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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed research provides the most ef-
fective approach to the sclution of many problems facing
highway administirators and engineers. Often, highway
problems arc of local interest and can best be studied by
highway departments individually or in cooperation with
their state umniversities and others. More predominantly,
however, the nced for more efficient, economical, and safer
highway transportation and the importance of meshing
with other modes and other societal concerns leads to
national problems of increasing complexity. A coordinated
program of high-quality cooperative research provides a
highly effective approach to such problems.

In recognition of these nceds, the highway administrators
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national
highway research program cmploying modern scientific
tcchniques. This program is supportcd on a continuing
basis by [unds 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 MNational Re-
search Council was requested by the Association to admin-
ister the research program because of thc Board’s recog-
nized objectivily and understanding of modern research
practices. The Board is uniquely suited for this purpose
as: it maintains an extensive committee structure from
which authorities on any highway transportation subject
may be drawn; it possesses avenues of communications and
cooperation with federal, state, and local governmental
agencies, universities, and industry; its relationship to its
parent organization, the National Academy of Sciences, a
privaie, nonprofit institution, is an insurance of objectivity;
and it maintains a full-time rescarch correlation staff of
specialists in highway transportation matters to bring the
findings of rescarch dircctly to those who are in a position
to use them.

Research programs are developed annually on the basis of
rescarch needs identified by chief administrators of the
highway and transportation departments, by commitiees
of AASHTO, and by the Federal Highway Administration.
The programs are referred to the Transportation Research
Board for administration, and research projects addressing
the specific needs are defined by the Board. The projects
are advertised widely for proposals, and qualified agencies
are selected on the basis of research plans offering the
greatest probabilities of success. The research 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
Mational Cooperative Highway Research Program is an
efficient mechanism for providing timely solutions to prob-
lems of mutual concern to many responsible groups. The
Program, however, is intended to complement rather than
to substitute for or duplicate other highway research
programs.
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HOW NCHRP PROGRAMS ARE FORMULATED

Research problems from the AASHTO are initiated on
an annual basis, and there are many steps (refer to Fig-
ure 1) between initiation and the time that the final reports
are published. Each fiscal year’s program must start with
the identification of critical problems by:

e The chief administrative officers of the member state
highway and transportation departments.

e The chairmen of subcommittees under AASHTO’s
Standing Committee on Administration.

# The chairmen of subcommittees under AASHTO’s
Standing Committee on Highways.

¢ The Executive Committec of AASHTO.
® The Federal Highway Administrator,

The many problems received from these sources each
year are first screened to determine:

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

¢ If the proposed problem represents an immediate
research need in the transportation field.

® If similar cfforts are alrcady under way, or if satis-
factory answers are already available, In these respects,
a search is made of the relevant literature stored in the
Board’s automated Highway Research Information Service.

¢ The probability of success of completing the problem
according to its scope, cstimated cost, and time for com-
pletion,
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The technical merits of the problems that survive this
initial screening are then evaluated in depth by the
AASHTO Select Committee 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 year, the Com-
mitlee 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 committee re-
ceives NCHRP recommendations for continuations and
has detailed status reports avaiiable 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 proposed
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 committee’s second major activity is
to determine which new problem suhmittals should receive
the highest priority for programming within the remain-
ing available funds.

The complete program, made up of continuations and
new prohlems, is sent immediately to the AASHTO Execu-
tive Committee for review, approval and/or modification,
and acceptance.

After the program is approved, it is sent by AASHTO’s
Executive Director to the member departments for hallot-
ing. The final program for each fiscal year consists of those
problems that have received a favorable vote by two-thirds
or more of the member departments,

Fach year’s final program is then referred by AASHTO to
the Academy for review and acceptance (refer to Figure
2}, At the same time it is also sent to the Federal Highway
Administration for its revicw. Within the Academy struc-
ture, the NCHRP staff reviews each item to again cnsure
that there will he no duplication of either on-going or com-
pleted research,

PROGRAMS RECEIVED TO DATE

The first research program was received when the three-
way agreement was signed and consisted of 34 problems
with an average funding of about $55,000. A similar pat-
tern cxisted for the second program; however, subsequent
years have seen a decrease in the numbers of problems pro-
grammed and an increase in the levels of funding for
individual projects. Since 1967, cach year's program has
consisted of some 7 to 10 new problems with funding rang-
ing between $100,000 and $300,000 and a like number of
continuations with funding ranging between $100,000 and
$360,000. This is not to bc taken as a decrease in the
needs of the sponsors. To the contrary, the needs arc many
and are evidenced by an ever-growing list that has ranged
as high as 188 problems submitted for evaluation in a single
year. Regrettably, funds available to the NCHRP each year
permit inclusion of but a fraction of the problems sub-
mitted.

In 1980 AASHTO referred the twentieth program (FY
'82) of rescarch problems. From all programs through
FY ’82, 342 research projects have resulted, on which con-
tracts written through December 1981 total some $50.0
million. The subject matter of the projects ranges across
the full spectrum of concern within the transportation in-
dustry and evidences the sponsor’s immediate interest
in acquiring answers at an early date to the many acute
problems facing administrators and engingers. The twenty-
first group of research problems (FY °R3 program) was
selccted in September 1981 and will be referred to the
Academy {ollowing the States’ ballot on the recommended
problems.

FINANCING THE PROGRAM

Each vear each State contracts with the National Acad-
emy of Sciences to support the Program. The agreement
commits the State to 414 percent of its 174 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 be financed di-
rectly from the Federal-aid monics without State matching
funds. On the other hand, the member department’s con-
tribution may be financed from both Federal and State
matching funds or entirely from State funds, From these
contributions a cooperative pool of about $4.5 million is
made available each year for NCHRP's contract research
and for its administrative and technical operation, Funds
arc scheduled to become available such that research
is planned to begin on Octoher 1 of each year.

HOW THE NCHRP IS ORGANIZED TO ADMINISTER
RESEARCH PROGRAMS

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

In addition. the Board has established eight broad re-
scarch ficlds under which project panels are organized
to deal with research in specific problem areas falling within
the broad fields (refer to Figure 3). For example, in the
broad subject field of Design, ¢ach project falling within the
more specific subject area of Bridges is assigned a project
panel to provide technical guidance throughout the re-
search and reporting phases. Those projects that do not
conveniently fit undetr one of the first seven general fields
are assigned to the eighth one, Speccial Projects.

In terms of generalized subject areas, the distribution of
all projects through FY 1982 within the fields of Figure 3
is as follows:
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43 11.0 Socio-economic and environmental
issues

50 18.3 Urban issues

10 3.8 Multimodal issues

64 17.6 Safety and accident prevention

19 11 Legal studies

12 14.4 Special projects {including in-
house)

26 6.0 Improved materials quality and
performance

21 53 Highway maintenance

38 7.8 Specifications, tests, and construc-
tion control

59 14.7 Structural design and performance

Members of the project panels do not act as consultants
or advisors to project investigators. Members may, ac-
cording to established policy, submit proposals for re-
search. If they do, they are dropped from panel participa-
tion until the rescarch agencies have been selected. If
unsuccessful, they may return to full participation. Some
637 individuals serve without compensation on these
project panels, and their total yearly contribution to the
Program runs to thousands of man-days. Members are
drawn from the agencies given in Table 1, and they come
from 44 States, the District of Columbia, and Canada.
State highway and transportation department employees
constitute a significant portion of panel membership,
presently 43 percent. The duties and responsibilities of
the membership include:

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

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

# Reyiewing research proposals and making recommen-
dations regarding selection of research agencies.

® Reviewing research progress.

® Providing puidance regarding technical aspects of the
research.

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

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






TABLE 2
NUMBER OF PROPOSALS SUBMITTED

'62-'74 7S 76 77 78 79 'BO °81 ¢
ITEM AVE. LOW HIGH
No. of projects advertised 17 9 34 5 15 15 10 13 10 11
Proposals submitted 176 107 233 64 140 138 116 104 8§83 94
Proposals rec’d per project (ave.) 11 6 17 13 9 9 12 8 8 9

* Calendar year

TABLE 3

NUMBER OF AGENCIES SUBMITTING ONE OR MORE
RESEARCH PROPOSALS

NUMBER OF AGENCIES SUBMITTING PROPOSALS

NO. OF

62-74 75 76 17 78 79 8O 81 *
PROPOSALS
SUBMITTED AVE. LOW HIGH
1 68 26 103 44 80 73 67 65 61 48
2 20 8 29 4 14 16 10 10 11 18
3 8 4 14 4 4 4 7 2 0 2
4 4 0 8 0 1 2 2 2 0 i
5 2 0 5 0 2 1 0 1 0 0
6 13 0 4 0 1 o 0 0 0 0
7 1 0 4 0 0 0 0 0 0 0
8 <1 0 2 0 0] 1 0 o 0 0
9 < 1 0 1 0 0 0 0 0 0 0
10 <1 0 2 0 0 0 0 0 0 0
11 <1 0 1 0 0 0 0 0 0 0
All 52 102 57 86 80 72 69

