
trtbules to problems in snow and ice control, Drifting may
further aggravate this problem. Improved snow removal
and ice control technigues in interchange areas are vital to
the safety of highway traflic.

The purpose of this study was to identify and cvaluate
the specific problems associated with snow removal and ice
control operations al mterchanges and to recommend
methods for alleviating the problems. The investigation has
been completed. and hoth physical and operational factors
that influence winter maintenance operations at inter-
changes have been listed in the project report. Design con-
siderations and operational procedures aimed at alleviating
the prohlem 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 [ce Control
Technigues at Interchanges.”

Project 6-11 FY 71

Economic Evaluation of the Effects of lce and
Frost on Bridge Decks

Midwest Research Institute
Robert R. Blackburn

Sept. 1, 1970 Sept. 12, 1972
Nov, 30, 1971 Sept. 11, 1974
£50,000 $30.000

Research Agency:
Principal Tnvest.:
Effective Duate:
Completion Date:
Fuads:

[ce or frost on bridge decks while the approach pave-
mients remain ice- or frost-free is a known safety hazard.
Although littlc hard evidence has been presented to indicate
the extent of the problem, maintenance practice and re-
search on various preventive or remedial technigues often
assumes it to be significant. This project was undertakeo to
fill a need to quaniify the problem as a basis for rational
decisions concerning the economics of design and main-
tenance practices.

Phase T of the project consisted of a literature search, a
survey of selected State highway departments, the formula-
tion of a cost-benefit methodology, a preliminary model
parametric analysis. the collection of cost data on preven-
tive and remedial techniques in current use, the devclop-
ment of a subsidiary net cost model, the formulation and
evaluation of a bridge classification model, and the compu-



tation of iHustrative examples of the cost-benefit methodol-
ogy.

The application of the methodology developed in Phase ]
to sample cases identified data that were lacking. Further-
more, the resufting madels were found not to be in a con-
venient form for ready implementation. Phasc 11 of the
project was designed 1o 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 cxtra maintenance cost justified to
prevent or remedy ice or frost on bridge decks, The cost-
henefit methodology developed consists of a cost model and
a benefit model. A bridge characterization model was also
developed for predicting the annual number of ice and
snow accidents to be expected on a bridge, given various
characteristics of the bridge. The use of the methodology
and bridge model appears promising: however, anyone
wishing to apply the process will need to develop a more
precise accident data base with regard to bridge and road
surface conditions (frost, localized ice, etc.) for the par-
ticular arca of interest beyond that now being collected.
The daia base can be generated using data coltection pro-
cedures developed in the study.

Research hus been completed, and the final report is in
the NCHRP editorial and publication process.

TRAFFIC PLANNING

FY '64 and FY "63

AREA 7:

Project 7-1

The Influence of Land Use on Urban Travel Patterns

Louis E. Keefer
Fouis E. Keefer
David K. Witheford

Research Agency:
Principal Invest.:

Effective Dute: Feb. 1. 1964 Apr. 1, 1966
Completion Date: Jan. 31,1966  Sept. 30, 1967
Frernels: $62,674 S6h.894

This project sought to determine the criteria or values
concerning travel patterns created by major traffic gen-
erators. Such information is useful in forecasting the effect
of various land uses on strect networks and in providing a
better hasis for facilily design, as well as for the control of
various land uses, The nature or relationship between fravel
patterns and influecncing factors (ie., travel time, traffic
gencrator characteristics such as location, size, type and
intensity of Jand use, modes of travel, and other pertinent
variahles) 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 comunercial airports,
28 shopping centers, and 51 industrial plants from various
citics in the United States were used in the analysis.

A report on the continuing phase of the research has heen
published as;

NCHRP Report 62, "Urhan Travel Patierns for Hos-
pitals, Universities, Office Buildings, and Capitols.”
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This report presents (rip characteristics for four specific
uses of land. The travel information on hospitals has becn
derived from the study of data for 77 hospitals located in
16 different metropolitan areas. The findings for college
and university 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 huildings located in 9 cities comprise the
fourth type of land use siudied and reported in the con-
tinugtion research phase,

Project 7-2 FY ’64 and FY "65

Traffic Attraction of Rural Outdoor
Recreational Areas

11T Research Institute
Andrew Ungar

Research Agency.
Principal Invest.;

Effective Pate: Feb. I, 1964 May 1, 1965
Completion Date: Mar. 15, 1965 May 31, 1966
Funds: $24,652 524,844

This research was concerned with determining the traffic
attraction and generation of tural outdoor recreational
areas, such as thosc created in many places hy 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 18 Indiana state parks and com-
pares the results to a similar study of reservoir recreational
areas in Kansas. A predictive model soitable for applica-
tion to the planning of new recreational atcas is described
utilizing trip distribution, a socio-cconomic activity index
of the contributing area, and an estimate of the attractive-
ness based on the facilities to be provided.

The project report has been published as:

NCHRP Rcport 44 “Traffic Attraction of Rural Qut-
door Recreational Arcas.”

Project 7-3 FY '64 and FY *65

Weighing Vehicles in Motion

The Franklin Institute
R. Clyde Herrick
Febroary 1, 1964
August 31, 1967
$73,391

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

The purpose of this research was to develop new or im-
proved methodology for weighing vchicles in motion with
review and study of existing or new cquipment. The ulti-
mate aim was to obtain load magnitudes automatically in a
way similar to obtaining traffic volumes hy traflic counters.

Franklin Institute’s approach to this problem served to
complement the studies performed by others rather than
to duplicate existing research, The data processing system
in block form only was developed on the project. Tt was
planned that oo full-scale or field testing would be per-



b

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 dynamic load obser-
vations.

The methods for estimating the static axle weight from
sampled force studicd 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, “Analytical Study of Weighing
Mecthods for Highway Vehicles in Motion.”

Project 7-4  FY 64, EY '65, and FY 67

Factors and Trends in Trip Lengths

Alan M. Voorhees & Assoriates
Alan M. Yoorhees
Salvatore Bellomo

fesearch Agency:
Principad frvest.:

Effeciive Date: Feb. 1. 1964 Qct. 23, 1567
Connpletion Date: OctL. 31, 1966 Jun. 10, 1969
Freneds: SRY. 250 $61.730

This research involved the establishment of the charac-
teristics ol trends in trip fengths. Knowledge of such trends
is needed to determine future urban travel demands. It was
expecred that characleristics of trip lengths will be influ-
enced by factors such as trip purpose, level of service, size
and spatial characteristics of urban arcas, sociceconomic
characteristics, and Lrip-generaling activity location.

The rtesults of the first two years ol this research have
been published as:

NCHRI* Report 48, “Factors and Trends in Trip
Length.”

This report provides cinpirical and theoretical analyses
from dafta collected from several transportation studies.
Trip lengih guidelines have been developed to provide trans-
portation planners with tests of reasonableness for travel
forecasts.

The project was continued to enable the study of trip
length in subareas within metropolitan arcas. The objectives
of the sccond phase were to eslablish various relationships
to assist planners In minimizing trip length on a subarea
hasis and to provide puidelines for checking metropolitan
trip length forecasts.

Data were collected for analysis from the two sepa-
rafe origin-and-destination studies conducted in each of the
following citics: Detroit, Mich. (1953 and 1965); Sioux
City, Towa (1955 and 1965); Reading, Pa. (1958 and
1964).

The final report provides results of hypotheses formu-
lated and tested lo state the relationship over time between
trip Iength and influencing factors. Simulation studies are
reported of home-based work-trip analyses for certain
hypothetical urban forms and transportation systems.

The results of the continuation phase of the project have
been published as:

NCHRP Report 89, “Factors, Trends, and Guidelines
Related to Trip Length.”

Project 7-5 FY '64 and FY 65

Predicted Traffic Usage of a Major Highway Facility
Versus Actual Usage

Research Ageney: Yale University,

Burcau of Highway "Traffic
AL J. Huber

H. R. Boutwell

Iebruary 1, 1964
November 30, 1966
$99.675

Principal invest.:

Fffective Date:
Ceonpletion Date:
Frnds:

This project involved the develepment of better methods
for forecasting and assignment of traffic. Various methods
in current use were investigaled. Methods were developed
to determine the effects a new facility has on the traffic
pattern of existing facilities. A major cmphasis of the
research was to determine the accuracy of the predicted
use as compared to the actual use of highway Jacility.

The project report describes various electronic com-
puter traflic assignment methods with test results compared
1o actual survey data obtained along the Connecticut River.
Pittsburgh Arsa Transportation Study data and network
assignments were obtained to study several forecasts made
15 to 20 years ago.

A computer program was assembled to assign traffic to a
network using four different capacity restraint methods, An
analysis of statistical inferences from different network load-
ings was conducted.

The project report has been published as:

NCHRP Report 58, “Comparalive Analysis of Traffic
Assipnment Technigues with Actual Highway Use.”

Project 7-6 FY '66

Multiple Use of Lands Within Highway Rights-of-Way

Rarton-Aschman Associates
Harvev R. Joyner

IFebruary 1, 1966
February 28, 1967

$24,220

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

Controlled-access highways in urban and rural areas in-
clude Tand which was necessarily acquired to provide space
for the present and {uture safe design and operation of the
facility but which is not now used. This project assem-
bled information that illustrates what has been and what
might he accomplished with these plots of land in the inter-
est of both the highway user and the adjacent community.

The rescarchers reviewed the literature and prepared an
annotated bibliography on the subject. A questionnaire was
sent to the highway departments and several cities in the
.S, as well as abroad to survey cxisting uses being made
of highway rights-of-way. Personal visits to vavious sites
were made 1o acquire more information on the cffects of
various uses. Policies and legal requirements were reviewed
and recommendations made for the use of land within the
highway rights-of-way.



The project report has been published as:
NCHRP Report 53. “Multiple Use of Lands Within
Highwav Rights-of-\WWay.”

Project 7-7 FY 66

Motorists' Needs and Services on Interstate Highways

Airborne Instruments Laboratory
Martin A, Warskow

January 1, 1966

Deceniber 31, 1967

$99.267

Research Ageney:
Principal Invest.:
Effective Date:
Completion Date:
Freneds:

This project was concerned with the needs and desires of
motorists traveling on the Interstate Highway System. how
these needs and desires are being satisfied, and what addi-
tional service provisions should be made. Legal and finan-
cial implications for providing various services were
studied,

The researchers analyzed three basic classes of ser-
vices: etnergency services, which include out-of-fuel,
mechanical failures, accidents, and medical needs; normat
necessities. which include need for fuel. food. lodging. and
direetional information: and supplemental services, which
include information on choice of lodging, fuel. and foed
facilities as to guality, location. brand, etc.

A pational questionnaire was mailed to a sample of regis-
lercd motorists to determine motoris(s’ desires. Emergency
service dala were cotlecled from various sources. A series
of road trips was conducted in seven states in various parts
of the country to experience a variety of the geographic
aspects of this study. In each state. the researchers visited
the local auto club. the State highway officials, and the
State police to obtain vartous types of data.

The project report has been published as:

NCHRP Report 64, “Motorists” Needs and Services on
Interstate Highways,”

Project 7-8 Fy 71
User Cost and Related Consequznces of
Alternative Levels of Highway Service

Stanford Rescarch Institute
David A, Curry
September 1, 1970

April 15, 1972

$99,070

Research Agency:
Principal Invest.:
Eflective Date:
Completion Date:
Frnds:

Techniques for conducting comprehensive economic
analyses of planned highway projects can be slow and
curabersome. In view of the evolving nature of the
highway planning process, a need cxists for an economic
analysis supplemcnt to the Highway Capacity Manual
utilizing the manual’s definitions of highway types, levels
of highway service, and other key concepts. The Highway
Capacity Manual describes six levels of service for cach
of five types of highway facilitics and provides detailed
procedures for determining levels of service under various
conditions. At present, however, these levels of service
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have not becn guantificd with respect to user costs and
related consequences.

The objectives of this project were to evaluate data re-
lated to user costs on various highway facilities onder dif-
ferent levels of service, volumes, and other conditions, and
to develop a methodology that will relate these variables
to user costs. Through the means of sensitivity analyses,
highway design and situation variables were identified that
have major impact on output variables that can be of use
to highway decision-makers.

Motor vehicle running cost data were compiled and up-
dated for use in calculating relative road user costs at differ-
ent levels of highway service and as affected by details of
geometric design and traffic performance, By uso of Ap-
pendix A of the Highway Capucity Manual, relationships
were derived for peak-hour volume per lane in conjunction
with AADT per lane pair. Queuing was analyzed based on
the shock-wave method for uninterrupted flow and the de-
terministic method for interrupted flow, A methodology
for estimating vehicle emissions was developed based on a
“typical” vehicle configuration.

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

NCHRP Report 133, “Procedures for Estimating High-
way User Costs, Air Pollution, and Noise Effects.”

Project 7-9 FYy '73

Development of Models for Predicting Weekend
Recreational Traffic

Midwest Research Institute
Walter R. Benson

September [, 1972

May 15, 1974

$74,983

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

Traflic congestion occurs frequently on weckends at the
fringes of urban areas as well as at recreation sites. For a
number of highways serving recreational travel, it has been
found that the peak hours of the year arc concentrated on
weckends. This weekend dilemma is of increasing con-
cern to highway officials particularly, because it is expected
to increase with increasing personal income and work-frec
time. Urban transportation studies, charged with fore-
casting future travel patterns, have excluded weekend travel,

The objective of this rescarch was to develop techniques
for the prediction of weekend recreational traffic capable
of responding to chanpes in recreation demand, recreation
supply, and transporiation supply.

The principal development was a computer program
RTPM (Reccrealional Traffic Prediction Model), RTPM
operates in conjunction with the Urban Planning Battery
in a threc-stage process as follows:

1. Urban Planning Batlery programs arc employed to
create a highway network representing the primary roads
in an arca sclected for study and to determine travel times
between all zones in the network.

2. RTPM generates a trip file consisting of all origin-
destination weckend recreational travel for which cither
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the origin or the destinalion point is within the area se-
lected.

3. These trips, within a user-specified time-of-weekend
period, are loaded onto the highway nelwork by Urban
Planning Battery programs to provide cstimates of tralfic
on any one or more individual highway segments,

The research has been completed, and a summary of the
major lindings is included in NCHRE Summury of Progress
Through 1976,

A copy of the ageney’s final report may be obtained from
University Microfilms [niernational. 300 North Zeeb Road.
Ann Arbor, Michigan 48106,

Project 7-10 EY 74 and FY 75

Peak-Period Traffic Congestion

Remak-Rosenbloom
Sandra Rosenbloom
Roberta Remak
April 1, 1974
Murch 31, 1973
549624

Resvarch Ageney:
Principal Invese.:

Efiective Date:
Completion Date:
Frunes:

Peak-period traflic congestion in urban areas is a critical
transportation problem. Congestion is due primarily to the
tnability of transportation systems to meet concentrated
spatial and temporal travel demands, The continued build-
inp of capital-intensive systems 1o effect solutions is often
controversial in light of cconomic, social, and environmen-
tal tmpacts. Rescarch was needed to evaluate the full range
of possible options to improve peak-period efficiency of
transportation syvstems in large and smali urban arcas.

The objectives of this project were to (1) conduct a
state-of-the-art survey lo identily metheds currently used
or envisioned te alleviate the problem. (2) evaluate meth-
ods to ameliorate peak-period traflic congestion and to
combine promising mutually supportive approaches into
packages, and (3) develop research problem statements in
the arcas ol institutional, encrgy, and social impacts asso-
ciated with potentially effective congestion reduction pack-
ages.

Techniques to ameliorate peak-period Iraffic congestion
were classilied as social, sociceconomic, sociotechnical,
and technical, They have been summuarized in o state-of-
the-art report. Experience with cach technique has been
described under the following categorics: concepts, costs,
time frame, funding source, political feasibility, and impact.

Mulually supportive techniques and incompatible tech-
niques were identified.  As o result, cight recommended
puckages of techniques to ameliorate peak-period traffic
congestion were developed. These packages carry the fol-
lowing titles: (1) Work Hour Changes, (2) Pricing Tech-
niques, (3) Restricting Access, (4) Changing Land Uses,
{5) Prearranged Ride Sharing, (6) Communications Sub-
stitutes for Travel, (7) Travel Engincering Techniques. and
(8) Transit Treatments.

‘Lo highlight existing deficiencies and knowledge. ten
problem statements were developed.

Two reporis desertbe the findings from this project.

Volume [, entitled “Peak-Period Traffic Conpestion: State
of the Art and Recommended Research,” is available either
on loan from the NCHRP Program Director or by pur-
chase from University Microfilms Interanational, 300 North
Zeech Road, Ann Arbor, Mich. 48106, Volume 2. entitled
“Peak-Period Traffic Congestion—Options (or Current
Programs,” has been published as:

NCHRP Report 169, “Peak-Period Traflic Congestion—
Options for Current Programs.”

Research s continuing as described in NCHRP Project
7-1002},

7-10(2) FY '75

The Institutional Aspects of Implementing
Congestion-Reducing Techniques

Remak-Rosenbloom
Roberta Remak
Sandra Rosenbloom
Apnl 1, 1975
December 15, 1977
S6K8.903

Research Ageney:
Principal Invest.:

Effective Date:
Completion Date:
Fupels:

Project 7-10(2y was a study of the institutional aspects
of the congestion-reducing techniques and packages of
technigues tdentified in Project 7-10. To hnplement the
technigues and or packages, all institutional factors need
to be known. especially those that can help and those that
can hinder,

The general objective of Project 7-10(2) was to develop
strategics for assuring that congestion-reduction packaues
are considered rationally within today’s institutional frame-
work,

[nitiully, resources were utilized o advance and com-
plete Project 7-10 1o a logical conclusion: that is, recoin-
mendations on packaging congestion-reducing lechnigues
and on needed research. Further work identified critical
institutional problems associated with each technique. It
wits found that such problems were closely associated with
techniques, Critical problems associated with packages de-
pended on the techniques included in the packuges. For
cach technique, required institutional reles and institutions
filling those roles were identified. Finally, stralegies were
developed to induce the parlicipation and cooperation of
needed institutions. The strategies considered both incen-
tives and penalties.

The report is in the review stage.

AREA 8: URBAN TRANSPORTATION

Project 8-1 EFY 64

Social and Economic Factors Affecting Travel

Vogt. Ivers and Associates
Robert S. Vogt

February 1, 1964
Seplember 23, 1966
$9.4.558

Research Ageney:
Principal hivest.:
Filective Date:
Comipletion Date:
Frnds:




The purposc of this rescarch was to develop means of
estimaling intercity travel using known traffic volumes and
available economic and social data between selected cities
and testing it by application 1o other pairs of cities between
which travel is also known. A review was madc of the ade-
quacy of current processes of estimating urban travel using
social and cconomic faclors and the applicability of these
lechnigues in estimating intercity travel. This study also
researched whether useful and reliable work can be done
Dy using urban transportation study techniques and apply-
ing them 1o other travel arcas,

Knowledge gained by this research is useful o lranspor-
tation planners and design engineers. Extensive use of clec-
ironic computers and existing computer programs to extract
and classify summarized pertinent origin-destination data
from existing studies has been accomplished.

A nationwide network has been produced for trip dis-
tribution purposes. More than 3,000 centroids representing
each county or county equivalent with basic population,
emnployment, income, bank deposit, and other sociul-
economic information have been assigned. The centroids
are connected by links represenling the highway systen.
External O-D data were acquircd and processed for 22
cities in Tennessee, Wisconsin, and Missouri. From these
data, regression unalyses were run to test various equation
forms and the correlation between variables, combination
of variables, and transformation of variables for total trips
and for trips by purpose. The trips predicted from the
regression cquations have been compared to actual survey
trips.

The project report has heen published as:

NCHRP Report 70. “Social and Economic Factors
Aflfecting Travel.”

Project 8-2 FY ‘64 and FY 65

Factors Influencing Modal Trip Assignment

IIT Research Institute
Dr. F. C. Bock
February 1. 1964
August 31, 1966
$298,033

Research Agency:
Principal frvest.:
Eflective Date:
Completion Dute:
Funds:

The intent of this rescarch was to improve methods of
assigning urban arca traffic to the various modes of travel.
It involved the identifying of factors underlying choice of
travel mode, the determination of the relationships of these
factors, and also the development of a method of analysis
and lorecasting. Methods were tested and found to be
practicahle for use under real-life conditions. Such meth-
ods would be applicable in making better trip assignments
in urban transportation svstems.

The project report conlains a survey of cxisting modal
split tnodels, and analysis of five metroplitun areas having
rail rapid transit. a study of factors influencing choice in
ravel mode, and prediction models for modal choice based
on discriminant functions with a comparison of reported
trips and computed paths,

A survey of travel choice of 1IT Research Institute per-
sonnel was conducted. The reported trip time was coin-
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pared with computed times using the updated 1965 CATS
network. The Chicago 1960 census data were analyzed to
improve predictive lechniques for mode choice. A com-
posite Chicago (ravel network was developed, with an
analysis of variance of reported and computed transit travel
time.

The project report has been published as:

NCHRP Report 57, “Factors Influencing Modal Trip
Assignment.”

Project 8-3 FY '64

Individual Preferences for Various Means of
Transportation

University of Pennsylvania
Dr. Russell L. Ackoff
February 1, 1964

March 310 1965

563,282

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

This project was designed to probe individuals’ trans-
portation preferences as contrasted to the more objective
studies that Project 8-2 is concerned with. It was expected
that the research would develop additional knowledge as
to why and under what conditions persons will use or shift
from one form of transportation to anothcr. Better infor-
mation and estimating bases are needed in order to obtain
broad community agreement on plans for transit and high-
way improvement,

The final report was not published, but a summary is
included in NCHRP Summary of Progress to June 30,
1967.

A copy of the agency's final report may be obtained from
University Microfilms International. 300 North Zeeb Road,
Ann Arbor, Michigan 48106,

Project 8-4 FY '65
Criteria for Evaluating Alternative
Transportation Plans

Northwestern University
Dr. Edwin N. Thomas
Dr. Joseph L. Schofer
February 1, 1965
August 1, 1967

$89.900

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

Present benefit-cost and other evaluative techniques do
not take into account 2 number of costs, benefits, and broad
policy matters which do not casily lend themsclves to nu-
merical computation. This project was intended fo identify
and cvaluate the broad array of factors which should be
considercd in making an intelligent choice among alterna-
tive transporlation plans. A system for using these factors
should be devised.

To identify and cvaluate the broad array of factors which
reflect the user's and community’s scale of values, the re-
searchers took a systems-unalysis approach. A home
interview was conducted as a pilot effort to establish
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user and community values in specific cities. The percep-
tions and attitudes of the driver were derived, as well us
the citizen's views about the transportation system in gen-
eral. Models were developed to be able to match potential
transportation system consequences with specific planning
goals. Problems associated with predicting system conse-
quences were studied.

The multi-valume report consists of a section in threc
puarts catitied “Strategics for the Evaluation of Alternative
Transportation Plans,” and a section entitled “Evaluation
of Engineering Projccts Using Perceptions of and Prefer-
ences for Project Characteristics.”

In response to comments of the project panel, some
additional material was found to be desirable to be added
to the final report, Certain modifications were decmed
necessary to relate the findings of the rescarch more closely
to the immediate needs of transportation planners.

A continuation contract was exccuted under NCHRP
Project 8-4A for the purpose of modifying the final report
for publication,

Project 8-4A FYy 65

Criteria for Evalvating Alternative
Transporiation Plans

Research A gency:
Principal Invest.:
Effective Date:
Completion Dute:
Funds:

University of Ilinois
Dr. Josepb .. Schofer
Octoher 14, 1968
January 10, 1969
5,000

See Project 8-4 for general scope and objcctive of the
rescarch.

To improve the Now of ideas throughout the document,
the final reporl of Project 8-4 was modified. In addition,
morc cxiensive descriptions of strategies for treating streams
of cost and eflectiveness indicators were prepared and inte-
grated into the texi. Also. several illustrative examples of
the application of cost-effectiveness analysis to transporta-
tion-plan evaluulion were prepared to demonstrate the use
of the methodology, as well as to support soine of the
broader concepts deseribed in the final report,

The project report has been published as:

NCHRP Report 96, “Strategies for the Evaluation of
Allernative Transportation Plans.”

Project B-b FY 65 and FY '68
Transportation Aspects of Land-Use Controls

Victor Gruen Associates
Harold Marks

Rescarch Agency:
Principal Invess.:

Effective Date: April 1, 1965 Aug, 7, 1967
Completion Date: Muy 31. 1966 Jan, 15, 1970
Funds: $25967 $499.571

Proper land-use controls, properly administered, proiect
und enhance the public investment in transportation. Zon-
ing. subdivision regulations, and all other land-use controls

are intended to shape the pattern of the urban development.
The objective of this rescarch was to provide a better under-
standing of the effectiveness of existing land-usc controls on
the continuing utility of transportation systems.

The initial research primarily consisted of a literature
scarch and a canvass of selected highway departments and
other agencies concerned with transportation planning in
areas of rapid growth and intensive devclopment. The
effects of zoning and general plans were studied, as were
highway geometry and access control, in regard to protect-
ing the investment of the highway systems.

A first technical report has been published as:

NCHRF Report 31. “A Review of Transportation
Aspects of Land-Use Control.”

This project was continued to establish principles or
gutdelines for developing land-use controls and other tech-
niques that will be stable and effective in the protection of
highway utility, The research effort was conceptual in
nature and presented a variety ol ideas and proposals by
which the highway investment can be protected. Some of
the guidclines were developed in considerable detail. These
can be incorporated into the procedures and practices of
land-use and highway administrators. Other principles werc
developed as a base from which more detailed analyses can
be undertaken.

The preject report discusses basic interrelationships be-
tween transportation facilitics and land use and how such
relationships can cause transportation facility breakdewns,
‘The effects of changing land-usc controls on the utility of
highways are discussed, with special attention being given
to large traflic generators located near freeway inter-
changes.

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

NCHRP Report 121, “Protection of Highway Utility.”

Project B-6 FY °66

fndividual Preferences for Alternative Dwelling Types
and Environments

University of North Carolina
F. Stuart Chapin, It.
February 14, 1966

March 13, 1968

$99,897

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

En predicting the future dermand for transportation, it is
imperative that future densities of residential arcas be pro-
jected. In order that this may be done with confidence, a
better understanding must be acquired for the preferences
of various housing types and environments.

To measure and report on a representative ¢ross section
of the population, the researchers interviewed a sample
of 1,476 households in various metropolitan areas. Logical
relationships were developed between desired home type,
price range, travel access mix, and living qualities. An
attempt was made at cstimating the number of pecple ex-
pected to move in a specified time period and where they
will probably locate.

A national survey in 43 Standard Metropolitan Statistical



Areas was conducted in Qctober and November 1966, The
information provides a detailed, factual profile on the
mobility and residential choice behavior of households in
metropolitan areas.

The projcct report deals with a sunimary of findings on
housing choice of the houscholds interviewed; an analysis
of the residential mobility process: an analysis of the
housing-choice process: and, drawing on these analyses. a
discussion of the elements needed for a model of moving
behavior which will have the capubility of dealing with both
the mobility and choice processes as components of resi-
dential changes.

The project report has heen published as:

NCHRP Report 81. “Moving Behavior and Residential
Choice—A Nationul Survey.”

Project 8-7 FY 69

Evaluation of Data Requirements and Collection
Technigues for Transportation FPlanning

Research Agency: Creighton-Hamburg
Roger L. Creighton
September 13, 1968
August 28, 1970

£190.000

Principal Invest.:
Efifective Dute:
Completion Dare:
Frnds:

Urban transportation planning studies require travel,
transportation lacility. land-use, and various socioeconomic
data. Techniques for obtaining these data are slow and
costly. The accuracy. utility, and adequacy of the data
and the methods employed for their collection and assem-
bly need to be evaluated in the light of the evolving trans-
portation planning process.

The purpose of the research project was to see what data
were necded, first, for the basic transportation planning
process such as was required to be undertaken for metro-
politan areas by the Highway Act of 1962, and. sccond. flor
new kinds of (ransportation planning that arc developing.
A very limited number of transportation studies were se-
lected for careful and detailed data analysis to cstablish
recomrmendations on guidelines for data requirements and
collection technigues. The project defined data require-
ments {or both basic and continning urban transportation
studics with regard to travel. transportation facility, land-
use, and sociocconomic data. Sensitivity analysis was per-
formed to cxamine variations of the transportation data for
assessing the impact that data errors have on the outpul of
the transportation planning process.

The rescarch included a comprehensive study of the
transportation planning process in five cities to delermine
daty collected. how they were used for planning and re-
search, and their times and costs. Sensitivity tests of these
data were conducted. Studies of data nceds for new types
of transportation-planning processes and alternate means
of collecting data were also undertuken. Research was
conducted on data needs of related planning processes,
such as TOPICS Planning and Transit Planning.

The project report has been published as:

NCHRP Report 120, “Data Requirements for Metro-
politan Transportation Planning.™

89

Project 8-7A FY 71

Data Requirements and Transportation Planning
Procedures in Small Urban Areas
Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

University of Tennessee
Dr. William L. Grecco
June 1, 1973

June 14, 1975

£99 968

Urban transportalion planning sludics in urban areas of
less than 250,000 population have evolved as miniature
versions of the transportation planning process in large
urban arcas. These studies have been time consuming and
costly and bhave had inordinate data requirements. The
complexity and expense of these procedures was of increas-
ing concern to highway oflicials because of the need to
establish ongoing. continuing transportation planning proc-
esses in small urban areas.

The initial focus of this rescarch was to develop a sim-
pliied transportation planning process for small urban
areas of less than 2350.000 population that is sufficiently
flexible so that travel forecasts can be based on a small-
sample home-interview survey or simulation. It was found
that the existing standardized procedures were incompatible
with the possible variations in the nature of the problems,
available resources, and c¢xpectations of the participants.
The digest of responses from the small urban arcas ex-
amined typifies the ditficulty faced when attempting to
adapt the planning problem to the planning process, rather
than fitting the process 1o the specific problem. The need
for a customization of planning procedures was established,
and the current organizational framework and technical
practices in both land-use and transportation planning were
evaluated from that standpoint.

Land-use planning in small communities was found to be
highly standardized in format and content, but not in
procedures, which varied significantly in terms of sophisti-
cation, It was found to be appropriate for planners to
forego claborate procedures in favor of various hand
methods that are heavily dependent on the planner’s
knowledge of the community and the excrcise of profes-
sional Judgment in un ad hoe, or opportunistic, fashion. The
transportation planning procedures appeared to be rela-
tively more standardized.

The rescarch identificd and presented four types of trans-
porlation planning techniques for application in small
urban argas: (a) nelwork simulation based on synthetic
models and a small-sample household survey, (b) con-
sumer-oriented transit planning procedure, {c} simple
techniques for corridor analysis, and (d) hand-computa-
tion-oriented procedure for estimating localized impacts of
major traffic generators. Existing techniques were reviewed
and tested (to varying levels) within each category. Ex-
amples include cross-classification and synthetic models,
corridor-growth traffic-lorecasting models, use of work-trip
data from employers to update continuing transportation
studics, development of a consumer-oriented approach to
determining local transit needs and providing activity-
center trafic estimates to assist in assessing the localized
impact of tand-use changes on the transporiation system.
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Reseurch has been completed. and the project report has
been published as:

NCHRP Report 167, “Transportaiion Planning for
Small Urban Arcas.™

Project B-B(1) FY '69

The Impact of Highways upon Environmental Values
(Study Design)

Mussachusells 1nstitute of Technology

Dr. Marvin L. Manheim

September 16, 1968

March 14, 1969

$29.654

Research dgency:
Principal Invesy.:
Efective Date:
Completion Date:
Funds:

The increased emphasis on social and esthetic values has
focused attention on the need for improving integration of
the highway with the community.

The scope of this project was to develop un independent
study design to be used s the rescarch plan for the second-
pbase work. The study design has been completed. and the
report has been received but will not be published.

Refer to Project 8-8{3} for description of the over-all
project objectives and details of the second phase of this
study,

Project 8-8(2) FY 69

The Impact of Highways upon Environmental Values
(Study Design)

Daniel, Mann, Johnson & dMMendenhall

SR Shudikoft

September 9. (968

March 7, 1969

£28.950

Researeh Ageney:
Erincipal Invest.:
Effective Date:
Completion Date:
Fonds:

The increased emphasis on social and csthetic values has
focused attention on the need for improving integration of
the highway with the community.

The scope of this project was Lo develop an independent
study design to be used as the research plan for the second-
phase work. The study desian has been completed, and the
report has heen received but will not be published.

Reler 1o Project 8-8(3) for description of the over-all
project objectives and details of the second phase of this
study.

Project 8-8(3) FY "69

The Impact of Highways upon Environmental Values

Research A geney:
Principal Tnvest.:
Effective Date:
Completion Date:
Funds:

Massuchusetis Tnstitute of Technology
Dy, Marvin I, Manheim

September 15, 1969

Tuly 31, 1974

5470,000

The increasing emphasis on soclal and environmental
values has focused attention on the need for improving
integration of a transportation facility with both the natural

and the human environment. To achieve desirabic ievels of
integration. rescarch was programmed by AASHTO to (a)
develop a practical method for evaluating the immediatc
and long-term effects of highways on the social and en-
vitonmenta! considerations of communitics and (b) test,
evaluate, and refine the method by applving it to specific
cases covering a range of siluations. Because the design
process must maximize the probability that significant com-
munity vatues will be considered, even if the state of the art
does not allow all of these values to be measured quantita-
tively or precisely, the rescarch emphasizes development of
an approach in the coniext of the lecation process. Al-
though the scope encompasses all tvpes of highways, the
study findings are applicable to all types of lransportation
faciiities, many other public works projects, and all phases
of planning.

[n the mitial phase, funded in 1969, MIT prepared a
study design that served us the working plan to develop a
pragmatic approach to the problem. The conclusion to the
first phase was an unpublished draft report, “Community
Values in Highway Location and Design: A Procedural
Guide.”

The second and finul phase included (1Y working with
selected State highway departments to implement the pro-
posed approach and adapt it to specific siluations; (2) ex-
tending the approach for use in metropolitan area and
statewide multimodal. systems-level planning; {3} extend-
ing, testing, and refining the techniques sct forth in the
draft Procedural Guide: and (4) revising the Procedural
Guide o rellect the additional knowledge.

The approach developed recognizes and considers ten
elements basic Lo the consideration of environmental and
social values in transportation planning. They are:

(1) Dilterential effects.

(2} Community values,

{3} Community interaction.

{4) Evaluation and reporting.

(3Y Consideration of alternatives.

{6) ldentification of impacts and affected intercsts.

{7) Process management,

{8) Interrelation of system and process planning.

{9) Instilutional arrangements and decision making.
{107 Implementation of the approach.

‘These elements are described in un overview and discussed
individually in detail. To assist in incorporating these ele-
ments into the transportation planning process, specific
immediately implementable techniques that can be used by
transportation agencies are described. Most of the tech-
nigues can be adopted individually without difficulty. (They
are intended for use in developing and cvalualing alterna-
tive transpottation plans with the participation of other
state and federal agencies and local citizens and officials.)
Some of these technigues are already current practice in
some agencies. Scveral have been tried in other profes-
sions; others have been recommended in the published
literature or were suggested in discussions with federal and
Stute highway officials. Many more stemmed from direct
observalion of the problems transportalion agencies are
facing.



Research has been compicted. and the project report has
been published as:

NCHRP Report 156, “Transportation Decision-Making
—A Guide to Social and Fnvironmental Considerations.”

The report is closely related to the requirements of the
Process Guidelines for the development of Environmental
Action Plans as specified in Volume 7, Chapter 1, Section
1 of ihe Federal Highway Administration's Federal-Aid
Highway Program Manual, 11 is structured to assist in the
revision and implementation of Action Plans, The over-
view discussion of the ten clements is roughly apalogous in
scope and level of detail to the FHW A, Process Guidelines.
The remaining sections ol the report correspond in many
ways to the content of an Action Plan.

Project 8-9 FY '72

Comparaftive Economic Analysis of Alternative
Multimodal Passenger Transportation
Systems

Creighton-Hamburg
F.F. Frye
September 1, 1971
Janvary 31, 1973
£100.000

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

Economic evaluation of proposed new highway facilities
traditionally has been on a cost-benefit basis, as is commeon
with other public works projects, On the other hand,
evaluation of proposed new transit facilities, as an action of
a private company or a public utility. has toe often hcen
on a cashbox-revenue return basis. From the point of
view ol public investment. it Is necessary to view these ex-
penditures within a comparable evaluation lramework so
that the measures of benefits and costs are interchangeable.
Such a framework for the economic cvaluation of mulli-
modal passenger transportation systems has immediate
applicability to urban transportation studies.

The obijcctive of this research was to develop improve-
ments and expansion of existing processes that evaluate
alternative multimodal transportation system plans. These
improvements were sought on the basis of increasing the
number of relevant criteria used in the evaluation frame-
work and ensuring that the measuring lechniques (eco-
nomic evaluation criteria) developed represented accurately
the impacts of alternative transportation plans.

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

NCHRP Report 146, “Altcrnative Multimodal Passen-
ger  Transportation  Systems—Comparative  Economic
Analysis,”

Project B-10 FY 72

Planning and Design Guidelines for Efficient Bus
Utilization of Highway Facilities

Wilbur Smith and Associates
Herbert 8. Levinson

Reseurch Agency:
Principal Invest.:

Effective Date:
Completion Dute:
Fumds:

Seplemiber I, 1971
July 31, 1973
£149 907

Highways are capable of moving large numbers of per-
sons on buses, but, in high-volume corridors, transportation
scrvice deteriorates due to peak traflic congestion. In order
to move more people at an acceptable level of service, spe-
cial fucilities and control measures can be cmployed. The
desired goal is rapid, convenient, reliable bus transit. Thus,
a highway transportation system can be designed to offer a
high level of service for peak cormmuter loads.

The rescarch, now completed, was designed to develop
a single reference source of bus priority measures 1o in-
creasc the person-carrying capacity of urban highways.

‘The interim report, “Bus Use of Highways—State of the
Art,” published us NCHRP Report 143, contains a litera-
ture search and correlative analysis of more than 200 bus
priority treatments throughout the world.

‘Fhe final report. “Bus Use of Highways—Planning and
Design Guidelines,” published as NCHRP Report 153,
contains planning and design guidelines for cflicient bus use
of highways based on the experience gained from the
literature search and state-of-the-art survey, It identifies
significant policy implications, contains relevant planning
criteria and warrants for various bus priority treatments,
supgpests measurcs of efllectiveness, presents bus design
patameters, and scts forth detailed planning and design
guidelines for both freeway-related and arterial-related bus
priority treatments and for terminals. For measuring elfce-
tivencss, it was lound that the variance of bus times Is an
important descriptor of bus reliability.

To aid the designer, vehicle design and performance
characteristics are given, (ogether with bus capacity con-
siderations. These include queue behavior parameters, bus
unloading and loading times, and bus capacity ranges.

Bus priority treatments should be complemented by ap-
propriate policies that encourape and reinforce transit usc,
such as low bus fates, downtown commuter parking supply
and rate adjustments, und strict enforcement of bus priority
treatments. Within this policy framework, that recognizes
public transport as an essential community service, various
types of bus preferential treatments can be applied to
specific urban situations.

Project 8-11 FY 73, TY 76, and FY '77

Social, Economic, Environmental Consequences of
Not Constructing a Transportation Facility

DACP, Inc.
Jonathan S, Lane
September 16, 1974
June 30, 1974
$346.749

To fully assess the impacts associated with a proposed
transportation improvement, it is necessary to be able to
compare Lhe transporiation, social, economic, and environ-
mental consequences of this investment to the alternative
consequences of not making any significant transportation

Research Agency:
Principal fnvest.:
Fffective Date:
Completion Date:
Funes:
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investrment, which may result in a relative decline in levels
of transportation service. Such an evalualion is now re-
quired by Federu) Jaw. However, available evaluation tech-
mques and procedures do not appear 1o be well suited to
specify and measure cither short- or long-term social and
cconomic consequences of not constructing a ground trans-
portation facility, Rescarch is needed to gain valid and
usable techniques for such an evaluation. Because environ-
menta] and systems performance measures are well docu-
mented. the major emphasis needs to he on the social and
ceonomic consequences of not constructing a ground trans-
partation facility (NCTF).

The general objective of this research is to strengthen
technigues far the evaluation of the NCTF alternative and
to hetter define the role of the NCTFE alternative in an
analysis of alternatives,

Research for Phase T has been compleled and the re-
sults printed as The No-Build Alternative: The Social, Feo-
nanc, and Fnvironmental Consequences of Not Constrict-
Findings and Guide-
tines, Pavt H—A ppendixes. The report includes a literature

ing Transporiation Faciities; Pare T

scarch on aliernative analysis and impact assessment; a
review of environmental impact statements and related
planning documents to identify projects where an NCTF
alternative was clearly defined and evaluated; a nationwide
survey of State transportation officials to identify projects
for which an NCTF decision had been made and to deter-
ming the state of the art for an NCTF alternutive delimtion
and evaluation: and case studies of four major NCITF
projects to examine the impacts of an NCTFE decision and
the use of NCTF alternatives in decision-making. A copy
of the Phase [ report may he obtained from University
Microfilms International, 3000 North Zeehb Rouad. Ann
Arbor. Michigan 48106,

The primary product of the research was a set of guide-
lines oullining an approach to social, economic, and en-
vironmental impact assessment for NCTF  alternatives.
Recommendations in the guidelines dealt with the defini-
tion of NCTT alternatives. the prediction and measurement
of NCTFE impacts, and the use of NCTF alternatives in
plan evaluation. Deficiencies in the procedures and tech-
niques used to analyze NCTF alternatives were identificd.

Following review of the guidelines by the NCHRP panel
and State transportation agency personncl, a pilot test pro-
gram was postponed until & major revision of the Phase T
puidelines could he completed. The revised guidelines were
printed as Lenpacr Assessiment Guidelines: The Rale of the
Neoe-Build Alternative in the Evaluation of Transportation
Profects. They deall with the role of the NCTF allerna-
tive, the definition of alternatives; the impact asscssment
process and recommended assessment techniques for 13
categories of social, economic, and environmental impact:
and technigques for plan evaluation.

Research is continuing in a pilot testing phase. Tt is
anlivipated that a hroad and in-depth review of the recom-
mended procedures and technigues by State highway and
trunsportation departrnent personnel will identify nceded
improvements to produce a final set of puidelines,

Project 8-12 FY 75

Travel Estimation Procedures for Quick Response to
Urban Policy Issues

Research Agency: Metropolitan Washington Council of
Grovernments

George V. Wickstrom

Arthur B, Sosslan

Septernber 3. 1974

Decenther 3101975

$39 %95

Priacipal Invest:

Lffective Date:
Completion Date:
Frends:

Histarically, urban travel estimating procedures were
designed primarily to cvalrate regional transportation svs-
terms and to provide design volumes. Most initial studies
ar major updates proceeded on a two- o threc-vear time
schedule. Increasing input to the planning process from
citizens and local elected officiuls. preparation of environ-
mental impact statements, corridar hearings. and considera-
tion of tow-capital and no-build options all demand that the
planning process be able to provide analytical support to
decision-makers in a very short time frame. Most present
procedures are just mappropriate to permit an analvtical
response 1o the issues raised within the time constraints.

The over-all objective is provision of field-tested, opera-
tonal. travel estimation procedures Tor quick response to
urbun policy issues. Rescarch 1o satisly this objective is
being conducted in two separately funded phuses. Phase i
and Phase IT are designated 8-12 and 8-12A. respectively.
The following specific objectives and tasks were accom-
plished in Phase 1:

A Urban policy issues for which travel estimates are
required were identificd and categorized. It iy recognized
thit travel estimates are ulilized by transportation planners
responding to public and private bodies, a few of which are
business  groups. planning  commissions, A-95  review
bodies, city councils, mayors, EPA. and transportation
commissions, (Questions asked by these bodies are different,
depending on the gquestioner and the issue being examined.,
Therefore, the demands on the travel estimation procedures
arc different.