* Calendar year

TABLE 4
TYPES OF AGENCIES SUBMITTING PROPOSALS

NO. OF AGENCIES SUBMITTING

*62-"74 75 76 77 78 79 80 81 *

TYPE OF AGENCY AVE. LOW  HIGH
Educational institutions a9 25 53 14 36 34 29 30 23 18
Research institutes 16 8 26 8 7 8 8 g 5 7
Industry, consultants, and

trade associations 46 14 72 28 54 51 46 40 42 42
Professional societies and

service organizations <1 0 2 0 0 0 0 0 0 0
State highway and transpor-

tation departments 2 0 3 1 3 3 0 0 0 1
Special transportation and

other governmental agencies 1 0 3 1 2 1 3 1 2 1
All 52 102 57 86 80 72 69
No. of projects advertised 17 9 34 5 15 15 10 13 10 9

* Calendar year




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

The opportunity to propose is open to anyone possessing
extensive, demonstrated capability and experience in the
problem areas in question; never are projects developed
with the intent that they go to particular agencies. Because
the projects are seeking practical remedies for pressing
operational problems, it is ¢xpected that only the highest
level of ageney capability will be applied in meeting the
commitments of the proposal—capability cannot be de-
veloped at project expense. Consonant with the goal of
providing practical, readily usable solutions to pressing
problems, time and cxperience have led to the development
of fairly stringent specifications for proposals and agency
attributes that arc acceptable to the mission-oriented nature
of the NCHRP. The types of agencies responding with pro-
posuls for the 20 programs to date are given in Table 4.

The staff and panel members evaluate all proposals in a
uniform manner, with primary consideration given to:

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

® The experiment design and the promise of fulfilling the
objectives of the project statement.

® The qualifications of the principal investigator(s).
®* The adequacy of the facilities,

The proposed budget is not one of the primary factors
because the funds available for rescarch are announced in
the project statement. The budget does not enter the
evaluation process leading to agency sclection, except when
specific items arc reviewed to better determine manpower
allocations. When the proposcd cost exceeds the funds
stated to be available, the proposal is rejected on receipt.

A panel meeting is held to sclect an agency for each
project and a review is made of all known aspects of per-
formance of the proposers on other rescarch projects under
NCHRP or elsewhere. The successful proposals arc re-
tained by the panel members for use in monitoring the
research, Proposals arc considered to be privileged, and the
information in them is not released outside of the Academy
unless explicit approval is obtained from the agency. Policy
also holds that panel notes, deliberations, etc., arc
privileged.

Following the sclection meetings, a list of recommended
research agencies is transmitted to the AASHTO Select
Committee on Rescarch and the Federal Highway Ad-
ministration for their review and approval, following
which the AASHTO Executive Committee is advised of
the approval action. Contracts between the Academy and
the research agencies are cxccuted, 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 basis. Further, proposals can be reccived only in
response lo advertised project statcments, as the funds
available each year to the Program are earmarked in their
entirety for rescarch problems specificd 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 debriefing is intended to indicate to the
proposers the technical areas in which their proposals werc
judged weak and deficient and how the weaknesses or de-
ficiencies were factors in their nol having been selected. All
debriefings are conducted in a scrupulously fair, objective,
and impartial manner, and the information given the un-
successful proposers is absoluicly factual and consistent
with the evaluations by the NMCHRP panels. The fac-
tors constituting the basis for sclection of the successful
agency are identified, but the debriefing does not include a
point-by-paint comparison of all the elements considered
in the evaluation criteria. Neither is there any revelation of
confidential business information, trade secrets, techniques,
or processes of the other proposers, nor is there any indi-
calion of the relative merits or technical standings of the
unsuccessful proposers.

The 342 projects included in the 20 fiscal year programs
conducted to date are listed in Table 5. There are 137
projects in traffic planning rescarch, 163 in physical re-
search, and 42 in the special projects area. To date, 297 of
the projects have been completed.

The Academy’s research contract is either:

® Cost-Reimbursement (CR)
¢ Cost-Reimbursement Plus Fixed Fee (CRPFF)

* Fixed Price (FP) (used only rarely to date for con-
tracts under $30,000)

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

The research agency’s proposal is made a part of the
contract with the Academy. Thus, in addition to the spe-
cific research objectives outlined in the contract, the re-
scarch agency's cost estimates arg also recognized as being
part of the agreement. However, the principal investigator
does have flexibility in conducting the research, if it is
consistent with the peneral scheme of the proposal,

About {wo years 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 to be excessive; however, it is not. It provides
for the advance planning that is necessary for the orderly
development of projects relevant to states’ need and cnsurcs
that program development meshes appropriately with the
apportionment of Federal-aid funds for any given year.
This permits smooth progression from year to year in
planning and activating annual programs.










TABLE 5 (Continued)

CONTRACT
PROJECT AMOUNT OR
RESEARCH CONTRACT
HO. TITLE AGENCY cosT (§)
AREA THREE {Continied)
3-6 Effect of Regulatory Devices on Intersectional Capacity and Operation De Leuw, Cather 153,175+
3-7 Establishment of Standards for Hizhway Noise Levels Boit Beranek 144,920%
69,930*
49.927%
3le,011*
18 Factors Influencing Safety at Highway-Rail Grade Crossings Voorhees & Assoc 17,171*
74,250%
39 Analysis and Projection of Research on Traffic Surveillance, Communication, and Jorgensen & Assoc 23,760*
Control
3-10 Application of Vehicle Operating Characteristics to Geometric Design and Traffic Cornell Aero Lab 41,520
Operations
3-11 Optimizing Street Operations Through Traffic Regulations and Control Peat, Marwick 258,331*
3-12 Development of Information Requirements and Transmission Techniques for Airborne Instr 198.655"
Highway Users 100,500*
99.821*
-13 Guidelines for Medial and Marginal Access Control of Major Roadways Texas A&M 149,293%
3-14 Optimizing Flow on Existing Street Networks Edwards & Kelcey 990,000+
-15 Weaving Area Operations Study Poly of New York 300,000*
3-16 Freeway Lane Drops System Dev Corp 99, 789*
76,815%
3-17 Improving Traffic Operations and Safety at Exit Gore Areas Penn State U 79.983%
3-18(1) Impreved Control Logic for Use with Computer-Controlled Traffic Stanford Res Inst 323,998*
57.662%
3-18(2) Traffic Control in Oversaturated Street Networks Poly of New York 200,000*
3-18(3) Cost-Effectiveness Methodolopy for Evaluation of Signalized Street JHK & Assoc 123,267*
Network Surveillance and Control Systems
3-18(4) Methodology for Performance Evaluation of Signalized Network Control Strategies Compulran 148,705
3-19 Grade Effects on Traffic Flow Stability and Capacity Midwest Res Inst 220,443™
3-20 Traffic Signal Warrants KLD Associates 120.000%
B1.935%*
3-20A Peak-Hour Traffic Signal Warrants JHK & Assoc 150,000
3-21 Motorist Response to Highway Guide Signing BioTechnology 272,071*%
3-21(2) Effectiveness of Changeable-Message Displays in Advance of High-Speed Freeway Lane BioTechnology 170,993
Closures
3-22 Guidelines for Design and Operation of Ramp Control Systems Stanford Res Inst 199,030%*
3-22A CGuidelines for Design and Operation of Ramp Control Systems Texas A& M 249,823
3-23 Guidelines for Uniformity in Traffic Control Signal Design Configurations KLD Associates 108,779%
3-24 Determine the Luminous Requirements for Retroreflective Highway Signing U of Michigan 100,000*
3-25 Cost and Safety Effectiveness of Highway Design Elements Jorgensen Assoc 260,576
3-26 Investigation of Selected MNoise Barrier Acoustical Parameters Penn State U 225,891
3-27 Guidelines for Selecting Traffic Signal Control at Individual Intersections Voorhees & Assoc 153,953
3-28 Development of an Improved Highway Capacity Manual JHK & Assoc 161,000*
3-28A Two-Lare, Two-Way Rural Highway Capacity Texas A& M 150,000
3-28(2) Urban Signalized Intersection Capacity JHK & Assoc 331,000
AREA FOUR: MATERIALS AND CONSTRUCTION—GENERAL MATERIALS
4-1 Development of Appropriate Methods for Evaluating the Effectiveness of Stabilizing U of Tllinois 114,991*
Agents
4.2 A Study of Degrading Aggregates in Bases and Subbases with Production of Excessive Purdue U 63,990*
Amounts of and/or Harmful Types of Fines
4-3(1) Development of Methods to Identify Aggregate Particles Which Undergo Destructive VPI 20.000*
Volume Changes When Frozen in Concrete 23,337%
4-3(2) Development of Methods to Tdentify Aggrepate Particles Which Undergo Destructive Penn State U 56457
Volume Changes When Frozen in Concrete 49.756%
4-4 Svnthetic Aggregates for Highway Uses Battelle Mem Tnst 14,790
4-5 A Study of the Mechanism Whereby the Strength of Bases and Subbases Is Affected by Michigan Tech U 64,105*
Frost and Moisture
4-6 Protective Coatings for Highway Structural Steel Steel Str Paint 25.000*
4-7 Fatigue Strength of High-Yield Reinforcing Bars PCA 100,000
50,000*
4-8 Research Needs Relating to Performance of Aggregates in Highway Construction VeI 55.254"
4-8(2) Density Standards for Field Compaction of Granular Bases and Subbases Clemson U 95.248%
4-8(3) Predicting Moisture-Induced Damage to Asphaltic Conerete U of Tdaho 190,177*
71.652
4-9 Fvaluation of Preformed Elastomeric Pavement Joint Sealing Systems and Practices Utah DOT 93,494 *
49 Preformed Elastomeric Pavement Joint Sealing Systems—Field Evaluation Phase Utah DOT 144,837
4-10 Promising Replacements for Conventional Ageregates for Hizhway Use U of Mlinois 50,000%
4-10A Waste Materials as Potential Replacements for Highway Aggregates Valley Forge Lab 53.663%
4-11 Buried Plastic Pipe for Drainage of Transportation Facilities Simpson Gumpertz 200,000*
4-12 Upgrading of Poor or Marginal Aggregates for PCC and Bituminous Pavements Penn State U 150,000



START- COMPLE-
ING TION PROJECT
DATE DATE PROJECT STATUS ** (for details, see latest Summary of Progress) NO.
4/1/63 8/15/66 Completed-—Published as NCHRP Reports 11, 41 3-6
2/1/64 4/30/67 Completed—Published as NCHRP Report 78 3-7
10/14/68 1/15/70 Completed—Published as NCHRP Report 117 3-7
4/1/71 6/30/72 Completed—Published as NCHRP Report 144 3-7
9/1/72 11/30/74 Completed—Published as NCHRP Reports 173, 174 37
12/1/63 12/31/64 Completed—Report included in NCHRP Report 50 3-8
4/1/65 1/6/67 Completed—Total project published as NCHRP Report 50 3-8
10/15/66 1/14/68 Completed—Published as NCHRP Report 84 39
1/1/66 3/10/67 Completed—Published as NCHRF Report 68 110
9/1/66 9/30/68 Completed—Published as NCHRP Report 110 3-11
10/1/66 12/31/67 Completed—Report included in NCHRP Report 123 312
4/1/68 12/1/69 Completed—Report included in NCHRP Report 123 312
3/29/71 12/11/72 Completed—Rep. not publ.; agency rep. avail. in microfiche 3-12
9/1/67 11/30/69 Completed—Published as NCHRP Report 93 3-13
10/1/67 1/10/70 Completed—Published as NCHRP Report 113 3-14
10/1/69 12/31/73 Completed—Published as NCHRP Report 159 3-15
11/1/69 4/30/71 Completed—Rep. not publ.; agency rep. avail. in microfiche 31-16
5/1/72 10/31/73 Completed—Published as NCHRP Report 175 3-16
1/1/71 11/30/72 Completed-——Published as NCHRP Report 145 3-17
T/15/71 5/15/74 Completed—Report included in Phase TI report 3-18(1)
4/15/75 6/30/77 Completed—Rep. not publ.; for avail., see project writeup in latest Sum. of Prog. 3-18(1)
9/1/71 6/30/75 Completed—Published as NCHRP Report 194 3-18(2)
5/1/75 4/15/77 Completed—Rep. not publ.; for avail., see project writeup in latest Sum. of Prog. 3-18(3)
7/21/77 11/20/80 Completed—Rep. not publ.; for avail., see project writeup in latest Sum. of Prog. 3-18(4)
9/1/71 8/31/74 Complcted—Published as HCHRP Report 185 3-19
9/1/72 4/15/74 Completed—Report included in Phase II report 3-20
11/1/74 12/31/76 Completcd—Rep. not publ.; agency rep. avail. in microfiche 3.20
6/23/80 2/23/82 Research in progress 3-20A
4/1/74 1/31/76 Completed—Rep. not publ.; agency rep. avail. in microfiche 3-21
12/1/79 6/30/81 Completed—Published as NCHRP Report 235 3-21(2)
4/15/74 12/31/75 Completed—Rep. not publ.; agency rep. avail. in microfiche 322
2/1/77 3731781 Completed-—-Published as MCHRPF Report 232 3-22A
4/8/74 T/28777 Completed—Rep. not publ.; agency rep. avail. in microfiche 3-23
9/1/74 4/30/77 Completed—Rep. not publ.; for avail., see project writeup in latest Sum. of Prog. 3.24
T/15/75 4/16/78 Completed—Published as NCHRP Report 197 3.25
12/1/76 2/28/80 Completed—Rep. not publ.; for avail., see proj. writeup in latest Sum. of Prog. 3-26
11/15/76 7/31/79 Completed—Published as NCHRP Report 233 3.27
12/15/77 8/15/79 Completed—Rep. not publ,; for avail., see writeup in latest Sum, of Prog. 3-28
5/1/80 4/30/82 Research in progress 3-28A
10/1/79 2/28/82 Research in progress 3-28(2)
6/1/63 10/31/66 Completed—Rep. not publ.; agency rep. avail. in microfiche 4-1
2/15/63 11/30/66 Conipleted—Published as MCHRP Report 98 4-2
3/1/63 9/30/64 Completed—Published as NCHRP Report 12 4-3(1)
7/1/65 3/31/67 Completed—Published as NCHRP Report 65 4-3(1)
3/25/63 1/31/65 Completed—Published as HRB Special Report 80 and NCHRP Report 15 4-3(2)
7/1/65 8/31/67 Completed—Published as NCHRP Report 66 4-3(2)
3/1/63 4/15/64 Completed—Published as NCHRP Report 8 4-4
2/15/63 8/31/65 Completed—Rep. not publ.: agency rep. avail, in microfiche 4-5
3/1/65 11/30/66 Completed—Published as NCHRP Reports 74, 74A, 74B 4-6
10/1/67 2/28/70 Completed—Report included in NCHRP Report 164 4-7
2/1/71 8/31/73 Completed—Report included in NCHRP Report 164 4-7
1/1/68 4/30/69 Completed—Published as NCHRP Report 100 4-8
4/1/71 6/30/73 Completed—Published as NCHRP Report 172 4-8(2)
9/1/71 3/31/74 Completed—Published as NCHRP Report 192 4-8(31)
8/1/75 1/31/82 Report in review stage 4-8(3)
10/1/68 6/30/71 Completed-—Report included in Phase IT report 4-9
10/1/72 12/31/79 Completed—Rep. not publ.; agency rep. avail. for loan 4-9
10/15/69 3/31/71 Completed—Published as NCHRP Report 135 4-10
9/1/72 11/30/73  Completed—Published as NCHRP Report 166 4-10A
9/16/74 1/26/79 Completed—Published as NCHRP Report 225 4-11
12/1/76 5/31/79  Completed—Published as NCHRP Report 207 4-12









TABLE 5 (Continued)