Task 1. Criteria for classifying policy issues that require

travel estimation input were developed.
Policy issues were compiled and cataloged ac-
cording to the developed classification, and the
requirements each places on the travel estima-
tion procedures were identified,

B. Travel cstimation procedures were cvaluated as to
their abilily to satisfy the requirements of policy issues,
The evaluation criteria were based on the policy issue
analysis and include timeliness, needed accuracy, cost,
utility, cte.

Task 2.

Task 1. Travel estimation procedures for quick re-
sponse to urban policy issues were listed.

Task 2. A classification of travel estimation procedures

as they relate to Objective A was developed,

and criteria were established to evaluate the

procedures.

The procedures were descrihed and cataloged

according to the developed classification.

Task 3.



Task 4. Travel estimation procedures were evaluated in
terms of the criteria developed in Task 2 of
this objective.

C. A set of recommendarions for Phuse LT of the project

was developed.

Phase [ (Praject 8-12) has been completed: the main
findings arc included in the final report for Phase 11
{Project 8-12A0,

Project B-12A FY 75 and FY 76

Travel Estimation Procedures for Quick Response to
Urban Policy Issues

Resvarvclt Ageney: Comsis Corporation
Arthur B, Sossliu
George V. Wickstrom
Nowvember 1, 1975
August 31 197H

S230411

Prineipal Invese.:

Effective Deate:
Completion Dare:
Fronels:

The continuation phase of Project $-12 has provided a
user’s puide of travel estimation techuiques having quick
response capabilities. The techniques are applicuable for use
by trunsportation and/or tand-use plunners to respond to
issues identified in Phase [, giving emiphasis to the impacts
of land-use changes on transportation allernatives and the
magnitude of urban activities consistent with differing levels
ot transportation service. Problems of scale are addressed:
e.g.. the upplicability of techniques 1o regions, subregions,
and corridors. Specific objectives of the research were (o:

1. Provide and fully deseribe for cach major element of
travel demand analysis @ manual technique. set of factors.
or other appropriate tool to enable the user to carry out a
simplified analysis without the necessity of referring to
other sources.

2. Develop manual techniques to il the identificd gaps
i the available methods, limited to providing the means
to assess the interrelationship between alternative land-use
configurations and transportation facilities.

3. Include by reference additional data and fechnigues,
hoth manual and computerized, that ate presently available
or under development, Include adequate documentation for
the user to assess the analytical advantages and disadvan-
tages, degree of complexity. application time, and cost ol
cach technigue referenced. Tllustrate, by means of discus-
sion and detailed examples. how existing and forthcoming
manual techniques and UTP models and computer pro-
grams may be chained, modified if necessary, and applied
to provide a quick, easy, and inexpensive-to-use planning
tool with inputs and outputs that can be readily understood
and dealt with by urban planning professionals in non-
transportation areas of specialization.

4. Identify areas of potential high payolt for develop-
ment efforts bevond the scope of the current study,

Research has been completed. including test scenarios in
threc urban arcas to ustraie the usefulness of the manual
techniques. The research report and user’s guide are in the
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editoriz]l und publication process. Loan copies of the re-
scarch report are available from NCHRP. Copies of the
user's guide are available Tor purchase, and 2 check or
money order in the amount of $10.00 should be made
pavable 1o Transportation Research Board and sent to the
Publications Office. Transportation Rescarch Board, 2101
Constitution Avenue NW, Washington, D.C. 20418,
Instructional materials are being developed from the
technigues deseribed in the user's guide for use in training
sessions or workshops. The instructional nuterials will be
avaitable in late 1978 for use by organizations wishing to
conduct the training sesstons, A pilot test of the instrue-
trosl materials will be conducted by the rescarch agency.

Project 8-13 'Yy 75

Disaggregate Travel Demand Models

Charles River Assoclutes
William B, Tve
Sept. 15, 1974
lan. 31,1976
5100.000

Rescarch Agency:
FPrincipal Invest:
Eflective Date:
Completion Date:
Frnds:

May 1, 1976
Feh. 28, 19748
$87.000

The urban transportation planning process, as it has de-
veloped over the past two decades, is characterized by the
creation of Jong-range syslems plans based on simulations
of regional travel patterns using models developed and
cabbrated with aggresate zonal data, Three of the basic
criticisms that have been made of the regional simulation
and planning process have been thal the presently used
aggregate models cannot be readily used for subregional
and project planning;: they arc not responsive to the policy
issues that planners arc being asked to address: and they
require expensive large travel surveys for model calibration.

Recent rescarch indicates that travel choice models based
on individual and household level data can be (ormulated
which show how travel is influenced by changes in policy.
These “disaggregate”™ models appear to have the potential
to address subregional and project planning issues as well,
and reduce data requirernents, Disaggregale models de-
veloped to date further indicate considerable promise of
transicrability between urhan areas.

Research is now nccessary to develop prototype dis-
apgregate behavioral fravel demand models with coeffi-
ctents estimated by use of data from a large urban area to
demonstrate the uselulness of such models in the planning,
design, and operation of transportation systems on both
regional and subregional levels.

To meet the described need. the over-all objective of this
research is Lo develop. in separately funded phases cxtend-
ing over several years, operationat travel demand forecast-
ing models consistent with travel choice behavior and with
coefficients estimated by usc of data at the level of house-
holds or individual travelers, It is anticipated that such
models will form the basis of improved travel demand esti-
mation procedures.

Models were developed in Phase T using existing urban
transportation study survey data, suitably augmented. to
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describe the travel choice environment. A Phase 1 report.
“Disaggregate Travel Demand Models:
Tye, W, B., and Sherman, L. presents the nujor findings
to date and is avuiluble for $6.00, Send check or money
order, puyable to Transportation Research Board, to Pub-
lications Office, Transportation Rescarch Bourd, 2101 Con-
stitution Avenue NW. Washington, D.C. 204 1 8.

Phase [T focused on the application of a work-trip, mode-
choice model to o park-and-ride facility in Baltimore. The
demonstration was not suceessful because of difficulties in
documenting the “before™ situations for persons using street
parking and using the park-and-ride mode. In additicn, an
approach has been developed to utifize disaggregate models
with some aggregate input data where disaggregate data are
nol available. A report is anticipated early in 1978; it will
be avatdable on a loan basis from the NCHRP Program
Bircetor.

Phase HT will accomplish (1) model development using
disageregate data collected by Charles River Associates for
the U.S. Department of Transportation. (2} demonstra-
ton(s) of the new models using case studies ut o transpor-
tation planning agency, and (3} preparation of a manual
for users to be published in the formal NCHRP publication
series.

Project 8-14 FY 75

New Approaches to Understanding Travel Behavior

Boston College
Mare A Fried
John Iavens
January 1, 1975
April 30, 1977
$149.860

Research Agency:
Principal frvest:

Fffective Date:
Completion Date:
Frnds:

Current urban travel estimating procedures have been
developed, for the most part, on the basis of identification
of associative relutionships, without concern for the causal
processes from which travel behavior patterns arise. As a
result, the procedures may produce reasonably satisfactory
estirnates of travel voder conditions that are essentially un-
changed from those existing at calibration, but are [argely
unable to provide sutisfactory estimates of travel behavior
under conditions representing significant change from the
status quo. For example, decision makers are asking: (1)
the consequences of no-build options: (23 the relevance of
low-capital options, in and of themselves, and as alterna-
tives to freeway systems; (3) the congestion and energy
effects on the level of travel und mode choice: and (4)
traveler responses to hypothetical systems with specified
performance characteristics.  Turthermore, existing pro-
cedures are unable to provide information on why a trip is
made and are, hence, also unuable to provide a means for
estimating, under a variety of assumptions, changes in the
number and characteristics of trips that an individual will
make.

The over-all objective of this research was to devclop.
test, und operationalize a behuvioral theory of travel based

Phase 1T Report.”

on needs and constraints, system availability, and activity
site accessibility of potential travelers. This theory will be
responsive to today's pelicy questions and hold potential
for heing responsive to fulure policy guestions.

A careful review and evaluation was tnade of the trans-
portation planning. economics, sociology, geography. and
psychalogy literature to identify theoretical elements re-
lated to individual travel. This work was synthesized into
a travel behavior theory comprised of two components—
a microtheory and a macrotheory. The microthcory con-
cepl proposes that individuals in similar social status posi-
tions, in similar tife stages, living in similar enviropments,
will adapt in simitar and partially predictable ways. Impor-
tant to this theory are role patterns and arttitude structures,
The macrotheory is concerned with how the existence of ac-
tivity opportunitics and constraints modifics or reinforces
behaviors specitied in the microtheory. The microtheory
deals with the individual’s demand for activity opportuni-
ties: the mucrotheoty, with the generation ol the activity
opportuntty sets (i.e., transportation supply).

The project report is available for purchase, and a
cheek or money order in the amount of $6.00 should be
made payable o Transportation Research Board und sent
to the Publications Office, Transportation Rescarch Board,
2101 Constitution Avenue NW. Washington, D.C. 20418.

Research will be continued as Project 2-14A. Tt will
incorporate key elements of the synthesized theory into
present travel demand forecust methods.

Project 8-14A vy 77
New Approaches to Understanding Travel Behavior:
Phase 1|

Reseurch Agenceyv:
Principafl ivest.;
Eftective Dare:
Completion Date:
Funds:

Charles River Associates
Dr. IF'red Dunbar
January 1, 1978
January 1. 1980
§2321.250

Decisions concerning transportation investment are based
partially on forecasts of travel. These forecasts are gen-
eradly made using models that relate travel time and cost,
demographic characteristics. and transportation accessibility
to travel, The distribution and assignment models used by
most agencies are prime examples. There is no subsuming
theory of travel behavior which generates those models;
they are merely convenient formulations for expressing and
forecusting travel and assume stable relationships. Dis-
aggregate models, although offering significant advuntages
over present technigues, deal almost entirely with indi-
vidual choices. thus ignoring basic processes that generate
travel. A major deficiency in both approaches is their gen-
eral insensitivity to policy options that are important today,
Such options typically involve encrgy, life styies. and
transportation service guality.

In recogmition of this deficiency, NCHRP Project 8-14
initiated development of a new approach to understanding
travel behavior, concentrating on social and psychological




relationships between individuals and their households as
they exist in spalial layouts. The research carefully re-
viewed sociology and psychology literature as well as re-
lated ficlds that pertain to travel behavior. From this, a
number of elements were identified that would assist in
developmeni of a theory, or theories, of travel behavior,
Because of the complexity and extensiveness of the cle-
ments proposed. it has been further deterinined that re-
search (Phase II) should concenirate on testing the key
clements relating to individual and houschold behavior and
incorporating those elements inte operational travel fore-
casting procedures.

The peneral objective of Phase IE is to incorporate key
elements of the new approach into present travel demand
forccasting. Specific activilies are to include:

1. [dentify key elements of the new approach {or from
the body of literuture supporting that new approach) that
can be praclically incorporated at this time into present
travel demand forecasting.  {These efements will be re-
viewed and approved by the NCHRP prior to proceeding
with Activity 2.)

2. Test the validity of these elements, using existing data
sets, augmenled as appropriate.

3. Using existing models as a point of departure, identify
key places to incorporate these elements in travel fore-
casting.

4. Design and apply methods of incorporation. Describe
and evaluate the improvements resulting from such incor-
poration. Results should demonstrate the degree to which
refinements in existing techniques can lead to more policy-
sensitive travel demand forecasts.

5. Prepare procedural manual(s} for use by the trans-
portation planner,

Project B-15 Fy 75

State and Regional Transportation Impact ldentifica-
tion and Measurement

Bigclow-Crain Associatzs
Charles D, Bigelow
September 1, 1974

May 31,1976

SRO.000, Phase 1

Research Agency:
Principal Invest:
Effective Date:
Ceampletion Date:
Frends:

There is a need for improved means of identifying and
measuring social, economic, and environmental impacts for
use in State and regional transportation studies. Emerging
State and national land-use policies. proposed regulatory
revisions, concern for encrgy utilization, plus heightened
environmental and social considerations, serve to highlight
this need.

The gencral objective of this research is to develop an
improved understanding of specific, and operational, im-
pact identification and measurenient technigues, for use by
transportation agencies in contributling to a variety of State
and regicnal transportation decisions. To achieve the stated
objective, the research is being conducted in two phases,

The reseurch is directed primarily at Statewide and
regional-scale planning, program development, and policy
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analyses involving movement of passengers and com-
modities rather than urban area (3-¢}, intra-urban, or de-
tailed project studies.

The invesligalion cmphasizes methodologies broadly
applicable to all transport modes, including both line-haul
and terminal facilities for surface and air transport. Op-
tions include ail levels of capital investment {such as new
construction, low-capital strategics, abandoninent, and no-
build), operational improvements and assistance, pricing,
and regulation.

Phase [ of this project documents technical methed-
ologies to assist the states in their decision-making proc-
csses. Specific identification and measurement techniques
were examined in contrast to issues of impact evaluation
and design of the over-all planning and policy-making
process.

The Phase I investigation considered the direct and in-
direct impacts of economic development; Jand use and
housing; air, noise, and water quality; energy utilization;
natural resources and ecosystems: and social and commu-
nity structure, Consideration was given in each of the de-
scribed methodelogics te identifying distributional effects.

The Phase 1 report, “State and Regional Transportation
Impact ldentification and Meceasurement,” is available for
purchase, and a check or money order in the amount of
$8.00 should be mude payahle to Transportation Research
Board and sent to the Publications Office, Transportation
Research Roard, 2101 Constitulion Avenue NW, Washing-
ton, D.C, 20418,

Project B-15A FY 75

Economic Impacts of State Transporiation Pelicies
and Programs

Regional Science Research Institute
Dr. Benjamin H. Stevens

Oclober |, 1977

December 31, 1978

5117852

The identification of social, cconmomic, environmental,
and energy impact mcasurement techniques for use by state
and regional transportation agencies was undertaken in
NCHRP Project 8-15. “Stale and Regional Transportation
Impactl Identification and Meusurement.” This first phase
of a two-phase project resulted in an extensive summary
of existing impact measurement techniques und identified
a wide range of related rescarch needs.

The objective of the sccond phase, NCHRP Project
8-15A, is to demonstrate the usefulness of available tech-
nigques that estimate the impact of alternative transport
policies and/or programs on cconomic activities, and to
document the techniques in the form of operaling guide-
lines and demonstration results. The scale of analysis is at
the statewide and/or economic region levels rather thap
urban. Examples of policies and programs within the scope
of this research include, but are not limited to: (1) changes
in transport regulation; (2) alternative investment levels for
a specific transportation mode; (3) alternative program
emphusis among modes within a budgel level; and (4}
changes in levels of service or performance. Examples of

Research Agency:
Principal fnvest.:
Effective Date:
Completion Date:
Funds:
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impacts that could be estimated include changes in per-
sonal Income, sales and outpul. employment, and tax
receipts.

The technigues selected for demonstration include re-
glonal input-output analysis, shift-share analysis, and econo-
metric simulation maodels. The demonstrations will be con-
ducted in cooperation with several State and regional
transportation agencies. The researchers will evaiuate and
assess the demonstrations of the techniques, with emphasis
on {a) accuracy and reliability of results; (b) comprehen-
siveness of results (ic.. which impacts are measured )
{c) case of use: (d)y ussumptions: (¢) level of cffort. time,
and cost requirements; (f) transferability: () relevance to
decision makers; (h) sensitivity of resulis to input vari-
ables; and (1) distributional effeets.

The final report will contuin a step-hy-siep set of operat-
ing puidelings to permit state and/or regional agencies to
apply the technigues to policy and/or program aiternatives.
Rescarch accomplished to date has concentrated on the
devetopment of a study design to conduet the demonstra-
tions in selected States and regions,

Project 8-16 FY 76

Guidelines for Public Transportation Levels of Service
and Evaluation

Research Agency:
Principal frnvest.:

University of Tennessee
Rayv A. Mundy

Kenneth W, Heathington
Junuary 1, 1976

March 31, 1978
$480.000

Effective Date:
Completion Date:
Funds:

Public transportation has traditionally been provided by
fixed-route service financially supported through revenues
from passengers. Reduced patronage resulting primarily
from increased use of automobiles, plus higher operating
costs, have caused growing deficits. Public concern about
energy, environment. aulo dependency. and  congestion
have obliged povernment to underwrite these deficits in
most urban arcas. The rising amounts of reguired public
moneys. plus the successful operation of a wide range of
services directed at more specialized market segments, have
posed questions concerning how much financial support is
appropriate, what services arc required, and how these
services could be provided. Public officials need guidelines
on these issues in order to establish appropriate public
policies in arcas such as (a) special needs of various market
scgments, (h) resource allocation issues, and (¢} institu-
tional issues.

The gencral objective of this research is to determine
the nature of the relationships between public transporta-
tion scrvice, the urban environment, and user scgments.
and, subsequently. to develop goidelines for use by decision-
makers in evaluating short-term (approx. 5 years) allerna-
tive public trunsportation systems. It is anticipated that this
objective will be met by rescarch to be conducted in iwo
phases.

The specific objectives of Phase I are:

1. Determine systemn attributes required to attract use
from different market segments in various urban environ-
ments,

2. Determine system types that best satisfy thesc attribute
reguirements at various levels of service and financial sup-
port.

3. Determine cxpected costs and potential revenues of
various types of service from different market segments in
various urban environments.

4. Describe other significant impacts and institutional
factors that may be caused by or result from implementa-
tion of various systems and service.

The specific objective for Phase II requires development
of guidelines for usc by public officials and handbooks for
use by the nenprofessional decision-maker for cach of the
following purposes:

1. To compare public transportation systems and sel-
vices among similar communities.

2. To cvaluate, sclect. and implement alternative types
ol systenys and services in various urhan environments.

3. To evaluate the cffectiveness of the systems and ser-
vices provided.

The research approach is 1o explore and test the applica-
tion of "market opperiunity analysis™ to public transporta-
tion. Progress through December 31, 1977, includes comple-
tion of an-site surveys in 17 cilics preparatory to selection
of cities for demonstrution of the concept. The places
for market-oppartinity  analysis in the transit-plunning
process have been defined. Methodologics for conducting
three phases of the analysis—muarket segmentation, trans-
portation uttributes to serve market segments. and forecast-
ing of demand for given murkets and given transportation
attributes—have  been developed.  Data  collection  and
analysis in Jacksonville, Fla., for demonstration of 2
market-segmentation anulysis has been completed. For a
public transportation “learner™ market scement, a question-
naire has been administered to determine transportation at-
titudes and attributes. Individuals in this sepment did not
use public transportation. They represented the most posi-
tive opinions about public transportation and were judged
o be most [ikely to consider using such service. Results
from the attitudes-attribules survey will he integrated with
information obtained from a study of public transpertation
gouls and policy. Knowledge of decision-maker preferences
and their willingness to provide funding, together with
knowledge of the types of service characteristics desired by
the “learner”™ market scgment, will be used (o select an exist-
ing form of public transportation for demand estimation,

Project 8-17 FY '76

Freight Data Requirements for Statewide Transporta-
tion Systems Planning

Research Agency: Roger Creighton Associates, Tne.

Principal Investigator: Frederick W, Memmott
Richard B. Blackwell
July 15, 1975

Effective Date:




February 15,1977
§225.000

Completion Dare:
Funds:

Muny State departments of tragsportation (and other
State and regional agencies) are now concerned with pre-
paring. or assisting in the preparation of, Statewide “master
plans™ for highway, rail, air, pipeline, and water tacilities
needed to serve existing and future freight flows. Because
this is a relatively new tocus, the DOTs often are not fa-
miliar with the kinds of freight data needed for such plan-
ning. Furthermore. little is known about currently avail-
able data, its refiability, its compatibility among different
sources, its temporal continuity. its units of aggregation,
its costs, and so forth. Such data are bebieved to be neces-
sary to the planning processes.

There 1s a need to define and rank essential data and to
begin building a core of knowledge and understanding
about roods transport, especially the identification of exist-
ing freight data source malerial upon which future trans-
portation pluns can be based. Also, there is a need to de-
velop methods for assembling basic freight data.

The general objective of this rescarch is, first, to deter-
mine the type, amount, and relative importance of freight
data required to develop stalewide transportation system
plans; and. sccond, to design and develop techniques,
methods. and procedures for assembling these data.

This rescarch was conducted in two phases.
tasks completed in Phase 1 were:

Specific

1. ldentily the types of freight data necessary for state-
wide transportation systems planning purposes, Rccom-
mend what type of data and the scale of detail that will he
required tn view of the current and proposed planning
methodologies,

2. Rank these data requirements in terms of their rela-
tive importance to statewide transportation systems plan-
ning.

3. Given the data requirements, catalogue and determine
the existence of available data in reference to the planning
data requirements delermined in Task 1. Investigate the
institutional problems and constraints in the use of freight
data (c.g., disclosure restrictions, proprietary nature of
shipper and carrier data, and jont usc and reciprocity
agreements among private and public parties).

4. Identify deficiencies in existing freight data and evalu-
ate the criticality of such deficiencics to statewide transpor-
tation systetns planning.

5. Develop and evaluate allernative strategics for re-
solving such deficiencies. These strategies may range from
creative use of existing data to extensive collection of pri-
mary data.

Specific tasks completed in Phase IT were to:

l. Prepare a manual describing in detail appropriate
techniques for the assembly and understanding of existing
freight datla and the collection and understanding of such
additional data as may be required by statewide transpor-
tatton systems planning. Such a manual should include
specification of data acquisition, processing, verification,
and maintenance procedures.

2. Provide illustrative, realistic examples of how to ap-
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ply these techniques to typical problems cncountered in
statewide transportation systems planning,

Research has been completed, and the two-volume proj-
ect report has been published as:

NCHRP Report 177, “Freight Data Requirements for
Statewide Fransportation Systems Planning—Research Re-
port:” and

NCHRY Report 178, “Freight Data Reguirements for
Statewide  Transportation  Systems  Planning—User’s
Aanual.”

Project 8-18 FY 76

Techniques for Evaluating Options in Statewide
Transportation Planning/Programming

Research Agency: Planning Environment International,
A Division of Alan M. Yoorhces
& Associates

Dr. Salvatore J. Bellomo

Dr. Joseph R. Stowers

September I, 1975

February 28, 1978

S300.000

Principal Invest.:

Effective Date:
Completion Date:
Fronds:

Evaluation technigues bave traditionally been thought of
in the context of “plan evaluation™ (i.e.. comparison of al-
ternative sysiecm networks). or “route evaluation”™ (i.e.,
comparison ol locations for a given proposed facility). Al-
though these evaluations and the technigues applied to them
{such as uscr costs and benefits; balancing of travel de-
mands assigned to a nctwork with network capacity; and,
mnore recently, localized corridor impact analyses) may still
he valid for certain planning needs, the techniques suffer
from a combination of large expenditures of time. high
cost, extensive data reguirements. and complex simulations.
Such techniques de not begin to cover the range of options
that lace today’s decision makers: neither do they enable
quick response. Several isstues have evolved that place to-
day’'s transportation decision makers in the position of
making trade-ofis and choices from among a range of op-
tions and values not previousty considered. These issues
include new environmental concerns, changing social equity
concerns, major decreases in available revenue, increased
costs due to inflation, unified (ransportation funds and
multimodal financial programnting, encrgy shortages and
energy cost increases. public interest in pricing mechanisms
{c.uz.. tolls and fares) to influgnce travel, and federal inter-
est in “low capital-intensive”™ oplions,

The general objective of this research is to provide trans-
portalion planning methodologics that wili he policy-sensi-
live, allowing the festing and cvaluation of options in a
fashion that will produce timely results for decision-making,
This rescarch addresses reasonable-cost, sketch-planning-
type technigues having an application to issues of statewide
transporiation planning as part of the programming proc-
ess. This research is being conducted in two phases,

Specific tasks of Phase I were to:
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. Identify and classify major transportation issues fac-
ing deciston-makers at the statewide level,

2. Identify and categorize dala and methodologics avail-
able to meet the needs of decision-makers in addressing
transportaticn issues identified in Task 1.

3. Evaluate and document methodologies most likely to
provide carly uscfulness,

4. Develop a study design to test several high-priority
mcthodofogies tidentified in Task 3) n States willing to
participate and commit resources.

IPhase T has been completed, and the final report has been
published as: NCHRP Repart 179, “Evaluating Options in
Statewide Transportation Planning/ Programming—-Issues,
Technigues, and Their Relationships.™

Phase [, consisting of test applications in Maryland
(priority programming mcthodologyd, Georgia  (energy
conservation forecasting technigues), and Kentucky (high-
wiay user revenue model and short-range capital resource
availubility model). has also been completed except for
review and revision of the draft final report.

The specific tasks of Phase II are to:

1. Develop a draft procedural manual for test applica-
tion of techniques identified in Phase L

2. Conduct the testing in the approved study design de-
veloped in Phase I, Task 4.

3. Document the results of the testing and revise manu-
als developed in Phase T, Task 1.

4. Dased on the experience gained in Phase . Task 2,
und deficiencies recognized in Phase T, Task 3, evaluate the
importance of the deficiencies and sugpest new methodolo-
gies where appropriate.

Project 8-19 FY 77

The Relationship of Changes in Urban Highway
Supply to Vehicle-Miles of Travel
Research Ageney:
Principal Invesi:

Effective Date:
Completion Dae:
Funids:

Cambridge Systemnatics, Inc.
Farl R. Ruiter

December 1, 1976

Jung 3, 1978

S190.954

The concept that highways genecate their own demand
and subsequent vehicle-miles of travel (VMT)} has been
so widespread over the past several years that it has gained
legittmacy if only by sheer repetition. Yet studies con-
ducted to estimate future travel demand huave not conclu-
sively shown significant correlation between VMT and
highway supply variables.

Proposed highway improvements are being challenged
from hoth an air-quality and energy-conservation perspec-
tive, VMT reduction reguirements have been placed on
many tragsportation planning agencics, Tesulting in in-
plementation plans being promulgated. Highway agency
attempts at both air quality improvements and energy con-
servation efforts have been based on the argument that in-
creased highway supply frees traffic Dow and leads to more
efficient operation of the system. Critics argue, however,
that increased highway capacity almed at reducing conges-

tion induces suflicient VMT to offset any gains, resulting in
preater levels of energy consumption and pollutant emis-
sions. A clear understanding of the cffect of highway
supply on VMT is needed to adeguately address the inter-
relationship of transportation, air quality, and energy
iS51CS,

The objective of this project is to determiine whether o
relationship exists between measures describing urban high-
way supply and VMT, If the research establishes that no
sipnificant relationship exists, this fact will be carefully
documented. If. however. & relationship is established, the
research will quantily and compare the relative significance
ol highway supply to other factors influencing VMT.

By its very nature VMT is an ageregiate measurc, which
in this project must be related to ageregate measures of
highway supply. The resecarch approach, however, hy-
pothesizes that VMT can only be expressed and predicted
in terms of its components—yehicle trips and vehicle trip
lengths—if it is (o be validly predicted, These compo-
nents, in turn, must be predicled using a structural model
system—aone which employs both travel demand and sup-
ply models i i framework which approximates network
cquilibriunt. The recognition that trips. and not VMT, is
the appropriate unit for measuring demand is the key to
the rescarch approach. Only by explicit treatment of travel
behuvior, and its reladonship to highway supply on the one
hand and VMT on the other. can the relationship between
highway supply and VMT be validly determined.

‘The rescarch approach involves the repeuted application
of a structural model system 1o actual case studies to de-
terming changes in VMT. These experiments with the
model systemt will produce much more than a simple
relutionship between VMT and lane-miles. The result will
be stratificd by types of changes in highway supply and the
environment in which the changes take place. Results will
be mven for changes in different types of lane-miles (e.g..
new facilities. added Tanes to existing fuciitics. controlled-
access Jane-miles and grierial lane-miles) and for changes
in different types of highway operutions {e.g.. ramp meter-
ing. priarity lanes for high-occupancy vehicles, signal pro-
pression, ele.) The results will be further stratified by the
location of the changes (i.e.. radial vs. circumferential fa-
cility, high-density vs low-density urbun areat small, me-
dium, and large urban areas. et} For a number of classi-
fications such as these, the relationship between YMT and
highway supply will be established based on the experimen-
tal resuelts and will be depicted in the form of a table. a
eraph, or a fitted mathematical relationship,

The demund portion of the structural model system will
be the system of disagpregate travel demand models de-
veloped by C81 in previous projects. These models repre-
sent the best availahble for use in this project due to their
intuitive reasonableness and because they represent the
complete range of urban travel and travel-related mobility
decisions.

The proposed strategy is not Lo rely on the structural
models exclusively, They will be used as the basic analyti-

cal modeling capability but will be augmented and com-
pared with the results of other approaches. This mixture
of approaches will be used as a check against the model



system resulls so that more confidence can be placed on the
answer 1o the basic guestion of the rescarch. Thus, the
research strategy is to use the disaggregate model syslem
and validute it apainst the results from previously estimated
reduced form models (which predict VMT directly as a
function of highway supply variables such as lang-miles
capacity) as well as apainst before-and-after data which are
being assembled as part of this project.

Progress through Decemher 31, 1977, includes (1) iden-
tification of existing empirical models relating highway sup-
ply to ¥VMT, (2} development of a typology of dillicult-to-
quantify highway-supply measures to be considered within
the project scope, (3) dentification and processing of avail-
able travel data for the ciiies of San Fruncisco and Birming-
ham. and {4) modification of the €SI short-range, travel-
dermand models to accommodate longer-range travel de-
cisions and to reduce the cost of running the models.

Project 8-20 FY 78

Improved Methods for Vehicle Counting and Deter-
mining Vehicle-Miles of Travel

John Hamburg & Associales
Charles C. I'rancis, Jr.
January 2, 1978

Fune 30, 1979

$200.000

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

The requirements placed on most highway and transpor-
tation agencics have expanded greatly during the past dec-
ade. To an agency concerned with the planming, design,
construcition. operations, and administration of transporta-
tion facilitics. the provision of informalion on facility and
systenl use continues to be essential. Traffic volume counts
have proved to be the most hasic means of monitoring high-
way use. The need for more reliable and detailed traffic
data hus recently expanded to support analysis of other
transportation concerns, such as Tand use, air and water
quality, noise abatement. encrgy conservation, modal split,
and safety. In addition to the existing necds, it is anticipated
that more requirements will be forthcoming,

The objective of this rescarch is to develop improved
cost-cflective procedures for conducting highway vehicle
counting programs and delermining vehicte-miles of travel
{(VMT). Rescarch will encompass the collection of traffic
counts, processing of such counts, and production and use
of traflic information. Although the primary thrust of the
research is directed toward State-level programs, the find-
ings will include appropriate applications at substate, rural,
and urban jurisdictional levels.

Current and potential uses of highway traffic volume
information and realistic levels of accuracy {bearing in
mind financial and administrative constraints) will be de-
termined. The rescarch will also cvaluate present traffic-
counting programs and techniques. including administra-
ion. interagency coordination, collection, processing, pre-
sentation, and application of fraffic information.

Cost-effective techniques and procedures will be devel-
oped and tested for direct application in a highway traffic

vy

volume information program. Operational costs, data Aow
schedules, and the tradeoifs between pragmatic considera-
trons and formal statistical considerations will be included.

The resecarch will also determine how the improved
volume-counting technigques can be applicd to provide
more acceptable estimates of YMT as opposed fo other
methods; e.p.. fuel-consumption method. Improved meth-
ods should be capable of producing YMT for State and
subState levels by functional and administrative class of
highway.

‘I'he relationship of the volume-counting and VMT esti-
mation procedures to vehicle classification, vehicle weight,
census of transportation. and other similar programs will
aiso be addressed. The final report will present the research
findings in a form that can be vsed directly in the develop-
ment of procedural guidelines and operational manuals.

BITUMINOUS MATERIALS

FY 64 and T'Y "65

AREA 9:

Project 9-1

Asphalt Durability and
Performance

its Relation to Pavement

American Oil Company
Dr. A. W. Sisko
L. C. Brunstrum

Research Apency:
Principal Invest.:

Eflective Dates: Feh. 1, 1964 Nov. 1, 1965
Completion Dates: July 31, 1965 Apr. 30, 1967
Frunds: $30,000 $50,000

Rescarch is needed to determine those fundamental
propertics of an asphalt which contribute to the durability
of pavements and to develop suitable methods ol tests
for determining such propertics. These ests are needed
to provide improved buses lor asphalt specifications fo
assure products which, when properly used. will result
in durable asphalt pavements. The general properties
with which this over-all problem was concerned involve
rheological, chemical, and physio-chemical properties of
the asphalt alene and as influenced by its interfacial rela-
tionship with aggregates. These properties and their values
in the original asphalt and the retention of these values
over a period of time in service are of importance.

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

NCHRP Report 67, “Relation of Asphalt Rheological
Properiies to Pavement Durability.”

Project 9-2 FY '65
Asphalt Durabifity and Its Relation e Pavement
Performance—Adhesion

Montana College of Mineral Science
and Technology

D. W. McGlashan

January 1, 19065

October 31, 1967

$101,903

Research Agency:

Principaf fnvest.:
Effective Duate:
Completion Duate.
Funds:
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This research was concerned with asphaltic concrete
pavement performance, particularly with regard to the
influence of asphalt-aggregate adhesion. The rescarch ap-
proach was based on the principle that interfacial activity
occurring at the boundary between un asphalt cement and
an aggregate is influenced by the characteristics of the
particular asphalt and aggregate and that this activity.
measured in electrical quantities, provides a comparative
assessiment of the adhesion between the asphalt and the
apggregate,

A data acquisition system was developed for making
clectrokinetic measurements of interfacial activity when
asphalt cements were forced through porous plugs under
controlled temperature  and conditions,  The
porous plugs contained aggregales that were being tested
for adhesion. Bata werc collected and analyzed using 15
asphalt cements and a number of different aperegate types
to demonstrate the ability of the procedure for assessing
the adhesion of an asphall-aggregate mixture.

Research has been completed. The project report will
not be published in the NCHRP report series; however, a
summary s included in NCHRFP Sunsunary of Progress
Through 1972,

A copy of the agency's final report may be obtained from
University Microfilms International, 300 North Zech Road,
Ann Arbor, Michigan 48106,

pressdre

Project 9-3 FY 65
Evaluation of Pavement Joint and Crack Sealing

Materials and Practices

Rensselaer Polytechnic Institule
Dr. John P, Cook

June 1, 1965

June 30, 1966

524,996

Research Agencv,
Principal fnvest.:
Fflective Date:
Completion Date:

Funds:

Under environmental, structural, and traflic require-
ments, highly variable and inadequatc performance may
result from the materials and construction practices regard-
ing the sealing of joints in new pavements and the main-
tenance of Jjoinis and cracks in old pavements. All as-
pects of the sources of the deficiencies need to be identified
so that corrective measures may be established either in
terms of improved materials or improved construction
practices, The objectives of this research were to {1) pre-
pare a state-of-knowledpe report on joint and crack sealing
materials, joint design. specifications, test metheds, and
construction practice: (2) make a critical analysis of
the information and define needs to improve performance:
and (3} recommend a feasible research propram. Bitu-
minous and nonbiluminous materials were included, and
duc consideratien was given to such {actors as cconemics
and practicalities of usage.

Rescarch has been compleled, and the project report has
been published as:

NCHRP Report 38, “Evaluation of Pavement Joint and
Crack Sealing Materials and Practices.”

Project 9-4 FY 72

Minimizing Premature Cracking of Asphaltic
Concrete Pavements

Research Agency:

Principal Invest.:

Muaterials Research & Development
F. N. Finn
Keshavan Nair

Effective Dare: Navember 1, 1971
Completion Date: June 30, 1973
Frindds: 509.360

The premature cracking of asphaltic concrete pavements
is a continuing problem and often results in Jarge expendi-
tures of money to maintain a necessary level of pavement
serviceability. Many factors, such as asphalt propetties,
mix design, construction procedures, aggregate properties,
subgrade support, environmental conditions, and traffic
loadings, influence the ability of the pavement to resist
cracking.

The objective of this project was the determination of
suitable materials specifications, paving mix design criteria,
and construction requireinents that will result in the ability
to design and construct asphaltic concrete pavements to
carry design traffic with a minimurm of premature cracking.

Research has been completed. Tentative recommenda-
tions have been prepared to minimize cracking of asphaltic
conerete pavements, and a plan has been prepared for veri-
fving or modifying these tentative recommendations. The
essential findings of the study have been published as
NCHRP Rescarch Results Digest 58, The project report
is in the NCHRP cditorial and publication process,

Project 9-4A FY 76

Bayesian Analysis Methodology for Verifying
Recommendations to Minimize Asphalt
Pavement Distress

Woodward-Clyde Consultants
F.N. Finn

W. S. Smith

Septermnber 15,1975

Muy 1, 1978

$199,994

Research Agency:
Principal Invest.:

Lffective Date:
Completion Date:
Funds:

Cracking of the surface course is generally considered to
be the most significant manifestation of asphaliic concrete
pavement distress. Many factors, such as asphalt proper-
tics. mix destgn, construction progedures, aggregate proper-
ties, subgrade support, environmental conditions, and traf-
fic loadings, influcnce the ability of the pavement to resist
cracking, Premature cracking (that occurring at an early
life or after less accumulated traffic than anticipated during
design} is particularly troublesome. Considerable research
elfort has been, and continues to be. directed toward de-
velopment of more mechanistic procedures for flexible
pavement design to reduce cracking that will be applicable
to all locations, environments, and traffic loadings.

NCHRP Project 9-4 findings contain recommendations
intended to reduce possibility of premature cracking of as-
phaltic concrete pavements and a proposed verification pro-



gram. The generally accepted approach to verification has
been to monitor performance using statistical analysis for
evaluation of the variables. An alternate approach has been
to verily an analytical model using a small experimental
program and case histories of in-service pavements. Ong of
the findings of NCHRP Project 9-4 indicates that these two
approaches are not realistic {or verification of the project
recommendations because the cost. time, and scope re-
quired for such a program to reach definitive conclusions
would be excessive.

It the same report. the Bayesian approach is suggested as
an alternate lor verification and updating of project recom-
mendations. [t uses the past experience of engineers in o
meaninglul statistical format combined with experimental
data and experience gained from observation of field per-
formance of new construction,

The objectives of this project are (1) development of a
procedure based on Baycesian statistical concepts for verify-
ing recomnendations to olinimize pavement distress and
{2} pilot implementation of the verification procedure for
the specific distress mode of cracking from repetitive traf-
fic loading, It is expected that the researchers will use the
recommendations of Project 9-4 as a basis for the verifica-
tion procedure.

It is anticipated that the following tasks will be required
to accomplish these objectives:

1. Prepare a plan for obtaining the subjective inforina-
tion on factors affecting distress of asphaltic pavements
froin experienced engincers, including a suitable question-
naire and interview procedure.

2. Iinplement the plan prepared under Task 1 to collect
the subjective information in two climatic regions of the
contiguous United States and develop “priors™ for at least
cracking from repetitive trafiic loading.

3. Develop the framework for acguisition of “‘data”
compatible with mechanistic models for aspbaltic pave-
ments. The frainework must accommodate objective field
measurements on existing pavements and lest roads and be
suitable for combining with the “priors™ obtained from
Steps 1 and 2 describing (a) wbat should be measured, (b)
how it should be measured, and (c} how it should be
analyzed when it has been obtained.

4. For pilot implementation of the verification procedure
for a specific distress mode, collect field data an cracking
from repetitive loading of pavements in the same two cli-
matic regions in which the interviews were conducted.

5. Complete the analysis by combining the “priors™ and
the “data’™ to illustraic the methodology.

Research has been completed with substantial accom-
plishment of project objectives. Procedures were developed
for collecting and analyzing subjective information (engi-
necring judgment of experienced highway personnel) and
combining with objective informution (ficld performance of
pavements} to arrive at predictions of pavement parfor-
mance for given sets of tnaterials, traffic. and environmental
conditions. Pilot implementation of the process included
collection of subjective data on fatigue cracking of asphaltic
concrete pavements by interviewing personnel from six
State highway agencies, development of objective data using
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mechanistic models from NCHRDP Project 1-10B, and com-
bining of the subjective and objective data to illustrate the
methodology, The researchers were not able to locate ob-
jective data from test roads or field sections suitable (or this
project,

The project report is nearing completion.

AREA 10: SPECIFICATIONS,
PROCEDURES, AND PRACTICES

Project 10-1 Y "64

Development of Guidelines for Practical and Realistic
Construction Specifications

Miller-Warden Assoctites
W, B, Warden

November 15, 1963
November 14, 1964
§25,000

Research Ageney:
Erivicipal nvest.;
Effective Date:
Coamplerion Date:
Frosseds:

It 13 recognized that many existing specifications do
not properly consider variations in work and materials
which are inevitable and characteristic of the best con-
struction possible today. In a development of goidelines
for adequate specifications, this project included such areas
as surface smoathness for subgrades, bases, and pavements;
thickness measurements for bases and pavements: grada-
tton and aother requirements for aggregates and apgregate
mixtures: and a summary of sclected current specifications
pertinent to the areas of study. Consideration was given
to the wvalidity of specifications with respect to need in
the accomplishment of purpose. economic impact inherent
in specifications, natural variations inherent in work and
material, and variations inherent in methods of measure-
ment and control lest procedures.

The final report for this project has been published as:

NCHRP Report 17, “Development of Guidelines for
Practical and Realistic Construction Specifications.”

Project 10-2

Evaluation of Construction Control Procedures

FY '64

Miller-Warden Associates
S. B. Hudson

November 4, 1963
February 1, 1966
839,750

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

This research was initiated lo oblain needed basic infor-
mation for the formulation of standards for evaluation
and acceptance of work, materials, and highway construc-
tion. Its objectives included a study to determine variations
inherent to measurement methods, testing techniques, and
sampling methods and procedures. The scope of this study
was confined to the examination and investigation of
gradation of aggregates. It included a review of measure-
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ment and test procedures to determine those not including
precision statements and a study involving statistical tech-
nigues lor evaluating gradation test procedures, sampling
methods, and variations inherent in aggregate gradations.

Initial phase research has been completed, and the proj-
ect report has heen published as:

NCHRP Report 34, “Evuluation of Construction Control
Procedures- -Interim Reporl.”

Project 10-2A Y 65

Evaluation of Construction Control Procedures

Materials Research and Development
S. B. Hudson

Julv 15, 1966

November 14, 1967

ST0.945

Research Agency:
Principal Invest.:
Eflective {yeate:
Completion Date:
Funds:

The continuation phuse of Project 10-2 was conducted
by Materials Resecarch and Development. [nc., Miller-
Warden Associates Division, The research specifically con-
sidered (1) the variations in gradation of aggregates, in-
cluding fine aggregates, drawn from the bins ol operating
hot-mix plants. with sampling crror, short- and long-term
variations, and the effect of cold-feed variations to be in-
cluded: (2) a statistically designed cxperiment to determine
the effcct of variation in gradation of coursc apggregate,
within the range found to be inherent under existing con-
trols, on the strength and workahility of taboratory-prepared
concrete; (33 the effect of increment size with respect to
maximum particle size and accurucy of the results of sam-
pling 1o provide additional information as to the shape and
minimum capacity of tools ta be used for sampling coarse
ageregates; and (4) further study of the basic pattern of
variation of gradation.

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

NCHRP Report 69, “Evaluation of Construction Control
Procedures—Ageregate Gradation Variations and Effects,”

Project 10-3

Effects of Different Methods of Stockpiling and
Handling Aggregates

FY "64 and FY "63

Miller-Warden Associates
S. B. Hudson
Oct. 22, 1963
Apr. 30,1964
$25.000

Research Agency:
Frincipal Invest.:
LEffective Date:
Caompletion Deie:
Funds:

Oct. 15, 1964
Oct. 16, 1965
$30.000

The difficulties associated with producing aggregates and
providing them at the job site within desirable specification
limits have been recognized for many vears. To provide
further knowledge for a possible solution to these difficul-
ties, the over-all objectives of this research were to (1)
find the effects of stockpiling and handling on the properties
ol an aggregate, including sepregation and degradation.

and (2 establish suggested procedures for better practices
in stockpiling and handling.