CONTRACT
PROJECT AMOUNT OR
RESEARCH CONTRACT
NO, TITLE AGENCY cosT ($)
AREA EIGHT (Continued)
87 Evaluation of Data Reguirements and Collection Techniques fer Transpertation Planning Creighton-Hamburg 190,000 *
8-TA Data Requirements and Transportation Planning Procedures in Small Urban Areas U of Tennessee 98,005*
B-8(1) The Impact of Highways upon Environmental Values (Study Design) MIT 29,654%
8-8(2) The Impact of Highways upon Environmental Values (Study Design) Daniel, Mann et al 28,950+
8-8(1) The Tmpact of Highways upon Environmental Values MIT 470,000
R-9 Comparative Economic Analysis of Altermnative Multimodal Passenger Transportation Creighton-Hamburg 100,000*
Systems
8-10 Planning and Design Guidelines for Efficient Bus Utilization of Highway Facilities Wilbur Smith 149907+
8-11 Social, Economic, Environmental Consequences of Not Constructing 2 Transportation DACP, Inc 354,363
Facility
8-12 Travel Estimation Procedures for Quick Response fo Urban Policy Issues Metro Wash COG 39,895+*
8-12A Trave! Estimation Procedures for Quick Response to Urban Policy Issues Comsis Corp 239,331*
8-13 Disaggregate Travel Demand Models Chas River Assoc 100,000%
3-13(2) Disaggregate Travel Demand Models Chas River Assoc 200,000
8-14 New Approaches to Understanding Travel Behavior Boston College 149,860
8-14A New Approaches to Understanding Travel Behavior: Phase II Chas River Assoc 221,249
B-15 State and Regional Transportation Impact Identification and Measurement Rigelow-Crain 80.000*
8-15A Economic Impacts of State Transportation Policies and Programs Reg Sc Res Tnst 117,852
R-16 Guidelines for Public Transportation Levels of Service and Evaluation U of Tennessee 489,217
8-17 Freight Data Requirements for Statewide Transportation Systcms Planning R. Creighton Assoc 231,147 %
8-18 Techniques for Evaluating Options in Statewide Transportation Planning/Programming Plng Envr Tnt/AMYV 300,393
8-19 The Relationship of Changes in Urban Highway Supply ta Vehicle-Miles of Travel Cambridge Syst Inc 199,954%
8-20 Improved Methods for Vehicle Counting and Determining Vehicle-Miles of Travel Hamburg & Assoc 200,000
8-21 Guidelines for Use of Vanpools and Carpools as a Transportation System Management (Geo Washington U 265,937
Technique
8-22 Transportation Financing Within the Context of Energy Constraints Systern Des Concepts 100,000
8-23 Fuel Supply Limitations and Passenger Travel Chas River Assoc 110,000
8-24 Forecasting the Basic Inputs to Transportation Planning Hamburp & Assoc 81,000
8-25 Tntercity Bus Transportation Planning Peat, Marwick et al. 200,000
8-26 Development of Highway Traffic Data for Project Planning and THK & Assoc 100,000
Design in Urbanized Areas
8-27 Cost-Effectiveness of Transportation Scrvices for Handicapped Persons U of Tennessee 200,000
AREA NINE: MATERIALS AND CONSTRUCTION—BITUMINOUS MATERIALS
a9 Asphalt Durability and Tts Relation to Pavement Performance American Qil 50,000*
50.000
9.2 Asphalt Durability and Tts Relation to Pavement Performance—Adhesion Montana College 101,903+
0.3 Evaluation of Pavement Joint and Crack Sealing Materials and Practices Rensselaer 24 996*
9-4 Minimizing Premature Cracking of Asphaltic Concrete Pavements Materials R & D 9%.560*
9-4A Bayesian Analysis Methodology for Verifying Recommendations to Minimize Woodward-Clyde 204,194
Asphalt Pavement Distress
9-5 Design of Emulsified Asphalt Paving Mixtures Asphalt Inst 150,172
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 Evaluation of Construction Control Procedures Miller-Warden 59.750*
10-2A Evaluation of Construction Control Pracedures Materials R & D 70,945+
10-3 Effects of Diflerent Mcthods of Stockpiling and Handling Aggresates Miller-Warden 25.000%*
30.000"
10-4 Rapid Test Methods for Field Control of Construction Clemson U 30.000*
69,320%
10-5 Density and Moisture Content Mcasurements by Nuclear Methods Res Triangle Tnst 28.801%
£9.835*
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 108821*
10-7 Potential Uses of Sonic and Ultrasonic Devices in Highway Construction Ohio State U 24,310
10-8 Evaluating Procedures for Determining Concrete Pavement Thickness and Pa Dept of Transp 151,982*
Reinforcement Position
10-9 Criteria for Meed of Seal Coats for Bitnminous Pavements U of Minnesota 50.000*
10-10 Acceptance Criteria for Electroslae Weldments in Bridpes US Steel 300,000*
10-11 Development of a Performance Specification for Bridge Deck Joint-Sealing Systems Howard, Needles et al 29.996*
10-12 Acceptance of Aggregates Used in Bituminous Paving Mixtures Texas A &M 174,889
10-13 Ultrasonic Measurement of Weld Flaw Size The Welding Inst 126,000
10-14 Locating Voids Beneath Pavement Using Pulsed Electromagnetic Wave Techniques Georgia Tech 99.850
10-15 Structural Strength Evaluation of Existing Reinforced Concrete Rridges Engrg Comp Corp 125,000
10-16 Assessment of Deficiencies and Preservation of Bridge Substructures Byrd, Tallamy et al 150,000
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PROJECE
NO,

START- COMPLE-
ING TION
DATE DATE PROJECT STATUS *¥* (for details, see latest Summary of Progress)
9/13/68 8/28/70 Completed—Published as NCHREP Report 120
6/1/73 6/14/75 Comgpleted—Published as NCHRP Report 167
9/16/68 3/14/69 Completed—Study design, not to be published
9/9/68 3/7/69 Completed—Study design, not to be published
9/15/69 7/31/74 Completed—PFublished as NCHRP Report 156
9/1/71 1/31/73 Completed—Puoblished as NCHRP Report 146
9/1/71 7/31/73 Completed—Published as NCHRP Reports 143 and 155
9/16/74 11/30/79 Completed—Phase I agency rep. avail. in microfiche
Phase II report published as NCHRP Reports 216 and 217
9/3/74 12/31/75 Completed—Results published in 8-12A report
11/1/75 10/31/78 Completed—Published as NCHRP Reports 186 and 187
9/15/74 1/31/76 Completed—Ph. I rep. not publ.; agency rep. avail. in microfiche
571776 12/31/80
1/1/75 4,30/77
i71/78 6/13/81 Report in review stage
9/1/74 5/31/76
10/1/77 3/31/80
1/1/76 12/31/79 Completed—Publ. as NCHRP Rep. 208, 209, 210, 211, 212
TI5/75 271577 Completed—Published as NCHRP Reports 177 and 178
9/1/75 6/30/78 Completed—Published as NCHRP Reports 179 and 199
12/1/76 11/30/78
1/2/78 7/31/80 Report in review stage
3/1/79 6/30/81
avail., see project writeup in latest Sum. of Prog.
3/26/79 2/27/81 Completed—Published as NCHRP Report 231
4/2/79 3/1/80 Completed—Published as NCHRP Report 229
1/21/80 4/30/82 Research in progress
4/1/80 1/31/82 Report in review slape
5/15/81 8/15/82 Research in progress
9/1/81 1/31/83 Research in progress
2/1/64 7731763 Completed—Report included in NCHRP Report 67
11/1/65 4/30/67 Completed—Total project published as NCHERP Report 67
1/1/63 10/38/67 Completed—Rep. not publ.; agency rep. avail. in microfiche
6/1/65 6/30/66 Completed—Published as NCHRP Report 38
11/1/71 6/30/73 Completed—Published as NCHRP Report 195
9/15/75 11/1/78 Completed-—Published as NCHRP Report 213
4/1/80 12/31/82 Research in progress
I/ 1563 11/14/64 Completed—Published as NCHRP Report 17
11/4/63 2/1/66 Completed—Published as NCHRP Report 34
7/15/66 11/14/67 Completed—Published as NCHRP Report 69
[0/22/63 4/30/64 Completed—Published as NCHRP Report 3
10/15/64 10/16/65 Cempleted—Published as NCHRP Report 46
2/1/64 2/28/65 Completed—Report included in NCHRP Report 163
5/1/65 2/28/67 Completed—Published as NCHRP Report 103
1/15/64 1/31/65 Completed—Puablished as NCHRP Report 14
4/1/65 10/7/66 Completed—Published as NCHEP Report 43
2/1/68 1/31/70 Completed—Published as NCHRP Report 125
2/1/64 10/31/66 Completed—Published as NCHRP Report 52
2/1/64 3/31/65 Completed—Published as NCHRP Report 25
3/2/70 7/31/73 Completed—Published as NCHRP Report 168
11/1/69 2/28/74 Completed—Rep. not publ.; agency rep. avail. in microfiche
5/1/74 9/30/78 Completed—Published as NCHRP Report 201
12/1/76 4/30/78 Completcd—Pubtished as NCHRP Report 204
9/1/77 6/30/81
7/1/79 10/31/81 Completed-——Published as NCHRP Report 242
472779 371781 Completed—Published as NCHRP Report 237
4/1/80 5/31/82 Research in progress
2/16/81 8/15/82 Research in progress

Ph. il completed—Rep. not publ.; agency rep. avail. in microfiche; Ph, I1I rep. in rev. stage
Completed—Rep. not publ,; for avail., see project writeup in latest Sum. of Prog,

Ph. T completed—Rep. not publ.; for avail., see project writeup in latest Sum. of Prog.
Completed—Rep. not publ.; for avail.. sce project write up in latest Sum, of Prog,

Completed—Rep, not publ.; for avail., see project writeup in latest Sum. of Prog.