Initial rescarch was directed principally to the aspects
of stockpiling, and the results have been published as:

NCHRP Report 5, “Effects of Different Methods of
Stockpiling Aggregales.”

Continuation of the initial research was authorized to
expand the scope to include, in addition to further stock-
piling investigations, the effecls on aggregate properties
of several rouling methods for handling, spreading, and
compacting bases. This work has been completed, and the
project report has becn published as:

NCHRP Report 46, “Elfecis of Different Methods of
Stockpiling and Handling Aggregales.”

Project 10-4 FY 64 and FY '65

Rapid Test Methods for Field Control of Construction

Clemson University
Dr. A, E. Schwartz
Feb, 1. 1964

Feh. 23, 1965
$30,000

Researcli Agency:
Principal Invest.:
Eﬁ(’('ff\'(’ Dare:
Completion Dare:
Funds:

May 1, 1965
Feb. 28, 1967
$69,320

It has been recognized that there is a need for improved
methods of sampling and testing (o keep pace with ae-
celerated production rates and increased volumes of ma-
terials being used in highway consiruction. In an effort
to fulfill this need. this research project proposed to seek
out areas in which rapid test needs are most critical and
to explore and summarize existing knowledge in these areas
with the ultimate aim of accelerating the development of
new methods of mecting these needs.

Work in the initial phase of this project consisted of a
survey of the state of the art in the development, neced,
and use of rapid test methods for field control of con-
struction.  Areas of greatest need were determined; the
present knowledge and state of development of various
methods for meeting these needs were investigated; and
those methods with greatest promise for satisfying the
needs in the areas of bituminous paving mixtures. base-
course construction. and soil compaction were selected
for detailed study and development. An additional study
was made of quality control and acceptance-sampling plans
in Tespect to the number of tests required to provide ade-
quate stalistical information for acceptance or rejection
of highway materials within given limits of risk and
confidence.

During the continuation phase, cmphasis was placed on
further development and evaluation of improved test pro-
cedures in the areas of asphalt content of bituminous pav-
ing mixtures, density of aggregate base courses and bitumi-
nous layers, gradation of aggregates, and soil compaction,

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

NCHRP Report 103, “Rapid Test Metheds for Ficld
Control of Highway Construction.”




Project 10-5 FY '64 and FY 65

Density and Moisture Content Measurements by
Nuclear Methods

Research Triangle Institute
Pr. R. P. Gardner

Research Agency:
Principal Invest.

Effective Date: Jan, 15, 1964 Apr. 1, 1965
Completion Date: Jan. 31, 1965 Oct. 7, 1966
Funds: $28,801 $59,835

For the past several vyears, investigators have studied
the application of nuclear devices for delermining moisture
content and density of subgrade, subbascs, and base com-
ponents. Some of the researchers have indicated such
devices are applicable for field control, while others are
still evaluating the technique. If these nuclear devices
are capable of accurate and reliable determinations, there
is a possibility that considerable economy may result in
construction and control procedures. The objectives of
the initial rescarch were (1) to review the literature and
other available data to determine what has been done by
others in the evaluation and cerrelation of nuclear equip-
ment, {2} to evaluate and analyze assembled data con-
sidering such factors as accuracy and precision, and (3)
to make recommendations for the development of needed
cquipment.

Rescarch on the initial phase has been completed, and
the project report for this phase has been published as:

NCHRP Report 14, “Density and Moisture Content
Measurements by Nuclear Methods—Interim Report.”

The objective of the continuation phase was Lo investigate,
in depth, the promising findings from the initial research.
Theoretical investigations were supplemented by field
experiments to establish a technique for calibrating nuclear
gauges to provide improved accuracy in the measurement
of soil moisture content and density, In the pursuit of these
objectives, calibration standards were developed which
are applicable to nuclear gauges currently in use,

Research on the continuation phase has been completed,
and the project report for this phase has been published as:

NCHRP Report 43, “Densily and Moisture Content
Meusurements by Nuclear Methods.”

Project 10-5A FY "68

Optimization of Nuclear Density and Moisture
Content Measurement Methods

North Cuarolina State University
Dr. R. P. Gardrner

February 1, 1968

January 31, 1970

$51,214

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

In recent years, there have been numerous investigations
of nuclear methods for determining the moisture content
and density of subgrade, subbase, and base components of
highway pavemenis. Nuclear devices have been evaluated
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and found to be potentially more accurate and faster than
conventional measurement methods, During the conduct
of Project 10-5 the primary problems associated with these
devices were identified as sensitivity-elemental composition,
nonuniform response to the sample due to the nonhomo-
gencous nature of soil and agpregate materials, surface
roughness of the measurement area, and gauge calibration.
Several nuclear gaupge calibration methods were developed
utilizing calibration model, energy discrimination, and dual-
gauge principles.

The essential objective of this study was to optimize nu-
clear gauge calibration methods and thus improve opera-
tional performance of the gauges for control of mnoisture
and density during construction of highway subgrade, sub-
base. and base components. The objectives of the rescarch
have been met. Procedures have been developed for opti-
mization of nuclear backscatter-type density gauge calibra-
tion, a quantity factor approach has been developed for
evaluating the over-all performance of density gauges, and
a tentative model is available for improved calibration of
nuclear moisture gauges. The research has also provided
a basis for design of cven better nuclear backscatler-type
density gauges.

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

NCHRP Report 125, “Optimization of Density and
Moisture Content Measurements by Nuclear Methods.”

Project 10-6 FY '64 and FY '65

Measurement of Pavement Thicknesses by Rapid and
Nondestructive Methods

1I'l" Rescarch Institute
K. E. Feith

Dr. S. D. Howkins
Tebruary 1, 1964
October 31, 1966
108,821

Research Agency:
Principal Tnvest..

Effective Date:
Completion Date:
Frands:

Present methods of measuring the thicknesses of high-
way pavements arc lime consuming and generally do
not provide data early cnough for the contractor to alter
operations so as to comply. It is recognized that a non-
destructive technique would be advantageous, both cost-
and time-wise, in comparison to present nicthods, In
initialing this research, four objectives were outlined. They
included: (1) a study of all past and present methods of
measuring thicknesses of highway pavements to determine
if any existing method may be suitable; (2) a feasibility
study of proposed incthods now under development; (3)
proposals for other feasible methods; and (4) recommenda-
tions for promising methods for development of instru-
mentation.

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

NCHRP Report 52, “Mcasurement of Pavement Thick-
ness by Rapid and Nondestructive Methods.”
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Project 10-7 FY '64

Potential Uses of Sonic and Ultrasonic Devices in
Highway Construction

The Ohio State University
I3r. I'. Moeavenzadeh

Dr. R, C. MeMaster
IFebruary 1, 1964

March 31, 1963

24,310

Research Agency,
Principal tnvest.;

Fffective Date:
Completion Pate;
Funds:

The use of sonic and ultrasonic devices is well known
in some fields. Present practical application of sonic and
ultrasonic frequencies and the results of recent experiments
indicate a wide range of potential uses of such devices in
highway construction. 1t 1s felt that possible uses may
include pile driving, mixing and compaction of materials,
sampling of materials, drilling. culting, and many other
applications. In an effort to evaluate potential uses, this
research study wus initiated with the objectives of studying
availahle informution on present uses of high-frequency
vibrations and making a feasibility study of possible appli-
cations to highway construction.

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

NCHRP Report 23, “Potentia! Uses of Sonic and Ultra-

sonie Devices in Highway Construction.”

Project 10-8 EY 70
Evaluating Procedures for Determining
Concrete Pavement Thickness and

Reinforcement Position

Pennsylvania Dept. of Transportation
w. G. Wcber

R. L. Cirey

March 2, 1970

July 31, 1973

S151,982

Research Agenev:
Principal Invest.:

Efiective Pate:
Campletion Date:
Frnds:

The measurement of portland cement concrete pavement
thickness and the determination of the postlion of re-
inforcing steel are necessary to establish conformance with
destgn and construction specification requirements.  The
convenlional method for making these determinations- -hy
cuiling cores from the hardened concrete and performing
the related operations of handling, and testing—is time
consuming and costly as well as destructive to the finished
pavement. Furthermore, the determinations thus made, al-
though of value for record purposes, are of little use during
the construction process.

The determinuation of strength, although part of the over-
all problem, was not included in the research conducted
under this project.

The objective of this rescarch was limited to the feld
evaluation of avaituble nondestructive syslems of inspection
{esting Tor determining pavement thickness and reinforcing
stee] position at the construction site, cither before or soon
alter the concrete has hardened. to permit the elimination
aof, or suhstantial reduction in, the coring of pavements.,

To accomplish this objective, the research agency:

I. Conducted a state-of-the-art study and a preliminary
evaluation to select the devices and procedures lor deter-
mining concrete pavemnent thickness and reinforcing steel
placement that have been developed to the point that field
evaluation is now feasible,

2. Selected candidate procedures for feld evaluation,

3. Developed and conducted a field evaluation program
in cooperation with several State highwayv agencics.

4. Analvzed and compared field data with current prac-
tices with regard to such considerations as practicality,
accuracy, case of operation, and nondestructiveness,

All research on the project has been completed. The
Ohio State ultrasonic gauge was found to be capable of
measuring the thickness of both plain and reinforced con-
crete pavements with sufficient accuracy for construction
control. as was alse an eddyv-current proximity gauge for
use with plain (nonreinforced) pavements only. A pach-
ometer wus found to determine steel depth with sullicient
accuracy for construction control, Statistical-tvpe specifica-
tions were found to be required when the devices are used
in construction contral.

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

NCHRP Report 168" Rapid Measurement of Concrete
Thickness and Reinforcement Location—VFicld Ewvaluation
of Nondestructive Svstems.”

Project 10-9 FY 70

Criteria for Need of Seal Coats for
Bituminous Pavements

Research Agency: University of Minnesota
E. 1. Skok

Novermher 1, 1969
Februury 28, 1974

$50.000

Frincipal fnvest.:
Eflective Date:
Completion Date:
Funds:

In order 10 most economically maintain bituminous-
surfaced pavements in serviceable condition, seal coats may
be periodically required. Determinations of the need for
seal coats, the type required, and the proper time to apply
are important, Premature sealing results in a needlessly
early expenditure of funds., while tardy action may result
in excessive deterioration or unsafe conditions and greater
total maintenance expenditures, Currently available meth-
ods of rating pavements for the need of sealing arc not
totally adequate. They are time consuming, require the use
of costly cquipment and highly skilled personnel, rely on
the judgment of experienced personnel, or are nol repro-
ducible. Methods and criteria for determining when scal-
coat applications should be made are needed.

The objectives of this project were to develop, and
evaluate in the field, guidelines for the programming of
seal coats on bituminons pavenients,

Research has been completed. The essential findings of
the study have hecn published as NCHRP Rescarch Re-
sults Digest 48, The agency report has heen distributed to
the Program sponsors and other interested persens. and a




summary iz mcluded in NCHERP Sununary of Progress
FThrough 1976,

A copy of the ugency's final report may be obtained from
University Microfilms laternational, 300 North Zeeb Road.
Ann Arbor. Michigan 48106,

Project 10-10 Fy 74

Acceptance Criteria for Electroslag Weldments in
Bridges

United States Steel Corporation
W. P. Benter, Jr.

May 1.1974

March 31, 1978

S300.000

Research Agency:
Principal Invest.:
Lileciive Date:
Comipletion Date:
Funes:

Engincers are hesitanl ta pernnt use of the electroslag
welding process for weldments subject to bridge Ioadings
because sutficient resecarch has not been conducted to de-
termine their performance. Some states are permitting use
ol the electraslag process hased on a very limited number
of tests, some with borderline results, Most engincers will
not permit its use on a bridge of major proportions because
of the existing uncertainties; therefore. this program is of
the utmost importance il this economical tool is to be
widely used in the {abrication of bridges. The principal
areas of concern are the physical and metallurgical propet-
ties of the weld and the heat-affected zones, The adequacy
of current electroslay welding specifications for bridges has
been questioned. Thus, a thorough analytical and experi-
mental progrant of evaluation of all parameters is needed.

The over-all ohjective of this project is to develop and
verify acceptance criteria for the use of electroslag butt
welds in bridges. Research is to be conducted in iwo
phases. The specific objective of Phase 1 is to define neces-
sary acceptance specifications based on the most complete
study, using laboratory specimens from full-size welds, that
current knowledge and testing cquipment can provide
within the ailotted funds. The specific objective of Phase 11
is to verify the findings of Phase 1 by conducting dynamic
tests of full-size bridge girders,

Accomplishment of Phase 1 objectives inctuded the
following tasks:

I. A thorough review of domestic and foreign lifcrature
on the subject.

2. Preparation of a state-of-the-art report on electroslag
welding.

3. Testing of laboratory specimens taken from full-scale
welds. Variables include welding procedures and equip-
ment, grades of steel, and plate thicknesses. The testing is
to determine toughness, fatigue, tensile, and metallurgical
properties.

4. Development of tentative acceplance tests and criteria
for electroslag butt welds based on the results of previous
tasks.

S. Submission of an inlerim report summarizing the
findings of Phase I.

Phasc 1 has been completed, The report prepared under
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Task 2 has been published as NCHRP Research Results
Digest 74, “Clectroslag Weldments in Bridges.” loan
copics of the report prepared under Task § may be ob-
tained from the NCHRP Program Dircctlor.

Phase IE now concluding. consists of fabricating and
dynamically testing fullsize girders to determine fatigue
and fracture behavior of clectroslug butt welds in girder
Hunges in accordance with the work plan developed under
Phuase 1.

Research has been completed, and the draft final report
is in the review stage.

Project 10-11 FY 77

Development of a Performance Specification For
Bridge Deck Joint-Sealing Systems

Research Agency: Howard Needles Tammen & Bergen-
doff

Arthur Linfan:-

December 1. 1976

February 28, 1978

529 996

Principal fnvest.:
Efleciive Pate:
Cenmplerion Dare:
Funds:

A large majority of bridge deck joint-sealing systems in
use todav are proprietary products. These products are
designed in companies and  corporations where a full
range of experience with bridge deck behavior, field in-
stallation  conditions, dynamic loading effects, chmatic
conditions. and pavement maintenance procedures is often
not available. As a conscquence. these products do not
always lunction in the structures as intended. Some re-
quire costly maintenance, and others actually Tail to sur-
vive more than a few vears. Because most of these sys-
tents are furnished without a guarantee of any kind, public
agencies are torced 1o assume responsibility for their ade-
quacy. cven though they are furnished and installed by
project contractors. To avold the worst of the systems,
most agencies specily what appear to be the most practica-
ble proprictary systems for their installations.

This specilying practice. when combined with current
contract bidding procedures, has an adverse cflect on the
quality of sealing systems. Because contracts are normally
awarded to the low-bid contractor. all contractors must,
il they are to survive. devise ways to furnish and instail
products that will satisfy contract requirements at the
lcast cost. Because this procedure emphasizes least cost
rather than guality, the manufuacturers of sealing systems
are also forced to modify their designs and procedures lo
be competitive. But a competilive position can penerally
be attained only by a reduction in performance and quality
and by a corresponding increase in maintenance and re-
placement cost.  After several product-modification and
cost-reduction cycles. initial benefits achieved by the use
of such systems do not justify their substantial ultimate
Losts.

Optimum cost, which considers long-term performance
as well as first cost, should be the goal Tor bridge deck
joint-sealing systems. This goal can be attained hy apply-
ing an effective performance specification. A side advan-
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tage will be a reduction in the use of puoblicly funded
structures for experimental installations for the develop-
ment of proprietary products, Yet the private sector would
be encouraged to design and develop the kind and quality
of products that are needed today by most transportation
agencies.

There is need to develop an effective performance speci-
lication for the joint-sealing systems being installed in the
great majority of the bridge decks currently being built.

The ultimate abjective of this research is 1o develop an
effective performance specification for prefabricated, sur-
face-monnted bridge deck joint-scaling systems designed
for @ total horizontal movement of 4 inches or less. It is
envisioned that research will include at least the following
tasks:

[. Review of available performance specifications ap-
plicable to bridge deck joint-scaling systems.

2. Assessment of the performance of currently used
bridge deck joint-sealing systems.

3. Evaluation of present design, construction, and main-
tenance practices of the various transportation agencies
with respect to the performance of present bridge deck
joint-sealing systems.

4. Development of reasonable performance criteria for
bridge deck joint-sealing systems.

5. Recommendation of u performance specification in
a form suitable for consideration for adeption by AASHTO.

6. ldentification of bridge deck joint-scaling system
problems in need of further research.

Rescarch has heen completed. and the draft final report
i in the review slage,

Project 10-12 FY 77
Acceptance of Aggregates Used in Bituminous Pay-
ing Mixtures

Texas A & M University
Research Foundation
Dr. S, C. Britton

Dr. R. L. Lytton
September 1. 1977
August 31, 1980
$174,889

Research Agency:
Principal Invest.:

FEfective Date:
Cemnpletion Date:
Funds:

The supply of aggregates that are presently accepted for
highway construction is imited in some sreas of the United
States and will be depleted in many other areas. Some
presently used acceplance methods preclude the use of
aggregates that have been shown to function adequately
In ¢ertagin bituminous paving mixtures, There is a need for
an evaluation of methods for accepting or rejecting aggre-
gales, with emphasis on identifying methods for consider-
ing the use of aggregates that are currently classified as
unacceptable by present methods.

The objective of this study is to evaluate currently used
methods for the acceplance or rejection of aggregates used
in bituminous paving mixtures, The study shall include, but
not be limited to, methods for evaluating the degradation
and duratulity of aggrepates.

The project objective is to be accomplished in two phases,
as follows:

Phase T

Task 1. Perform a literature review and national survey
of aggregate evaluation methods {particularly those utiiiz-
ing abrasion and soundness tests) currenily usced for ac-
cepting or rejecting aggregates to be used in bituminous
mixes. This shall include but not be limited to types of
tests, precision of test methods, test results and mixture
performance as related to rock types and their characteris-
tics. basic distress mechanisms, acceptance criteria. and
correlations of test data with field performance.

Task 2. Using information obtained in Task 1, proposc
a promising scheme{s) for sclection of aggregates to be
used in bituminous paving mixtures.

Task 3. Develop a program to verify this scheme(s).

Task 4. Prepare an interim report covering Tasks 1, 2,
and 3,

Phuse 11
Task 3. Conduct the program preparcd under Task 3.
Task 6. Revise, as appropriate. the aggregale evaluation
scheme(s) prepared under Task 2.

Rescarch has been initiated. The work plan has been
reviewed and approved. a questionnaire has been distributed
to highway agencies to determine presenti acceptance pro-
cedures far aggrepates, and a literuture review is in progress.

AREA 11:

Project 11-1

LAW

FY 65

Rules of Compensability and Valuation in Highway
Land Acquisition

University of Wisconsin
Dr. Richard U. Ratchff

Research Agency:
Principal Invest.:

Effective Pate: January 1, 1965
Completion Date: April 30, 1967
[Fiinds: S84.840

Difficult problems of compensability and wvaluation of
land acquisition for highway rights-of-way continue to
plague courts, highway administrators, and appraisers. This
project analyzed current legal rules and appraisal prac-
tices and suggests methods to eliminate inconsistencics, am-
biguities, and inequities based on constitutional mandates,
sound judicial aualysis, and appraisal theory and practice.

The rescarch was to express the parameters of indemnity
representing the ideal based upon logical and acceptable
criteria, identify deviations from the ideal basic principles
found in statutes, operating rules, and court decisions,
analyze the motivation for these deviations, and suggest a
workable compromise between the ideal and the practicali-
tics in the application of the power of eminent domain.

The research included a sampling of reported highway
condemnation cases involving evidentiary problems for 25



States covering a 16-vear period. Cases of particular in-
terest were cited to support the discussions about the spe-
cific rules of admissibility of various types of evidence.

The teport contains information relative to the present
law of evidence in cminent domain proceedings. Diver-
gencies which appear in the law from State to Stale are
identified and analyzed, The causc and extent of diversity
are determined. and the connection belween evidentiary
law and the legal rules and standards of compensahility
and valuation is examined. The reasons the courts give
as a basis for their decisions to adinit or exclude various
types of evidence are set forth and described.

The final report has becn published as:

NCHRP Report 104, “Rules of Compensability and
Valuation Evidence for Highway Land Acquisition.”

Project 11-1(1) FY '68
Eliminating Enhancement or Diminution Effects on
Right-of-Way Valuation

Real Estate Research Corporation
Stanley F, Miller

Morris A. Lieberman

September 2, 1968

February 28, 1969

$5,000

Research Agency!
Principal Invest.:

Effective Date;
Completion Date:
Funds:

Most frequently, the date of taking is the same as the
date of valuation. However, cspecially in urban areas,
valuation of property on such date frequently creates in-
equitics to either the property owner or the State because
of an enhancement or diminution in value of the surround-
ing or subject properties resulting from the public improve-
ment or the announccment thereof., The diminution occurs
when knowledge of the highway improvement depreciates
the value of property to be taken prior to the date of taking.
The enhancement occurs when such knowledge appreciates
the value of the properly.

The objectives of the research were to assemble and
analyze whatever statutory and case law now exists on this
subject, Valuation problems involved were also studied.

The research included a study of the general principles
and techniques {both wvaluation and legal) that cause
enhancement or diminution in the value of surrounding
properties or those being taken by eminent domain as a
result of the date of valuation or announcement thereof.
Statutory laws of each of the 50 Statcs were examined.

The final report covers a general discussion of valuation
principles, including identification of factors which cause
enhancement or diminution of value, The impact of date
of valuation is discussed, and case studies of the effect of
time are presented. Therc is also a general discussion of the
legal aspects and practicces.

The final report has been published as:

NCHRP Report 114, "Effects of Proposed Highway Im-
provements on Property Values.”
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Project 11-1(2)

Recognition of Benefits to Remainder Property in
Highway Valuation

FY '68

Research Agency: Joseph M. Montano & Assoc.
Joseph M. Montano

October 1, 1968

March 31, 1969

$3,000

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

The subject of benefits is often discussed and casuoally
considered, largely because it is a mandatory finding in
many States, but rarely pursucd with enthusiasm, Because
of the nced for more equitable treatment of the public
interest, the practitioner, both legal and appraisal, needs
to be more fully informed of the potential involved.

Actually there is a rather large and surprisingly liberal
body of case law allowing a variety of bencfits to offset or
mitigate the amount of compensation that must be paid.
These were collected, analyzed, and grouped, with emphasis
on the most recent cases to ascertain trends, The desired
end product was a trial memorandum that can be used by
the practicing trial lawyer and appraised on a day-to-day
hasis. The research explored different approaches, both
legal and appraisal, that would lead 1o greater recognition
of benefits to offset or mitigate the amount of compensa-
tion which must be paid.

The final report gives a short and concise, but compre-
hensive, statement of what appellate courts have said about
the trial aspects of benefits. It further contains an inven-
tory of these appellate decisions, as well as a list of annota-
tions, treatises, and legal periodicals. Moreover, the report
gives some suggestions and ideas about what should be done
and how to prove that benefits have resulted by virtue of the
construction of public improvements.

The project reporl has been published as:

NCHRP Report 88, “Recognition of Benefits to Re-
mainder Property in Highway Valuation Cases.”

Project 11-1(3) FY "68

Taxation Aspects of Right-of-Way Acquisition

University of Tulsa
Dr. E. Dale Searcy
September 16, 1968
April 30, 1969
$2.250

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

Public land acquisition may have significant effects on
landowners’ tax status and liability, depending on alterna-
tive methods of valuation and pavinent of compensation.
Such tax aspcets should be considered, inasmuch as a full
appreciation of the alternative methods of tax treatment of
land acquisilion can facilitate negotiations,

The objective of this research was to identify, analyze,
and cxplain, with appropriate examplcs, the many elements
of the taxation aspects of right-of-way acquisition. It in-
cluded the Federal income and capital-gains tax eleinents,
but also treated these clements from a state income and ad
valorem tax poinl of view for purposcs of illustration.
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The rescarch distinguished, for taxation purposes, be-
tween all of the different compensation elements involved
(1., relocation payments, partial takes, ete.). It included
these and other elements involved in the various interests
or awards (negotiations vs. condemnation, ete.} and types
of properties {residential, business, agricultural, investment
propertics, ¢te. ).

A final report was not submitted, therefore the contract
was terminated.

Project 11-1(4) FY "6R

Compensation in the Nature of Additives to Market
Value

Univ. of Oklahoma Rescarch Inst.
I. Dwain Schmidt

December 1, 1968

May 31, 1969

$2.500

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

In recent years, the courts. Congress, and the State
lepislatures have been and are being pressed to allow
reimbursement or damages 1o property owners in addition
to payment of compensation under the traditional market
value concept. These include payment of intercst; property
owners litigation cosls, including appraisal and attormey
fees: moving or relocation expenses: percentage premiums
above market value; hardship premiums: husiness discon-
tinnation allowances: rent supplements; etc.

The objective of this study was to analyze statutes and
cases on a Federal and State-bv-State basis to ascertain the
present state of the law of these issues and te measure the
trend, 1f any.

The research examined some outstanding cases con-
cerning additives to market value in highway condemnnation
cases and delved into recent legislation maierially affecting
the law of eminent domain as it relates to just compensation.

The final report will not be published in the NCHRP
report series: however, a summary is included in NCHRFP
Summuary of Progress Through [972.

A copy of the agency’s final report may be obtained from
University Microfilms [nternational. 300 North Zeeb Road,
Ann Arbor, Michigan 48106,

Project 11-1(5)

Rules of Discovery and Disclosure in Highway
Condemnation Proceedings

FY '64

Research Agency: Lony, Mikkelborg, Wells & Fryer
Jeremiah Long

September 15, 1968

April 14, 1969

$2.500

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

A significantly large body of statute and case law is
developing concerning the applicability of Statc and Fed-
eral rules of discovery to eminent domain actions and the
rights of the parties to compel disclosure of the opposi-
Depending on the

tion’s valuation and other testimony.

way such disclosure is permitied, advance possession of
the other party’s wvaluation evidence, which is fargely
opinion. and the recasons therefor. may materially affect
cross exatnination. The highway legal practitioner should
be aware of the state of the law in this feld.

Divergent conclusions and opinions relating to value are
not based on the existence of differing facts but on indi-
vidual interpretation of those facts in the expert’s valuation
of the property before and after acquisition. No amount of
imdependent pre-trial effort on the part of opposing counsel
or his client will reveal the conclusions and opinions of the
opposing experts. Add to the uncertaintics of preparation
for cross-examination and rebuttal the primary importance
of expert testimony in condemnation actions and the wide
divergence in the contents of such opinion, and it is not
surprising that the field of eminent domain has produced
the most aclivity and the greatest diversity of legal opinion
in the arca of pre-trial discovery of the opinions and con-
clusions of value experts retained for negotiation and in
anticipation of litigation.

The final project report discusses the existing Federal and
State cases on the subject, the statutes, and rules adopted in
various jurisdictions to resolve the uncertainties attending
discovery of expert opinion.

The project report has been published as:

NCHRP Report 87, “Rules of Discovery and Disclosure
in Highway Condemnation Proceedings.”

Project 11-1(6) FY '68

Valuation and Condemnation Problems of Selected
Special Purpose Properties

Edward E. Level
Edward E. Level
September 2, 1968
November 28, 1969
$7.500

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

Properties put to special uses are frequently required,
in whole or in part, for highway right-of-way purposes.
The rules of compensation and tnethods of valuation of
such propertics arc inconsistent in their practical applica-
tion, often with incongruous and varying results from State
to State.

Research is needed to clarify the special-purpose-property
field illustrated by the taking of cemeteries, parks, schools,
and churches, or portions thereof. The research was to as-
scmble and analyze the case law applicable to this class of
property and the present state of appraisal practice in the
field involving these special-use properties and to provide
@ clear exposition of the correct theory and practice in
terms of a series of alternatives applicable to such properties.

Schools., churches, cemeteries, parks, utilities, und similar
properties, due to the lack of sales data, cannot readily be
valued by the usual appraisal methods or legally allowable
proof. The project repert considers what special appraisal
techniques and legal rules are applied in valuing such
propertics.




Cases and appraisal methods are discussed as to just
compensation, elements of the special-purposc properties,
appraisal cvidence and evidence allowed, and the com-
petency of witnesses in trials concerning special-purpose
propertics. Specific discussions of appraisal techniques and
legal rules applicable to cemeteries, churches, parks,
schools, and other special properties are discussed.

The project report has been published as:

NCHRP Report 92, “Valuation and Condemnation of
Special Purpose Properties.”

Project 11-1(7} FY ‘68
Valuation and Compensability of Noise, Pollution,
and Other Environmental Factors

Univ. of Oklahoma Research Inst.
I. Dwain Schmidt

October 1, 1968

March 31, 1969

$2.500

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

Highway departiments today are confronted with some
comptlicated takings, particularly in urban areas, wherein
allegations arc made claiming damages which arise from
highway-oriented noisc. air, and water pollution and other
sitnilar environmental factors.

The decided cases in this limited area were singled out
and examined, with carcful anzlysis given to the valuation
and legal compensability problems.

The power to take private property for a public purpose
by eminent domain is a basic right of government. How-
ever, in the United States, private property shall not be so
taken without the payment of just comnpensation. The ques-
tion researched in this project was whether highway-
produced noise, air, and water poliution—and other similar
environmental lactors—are the type of injurics for which
compensation must be paid,

The final report will not be published in the NCHRP
report series: however, a summary is included in NCHRP
Summary of Progress Through 1872,

A copy of the agency's final repert may be obtained from
University Microfilms [nternational, 300 Notth Zeeb Road,
Ann Arbor, Michigan 48106.

Project 11-1(8) FY 68

Remainder Damages Caused by Drainage, Runoff,
Blasting, and Slides

Harrison Lewis
Harrison Lewis
Ociober 15, 1968
January 15, 1970
$7.500

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

During highway construction, or shortly thereafter,
there are special types of damages rclating to drainage,
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runoft, blasting. slides, etc., which sometimes result. Gen-
erally speaking, all damages which are the natural and
probable result of involuntary takings are to be included
and assesscd in the condemnation proceedings, but the law
and the appraisal practice relating to such special situa-
tions, litigated and negotiated, is far from ¢lear and is not
understood hy many appraiscrs,

The purpose of the research was to jdentify and clarify
these elements. The research included an assembly and
analysis of case law from a majority of jurisdictions appli-
cable to each of thesc special situations: an assembly and
analysis of the best and prevailing appraisal principles
applicable thereto: and a statement of the logical alterna-
tive methods of dealing with the valuation and damage
problems involved. including the pros and cons of each
such legal alternative.

The project report has been published as;

NCHRP Report 134, “Damages Due to Drainage,
Runoff, Blasting, and Slides.”

Project 11-1(9)

Valuation and Condemnation Problems Involving
Trade Fixtures

FY "68

Edward L. Snitzer
Edward L. Snitzer
March 15, 1969
December 1, 1969
£5,000

Research Agency:
Principal fnvest.:
Efiective Date:
Completion Date:
Funds:

In the acquisilion of commercial properties, guestions
and disputes often arise between condemnor and con-
demnee as to the obligation of the comdemning authority
to take and pay for “trade fixtures.” The condemning au-
thority frequently takes the position that, as same are mov-
able and, hence. not affixed to the freehold, they are per-
sonal property and, thus, may be reinoved by the con-
demnce. In this area, the courts have also recognized a
different rule than exists between landlord and tenant and
mortgagor and mortgagee in regard to such fixtures.

The objective of the research was to review all appellate
cases in the trade fixture arca and to cite und compare
these with selected typical landlord-tenant and mortgagor-
mortgagee cases 1o illustrate the different rules of law
applicable. Appropriate jury instructions, based on the
decided cases, were developed as to the acquisition and
valuation criteria that have been judicially prescribed.
Comments were made on the valuation techniques involved,
particularty as to how they may differ, if they do, from
conventional methods of fixture valuation. Existing legal
and appraisal literature was reviewed and cited, particularly
Jaw review articles, ALR annotations, and The Appraisal
Tournal,

The project report has been published as:

NCHRP Report 94, “Valuation and Condemnation Prob-
lems Involving Trade Fixtures.”
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Project 11-1(10) FY "68
Compensability and Valuation Aspects of Residential
Displacement in Highway Programs

Ross, Hardies, O'Keefe, Bahcock,
McDugald & Parsons

Fred P. Bosselman

March 15, 1969

September 15, 1969

$5,000

Research Agency:

Principal Invest.:
Effective Date:
Complerion Datre:
Frnds:

Serious practical prohlems arise when highway construc-
tion unavoidably neccessitales substantial displacement of
residential units both in urban and rural arcas. Reloca-
tion of displaced residents is, in varying degrees, hecoming
a responsibility of puhlic agencies. However, up to the
present fine, alternative means and procedures for per-
forming this responsibility have heen limited, and it is
evident that new and greater efforts in this activity must be
made. Significant lepal and valuation problems must be
solved if legislators and administrators are to have guide-
lines for development of new methods of improving reloca-
tion assistance und for decisions hetween alternatives in
specific situations.

The research report contains discussions of the constitn-
tional requirements and limitations and how the basic
standards for the payment of compensation to persons
whose property is taken for public use are derived from
such sources. The need for new compensation technignes
is discussed und analyzed. Traditionally, “consequential
damages™ resulting from the taking of a man's property
have becn considered part of the burden of citizenship. The
rapid increase of residential takings has caused great pres-
sure on government to compensate more of these conse-
quential damages. The various monetary and nonmonctary
elfects are outlined to indicate the wide range of losses
that may result when residences are taken,

The project report has been published as:

NCHRP Report 107, “New Approaches to Compensa-
tion for Residential Takings.”

Project 11-1¢11) FYy "68
Valuation Elements of Joint Development Projects,
Including Air Rights

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

Real Estale Research Corp.
John M. Bohling

February 24, 1969

August 25, 1969

$5.000

Interest is increasing with respect to joint development
projects involving highways and other kinds of public and
private facilities. There is actually little jnformation
available, however, about the application of known ap-
praisal concepts 1o such joint development projects. Addi-
tionally, a whole ncw valuation dimensicn has come into
focus, involving the valuation of vertical plancs of valuc
(air rights). All of these aspects need to be cxplored.

Fhe study bricfly reviewed the legal factors covering the
valuation of air rights and of joint development projects.
An exploration was made of known appraisal concepts and
valuation principles and their application to the valuation
of multiple-use projects, The findings of this study will
provide guidance for appraisal practitioners and public
officials concerned with the valuation of joint development
projects.

The study found that the current appraisal technique,
as presented by the Keuhnle and White formulas, appears
to present the best potential for the valuation of multiple-
use projects, particularty as they apply to rights-of-way.
These formulas present the value of the property interest
to be disposed of {the air rights or tunnel easement) in
order to approximate the difference between the value of
the fee property before and after the specific property
interest is conveyed. These formulas take into considera-
tion other costs or benefits, such as (a) ecenomic value
toss because of reduction in functional utility dne to con-
struction, (b) added costs of constructing improvements in
a dilferent fashion than if erected on surface fee, (¢} addi-
tional interest expense which would be incurred, {(d) savings
in excavation costs, (¢) tenant relocation, (f) demolition.

The final report will not be published in the NCHRP
report series; however. a summary is included in NCHRP
Stmmary of Progress Through 1972,

A copy of the agency’s final report may be obtained from
University Microfilms Internaticnal, 300 North Zeeb Road,
Ann Arbor, Michigan 48106.

Project 11-2 FY 65

Theory and Practice tn Inverse Condemnation

Research Agencey: Regional and Urban Planning
Implementation

Mrs. Barbara Hering

February 1, 1965

June 30, 1966

$15,000

Erincipal invest.:
Effective Date:
Completion Duate:
Funds:

Legal procedures for determining the question of liability
of damage occurring during or after highway construction
are neither clearly understood nor agreed upon, This project
was intended to review case law covering inverse condem-
nation, review technigues to litigate inverse condemnation
claims and defenses, analyze administrative techniques
used in handling such claims, and compare judicial treat-
ment and alternative statutory proposals applicable to State
highway department problems.

An intensive review of legal cases has been conducted
for five States having a substantial volume of such cases.
Questionnaires supplemented by personal contact studied
legal and administrative practice.

The project report has been published as:

NCHRP Report 72, “Theory and Practicc in Inverse
Condemnation for Five Representative States,”




Project 11-3 FY 67

Valuation and Legal Implications of Scenic,
Conservation, and Roadside Easements

Donald T. Sutte, Jr., and Assoc.
Donald T. Sutte, Ir.

Prof. Roger A. Cunningham
November 1, 1966

December 15, 1967

$25,000

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

Because of the difficult problems that are emerging from
the implementation of the Highway Beautification Act of
1965 and the scenic road programs, this project relates to
the identification and application of legal and valuation
principles for the acquisition of scenic, conservation, and
roadside easements; outdoor advertising and junkyard ac-
tivities; scenic enhanceinent interests; and the like.

All the available information was assembled pertain-
Ing to past expericnce in the use of scenic roadside ease-
ments and similar property interests in programs for scenic
enhancement. An annotated bibliography of the relevant
legal and appraisal literature has been prepared, and State
and Federal highway agencies that have been active in
acquisition of scenic easements were interviewed. The
material was analyzed with repard to the statutory bases,
the character of the casement, and the administrative and
acquisition practices developed.

The rtescarchers studied the steps for acquiring scenic
easements, the advantages and disadvantages of scenic
easements, and similar less-than-fee property interests.
Moadel legisiation was developed to deal with the legal
problems identified.

The project repert has heen published as:

NCHRP Report 56, “Scenic Easements—Legal, Admin-
istrative, and Valuation Problems and Procedures,”

Praject 11-3(1) FY '68

Public Control of Roadside Advertising Signs for
Highway Beautification

Donald T. Sutte, Jr., and Assoc.
Donald T. Sutte, Jr,

Prof. Roger A, Cunningham
October 1, 1968

December 31, 1969

$20,000

Research Agency:
Principal Invest.;

Effective Date:
Completion Duate:
Funds:

The Highway Beautification Act of 1965 madc several
major changes in Federal policy regarding control of road-
side advertising, which changes have affected State and
local programs on such matters and require valuation and
legal studies.

Based on the assumption that compensation must be
paid for the elinination of those signs erected before Octo-
ber 1965 that must be removed, the legal rescarch in-
cluded a review of all the decided cases diseussing all the
various elements of compensation and, in particular, the
taking from the owner of the sign, display, or device of all
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right, title, leasehold, and interest in such sign, display, or
device and the taking from the owner of the real property
on which the sign, display, or device is located, the right
to erect and thereafter maintain such signs, displays, and
devices thereon.

The valnation research included a general discnssion
of all applicable valuation principles and concepts con-
sidering the special-purpose nature of outdoor advertising
signs; gave consideration to the explanation of the alterna-
tive methods of cstimating compensation for all elements;
gave separate treatment to the methods of measuring busi-
ness losses; and recognized and separately treated the dif-
ferent types of outdoor advertising signs. Actual illustra-
tions and case studies were utilized,

The project report has been published as:

NCHRP Report 119, “Control of Highway Advertising
Signs—Some Legal Problems.”

Project 11-3(2) FY '68

Public Control of Junkyards for Highway
Beautification

Real Estate Rescarch Corp.
Stanley F. Miller

Morris A, Licberman
September 2, 1968
February 28, 1970
$13,300

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

The Highway Beautification Act of 1965 made several
major changes in Federal policy regarding control of junk-
yards, which changes have affected State and local programs
on such matters and require valuation and legal studies.

Bascd on the assumption that compensation must he paid
for the relocation. removal, or disposal of junkyards speci-
filed in the Highway Beautification Act of 1965, the legal
research included an investigation of decided cases in five
representative States. Furthermore, the statutory laws of
the 50 States were examined as thcy pertaiued to the prob-
lem and the research objective.

The rcsearch included a general cxamination of valua-
tion principles and concepts applicable to the vazluation of
junkyards. Carcful and objective considcration was given
to alternative methods of estimating compensation for all
elements, The studics recognized and separately treated the
different types of junkyard establishments.

The project report covers the basic principles of market
value and cornpensation. Valuation practices and pro-
cedures are discussed, and factors that cause enhancement
or diminution nf value are identified. Case studies are in-
cluded in the report to show examples of the effcct of time
on value and to show cxamples of remainder and specific
parcels,

The project rcport has been published as;

NCHRP Report 112, “Junkyard Valuation—Salvage
Industry Appraisal Principles Applicable to Highway
Beautification.”
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Project 11-4 FYy '68

Elimination of Wide Divergence in Right-of-Way
Valuation

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

Amer. [nst. of Real Estate Appraisers
Frances Hokanson

July 1, 1969

February 28, 1971

$24,959

Wide varialions in valuation have been reported in many
States. These have most frequently occurred in instances
(a) where two or more appraisers are so divergent that
their testimony has little merit and (b) where appraisal of
severance damape is shown by subsequent experience to
be wholly unrealistic. Continued occurrence of such in-
stances results in unnccessarily high awards and raises
questions regarding validity of current valuation methods.

This rescarch reviews, analyzes, and evaluales actual
cascs in which divergences cxisted. The reasons or hases
for such divergences are identified. The research includes
analyses of how divergencies relate to type of taking, type
of use, level of government that acquires, and other factors,
[t also covers the extent to which appraisal divergencies
reflect inadequacies in the appraisal process and techniques
such as (a) misunderstanding of the facts of a particular
appraisal, {b} lack of training and experience of appraisers,
fc) conflicting legal and engincering premises, and (d)
problems of severance damages. Alternative solutions are
suggested to eliminate or diminish such divergzences. The
alternative solutions cxplored include possible changes in
the law. presentation and admissibility of wvalualion cvi-
dence, changes of appraisal concept, or methods of ad-
ministration.

The project report has becn published as:

NCHRP Report 126, “Divergencies in Right-of-Way
Valuation.”

Project 11-5 FY 71

Valuation of Air Space

Danicl, Mann, Johnson, &
Mendenhall

Daniel J. McNichol
October 1, 1970

May 31,1972

£49,800

Research Agency:

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

Use of air space over or under highways gives great
promise as a major means of fitting highway transporta-
tion into the urban environment. However, difficulties in
placing a proper valuation on rights in air space are
hampering such developments in some areas. It is impera-
tive that better methods for making such valuations he
devised so that proper and orderly development can pro-
ceed without delay.

The objective of this study was to provide guidelines, pro-
cedures, and documentation for the right-of-way agent
and lawyer in valuation, legal, and administrative prob-
lems as applied to air-space acquisition and planning. The

primary emphasis was on developing applicable valuation
theory and criteria,

The research included an inventory and review of before-
and-after case-study material where air space had becn
bought, sold, or leased. An analysis was made in terms of
factors common to all cases and of special factors relevant
to various uses of air space and various types of highway
structures,

The research also evaluated the adequacy of existing
legislation and analyzed and reported on legal ramifications
that influence the valuation process, taking into considera-
tion legal constraints peculiar to air-space valuation. A
basic theory for the evaluation of air rights was developed.

The wvariables and faclors that influence air-space ac-
quisition and the valuation processes were identified and
analyred. Matrices were developed to provide a compre-
hensive collection of relevant valuation factors, including
cconomic feasibility analysis. The primary aim was to pro-
vide a clear and precise presentation of all factors consid-
ered in the valuation process and a basis for selecting the
most desirable use.

The project report has been published as;

NCHRP Report 142, “Valuation of Air Space.”

Project 11-6 FY '74

Valuation and Compensability of Noise Pollution

Jack Faucett Associates
Dr. E. I. Mosback
April 1. 1974

July 31, 1975

$94 744

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

The view is widely held that highway noise has resulted
in a deterioration in the quality of life along roadways.
Although noise abatement procedures are being developed,
their over-all effectiveness is still open to question, and they
are not always applicable to all situations.