Completed—Guidelines published as NCHRP Report 241; research rep. not publ.; for

Completed—Agency interim and final reports avail. for loan or in microfiche
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TABLE 5 (Continued)

CONTRACT
PROJECT AMOUNT OR
RESEARCH CONTRACT
NO. TITLE AGENCY cost ($)
AREA TEN (Continued)
10-17 Use of Antistripping Additives in Asphaltic Concrete Mixtures David G. Tunnicliff 99,810
10-18 Specifying and Obtaining Entrained Air in Concrete Const. Tech Lab/PCA 74,350
10-19 Adding Dust Collector Fines to Asphalt Paving Mixtures Penn State U 50,000
10-20 Elastomeric Bearings Design, Construction, and Materials U of Washington 74,715
10-21 Performance of Bridge Deck Concrete Subjected to Traffic-Induced Vibrations During TEB 25,000
Placement
10-22 The Performance of Weathering Steel in Bridges Sheladia Assoc 75,000
10-23 Removal of Lead-Based Bridge Paints Offshore Power Sys 75,000
10-24 Rapid Replacement of PCC Pavement Segments ARE, Inc. 240,000
AREA ELEVEN: ADMINISTRATION—LAW
11-1 Rules of Compensability and Valuation in Highway Land Acquisition U of Wisconsin 84,840%
11-1(1) Eliminating Enhancement or Diminution Effects on Right-of-Way Valuation 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*
11-1(4) Compensation in the Nature of Additives to Market Value U of Oklahoma 2,500+
11-1(5) Rules of Discovery and Disclosure in Highway Condemnation Proceedings Long, Mikkelborg 2,500*
11-1(6) Valuation and Condemnation Problems of Selected Special Purpose Properties Edward E. Level 7.500+
11-1(7) Valuation and Compensability of Noise, Pollution, and Other Environmental Factors U of Oklahoma 2,500
11-1(8) Remainder Damages Caused by Drainage, Runoff, Blasting, and Slides Harrison Lewis 7,500%*
11-1(9) Valuation and Condemnation Problems Involving Trade Fixtures Edward L, Snitzer 5,000#
11-1{10)  Compensability and Valuation Aspects of Residential Displacement in Ross, Hardies et al 5,000*
Highway Programs
11-1(11}Y  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+
P1-3 Valuation and Legal Tmplications of Scenic, Conservation, and Roadside Easements Sutte, Jr, & Assoc 25,000*
11-3(1} Public Control of Roadside Advertising Signs for Highway Beautification Sutte, Jr, & Assoc 20,0007
11-3(2} Public Control of Junkyards for Highway Beautification Real Estate Res 13.300"
11-4 Elimination of Wide Divergence in Right-of-Way Valuation Am Inst Rl Est App 24959%
11-5 Valuation of Air Space Daniel, Mann et al 49, 800*
11-6 Valuation and Compensability of Noise Pollution Jack Faucett Assoc 94,744
AREA TWELVE: DESIGN—BRIDGES
12-1 Deformation of Steeli Beams Related to Permitted Highway Bridge Overloads U of Missouri 50,000
12-2 Distribution of Wheel Loads on Highway Bridges Iowa State U 79.512*
12-3 Development of Waterproof Roadway Joints for Bridges Sw Research Inst 149,895*
124 Thermal Characteristics of Highway Bridges Sw Research Inst 102,400*
12-5 Protection of Steel in Prestressed Concrete Bridges U of Denver 173.255+%
12-6 Prediction of Permanent Camber of Bridges U of Missouri 82,253
12-7 Effects of Weldments on Fatigue Strength of Steel Beams Lehigh University 199.,023*
200,000
12-8 Bridge Rail Service Requirements as a Basis for Design Criteria Texas A& M 28,793%
69,753%
12-9 Elastomeric Bearing Research Battelle Mem Inst 84.800%
12-10 Analysis and Design of Bridge Bents PCA 297,900*
12-11 Watcrproof Membranes for Protection of Concrete Bridge Decks Materials R & D 2(9)2,8_?95:
12-12 Welded Steel Bridge Members Under Variable-Cycle Fatigue Loadings US Steel 3J0,000*
12-13 Cathodic Protection for Reinforced Concrete Bridge Decks USS Eng & Consult 174,601*
12-13A Field Evaluation of Galvanic Cathodic Protection for Reinforced Concrete Bridge Decks PCA 75,000
12-14 Suberitical Crack Growth in Steel Bridge Members US Steel 99,923%
12-1% Detection and Repair of Fatigue Cracking in Highway Bridges Lehigh U 100,000*
12-15(2)  Retrofitting Procedures for Fatigue-Damaged Full-Scale Welded Bridge Beams Lehigh U 150,000
12-15(3)  Fatigue Behavior of Full-Scale Welded Bridge Attachments Lehigh U 125,000
12-15(4) Steel Bridge Members Under Variable-Amplitude, Long-Life Fatigue Loading Lehigh U 150,000
12-16 Influence of Bridge Deck Repairs on Corrosion of Reinforcing Steel Battelle Columbus 214,912
12-17 Evaluation of Repair Techniques for Damaged Steel Bridge Members Battelle Columbus 50,000
12-17A Guidelines for Evaluation and Repair of Damaged Steel Bridge Members G O Shanafelt 100,000
12.18 Development of an Integrated Bridge Design System Multisystems Inc 224 895
12-19 Cathodic Protection of Concrete Bridge Structures Corrosion Eng & Res 250,000
12-19A Concrete Sealers for Protection of Bridge Structures Wiss, Janney, Elstner 100,000
12-20 Bridges on Secondary Highways and Local Roads: Rehabilitation and Replacement U of Virginia 1;9,988
0,0
12-21 Fvaluation of Damage and Methods of Repair for Prestressed Concrete Bridge Members G O Shanafelt 58,958
12-22 Thermal Effects in Concrete Bridge Superstructures Engrg Comp Corp 100,000
AREA THIRTEEN: MAINTENANCE—EQUIPMENT
13-1 Fquipment Rental Rates Ernst & Emst $ 22,800*
AREA FOURTEEN: MAINTENANCE—MAINTENANCE OF WAY AND STRUCTURES
14-1 Upgrading of Unit Maintenance Cost Index and Development of Interstate Maintenance Tallamy Assoc 205,128%
Requirements
14-2 Techniques for Reducing Roadway Occupancy During Routine Maintenance Activities Byrd, Tallamy et al 200,000%
14-3 Improved Pavement-Shoulder Joint Design Georgia Tech 100,838*



PROJECT

DATE DATE PROJECT STATUS ** (for details, see latest Summary of Progress) NO.
3/1/81 2/28/83 Research in progress 10-17
5/4/81 2/4/83 Research in progress 10-18
3/1/81 2/28/82 Research in progress 10-19
2/1/81 6/30/82 Research in progress 10-20
2/1/80 9/30/81 Completed—Published as NCHRP Synthesis 86 10-21
18 months Contract pending 10-22
12 months Contract pending 10-23
72 months Contract pending 10-24
1/4/65 4/30/67 Completed—Published as NCHRP Report 104 11-1
9/2/68 2/28/69 Completed—Published as NCHRP Report 114 11-1(1)
10/1/68 3/31/69 Completed—Published as NCHRPF Report 88 11-1(2)
9/16/68 4/30/69 No final report—Project terminated 11-1(3)
12/1/68 5/31/69 Completed-~Rep, not publ.; agency rep. avail. in microfiche 11-1(4)
9/15/68 4/14/69 Completed—Published as NCHRP Report 87 11-1(5)
9/2/68 11/28/69 Completed—Published as NCHRP Report 92 11-1(6)
10/1/68 3/31/69 Completed—Rep. not publ.; agency rep. avail. in microfiche 1E-1(7)
10/15/68 1/15/70 Completed—Published as NCHRP Report 134 11-1(8)
3/15/69 12/1/69 Completed—Published as NCHRP Report 94 11-1(9)
3/15/69 9/15/69 Complsted—Published as NCHRP Report 107 11-1¢10)
2/24/69 8/25/69 Completed—Rep. not publ.; agency rep. avail. in microfiche L-1¢11)
2/1/65 6/30/66 Completed—Published as NCHRP Report 72 11-2
11/1/66 12/15/67 Completed—Published as NCHRP Report 56 11-3
10/1/68 12/31/69 Completed—Published as NCHRP Report 119 11-3(1)
9/2/68 2/28/70 Completed—Pnblished as NCHRP Report 112 [1-3¢(2)
7/1/69 2/28/71 Completed—Published as NCHRP Report 126 [1-4
10/1/70 5/31/72 Completed—Published as NCHRP Report 142 11-5
4/1/74 T/31/75 Completed—Rep, not publ.; agency rep. avail. in microfiche 11-6
2/1/65 6/30/67 Report included in Project 12-6 report 12-1
6/1/66 12/31/68 Completed—Published as NCHRP Report 83 12-2
12/15/65 3/14/69 Completed—Report available only to sponsors 12-3
12/15/65 3/31/68 Completed—Rep. not publ.; agency 1ep. avail. in microfiche 12-4
9/15/66 11/15/68 Completed—Published as NCHRP Report 90 12-5
2/1/67 4/30/72 Completed—Rep. not publ.; agency rep. avail. in microfiche 12-6
10/1/66 1/31/70 Completed—Published as NCHRP Report 102 12-7
7/1/70 12/31/72 Complcted——Published as NCHRP Report 147 12-7
3/1/68 2/28/69 Completed—Published as NCHRP Report 86 12-8
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
8/1/70 3/31/73 Completed—Published as NCHRP Report 165 12-11
7/15/73 9/30/78 Completed—Rep. not publ.; for avail., see project writeup in latest Sum. of Prog. 12-11
10/1/70 10/31/75 Completed—Published as NCHRP Report 138 12-12
10/1/72 7/31/74 Completed—Published as NCHRP Report 180 12-13
B/1/75 5/15/81 Completed—Published as NCHRP Report 234 12-13A
10/1/72 6/30/74 Completed—Published as NCHRP Report 181 12-14
10/1/72 4/30/75 Completed—R.eport mcluded in NCHRP Report 206 12-15
6/1/76 11/30/78 Completed—Published as NCHRP Report 206 12-15(2)
2/1/78 7/31/80 Completed—Published as NCHRP Report 227 12-15(3)
4/1/80 6/30/83 Research in progress 12-15(4)
9/1/74 11/30/77 Completed—Rep. not publ.; for avail., see project writeup in latest Sum. of Prog. 12-16
11/15/76 4/30/78 Completed—Rep. not publ.; for avail., see project writeup in latest Sum. of Prog. 12-17
10/1/81 9/30/83 Research in progress 12-17A
9/6/77 12/31/81 Completzd—Rep. being reviewed; Phase T report avail. for loan 12-18
1/1/78 12/31/80 Completed—Rep. not publ,; for avail. of Task 1 rep., see proj. writeup in latest Sum. of Prog. 12-19
8/1/79 12/1/81 Report in review stage 12-19A
3/1/78 2/29/80 Completed—Published as NCHRP Report 222 12-20
6/1/80 11/30/81 Completed—Rep. in editorial and publication process 12-20
4/15/79 9/14/80 Phase I completed—Published as NCHRP Report 226 12-21
10/1/81 5/31/83 Contract pending 12-22
2/1/65 1/31/66 Completed—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
9/15/72 3/15/76 Completed—Published as NCHRP Report 202 14-3



TABLE 5 (Cortinued)

CONTRACT
PROJECT AMOUNT OR
_ RESEARCH CONTRACT
NO. TITLE AGENCY cosT (§)
AREA FOURTEEN (Continued)
14-4 Reconditioning Heavy-Duty Freeways in Urban Areas Texus A & M 99 665*
14-5 Maintenance Levels-of-Service Guidelines Woodward-Clyde 204,200
14-5(2) Maintenance Levels-of-Service Guidelines Woodward-Clyde 100,000
14-6 Evaluating Deferred Maintenance Strategies ARE, Inc. 300,000
AREA FIFTEEN: DESIGN—GENERAL DESIGN
15-1 Guardrail Design Cornell Aero Lab 19,723
15-1(2) Guurdrail Performance and Design Sw Research Inst 280,000*
100,000*
15-2 Design to Control Erosion in Roadside Drainage Channels U of Minnesota 97,300*
15-3 Rational Structural Analysis and Design of Pipe Culverts MNorthwestern U 49,937«
15-4 Estimating Runoff Rates from Small Rural Watersheds Travelers Res Cen 299,902*
15-5 Dynamic Characteristics of Heavy Highway Vehicles Gen Mot Corp 135,000+
15-6 Development of Criteria for Safer Luminaire Supports Texas A& M 147.254%
15-7 Flow Modifications by Storape Loss Through Flood Plain Encroachment Dames & Moore 99,730
15-8 Parameters Affecting Stopping Sight Distance and Vehicle Acceleration/Deceleration U of Michigan 274,970
Characteristics
AREA SIXTEEN: DESIGN—ROADSIDE DEVELOPMENT
l6- Effects of Deicing Compounds on Vegetation and Water Supplies VPl 217,300*
16- Evaluation of Research on Roadside Development Western States 100,000#*
16-3 Erosion Control During Highway Construction Utah State U 179,224*
70,776*
AREA SEVENTEEN: TRAFFIC—SAFETY
17-1 Development of Tmproved Methods for Reduction of Traffic Accidents Cornell Aero Lab 247,847 %
17-2 Methods for Evaluating Highway Safety Improvements ORI 29973+
17-2A Methods for Evaluating Highway Safety Improvements Jorgensen & Assoc 98.403*
17-3 Application of Traffic Conflicts Analysis at Intersections Midwest Res Inst 190,000
17-4 Evaluation of Traffic Controls for Street and Highway Work Zones BioTechnology 200,000+
17-4(2) Evaluation of Traffic Cones and Tubes for Street and Highway Work Zones BioTechnology 125,000
17-5 Effectiveness of Clear Recovery Zones Midwest Res Imst 200,000
AREA EIGHTEEN: MATERIALS AND CONSTRUCTION—CONCRETE MATERIALS
18-1 Revibration of Retarded Concrete for Continuous Bridge Decks U of Illinois 103.895*
18-2 Use of Polymers in Highway Concrete Lehigh U 300,000*
18-2(2) Polynter Concrete in Highway Bridge Decks Lehigh U 30,000
18-2(3) Long-Term Rehabilitation of Salt-Contaminated Bridge Decks Lehigh U 199,900
AREA NINETEEN: ADMINISTRATION—FINANCE
19-1 Budgeting for State Highway Departments Ernst & Ernst 45.000%
[9-2(1) Develop Performance Budpeting System to Serve Highway Maintenance Management Booz- Allen & Ham. 6,000%
19-2(2) Develop Performance Budgeting System to Serve Highway Maintenance Management Ernst & Emst 6,000
19-2(3) Develop Performance Budgeting System to Serve Highway Maintenance Management Jorgensen & Assoc 6,000*
19-2(4) Develop Performance Budgeting System to Serve Highway Maintenance Management Jorgensen & Assoc 220,000*
19-3 Economic Effects of Changes in Legal Vehicle Weights and Dimensions on Highways Wilbur Smith 96,728*
AREA TWENTY: SPECIAL PROJECTS
20-1 Highway Research Information Service HRB 455,000*
20-2 Research Needs in Highway Transportation Tallamy—S3Smith 98.760*
20-3 Optimizing Freeway Corridor Operation Through Traffic Surveillance, Communication, Texas A & M 394,016*
and Control 200,540
20-3A Optimizing Freeway Corridor Operation Through Traffic Surveillance, Communication, U of Michigan 505.631*
and Contrel 20,000"
20-3R Optimizing Freeway Corridor Operation Through Traffic Surveillance, Patrick ¥. Athol 31,116*
Communication. and Control—Summary Reporting
26-3C Summary of the Lodge Freeway Rescarch Asriel Taragin 10,183*
20-3D Summary of All Frecway Surveillance, Communication and Control Experience Voorhees & Assoc 40,000
20-4 Public Preference for Future Individual Transportation Chilton Research 195.260*
National Analysts B3 911™
20-5 Synthesis of Information Related to Highway Problems TRB 360,000¢
20-6 Right-of-Way and Legal Problems Arising out of Highway Programs TRB 100,000
20-7 Research for AASHTO Standing Committee on Highways .
Task 1: Development of a Cost-Effectiveness Approach to the Programming of Roadside Texas A & M 32,837%
Safcty Improvements
Task 2: The Relation of Side Slope Design to Highway Safety Texas A & M 104,088*
Task 3: Development of an Effective Earth-Berm Vehicle Deflector Texas A & M 33,973+
Task 4: Lateral Accelerations and Lateral Tire-Pavement Forces in a Vehicle Traversing =~ Texas A & M 112,702*
Curves Relative to Available Pavement Skid-Resistance Measures
Task 5: Effect of Curb Geometry and Location Texas A & M 49.996"
Task 6: Development of Impact Attenuators Utilizing Waste Materials Texas A & M 74,852%
Task 7: Safety at Narrow Bridge Sites Texas A &M 100.000*
Task 8: Energy and Transportation Systems CalDOT 104,400*
Task 9: Review of Highway Management Studies Co-Sponsored by AASHTO and Mgmt & Trans Assoc 49,820%