Therefore, highway administrations in the several states
are confronted with the need to consider various ways of
dealing with the impact of noise pollution resulting from
highway traffic. Methods for measurement and prediction
of noise produced by highway traffic are reasonably well
developed, as are criteria for the interference of this noise
with various human activities. However, criteria for de-
termining compensability where excessive noise levels are
anticipated do not exist. Consequently, it is desirable fo
develop measures of compensability for damages resulting
from such noise. Such measures could be used, for cxam-
ple, in socio-economic environmental analyses or for assess-
ing the comparative feasibility of abatement measures, as
well as for establishing a basis for compensation.

The objective of this research was to identify and develop
fair and equitable valuation methods and compensability
criteria for the effect on adjacent areas of noise anticipated
to be produced by traffic on proposed highway improve-
ments. To accotnplish these objectives, the research in-
cluded the following tasks:

1. Review and summarize recent literature, including




court decisions, pertaining to elements of damages arising
from noise, and theories of compensation therefor, includ-
ing methods of measurement and valuation of such damage.

2. Define measures and scales for quantifying the extent
of potentially compensable damages resulting from ex-
posure to highway traffic noise. Variables to be quantified
should include such factors as impact on property values
and interference with human activitics.

3. Develop a compensation model or models that relate
levels of compensation to varying levels of noise exposure
and different land vuses.

4. Apply and evaluate the use of the compensation
models against a set of representative highway environments
to assess the economic effects of noise compensation and
revise the compensation models on the basis of the
evaluation.

5. Prepare a guide for determining rates of compensa-
tion for damages resulting from exposure to highway traffic
noise for practical application in planning and design of
highways.

Research has been completed, and copies of the agency’s
final report have been distributed to NCHRFP sponsors.

A copy of the agency’s final report may be obtained from
University Microfilms laternational, 300 North Zeeb Road,
Ann Arbor. Michigan 48106. Loan copies of the report
arc available from the NCHRP Program Director.

AREA 12: BRIDGES

Project 12-1 FY 65

Deformation of Steel Beams Related to Permitted
Highway Bridge Overloads

Research Agency:
Principal Invest.:

University of Missouri
Dr., Adrian Pauw
Dr. J. W, Baldwin, Ir.

Eflective Date: February 1, 1965
Complerion Date: June 30, 1967
Funds: 550,000

The bridge research in the AASHO Road Test demon-
strated that permanent deformations can occur in steel
beams due to a combination of load, fabrication, and
environmental stresses which totally exceed the vield point
of the steel, The current AASHTO specifications permit
overioads on the typical highway bridges in scrvice, and the
possible occurrence of similar permanent deformations in
these could forcseeably affect the useful life of the structure.
This study was confined to simple-span composite and
simple-span  noncomposite stecl-stringer highway bridges
and is directed to a determination of (1) the causes and
magnitudes of fabrication and environmental stresses, {2)
the possible cxistenee of permancent deformations in exist-
ing bridges due to current specifications, and (3) the effect
from cycles of overloading.

This research was initiated to study the magnitude and
effect of permanent deformations in simple-span composite
and noncomposite stecl-stringer highway bridges. Inctuded
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in the work was 2 study of the causes and magnitudes of
stress which, in addition to normal load stresses, lead to
yielding of the steel stringer at load stresses with calculated
magnitudes lower than the yield point of the material, Such
factors as residual stress distribution due to rolling and
welding, effects of thermal gradients, and the effects of
creep and shrinkage of the slab on the stress in the steel
were considered.

The final report has been included in the reperi for
Project 12-6, which will not be published in the NCHRP
report series: however. a summary is included in NCHRP
Summary of Progress Through 1975,

A copy of the agency's final report may be obtained from
University Microfilms International, 300 North Zeeh Road,
Ann Arbor, Michigan 48106,

Project 12-2 FY 46
Distribution of Wheel Loads on Highway Bridges

Research Agency:
Prinicipaf Invest..

Towa State University
Dr. W. W. Sanders, Jr.

Effective Date: June 1, 1966
Completion Date: December 31, 1968
Frinds: 79,512

The current AASHO specifications for the distribution
of wheel loads to highway bridge floor systems are in-
adequate. This study correlated and evaluated the large
amount of research conducted on this problem to date and
made suitable reconimendations for changes in the specifi-
cations covering wheel-lcad distribution factors for the
vatious types of floor systems used in bridges. The major
cmphasis was on short- and medium-span bridges without
skew. Included were floor slabs supported by steel, rein-
forced concrete, and prestressed concrete, as well as floor
systems produced by adjacent box beams.

The final report has been published as:

NCHRT Report 83, “Distribution of Wheel Loads on
Highway Bridges.”

Project 12-3 FY ‘66

Development of Waterproof Roadway Joints for
Bridges

Southwest Research Instifute
Dr. E. W, Kicsling
I. E, Minor

Research Agency!
Principal Invest.:

Effective Date: December 15, 1965
Completion Date: March 14, 1969
Funds: $149 895

Difficult maintenance problems have resulted from bridge
deck cxpansion joints as they are presently designed and
constructed. These problems include corrosion and dis-
integration of structural elements dne to the passage of
water through the joints and curtailment of longitudinal
movement due to the accumulation of foreign material in
the joint. The problem is compounded by the range of
longitudinal motion required for the proper functioning
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of the joint and the magnitude of skews of many joints.
The rescarch was directed toward the development of de-
signs for cconomically feasible waterproof bridge expansion
joints that adequately provide for thermal expansion
and contraction and remain scrviceable when installed nor-
mal or skewed to the line of traffic. Recommendations
were made for the design, installation, and maintenance
of the joinis,

The research has heen completed. The cssential findings
from the study have been reported in NCHRP Research
Results Digest 14 {Oct. 1969). Becausc it contains pro-
prictary information, the final report will not be puhlished
in the NCHRP report series and is available only to the
sponsors of the Program.,

Project 12-4 FY "66

Thermal Characteristics of Highway Bridges

Southwest Research Institute
Dr. Thein Wah

December 15, 19635

March 31, 1968

S102.400

Research Ageney:
Principal Invest.:
Lffective Date:
Conipletion Date;
Frendds:

Actual field studies on thermal behavior of bridges have
shown that thermal forces can be of an appreciable magnij-
tude and merit consideration. Inasmuch as present methods
of design normally allow only for uniforin thermal cx-
pansion of bridges. quantitative information is needed
concerning all consequential ways in which temperature
affects deformation and siresses in the structure, This
study sought to determine the magnitude and significance
of thermal gradients in girder-supported highway bridges
and to develop an analytical method for predicting the
resulting thermal stresses. Field tests were conducted ta
attempt to validate the analytical method.

The final report on this preject will not be published
in the NCHRP report series. A summary is included in
NCHRP Swmmary of Progress Through December 31,
JR60,

A copy of the agency’s final report may be obtained from
University Microfilms International. 300 North Zeeb Road,
Ann Arbor, Michigan 48106,

Project 125 'y ‘67
Protection of Steel in Prestressed Concrete Bridges

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

University of Denver
Dr, W, C. Hagel
September 13, 1966
November [5, 1968
£173.255

This project sought to determine environmental con-
ditions under which special protection is required and
to deveiop effective protective systems under hoth pre-
and post-tensioning configurations. Specifically, the objec-
tives were (1) to conduct a thorough survey of availahle
domestic and foreign data on corrosion and prevention of

corrosion of prestressing steel in bridges, buildings, pave-
menls. and other structures: (2) to review present practice
to evaluate the cflectiveness of prevention of corrosion and
mechanical damage during manufacturing, shipping, and
placing: {3) to identify the mechanisms of corrosion which
aftack prestressing tendons under various conditions, possi-
bly including, but not limited to, the influence of concrete
and prout composition, the presence of free water, elec-
trolysis, and the presence or absence of cracking; (4) to
devise an appropriate accelerated corrosion test or tests
simulating the various service conditions surrounding pre-
stressing tendons, (5) to evaluate various possible protective
systems for prestressing tendons, including, but not limited
to, metallic. plastic, or inhibitive coatings, grout substitutes
ar admixtures, cathodic protection, ete.: (6) to perform
field and laboratory experiments to determine the effective-
ness of present grouting mcthods for post-tensioned work
and to supgest improvements in methods and/ or materials;
and (7) to ¢valuate the effectiveness of concrete cover over
tendons.

The final report has been published as:

NCHRT Report 90, “Protection of Steel in Prestressed
Concrete Bridges.”

Project 12-6 LY ‘67

Prediction of Permanent Camber of Bridges
Rescarch Agency:
Frincipal Favest,:

University of Missouri

Dr. James W, Baldwin. Fr.
Dr. Adrian Pauw
February 1, 1967

April 30, 1972

$82.253

Iffective Date:
Completion Date:
Frunds:

The present construction practices used in providing
camber in rolled beams result in an unpredictable loss of
camber during the early life of the bridge. This loss of
camber occurs under Joads lower than those causing strains
equal to the yield point of the material, There is a need for
a determination of the causcs of the loss of camber when
the camber was produced by heat, strain, restraint, or a
vombination thereof. Toward fulfilling this need, the pri-
mary objective of this research was to recommend a means
of predicting the permanent camber in rolled beams result-
ing from specific fabrication methods and to incilude (1} a
thorough survey of available data on residual stresses in
rolled heams: {2) a survey of existing methods of camber-
ing beams and a ¢lassification of methods into different cate-
gories, if possible, with cambering by both mechanical and
thermal means being studied: (3} the determination of the
magnitude and distribution of residual stresses in beams as
rolled and delivered to the fabricator without camber, with
the beams studied being of sizes representative of typical
highway bridges: (4} the determination of the cliect of the
cambering methods investigated on residual stresses; (5)
the determination of permanent deformations in rolled
beams without added camber when subjected to repeated
loads at various levels with loads lower than those causing
computed vield-point stresses {this does not presume 1o be
fatigue loading. but the number of cycles applied would be



equal to six-months service life of a bridge}: (6) the de-
termination of permanent deformations in rtolled beams
cambered by the methods investigated when subjected to
repeated loads at various levels of loading lower than those
causing computed yield-point stresses, the number of cycles
applied being equal to six-months service life of a bridge:
and (7) the formulation of a mathematical model (after
the determination of objectives 5 and 6) for predicting
the permanent camber,

The final report, which includes the findings of Project
12-1, will not be published in the NCHRP report serics;
however, o summary is included in NCHRP Sunmmary of
Pragress Through 1975,

A copy of the agency’s final report may be obtained from
University Microhlms International. 300 North Zeeb Road,
Ann Arbor. Michigan 48106,

Project 12-7 FY '67

Effects of Weldments on Fatigue Strength
of Steel Beams

[.ehigh University
Dr. John W. Fisher

Research Agency:
Principal Invest.:

Effective Date: Cct. 1. 1966 July 1, 1970
Campletion Date: Jan. 31, 1970 Dec. 31,1972
Funds: $199,023 $200.000

The fatigue fractures observed in the coverplated steel
beam bridges included in the AASHO Road Test, as well as
those obtained in other similar structures, emphasize the
important effect of welding and welded details on the life
expectancy of highway beam or girder bridges. Also of
great significance in these bridges arc the loading history,
the type of materials used, the design details, and the quality
of fabrication. Among the more important design details
are such factors as coverplates, stilfeners, attachments, and
splices. Only approximate general mathematical design re-
lationships have been possible on the basis of the limited
existing cxperimental data. However, with the conduct of
additional rescarch, and an analysis and evaluation of the
many interrelated fatigue parameters, suitable basic rela-
tionships can be developed to properly design welded
bridges for a desired life expectancy.

The principal objective of Phase I of this research was
to develop design relationships that define the basic be-
havior of welded coverplated beams under constant-ampli-
tude fatigue loading. The results of the Phase I work have
heen reported in:

NCHRP Report 102, “Effect of Weldments on the Fa-
tigue Strength of Steel Beams.”

The Phase 1T work had the objective of extending the
basic knowledge obtained under Phase I info important
design considerations, including stiffeners and/or lateral
and iransverse connections. Phase IT included a con-
tinuing review of existing data and mathematical relation-
ships defining the fatigue behavior of various details under
constant-amplitude loading. 1t also included a statisticaliy
designed and controlled cxperiment that was intended
to provide new informaltion for the development of suitable
mathematical relationships that can predict the fatigue
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behavior of welded heams with sliffeners and/or lateral
and transversec connections. Wariables studied included
applied stresses, design details, and lype of steel.

Phase IT research has been completed, and the final re-
port has been published as:

NCHRP Reporl 147, “Fatigue Strength of Steel Beams
with Welded Stiffeners and Attachments.”

Project 12-8 FY 'h6

Bridge Rail Service Requirements as a Basis
for Design Criteria

Research Agency: Texas A & M University
Research Foundation

Principal Invest.: Dr. Robert M. Olson

Effective Date: Mar, 1, 1968 Jan. 2, 1970
Completion Date: Feb. 28, 1965 June 30, 1971
Funds: $28,793 569,753

Highway bridge railing systems have evolved through
need and experience and with design information not fully
substantiated by rescarch. In recent years many full-scale
crash tests on railings have been conducted providing much
useful information, but still there is need for a better defi-
nition of service requirements. Of prime importance is a
need for developing a fundamental concept of the purpose
that railings are expected to servc under various site condi-
tions with due consideration being given to a balance be-
tween safety, appearance, and economy. Design criteria,
when established, can then be correlated with existing re-
search data for development of spccifications for the design
of various railing configurations and materials,

The Phase I rescarch effort to develop tentative service
requirements has been completed, and the results have been
published as:

NCHRDP Rcport 86, “Tentative Service Requirements
tor Bridge Raif Systems.”

The Phase II effort had as its objective the quantifica-
tion of the service requirements to produce design criteria
for bridge rail systems. This objective was to be pursued by
further establishing the validity of a simnple mathematical
model developed undet Phase I; by conducting parameter
studics using the mathematical model to evaluate simu-
lated vehicle-barrier collisions; by developing tables, curves,
or nomographs for use by design engineers; and by refining
the limits of tolerable deccleration on the basis of more
recent information.

The agency devoted study to the trends of autemebile
weights and dimensions; the evaluation of accident causa-
tion factors that may have a significant infiuence on the
frequency of bridge rail-vchicle collisions; the analysis of
structural response and failure mechanisms of concrete
parapets; the relationship between barrier strength and
rigidity versus vehicle damage and accelerations trans-
mitted to the passengers; the effects of barrier design on
the dynamic responsc of a vehicle; the required barrier
height for certain selected vchicles; and analysis of crash-
tested bridge rail designs by a mathematical model for
purposes of further validating the model and theoretically
estimating the efficiency of the design.
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Phase II rescarch has been completed, and the final re-
port has been published as:

NCHRP Report 149, “Bridge Rail Design—-Factors.
Trends and Guidetines.”

Project 12-9 FY 67

Elastomeric Bearing Research

Battelle Memaorial Institute
). €. Minor

September 1, 1967
Tanuary 31, 1970
S84,800

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

The development of new elastomers and elastorneric
hearing systems is proceeding al a rapid rate. The ability
of these bearings and bearing systems to absorb the various
loads and movements occurring in bridges in a more efli-
cient manner and at a significantly tower cost than mechan-
fcal bearing systems justifies an efflort to improve current
designs. Toward this objective, this project contemplated
rescarch on clastomeric bearings and bearing systemns
using materials as defined in the AASHTO specifications
for elastomeric bearing pads.

The major objectives of the project were to evaluate (1)
effect of geometry on compressive strain, compressive
set, shear modulus, and rotational modulus for hardness
between 50 and 70 durometer and sizes from 50 to 200 sq
tn., and the effect of lamination on these values: (2) rela-
tive performuance of glued laminated pads compared to
fully vulcanized units, including an effective test of the ad-
hesion between lavers: (3) relative performance of molded
pads versus pads sawed from larger sheets with an evalua-
tion of the sawing process and determination of an aceept-
able cut surface; and {4) evaluation of the aging and low-
temperature {to —40 F) characteristics of the various pads.

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

NCHRP Report 109, “Elasiomeric Bearing Research.”

Project 12-10 FY *70

Analysis and Design of Bridge Bents

Poriland Cement Association
Dr. James E, Carpenter
hanuary 1, 1970

Decernber 31, 1973
$297,900

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

The present strong emphasis on safe and aesthetic de-
sign of reinforced concrete highway bridges has resulted
in substructure configurations that depart widely from
the (raditional footing-column-cap frame design, Aesthetic
considerations often dictate the concealment of massive
concrete caps and elimination of numerous vertical columns;
however, design procedures in current use are not applicable
te these new configurations. There is o gencral feeling that
current procedures result in overdesigned structures con-
taining much more steel than is necessary. Therefore, an

urgent need exists for the development of appropriate
design procedures,

Although the ultimate need is to establish valid design
procedures that are applicable to many configurations of
bridge hents, this project was limited to investigation of bent
caps concealed in straight, continuous, reinforced concrete
bridges,

Design procedures were developed by (1) constructing
and testing adequately scaled reinforced concrete models
of representative bents and {2} developing a mathematical
model to correlate with the experimental results. The de-
sign procedures may be corroborated by datu taken from
ful-size bridges instrumented during construction but not
as a part of this project.

Research was based on prototypes representative of
popular box-girder designs. The accomplishment of the
research included: (1} reviewing the technical literature;
{2) determining a design procedure for single- and multiple-
column hents: (3) determining the cap design width by
defining the extent of superstructure participating in sup-
porting the cap loads: and (4) specifying changes required
tn the AASHTO specifications 1o permit use of the recom-
mended design procedures.

To achieve the objectives of this research, a plan was
developed that includes testing of 5 -scale models of two
reinforced concrete box girder bridges, These tests pro-
vided information on distribution of loads in the vicinity
of the integrated bent cap. Five additional tests on model
bent specimens provided further information on the loca-
tion of critical sections and the effective width of the bent
cap. These 35-scale specimens were intended to represent
a transverse strip of hridge superstructure that is parallel
to and includes the bent cap and columns. The reinforce-
ment of the bent cap was varied in these models, as well
as column flare and the thickening of the deck slab. Ana-
Iytical studies of load distribution in the ¢ntire bridge and
of stress distribution in the bent cap accompanied the ex-
perimental work,

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

NCHRP Report 163, “Design of Bent Caps for Concrete
Box Girder Bridges.”

Project 12-11 FY 71

Waterproof Membranes for Protection of Concrete
Bridge Decks

Materials Research and
Development

C.J. Van Til

B.I. Carr

Aug. 1, 1970

Mar. 31, 1973

$206,025

Research Agency:

Principal Fnvest.: C.J. Van Til

FEffective Date:
Completion Date:
Funds:

July 15, 1973
June 30, 1978
$100,000

Many bridge decks sulfer damage as a result of pene-
tration of water and deicer solutions through the deck
surface. One possibility for providing the protection neces-
sary to alleviate this damage is to place an impermeable
m¢mbrane over the entire deck surface. To be effective,



such #a membrane must maintain bond with the deck sur-
face and must have sufficient extensibilily to bridge active
cracks without rupture through the range of temperature
and loads to which the deck is subjected. [t is likely that.
in order to realize an acceptable degree of permanence, the
membrane either will be protected by a wearing surface,
such as asphaltic concrete. or will provide adequate wearing
qualities within itself.

The objective of this research is to develop, or discover.
one or more effective waterproofing membrane systems
for usg on concrete bridge decks.

The objective s being approached in a two-phase study.
Phase 1, now complete, was devoted to preliminary evalua-
tion of all availuble membranes. selection of the most
promising for field evaluation, and developmient of a field
evaluation plan. Phase II, now in progress. is the fleld
cvaltation.

Phase 1 of the research consisted of conducting a de-
tailed literature scarch; defining the service requircments
for effective membrune systems; conducting sulficient field
inspections to evaluute selected systems, including applica-
tion techniques; conducting controlled laboratory studies to
identify and define those properties that affect performance
of membrane systems and devising qualifying tests relative
to field performance, developing a procedure for deter-
mining cost-benefit ratios associated with the use of mem-
brane svstems and demonstrating the procedure by ex-
ample cases; and devising an experimenial program for
evaluating the performance in the field of sctected mem-
brane systerns under service conditions.

Of an initial group of 147 syslems, 78 were selected for
more detailed study. Characterization and performance
data {from both laboratory and field} eventually produced
five survivor systems that appeared 1o be the most promis-
ing candidutes for further field evaluation. All of the sur-
vivors require u protective surfacing of asphaltic concrete
to serve adequately, and all but one appear to require the
application of an intermediate protective layer to avoid dam-
age by construction operations subsequent to installation,

The results of Phase [ have been reported in:

NCHRP Report 165, "Waterproof Membranes for Pro-
tection of Concrete Bridge Decks—Laboratory Phase.”

Under Phase II, the five systems selected as most promis-
ing were experimentally installed on new decks at each of
four bridge sites in 1974 and 1975, Semiannual observa-
tions of performance of the installed systems have been
completed, und the final report is being prepared.

Project 12-12 FY 71

Welded Steel Bridge Members Under Variable-
Cycle Fatigue Loadings

Research Agency:
Principal Invest.:

United States Stec]l Corporation
C. G. Schilling

K. H. Klippstein

October 1, 1870

October 31, 1975

5310,000

Effective Date:
Completion Date:
Funds;
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Highway bridges are subjected to a great variety of
forces that range from constant dead load (through slowly
changing forces due to crecp of materials and temperature
differentials) to an almost infinile variety of live loads
caused by moving vehicles. Currently, most bridges are
designed to carry a static load produced by a design
truck with certain empirical allowances being made for
dvpamic eflects. On the basis of these loads and an
assumed frequency of occurrences, the design considers the
static and fatigue propertics of the material used. Not
much is krrown about the actual service life of the bridge
and the actual service loads,

The first major problem in predicting the life of high-
way bridges is to determine, from a heterogencous spec-
trum of frequencics and amplitudes. the loading conditions
te which the structure is subjected during its lifetime.
Others have conducted field tests to develop this informa-
tion.

This project was directed to the next major problem: to
determine the behavior of welded highway bridge steels
{specifically, A36 and AS14) under variable-cycle fatigue
loads and to develop a hypothesis for the prediction of life
expectancy from any spectrum of loading,

The primary objective of this project is to develop in-
formation on the properties of welded steel bridge members
under variable-cycle fatigue loadings and to develop a
hypothesis for the prediction of life expectancy from any
spectrum of loading,

The agency pursucd the project objectives by: a study
of pertinent past work with particular emphasis on field
measurentents of stresses in bridges under traffic: a theoret-
ical study to predict from existing hypotheses the fatigue
behavior of small specimens and beams that were tested
later in the study; variable-amplitude Tatigue tests of small
specimens simulating certain beam details for the purpose
of verifying the variable-amplitude load spectia selected
and crack propagation tbreshold assumptions; variable-
amplitude fatigue tests of relatively large beams of various
steels with typical bridge details similar to those tested in
NCHRP Project 12-7; and complete evaluation of the
experimental results and development of methods of
utilizing the results for design and specification purposes.

Research has been completed. and the final report is in
the NCHRP editorial and publication process. NCHRP Re-
search Results Digest 60. “Fatigue of Welded Steel Bridge
Mecmbers Under Variable-Amplitude Loadings.” containing
some of the findings, was published in April 1974,

Project 12-13 FY '73

Cathodic Protection for Reinforced Concrete Bridge
Decks

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

USS Engineers and Consultants
J. B. Vrable

Qctober 1, 1972

July 31, 1974

§174.601

Many reinforced concrele bridge decks experience dam-
age because of corrosion of the reinforcing stecl. One
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potential methed for controlling this corrosion is the appli-
catioen of cathodic protection, ECffective cathodic protee-
tion must provide proper current distribution and achicve
profective polarization of the reinforcing steel. Therefore,
there is a need to develop design criteria and optimum
designs for cathodic protection systems that can arrest or
control corrosion of reinforcing steel in concrete bridge
decks, particularly in existing structures,

The objective of this rescarch was 1o develop a tech-
nically and cconomically feasible cathodic protection sys-
temis) tor reinforeed conerete bridge decks.

[n this study, the two primary approaches to cathodic
protection—the impressed current system and the sacrificial
anode system—were investiguted.  Analog studies in the
laboratory and prototype modet studies were main features
of the investigatton. The feasibility of applying either ap-
proach to protecting bridge deck stecl reinforcement against
corrosion was demonstrated. A detailed work plan for a
ficid evafuation of cathodic protection, applying the results
of the study. was developed.

Research has been conmpleted. and the project report has
been published as:

NCHRP Report 180, “Cathodic Protection for Rein-
forced Concrete Bridge Decks,”

Project 12-13A FY '73

Field Evaluation of Galvanic Cathodic Protection for
Reinforced Concrete Bridge Decks

Partland Cement Association
William F. Perenchio

August 1. 1975

July 31. 1978

$75.000

Researely Agener:
Principal Invesr.:
Efiective Date:
Complerion Date:
Fronds:

Many reinforeed concrele bridge decks experience dam-
age because of corrosion of the reinforcing steel. One
method for controiling this corrosion is the application of
cathodic protection. Effective cathodic protection must
provide proper current distribution and achieve protective
polarization ot the reinforcing steel, There is a need to de-
velop design criteria and optimum designs for cathodic pro-
tection systents that can arrest or control corrosion of re-
inforcing steel in concrete bridge decks, particutarly in
exisling structures.

Research conducted under NCHRP Project 12-13 had
as its primary objective the development of one or more
technically and economically feasible cathodic protection
systems for reinforced concrete bridge decks. The essen-
tial findings, including a proposed sacrificial anode system.
are included in the final report for NCHRP Project 12-13.
A field study program is now nceded to evaluate the per-
formance of the sacrificiul anode approach to cathodic pro-
tection.

The objective of this research is 1o field evaluate the ef-
fectiveness of a zinc anode palvanic protective system ap-
plicd to the surface of a bridse deck cxhibiting active re-
inforcing steel corrosion, ‘Fhe rescarch is to consist of the
desipn and installation of two or more vartations of the
zinc anode galvanic prolective system on a bridge deck in

regular service. A two-year performance monitoring pro-
gram is to be conducted, as is a program to obtain cost and
life data. One experimental area is to contain zinc anodes
placed over each reinforcement bar in the top layer of
reinforcement. A third experimental area is reserved for
an inaevative system that will be the option of the research
agency. Asphaltic concrete will be placed over the electri-
cal elernents to protect them and to serve us a wearing
COMUTSE,

The research agency entered into an agreement with
the Ulinots Division of Highways under which the experi-
mental installations were placed in & bridge deck reha-
bilitation construction contract.

Through December 31, 1977, installaiion is complete,
and periodic monitoring of the system has begum,

Project 12-14 FY '73
Subcritical Crack Growth in Steel Bridge Members

Research Ageney:
Principal Invest.:
Effective Dae:
Campletion Date:
Funds:

United States Stecl Corporation
Dr. John M. Barsom

October 1, 1972

June 30, 1974

£99,923

Highway bridges are subjected to a great variety of
torces, ranging from constant dead lead. through slowly
changing forces due to mualerial creep and temperature
differentials, to an almost infinite variety of live loads
caused by moving vehicles.

The life of a welded steel bridge member may be deter-
mined by the size of the larpest uctively growing crack in
the member that was not detected or was considered ac-
ceptable by inspection at the time of fabrication; the effect
of geomctry of the welded details on the rate of stable
fatigue crack growth (current work on both NCHRP
Project 12-7 and Project 12-12 deals with fatigue and
crack growth of welded details in a benign environment):
the increase of fatipue crack growth rate due to an aggres-
sive environment: and the crack size that can initiate a
rapid c¢rack extension when the combined residual and
applied stresses. crack size, and fracture toughness provide
a ¢ritical condition. Some steel bridges have failed pre-
maturely over the last 35 years because one or more of
these factors were not considered properly in design,

Fracture toughness of bridge steels and fatigue crack
growth of welded details have been and are being studied
by a number of rescarch agencies. However, little has been
published on the cliects of aggressive environment on the
rate of fatigue crack growth for bridge steels. In addition,
at the time of initiation of this project, no requirements had
been establishced for fracture toughness levels for bridge
stecls, nor had fracture mechanics and fracture toughness
been applied to welded bridge details.

The long-range objective of this rescarch, which may be
achicved through several phases of work, is to develep in-
farmation that will lead to prevention of unstable crack
growth in welded steel bridge members., This objective
includes the definition of material requirements and design
specifications to avoid brittle fracture.

The main objectives of this project were:



I. To develop corrosion-fatigue data on bridge steels in
distilled water and 3 percent sodium chloride solution under
stress fluctuations such as occur in actual bridges.

2. To develop an analytical method for predicting the
cyclic life of bridge components in distiled water and
3 percent sodivm chloride solution under stress fluctua-
tions such as occur in actual bridges.

3. To develop methods of utilizing the results for design
and specifications purposes.

The steels studied were A36, AS88 grades A and B,
and A514 grades E and F. The test specimens were made
from hase metal of i-in. plate material and were 1 in, thick.

The longitudinal and transverse tensile propertics at room
temperature were established for cach grade of steel
Moreover, energy absorption, latcral expansion, and percent
shear were determined in the femperature range be-
tween - 100°F and room temperature hy using standard
impact Churpy V-notch specimens.

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

NCHRP Recpert [81, “Suberitical Crack Growth in
Steel Bridge Members.™

Project 12-15 FY '73

Detection and Repair of Fatigue Cracking in High-
way Bridges

Research Agency:
Principal Invest..

l.ehigh University
Dr. John W, Fisher

Effective Date: Qctober 1, 1972
Completion Date: April 30, 1975
Funds: S100,000

Relatively large reductions in fatigue strength of many
welded details occur when fatigue cracks initiate and grow
from the small micro-size defects that cxist at the weld
periphery.  This behavior has been well demonstrated by
studics on coverplated beams and other comparable details
and has been reported in NCHRP Report 102, “Effcct of
Weldments on the Fatipue Strength of Steel Beams.” Re-
cently, fatigue cracking has been observed in the field where
complete fracture of a tension flange was generatcd from
fatigue crack growth at the toe of a transverscly welded
coverplate. In this instance, the bridge was only 13 years
old. Subscquent inspection of 15 other coverplate ends
revealed that the two beams adjacent to the cracked mem-
ber were also cracked through about one-half the fiange
thickness. Smaller fatigue cracks were detected at several
other coverplate ends.,

When this research was initiated a review of available
methods for the detection of fatigue cracks was needed.
Typical details that are most susceptible to fatigue cracking
needed also to be identified. In addition, methods were
needed to improve the fatiguc strength of severe notch-
producing details of existing structures subjected to high
volumes of heavy truck traffic.

The objectives of the study were to: (1) compile a
state-of-the-art review of existing methods of nondestruc-
tive inspection and cvaluate their rcliability and adapta-
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bility in the delection of fatigue cracks in welded high-
way bridges: {2) compile u state-of-the-art review of
typical existing and currently designed welded bridge details
and evaluate those most susceptible to fatigue crack
growth; (3) review and evaluate methods for improving
the fatigue life and arresting the progress of fatigue dam-
age that occurs at the weld toes of severe notch-producing
details where the probability of failure is greatest. The
methods were cvaluated by tests of “as welded” and of
fatigue-damaged coverplate beam specimens of A36 steel.
These tests were comparable to and correlated with those
conducted in NCHRP Project 12-7 and reported in NCHRP
Reports 102 and 147. The experimental variables include
crack size at the time of treatment, methods of improve-
ment, stress range, and minimum stress; and {4) recom-
mend methods for improving the fatigue life of, and ar-
resting the progress of fatiguc damage to, welded highway
bridges.

Intetim reports on the accomplishments under objectives
1 and 2 were published as NCHRP Research Results Digest
59, “Classification of Welded Bridge Details for Fatiguce
Loading,” and NCHRP Research Results Digest 66, "Non-
destructive Methods of Fatigue Crack Detection in Steel
Bridge Members.”

Research has been completed, and the project report
is in the NCHRP editorial and publication process. Mean-
while. loan copies are available from the NCHRP Pro-
agram DHrector.

Project 12-15(2) FY 75

Retrofitting Procedures for Fatigue-Damaged
Full-Scale Welded Bridge Beams

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

Lehigh University
John W, Fisher
Tune 1, 1976
August 31, 1978
$150,000

Relatively large reductions in fatigue strength of many
welded details occur when cracks initiate and grow from
the micro-sized defects that exist at the weld periphery.
This behavior had been demonstrated by studies on cover-
plated heams and other structural details, and has been
reported in NCHRP Repert 102, “Effect of Weldments
on the Fatigue Strength of Steel Beams,” and NCHRP
Report 147. “Fatigue Strength of Steel Beams with Welded
Stifleners and Attachments.” Recently fatigue cracking
has been observed in the field at a number of Jdifferent
structural details. In onc instance. complete fracture of a
tension Aange lollowed fatigue crack growth at the toe of
a transversely welded cover plate in a 13-year-old bridge.
Subsequent inspection of 13 other cover-plate ends re-
vealed that the two beains adjacent 1o the cracked member
were also cracked through about one-half the flange thick-
ness. Smaller fatigue cracks were detected at several other
cover-plate ends.

This study builds on research completed earlier under
NCHRP Project 12-15, "“Detection and Repair of Fatigue
Cracking in Highway Bridges.” Project 12-15 demon-
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strated that pecning the weld toe and applving a gas tung-
slen arc remelt process were successful in improving
fatigue strength in the laboratory. The current study in-
cludes further work on these methods and s concerned
with three major arcas related to the retrofit or repair
of fatigue-damaged members.

Task 1 is intended as a pilot study to demonstrate the
applicubility of peening and gas tungsten arc remelting in
the held.

Task 2 is intended to provide supplemental information
on the low stress runge behavior of full-size bridge beams.
These beams will be retrolitted and retested after various
tevels of Tatigue crack growth.

Task 3 iy intended to examine the fatipue strength of
beams, with crucks at the ends of transverse stiffeners.
that have subsequently been repaired by drilling holes at
the cruck tip. Five existing welded built-up beams ure
availihle for this study from an carlier test program.,

Through December 31, 1977, Task ! was completed hy
carrying out repair procedures in the feld on a fatigue-
damuged bridge. Fabrication of test beums Tor Tasks 2 and
3 hus been completed. und testing is in progress. Analytical
support stirdies are continuing.

Project 12-15(3)

Fatigue Behavior of Full-Scale Welded Bridge Attach-
ments

FY '78

Research Agency: Lehigh University
Dr. John W, Fisher
February 1, 19748
March 31, 1980

£125.000

Principad Divest.:
Effective Date:
Completion Date:
funds:

Fatigue problems have developed in a number of bridges
with pusset plates welded 1o webs or fanges, Cracks have
grown in the web gap belween the end of the gusset weld
and the transverse stiffener, This condition is complicated
hy the high residual stresses developed in these highly re-
strained configurations and also by out-of-plane movement
caused by the lateral brucing. Iniormation is needed on the
fatigue strength of these details and on the efficacy of
applicable retrofit measures,

The objective of this study is to examing the fatigue
strenpth of beams with web and flange lateral attachment
plates. In addition to providing a more comprehensive data
base for this type of detail, the program is intended to
examine the influence of lateral bracing members on the
out-of-plane distortion of the luteral plate. Further work
will also be undertaken during the experimental studies on
the effectiveness of peening and gas tungsten arc remelting
the fatigue-damaged connections.

A total of 18 beams, cach with three welded gusset plate
details, will be lested in fatipue with stress ranges of 6 and
12 ksi. The results of these tests will permit an assessment
of the adequacy of the uapplicable provisions of the
AASHTO Specification.  In addition, the influence of
lateral bracing on the fatigue performance of the attach-
ments will be evaluated.

Project 12-16 FY 75

Influence of Bridge Deck Repairs on Corrosion of
Reinforcing Steel

Research Avency:
Principal Invest.:

Buliclle Columbus Laboratory
Dr. John E. Slater

Dr. David R. Lankard
Sceptember 1. 1974

November 30, 1977

§2id.912

Effective Date:
Complerion Date:
Frunds:

This study is concerned with the problem of cerrosion of
reinforcing steel caused by chloride ions in bridge deck
concrete. Research indicates that the alkaline environment
in concrete prevents the corrosion of steel that normally
occurs in the presence of moisture and oxygen, The effect
of chlorides is to cause a change in this alkaling c¢nviron-
ment, thus allowing the corrosion reaction to take place.
Only a small amount of chloride ts necessary to cause the
reaction to start, but further addition of chiorides to the
surface of concrete that has already shown distress may not
be necessury for continued corrosion. Thus. application
ol 2 waterproof membrane and an overlay on a repaired
hridge deck from which all chloride-contaminated concrete
has not been removed may not solve the problem and. in
some cases. may actually aggroavate the condition hecause it
prevents processes such as flushing and drying that might
help to remove chlorides and also because it prevents visual
examination of the deck.

Numerous technigues are currently used to arrest and
repair the damage caused by corroding reinforcing steel in
otherwise structurally sound concrete bridge decks. Repair
technigues include retnoval of the concrete to or below the
level of the top mat of reinforcing steel, a variety of treat-
ments of the steel, and use¢ of various materials to replace
the concrete removed. In addition to replacement of the
damaged concrete. the repair often includes application of
an overlay with or withoul a waterproofing membrane. The
effect of these methods on subsequent corrosion has not
been determined,

The over-all objective of this rescarch was to determine
the relative effectiveness of the varjous repair methods in
arresting corroston of the reinforcing steel, both within and
oulside the repaired arcas, and whether some of thesc
micthods actually aggravate the corrosion problem,

The research included preliminary feld survey. labora-
tory evaluation, and feld tmvestigation of repair methods
used throughout the United States. The major emphasis of
the project was on commonly used methods. but sone meth-
ods thal have been uscd experimentally in the field were
ulso investigated.

The preliminary field survey sought to determine how
well repair methods appear to be working and identify or
“screen” methods for further study.

The laboratory evaluation was directed toward testing
the observations and opinions obtained in the preliminary
field survey and ranking the performance of the more suc-
cessful repair methods. The evaluation included work
on laboratory specimens that simulate or reproduce the cor-
rosion phenomena and repair methods identified in the pre-



liminary field survey as being worthy of investigation.
Investigative techniques included electrical measurements,
chloride analyses. and other corrosion detecting procedures.

The field investigation verified. under service conditions,
the indications from the laboratory evaluations. Based on
results of the laboratory evaluation, a limited number of
Jdecks selected so as to provide examples of the most impor-
tant findings were studied,

Rescarch has been completed. and the draft final report
is in the acceptance review stage.

Project 12-17  FY 77

Evaluation of Repair Techniques for Damaged
Steel Bridge Members

Battelle Columbus Lahoratories
H. W, Mishier

November 15, 1976

April 30, 1978

S30.000

Research Agency:
Frincipal Invest.:
Effecrive Date:
Completion Dure:
Freads:

Sicel bridge members often are subjected to damage due
to accidental impact, mishandling. or fire. Methods used
for repair of such members include: heat straightening,
welding or bolting splices, replacement copiponents, or
reinforcement. The decision to repair a damaged mem-
her and the techniques used are determined on the basis
of the inspector’s or engineer’s evaluation of the situation,
with little sound engincering information available for
guidance, To place this decision-making process on a
more rational hasis, it is necessary to assemble informa-
tion concerning the effect of these repair techniques on
the service life, safety, performance and maintenance of
the structure. Decisions on method of repair must also
consider the cost, user inconvenjence. and esthetics of the
repair technigue.

A two-phase project is anticipated. Only Phase I is in
progress at this time.

The over-all objective of this project is to provide guid-
ance for the assessment of accidental damage to steel
bridge members and o identify, develop, and evaluate
the effeciiveness of repair technigues. The specific ob-
jective of Phase | is to synthesize available information on
the subject and to identify areas in need of investigation.
The specific objective of Phase I is to evalnate the cffect
of the damage and the repair techniques identified in
Phase T on the behavior of the structure. determinc po-
tential detrimental cffecls, and define the Jimits within
which these repair tcchnigues can be used. This is expected
to be accomplished through application of selected tech-
niques to damaged members and subsequent Ilaboratory
testing.

Phase [ includes the following tasks:

Task !. Identify and categorize common types of struc-
tural damage and frequencies ol their occurrence.

Task 2. Analyze the state of the art of present practice
and equipment used for assessing damage and making
repairs on highway bridges, railroad bridges, and other
steel structures. Included in the topics to be considered
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are heating temperature, jacking methods, straightening
tolerance, limitation of methods, degradation of steel's
mechanical properties due to heating and straightening.
specd of repairs, relative cost, and influence on the service
life of the structure.

Task 3. Based on existing experimental and field per-
formance data, evaluate techniques that have been applied
or mnay have application in correcting structural damage.

Task 4. Prepare a report summarizing the work in
Phase I and propesing a basic outline of research topics
for Phase II.

Through December 31, 1977, a nationwide mail survey
wis conducted, and several State highway and transporta-
tion agencies were visited, Tasks 1, 2. and 3 have been
essentially completed. and the final report is being prepared.

Project 12-18 FYy 717

Development of an Integrated Bridge Design System
Researcly Agency!
Principal Invest.:
Effective Date:
Completion Dure:
Funds:

Multisystems Inc.
J. 1. Kotanchik
September 6, 1977
March 5, 1980
$224.985

All highway agencics in the United States employ li-
braries of compuier programs to perform individual tasks
in the design of a bridge. This considerable array of soft-
ware was developed at great cost and effort, much of which
was expended in duplicate development. An obvious ex-
tension of the use of individual programs is to combine
them inte an integrated design system, a group of task-
oriented modules linked topether through a common data
structure.,

Several computerized bridge design systems now exist
But, for various reasons. many highway agencies dare not
making adequate use of them. There is a need for research
to assess the available software. determine the constraints
on its use. and begin a unitied cfTort to mect the needs of
bridge engineers.

The immediacy of the need for developmental research
is heightened by recent chunges in the AASHTO specifica-
tions which have rendered obsolete much of the existing
software.

The development of an integrated design system would:

1. Permil alternative approaches and solutions to bridge
design problems.

2. Result in cost-effective engineering and optimal use of
miaterials and personnel.

3. Save significant time in the total design process.

4. Permit changes in bridge design specifications to be
incorporated with rejative ease at strategic points in the
design process.

5. Minimize duplication in computer program develop-
ment.

The integrated system must be generally accepted by a
wide range of users in the state, federal, and private sectors,
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It must also—as much as possible— allow for its implemen-
tation on a variety of compuler system configurations.

The objective of this tesearch is to initiate the develop-
ment of an integrated. modulur bridge desipn system
cneompassing current bridge design specifications and al-
iowing the engincer a wide range of interaction with the
computer in performing his design functions. Such a system
shoiild be able to accommodale a variety of typical bridges.

The project will consist of two phases to be performed
consccutively under one contract. Phase [ is intended to be
a preliminary investigation with the most important prod-
ucts being an inventory of currently used bridge design soft-
ware and the definition of a framework for an integrated
bridge design system. The actual development of the sys-
tem and its functional modules wiil take place in the second
phase of rescarch.

Phase T will include the foilowing tasks:

L. Contact State highway and transportation agencies by
questionnatres supplemented by personal visits to review
present bridee design practices. This information will pro-
vide the basis tor establishing the feasibility of an integrated
bridge design system.

2. Review existing bridge design systems and provide an
assessment of their relative merits and limitations, This will
allow the researchers to draw on the experience gained in
the development and implementation of those systems.

3. Dcfine the framework of the intcgrated bridge design
system that will be developed in Phase 11,

4. Review cxisting programs and determine their ap-
plicabiiity for use in an integrated bridge design system as
defined tn Task 3. A product of this investigation shall be
an inventory of applicable bridge design software, struc-
tured so as to indicate the relevant characteristics of the
PrOZTAIMS,

5. Proposc a plan for implementation of the system be-
vond Phase I1, including training of user personnel, installa-
tion assistance Lo users, and mainterance of the system
alter its development,

6. Prepare a draft of an interim report presenting the
findings of Phase 1 and proposing a detailed working plan
for Phase II. A section of this report shall serve as a
development guide for polential medule contributors.

Phase 11 shall immediately follow approval of the report
on Phase I. This portion of the study shall consist of the
following iasks:

1. Develop a system that will provide access to the
modules in three modes:

(2] In an mdependent mode. cach module, together with
pre- and post-processors, shall be directly usable as a stand-
wlone program,

(b} Ina sequential mode, the pertinent modules shall be
linked together into a single run.

(c} In a data-base mode. the modules shall communi-
cate with each other through a data-base management
system.

In the development of this system consideration will be
given 1o the computer configurations available to the vari-
ous state agencies. Although it is recognized that this sys-

tern cannot be completely computer independent, it will be
made as simple as possible to install on varicus computer
configurations. The system will also include user-oriented
pre-processors  and  convenience-oriented report writing
post-processors, with consideration given to graphic output.

2. Select or develop a comprehensive set of functional
modules conforming to the over-all systemn design. Pref-
crence will be given to well-tested modules from bridge
design systems or programs identified in Phase . Each
moduie will process a distinct function of the design opera-
tion and will have clearly defined input and output data
stracturcs.  The modules will be written in  ANSI
FORTRAN for maximum portability and will lend them-
selves 1o easy modification to conform to new design
specifications and desired local adjustments.

3. Prcpare complete documentation and user instructions
for the system modules developed and complete documen-
tation. flow charts, and file specifications for the system,

4. Prepare detailed standards for the design, programs-
ming, testing, and documentation of future modules for the
systemn.

5. Demonstrate the use of the system in the design of
commoualy used bridge structares, The demonstration will
combine structural analysis and member selection modules
it a manner that will iilustrate the linking of nmodules, The
demonstration will be conducted using at least two dif-
ferent representative computer configurations.

Through December 31, 1977, primary effort has been
directed toward the first four tasks of Phasc L

Project 12-19 FY 78

Cathodic Protection of Concrete Bridge Structures
Research Ageney:
Principal Invest.:
Effective Date:
Completion Dare:
Fumds:

Corrosion Engincering & Rescarch Co.
William J. Ellis

Tanuary 1, 1978

December 31. 1980

5224 684

Steel in concrete bridge members corrades as a result of
chierides in the concrete. Continned corrosion of the steel
causes the concrete to crack and spall. Cathodic protection
has been demonstrated to be a reliable means of controlling
corrosion in the top mat of reinforcement in bridge decks,
Techniques and materials need to be developed and eval-
uated for controlling corrosion in other bridge members.

The primary objective of this study is to deveiop and
evaluate one or more cathodic protection systems to con-
trol corrosion of steel in chloride-contaminated structural
members (excluding top reinforcement in decks and steel
in members below water or soil),

The cathodic protection system(s) developed will reflect
consideration of: cconomic feasibility, including design,

installation. operating. and maintenance costs; compatibility
with the structure, including repaired areas; potential safety
hazards: life expectancy: and resistance to various environ-




ments, such as freeze-thaw and marine conditions, The
projected life expectancy of the cathodic protection sys-
tem(s) will be based on clectrical properties and resistance
to the environment.

A secondary objective is to prepare a state-of-the-art
report bascd on a thorough survey of methods, materials,
and criteria that have been used to control corrosion in
concrete bridge members other than the top portion of
decks. The report will describe both successful and un-
successful experiences.

This project is to include the following tasks:

Task 1. Preparation of a state-of-the-art report in ac-
cordance with the previously stated secondary objective.

Task 2. Identification of current and potentially avail-
able methods, materials, and concepts that may held prom-
ise for cathodic protection systems for applications other
than the top surfaces of bridge decks.

Task 3. Preliminary analysis of imethods, materials, and
concepts identified in Task 2.

Task 4. Preparation of a report on candidate materials
and technologies and an updated working plan for labora-
tory evaluation.

Task 5. Laboratory devclopment and evaluation of can-
didate systems.

Task 6. Preparation of an interim report on the findings
of Tasks 2. 3. and 5 and recommendations for Task 7.

Task 7. TField evaluation of sclected systems.

Task & Preparation of the final report.

Project 12-20 FY 78
Bridges on Secondary Highways and Local Roads:
Rehabilitation and Replacement

University of Virginia
Henry L. Kinnier
March 1, 1978
November 30, 1979
$119,970

Rescarch Agency:
Principaf Invest.:
Effective Date:
Completion Date:
Frnds:

Muny bridges on secondary highways and local roads are
in need of repiucement or major structural repair. 1t has
been estimated that more than 110,000 bridges in the U.5.
are inadequate for heavy loads or in need of major repairs
and that another 51,000 have narrow widths, poor clear-
ances, and dangerous approuches. Furthermore, it has been
reported that about 150 bridge failures occur in the United
States each year. Under the severe fiscal constraints that
currently exist at the local level. most of these bridges can-
not be replaced in the foreseeable future. Until recently,
considerable effort had been devoted to the analysis and
design of new structures, but little attention was given to
problems associated with rehabilitation of older structures
on the secandary and focal road systems. Therefore, local
agencics respensible for inspection, maintenance, and re-
pair are required to make decisions without benefit of sup-
porting information. Under these conditions, there exists
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an urgent need for rescarch that will provide teols for
engineers to reach and carry out cost-cflective dccisions.
This project is intended to develop information that local
highway agencies can apply immediately to the repair, im-
provement, or replacement of deficient bridges on secondary
and local road systems.

The objective of this project is to develop (1) procedures
for accomplishing repair and strengthening operations for
bridges on sccondary highways and local roads, (2) stan-
dard replacement structurcs and components that could be
mass produced, and (3} an cconomic process for deter-
mining the most cost-effective alternative available in a
given situation,

The research is to include the following tasks:

1. ldentification and catcgorization of common types of
structural and functional deficiencies in bridges on second-
ary highways and local roads, their significance, and the
relative frequencies of their occurrence.

2. Review and evaluation of current practice and meth-
ods used for rehabilitation.

3. Investigation of the potential use of and development
of concepts for standard economical replacement structures
and components,

4. Development of procedures for cost-cffective selection
among alternative strategies for correcting bridge  de-
ficiencies, including replacement and various levels of
rehahilitation or repair.

5. Preparation of a final report containing a manual of
recommended procedures for use by local agencies.

AREA 13:

Project 13-1

EQUIPMENT

FY ’65
Equipment Rental Rates

Ernst & Ernst

1, 8. Dudick
February 1, 1965
January 31, 1966
522,800

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

This research dealt with the developnient of uniform
methods and procedures for establishing construction equip-
ment rental rates, It included the establishment of the
purposes for which rental rates are used; the feasibility
of determining cquipment rental rates by type, use, and
region; a formula for cquitable rental rates; and recom-
mended procedures for ohtaining and cvaluating all in-
formation required for the various factors in the formula.

This rescarch has been completed, and the project report
has been published as:

NCHRP Report 26, “Development of Uniform Pro-
cedures for Establishing Construction Equipment Rental
Rates.”
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AREA 14: MAINTENANCE OF
WAY AND STRUCTURES

Project 14-1 Fy '65

Upgrading of Unit Maintenance Cost Index and
Development of Interstate
Maintenance Requirements

RBertram D, Tallamy Associates
Dr. Bertram D, Tallamy

March |, 1965

March 31, 1967

$205.128

Revearch Agency:
Principal fnvest.:
FEffective Date:
Completion Date:
Funds:

This rescarch involved an intensive study into typical
maintenance operations on 28 Interstate test scctions in
several States for the purpose of satisfying the urgent need
for a definitive system ol determining maintenance require-
ments on @ guantitative basis with due consideration being
given to the reguirements in terms of type, magnitude, and
frequency. This systern is applicable to Interstate highways
within individual States and to comparable activities on the
State highways. Attempts have been made to develop means
for relating utlization of men. equipment, and material to
production and maintenance operations and, further, to
optimize cfiiciency in maintenance operations. The stan-
durds which were developed have been tested on a sample
ol maintenance operations on Interstate highways, and a
unit maintenance cost index suitable for periodic updating
was developed.

Research has heen completed. and the project report
has been published as:

NCHRP Report 42, “Interstate Highway Maintenance
Requirements and Unit Maintenance Expenditure Index.”

Project 14-2 FYy 71

Techniques for Reducing Roadway Occupancy
During Routine Maintenance Activities

Byrd, Tullamy. MacDonald,
and [ ewis

L. G Byrd

October 1, 1970

March 31, 1973

52000000

Researcell Agency:

FPrincipal Fnvese.:
Effective Pate:
Completion Date:
Funeds:

Highway maintenanece activities often require occupancy
of traffic lanes, structures, and shoulders of the roadway
by men and equipmeni. This situation causes conllict
between these activilics and the traveling public, thus en-
dangering both workmen and motorists and restricting the
flow of traflic. The resulting development of hazardous
sitwations and interference with the orderly Now of traffic
is most proneunced where high-spéed and/or high-density
traffic conditions exist. There arc several possible ap-
proaches to rminintizing the problem and to providing a
high level of safety, economy, and convenience for the
highway user during required maintenance activitics. At
this time, utilization of technigues designed to reduce
occupancy of the roadway by maintenaznce activilies ap-

pears to offer potential for alleviation of the problem with
ieast duplicalion of research efforts.

The objectives of this project were to identify and evalu-
ate techniques that will significantly reduce the time of
occupancy of the highway travel way and shoulders by
maintenance forces for at least the following specific
routing maintenance activities:

ta) Bridge deck repairing.

{b) Travel way patching.

fc} Crack and joint sealing,

fd} Mudjacking and subsealing.

Technigues for accomplishment of maintenance activities
were intended to encompass the entire operation, including
the necessary manpower, cquipment, and materials, How-
ever. development of new materials or equipment was not
considered to be within the scope of this study.

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

NCHRP Report 161, “Techniques for Reducing Road-
way Occupancy During Routine Maintenance Activities,”

Project 14-3 FY 73
Improved Pavement-Shoulder Joint Design

Georgin [nstitute of Technology
Dr. R. D. Barksdale

Research Agency:
Principal Invest.:

LEffective Date: September 15, 1972
Completion Dare: March 15, 1976
Funds: 5100 838

The joint that results where portland cement concrete
pavements and bituminous-surfaced shoulders interface has
proved ta he a prime contributor to pavement and shoulder
distress and the need for costly maintenance. [cakage of
surface water through the joint can lead to pumping. fault-
ing at transverse joints, and shoulder cracking and settle-
ment when in combination with other adversely contribut-
ing factors, Additionally, water penetrating through leaky
joints and reaching some kinds of base materials and sub-
grade soils can cause swelling and frost damage (in cold
climates) with ¢consequent pavement and shoulder damage.

Although the construction and maintenance of com-
pletely waltertight puvement/shoulder joints for the life of
the pavement is generally congeded to be impossible, it is
believed that an effort should be made Lo minimize the
passage of surface water through the jeint. Therefore,
some water s likely 1o enter through the joint at some
time during the puvement life, and provisions should be
made for subsurface drainage and/or treating the pavement
layers to minimize the effects of the water. Conscquently,
there is need to develop reasonably adequate sealing sys-
tems for the joint and to identify suitable design and con-
struction techniques, including subsurfuce drainage, that
will minimize the effects of the presence of some water.

The ohjectives of this project were Lo:

1. Determine the most suftable currently available pro-
cedures (including methods and materials for scaling the
joint, subsurface drainage, and other methods for mini-




mizing the cflects of water) for alleviating the problems
assoctated with the joint between a portland cement con-
crete pavement and a bituminous-surfaced shoulder. taking
into account the variations in such factors as climate, sub-
grade, roadway pavement design, shoulder design, and
traflic,

2. Develop and experimentally evaluate improved sys-
tems for minimizing the passage of water through the
pavement/shoulder joint.

3. Prepare a plan for a field study program that couid
be undertaken by highway agencies to evaluate promising
procedures for seating the pavement/shoulder joint.

The research was conducted jointly with the University
of Michigan.

The study was approached through a series of visits
in a number of States to discuss and observe pavement/
shoulder joint performance, a program of movement niea-
surements at pavement/shoulder joints in Georgia and
Michigan, and laboratory studies of sealer performance and
of the perfermance of drainage-layer materials.

The products of the research were a series of recommen-
dattons for pavement/shoulder joint design and construc-
tion, sealant specifications, shoulder design, and underdrain-
age facilities. Guidelines were offered for a test program
to evaluate several promising shoulder and sealant systems
developed in the project.

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

Project 14-4 FYy "4

Recondifioning Heavy-Duty Freeways in Urban Areas
Texas A & M University
Research Foundation
Dr. William B. Ledbetter
Dr. Alvin H. Mevyer
Aprit 15,1974
March 24,1976
£99.665

Researchr Agency:
Principal Invest.:

Effective Date:
Campletion Date:
Funds:

In the next decade, considerable milcage of pavement
on the most heavily traveled freewavs in urban areas will
reach a condition where structural rehabilitation will be
required to keep the lreeways operable. Some pavements
already have reached this condition.

Today's commonly used repair methods of palching,
removal and reconstruction, and the placing of thick over-
lays over the entire roadway arc time consuming, disruptive
of traffic flow due to blockage in the construction area. and
generators of construction traffic for further interference.
Patching tarcly offers more than temporary relief. Re-
moval lor replacement has the disadvantage of wasting
larpe quantities of existing pavement materials. Thick
bituminous concrete and portland cement concrete over-
lays require wasteful coverage of the entire roadway al-
though only a portion of the width may be structurally
deficient. Wertical clearance requirements offer a further
restraint in the use of thick overlays.

The duration and extent of interference to continuing use
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of the freeway facility during construction by current meth-
ods often create an impasse. Increased hazard to workmen
and motorists makes timely, durable rehabilitation virtually
impossible without closing or unaceeptably restricting the
freeway,

The over-all chijective of this project was development
of a new technology for reconstituting and/or replacing all
or part of the pavement structure on a heavily traveled
urban tfreeway so that the finished product has a design
service life equal to or pgreater than that of the original
pavement, including restoration of riding and nenskid
characteristics, The capabilities of producing substantial
lengths of new or reconstituted pavement during off-peak
hours. minimal interference with traffic during construction,
and full reopening during the hours of maximum traffic
flow were required characteristics, The methods and pro-
cedures were evaluated in terms of economic feasibilily
for the rehabilitation of substantial segments of urban ex-
pressways. Lowest first cost per unit of repair or replace-
ment is not a necessary limitation.

Resparch has been completed. The resuils are in the
form of detailed management strategies for rehabilitation
of 'a-mile single-lane segments of pavement within 48 hr
without using overlays. It was originally anticipated that
the recommended rehabilitation strategy would be evaluated
as part of a field evaluation phase. However, there does not
appear to be a need for field evaluation of the recommended
management strategies.

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

Project 14-5 'Yy '78
Maintenance Level-of-Service Guidelines

Woodward-Clyde Consultants
Ram B. Kulkarni

Fred N. Finn

January 1. 1978

September 30, 1979

£200.000

A given road or system of roads provides varying levels
of service to the road user, Mainlenance levels of scrvice
influgnce the magnitude of the maintenance work (e.g.,
pavement patching, mowing, paint striping) and, therefore,
the work scheduling requiremenis, work priorilies, and re-
source allocations. Selection of the maintenance level of
service is infuenced by a number of considerations that
include safety, rideability, economics. environmental im-
pact, protection of investment, and aesthetics. An objective
methodology needs to be developed for the establishment of
level-of-service puidelines for all maintenance elements of
the highway (such as pavement surface, shoulder. vegeta-
tion. signs, structures, drainage ditches). The methodology
should consider cach of the components of quality and
weigh those components to reflect different user evalua-
tions, It also should allow for differing levels of service 1o
he established for various maintenance clements, road func-
tional classifications, and local values.

The general objective of this study is to develop and test
a general methodology for establishing objective levels of

Research Agency.
Principal Frvest.:

Effective Dare:
Completion Dute:
Fuends:
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service for use by maintenance managers at all levels for

purposes of cstablishing priorities, allocating resources,

scheduling and evaluating work, and preparing budgels

with a goal to providing a reasonably consistent end resull.
Specific objectives are:

1. To document cxisting practice on establishing levels
of service.

2. To conceptualize a methodology to establish mainte-
nance levels of service that consider but are not limited to
user values and trade-offs among safety, rideability. eco-
nomics, environmental impact, protection of investment,
and aesthetics,

3. To develop the methodology in the form of a manual
containing the guidelines for use by transportation mainte-
nance organizations in establishing levels of service.

4. To demonstrate and document how the methodology
would be used to develop levels of service for two diverse
maintenance problems (traveled-wuy drop-off and control
of vegetation growth). Physical testing is not anticipated.

AREA 15:
Project 15-1

GENERAL DESIGN
FY '66
Guardrail Design

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

Cornell Aeronautical Laboratory
Raymond R. McHenry
December 13, 1965

Jung 14, 1966

$19,723

Many factors are involved when the highway design
cngineer is faced with the decision of when to install a
guardrail, The decision should be based on rational war-
rants for their use, and the system should be effective
and compatible with these warranis. A number of agencies
have conducted tests on various systems. The resulting
data on design and warrants need to be evaluated in order
to provide the engineer with a choice of effective systems.
Phasc [ of the project was directed toward the search and
evaluation of existing data on design und warrants, a
critical analysis of past and current research, and defining
addiiional needed research.

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

NCHRP Report 36, “Highway Guardrails—A Review
of Curreni Practice.”

Project 15-1(2) FY 66 and FY 70

Guardrail Performance and Design

Southwest Rescarch Institute
J. D. Michie
July 1, 1967
Aug. 31, 1970
S280.000

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

Mayv 1. 1970
Dec. 31, 1971
100,000

Highway design engineers need a choice of effective
guardrail systcms, The considerable research already con-
ducted on the more commonly used types (W-beam, stan-
dard cable, box beam) needed fo be compared and analyzed
critically for determination of further investigations neces-
sary to refine structural details and to obtain more effec-
tive performance. A need for full-scale testing was appar-
ent to fill in the gaps in previously concluded investigations.
Accordingly, the objectives of the Phase I research were:
(1) to critically analyze existing data on guardrail per-
forinance and identify additional needed research: (2) to
conduct additional full-scale performance tests; and {3) to
cvaluate performance of various guardrail systems con-
sidering vehicle response and damage as a measure of
accident severity and rail repair.

The Phase I findings have been published as NCHRP
Report 54, “Location, Selection, and Maintenance of High-
way Guardrails and Median Barriers,” and NCHRP Report
115, “Guardrail Performance and Design.” A 10-min
sound fAlm that summarizes the Phase I research is avail-
able on loan rom the Program Director.

The Phase 11 work consisted of four major tasks, The
first task was to preparc a rcvision to NCHRTP Report 54
that incorporates pertinent findings from the Phase I re-
scarch and the findings from rescarch conducted by others.
Task 2 of the Phase II work was the preparation of a docu-
ment to delineate warrants, service requireinents, design
criteria. and design procedures for all traffic barrier sys-
tems. For this purpose, traffic barrier systems were defined
as including guardrail, median barrier, bridge rail, and
energy attenuation devices, Task 3 included the formula-
tion of new concepts for improved end treatments for
longitudinal traffic barriers with some work devoted to im-
proved transitions. Task 4 included the full-scale crash test
evaluation of thosc promising concepts produced under
Task 3.

The resulis of Phase I1 Tasks | and 2 have been pub-
lished as NCHRP Recport 118, “Location, Selection and
Maintenance of Highway Traffic Barriers.” The results of
Phase II Tasks 3 and 4 have been published as NCHRP
Report 129, “Guardrail Crash Test Evaluation—New Con-
cepts and End Designs,™

For administrative teasons, additional related research
has heen placed under Area 22, “Vehicle Barrier Svstems.”
Details will be found under that heading.

Project 15-2 FY "66

Design to Control Erosion in Roadside
Drainage Channels

Research Ageney: University of Minnesota
Dr. Alvin G, Anderson
July 1, 1960

June 30, 1974

$97.300

Principal Invest.:
Effective Date!
Campletion Date:
Finds:

The highway drainage engineer is required to provide
designs to control erosion in roadside drainage channels



over a wide range of conditions. Acceptable procedures
have been developed for the design of channels for condi-
tions where easily established grass cover will suffice and
for conditions where paved linings are required. The ob-
jectives of this study were to establish criteria and extend
existing procedures for conditions intermediate between
these two. The major emphasis of the research will be
placed on developing u procedure for the design of armored
channels with investigations into the critical tractive force
of gravel and crushed stone.

Research has been completed, and thc project report
covering development of design procedures for armored
channels has been published as:

NCHRP Report 108, “Tentative Design Procedures for
Riprap-Lined Channels.”

During an extension of the project, a limited field evalua-
tion of the tentative design procedure was undertaken. The
petformance of four ¢channels, designed aud built in accord-
ance with the procedures, was observed. Two of the four
channels have been subjected to discharges approaching
the design discharge and appear to be stable after the floods.

The essential findings of the field evaluation phase have
been published as NCHRP Research Results Digest 67,
“Ficld Evaluation of Tentative Design Procedure for Rip-
rap-l.ined Channels,” and a summary is included in NCHRP
Summuarv of Progress Through 1975,

A copy of the agency’s final report may be obtained from
University Microfilms International, 300 North Zeeb Road,
Ann Atbor, Michigan 48106.

Project 15-3 FY 68

Rational Structural Analysis and Design
of Pipe Culverts
Northwestern University

Dr. R.J. Krizek
Dr. R. A. Parmelee

Research Agency:
Principal Invest.:

Effective Date: October 1, 1967
Completion Date: December 31, 1968
Frunds: 46 937

Various methods arc currently being used in the design
of pipe culverts, and considerable research is in progress
that exainines these methods. There is a general lack of
agreement betwcen theory and field experience. Current
methods being used in design of culverts fail to reflect in a
rational way many of the major aspects of behavior ob-
served in the field.

The objective of this study was to evaluate previous re-
search and current practice for the purpose of developing
rational design methods for both rigid and flexible pipe
culverts,

Research has been completed, and & preject report has
been received containing an cXtensive bibliography and
synthesis of current knowledge on the design and installa-
tion of pipe culverts. Tt is apparent that information is not
available at this time to develop a completely rational
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structural design procedure, due larpely to lack of a gen-
eratly accepted definition of pipe failure. However, several
specific factors, such as installation practices, construction
techniques, soil typc, and safety factor, can be given greater
consideration in design criteria.

The project report has been published as:

NCHRP Report 116, “Structural Analysis and Design
of Pipe Culverts.”

Project 15-4 FY °68

Estimating Runoff Rates from Small Rural Watersheds

The Travelers Research Center
Dr. Pau! Bock

Isadore Enger

September |, 1967

March 16, 1970

$29%,902

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Frnds:

A basic problem in designing highway bridges and cul-
verts for stream crossings is the determination of the flow
to be accommodated. This involves estimating the magni-
tude of peak flows at various frequencies for the draiuage
area under consideration. Most small rural watersheds are
ungaged: thus, the engineer is required to eslimatc the de-
sign flow for these areas on the basis of limited topographic
and climatic data.

Many State highway departmenis and other agencies are
participating with the U.S. Geological Survcy in programs
to collect ranoff information from small rural watersheds
that is intended to provide a better understanding of the
generation of runoff. With this background, it appeared
possihle to develop improved procedures for cstimating the
magnitude and frequency of peak flows for small rural
watersheds (approximately 20 sq mi or less). The objective
of this project was to develop such procedures that (1)
require only data readily obtainable by designers, (2) use
parameters that are logically justified, (3) take cognizance
of dilferences due to geographic characteristics, and (4)
present the results in readily usable form.

The cbjectives have been partially met in that methods
for estimating the magnitude and frequency of runoff
from small rural ungaged watersheds have becn developed.
The question of whether they provide better estimates of
runoff than currentiy used methods for a given watershed
is not easily answered. Indications are that they may pro-
vide better estimates in some cases. Qf probably greater sig-
nificance is the compilation of information for 493 rural
watersheds with an area of 235 square miles or less and at
lcast 12 years of surface runoff data that can be used by
others to develop better methods of prediction for a
particular locality.

The rescarch has been completed, and the projeet report
has been published as:

NCHRP Report 136, “Estimating Peak Runoff Rates
from Ungaged Small Rural Watersheds.” '
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Project 15-5 FY 68
Dynamic Characteristics of Heavy Highway Vehicles

General Motors Corporation
D, E. Pollack

Research Agency:
Principal Invest.:

Effective Date: August 13, 1967
Completion Date: January 10, 1969
Frends: $135,000

The dynzmic loading of bridges and pavements by heavy
highway wvehicles influences the life expectancy of these
highway structures by an unknown amount, Increasing per-
missible vehicle loads and speeds may increase the dynamic
loading and shorten the life of these structures.

Dynamic pavement loading is influenced by the pave-
ment rouvghness characteristics and by certain characteristics
of the vehicle. Tt is necessary to consider these factors in
order to predict the loads that will be produced,

With the foregoing in mind, information was gathered
on those vehicle characteristics that make a significant con-
iribution to the dynamic forces. Equipment for measuring
these characteristics was constructed, and the character-
istics of representative types of heavy vehicles were deter-
mined,

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

NCHRP Report 105, “Dynamic Pavement Loads of
Heavy Highway Vehicles,”

Project 15-6 FY 0%

Development of Criteria for Safer Luminaire Supports
Texas A & M University

Rescarch Foundation

[Dr. V. C. Fdwards

September 1. 1967

August 31, 1968

$147.254

Research Agency:

Principal Invest.:
Effective Phate:
Completion Date:
Frawds:

Conventional luminaire support poles are, of necessity,
mounted close 1o the traveled roadway. In these locations,
they constitute a severe roadside hozard and arc frequently
struck by vehicles that are out of control, with attendant
severe vehicle damage and injury or death to occupants.

The purpose of this study was the development of lumi-
niaire support design criteria to minimize the hazard de-
scribed. Consideration was given to the hazard presented
ta both the striking vehicle and to nearby traffic.

Five classifications of safety devices for lutninaire sup-
ports, as presently heing specified by State highway de-
partments or industry, were investigated, These are: (1)
frangible hases for use with aluminum or steel shafts,
t2) the progressive failure-shear bhase, (3) a stainless-
steel shaft with integral transition base, {(4) an aluminum
shaft on o cost-aluminum shoe base, (5) the mullidirec-
tional slip hase.

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

NCHRTP Report 77, “Development of Design Criteria
for Safer LLuminaire Supports.”

AREA 16:
Project 16-1

ROADSIDE DEVELOPMENT
FY 66

Effects of Deicing Compounds on Vegetation and
Water Supplies

Virginia Polytechnic Institute
Dr. R. E. Blaser

March 1. 1966

April 30, 1972

5217.300

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

The rapidly increasing use of deicing salts to maintain
roadways relatively free of ice and snow during the winter
season has raised questions concerning the extent of certain
detrimental effects attributed to their use. Several research
projects have considered allernatives {such as additives to
the salts, nonchemical methods, and different compounds)
to the use of sodium chloride and calcivm chlorides for
deicing roadways. At present, it does not appear likely that
relisble and economical alternate methods will come into
commaon use in the foreseeable future, The objectives of
this study were to identify the detrimental effects of deicing
salts on roadside vegetation and water supplies and to seek
means Tor counteracting these detrimental effects.

The first phase of the study was an extensive literature
review and survey of experience with regard to deicing salt
use on roadways and the effects of this use on roadside
vegetation, water. and wildlife. It also included identifica-
tion of rtescarch needs in this problem area. This was
followed by an experimental program covering the actual
effects of deicing salts on specific tvpes and species of
vegetation and on soils along higshways. Efforts were made
to evaluate methods of counteracting certain detrimental
clfects.

Research has been completed, and the results of the first
phase of the study have been published as:

NCHRP Report 91, "“Effects of Deicing Salts on Water
Quality and Biota—TL.iterature Review and Recommended
Research.”

The results of the experimental phase have been pub-
lished as:

NCHRP Report 170, “Effects of Deicing Salts on Plant
Biota and Soils—Experimental Phase.”

Project 16-2 FY '68
Evaluation of Research on Roadside Development

Western States Landscape Associates
Wayne O. Earley

Research Agency:
Principal Invest.:

Effective Dare: October 1, 1967
Completion Date: March 31, 1969
Funds: S100.000

The objective of this project was to review, interpret, and
evaluate past and present research on roadside development,
describe arcus where additional or continued research is
needed, and recommend procedures lor resolving these
needs, The study included, but was not limited to, con-
sideration of the relationship of roadside development and



{1} highway location and design: (2} vegetation {planning,
establishment, and management by plant growth zones in
consideration of erosion control and roadside plantings);
{3) resource conservation; (4) rest areas, scenic turnoufs,
and overlooks: (5) safety: and {6} right-of-way, scenic
areas, and adjacent land use. Recognition was given to
research under way or accomplished in legal authority, but
it was not evaluated in this project.

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

NCHRP Report 137, “Evaluation of Research on Road-
side Development.”

Project 16-3 FY 73

Erosion Control During Highway Construction

Utah State University
Dr. Calvin G. Clyde
Dr. C. Earl Israelsen
Paul E. Packer

Research Agency:
Principal Invest.:

Effective Date: Nov. 1, 1973 Tan. 3, 1978
Completion Date: June 30, 1976 Apr. 2, 1979
Funds: $179.224 $70.770

Uncontrolled water and wind crosion resulting from con-
struction activities causes significant damage to the en-
vironment. The sediment produced pollutes surface water,
restricls drainage, fills reservoirs, damages adjacent land,
and destroys the natural ecology of lakes and streams. Be-
sides harming the environment, soil erosion during con-
struction increases costs and causes extensive delays and
TEPAITS.

Research is needed to develop more effective techniques,
devices, and materials to control erosion during con-
struction activilics, This need was documented in NCHRP
Synthesis 18, “Frosion Control on Highway Construction.”

The synthesis study, while focusing atiention on the necd
for a major tescarch effort, also uncovered a large quantity
of information, often fragmented or underevaluated, on
known erosion control measures likely to have application
in highway construction. Because of the existence of this
information, the urgency of the problem, and research
funding limitations, a logical first step in the eventual solu-
tion of the total problem was the development of recom-
mendations for an interim set of specific guidelines for
erosion control based on existing information.

The objectives of this project were to:

1. Assess the effectiveness of the control of erosion from
highway construction.

2. Develop a mmanual of recommended techniques and
design criteria for the control of ¢rosion. using hydrologic,
hydraulic, agronomic, pedologic, and economic principles.

3. Identify rescarch needs in the subject area,

The research was conductied jointly with the U.S. Forest
Service.

Work on the project included a scarch and cataloguing
of published literature on erosion control and an extensive
questionnaire survey of erosion control practice, Visits
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were made to highway construction sites throughout the
country during the summer of 1974 to observe and cvaluate
erosion control practices. The Universal Seil Loss Equation
was established as the project base for estimating soil loss.
Existing tnaps that divide the country into areas of varying
soil erosion potential were used in application of the uni-
versal equation. An erosion control manual was developed
for immediate interim use by highway and transportation
agencies.

Phase T research has been completed, and the agency
report is available on a loan basis from the NCHRP Pro-
pram Dirgelor.

Funds in the amount of $70.776 are available in the
FY 73 program for further research in this problem area.
The Utah Stale University will conduct z continuation
phase of the study with the following objectives:

1. Prepare implementation materials for the erosion con-
trol manual developed duting Phase 1.

2. Conduct an experimental program to verify Phase T
findings and evaluate temporary crosion control methods on
various soils and slopes.

3. Submit a project report covering both Phase I and
Phase I1.

SAFETY

FY ’66

AREA 17:

Project 17-1

Development of Improved Methods for Reduction of
Traffic Accidents

Cornell Acronautical Laboratory
John W, Garrett

Tebruary 1, 1966

May 31, 1968

$247,847

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

The objective of this rescarch was to develop motor
vehicle accident investigation procedures, records, and
statistics, which will more accurately reveal accident causa-
tion than the current accident record system. An exten-
sive review of the state of the art revealed that the cur-
rent data collection forms and procedures do not meet
research requirements; few statistically trained personncl
are emploved for data analysis. Also, safety findings are
assimilated slowly by the agencies responsible for the de-
sign, maintenance, and operation of the highway system,
Long-tern recommendations included an improved cen-
tralized accident record syslem in which accident data
were integrated with appropriate nonaccident data, Also
proposed was a multilevel accident reporting scheme pro-
viding minimum data on all accidents, intensive investiga-
tive data on a small percentage of accidents, and special
study data collected for a statistical sample of accidents.
Improved cooperation belween operating agencies with
similar objectives was regarded as essential, Short-term rec-
ommendations included increased dissemination and utili-
zation of current safely knowledge; utilization of modern
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technology atl all levels of the system through the initia-
tion of centinuing education seminars and a safety review
board; use of trained statistical personnel and technigues
for better utilization of data: and use of accurate accident
location methods, L.ocation methods were reviewed and
evaluated for guidance. Demonstration studics were per-
formed to illustrate the feasibility of the proposed system
and the techniques required. The study demonstrated the
use of police to gather factual data in a study where they
were provided with special report forms, written instroe-
tions, special training, and equipinent. Utilization of inten-
sive accident investigation procedures and the use of hoth
accident and nonaccident data in & study also were demon-
strated.,

The project report has been published as:

NCHRP Report 79, “Development of Improved Methods
for Reduction of Traffic Accidents.”

Project 17-2 Fy '72

Methods for Evaluating Highway Safety
Improvements

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

Operations Rescarch Incorporated
Hirry Denning

January 10, 1972

June 20, 1972

5290973

Methodology for measuring the effectiveness of potential
safety improvements has been established. This method-
ology includes statistical design and amalysis for before-
and-after and parallel studics. In addition, cost-benefit
methodology has been documented in the rescarch litera-
ture. However. In terms appropriate to engineers and lech-
nicians who actually do studies, a single document has not
existed thal contains the techniques for applying all aspects
of the above-mentioned analytical tools.

The objective of the research was to provide a detailed
technique in the form of guidelines from which calcula-
tions could be made that would allow officials to judge the
effectiveness of highway improvements in terms, not only
of reduced accidents, but also of cost-benefit of such
improvements.

Aclivities prior to the conlract’s termination included
detailed planning for the project and preparation of a
detailed working plan. This rescarch was resumed under
Project 17-2A.

Project 17-2A

Methods for Evaluating Highway Safety
Improvements

FY '72

Roy Jorgensen Associates
John C. Laughland
February 1, 1973

Fuly 31, 1974

598,403

Revearch Agency.
Principal Invest,:
Effective Date:
Completion Date:
Funds:

Methodology for measuring the effectivencss of potential
safely improvements has been established. This method-
ology includes statistical design and analysis for before-
and-after and parallel studies. In addition, cost-benefit
methodology has been documented in the research litera-
ture. However, in terms appropriate to engineers and
technicians who actually do studies, a single document has
not existed that contains the techniques for applying all
aspects of the above-mentioned analytical tools.

The objective of the research was to provide a detailed
technique in the form of guidelines from which caleulations
can be made that will allow officials to judge the effective-
ness of highway improvements in terms, not only of reduced
accidents, but also of cost-benefit of such improvements.

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

NCHRP Report 162, “Methods for Evaluating Highway
Safety Improvements.”

Project 17-3 FY 78

Application of Traffic Conflicts Analysis at Intersec-
tions

Midwcst Research Institute
Dr. William D, Glauz
December 15, 1977

May 31, 1979

5150.000

Resvarch Agenev:
Principal Invest.:
Effective Date:
Completion Date:
Frneds:

There is u need for a reliable and inexpensive tool to be
used in leu of or in addition to accident data to diagnose
safety and operational deficiencies and permit evaluation of
improvements within a short period of time. Traffic con-
flicts analysis shows promise of providing such a tool. and
several highway apencies are using the techniques as part
of their standard operating procedures. However. conflict
definitions and  sampling procedures vary  significantly.
There s an immediate need to develop standard pro-
cedures to assist alt levels of government in using traffic
conflicts analysis in thelr safety and operations programs.

The abjective of this rescarch is to develop a procedure
far collecting and using trafiic conflicts data to diagnose
safety and operational deficiencies and to evaluate the
effectiveness of improvements at intersections. The product
of the research will be a user’s manual with examples that
ilustrate the methods of data collection, data analysis. and
application. This obfective is to be achieved by completing
at leust the following five tasks: examination of present
use of traffic conflicts analysis, developinent of procedures,
field testing, analysis and refinement, and documentation,

Work hus begun with a critical review of the literature
and presenl use of traffic conflicts techniques.

Project 17-4 FY 78

Evaluation of Traffic Controls for Street and Highway
Work Zones

BioTechnology. Inc.

I'red R. Hanscom

Rexearch Agency:
Principal Invest.:



Effective Date:
Completion Date:
Futrneds:

January 2, 1978
March 31, 1979
5200,000

Dievices described in Part V1 of the Manual on Uniform
Traffic Control Devices (MUTCD)Y have simply evolved
from other devices. rather than as a result of scientific test-
ing as to what best stimulates driver awarcness of work-
zone situations. Data are lacking on controlled testing and
cvaluation that support the current design if these devices
or their arrangement on the job.

The ohjective of this project is to determine the effective-
ness of sclected work-zone traffic control devices and to
determine how these devices should be designed and used.
The research is restricted to stationary work zoncs and will
rot consider moving operations. Consideration will be
given to worker safety requirements in the installation and
maintenance of the traffic control devices,

Section 6C of the MUTCD addresses barricades, cones,
drums, and vertical panels. Present and alternative mark-
ings for these devices will be tested and evaluated. Ttems
1o be considered include rail width, levels of refllectivity,
width and arrangement of stripes (i.e.. horizontal, vertical,
sloping, and chevron).

Appropriate measures of performance will be derived
that reflect driver response and the relative effectiveness of
particular devices and their alternatives, The relative effec-
tiveness of cach channelizing device in stimulating dJesired
driver response will be determined through testing and
evaluation. Other research efforts thal provide statistically
valid driver performance data on the effectiveness of traffic
control devices will be used to minimize the collection of
original data of this tvpe.

The need for and application of flashing and steady-burn
lights in work zones will also be determined. The lights will
conform to the latest MUTCD requirements in Sections
60D-4 and 6D-5.

Ustng selected situations similar to those depicted in the
typical MUTCD lavouts, the clfectiveness of the devices
when used collectively under ficld conditions will be eval-
uated. The field sites include rural two-lane. rural express-
way, and urban freeway locations,

CONCRETE MATERIALS

FY '68

AREA 18:

Project 18-1

Revibration of Retarded Concrete for Continuous
Bridge Decks

University of [llinois
IDr. H. K. Hilsdorf
Scptember 1, 1967
December 1, 1969
$103,895

Research Agency:
Principal Frvest.:
Effective Date:
Completion Date:
Fupds:

Transverse and longitudinal cracking of continuous con-
crete bridge decks can be causcd by changes in deflection
and totation over supports during construction in addition
to the possible cffect of restraint to subsidence (bleeding)
afforded by the top reinforcing steel, Such cracking is of
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significance with respect to the development of spalling.
Revibration of rctarded concrete may be useful in climi-
nating such occurrences in continuous bridge decks placed
in onc operation; therefore, this rescarch had the objectives
of (1) conducting a survey to determine the cxtent to
which either delayed vibration or revibration has been used
in placing bridge deck concrete, including the pnrpose, con-
ditions, and results; (2) determining by laboratory and/oer
field tests if transverse and longitudinal cracking can be
significantly reduced by revibration after retarded concrete
has been placed over the entire deck of a continuous bridge
or a complete scgment of several spans supported by a con-
tinuous girder system: (3) determining the cfect of revibra-
tion and subsequent finishing on the durability of bridge
deck surfaces exposed to deicing chemicals: and (4) de-
termining the most cffective and practical means of revibra-
tion in the fleld.

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

NCHRP Rcport 106, “Revibration of Retarded Concrete
for Continuous Bridge Decks.”

Project 18-2 FY '73

Use of Polymers in Highway Concrete
Lehigh University
Dr. John A. Mansen
October 1, 1972
Ceampletion Date: September 30, 1975
Frunds: $300,000

Deterioration of concrete bridge decks, reduction of skid
resistance on concrete surfaces, unacceptable concrete wear
rates, and a need for thinner and stronger concrete slabs are
problems that confront every Stale highway department.
Among the major deficiencies of some of the concrete pres-
ently used are high permeabitity, low strength, cracking.
low wearing ability, and spalling, The mechanisms caus-
ing deterioration include frost action, differential expansion
and contraction, reinforcement corrosion, chemical attack,
traflic loads, and wear.

Polymer-impregnated concrele reportedly provides sig-
nificant increascs in strength and durability. Howewver,
present developments and techniques have not progressed
1o the extent that they are adequate for field usc; therefore,
more work in this area is required,

The over-ali objective of this project was to develop the
technology for the economical use of polymers to improve
the serviceability of concrete in highways. The immediate
goal concerned economically feasible methods for polymer
impregnation of concrete bridge decks in place.

The program was conducted jointly by Lehigh University
and The Pennsylvania State University.

The study included a state-of-the-art survey, laboratory
development of engineering data on the penetration of
candidate raterials, testing of drying technigues and
prototype impregnation equipment, dorability studies, and
experimental impregnations of two bridge decks. Final
work centered on the use of methyl methacrylate and
trimethylolpropane trimethacrylate {MMA/TMPTMA) as
the monomer system, Two rocthods of drying (propane-

Research Agency:
Principal Invest.:
Effective Date:
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fired infrarced and propane torch units). two methods of
monomer application  (soaking and pressure), and two
methods of polymerization (hot water and steam) were
used. Polymer penetration o depths of more than 4 in.
was achicved. Extreme dryness was found to be the key
to deep penctration. This was obtained with iemperatures
of aboul 250 T' at 4-in. depths. The first successful pene-
trations of a bridge deck were achieved with equipment
covering arcas of only a few square feet. Field equipment
was enlarged and up-graded, and successful impregnations
were achieved over several 36-sq ft arcas on two bridge
decks- one a test-track deck and the other a deck in
regular service. A fleld manual describing the techniques
that were developed and including sugpested safety pre-
cautions and acceptance criteria is included in the Hnal
report.

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

Project 18-2(2) FY '78

Polymer Concrete in Highway Bridge Decks

Research Auency: Lehigh University
Dr. John A, Manson
January 1, 1978
December 31, 1978

S$30,000

Principal fnvest.:
Eflective Date:
Cempletion Date;
Frndds:

NCHRP Project 18-2 demonstrated the feasibility of
polymer impregnation of salt-contaminated, hut structurally
sound, bridge decks to depths sutficient (o encase the upper
faver of steel reinforcement (about 4 in) as a possible
meuns of arresting or preventing corrosion. Additional re-
search and development work will be needed to refine the
method and to extend its applicability beyand the range of
variables of the conmipleted investipation. Polymer impreg-
nation includes a high-temperature drying process whose
cffects on the durability and siructural integrity of the deck
concrete are not now understood. 1t has been noted that the
pracess causes fine cracks to appear in the concrete, but
litthe else is known. Research is needed to (1) measure the
extent of this problem and provide a solution if required:
12} provide additional information on the long-term effec-
tiveness of the impregnation process in preventing or arrest-
ing corrasion: and (33 determine the economics of the use
of polymer impregnation. Determination of long-term ef-
tectiveness and ceconomics will require consideration of the
relative merits of various processes for impregnation as well
as other methods of prevention and repair of bridge deck
corrosion prohlems.  Research is needed to determine
whether corrosion in o contaminated deck can be con-
trolled hy sealing with a shaflow polymer impregnation,
or complete encapsulation of the top reinforcement is
NCCCSRATY,

The objective of this study is to clarify the state of knowi-
cdpe with regurd to polymer concerete in bridge decks, Tt is
not expected to involve extensive investigations (o develop
new rescarch lindings but is intended to outline whal is
already known, what additional infortnation is needed, and

what new rescarch needs to be undertaken. The final re-
port will provide guidance lor decisions on future research
in this arca.