HUFSAM



START- COMPLE-

ING TION PROJECT
DATE DATE PROJECT §TATUS * 7 (for details, see latest Summary of Progress) NoO.
4/15/74 3/24/76 Completed—Published as NCHRP Report 1596 14-4
1/1/78 4/30/80 Completed—Published as NCHRP Report 223 14-5
9/15/81 3/15/83 Research in progress 14-5(2)
36 months Contract pending 14-6
12/15/65 6/14/66 Completed—Published as NCHRP Report 36 15-1
7/1/67 8/31/70 Completed—Published as NCHRP Reports 54, 115 £5-1(2)
5/1/70 12/31/71 Completed—Published as NCHRP Reports 118, 129 15-1¢2)
1/1/66 6/30/74 Completed—Ph. I rep. publ. as NCHRP Rep. 108 15-2
Ph. II rep. not publ.; agency rep. avai. in microfiche 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 Completed-—Published as NCHRP Report 105 15-5
9/1/67 8/31/68 Completed—Published as NCHRP Report 77 15-6
5/1/80 1/31/82 Research in progress 15-7
18 months Contract pending 15-8
3/1/66 4/30/72 Completed—Published as NCHRP Reports 91 and 170 16-1
10/1/67 3/31/69 Completed—Published as NCHRP Report 137 16-2
11/1/73 6/30/76 Completed—Rep. to be included in Phase II report; agency rep. avail. for loan 16-3
3/1/78 11/30/79 Completed—Published as NCHRP Reports 220, 221 16-3
2/1/66 5/31/68 Completed—Tublished as NCHRP Report 79 17-1
1/10/72 6/20/72 Contract terminated—no report; research resumed under Project 17-2A 17-2
2/1/73 7/31/74 Completed—Publisbed as NCHRP Report 162 17-:2A
12/15/77 10/31/79 Completed—Published as NCHRP Report 219 17-3
1/2/78 6/3G/79 Completed—Rep. not publ,; for avail., see project writeup in latest Sum, of Prog. 17-4
4/23/80 9/7/81 Completed—Published as NCHRP Report 236 17-4(2)
4/1/80 1/31/82 Report in review stage 17-5
9/1/67 12/1/69 Completed—Published as NCHRP Report 106 18-§
10/1/72 9/30/75 Completed—Published as NCHRP Report 190 18-2
1/1/78 3/15/79 Completed—Rep, not publ.; for avail., see project writeup in latest Sum. of Prog. 18-2(2)
5/1/80 11/1/82 Research in progress; agency interim report avail. for loan 18-2(3)
9/5/67 9/4/68 Completed—Report not publ.; summarized in NCHRP Research Results Digest 20 19-1
9/2/68 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 10/31/68 Completed—Research continued as Project 19-2(4) 19-2(3)
2/1/69 11,30/71 Completed—Published as NCHRP Report 131 19-2(4)
9/15/70 6/14/72 Completed—Published as NCHRP Report 141 19-3
3/16/64 10/31/67 Completed—Informal publication only; service is operational 20-1
4/1/66 12/31/67 Completed—Published as NCHRP Report 55 20-2
12/15/66 1/31/69 Completed—Results summarized in Project 20-3C report 20-3
1/1/67 12/31/68 20-3
11/20/68 5/31/71 Completed—Results summarized in Project 20-3C report 20-3A
1/1/69 12/31/69 203A
7/1/72 9/27/74 Project terminated uncompleted; no reports prepared 20-3B
11/15/75 T7/15/76 Completed—Rep. not publ.; agency rep. avail. in microfiche 20-3C
5/15/77 12/31/78 Completed—=S8pec. publ.; for avail., see proj, writeup in latest Sum. of Prog. 20-3D
5/2/67 1/21/69 Completed—Published as NCHRP Reports 49, §2 20-4
5/2/67 1/2/68 Completed—Published as NCHRP Reports 49, 82 20-4
12/15/67 i Research in progress: Topic reports published as NCHRP Syntheses 1 through 88 20-5
11/1/68 . Research in progress: Refer to Table 1T and praj. write-up for publications %076
0-7
12/2/68 3/31/72 Completed—Published as NCHRP Report 148 (Task 1) 20-7
12/2/68 1/31/74 Campleted--Published as NCHRP Report 158 (Task 2) 20-7
12/2/68 3/31/71 Completed-—Rep. not publ.; sum. in NCHRP Res. Results Digest 77 (Task 3) 20-7
12/2/68 7/15/71 Completed—Rep. not publ.; sum. in NCHRP Res, Results Digest 55 (Task 4} 20-7
11/1/71 10/31,/72 Completed—Published as NCHRP Report 150 (Task 5) 20-7
/11 1/2/74 Completed—Published as NCHRP Report 157 (Task 6) 20-7
7/2/73 6/3/75 Completed—Published as NCHRP Report 203 (Task 7) 20-7
12/1/75 10/1/79 Completed—Rep. not publ.: apency rep. avail, in microfiche (Task 8) 20-7

12/1/75 8/31/76 Completed—Report not publ,; available only to sponsors {Task 9) 20-7



TABLE 5 (Continued)

CONTRACT
AMOUNT OR
PROJECT RESEARCH CONTRACT
NO. TITLE AGENCY cosT (H)
AREA TWENTY (Continued)
Task 10: Review of Vehicle Weight/Horsepower Ratio as Related to Passing-Lane Penn State U 15,493+
Design Criteria
Task 11: Longitudinal Gccupancy of Freeways by Utilities Byrd, Tallamy et al 50,000#
Task 12: Guidelines for Citizen Participation in Transportation Planning K. 8. Hudson 15,500%
Task 13: Guidelines for Safety Criteria for Low-Volume Roads Y. C. Glennon 33,226%
Task 14: A Policy on Geometric Design of Highways and Streets John F. Holman Co 66,763
Task 15: Development of a Simplified Pavement Management System ARE Inc 103,600
Task 16: Repulation of Movement of Hazardous Cargoes D. M. Baldwin 7,341%
Task 17: Evaluation of AASHQ Road Test Sateilite and Environment Studies Texas A & M 95,924
Task 18; Standard Specifications for Highway Bridges Howard, Needles et al 100,000
Task 19: Engincering Aspects of Highway Traffic Safety in an Age of Limited Resources TRB 25,000
Task 20: Vehicle Acceleration and Deceleration Characteristics 1J of Michigan 25,000
Task 21: Need for Pavement Markings on Low-Volume Roads 25,000
Task 22: Encasement of Pipelines Through Highway and Railroad Roadbeds 20,000
Task 23: Contract Payment Procedures and Contracting Practices 75,000
20-8 Interactive Graphic Systems for Highway Design Control Data 49 672*
20-9 Socioeconomic Consequences of Right-of-Way Acquisition Induced Resident Dislocation RMC Res Corp 202,579*
20-10 The Benefits of Separating Pedestrians and Vehicles Stanford Res Inst 100,000*
20-10(2) The Benefits of Separating Pedestrians and Vehicles SRI International 100,000
20-11 Toward Environmental Benefit/Cost Analysis—Measurement Methedology Poly of New York 100,000*
20-11A Toward Environmental Benefit/Cost Analysis—Measurement Methodology Cornell U 27,212%
20-11B Toward Environmental Benefit/Cost Analysis: Energy-Flow Analysis (Manual) Cornell U 140,450
20-11C Toward Environmental Benefit/Cost Methodology: Energy-Flow Analysis (Study The Canncn Group 14,786*
Design)
20-12 Effects of Air Pollution Regulations on Highway Construction and Maintenance Howard, Needles et al B0,446%
20-13 Beneficial Environmental Effects Associated with Freeway Construction Penn State U 49.965*
20-14 Monitoring Carbon Monoxide Concentrations in Urban Areas Technol Serv Corp 99,792+
20-14A Statistical Analysis of Ozone Data for Transportation/Air Quality Planning SRI International 189,528
20-15 Ecologpical Effects of Highway Fills on Wetlands U of Mass 152,085
20-16 State Laws and Regulations on Truck Size, Weight, and Speed R J Hansen Assoc 281.975*
20-17 Statewide Freight Demand Forecasting Procedures Cambridge Syst Inc 74,365
20-17A Application of Statewide Freight Demand Forecasting Techniques R. Creighton Assoc 175,000
20-18 Evaluation of Highway Air Pollution Dispersion Models SRI International 199,643
AREA TWENTY-ONE: SOILS AND GEOLOGY—TESTING AND INSTRUMENTATION
21-1 Instrumentation for Measurement of Moisture Res Triangle Inst 35,0277
21-2 Instrumentation for Moisture Measurement—Bases, Subgrades, and Earth Materials Sw Rescarch Inst 64,976*
(Sensor Development)
21-2(2) Instrumentation for Moisture Measurement—Bases, Subgrades, and Earth Materials SUNY Buflalo 29,053+
{Sensor Development)
21-2(3) Instrumentation for Moisture Measurement—RBases, Subgrades, and Earth Materials Sw Research Inst 154,764
{Sensor Evaluation)
AREA TWENTY-TWO: DESIGN—VEHICLE BARRIER SYSTEMS
22-1 Concepts for Improved Traffic Barrier Systems Walter W. White 25,000
22-1A Testing and Evaluation of Bridge Rail Concepts Texas A & M 40,000*
22-2 Traffic Barrier Performance and Design Sw Research Inst 125,000*
80,000%
22-2(2) Multiple Service Level Highway Bridge Railings—Performance and Design Criteria Sw Research Inst 195,000
22-2(3) Multiple Service Level Highway Bridge Railings—Selection Procedures Sw Research Inst 200,000
22-2(4) Procedures for Testing Highway Appurtenances Sw Research Inst 30,000
22-3 Field Evaluation of Vehicle Barrier Systems Calspan Corp 25,000+
22-3A Field Evaluation of Vehicle Barrier Systems Arthur L. Elliott 10,000%
AREA TWENTY-THREE: SOILS AND GEOLOGY-—PROPERTIES
No Projects
AREA TWENTY-FOUR: SOILS AND GEOLOGY-—MECHANICS AND FOUNDATIONS
24-1 Manual on Subsurface Investigations Haley & Aldrich 75,000
AREA TWENTY-FIVE: TRANSPORTATION PLANNING—IMPACT ANALYSIS
This area became effective Fanuary 1, 1279, and includes only those projects
beginning with the FY 198] program. Refer to Areas 7, 8, and 20 for pre-
vious projects in the realm of Impact Analysis.
25-1 Effects of Highway Runeff on Wetlands Rexnord, Inc 159,995

* Final contract cost.

ci:llitiun of State Highw_ay and Transportation Officials, 444 North Capitol Street NW, Washington, D.C. 20001. .
andljg{gl[t)yfu?dlsj ct\bh_%ared under the $314,340 four-way agreement among the National Academy of Sciences, Michigan Department of State Highways, Wayne County,
[+} etroit.