AREA 19: FINANCE

Project 19.1 FY 68
Budgeting for State Highway Departments

Ernst & Ernst

F. W. Hinck, Jr.
September 5. 1967
September 4, 1968
345,000

Research Apency:
Principal Favest.:
Effective Date.
Completion Date;
Freneds:

Effective budgeting is interwoven with and is basic to
the whole management and deciston-making process. In
seeking its fullest benefit, budgeting needs to be applied to
all potential uses. ‘The modern concept of the total budget
process views budgeting as an integral part of planning,
administration, and policy making,

Although budget plans of varying eflectiveness now exist
in the several State highway departments, there is no indi-
cation that highway administration recognizes and utilizes
the budget process 1o its full potential.

Rescarch is necded with the long-range objective of de-
vistng @ concisely defined framework of budget systems,
together with detailed documentation for implementing
policies and procedures. To meet this need, the researchers
analyzed the organization plans and funding arrange-
ments controlling State highwuy departments. They deter-
mined in detail the prerequisites which must be satisfied
and the problems requiring resolution for effective State
highway budgetary systems to be instituted. Documented
recommendations were developed lor devising a concise
universal State highway budgeting system with detailed aids
for implementing appropriate policies and procedures.

Research has heen completed. The project report will
not be published in the regutar NCHRP report series, but
the essential findings from the report have been published
in NCHRP Rescarch Results Digest 20.

Project 19-2(1) FY '69

Develop Performance Budgeting System to Serve
Highway Maintenance Management

Booz » Allen & Hamilton
H. i.. Wilsey

September 2. 1968
October 31, 1968

£6.000

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

With hiphway mainienance expendiiures rapidly increas-
ing duc to completion of the Interstate System, rising
traffic volumes, trends toward higher standards of physical
rmaintenance, and more traffic services, it becomes increas-




ingly important that maintenance operations be based on
reasonable and effective maintenance budgets.

The scope of this project was to develop independent
work plans 1o be used as the tesearch plan for the second-
phase work. The work plan has been received but will
not be published. Refer to Project 19-2(4) lor description
of the owver-all project objectives and details of Phase I
of this study.

Project 19-2(2) FY 'a5

Develop Performance Budgeting System to Serve
Highway Maintenance Management

Ernst & Ernst

F. W. Hinck, Ir.
September 2, 1968
(ctober 31, 1968
$6.,000

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

With highway maintenance expenditures rapidly increas-
ing dug to completion of the Interstate System, rising
traffic volumes. trends toward higher standards of physical
maintenance. and more traific services, il becomes increas-
ingly important that maintenance operations be based on
reasonable and effective maintenance budgets.

The scope of this project was to develop independent
work plans to he used as the rescarch plan for the second-
phase work. The work plan has been received but will
not be published. Refer to project 19-2(4) for description
at the over-all project objectives and details of Phase TI
of this study.

Project 19-2(3) FY 69

Develop Performance Budgeting System to Serve
Highway Maintenance Management

Roy Jorgensen & Associates
J. L. Garner

September 2, 1968

October 31, 1968

$6,000

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

With bighway maintenance expenditures rapidly increas-
ing duc to completion of the Interstate Systemy, rising traffic
volumes, trends toward higher standards of physical main-
tenance, and more traffic services, it becomes increasingly
important that inaintenance operalions be based on reason-
able and eflective maintenance budgets,

The scope of this project was to develop independent
work plans to be used as the research plan for the second-
phase work., The work plan has been received but will not
be published. Refer to Project 19-2(4) for description of
the over-all project objectives and details of Phase II of
this study.
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Project 19-2(4) FY a9
Develop Performance Budgeting System to Serve
Highway Maintenance Management

Researcl Ageney:
Principal Trvest.:

Roy Jorgensen & Associates
Rov E. Jorgensen

J. 1. Garner

February |, 1969
November 30, 1971
$220.000

Effective Date:
Completion Dare:
Frnds:

With highway maintenance expenditares rapidly increas-
ing due to completion of the Interstate System, rising traffic
volumes, trends toward higher standards of physical main-
tenance, and more traffic services. it becomes increasingly
important thal maintenance operations be based on reason-
able and effective maintenance budgets.

Performance budgeting represents a method by which
hudgeting can be an elfective management tool. The devel-
opment of 4 performance budgeting system for highway
maintenance must be bused on at least the following factors:
the work load: the criteria for establishmenl of maintenance
levels: the levels of maintenance desired for various func-
tions; resource reguircments necessary to o provide the
selected levels of maintenance: records and reports required
to serve the budget svstem: and procedures for management
planning, evaluation, and control.

The objectives of this project were to develop a model
highway maintenance performance hudgeting system and to
pilar test the installation of the system in a State highway
department.

The objectives have been accomplished in terms of the
development of a model system that can be adapted for
use by a State highway departiment 1o make most effective
use of available maintenance funds and to assist in the
process of highwav budget and manugement planning. Pilot
installation of the model system in cooperation with the
State Highway Department of Georgia indicates that im-
plementation is feasible.

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

NCHRP Report 131, “Performance Budgeting System
for Highway Maintenance Management.”

Project 19-3 FY 71

Economic Effects of Changes in Legal Vehicle
Weights and Dimensions on Highways

Wilbur Smith and Associales
R. E. Whiteside

September 15, 1970

June 14, 1972

$96,728

Research Agency:
Principal Frnvest.:
FEffective Duate:
Complction Date!
Funds:

The Congress and State legistatures have the continuing
responsthility for considering legislation respecting legal
maximum limits of motor vehicle weights and dimensions,
When laws are changed, highway designers must take into
consideration the clffects of the new legal limits on such
things as vchicle design, vehicle use of the highways, axle
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configurations, road axle-weight distribution and frequency,
and trucking practices. These factors, among others, affect
management decisions relative to pavement design, bridge
design, and highway peomeiric design: over-all highway
maintenance policies and procedures: methods of upgrading
existing highways and bridges; and budget for highway
construction, betterments, and maintenance, Also affected
are road-user tax incomes and highway cost allocations.
However. absence of a clear definition of such things as
the interrelationship between changes in the law and axle
weights on the highway contributes to uncertainty and
makes lepislation and management decisions difficult. A
further difficulty is that knowledge helpful to the making
of decisions on the many factors involved is relatively
scarce and widely scattered throughourt the Iiteratore and
the disciplines. A synthesis of the knowledge and a de-
velopment of guidelines for cvaluating the effects of such
legislutive changes are necded to tnake this knowledge more
readily usable to State highway departments and others
muaking decisions relative to the consequences of changes
in the legal limits of vehicle weights and dimensions.

The objectives of this research were: {1} to critically
review past and current rescarch and methodologies relating
to the consequences of possible changes in legal vehicle
weipht: (2) to evaluate methodologies and procedures
identified in the review as to their reliability, adequacy, ease
of application. and other attributes: (3) to ussemble from
existing knowledge a recoinmended methodology or meth-
odologies identifying all decision points involved in reaching
a conclusion regarding costs and benefits associated with
changes in legal weights and dimension limits for vehicles;
and (4) to recommend additional rescarch and develop-
ment as may be found nccessary to fill gaps in present
knowledge.

The rescarch has been completed. and the project report
has been published as:

NCHRP Report 141, "Changes in Legal Vehicle Weights
and Dimensions—>Some Leconomic Effects on Highways.”

AREA 20:

Project 20-1
Highway Research [nformation Service

SPECIAL PROJECTS

FY '65, FY 66, and FY '67

Highway Research Board
1. Paul E. Irick

Muarch 16, 1964

October 31, 1967
$455,000

Research Agency:
Principal Frvest..
Eflective Date:
Completion Date:
Frnds:

The objectives of the Highway Research Information
Service were: (1) to select and store input information
from current and past highway rescarch that will be of
value to users of highway information, (2) to disscminate
current information to users. and (3) to retrieve relevant
information on request.

All storage and retrieval procedures are now operational,
The service, available to anyone interested, includes ab-

stracts of publications, new reports on research in progress,
and the updating of previously stored reports for ongoing
research,

Project 20-2 FY '66

Research Needs in Highway Transportation

Research Agencies:  Bertrain D, Tallamy Associates
Wilbur Smith and Associates
Lloyd G. Byrd

Paul E, Conrad

April 1, 1966

Decemnber 31, 1967

$98,760

FPrincipal Invest.:

Lflective Date:
Completion Date:
Funds:

This project developed a coordinated framework of
neceded short- and leng-range research in the field of high-
way lransportation. Major arcas of needed research were
tdentified and arranged in the pgeneral framnework.
Technical priorities of need and an estimate of the appropri-
ate level of funding for each are included. The framework
was designed In such & manner as to permit updating with
minimal cffort,

The project report gives method or concept for siruc-
turing research as developed by the research, which includes
a method for assigning priorities and costs to proposed
rescarch. The methods developed under this research were
applied to 900 proposed research project statements con-
sidered in the study to formwulate an cxampie rescarch
progrant.

The final report has been published as:

NCHRP Report 55, “Research Nceds in Highway Trans-
portation.”

Project 20-3 FY '67 and FY "68

Optimizing Freeway Corridor Operation Through
Traffic Surveillance, Communication, and
Control

Research Agency: Texas A & M University
Research Foundation

Dr, I. A, Wattleworth

Kenneth G. Courage

Dec. 15, 1966 Jan. 1, 1967
Jan. 31, 1969 Dec, 31, 1968

5384016 3200,540 *

Principal Invest.:

Effective Drate:
Campletion Date:
Funds:

To meet present and future traffic demands, the com-
bined freeway and surface street system must operate morc
efficiently. Practical measures for increasing operational
efficiency by judicious application of traffic surveillance,
communication. and control were studied for the heavily
traveled corridor of the John C. Lodge Freeway in Detroit.

The initial research program included an evaluation of
the eflectiveness of the cxisting National Proving Ground
surveillance, communication, and control system, and its
individual components. Methods were determined for in-

* 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.




creasing the effectiveness of the freeway and surface street
systemn, and cquipment configurations were recommended
to improve the system based on a cost-effectiveness study.

A technical report, “An Evaluation of Two Types of
Freeway Contrel Systems,” covering the 1967 rescarch
work was submitted and accepted. The report includes an
evaluation of the initial NPG television and advisory speed
and lane-control signs and a description and evaluation of
the ramp-metering system. Six additional reports were
prepared covering the 1967 research work.

The major work items proposed for completion in 1968
were a pilot study of a freeway-frontage road driver infor-
mation system, further frecway operations studics using
improved detection and refined control techniques, environ-
mental effects studies, pilot equipment studies for traffic-
responsive signal control throughout the corridor, and a
preliminary design for a more extensive driver-communica-
lion system to include the surface strects within the corri-
dor. The project report for the 1968 work, “A Freeway
Corridor Surveillance, Information, and Control System.”
was accepted but not published. A summary of the work
has becn provided in the report preparcd under Project
20-3C.

At the end of 1968 the research agency requested, due
to extensive other research commitments, to be relieved of
further work. A continuation proposal was requested from
the University of Michigan, The research was continued
under Project 20-3A.

Project 20-3A FY 6% and FY 70

Optimizing Freeway Corridor Operation Through
Traffic Surveillance, Communication, and
Control

University of Michigan
Dr, Donald E. Cleveland

Research Agency:
Principal Invest.:

Effective Date: Nov. 20, 1968 Jan. 1. 1969
Completion Date: May 31, 1971 Dec. 31, 1969
Funds; $505,631 $20,000 T

This project was a continuation of the 1967 and 1968
research conducted by the Texas Transportation Institute
under Project 20-3.

The basic tasks and their respective components of the
1969 research work were designed to develop information
required for the ultimate synthesis of a traffic surveillance,
driver information, and control system capable of real-time
control of traffic throughout an entire network of arterial
strects antd freeways. The topics included (1} detection of
capacity-reducing incidents, (2) improved ramp control
techniques and environmental cflects, (3) pilot studies of
freeway-frontage road informational system, (4) an ex-
periment in traffic routing within the freeway corridor, and
{5) observation of freeway operations, Draft reports on
the topics of the 1969 research work have been accepted
by the project committee.

t NCHRP funds obligated under the $70,000 five-way agregment
among the Wational Academy of Seiences, Michigan Department
af State Highways, Wayne County, the City of Detroit, and the
University of Michigan.
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The 1970 research had the general objective of improv-
ing the combined level-of-service on the Freeway and the
supporting street network, The work was divided into four
principal tasks, all of which were completed: (1) im-
provement of ramp metering and freeway corridor flow;
(2) improvement of Davison-Lodge interchange operation;
(3} determination of the elfect of weather on freeway cor-
ridor operations; and (4) long-tcrm motorist response to
the information system,

Draft final reports on the results from the work under
the tasks were accepted and are available on a loan basis
on request to the Program Director. They, along with the
1969 reports, have not been published, but are summarized
in the report prepared under Project 20-3C.

Project 20-3B  FY '70

Optimizing Freeway Corridor Operation Through
Traffic Surveillance, Communication, and
Control—Summary Reporting

Patrick J. Athol
Patrick J. Athol

Research Apency:
Principal Invest:

Effective Date: July 1, 1572
Termination Date: September 27, 1974
Funds: §31.116

Because o substantial body of knowledge relative to
more cfficient operation of systems made up of freeways
and adjacent strcets has been acquired through NCHRP
Projects 20-3, 20-3A, and studies under other programs,
Project 20-3B was cstablished with the following objec-
tives:

1. Preparation of a report suininarizing the main find-
ings of freeway surveillance and control on the John C.
Lodge Freeway in Detroit. The end product of this
synthesis was to have been one report that sumarized all
historic and technical activities of the research conducted
by the State of Michigan and under the NPG and NCHRP
Projects 20-3 and 20-3A. The major emphasis was to be
placed on reporting on usable results that have been found
to be practical on the Lodge project.

2. Preparation of a report in the vein of “Getting the
Most Service from Freeways,” using published research
reports and the cxperience available from past and ongoing
freeway trailic operations projects.

Objective 1 was advanced only to the point of a prelimi-
nary report that was submitted to the NCHRP project panel
for an acceplance review. Based on this review, exten-
sive revisions were required. They were begun but were
never completed: thercfore, a revised report was never sub-
mitted. Some work was carried out toward Objective 2,
but, although the original completion date had been over-
run by a year, it was not substantial and never progressed
to the point of a preliminary report. Still another extension
was Imminent; bowever. the contractor chose to quit with-
out fulfilling the objectives set forth in his proposal. By
mutual agreement, the project was terminated, This re-
scarch was resumed under Project 20-3C.
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Project 20-3C TY 70
Summary of the Lodge Freeway Research

Asriel Taragin
Asriel Taragin
November 15, 1975
July 15, 1976
$10.183

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

This project was initiated to prepare a summary report
outlining the main findings from a long series of freeway
surveillance and control studies on the John C. Lodge
Freeway in Detroit. The historical research has been
completed, and a report has been submitted. It covers the
objectives, arganization, and data, as well as the results,
conclusions, and recommendations associated with each
stage of the traffic research studies, References to adl pub-
lished and unpublished reports as well as file documents
pertinent to the background of the studies have been up-
propriately identificd.

The report has been distributed to the sponsoring
agencies.

A copy of the agency’s final report may be obtained from
University Microfilms International, 300 North Zechb Road,
Ann Arbor, Michigan 48106.

Project 20-3D FY 70

Summary of All Freeway Surveillance, Communica-
tion and Control Experience

Alan M. Voorhees & Associates
Dr. Donald G. Capelle

May 15,1977

Auvgust 15,1978

S40, 004

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

This project complements Project 20-3C. Tt was ¢stab-
lished to preparc a summary report of all experience with
the surveillance, communications, and traffic control aspects
of freeway operations, The project will draw on both pub-
lished rescarch reports and other experience available from
relevant rescarch projects. The final report is iniended,
thercfore, to synthesize past and present practices and to
provide judgmental values on their merits and successes in
order to aid highway administrators in decisions related to
freeway operation problems,

Rescarch is in progress. All field interviews have been
completed, and final repori preparation is under way.

Project 20-4 FY '68

Public Preference for Future Individual
Transportation

Chilton Rescarch Services (CRS)

National Analysts (NA)

Robert K. McMillan

James M. Marshall

Rescarch Agencies:

Principal Invest.:

Effective Date:
Completion Date:

May 2. 1967

January 21, 1969 (CRS)
January 2, 1968 (NA)
£279,171

Reliable information is necded on public attitudes and
behavior relating to transportation and the factors that in-
fuence these to permit more cffective planning for the
allocatton of resources for transportation purposes. The
ohjective of this research was to determine the attitudes and
hehavior of the public related 1o transpertation und iden-
tify the factors that influence such attitude and behavior.

To determine the foregoing, two independent national
sumples of 2.500 interviews cach were surveved in Mayv
1967 by the two separate agencics. The surveys used the
same guestionnaire. so that after an initial statistical evalua-
tion between the two surveys the results could be combined
for a more detailed analvsis. The survey was designed to
determine what people think abhout the importance of vari-
ous trapsportation modes and the sources and distribution
of transportation financing. Attitudes were related to peo-
ple characteristics, transportation and community values,
transportation needs, and recorded hehavior. This project
presents a valid nationat description of transportation atti-
tude and hehavior patterns with determination of differences
in social, economic, demographic, and geographic sub-
groups.

A first-phase report was published in 1968 as:

NCHRP Report 49, “National Survey of Transportation
Attitudes and Behavior —Phase 1 Summary Report.”

This report presents @ preltiminary analysis of the nation-
wide survey data. It includes a comparison of household
and individual characteristics for hoth survey samples and
a question-by-question analvsis of the total sample.

A second-phase report has been published as:

NCHRP Report 82, "National Survey of Transportation
Attitudes and Behavior- ~Phase IT Analysis Report.”

This report presents results of a more advanced statistical
anatysis of the data. This analysis is multi-variant in nature:
that is, it considers many variables simultaneously to obtain
a comprehensive view of transportation attitudes, their rela-
tion to behavior and demographic characteristics, and pro-
files of people holding these views.

The report includes 16 charts that indicate attitudes,
according to eight detnographic variables, toward spending
for roadways and highways and public transportation. The
report deals comprehensively with data by describing the
methodology, statistical methods used, and the detailed
findings.

Funds:

Project 20-5 FY '68 and continuing

Synthesis of Information Related to Highway
Problems

Transportation Research Board
Dr. Paul E, Irick

T.1. Copas

December 15, 1967

Research Agency:
Principal Invest.:

Effective Date:




Completion Date:
Funds:

Continuing

$100,000 annually, FY "68-'71
5200.000 annuaily, FY "72-75
5300.000 annually, FY "76-'77
$£330.000 FY 78

Administrators, practicing enginecers, and researchers are
continually faced with highway problems on which much
information ¢xists, either in documented form or in terms
of undocumented experience and practice. Unfortunately
this information is often fragmented, scattered, and un-
evaluated., As a comsequence. full information on what
has been learned about a problem is frequently not brought
to bear on its solution. Costly research findings may be
unused, valuable experience may be overlooked, and due
consideration may not be given to recommended practices
for solving or alleviating the problem.

In this project. particular highway problems. or sets of
closely related problems, will be designated as topics for
information svnthesis.

For each topic the objectives are:

1. To locate and assemble documented information.

2. To learn what engineering practice has been used for
solving or alleviating the problem.

3. Toidentily all ongoing research.

4. To learn what problems remain largely unsolved.

5. To ortganize, evaluate, synthesize, and document the
useful information that is acquired.

6. To evaluate the effectiveness of the synthesis after
it has been in the hands of its users lor a period of time.

The 46 published syntheses of highway practice that
have been prepared under this project are listed in Table 7.

The following topic reports have been completed and are
in the NCHRP editorial and publication process: “Priority
Programming and Project Sclection:™ “The Efect of
Weather on Highway Construction:” “Recycling Materials
for Highways:” “Open-Graded Friction Courses.”

The Tollowing reports are in the review stage: “Dura-
bility of Drainage Pipe:™ “Rehabilitation of PCC Pave-
ment loints;” “Precast Concrete Elements for ‘Transporta-
tion Factlities.”

The following topics are in the rescarch stage: “Bus
Transit Service Planning Guides:” “Construction Contract
Statfing:™ “Design and Use of Highway Shoulders:” “State
Highway and ‘transportation Data Storage and Retrieval
Systeins:” “"Maintenance Equipment: Management and Se-
lection Systems:” “Photologging;” “Relationship of Asphait
Cement Propertics to Paveinent Durability;”" *“Bituminous
Patching Mixtures;” “Bridge Deck Durability;” “Variable-
Message Signs:” “'Relation of Quality Assurance to Per-
formance;” “Alternate Work Schedules: Experience and
Transportation Impacts;” “Dircction Finding from Arterials
to Destinations:” “The Nature of Failure and the Repair of
Continuously Reinforced Concrete Pavement:” “Potential
State Resources for Financing Transportation Programs:”
“Design of Sedimentation Basins;” “Glare Screen Guide-
lines:” "Welding and Inspection Practices in Bridge Fabri-
cation:” "Rapid Testing;” “Environmental Monitoring (Air,
Water, Noise).”
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Project 20-6 FY '69 and continuing

Right-of-Way and Legal Problems Arising out of
Highway Programs

Revearch Ageney:
Principal Invest.:
Effective Date;
Completion Date:
Funds:

Transpertation Research Board
John C. Vance
November 1, [968
Continuing
$200,000 FY "69-'71
$125.000 FY '72
$50,000 FY '713
$185,000 FY 74
$125000 FY '75
583000 FY 76
$75.000FY 77
S100.000 FY 78

A major and continuing neced of State highway depart-
ments involves the assembly, analysis, and evaluation of
operating practices and the legal elements of special prob-
lems involving right-of-way acquisition and control and
highway law in general. Individual Stale experiences need
to be compared and made available for possible applica-
tion nationally. Need exists with respect to both immediate
and longer-range right-of-way and legal problems.

In spite of this critical need today, there is really no
present mechanism that is capable of responding in time
to be of practical assistance to State highway departments,
The Right-of-Way and Legal Affairs Committee of the
American Association of State Highway Officials has tried
all of the known channels in an effort to initiate such re-
search, but the response has been negative for one reason
or another.

Accordingly, State highway officials have agreed that an
appropriate mechanism he initiated under which needed
research of the type suggested can be undertaken and with
dispatch. Prototypes of such a device may be found in the
various AASHO and HRB road-test projects that have been
undertaken and. perhaps more closely related, in the 1956-
60 special HRB Highway Laws Project.

NCHRP Project 20-6 has been established to meet the
aforementioned need and is a continuing effort involving
research on a priority listing of topics sclected by the
cognizant NCHRP project committee. The topics of con-
cern to date are:

Study No. 1—Relocation Assistance Under Chapter Five
of the 1968 Federal-Aid Highway Act (Re-
search Results Digest No. 3)

2—Standing to Sue for Purposes of Securing
Judicial Review of Exercise of Administra-
tion Discretion in Route Location of Fed-
eral-Aid Highways (Research Results Di-
gest No. 6)

3—Valuation Changes Resulting From Influ-
cnee of Public Improvements (Research
Resulis Digest No. 11}

4—Advance Acquisition Under the 1968 Fed-
eral-Aid Highway Act (Research Results
Digest No. 19)

5—Valuation in Eminent Domain as Affected

Study No.

Study No.

Study No.

Study No.
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Study No.

Study No.

Study No.

Study No.

Study No

Study No

Stucdy No

Study No

Study No

Study No

Study No

Study No

Study No

Study No

Study No

Study No

Study No

Study No

by Zoning (Research Results Digest No.
22)
6—Fecderal  Environmental Legislation and
Regulations as Affecting Highways (Re-
search Results Digest No. 25)
7—Changes in Existing State Law Required
by the Uniform Relocation Assistance and
Real Property Acquisition Policies Act of
1970 (Research Results Digest No. 32)
8- -Proposcd Legislation to Authorize Joint De-
velopment of Highway Rights-of-Ways (Re-
search Resuits Digest No. 31)
9 legal Effect of Representations as to Sub-
surface Conditions { Research Results Digest
No. 39) =+
. l0—Right of State to Rccover Contract Pay-
ments Made Under Contract Violating
Competitive Bidding Statute (Canceled)

. 1 1—Personal Liability of State Highway Depart-
ment Officers and Employees (Research Re-
sults Digest No. 79y 5

. 12—Tort Liability of Highway Departmenis
Arising Out of Skidding Accidents (Re-
search Results Digest Nos. 83 and 95)*%

. 13—Appeal Bodies for Relocation Assistance
{Rescurch Resuits Digest No. 40)

.14 -Admissibility and Use of Severance Studies
in Condempation Litigation (Tecrminated
due to insufficient data on which to base the
study)

. 15—Trial Strategy and Techniques to Exclude
Noncompensable Damages and Improper
Valuation Methods in Eminent Domain
Cases (Research Results Digest No, 41}

. I6—Supplementul Condemnation: A Discussion
of the Principles of Excess and Substitute
Condemnation (Research Results Digest
No. 42)

. 17—Liability of State Highway Departments for
Design, Construction, and Maintenance De-
fects {Research Results Digest No. 80)=*

. 18—Compensability and Valuation of Noise,
Pollution, and Other Environmental Factors
{ Abandoned)

. 19- -Right of State to Sccure Judicial Review of
Federal Administrative Decisions  (Study
abandoned duc to insufficient amount of
case Jaw)

. 20—Meaning of “Highway Purpose™ { Canceled)

.21—Duty to Warn Against Highway Defects
{Study abandoned du¢ to insufficient
amount of case law)

. 22—-Compensability for Consequential Damages
Resulting from  Partial Take or Taking
Without Appropriation and Entry Upon the
Land {Canceled)

. 23—Exclusion of Valuation Changes Resulting
from Influence of Public Improvement: A

Study of the Provisiens of 42 U.S.C. 4651
{3) (Research Results Digest No. 45)

Study No. 24—Eminent Domain: An Overview *

Study No. 25—Where Does Police Power End and Eminent
Domain Begin? *

Study No. 26—Just Compensation and the Doctrine of
Damnum Absque Injuria *

Study No. 27—The Meaning of Highway Purpose (Re-
sgarch Results Digest 68)*

Study No. 28— Valuation of Outdoor Advertising Rights

Study No. 29—Valuation of Scenic Eascments (Canceled)

Study No. 30—Liability for Drainage Damage *

Study No. 31—Trial Strategy and Techniques Using the
Income Approach to Valuation (Research
Results Digest No., 54)*

Study No. 32—Triat Strategy and Techniques Using the
Comparable Sales Approach to Valuation
(Rescarch Results Digest No, 47}*

Study No. 33—Trial Stratecgy and Techniques Using the
Reproduciion Cost Less Depreciation Ap-
proach to Valuation *

Study No. 34—Trial  Aids  in Highway Condemnation
Cases *

Study No. 35—Modcl Airspace Act: A Vehicle for Joint
Development *

Study No. 36 — Formation of the Contract *#

Study No. 37—EHect of Mistzkes in Bids, Plans and Speci-
fications **

Study No. 38—Legal Problems Arising from Changes,
Change Clauses and Changed Conditions **

Study No. 39—Contract Completion Time: Damages for
Deiay; Liguidated Damages: Work Stop-
puge Under Court Order **

Study No. 40—Administrative Settlement and Disposition
of Claims **

Study No. 41—Trial Stratcgy and Techniques in Contract
Litigation **

Study No. 42—Fnvironmental  Litigation: Rights and
Remedies **

Study No. 43—Trial Strategy and Techniques in Environ-
mental Litjgation **

Study No. 44—Legal Interrelationship of the Federal and
State Governments **

Study No. 45—Review of the One¢-Offer System of Right-
of-Way Acquisition

Study No. 46—Liability of Governmental Agencies for Im-
propet Traflic Control Devices, Signs, and
Pavement Markings *

Study No. 47- -Supplementation of Studies 15, 31, 32 and
33, and Project 11-1(2)

Study No. 48—Supplementation of Studies, 3, 4, and 5.

Study No. 49—TInverse Condemnation

Study No. 50—Payment ol Attorneys” Fees and Other
Costs in  Condemnation and Environ-
mental Litigation

Study No. SI—Appraisal of Property Damages Due to
Highway Noise

* Published In Selected Siudies in Highway Law, Vols. 1 and 2.
*2 Published in Selecred Smdier in Highway Law, Yol 3.



Study No. 52—The Use of Guarantee or Warranty Clauscs
in Highway Construction Contiracts

Study No. 53—Impact of Civil Rights Legislation and
Regulations on State Highway and Trans-
portation Department Activities

Study No. 34—0utdoor Advertising Control and Acquisi-
tion

Study No. 55—Legal Issues Arising out of Uniform Relo-
cation Assistance and Real Property Ac-
quisition Policy Act of 1970

Study No. 56—Evaluation of the Adequacy and Equitabil-
ity of Relocation Assistance Payments

Study No. 57—I1.cgal Aspects of Access Control on Un-
limited-Access Highways

Study No. 58- -Zoning Changes Adjacent to Highways as
a Result of the Highway Beautification Act

Study No. 39—The Effcet of Federal and State Public In-
formation Acts on Highway and Trans-
portation Department Activities

Studies compicted under this project are published as
NCHRP Research Results Digests (see Table 9}, In addi-
tion, most recently completed studies have also been in-
cluded in the threc-volume text, Sefected Studies in High-
way Law, Volumes I and 11, dealing primarily with the law
of eminent domain, were published in 1976 and distributed
on a limited basis lo selected state and federal offices.
Volume III, dealing with contracts, torts, environmental
and other arcas of highway law, was puhlished in late 1977.
Information on ohtaining copies of this text may be found
in NCHRP Research Results Digest 96 or by contacting
the Transportation Research Board Publications Office.

Research on Study No. 45 has been completed, and
copies of the final report have heen distributed to NCHRP
sponsors, Loan copies are available from the NCHRP
Program Director.

A copy of the agency’s final report may be obtained from
University Microfilms International, 300 North Zeeb Road,
Ann Arbor. Michipan 48106,

Future work in this conlinuing project will include
rescatch on new topics of current interest in both the
right-of-way and legal ficlds, Updating and supplement-
ing the text book wil] also be conlinued.

Project Committee SP20-6 on August 4, 1976, autho-
rized research on Studies No. 46 through No. 59. Through
December 31, 1977, research has begun on Studies No. 47
through 51, 54, and 57.

Project 20-7
Research for AASHTQ Standing Committee on

FY ‘69 and continuing

Highways
Research Agency:
Principal Invest.: Open
Effective Date: December 2, 1968
Completion Date: Continuing

Funds: $100,000 annually

The American Association of State Highway and Trans-

13%

portation Officials {AASHTO} Standing Commitiee on
Highways is called on continually to rule on cngincering
and operations policies as a guide lor State highway and
transportation departments to follow. The Committee de-
sires to obtain guidance on a reasonably prompt schedule
through a continuing research program geared to the needs
and wishes of the Committee in the development of guides,
standards, policies, and other AASHTO activities. In earlier
years. ohjeclives of the Committee were attained through
the estahlishment of a continuing research capability at the
Texas Transportation [nstitute (TT1) of Texas A&M Uni-
versity. In June 1973, the Committee stipulated that ac-
complishment of task research could be through any agency
decmed by the NCHRP to possess the necessary experlise,
provided the research could be initiated guickly.

The project includes a series of tasks specified by the
Committee to obtain data required by the Committee to
fulfill its responsibilities.

The tasks underlaken in this project and the status of
each are as follows:

Task 1, “Development of a Cost-Effcetiveness Approach
to the Programming of Roadside Safety Improvements”
(TTI). Rescarch has been completed, and the task report
published as NCHRP Report 148, “Roadside Safety Im-
provement Programs on Freeways—aA Cost-Effectiveness
Priority Appreach.” The report describes a hazard model
that can be used to evaluate the effectivencss of a roadside
safety improvement program.

Task 2, “The Relation of Side Slope Design to Highway
Safety” (TTIL). Research has heen completed, and the task
report publisbed as NCHRP Report 158, “Selection of Safe
Roadside Cross Sections.” Tentalive criteria for the selec-
tion of safe side slopes and safc slope and ditch combina-
tions are proposed.

Task 3, “Development of an Effcctive Earth-Berm Ve-
hicle Deflector” (TTI). The final report has been com-
pleted. and the results summarized in NCHRP Research
Resnits Digest 77. The study was exploratory in nature,
and further research is recommended.

Task 4, “Latcral Accelerations and Lateral Tire-Pave-
ment Forces in a Vehicle Traversing Curves Relative to
Available Pavement Skid-Resistance Mcasures (TTI). The
final report has been completed and accepted by the
AASHTOQ Standing Committee,. NCHRP Research Results
Digest 55 summarizes the results of the study, The study
found that, although morc needs to be known about the
limitations of the existing AASHTO curve design policy,
the present policy will in most instances provide safe, con-
servative designs for highway curves.

Task 5, “Effect of Curb Geometry and Location” (1'TI).
Research has been completed, and the task report published
as NCHRP Report 150, “Effect of Curb Geometry and Lo-
cation on Vehicle Behavior.” The study provides recom-
mendalions regarding curb configuration and placement.

Task 6, “Development of Iimpact Attenuators Utilizing
Waste Materials” (TTI). Various used-tire configurations
and a fiberized aluminum product were examined in the
laboratory and analytically, and by full-scale field testing in
some Instances, to delerming feasibility and to develop de-
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sign information regarding the use of these materials for
vehicle impact attenuation. Research has been completed.,
and the task report published as NCHRP Report 157,
“Crash Cushions of Waste Materials,” Designs are pro-
poscd lor attenuators using two different configurations of
scrap tires,

Task 7, “Safety at Narrow Bridge Sites™ (TTI). Re-
search has been completed. A bridge hazard index is pro-
posed for assessing the degree of hazard of narrow bridges.
Guidelines are offered for remedial treatments at narrow
bridges. The essential findings have been published in
NCHRP Rescarch Results Dipest 98, The revised agency
report will be published in the NCHRYP report series.

Task &, “Energy and Transportation Systems™ {Cali-
formia Department of Transportation). This study is
designed to cstahlish “energy factors” for the various
eleinents of cnergy use in constructing, maintaining, and
operating iransportation systems: to develop procedures for
evaluating the energy use by such systems by applyving the
established enerpy factors; and o develop a rational method
for reporting the results, Research has been completed, and
the preliminary draft report is in the review and revision
process.

Task 9, “Review of Highway Management Studies
Co-Sponsored by AASHTO and HUFSAM” ( Management
and Transportation Associates. Inc.) This was an evalua-
tion of the Highway and Transportation Management In-
stitute and the National Highway and Transportation Man-
agement Conference that have been offered annually over
the past several years to improve the management skills of
highway department personnel, The study findings indicate
that there is o continuing need within highway and trans-
portation agencies for management training, but it is be-
coming increasingly difficult to justify the travel. time, and
cxpenses required by the courses currently being scheduled.
As an alternative, the report recommends development of
a lwo-week course Lo be presented once each year in each
of the four AASHTO rtegions. Rescarch has been coni-
pleted. and copics of the agency report distributed to the
Program sponsors.

Tusk 10, "Review of Vehicie Weight/ Horsepower Ratio
as Reluted to Passing-lane Design Criteria” (The Penn-
sylvania State University), The current AASHTO publica-
tions on highway geometries use u loaded truck with weight/
horsepower ratio of 400: 1 as the desizn vehicle in determin-
ing the need for passing lanes on hills. The objective of this
task was to cvaluate the currently used design vehicle, Re-
search has been completed. A recominendation is made
that a truck with a weight/horscpower ratio of 300:1 be
uscd where truck traffic is the controlling factor. An aulo-
mobile pulling a travel trailer with o comhined weight/
horsepower ratio of 60:1 is recommended as the design
vehicle on sections of highway not subjected to truck traffic
but heavily used by recreation vehicles. The project report
will be prepared and dJistributed to the prograin sponsors.

Task 11, “Longitudinal Occupancy ol Freeways by Utili-
lies” {(Byrd, Tallamy. MacDonald and Lewis). The objec-
tive of this task is to determine the over-ail feasibility and
practicality of jJoint occupancy of freeway ROW by trunk-

line and transtnission-type utility facilities, Research is in
progress,  Interviews have been conducted with highway
and wtility personnel. Existing joint occupancy sites are
being studied for identification of potential problems. Pos-
sible benefits to the general public are being assessed.

Task 12, "Guidelines for Cilizen Participation in Trans-
portation  Plunning™ (Kathleen Stein Hudson). The
AASHTO Sianding Committee on Planning has been com-
piling tnaterial for preparation of guidelines for citizen par-
ticipation in transportation planning. The objective of this
task is to prepare draft guidelines from the materials that
have been compiled. Rescarch is in progress. The ma-
terials have been reviewed. and a preliminary draft of the
guidetines prepared. The draft is being reviewed by the
AASHTO commitiee,

Task 13. "Guidelines for Safely Criteria for Low-Volume
Roads™ {John C. Giennon). The objective of this task s
lo cvaluate and suggest maodifications for existing safety
criteria with regard to their applicability and relevancy for
roads carrying less than 400 vehicles per day at normal and
reduced speeds. Research is in progress.

Task 14, “A Policy on Geometric Design of Highways
and Streets™ f(agency sclection pending). The Task Torce
on Geometric esign of the AASHTO Operating Sob-
Committec on Design is in the process of upduting the cur-
rent AASHTO publications, 4 Palicy vn Geometric Desion
of Rural Highways—I1965 (Blue Book) and A Policy on
Design of Urban Highways and Arterial Streefs -1973
(Red Book)}. Mujor portions of the revised publication
have heen compiled, reviewed. and incorporated into chap-
ters in rough-draft form of a new AASHTO publication,
A Policy un Geonietric Design of Highwavs and Streets.
The objective of this task is the preparation of an edited
version of the new publication for consideration by
AASHTO.,

Project 20-B FY 'T1

Interactive Graphic Systems for Highway Design

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

Control Data Corporation
C. W. Betlfuss

September 1, 1970

July 31, 1971

$49,672

Improved technigues and procedures making extensive
use of computer and computer-graphics technology are
being developed to enhance highway location and design.
Ome prominent highway design evaluation capability under
development is the ability to produce, on a varicty of
compuler-controlled graphic display devices, perspective
views hased on computed design information and actual
terrain data. Highway enginecrs, by making use of these
new capabilities, will he better able to achieve optimal
highway designs expeditiously,

To make effective use of the new graphic display evalua-
lion techniques, there is a need for a man-machine inter-
action capability for revising highway designs. The man-
machine interaction is the ability of the highway designer
to make discrete changes to design parameters as a result




of evaluating graphic displays, including animated perspec-
tive views, and directing the computer to modify all stored
data and produce new displays that reflect the design
parameter changes.

This project was a feasibility study to determine the costs
and benefits associated with the development of an Inter-
active Graphics Road Design System (IGRDS}. The
agency determined that IGRDS is feasible and produced
cost and bencfit figures to support that finding. The final
report will not be published in the NCHRP report series;
howewver, 4 summary 1s included in NCHRE Summary of
Progress Fhrough 1972,

A copy of the agency’s {inal report may be obtained from
University Microfilms International, 300 North Zeeb Road.
Ann Arbor., Michigan 48106,

Project 20-9 FY 73

Socioeconomic Consequences of Right-of-Way Acqui-
sition Induced Resident Dislocation

Research Agency:
Frincipal Invest.:
Effective Date:
Completion Date:
Frinds:

RMC Research Corporation
Jon E. Burkhardt

August 1,1972

December 17, 1976
$214.279

Residential dislocation is one of the inajor direct conse-
quences of urhan highway projects. Geographic and socto-
econonic characteristics are of critical importance in
predicting the impact of such dislocation on both the dislo-
cateces themselves and on residents remaining in the area
from which the dislocation occurs. There has been a
critical need:

1. For improved methodologies to serve as a basis for
highway route location and design decisions and to conform
te study and reporting vequirements of pertinent federal
legislation and repulations,

2. To identify the needs for further cquity adjustments
in relocation assistance activitics and programs.

The objectives of this research were (1) to identify the
relevant variables and develop techniques for using these
variables in predicting the dislocation consequences of
alternate route and design proposals, und (2) to identify
related legislative or regulatory constraints.,

Early in the project. a preliminary hypothesis was estab-
lished which identificd problems, variables and predictive
techniques to be examined in case studics. Subsequently,
compensation issues were identified. Home interview data
were collected from displacees before and after mov-
ing at six sites geographically distributed throughout the
United States.

Preliminary analyscs of the data show that compensa-
tion inequities exist only lor the elderly. The relocation
process itself, rather than socioeconoinic variables, was
shown to be correlated to measures of happiness and
satisfaction. In other words, soctocconomic characteristics
were not found to be of importance in predicting the
impact of residential dislocation on dislocatecs. A report
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carrying the project title presents the results of a prelim-
inaty analysis and tentative recommendations for im-
proving the relocation process. The report is available
from the NCHRP Program Director on a loan basis,

Arrungements are being made (o make the data available
to other investigators who may wish to pursue further data
analysis. Inquiries should be directed to the NCHRP Pro-
gram Direcror.

Project 20-10 FY 73

The Benefits of Separating Pedestrians and Vehicles

Research Ageney:
Principal Invest.:

Stanford Research Institute
Ronald [.. Braun

Marc Roddin

August 26, 1974

April 30, 1976

S100.000

Eficctive Date:
Completion Date:
Funds:

In recent decades, the pedestrian has not been given ade-
guate consideration in the decisions for person mobility.
Increasing concern for the environment, safety. energy.
community cohesion, and health have contributed to a
social awareness of the pedesirian. In determining use of
space, an inherent conflict exists between vehicles and
pedestrians. There has been a need to identify and mea-
sure benefits ol separating pedestrians and vehicular traffic.

The gencral objective of this research was to identify
and quantify the benefits related to separation of pedes-
trians and vehicles and develop techniques Tor relating
these benefits to the evaluation of proposals for separation.

Four categorics of direct and indirect benelits of scpa-
rating pedestrians from roadway traflic have been identi-
ficd. These were (1) transportation: (2) safety. health,
environment; (3) residentialsbusiness; and (4) environ-
miental/institutional,  The beneficiaries of these benefits
have been defined. A methoadology has been developed to
weight the benefits identified according to values held by
decision-makers and/or the community at large. The
mecthodology has been tested at ficld sites in Seattle,
Wash. (a highway overpass): Brooklvn, N. ¥. (a mall);
and Ottawa, Ont. (a mall}.

Research has been completed, and the Anal report is in
the NCHRP editorial and publication process.

Project 20-11 FY 73

Toward Environmental Benefit/Cost Analysis—
Measurement Methodology

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

Polytechnic Institute of New York
Dr. Edmund J. Cantilli

September 1, 1972

May 31,1974

$100,000

Environmental factors are Deing given increasing con-
sideration in the provision, and operation, of public {acili-
ties, including highways. Consequently, it is frequently
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necessary not only to compare facility effects on various
aspects of the environment bul also to compare effects on
the environment of one facility alternate to another, It is
also necessary, in order to choose among alternative facility
plans, designs, and construction techniques, to assess their
differential environmental effects and costs in the context of
total benefits and costs.

Whereas various analytical methods are recognized as
providing assessments of transportation benefits and costs,
only very limited mecthods that are readily understood by
thc public have been developed for the assessment of
environmental benefits and costs.

The hasic objective of this project was to develop
methods that are readily understood by the public for the
qualilative cvaluation of environmental values. Moreover,
the methods should be practical and immediately imple-
mentable by responsible agencies.

The specific rescarch objectives were to:

1. Identify and categorize environmental elements that
are affected by the provision and operation of transporta-
tion facilities. These clcments may be positive and/or
negative, local and/or regional, long- and/or short-term.

2. Determine the significant elements and the relation-
ships among these clements that may be altered by trans-
portation facilities.

3. Develop quantitative scales for measuring quality
levels of those cnvironmental elements or categories, as
appropriate, that have bcen identified as significant in
Item 2.

4, Devclop a method to identify threshold lcvel(s} of
adverse and beneficial effects on the quality scales defined
in Item 3 for sclected environmental elements and/or cate-
gories as appropriate,

The scope and dircction of this project were modi-
ficd to restrict the definition of “environment” to ecological
and physical considerations, In addition, an energy con-
cept was pursued by the rcscarch tcam, and attempts were
made to develop it for use. This concept s a numerical
means of calculating the energy lost by an ecosystem when
a facility destroys part or all of a given system. The cn-
crgy approach also permits comparisons to be made on
various levels—such as nationwide, regional, statewide, and
local—between energy lost, cnergy used in huilding the fa-
cility, and energy to be used in operating the facility. The
procedure allows for a comparison of the ecological impacts
for transportation alternatives. The concept was applied
to the Oyster Bay Bridge (New York) and U.5. Route 29
(Kansas).

The research has becen completed. The final report will
not be published, but the agency’s unedited final draft may
be borrowed from the Program Dircctor, NCHRP, or pur-
chased from University Microfilms International, 300 North
Zech Road. Ann Arbhor, Mich., 48106, The findings from
this research are to be summarized in two Research Results
Digests.

Project 20-11A FY 74

Toward Environmental Benefit/Cost Analysis—Mea-
surement Methodology

Research Agency:
Principal Invest.:

Cornell University

Dr. Arnim H. Meyburg
Mitchell J. Lavinc
Septernber 1, 1975
November 30, 1976
$27.212

Efective Date:
Camnpletion Date:
Funds:

Since the passage of the Wational Environmental Policy
Act of 1969 and other similar legistation spurred by grow-
ing environmental concerns, there has been an increasing
demand to develop practical and meaningful environmental
tmpact assessment methodologies. The task has proved to
be difficult due to the diversity of disciplines involved.
The aspect of diversity of impacts is accentuated with large
projects such as most transportation facilities. Conse-
quently, there exists a need for a comprehensive approach
to environmental impact assessment, a multidisciplinary ap-
proach cmbracing a wide array of physical. natural, and
social science concerns capable of dealing with the exten-
sive networks of interactions that constitute the enviren-
ment of any project,

A start has beer made in developing a usable method-
ology in assessing environmental impacts of transportation
facilities using the energy-flow concept. It was recognized
that similar research may bc under way in other felds.
Further development of the concept for transportation fa-
cilities planning should reflect the state of the art in all
relevant ficlds.

The gencral objective of this research was to identify
and describe programs of research being undertaken or
completed that use the cnergy-flow concept to measure
impacts of man-made changes in ecosystems. Specifically,
the following tasks were completed:

1. The identification and description of relevant research
programs, including a literaturc scarch, a description of
each of the rescarch programs, and a description of suppor-
tive rescarch information.

2. Evaluation of potential applications to transportation
facilities planning.

3. The formulation of rccommendations identifying par-
ticularly promising programs or findings and recommen-
dations necessary for further development and imple-
mentation of an energy-flow analysis methodology for
transportation-facilities planning.

Research on this project has been completed, resulting in
initiation of Projects 20-11B and 20-11C. The agency's
draft final report, “Toward Environmental Benefit/Cost
Analysis:  Measurement Mcthodology,” is available for
purchase, and a cheek or inoney order in the amount of
38.00 should be made payable to Transportation Research
Board and sent to the Publications Office, Transportation
Research Board, 2101 Constitution Avenue NW, Washing-
ton, D.C. 20418,



Project 20-11B FY 74

Toward Environmental Benefit/Cost Analysis—
Energy-Flow Analysis (Manual)

Cornell University

Dr. Arnim H. Meyburg
Mitchell J. Lavine
January 24, 1977
October 23,1978
£140,000

Research Apency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

A start hus been made in developing a usable method-
ology for assessing ¢nvironmental impacts of transporta-
tion facilities using the energy-flow concept. However,
there is no onc source available now that succinctly de-
scribes the theories, tools, procedures, and data sources
necessary to apply the cnergy-flow analysis methodology.
An applications manual will help to assure that the meth-
odology is thoroughly understood and readily usable.
Such a reference will explicitly describe the procedures
involved and identify their range of applicability in the
transportation field.

The genecral objective of this rescarch 1s to develop a
user-oriented manual to assist any state or local transpor-
tation agency in conducting environmental analyses using
the energy-flow concept. This work will build on the find-
mgs of NCHRP Project 20-11A and other related research
cflforts. The manual will be designed for direct use in
project development and system analysis for the movement
of people and poods and will emphasize simplified tech-
nigues not requiting computer application. It will include,
4% a minimum:

1. A step-by-stcp description of the procedure for
encrgy-flow analyses.

2. A checklist and brief discussion of specific parameters
(e.g., productivity ratcs) for which data are required.

3. Methods for obtaining needed data, including a list
of sources for data that do not require direct field collec-
tion.

4. Examples that demonstrate the step-by-step meth-
odology as it applies to transportation problems,

5. An explanation of the relationship between the step-
by-step procedure contzined in the manual and accepted
theorics of energy flow.

6. A discussion of the application and the limitations
of the methodology to the planning, construction, opera-
tion, maintenance, and regulation of transportation facili-
ties and services.

Tasks | and 2 have been completed, and a preliminary
case study has been prepared by the researchers and re-
viewed by the participating state apencies.

Project 20-11C FY 74

Toward Environmental Benefit/Cost Methodology—
Energy-Flow Analysis (Study Design)

Research Agency: The Cannon Group

143

W. E. Kirksey

I. C. Kraft

April 1, 1977
December 31, 1977
515,000

Principal Invest.:

Effective Date:
Completion Date:
Funds:

A start has been made in developing a usable method-
ology for assessing environmental impacts of transporta-
tion facilities using the energy-flow concept, includiug an
evaluation of theoretical enerpy-flow concepts. It is now
necessary to cxplore in some considerable detail the ap-
plication of such concepts to transportation planning. The
required cxplotation invelves practical application in (a)
measuring and interpreting transportation-related impacts
and (b) assessing sensitivity to the variety of situations
encoeuntered in the planning of transportation facilities and
services.

In view of the complex naturc of these research require-
ments and the apparent broad application of energy-flow
analysis to transportation systems and project planning,
further specific research on the application of the meth-
odology required careful preparation of study designs.

The objcetive of this project was to develop study designs
for a program of research that will provide cvaluations of
the application of the encrgy-flow methodology to the
planning of transportation facilities and services. Par-
ticular attention to the social-cultural and esthetic con-
siderations that have not been adequately acconnted for
in preceding studies is provided in the study designs.

Continuation funds to support the research effort defined
in the study designs may be requested as part of the
NCHRP FY 80 prograin. If approved, research will be
initiated in late 1979. Loan copies of the study designs
are available {from NCHRP.

Project 20-12 FY 74

Effects of Air Pollution Regulations on Highway Con-
struction and Maintenance

Howard, Needles, Tammen and
Bergendoft

Crrin Riley

April 1, 1974

July 31, 1975

$80,446

This research evaluated the effect of air pollution regula-
tions for fugitive particulates and hydrocarbons cn the
highway construction and maintenance industry. Research
was limited to the on-site construction process rather than
off-site materials processing.

A survey of air pollution control officials and highway
maintenance and construction officials was conducted, This
survey determined the monitoring procedures used by the
industry to identify possihle violations and tabulated those
activities likely to produce illegal emissions. Mitigation
methods favored by construction are also listed.

A testing program for fugitive particulates generated by
highway construction was performed to measure ambient
air quality concentrations., Also, a hydrocarbon testing pro-

Research Agenry;

Principal Invest.:
Effective Date:
Completion Date:
Funds:
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gram evaluated the emissions from both the asphalt paving
operation and cutback asphalt application during highway
construction.

It was found that fupitive particulate regulations have
had little ¢ffect on the industry because they are primarily
concerned with persistent, permanent sources ralher than
sporadic, temporary sources such as construction. Con-
spicuous, costly, and lengthy test requirements make ecn-
forcement difficult. Open burning can be adequately con-
trolied through present technology. Site walering reduces
particulate levels for a short period of time and is often
overused as a mitigant because it causes tracking of the
soil from the construction site thereby increasing the dust
potentiai. More efficient mitigants such as oil-based prod-
ucts and temporary pavements should be used more. Fugi-
tive dust particles tend to settle out within right-of-way
limits and the industry has long undertaken adequate miti-
gation procedures in response to neighbors” nuisance com-
plaints.

The hyvdrocarbon tests revealed that the quantity of reac-
tive hydrocarhons emitted rom the more volatile cutbacks
is small compared to that of vehicular exhaust, and that
which is emitted dissipates within a short distance of its
source. Fssentially no violations of the ambient air quality
standards ave attributable to highway paving and priming.

Research has been completed, and the report is in the
MCHRP editorial and publication process.

Project 20-13 ry '75

Beneficial Environmental Effects Associated with
Freeway Construction

Research Ageney:
Principal Invest.:

The Pennsylvania State University
Hays B. Gamble

Dr. Thomas B. Davinroy

September 3, 1974

August 2, 1975

$49,965

Effective Date:
Completion Date:
Funds:

[t is necessary to discuss both positive and negative
environmental aspects of a project during preparation of
the environmental impact statement. ‘[he positive aspects
have not previously been documented to any degree. "This
study provides ap evaluation of envirgnmental improve-
ments attributable to freeways in order 1o place present and
fulure ireeways in proper perspeclive,

The objective of this project was to determine the long-
and short-range positive aspects of freeway construction,
These were differentiated, where necessary, for urban and
rural freeways. The literature was searched, analyzed, and
evaluated. ‘The investigators were concerned with studies
such as. but not limited to:

1. Improved emergency ambulance, fre, and police
services.

2. Movement of goods and services.

3. Influence on land-use planning.

4. Influence on economic growth.

5. Accessibility to recrealional and other activities.
6. Pollution control.

7. Energy utilization.
8. Effects on plants and wildlife.

A matrix approach was used to catalogue and classify
beneficial ¢nvironmental cffects,  Literature reviews and
surveys conducted by a multi-disciplinary team were car-
ried out to develop the required information for the matrix.
The project report is m the NCHRYP editorial and publica-
tion process.

Project 20-14  FY 77

Monitoring Carbon Monoxide Concentrations in
Urban Areas

Research Ageney:

Principal Invest.:

Technology Service Corporation
William S, Mecisel

Yuji Horie

October T, 1976

January 31, 1978

599,973

Effective Date:
Completion Dute:
Funds:

Federal and state regulations currently require that air
quality reports be included in environmental impact state-
ments in order that compliance with ambient air quality
standards can be assessed, Many of these air quality re-
ports need to include an analysis of on-site monitoring data
of urban background carbon monoxide (CO)Y concentra-
tions., It has been assumed that this monitoring must be
performed for at least one year to be reliable. However,
practical considerations dictate that the period of monitor-
ing be as short as possible consistent with chosen accuracy.,
Therefore, an acceptable statistical method for evaluating
CO dala ohtained over a relatively short period of time
nceds to be developed.

The genceral objective is to develop a methodology (1) to
estimate urban background CO concenlrations from in-
complete monitoring data sets for threc types of areas
{a) where urban background monitoring stations already
exist, (b} where source-affected monitoring stations exist,
and {c) where there are no existing stations; and (2) to
determine the precision of the estimates,

The first step in the development of such a methodology
is the preparation of a high-qualily data hase. Once the
data hase is established, the interrelationships among the
CO concentrations at the target site. the CO concentrations
at the auxiliary stations. and the meteorological data are
explored. The preliminary relationships determined are
then refined to determine methods for extrapolating the
CO concentrations at the target sile to cstimate the three
yearly statistics: the annual second 8-hour maximum, the
anhual second !-hour maximum, and the annual average.
The refinements involve use of CO and/or meteorological
data. Different sampling stralegies are then compared by
calculated empirical und/or theoretical confidence inter-
vals. Finally, a range of practical and accurate method-
ologics are formulated for use by highway agencies.

Research is nearing completion. Data bases were pre-
parcd for cities representing a wide geographical distribu-
tion throughout the United States. From the analysis of
CO concentrations, it was found that the 8-hour running




average violates the air quality standard when the second-
highest-reading-of-the-year standard is violated. This find-
ing allowed concentration of the research to he on extrapo-
lating 8-heur rupning averages. Two methods have been
developed. The first extrapolates a one-month €O sample
at a prepared highway site using data obtained from aux-
iliary station sites, The sceond extrapolates the same data
using meterological data. Variations in accuracy for other
sampling plans have been quantified. It is anticipated that
a report will be available on a loan basis early in 1978,
Requests for the report may be made to the NCHRP
Program Director.

Project 20-15
Ecological Effects of Highway Fills on Wetlands

FY 77

University of Massachusetts
Dr. Paul W. Shuldiner

Prof. Carl A. Carlozzi
December 1, 1976
November 30, 1978
£150.000

Research Agency:
Principal Invest.:

Effeciive Date:
Complerion Dare:
Funds:

Many people and organizations are encouraging increased
use of bridges rather than carth fills across wetlands to be
truversed by highways, Earth hlls produce various eco-
logical elfects, frequently reported to be detrimental, on
wetlands, Reported cffects include (a) inhibition of storm
water and tidal distribution, (b) increased water turbidity,
(¢} alteration of water circulation patterns, (d} removal
of natural fltration systems, (e} introduction of exotics,
tfy inhibition of movement of animals, {g) alteration of
biotogical productivity, and (h) alteration of nutrient fux,

Determination of the impact of a bridge or earth fill on
the ecology of a specific wetland 1s a very compiex prob-
lem. Nevertheless, transportation agencies are reguired to
make environmental assessments for proposed wetlands fa-
cilities. Conscquently, a need exists for a better understand-
ing of the ccological effects of highways on wetlands as
well as for guidunce in making highway location and design
decisions when wetlands and associated flood plains are
involved.

The over-all objective of this project is to determine the
ecological effects of placing highway fills on wetlands and
associated flood plains and to develop initial guidelines as
a managenient tool for the decision-making process regard-
mg routes, fifls, bridges, and other design alternatives,

Tt is anticipated that accomplishment of this objective
will involve simultaneous activity and iteration among the
foliowing tasks:

Task 1. Review, ¢xaming, synthesize. and evaluate all
avaulable information relevant to the over-all objective and
prepare a state-of-the-art report covering {a) the ccologi-
cal effects of highway fills and bridges on wetlands and
(b} techniques. procedures. and methodology—including
sampling and equipment—{for assessing the ecological
effects.

Task 2. Identify wetlands case studies for which eco-
logical data are available—either at the same or comparable
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sites—prior to, during, and following construction of a
highway or similar fills and structures, These case study
data will be evaluated and compared to determine the na-
ture and extent of ecological impacts, Types of wetlands
cases that will be considered include swamps, freshwater
marshes, saltwater marshes, coastal and inland bays, and
near-shore areas.

Task 3. Identify. adapt, or develop systernatic guidelines.,
presented in the form of a users’ manual. for ccological
assessment of wetfands and for guidance in sclecting from
ameng such desipn alternatives as fills, bridges, and related
elements in wetlands and associated flood plains. Consid-
eration will be given to such specific parameters as analyti-
cal methods, sampling, and modeling techniques. Where
feasible, documentation ot observed and suspected ecologi-
cal impacts will be categorized by wetlands types. Existing
and potential engineering remedies for adverse impacts and
any observed beneficial ecological eflects related to the lo-
cation of highway flls and bridges in wetlands will be
reported.

Rescarch 1s in progress. Based on a thorough literature
review and the experience of the researchers, a preliminary
draft state-of-the-art report on the ecological effects of high-
way hills on wetlands has been submitted. The report has
been reviewed by the project panel and staff. A revised te-
port is being prepared for distribution to highway apencies.

Case study sites have been selected. and data are being
callected for analysis. Work iy in propgress on preparation
of a users manual for assessment of ecological effects of
canstruction in wetlands.

Project 20-16 'y 77

State Laws and Regulations on Truck Size,
Weight, and Speed

R.I. Hansen Associates, Inc.
Ralph D. Johnson

John C. Laughland

October 11, 1976

September 1. 1978

S281.975

Research Agency:
Principal Invest.:

Effecrive Date:
Completion Date:
Funds:

There is evidence that the diverse requirements of cur-
rent state laws, regulations, and inlerstate agreenients con-
trolling the interstate and interregional movement of trucks
may add unnecessarily to the cost of trucking operations
and state administration, A nced exists for comparative
analyses of the effects of the existing diversities and for the
establishment of alternatives to climinate or minimize those
effects by improving the uniformity uf the laws, regulations,
and agreements. Alternative systems should be designed to
facilitate interstate and interregional truck operation with
due consideration given to cconomy. safety, and adminis-
trative efliciency.

‘The objectives of the rescarch are to;

. Identify and describe the effects of current state size,
weight, and speed laws, regulations, and interstate agree-
ments on trucks and the highway systems they use.
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2. Envestigate the potential benefits and disadvantages of
increased uniformity m truck size. weight, and speed limits
amonyg states,

3. List and cvaluate the available alternatives for elimi-
nating or minimizing the differences in truck size, weight,
and speed limits among states.

The rescurch was originadly envisioned in two phases.
This first phase is intended to synthesize the present system
of state regulation of truck size, weight. and speed and to
describe s effects,

Phase I includes the following tasks:

1. Compilation and comparative summarization of state
laws, regulations, and interstate agreements relating to size,
weight, and speed of trucks on all highway systems. The
results of this task will be presented as a synthesis of pres-
ent state legal requirements regarding (a) regulation of
truck size, weight, and speed; (b) the extent of uniformity;
(¢} the major considerations that have prevented achieve-
ment of greater uniformity: and (d) the major measures of
interstate cooperation that have been developed to factlitate
compliance with the administration of diverse state require-
ments regarding truck size, weight, and speed.

2. Wdentification and description of the effects of differ-
ences in current size, weight, and speed laws, regulations,
and interstate agreements on truck operations among states,
including, but not limited to, equipment selection, route
selection, cquipment utilization. vehicle qualification (per-
mits), and fuel and operating costs, In this task. {2) classi-
fications will be developed based on the type of carricrs and
opcrations that are responsive to differences in vehicle size
and weight, and (b) data will be developed to show the
impacts of states’ nonuniformities of size, weight, and speed
laws, reguiations. and interstate agreenients on these classi-
fications.

3. bdentification and description of 1 (a) the influcnce
of different maximum allowable truck sizes, weights, and
speeds on the structural and geometric requirements of
highways., with appropriate consideration of safety and
operational characteristics; and (b) the special state prob-
lems and costs of admimistering the present system of
differing truck size, weight, and speed laws, including, but
not limited to, record keeping, processing of permits, par-
ticipation in interstatc agreements, revenue gecounting, and
MENPOWET.

Dependent on the findings of Phase I, a second phase
was planned to identify and evaluate alternatives to elimi-
nzte or minimize the adverse effects of states’ nonuniformi-
ties of truck size, weight, and speed limits,

After completing part of Phase [, the rescarch agency
proposed and the project panel approved a plan to merge
hoth phases of the research.

Through December 31. 1977, trucking interests and state
highway agencies have been contacted through both mail
questionnaires and personal visits. Responses have bcen
summarized and evaluated. Development of 4 commodily
Mow network is in progress, and alternative size and weight
levels are being formulated and evaluated.

AREA 21: TESTING AND
INSTRUMENTATION
Project 21-1 FY '70

Instrumentation for Measurement of Moisture

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

Research Triangle Institute
Dr. L. F. Ballard

August 25, 1969

February 24, 197!
535,027

Water in its various states, when insufficient or in excess
in the components of & highway system, adversely affects
the latter’s service hehavior. Despite recognition of the im-
portance of the relationship between the presence of water
and service behavior, the engineer has been hampered in
his effort to provide predictable performance by the lack of
instrumentation and technigues for gdequate water or mois-
ture measurement. The economic significance of the prob-
lem in highway construction and maintenance is particu-
tarly evidenced by the large fnancial investment aimed at
removal of excess water which causes loss of supporting
capacity of subgrade soils and agpregate bases, embankment
Instability. and deterioration of pavements.

The objective of this project was to evaluate. on the basis
of a comprehensive literature review, the suitability of
existing instrumentation and techniques to measure the
amount and state of water in highway components such as
embankments, subgrades, base courses, and structures.

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

NCHRP report 138, “Enstrumentation for Measurement
of Moisture~ -Literature Review and Recommended Re-
scarch.”

Project 21-2 FY 71

Instrumentation for Moisture Measurement—Bases,
Subgrades, and Earth Materials (Sensor
Development)

Southwest Research Institute
Dr. C. G. Gardner

Reseurch Agency:
Principal Invest.:

Effective Date: February 1. 1972
Completion Date: January 31, 1974
Funds: 504,976

There is an immediate nced for reliable instrumentation
to measure the moisture, in situ, in soil and untreated granu-
lar materials used in such highway substructures as sub-
grades, embankments, stopes, backfills, and base courses.

It is recognized that the moisture sensor is the critical
component of any moisture measurement instrument or
technique. For this reason, this project {s to concentrate
on the development of new and innovative, or modification
of currently available, sensors for moisture measurement.

The objectives of this project were to design, build proto-
type models, and conduct laboratory verification programs
for one or more sensors capable of measuring moisture in




granular and soil materials that would be suitable for high-
way needs. During the initial phase of the study, nuclear
magnetic resonance (NMR) and microwave absorption
approaches were investigated indepcndently. In general,
satisfactory performance was achieved using the NMR
approach, but considerable difficulty was encountered with
the microwave technique. As a result, the experimental
verification phase was limited to the NMR sensor.

Research has been completed, and an NMR scnsor has
been developed for mcasurement of moisture in fine-
graincd soils. The prototype model has undergone labora-
tory testing and is considered suitable for further develop-
ment and field evaluation.

The technology on which the prototype sensor is based
is described in a paper by Gardner & Matzkanin, published
in TRB Record 532. The essential findings of the study
have been published in NCHRP Research Results Digest
75. Information contained in the project report is cxpected
to be published ultimately in the Project 21-2(3) report,

Project 21-2(2}

Instrumentation for Moisture Measurement—Bases,
Subgrades, and Earth Materials (Sensor
Development)

State . of New York at Buffalo
Dr. E. T. Selig

April 1, 1972

Septemnber 30, 1973

$29.953

FY '72

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

There is an immediate need for reliable instrumentation
to measure the moisture, in situ, in soil and untreated granu-
lar materials used in such highway substructures as sub-
grades, embankments. slopes. backfills, and base courses.

It is recognized that the moisture sensor is the critical
component of any moisture measurement instrument or
technigque. For this reason, this project is to concentrate
on the development of new and innovative. or modification
of currently available, sensors for moisture incasurement.

The objectives of this project were to design, build a
prototype model, and conduct a laboratory verification pro-
gram for a sensor capable of measuring moisture in granu-
lar and soil materials that would be suitable for highway
needs.

Research has been completed, and a sensor has been
developed based on the use of clectrical capacitance as a
measure of soil moisture. The prototype model has under-
gone laboratory testing and is considered suitable for fur-
ther development and field evaluation.

The technology on which the prototype semsor is based
is described in a paper by Selig, Wobschall, Mansukhani,
and Motiwala published in Transportation Research Record
No. 532. The essential findings of the study have been pub-
lished in NCHRP Rescarch Results Digest 75. Information
contained in the project report is expected to he published
ultimately in the Project 21-2(3} report.
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Project 21-2(3) FY 75

Instrumentation for Moisture Measurement—Bases,
Subgrades, and Earth Materials (Sensor
Evaluation)

Southwest Research Institute
George A. Matzkanin

E. T. Selig (SUNY)
September 3, 1974

June 15, 1977

$150,000

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

There is an immediate need for reliable instrymentation
to measure the moisture, in situ, in soil and untreated
granular materials used in such highway substructures as
subgrades, embankments, slopes, backfills, and base
courses. It is rccognized that the sensor is the critical
componenl of any moisture measurement instrument or
technique. For this reason, NCHRP Projects 21-2 and
21-2(2) concentrated on the development of new and in-
novative moisture sensors. Prototype moisture sensors
hased on nuclear magnetic resonance {NMR) and elec-
trical and capacitance technology have becn developed
under these projects and subjected to laboratory testing.

The objective of this project was further rcfinement and
field evaluation of the two prototype moisture sensors de-
veloped under Projects 21-2 and 21-2(2). This included
fabricaiion of the sensors and readout instrumentation, their
installation in the subgrade portions of pavements in Ari-
zona and Pennsylvania, and evaluation of data collected at
the field sites.

Rescarch has been completed, with accomnplishment of
the intended tasks. Although neither sensor meets all of the
desired criteria, the research indicates that each has some
potential for practical application to the soil moisture mea-
surcment problem. Operational probiems encountered dur-
ing the field evaluation should be resolved during the de-
velopment of production models. A production model of
the diclectric scnsor is available from Ecotee Corp.,
Needham Heights, Mass.

The project report is in the review and revision process.
The essential findings from the study will be published in
the NCHRP Research Results Digest scries. Copics of the
revised agency reporl will be distributed to the program
SPONSOTS,

AREA 22: VEHICLE BARRIER

SYSTEMS

Project 22-1 FY '69

Concepts for Improved Traffic Barrier Systems

Walter W, White
Walter W. White
Marvin A. Shulman

Research Agency:
Principal Invest.:

Effective Date: October 1, 1970
Completion Date: December 31, 1971
Funds: 525,000
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Conventional traffic barrier systems are presently heing
applied widely by highway and bridge engineers. All of
these existing systems have some deficiencies that make
their performance sornewhat less than ideal. New concepts
are therefore needed for economical, standardized, longi-
tudinal {raffic barrier systems that can provide a consistent
degree of protection when installed as highway shoulder
guardrails, median barriers, and bridge rails. The system
should present a reasonably consistent appearance to the
motorist as he moves along the highway and over strue-
tures, although parameters (such as height, post spacing,
section properties, and anchorage) may vary to suit the
application. Emphasis should he given to conceiving inte-
grated systems that maintain continuity across bridges and
avoid abrupt transitions.

The objective of the research was to produce one or more
traffic barrier system designs, described with sketches and
narrative to the degree necessary to convey understanding,
that offer promise of: preventing penctration by a stan-
dard-size U.5. automobile weighing 4,000 to 5,000 1b and
impacting at 25% and 65 mph; smoothly redirecting crrant
vehicles relatively parallel to traffic low; providing a range
of controlied dynamic deflections by varying design param-
eters; rctaining longitudinal continuity following a col-
lision: permitting adequate visibility; heing capable of quick
and easy repair; performing satisfaclorily in various foun-
dation conditions; limiting decelerations at the center of
gravity ol the vehicle to Sg lateral, 10g longitudinal, and
a total of 12g when averaged over any 200-millisec period;
having reasonably low first cost and pleasing appearance;
and minimizing vchicle damage. The design was analyzed
and technical information was presented to demonstrate the
degree of achicvement of the foregoing, Working drawings
suitable for fubrication and installation of a prototype were
prepared for cach barrier systern.

The final report will not be published in the NCHRP
report series; however, a summary is included in NCHRP
Stemmary of Progress Through 1972,

Project 22-1A FY '73

Testing and Evaluation of Bridge Rail Concepts
Texas A & M University
Rescarch Foundation

T. J. Hirsch

March 1, 1974

May 30, 1975

$40.000

Conventional traffic barrier systents are presently heing
appiied widely by highway and bridge engineers, All of
these cxisting systems have some dceficiencies that make
their performance somewhat less than ideal. New concepts
are therefore needed for cconomical, standardized, longi-
tudinal traffic barrier systems that can provide a consisient
degree of protection when installed as highway shoulder
guardrails, median barriers, and bridge rails, The system
should present a reasonably consisient appearance 1o the
motorist as he moves along the highway and over struc-
tures, although parameters (such as height, post spacing,

Research Agency:

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

section properties, and anchorage) may vary to suit the
application. Emphasis should be given to conceiving inte-
grated systems that maintain continuity across bridges and
avoid abrupt transitions.

The objectives of NCHRP Project 22-1, “Concepts for
Improved Traffic Barrier Systems,” were accomplished by
the development of a traffic barrier system that was ana-
Iyzed using the Barrier IV computer program. The resulls
of this analysis indicate that the proposed systemn meets the
desired criteria,

The objective of Project 22-1A was to evaluate the proto-
type of the proposed barrier by full-scale impact tesls.

The accomplishment of this objective included the fol-
lowing tasks:

1. Fabrication and construction of the barrier system
shown in Figure 6 of the final report on Project 22-1
(Pages 148 to 173, NCHRP Swininary of Progress Throuph
19723,
2. Testing and evaluation of the system under the follow-
mg impact conditions:
()} A passenger vchicle impacting the bridge rail at
60 mph and 25°%,

{b} A passenger vehicle impacting the bridge rail at
60 mph and 77,

fc} A passenger vehicle impacting the approach railing-
bridge rail transition at 60 mph and 257,

Research has been completed, and the final report is in
the NCHRP editorial and publication process. The cssen-
tial findings have been summarized in NCHRP Research
Results Digest 81, “Crash Testing and Fvaluation of At-
tenuating Bridge Railing System.”

A copy of the agency’s final report may be ohtained from
University Micrefilms International, 300 North Zceb Road,
Ann Arbor, Michigan 48106,

Project 22-2  FY '69, FY 72 and FY '73

Traffic Barrier Performance and Design

Southwest Research Institute
M. L. Bronstad

Research Agency:
Principal Invest.:

1. D. Michie
Effective Date: Tan, 1, 1972 Oct, 1, 1973
Completion Date: Sept. 30, 1973 Mar. 31, 1975
Funds: $125,000 380,000

Conventional traffic barrier systcms are presently being
widely applied by highway and bridge engineers, All of the
existing systems have some deficiencies that make their
performance somewhat less than ideal. New concepts are
therefore needed for cconomical, standardized longitudinal
traflic barrier systems that can provide a consistent degree
of protection when installed as highway shoulder guard-
rails, median barriers, and bridge rails.

Among the most important of current needs in the area
of vchicle barrier systems is a safer terminal design, The
work of Project 22-2 wus structured to emphasize the sys-
tematic experimental development of terminal treatments
to fulfill this need. Terminal treatments for a number of
selected guardrail systems were investigated. This study




built on earlier preliminary NCHRP efforts that are de-
scribed tn NCHRP Reports 118 (1971) and 129 (1972).

The initial task in Phase T included a review of terminal
concepts previously developed under Project 15-1(2). the
development of several new concepts, and an examination
of concepts developed outside the NCHRP. More than 20
of these concepts have come under consideration. This
wark was covered in an interim report that was submitted
to the project panel in April 1972 and was subsequently
accepted. Although the report will not be published. it is
available on a loan basis.

Bascd on the interim report, the project panel selected
designs and established priorities for full-scale testing of
several terminal systems. The cxperimental program con-
sisted of some 26 fullscale crash tests. Imterest in this
testing was concentrated on a breakaway cable terminal
({BCT) in comhination with the W-beam guardrail and
micdian barrier systerms most often used.

Ten crash tests werc carried out on the BCT with the
ffared W-beam guardrail. A summary of the tests results
and other informalion on this terminal are contained in
NCHRP Research Results Digest 43 {October 1972). The
second part of the experimental program, comprising some
16 tests, was concentrated on the development of a crash-
cushioning terminal for use with median barriers. The re-
sults of this effort are reported in NCHRP Research Re-
sults Digest 33 {December 1973).

Phase [I research has been completed. It led to the re-
finement of BCT designs to provide more safety to smaller
cars and to improve economy relative to the first cost
maintenance. and repair. Findings from ihe Phase TI re-
search were reported in NCHRP Rescarch Results Digest
84 {March 1976},

Subsequently, the Federal Highway Administration spon-
sored additional tests on the median barrier BCT. An
NCHRP Research Results Digest will sammarize the find-
ings of these and previous tests and clarify recommended
details for both guardrail and median barrier terminals
with either steel or timber posts. Mcanwhile. copies of the
uncorrected drafts of the agency's final reports may be
obtained on a loan basis by request to the NCHRP Program
Director.

A separate task of Phase II, funded at $20,000, was
intended to develop uniform bartier testing criteria and
procedurces. Research has been completed on this task, and
the final report has been published as:

NCHRP Report 153, “Recommended Procedurcs for
Vehicle Crash Testing of Highway Appurtenances.”

Project 22-2(2) FY '73

Multiple Service Level Highway Bridge Railings—
Performance and Design Criteria

Southwest Rescarch Institute
M. E. Bronstad

August 1, 1976

July 31, 1978

$195,000

Research Apency:
Principal Invest..
Effective Date:
Completion Date:
Funds:
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Current design specifications for bridge raifing systems
are predicated on a general performance requirement of
assured containment. Decelerations and trajectories €x-
perienced by “average” vehicles impacting bridge railings
at speeds and angles normally associated with primary and
Interstate highways must be tolerable, The “avcrage” ve-
hicle referred to in AASHTO specifications is not defined
but is generally considered to be a full-size domestic pas-
senger car. Impacts by 4.000- to 4,500-1b (1,820 to 2,040
kg) vehicles at speeds in the 50- to 70-mph (80.5 to
112.6 kph} range with impact angles of up to 257 have
been considered to be appropriate full-scale crash test con-
ditions. Excessive vehicle dccelerations or penetration of
the bridge railing under these test conditions have been
considered to constitute unacceptable performance.

Bridge railing systems used on primary and Interstate
highways can be categorized as “normal service level” rail-
ings and must meet the zbove performance requirements,
These are gencrally designed through application of static-
clastic design criteria expresscd in the AASHTO Standard
Specifications for Highway Bridges. The resulting designs
may have substantial structural integrity and a concomitant
substantial cost. Routine verification of these designs
through full-scale impact testing is not required by
AASHTO specifications.

Many secondary or local roads are designed for and sub-
jected to operating speeds. traflic volumes, vchicle weiphts,
and possibly vehicle-barrier impact angles that are some-
what less than the “normal service level.” These roadways
can be considered to serve a “lower service” nced, and. in
the view of some, the application of “normal service level”
bridge railing design criteria may not be cost-cfective in
these instances.

There arc also situations where circumstances call for a
higher level of performance than usual on primary or on
Interstatc highways. This may be due to heavy traffic vol-
umc, a preponderance of truck traflic, severe geometric
conditions. or vulncrable land usc beneath the bridge. In
these cases. designers may consider using a high-perfor-
mance railing such as the collapsing stecl ring system re-
cently developed by the Federal Highway Administration.

Accordingly. development of an array of service levels.
performance criteria, and design criteria would prove usc-
ful to those desiring to use more appropriatc and cost-
cffective bridge railings.

The initial objective of this project is to identify and
document realistic performance criteria and correlated de-
sign criteria for bridge railing systems on roadways pro-
viding various (at lcast three —normal, higher. and lower)
levels of service. The major objective is to develop at least
onc design based on criteria for the lower service level and
to validate this system using analytical and full-scalc testing
methods,

The research includes the following tasks:

1. Identify traffic und other parameters for use in de-
fining appropriatc catcgories of roadway service levels.

2. Establish reasonable performance criteria for bridge
railings to be employed in each category.,

3. Proposc bridge railing design criteria for each category.

4. Develop and validate, through analytical simulation



150

and full-scale testing (in accordance with the relevant pro-
visions in NCHRP Report 153), at least one lower service
level bridge railing design with first cost and maintcnance
advantages over normal service level systems. The railing
will be designed according to the criteria proposed in
Task 3, to give performance consistent with the criteria
developed in Task 2. Bridge railing designs considered in
this task may include some already in use,

5. Through analytical simulation, ¢valuate the perform-
ance of this railing when struck by a 25,000-1b (11,340 kg)
school-type bus under various impact conditions.

6. Compare the developed bridge railing design with the
present AASHTO static-clastic bridge railing design re-
quirements.

7. Recommend apprepriate modifications to  current
bridge railing design practice based on this study.

Through December 31, 1977, the first three tasks have
been completed, and an interitn report on the findings may
be ohtained on a loan basis by request te the NCHRP
Program Director, Full-scale crash testing is being con-
ducted on the systems developed under Task 4.

Project 22-3 FY 73
Field Evaluation of Vehicle Barrier Systems

Research Agency:
Principal Invest.:

Calspan Corporation
J. W. Garrett

N. ! Deleys
Tanuary 1, 1974
February 15, 1975
$25.000

Effective Date:
Completion Date:
Funds:

The relative in-service performance of most guardrail
systems is unknown. Although over-all performance of
guardrail installations, in general, might be determined
from state and national cfforts in accident investigations,
limitations in the data preclude the analysis of specific
guardrail systems in terms of safety and cost. Accordingly,
the relative merits of two or more systems must be evalu-
ated on the basis of idealized laboratory experiments (in-
cluding full-scale crash tests) and gross accounting pro-
cedures. The use of accident data to evaluate the field
performance of barrier systems would be very desirable.

The objective of this project was to determine the degrec
to which accident data currently being accumulated by
various agencics meet the needs of those concerned with
the effectivencss of vehicle barrier systems and, te the ex-
tent warranted, to recommend new approaches that may
better serve those needs.

Accomplishment of the objectives of this project in-
cluded the following tasks:

1. Enumerate the specific items of information that are
of interest in evaluation of the field performance of vehicle
barriers, including angle and speed of impact, location of
impact, frequency of oecurrence, cost of damage to barrier
system, permanent deformation of system, vehicle damage,

occupant injury, and post-impact behavior of both barrier
and system.

2. Identify the primary existing sources of accident data.

3. Classify the information available from cach of these
sources as to its suitability to the needs identificd in Task 1.

4. Recommend several alternative processes for using
available data and for collecting new types of data that
would be more appropriate than those available. This task
also considered potential sources of funding.

5. Qutline subscquent research to systematically collect
and cvaluate accident data.

6. To the extent possible within the funding and time
constraints, analyze and discuss in the final report such
uscful data as were discovered during this study,

Research has been completed, and the cssential findings
from the linal report have been summarized in NCHRP
Rescarch Results Digest 76, “Ficld Evailuation of Vehicle
Barrier Systems.” Copies of the uncorrected draft of the
agency’s report muy be obtained on a loan basis by request
to the NCHRP Program Director.

Project 22-3A  FY 73
Field Evaluation of Vehicle Barrier Systems

Arthur L, Eiliott
Arthur 1., Eliiott

Research Agency:
Principal Invest.:

Effective Date: July 1, 1974
Campletion Date: December 31, 1974
Funds: $10.000

The relative in-scrvice performance of most guardrail
systems is unknown, Although over-all performance of
guardrail installations, in general, might be determined
from state and national efforts in accident investigations,
limitations in the data preclude the anmalysis of specific
guardrail systems in terms of safety and cost. Accordingly,
the relative merits of two or more systems must be evalu-
ated on the basis of ideslized laboratory experiments {in-
cluding full-scale crash tests) and gross accounting pro-
cedures. The use of accident data to evaluate the feld
performance of barrier systems would be very desirable.
The use of formal accident reports has been investigated
under NCHRP Project 22-3,

At the same time, Project 22-3A was concerned with an
investigation of a less formal approach to barrier cvalua-
tion. This approach consisted of personal interviews with
highway agency maintenance, safety, and traffic operations
personnel to obtain any data they may have and to solicit
their subjective opinions on the performance of various
barriers. Five representative states were visited for this

purpose.

Research has been completed, and the essential findings
from the final report have been summarized in NCHRP
Research Resuits Digest 76, “Ficld Evaluation of Vehicle
Barrier Systems.” Copies of the uncorrected draft of the
agency’s reporl may be obtained on a loan basis by request
to the NCHRP Program Director.
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SUMMARIES OF UNPUBLISHED REPORTS

Research reports emanating from NCHRP projects normally are published in the
NCHRP Report or Synthesis of Highway Practice series of the Transportation
Research Board. When a final report is not published in this manner, a surnmary
is included in an issue of the annual NCHRP Summary of Progress to provide
adequate circulation of the outcome of the research. Three such summaries are
included herein.

The opinions and conclusions expressed ot implied in these summarics are those
of the research agencies that performed the research. They are not necessarily those
of the Transportation Research Board, the National Academy of Sciences, the
Federal Highway Administration, the American Association of State Highway and
Transportation Officials, or the individual States participating in the Program.

Persons having deeper interest in the subject matter of any of these projects
can obtain information on securing copies of the agencies’ reports by writing to
University Microfilms International, 300 North Zecb Road, Ann Arbor, Michigan

48106.

Project 3-20 FY 73

Traffic Signal Warrants

By: E. B. Lieberman, G. F. King,
R. B. Goldblatt

Research Agency! KLD Associates

Introduction and Research Approach

Probiem Background

‘The purpose of traffic signal warrants is to determinc
when the installation of a traflic signal control will improve
the performance and/or safely of traffic operations at an
intersection. The existing traffic signal warrants presented
in the Manual on Uniform Traffic Control Devices for
Streets and Highways (MUTCD)Y ([) may not reflect con-
sideration of all relevant laciors that determine the need
for traffic signal control in adequate detail. If such short-
commings are perceived by traffic engineers, there will be a
tendency 1o apply subjective judgment to such an extent
that the credibility of the warrants is compromised.

Although engincering judgment must always play a role
in the decision process, improved definitive warrants based
on well-defined, consistent criteria should lead to better and
more uniform applications. Fer these criteria to gain wide-
spread acceptance by the engineering profession, it is neces-
sary that they be expressed in terms of relevant, well-defined
measures of effectiveness.

Project Objectives

The project statement for NCHRP Project 3-20 speci-
fied that the objective of this research was “to evaluate the
adequacy of the existing warrants and the need for revised

or additional warrants in mecting current nceds for deter-
mining whether a traffic signal should be installed.” The
main objectives were:

1. Preparation of an annotated biblicgraphy,

2. Determination and definition of the primary objec-
tives of traffic signal control, to include consideration of
delays, tralfic volume and capacity, accidents, comfort and
convenience, and physical conditions.

3. Determination of the proper criteria for, and recom-
mendations for, traffic signal control warrants.

4. Specification of practical inethods for evaluating con-
ditions at locations to determine if they meet the recom-
mended warrants.

5. Development of a methodology for traffic engineers
to apply to right-angle configurations and all other con-
figurations.

6. Evaluation of the effect of nearby signals on inter-
sections where signals are being considered.

7. Preparation of a verification plan that would be used
to demonstrale the acceptability of the recommended
warrants.

8. Preparation of a report, including a Manual for the
use of practicing traflic engineers.

Research Approuach

To accomplish the objectives, the rescarch included the
following activitics:

I. A statc-of-the-art teview and survey of current
practices.

2. Empirical studies of traffic operations at intersections,
using time-lapse photographic techniques.

3. Acquisition and statistical analysis of a large data base
describing accidents at intersections,
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4. Design and implementation of a large-scale traffic
simulation study.

5. Development and implementation of anatytical models.

6. Synthesis of resulls and specification of tecommended
traftfic signal warrants,

7. Design and distribution of a pilot warrant evalua-
tion survey and subsequent refinement of recommended
warrants.

8. Preparation of a study design for ficld verification of
the recommended warrants,

Findings
Results of Studies

The annotated bibliography from the project has been
published separately as NCHRP Research Results Digest
78, “lraflic Signal Warrants—A Bibliography.” Copics arc
availahle on request to NCHRP at $1.00 per copy.

The survey of current practices provided information
identifying use of the current MUTCD warrants. [t was
determined that more than 80 percent of all signal in-
stallations were warranted on the basis of vehicular volume
considerations as specified by MUTCH Warrants 1, 2, and
8. The Accident Fxperience Warrant (No. 6) accounted
for an additional 6 percent of all signal installations.

Therefore, the major portion of the effort focused on
developing new and improved warrants to replace these
four warrants. Extcensive feld studics were conducted to
further validate the previously developed UTCS-1 micro-
scopic traffic simulation model. These field data, together
with data collected previously by others, confirmed the
validity and sensitivity of this model. Detailed compari-
sons with other microscopic models provided further cvi-
dence of the model's accuracy.

An exiensive data base, consisting of more than 3,500
accidents at 250 interseclions, was assembled with the aid
of cooperating agencies throughout the United States. An
analysis was conducted 1o relate accident frequency, se-
verity, and cost to type of accident; scveral accident mea-
sures were defined. The subscquent analyses indicated that
there was no statistically significant relationship between
control device {two-way sTor sign vs signal) and over-all
accident cost, The two-way STup sign generally produced
fewer but more severe accidents than did ihe signal con-
trol. Right-ungle accidents were predominant for the two-
way sTOP sign control; rear-end coliisions for signal con-
trol. There was some indication that a signal installation
at low-volume intersections was counlerproductive.

Approximately 1,000 intersection simulation studies were
conducted to quantify such measures as capacity and de-
lay and to relate them to intersection geometry, demand
volumes, turn movements, and control device. These re-
sults formed the basis for defining recommended warranls
designed to replace MUTCD Warrants 1, 2, and 8.

A review of qucue-theoreticul models provided the basis
for reorganizing the current MUTCH Pedestrian Volume
and Schoo! Crossing Warrants, In their recommended for-
mat, the need for accurate, detailed gap measurements is
avoided. Another model, calibrated with simulation results,
produced a new Hazard Warrant designed as a medium for
preventing accidents.

The results of the activities previously described were
organized in the form of well-defined criteria. These cri-
teria, together with the results of an opinion survey, pro-
vide the basis for ten new recommended signal warrants.

Preliminary versions of four of the warrants were dis-
tributed to selected enginecers across the US. for com-
ments, criticism, and corrections, The responscs, generally
favorable and constructive, were used in making appro-
priate revisions.

Development of Recommended Warrants

A total of ten warrants is recommended. Each warrant
was developed either on the basis of results generated dur-
ing this undertaking or on the basis of research results
obtained, and published. by others. A brief outline of this
work is as follows:

1. Vehicular Volume Warrant—This warrani is based
almost exclusively on the simulation study conducted in this
project. The underlying criteria were provided by examin-
ing several factors, including the results of a special survey
and velume thresholds employed in the current MUTCD
Volume Warrants.

2. Peak-Hour Volume Warrant —This warrant is based
on cslimates of intersection capacity provided by the simu-
lation study and on the stability characteristics of traffic on
side sireets controlled by sToP signs, as indicated by the
yucue-theoretic models.

3. Hazard Warrant.—This warrant cvolved from an ana-
Iytical model developed under this project. The nmodel was
calibrated with data obtained in the literature describing
other research cfforts, with data generated by the simula-
tion model, and with data obtained during the accident
study.

4. Deluy Warrant.—This warrant is designed to be cn-
tirely consistent with Warrants 1 and 2, above. As such,
the data used were provided hy the simulation study and
by u queue-theoretic model. The methodology for measur-
ing delay in the ficld was developed by others under a
research project recently completed.

5. Pedestrian Volume Warrant—The development of this
warrant was based on a queue-theoretic model available in
the literature and was calitbrated by data collected else-
where, The new criteria were based on a consensus re-
flected in the MUTCD and by others.

6. School Crossing Warrant—This warrant is essentially
& recasting of the existing MUTCD warrant. The recom-
mended warrant avoids the necessity to measure gaps in
traffic flow. This transformation in format is accomplished
by applying an existing queue-theoretic model.

7. Accident Expericnce Warrant, -This warrant evolves
from consideration of a large number of factors;

® Results obtained during the accident study.

® Results obtained by others and reported in the
literature,

* Suggestions provided by the Project 3-20 review
pancl.

* Suggestions submitted by respondents of the pilot
evaluation survey.

8. Progressive  Movement  Warrant.—The

existing
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designing the verification study. Nonetheless, final ap-
praisal of all proposed warrants must await their field
verification,

Applications

The recommended traffic signal warrants were presented
in a self-contained Manual that appeared as Appendix A
ol the report. The report has been made available to the
National Advisory Committee on Uniform ‘T'raffic Control
Devices so that the warrants may be considered as possi-
ble replacements for existing warrants in the MUTCD. Tt
is recommended that these traffic signal warrants first be
verified in accord wilh the verification plon documented in
the report. Becausc of the need for such verification prior
to their possihle acceptance and broad dissemination, the
warrants arc not being published at this time,

Project 3-23 FY 74
Guidelines for Uniformity in Traffic Control Signal
Design Configurations

By: G.F. King
Rescarch Agency: KLI> Associates

Introduction and Research Approach
Problem Statement and Background

There are approximately 250,000 signalized interscetions
in the United States or. roughly, one million signalized
approaches. These signal controls exhibit wide variety in
the number, location. inounting details, size, and shiclding
of signal heads, factors that collectively define a traffic
signal design configuration. Because of this multiplicity in
the design elements, scientifically based guidelines for uni-
form standards in traffic control signal design configura-
tions are needed to reduce the confusion and hazard to the
motorist. Thesc guidelines, although definitive, should also
provide the Aexibility needed to meet unusual conditions.

The purpose of this study was preparation of such guide-
lines for optimum traffic control signal design configura-
tions at intersections and mid-block crossing locations, The
optimizing process was to include considerations of costs
and user response in lerms of observance, safety, and
efficiency.

Research Approach

Studies were conducted to develop guidelines firmly based
on theoretical considerations and sound empirical data.
These studics identified key elements of traffic signal design
configurations and led to recommendations concerning their
design.  Specific revisions to applicable sections of the
Manual of Uniform Traffic Control Devices and the Traffic
Control Devices Handhook were recominended.

The research study included the following activities:

1. A bibliography of 250 items, mostly annotated, was
prepared and is included in the report as Appendix H.

2. A detailed questionnaire survey to determine current
signal design practices and problems elicited responses from
state, municipal, and county traffic enginecrs. This survey
was supplemented by personal interviews and discussions
with traffic engineers representing different geographical
areas and different sizes and types of jurisdictions.

3. Accident data were collected and analyzed for 668
signalized approaches in eight states,

4. An analytical model of interfercnce with motorists’
line of sight to the signal head duc to trucks in the traffic
strearn was developed. Truck blockage for various traffic
conditions was evaluated through traffic simulation.

5. Specd studies made on the approaches to 3% signalized
intersections yielded a description of traffic stream dynam-
ies as a function of both the distance from the stop line and
the phase of the signal cycle.

6. A fleld experiment compared the relative visibility
and legibility of circular. arrow, and programmed signal
indications.

7. Human factors principles affecting the design of
traffic signal configurations were analyzed,

8. An analytical investigation of the optical aspects of
traffic control signals was conducted.

Findings
Survev of Current Practice

Analysis of the questionnaires returned by 261 state.
county. and municipal traffic engincers revealed a number
of implications concerning the future development of stan-
dards for traffic signal design configurations, as follows:

* The majority of responding traffic engineers believe
that the existing MUTCD standards are adequate for most
situations: a sizeablc minority believe that they have some
shortcomings, however, particularly in that the standards
are not adequately definitive.

* Although most engineers believe that current standards
have achieved uniformity in signal design configurations in
their iminediate area, only 15 percent helieve that nation-
wide uniformity has been achieved.

® The standard signing in the MUTCD to supplement
traflic signal indications appears to be inadequate to cover
all possible applications.

* Complex phasing is the single most important problem
facing traffic engineers in arriving at proper traffic signal
design configurations. Also important are problem areas
invelying approach and intersection geemetrics. Environ-
mental and operational problems generally rank lower.
There arc no significani differences in rankings betwcen
regions and only minor differences between jurisdictional
types.

® Morc than one-half of all respondents indicate a need
or desire for changes in current MU TCH standurds,

® There arc no statistically significant diffcrences along
geographical or jurisdictional lings in these proportions,

* A major problem area involves the correct signal dis-
play for mandatory turns when these turns may conflict
with pedestrian traffic or with opposing through traffic.




Accident Studies

The 668 signalized approaches included in this analysis
set were controlled by 33 distinct signal design confignra-
tions. From analysis of more than 3,400 accidents, it is
apparent that the configurations which performed best were
characterized by high-mounted signal heads located in the
far-right quadrant and at, or beyond, the far cnrb line of
the intersecting street. This good performance was cspe-
cially pronounced in the case of right-angle accidents—
the accident type whose reduction is most desired. There-
fore, configuration types that best achicve this reduction
should be preferred.

Analysis by aggregation into configuration gronps shows
that:

® Mixed configurations {combining overhead and post-
mounted heads) are generally better than either all-post or
multiple overhcad configurations, except that the hox span
performs as weil as the mixed configurations.

¢ The single overhead configuration yiclds the highest
involvemnent rates for all categories except head-on, left-
turn accidents.

® All-post configurations show involvement rates signifi-
cantly higher than average for all categorics except head-on,
left-turn accidents.

¢ The head-on, left-lurn accident rate appears to be
insensitive to configurations or to configuration clements,

A configuration element affecting involvemenl rates is
the angle between the motorists line of sight (dircction of
travel) and the optical axis of the traffic signal indication.
Statistically significant lower accident rates arc found for
approaches where this angle is less than 10 degrees. The
findings may explain the relatively good safety record of
configurations with over-the-road signal indications in the
far-right quadrant; that is, almost directly in line with
the driver. This relationship also strongly indicates that the
maximum angular displacement requirements now in the
MUTCD should be reduced.

Insofar as signal head sizes are concerned, locations with
all 8-in. (200-mm) lenses were significantly worse than
average. On the other hand, no safety advantages could be
discerned in the use of all 12-in. {300-mm} indications. A
judicious mix of sizes, with the larger size usually reserved
for the red indication, appears best.

Other highlights of the analysis include:

® Sipnal heads in the far-left quadrant have no significant
effect.

® Signal heads in the near-right quadrant have a signifi-
cant cffect in reducing rear-end-violator-type accidents, but
not total accidents.

® There is no significant difference between center-of-
lane and lane-line positioning for overhead signals.

¢ Approach specds have no apparent significant effect
on total involvement 1ate. As far as the individual rates
are concerned: (a) the right-angle rate decreases signifi-
cantly with increased speed: (b) the head-on, left-turn rate
increases significantly with increased speed.
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Truck DBlockage

The line of sight between the signal indication and the
point of required visibility may sometimes he blocked by
structures, by vegetation, or by large vehicles in the traffic
stream.

The extenl of this last blockage phenomenon was eval-
uated by developing an analytical model of the blockage
geometry, performing a parametric study with this model,
and applying it to a simulated traffic stream. It was found
that truck blockage, evaluated over a 10-sec appreach
period, increases with increasing volume, increasing truck
percentage. and increasing speed. The expected amount of
truck blockage was quantified over a range of each of these
parameters. Raising the height of the signals was found to
have a mote beneficial cffcct on expected blockage than
changes in signal conliguration. A supplementary signal in
the far-left position was found to reduce expected truck
blockage. This work is fully documented in Appendix F
of the report.

Operational Effects of Traffic Signals

The influence of signal conliguration on traffic flow char-
acteristics at approaches to signalized intersections was de-
ined in terms of {a) statistical distributions of spot speed
at several locations on the approaches; (b) statistical dis-
tribution of brake applications by distance from the stop
line during the red indication; (¢) queue discharge head-
ways at the beginning of the green phase.

Although the speed data cxhibited a considerabie amount
of scatter, analysis indicated that multiple overhead and
mixed signal configurations were most likely to result in
desirable values of those measurcs of effectiveness normally
associated with increased safety. Single overhcad signal
configurations were found to be least effective in this regard.

The study of brake applications showed that configura-
tions with 12-in. red lenscs generally induced the type of
approaching tralfic stream parameters normally associated
with a decreased accident potential. This study also showed
that a substantial portion of drivers apply their brakes at
considerable distance upstrcam of the minimum visibility
distances listed in the MUTCD,

A signal configuration’s relative cfficiency was evaluated
by measuring queue discharge hcadways. Using these head-
ways (o compute expected delay and capacity showed that
multiple overhead configurations were most efficient. Sig-
nal configurations equipped with 12-in. green lenses were
significantly more efficicnt than those with B-in. lenses.

Signal Indications Other Than Circular Lenses

Because arrow and programmed indications are being
used increasingly in traffic control, an experiment was car-
ried out to obtain data on their relative visibility and legi-
bility. The results may be summarized as follows:

® Circular indications perform better than arrow indica-
tions for all parameters related to reaction time,

® Parameters based on reaction time increase in value
with increased offset from the line of sight
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* The circular indications have a higher proportion of
correcl answers than arrow indications.

An analysis-of-variance series performed on the data
showed that indication, distance. and offset may all affect
response time and the proportion cerrect.

Programmed tndications were lested only for the zero-
offset observer locations, The indications were unmasked
and were aimed at a point 500 ft (150-m) away. With Lhis
limited test. no significant differences in cither response
time or accuracy of response were found between standard
circular lenses and programmed indications. On the basis
of this analysis, standard design considerations apply to the
use of programmed signal heads designed to be seen from
a head-on pesition, The criticality of proper alignment
must be maintained.

Other Configuration Counstraints

An analysis of human factor principles affecting the de-
sign of traffic signal configurations revealed that the driver's
perception-response tasks depend on his position on the
approach, A conceptual model of these tasks was devel-
oped that identified and delined three distinct zones on the
approach. It was found that important aspects of signal
configurations included placing signal indications as close
to the line of sight as possible and, also, placing at least one
signal head in a consistent location known to and pre-
dictable by the driver.

Optical aspects of traffic control signals were also investi-
gated. The mujor varjables affecting signal configuration
design were found to be the distance at which the signal
first becomes visible and the offset of the signal position
from the line of sight. A comparison of required signal
illumination at the driver’s eye and luminance characteris-
tics of commercially avajlable trafhc signals showed that, in
most cases, over-the-roadway signals would he required to
ensurc adequate signai visibility. This comparison also led
to development of specific rules for the use of oversize
signal indications.

Interpretation and Appraisal

Duc to the parallel, independent development of signal
design configuration in diflerent jurisdictions and the fact
that the MUTCE did not establish definite guidelines for
configuration design, engineers have difficulty in devcloping
optimum solutions to specific problems while still kceping
within a framework of national uniformily. For these
reasons, the overwhelming majority of all engineers re-
sponding to the survey indicated the need for changes in
the MUTCD. Such changes must be based on rational
principles, foster uniformity, and allow lor response to
specific local conditions.

Analytical studies—considering both the driver percep-
tion-response process and the interaction of the optical
aspects of signal head design with the driver's visual at-
tributes—clearly indicate that the major element in traffic
signal configoration design is the relationship of the driver’s
line of sight to the optical axis of the signal indication.

Data znd formulations developed during previous research
efforts were used to quantify this relationship. The im-
portance of this angular relationship was suggested by op-
erational ficid studies and confirmed by the accident studies.

To some degree, the ¢ffect of increased angular displace-
ment can be compensated for by increasing the luminance
of the signal indications—for example, by using 12-in. in-
stead of 8-in. signal lenscs, especially for the red indication.
However, minimizing the angular displacement of the sig-
nal from the line of sight is desirable. Consequently, over-
the-road mounted signals, which can be located at small
angular offsets. uniformly oculperforr.ed side-of-the-road,
post-mounted signal heads whose minimum angular offset
is a function of the approach width. Furthermore, the
higher mounting height of overhead signals minimizes the
expected amount of truck blockage.

‘Thus. the combination of signal luminance and angular
offset determines how well the signal indication will be
perceived and responded to. Another important considera-
tion is the location on the approach al which the signal
should first become detectable. Analytical considerations
of the driving task clearly indicate that a point of first
visibility should exceed the distance required for safe stop-
ping. Field observation of actual driver behavior confirtned
the conclusion.

The considerations underlying the effect of, and optimum
design of, signal configurations are based on the premise
that the full light output of the signal is available. Empiri-
cal studies have shown a necd for adjustments for arrow
lenses, where the light output is reduced. This design ad-
justment should be made when the major direction of travel,
normally the through movement, is controlled by arrow
indications, The required adjustment—providing an in-
crease in available response time—<can be translaled into
increased minimum visibility distances.

Applications

A synthesis of the research findings and the state of the
art formed the basis for a detailed analysis of the applicable
sections of the M{;TC . This analysis resulted in a set of
recommended changes in the current MUTCD provisions,
and suggested textual revisions were prepared. In addition,
a suggested version of a new chapter for the Traffic Control
Devices Handbook dealing with the location of traflic sig-
nal heads was prepared.

Many of the recommended changes to the MUTCH are
based on research findings that desirably require validation
before they can be acted upon. In any case, the proposed
changes 1o the MUTCE should be considered and acted
upon by the National Advisory Commitee (NAC) on Uni-
form Trafiic Control Devices before being widely pub-
lished. Thus, the recommended changes to the MUTCD
have been transmitted to NAC: they are not heing published
at this time,

The text, figurc, and table that follow arc taken from the
recommended additions to the Traffic Control Devices
Handbook. They summarize the principal cssential findings
from the research with respect to the number and location
of signal indications.
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C 26 35 Any 8
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Féigure 1. Recommended standard confieurations,

4. High percentages of large trucks in the traffic stream
that tend to block the view of signal indications in their
normal location.

5. Severe approach alignment that makes continuous
visihility of signal indications in their normal position
impossible.

The additional signal head should be located within the
intersection so as to Imaximize its cffcctiveness. Typical
locations include:

Near right—for conditions 2 and 3.

Far left —for condilion 4 unless this location is used
for an exclusive left-turn signal.

Far center—for condition 1.

Additional signal heads installed for the purpose of cn-
hancing signal visibility should be localed as close as practi-
cal to the projection of the driver’s line of sight.

Required minimum and desirable viewing distances of
traffic signal indications are given in Table 1. These dis-
tances should be adjusted. as indicated. for approach grade
and should be increased, by the amount indicated, if arrow
lenses are used as the principal indication f{er through
traffic.
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Determine the Luminous Requirements for
Retroreflective Highway Signing *

By: Paul L. Olson

Arthur Bernstein

Highway Safety Research Institute,
The University of Michigan

Research Agency:

Introduction
Froblem Sratement

With an ever-increasing amount of signing materials from
which to select, traffic engineers need better information to
make the best decision for a given situation. Available
matcrials dilfer widely in initial cost, durability, and main-
tenance problems. all of which are pertinent to a cost-
cflectiveness analysis, They also differ in photometric
properties.

This research investigated one of the many factors to be
considered in sclecting signing materials —the effect of re-
flectivity on sign legibility. Specific questions addressed by
this rescarch include: What is the range of acceptuble
legend and/or backpground luminosity for effective sign-
ing? How does this range of luminosity vary as a function
of sign characteristics, road geometry, and environmental
conditions? Can an optimum luminosity be specified for
each situation? When, according to luminosity criteria,
should a sign be replaced?

Research Approach

Variables that significantly influence the luminance of
retroreflective signs are identificd in Table 1. Typically,
variables 1 through 5 have been studied in full-scale out-
door simulations. Although this adds to the credibility of
the results, the process is stow. expensive, aud lacking in
precise control of variables. This project used a laboratory
simulation, validated by a field study.

A laboratory study was conducted to collect information
on the cflect of variables 1 through 5 on a small sample of
carefully sclecred subjects. An apparatus was devised which
wits a4 modification of one described by Hills and Freeman
(/). This is a simple optical device that permits indepen-
dent control of the background and legend luminance of a
simulated sign through 2 broad range of wvalues. Back-
ground and legend colors can be readily changed and both
positive and negative contrasts investipated, This unit was
uscd to measure the Jegibility threshold of various-size
Landolt “C™ legends as a function of background eolor and
background. tegend. and surround luminance, A glance
legibility criterion was used, Three groups of subjects par-
ticiputed: { 1) younp people with normal vision, (2) young
people with poor low-contrast tar acuity, and (3) persons
63 years of age or older who had normal vision. The results
of this investigation defined the rclationship between lumi-

* The agency’s final report is available at a cost of $6.00. All orders for
less than $7.50 musy be prepald and dirceted o: Publications ORice,
Trapsportation Resenrch Board, 2101 Constitution Ave, MN.W.. Washing-
ton, DO 20418, Telephone orders are discouraged unless the toral order
exceeds S50, Please make check or money order payable to Transparia-
ricn Reseurch Doard.




nance and color parameters in terms of legibility distance
and were used as inputs to a legibility distance model.

As a means of cvaluating the effectiveness of automotive
headlight systems, HSRI had previously developed a com-
putcr seeing distance mode! that performed calculations of
the luminapce and contrast of various roadway objccts
when illuminated by automobile headlamps. This model
was modifiecd during the current project to calculate legi-
hility distance of retroreflective signs.

Besides equations describing observer response charac-
teristics, the model accepts as input parameters: photo-
mctric properties of the sign materials, sign position rela-
tive to the roadway, road alignment, vehicle position on the
roadway. headlight photometry (for right and left lamps
separately), and driver eye position.

The model was used as a means of devcloping predictive
data regarding the performance of various signing materials
and sitvations. A field study was then carried out to
ascertain whether the predictions provided were realistic.

The field validation study was designed to verify the ac-
curacy of the model and to determine whal correction, if
any, should be applicd to the Jaboratory data to take ficld
factors mto account. Two feld studies were conducted—
one on a private road using artificial signs, the sccond on
a local freeway using cxisting guide signs, The legibility
distances measured were compared with predictions pro-
vided by the model.

Contents of the Project Report

Complete documentation of the rescarch approach to-
gether with the results of a comprehensive literature review
and a survey on current practice are included in the Hpal
report. A series of figures and tables showing the relation-
ship between legend luminance. background [uminance, and
legibility distance is also provided fur various site condi-
tions. However, optimum luminosity values for each situa-
tion are not specifically recommended because of Lhe effect
of unstudied variables and the unique characteristics of
gach individual sitc. The report alse presents u method fo
apply the results, which are based on shceting legend
malerials, to button legends.

Findings
Predictive Legibifity Curves

The major product of this research is a series of predic-
tive legibility distance curves, as shown in Figures 1 through
10. The curves show the lcgihility distance (in ft/inch of
letter height) provided by various combinations of signing
materials. The curves each represent one background ma-
terial having the specific luminance indicated. They range
from 0.1 cd/ft-c/ft", representing a nonreflective surface,
to 100 cd/ft-c/Tt¢. a material whose reflectivity substan-
tially exceeds any available today. The curves show the
85th percentile legibility distance provided by each back-
ground material as a function of legend specific luminance.
Each curve bepins at a relatively short legibility distance
with low levels of legend specific luminance, ioitially shows
increasing legihility distance as legend specific luminance
increases and, in most cases, peaks at some peint and slarts
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TABLE 1

VARIAB].ES SIGNIFICANTLY INFLUENCING THE
LUMINANCE OF RETROREFLECTIVE SIGNS

NO. SOURCE DESCRITTION

1 Sign Background reflectivity.

2 Sign Legend reflectivity.

3 Sign Background color.

4 Sign Placement {vertical and horizontal)
relative to the roadway.

5 Environment Luminance of the environment within
which the sign is placed (surround
luminance).

6 Environment Road alignment in the approach to
the sign.

7 Car Headlight characteristics (photome-
try and aim) of the vehicle pro-
viding the illuminance.

8 Car Position of the car on the road (lanc

position and distance from the
sign).

9 Observer Observer visual characteristics.

down again as legend specific luminance continues to
increase.

Each of the figures contains three or four curves: where
there arc three, it is because the 0.1 and 1.0 curves are
identical. FEach of the curves rcpresents a background
material (green is shown) having the indicated specific
luminance, The 0.1-level is appropriate for ecither a colored
nonrcflective or a black background.

Although these curves are intended to represent slgns
with white legends, they can be used for signs with black
legends as well. In the latter case the curve labeled 0.1 is
used and the horizontal axis interpreted as “Background”
rather than *'I.egend Specific Luminance.”

Specific luminance information is supplicd by the manu-
facturers of signing materials and is based on documents
such as Federal Specification L-5-300-B. Todividual sam-
ples may be photometered, using approved procedures, as
many highway departments do. Exact spectfic luminance
data are not necessary in order to use the predictive legi-
hility distance curves. Although manuofacturer’s specifica-
tions represent minima and there are substantial variations
from sample to sample, these variations are not large
enough to seriously alfcet the predicted performance. An
exception to this does oceur if the chosen materials have
low luminance cuntrast. As can be seen from the predic-
tive legibility distance curves, such combinations would
have poor legibility anyway and variatinns from assumed
specific lTuminance could produce relatively large errors in
predicted legibility.

Manufacturcr’s specifications include specific luminance
data for a variety uf incidence and divergence angles, The
cngineer must first decide which are appropriate for the
installation under consideration. For most large signs (e.g.,
freeway guide signs) the —4°, 0.2° specifications shonld be
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Figure 1. Legibifity distance for an overhead sign; low beants;

legend 20 ft above paverment and centered over driver's lune.
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Figure 3. Legibifity distance Jor a roadside sign; low beams;

fegend 12 ft 1o right of pavement edpe, & ft ahove paveinent.

used. For some other types of problems (e.g., street signs
and other small signs in urban areas) larger angles should
be used. This is a matter of judgment best left to the
persans directly involved.

The following example, based on Figure 1, illustrates the
use of the curves. The figure shows 85th percentile ltegi-
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Figure 2. Legihility distance for an overhead sign: high heans;

legend 20 fr above pavement and centered over driver's lane.
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Figure 4. Legibifity distance for a roadside sign; high beams,

fegend 12 ft to ripght of pavement edge, 8 ft above pavement.

hility distances for four background materials as a function
ol legend specific luminance. The sign is positioned over-
head on a tangent with a constant grade and has a green
background. Specific luminance values other than those
shown can be approximated through interpolation.

For the situation depicted in Figure 1, a nonreflective
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Figure 5. Legibility distunce for an overhicad sign on a 27 right-
hand curve; low beams: fegend 200 ft above pavement and
ecentered over drivers late,
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Figure 7. Legibility distunce for a roadside sign on a 2° right-
hand curve; fow beams; lepend 12 ft 1o right of pavement edge,
& ft abeve pavement.

background (specific luminance —0.1) would enablec a
maximum legibility distance of about 49 ft/in. (5.88 m/
cm) of letter height, through use of a legend having a spe-
cific luininance of about 300, Choosing a legend material
having a specific luininance in the 100 to 150 range would
reducc legibility distances somewhat (about 10 percent in
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Figure 8. Legibility distance for a roadside sign on a 27 left-
hand curve; low beams; legend 12§t to right of pavement edge,
& ft above pavement.

this case). If legends having specific luminance much
preater than 500 were available these would also result in
reduction in legibitity.

The same is true for a retroreflective material having a
specific luminance of 10. Using 2 legend having a specific
luminance in the 70 to 100 range, as would be the case if
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Figure 9. Legibility distance for an overhead sign on a tangent,
crest (A=87 ) low beams; legend 20 fr above pavement und
centered over driver's fane.

the legend were chosen from the same family of materials
as the background, would preoduce a legibility distance of
about 43 ft/in. (5.16 m/cm) of letter height, lcgibility
distance can be improved to 50 ft/in. (6 m/cm) of letter
height by use of a legend having a specific luminance of
about 500.

Selection of Signing Materialy

Buckground Materials.— -Figures 1 through 10 create the
impression that the background has little effect om sign
legibility. This is because each figure is for a very specilic
combination of circumstances in terms of position, road
alipnment, and viewing conditions (single car, high or low
heam}. Although the geometric factors do not change for
a given sign, viewing conditions can and do. over wide
runges. In addition, it is probably impractical to custom
design individual signs to the specific conditions of their
setting.  Thus. there are strong reasons to sclect signing
materials that will provide pood performance wherever
placed and under all viewing conditions. This requires con-
siderstion of many if not all the figures in Lhe set; and, if
this is done, it will be seen that the background of a sign
can have considerabie effect on legibilily.

By way of illustration, consider Table 2. The data for
this table are drawn from Figures | through 10. Threc
background reflectivity leveis are considered: nonrelicclive,
10, and 30 cd/fi-c/ft*—three readily available choices in
the present market. Each column of ithe table is drawn
from cach fgure as labeled, so that it is possible to make
side-by-side comparisons of the legibility distances for the
same background in different situations,

As indicated in Fable 2, the legend that produces maxi-
mum legibility is not the same for all conditions. However,
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Figure 10, Legibility distunce for an overhead sign on a tan-
gent,, sag (A—8% ) low beams; tepend 20 ft above pavement
urnd contered over driver's lane.

the scatter is much less for the retroreflective backgrounds.
Thus, for a 30-cd/ft-¢c/ft* background, a 500-cd/fi-c/ft*
legend is the single choice that comes closest to the maxi-
mum legibility distance in all cases. For a 10-cd/ft-c/fi*
background, a 250-cd/ft-c/ft* legend scems to be the best
choice, if only onc legend malerial is to be wsed. How-
ever, the legibility distances tend to run 2 to & percent less
than with the more reflective background.

If 4 nonreflective background is being considered, select-
ing a single Iegend malerial is much more difficult. A ma-
terial in the 230- to 500-cd/ ft-c/ ft* range is best for most
conditions listed. but becomes too bright., with consequent
loss of legibility distance, under high-beam (or heavy-
stream trafflic) conditions. A better choice might be in the
100- 1o 150-cd/ft-c/ft* range, but no such materials are
currently available, A material having specific luminance
of about 70 cd/ft-¢/ft* is good for conditions where the
sign is highly illuminated, but significantly poorer for other
conditions.

Clearly, the use of nonrefllective backgrounds means that
certain viewing conditions will result in significant reduc-
tions in legibility distance regardless of what legend ma-
terials arc selected. Because of this characteristic, the only
way 1o use a noareflective background and be sure of ob-
taining legibilily distances at least equal to those provided
by reflective backgrounds under all conditions is by in-
creasing legend size. As an example, if an overhead sign
is to be placed on a constant-grade tangent and be legible
at 800 ft (Cols. 1 and 2}, this would require a 16-in legend
for the reflective signs {30 background. 500 legend and
10 background, 250 or 500 legend) and an 18-in. legend
for the nonreflective sign (using a 70 or 250 legend ). Use
ot a button legend (300 cd/ft-¢/ft* is a good approxima-
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TABLE 2
LEGIBH.ITY DISTANCES AS A FUNCTION OF LEGEND SPECIFIC LUMINANCE FOR THREE LEVELS
OF BACKGROUND REFLECTIVITY IN TEN DIFFERENT SIGNING SITUATIONS
LEGIBILITY DISTANCE {FT/IN. OF LETTLR HEIGHT)
FIG. 5. FI1G, 6, Fuo. 7, FiG. 8,
OVER- OVER- ROAD-  ROAD-  Fia. Y, Fia. 10,
SPECIFIC FIG. 1. FIG. 2, FIG, 3, FiG. 4, HEAD, HEAD, SIDE, sIDE,  OVER- OVER-
LUMINANCL OVLER- OVER-  ROAD- ROAD-  RIGHT  LELT LEFT RIGHT HEAD, I1EAD,
(D FT-C/ FT%) HLEAD, HEAD. SIDE,  SIDE, CURVE, CURVE, CURVE, CURVE, CREST, SAG,
LOW HIGH LOW HIGH  LOW LOW L.ow LOW 1.OW LOW
BACKGROUND LEGEND BEAMS BEAMS BEAMS BLAMS BEAMS BLAMS REAMS BLAMS BFAMS BEAMS
Nonreflective 10 33 46 41 47 34 32 37 35 42 31
20 38 48 44 48 38 35 41 38 16 36
40 42 49 47 47 42 39 44 42 49 40
70 43 48 48 45 44 42 47 44 49 42
100 45 47 48 43 45 43 48 45 48 43
150 47 44 48 40 47 44 49 47 47 44
250 45 42 48 — 48 46 49 48 46 46
300 49 38 46 — 49 48 49 49 43 48
1000 48 — — — 48 49 44 48 41 50
10 20 30 39 35 42 29 RE: 34 31 33 25
40 38 46 43 49 38 36 42 38 45 36
70 42 30 48 53 42 40 47 43 52 40
100 44 52 50 54 444 42 49 44 53 42
150 47 54 53 57 47 43 52 47 55 43
250 48 56 54 57 48 46 53 48 56 46
500 30 54 53 53 50 49 53 51 53 48
10400 48 51 50 49 47 51 50 48 50 50
30 40 28 33 30 40 27 25 32 28 26 22
70 35 42 40 48 37 33 38 37 43 33
100 39 45 43 50 39 37 43 40 47 36
150 43 50 48 54 43 42 47 43 53 40
250 46 54 52 57 46 44 30 406 55 43
300 51 58 55 58 51 49 33 50 58 47
1600 52 55 54 55 52 52 54 52 57 51

tion} or a nonrellective background would require at least
a 20-in. legend to provide 800-t legibility because of the
relatively poor performance of the combination under con-
ditions of high illuminance (38 ft/in. of letter height on
high bearns as compared with 49 ft/in. of letter height on
low beams) . .

The rcason for the greater spread of optimums in the
case of the nonreflective background lies in the fact that
legibility is largely determined by luminance contrast. With
a retroreflective background, luminance contrast remains
constant. Tt is true that optimum contrast changes with
luminance level, going down as luminance increases, but
this is not a major effect. With a nonreflective background,
contrast changes dircctly with illuminance (at least so far
as the eve is concerned). Inasmuch as the range of opti-
mum contrast is narrow reiative to the range of illuminance
conditions arising from changes in headlamp beams or traf-
fic density, there are substantial changes in the legend spe-

cific luminance associated with peak performance under
different conditions.

The caulions just noted conccrning use of nonrcflective
backgrounds do not apply to installations in well-lighted
areas because one of the effects of high surround luminance
is to redece the detrimental effect of excessive legend lumi-
nance contrast, [f nonreflective backgrounds are planned
for use in a well-illuminated environment, 45 on some
urban frecways, the data describing high-beam viewing
conditions should be ignored and the legend specific lumi-
nance be hased on the low-beam viewing conditions.

The discussion to this point has been largely relevant to
signs with white legends. However, the problems associated
with nonreflective backgrounds also apply to signs psing
black legends. Table 3 gives the data for nonreflective
legends from Figures 3. 4, 7, and 8, which pertain to road-
side signs, Clearly, no background specific luminance level
is associated with optimum legibility in all cases. However,
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a few special points should be noted with regard to black-
legend signs, as follows:

1. Many of these are symbol signs (especially the yellow
and oranpe serics). The legihility data developed in this
study are not relevant to symbol signs. Conspicuily, which
is largely determined by luminance, is very important in
symibol signs.

2. Even for word signs in the vellow and orange series,
conspicuity is very important. ‘Fhus, high luminance may
be favored, especially because legibility can be changed in
other ways (e.g.. increasing legend size),

3. Many black-legend signs arg smail and designed for
relattvely short legibility distances. This means that inci-
dence and divergence angles larger than —4% and 0.2°
should be considered in using the predictive legibility
distance data.

Given that black-legend signs force a choice between
conspicuity and legibility, recommendations for materials
are more difficult. In general, for yellow and orange series
signs conspicuity should be favored and highly reflective
materials would have considerable merit. This would be
particularly true for symbol signs, but would alse apply to
word signs.  Legibility would be of more concern with
white-background signs. and highly reflective materials
would probably be a poor choice for signs designed to he
viewed at fairly long distances in u dark surround (high-
way speed limit signs, for example). On the other hand,
highty reflective malerials would work well in an iHlumi-
nated surround, or where conspicuity is judged to be very
important, or where the placement of the sign indicates that

TABLE 3

LEGIBILITY DISTANCES AS A FUNCIION OF
BACKGROUND SPECIFIC LUMINANCE FOR
SIGNS HAVING BLACK LEGENDS IN FOUR
DIFFERENT SITUATIONS

LEGIRILITY DISTANCE
{FT/IN, OF LETTFR HEIGHT }

FIG. 7, FlG. 8,

ROAD- ROAD-
FiGg. 3. Fi. 4, sk, SIDLE,
BACKGROUND ROAD- ROAT- LEFT RIGHT
SPECIFIC SIDE, sID:, CURVE, CURVE,
LUMINANCL 1LOW HIGH LOW LOW
(R FT-C/1FTH) BLEAMS  BEAMS BLEAMS BEAMS
5 37 44 33 32
1o 41 47 37 35
30 45 48 42 40
30 47 47 45 43
100 48 43 48 45
150 4% - 49 47
250 15 - 49 48
500 46 — 49 49
1000 - — 44 48

relatively large incidence and divergence angles would
apply.

In sum, sign backgrounds substantially affect sign legi-
bility and the choice is an impartant one to a traflic cngi-
neering agency, From a legibility point of view, reflec-
torized backgrounds are favored. Whether the modcrate
legibility advantages associated with highly reflective back-
ground materials are cost-beneficial requires consideration
of other fuctors {purchase price. effective life, ete.)

Legend Materials.—I.egend luminance contrast js the
most important tactor in sign icgibility. For signs in dark
surrounds it is possible to have too much or o little con-
trust and the choice of legend is more critical. For signs
in highly iltuminated surrounds, the low-contrast relation-
ship is unchanged but the deleterious effect of high con-
trast iy eliminated. For most applications there is a sub-
stantial runge of near-optimum legend specific luminances
and one or more materials can be found within thal range.
If a single material must do for all applications. the choice
Is much narrower.

Somie points regarding legend choices should be noted:

. Using legends and backgrounds from the same family
of materials will produce fuminance contrast below opti-
mum. For example, for a whitc-on-green sign. 4 common
material hay a specific luminance of 10 cd/ ft-¢/ft? in preen
and 70 cd/ ft-c /ft- in white { manufacturer's spectications),
Such a combination would resuit in legibility distances
10 to 15 percent below what is possible with other legend
materials,

2. The data are based on the use of manufacturer's
specifications, which represent minima. Although there
can be a substantial range of specific luminances from
sample to sample of “identical™ materials. this will not
seriously affect predicted legibility distance, so long as the
combinations elected are in the optimum range. However,
especially in the low-contrast range, chance variutions in
specific lurninance can have a mueh greater effect on actual
luminance contrast and, hence, on legihility distance. This
is a further reason for avoiding low-contrast combinations,

3. Where a material choice is possible in the optimurn
range. consideration should be given to the more reflective
product. The data are based on young, normal subjects;
additional luminance contrast will aid older drivers and
those afllicted with low-contrast acuity probicms.

4. If possibie, the legend muaterial should be chosen Lo
decay more slowly than the buckyground, This will result in
an increase in legend luminance conirast as the sign ages.
Less reflective backgrounds require more Juminance con-
trast 1o achieve legibility distunce comparable to highly
reflective backgrounds. The loss in {egibility distance nor-
mully associated with the decay of signing material can be
minimized if the legend luminance contrast increases as the
background becomes less reflective, This will increase the
effective life of the sign.

Effects of Sign Position

The position of the roadside sign selected for develop-
ment of the predictive legibility distance curves [12 ft
(3.7 m} from the cdge of the pavement] is fairly close to




the road for large signs. Placements to 30 ft (9.14 m)
from the edge of the pavement are common. Heights above
the roadveay greater than 8 ft (2.44 m) are also encoun-
tered. Either situation would reduce to some extent the
amount of Hlumination reaching the sign. An overhead
sign Tepresents & worst case in terms of illumination, be-
cause low-beam headlamps, by design, project relatively
jittle light above the horizontal, especially to the left and
cenler. In the case of large freeway signs. increasing lateral
offset from the 12 ft (3.7 m) given in the curves to 30 ft
(9.14 m} would have a minor eflect on sign luminance and,
hence, on legihilitv. Increasing height above the roadway
would have a greater eflect. The following guidelines
should be considered:

1. For lateral alfscts preater than 20 ft (6.1 m). usc of
a more highly reflective legend material would be benc-
flcial, if 1t is still in the optimum range.

2.0 Any sign 15 ft (4.6 m} or more above the road sur-
face should he treated as an overhead sign for purposes of
material selection.

Correction for Streqin Traffic Effects

Woeltman and Youngblood (2) reported that, in dense
traflic, sign luminance might increase by as much as eight
times over o single-car low-beam situatton. This is close to
the change in luminance associated with switching from
low to high beams; thus. high-beam data (Figs. 2 and 4)
can be used (0 approximate heavy-stream traflic effects
under some conditions. Note, however, that this effect Is
most pronounced at viewing distances of 1.000 ft (305 m)
or more and drops off rapidly at shorter distances. Indica-
tions are that at 600 ft (183 m) luminance might be in-
creased by a factor of 4 and the diflerence is negligihle at
300 fr 191 m). The effect also depends on sign position;
it is maximum for overhead signs on the observer's kelt and
minimal for roadside signs,

Alternatively, both legend and background specific lumi-
nance values can be increased by the mwlliplier judged
appropriate, For example. if a sign has a background spe-
cific luminance of 10 cd/ft-¢/ft* and a legend specific
luminance of 70 ¢dsft-¢c/ft* and it is thought that stream
traffic conditions for the road in question might increase
luminance by a factor of 4, treat the specific luminance
values as 40 and 280 and consult the appropriate figure or
table. Thus, if a sign such as described in Figure 1 were
under consideration, single-car low-beam legihility would
be estimated as 43 ft/in, of letier height. Under stream
traffic conditions legibility would bhe expected to increase
to 46 to 47 ft/in. of letter height. 11 should be noied that
legibility distance will mol always improve under stream
traflic conditions, especially if nonreflective backgrounds
are in use.

Carrections for Backpground Color

The specifications provided are for white-on-green con-
figurations. The results of the laboratory investigation indi-
cate that the green data apply equally well to blue back-
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grounds and cun be used for either. The laboratory data
also indicate that equivalent legibility on red backpround
requires about double the contrast as on green or blue,
Because red-hackground signs are generally made by silk
screening on a white material, greater conirast cun only be
achieved by using an ink that further reduces the luminance
of the red portion. This reduces conspicuily, a poor trade-
off in the opinion of the authors. Given that conspicuity is
such an important factor in red-background signs, and that
color and shape provide redundant information, it is felt
that legibility is a minor consideration.

Tor signs employing nonreflective legends, the data per-
tain to white backgrounds. A white background requires
somewhat less fupiinance to achieve the same legibility dis-
tance as cither yvellow or orange. Howcever, the differences
are not such as to result in a latge diflerence in legibility,
in general, using white-background data for yellow or
orange signs will result in a § to 10 percent overestimate
ol legibility distance.

Conclusions

Legibility is determined in parl by factors other than
those included in this study (c.g.. letter size, stroke width,
spacing). Thus. a statement to the effcct that such-and-
such variable is the only factor determiting legibility should
be understood o mean “of those factors tesied.”™

1. Sign legibility is determined by a variety of factors,
among the most important of which are the lunminance
characteristics.

2. Although highly reflective sign backgrounds have the
potential of providing somewhat greater legibility distance
than nonreflective or maoderately refllective backprounds,
any background muaterial is capable of yielding satisfactory
lewibility distance. The primary dilferences among back-
grounds arc in terms of conspicuity, color rendition, and
ability to maintain maximum legibility distance under a
variety of illumination conditions.

3. For signs having white legends, legend luminance
contrast is the primary factor in sign legibility. The con-
trast required for optimum legibility depends on back-
ground luminance. In general. the higher the background
leminance, the lower the required contrast,

4. Legend luminance is the only factor determining the
legibility of signs having nonreflective or black back-
grounds. As a result, such signs are more sensitive {as
measured by changes in legibility distance) to changes in
illumination.

5. Background luminance is the primary factor in legi-
bility of signs having black legends., The high luminance
levels required Tor conspicuity and color rendition appear
to reduce legibility. For many such signs conspicuity is of
primary concern and some loss of legibility can be tol-
erated. Where legibility 1s of importance, it is neccssary
to increase legend size and stroke width as background
reflectivity increases,

6. Within a given contrast direction, the differences in
legibility associated with background color are relatively
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small {black background cxcepted} and of no practical
significance.

7. Increasing surround luminance results in improve-
menls in sign legibility, regardless of the material com-
binution used.

8. There are very substantial differences in the ahility of
different people to read highway signs. These diffierences
are lurgely independent of their perforinance on a conven-
tional test for far acuity, such as might be given during a
driver's license examination,
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