*¢ Addresses: Publications Office, Transportation Research Board, 2101 Constitution Avenue MW, Washington, D.C. 20418; American Asso-



START-

COMPLE-

ING TION PROJECT
DATE DATE PROJECT STATUS ** (for details, see latest Summary of Progress) NO.
1/3/77 12/15/78 Completed-—Report not publ.; available only to sponsors (Task 10) 20-7
1/1/77 10/31/78 Completed—Report not publ.; available only to sponsors {Task 11) 20-7
6/1/717 6/30/78 Completed—Report publ. by AASHTO (Task 12) 20-7
7/1/17 9/30/78 Completed—-FPublished as NCHRP Report 214 {Task 13) 20-7
4/3/78 6/30/82 Research in progress (Task 14) 20-7
B/29/78 12/1/81 Completed—Phase T rep. publ. as NCHRP Report 215; Phase II rep. not publ.; distr. (Task 15) 20-7
to sponsors only
9/4/79 5/31/80 Completed—Report not publ.; distributed to sponsors (Task 16) 20-7
7/1/79 12/31/82 Research in progress (Task 17) 20-7
12/1/80 12/31/82 Research in progress (Task 18) 20-7
5/19/81 2/15/82 Research in progress {Task 19) 20-7
Task in developmental stage (Task 20) 20-7
— — Task in developmental stage (Task 21) 20-7
— — Task in developmental stage (Task 22) 20-7
— — Task in developmenial stage (Task 23) 20-7
9/1/70 7/31/71 Completed—Rep. not publ_; agency rep. avail, in microfiche 20-8
8/1/72 12/17/76 Completed—Rep. not publ.; for avail,, see proj. write-up in latest Sum. of Prog. 20-9
8/26/74 4/30/76 Completed—Published as NCHRP Report 189 2(+-10
9/1/78 7/31/81 Completed—Published as NCHRP Report 240 20-10(2)
9/1/72 5/31/74 Completed—Rep. not publ.; agency rep. avail. in microfiche 20-11
9/1/75 11/30/76 Completed—Rep. not publ.; for avall,, see project writeup in latest Sum. of Prog. 20-11A
1/724/77 5/4/79 Completed—Rep. not publ.; agency rcp. avail. in microfiche; sum. in NCHRP Res. Results 20-11B
Digest 114
a/1/77 3/31/78 Completed—Rep. not publ.; for avail,, see project writeup in latest Sum. of Prog. 20-11C
4/1/74 7/31/75 Compieted—Published as NCHRP Report 191 20-12
9/3/74 8/2/75 Completed—Published as NCHRP Rcport 193 20-13
10/1/76 3/31/78 Completed— Published as NCHRP Report 200 20-14
9/15/79 12/18/81 Completed—Published as NCHRP Report 238 20-14A
12/1/76 12/31/79 Completed—Published as NCHRP Reports 218A and 218B 20-15
10/11/76 9/1/78 Completed—Published as NCHRP Report 198 20-16
4/1/79 7/31/80 Completed—Rep. not publ.; for avail.,, see proj. writeup in latest Sum. of Prog. 20-17
6/1/81 11/30/82 Research in progress 20-17A
3/15/79 11/30/81 Report in review stage 20-18
B/25/69 272471 Completed—Published as NCHRP Report 138 21-1
2/1/72 1/31/74 Completed—Report not publ.; included in Project 21-2(3) report 2].2
4/1/72 9/30/73 Completed-—Report not publ.; included in Project 21-2{3) report 21-2(2)
9/3/74 12/31/79 Completed—Rep. not publ.; agency rep. avail. for loan 21-2(3)
10/1/70 12/31/71 Completed—Rep. not publ.; agency rep. avail. in microfiche 2241
3/1/74 5/30/75 Completed—Rep. not publ.; agency rep. avail. in microfiche; sum. in NCHRP Res. Results 22-1A
Dig. 81 22-1A
1/1/72 9/30/73 Completed—FPhase I and Phase II {Task I} reps. 22-2
10/1/73 3/31/75 not publ.; agency rep. avail. in microfiche; sum. in NCHRP Res. Resulis 22-2
Digests 84 and 102; Task 2 rep. publ. as NCHRP Rep. 153 22-2
8/1/76 4/30/79 Completed—Agency reps. on Ph. I and Ph. II avail. for loan 22-2(2)
1/1/79 5/31/81 Completed—Published as NCHRP Report 239 22-2(3)
5/1/79 2/28/81 Completed—Published as NCHRP Report 230 22-2(4)
1/1/74 2/15/75 Completed—Rep. not publ.; agency rep. avail. in microfiche; sum. in NCHRP Res. Results 22-3
Dig. 76 22.3
7/1/74 12/31/74 Completed—Rep. not publ.; agency rep. avail. in microfiche; sum. in NCHRP Res. Results 22-3A
Dig. 76 22-3A
442779 12/2/80 Report in review stage 24-1
2/16/81 11/15/82 Research in progress 25-1

L] NCHRP funds obligated under the $70,000 five-way aprecement among the National Academy of Sciences, Michigan Department of State Highways, Wayne County,
C] Cuy_of Detroit, and the University of Michigan.
= Continuing activity supparted in FY *82 at amount shown.
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TABLE 6

AGENCY DISTRIBUTION OF FY ‘63 THROUGH
FY 82 PROJECTS

PROJECTS AND

CONTINUATIONS

TYPE OF AGENCY NO. %
Educational institutions 124 36
Research institutes 62 18
Industry, consultants, and

trade associations 147 43
Professional societies and

scrvice organizations 6 2
State highway and transporta-

tion departments 4 =1
Special transportation and other

governmental agencies 1 <1
All 344 100

KEEPING TRACK OF RESEARCH IN PROGRESS

A professional staff is assigned to NCHRP by the Board.
Currently, five projects‘engineers with wide-ranging exper-
tise arc responsible for administrative and technical surveil-
lance of the contracts. In addition to rcviewing quarterly
progress reports and monthly progress schedules, and main-
taining telephone contacts, each engineer visits his as-
signed research agencies throughout their contract periods.
He discusses with each principal investigator his project’s
status to learn if the research is being pursued in line with
thc approved research plan. Finally, the engineer and
cognizant project pancl evaluate the completed research
to determine the degree of technical compliance with the
confract.

SYSTEMATIC PLANNING FOR GETTING RESEARCH
RESULTS FROM NCHRP PROJECTS INTO PRACTICE

Promoting Useful Results

Previous reference has been made to the fact that many
activities take place between initiation of research programs
and execution of rescarch contracts. Many additional ones
take place before formal publication of the final reports is
rcalized. At the milestoncs of the process network refiect-
ing all activitics, NCHRP concentrates on the opportunities
to increase the odds for acquiring useful research results
and to increase the probability that useful results will find
their way info practice more quickly. Beyond the sponsor’s
first weighting of thc odds by setting the goals for a pro-
gram of applied research dedicated to solving pressing op-
crational problems, the NCHRP tries to further weight the
odds favorably by:

* Establishing the agency and personnel qualifications
that are mandatory if the goals are to be achieved, Empha-
sis is placed on the importance of a record of successful

past performance in endeavors similar to those to be under-
taken. Further, it is also stipulated that proposals are not
acceptable if they do not contain specific statements as to
how the contemplated results can be used to improve prag-
tice.

® Utilizing persons who are not only experts in the par-
ticular problem area hut who also have a complete under-
standing of the needs of the practitioners to define the
research prohlem and its objectives in the form of a precise
project statement on which fully responsive research pro-
posals can be hased. Experts drawn from the highway and
transportation departments play a major role in this task.

® Exercising extreme care in the process of selecting
research agencies to ensure not only that the proposed re-
search plan is the hest possihle 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 usahle and readily implementable,

® Establishing—on the basis of stafl and project panel
review of and suggested modifications to the research plan
—a clear meeting of the minds as to what specifically is
expected from the research and the personnel carrying it
out in order (0 meet the needs of the practicing engineer.

¢ Acquiring an amplified research plan that is intended
to detail comprehensively the approved research plan and
to include a specific schedule of events for the major tasks.
This document is used by the staff in the day-to-day surveil-
lance of the project’s progress and by the project pancl
as required.

® Carrying out project surveillance sufficient to keeping
the research in line with the approved research 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 Results

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

Research agencies for the NCHRP are required to report
their results 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 arc pre-
sented in appendices and do not have to be labored through
to extract the findings. The Program spccifics style and
organization of all reports to guide the researcher in his
writing so that maximum usc by thc sponsors may be
obtained.

Prior to publication, extraordinary measures are taken to
ensure that useful research results are made immediately
available to thc appropriate operations personnel in the
State orpanizations. One means consists of forwarding to
them 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 arc 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 are destroyed.

After publication in the NCHRP series, each report or
synthesis is sent immediately to the chief administrative
officer of each highway or transportation department,
Then, through the Transportation Rescarch Board's selec-
tive distribution system, copies go automatically to about
100 libraries, Board representatives in the State highway
and transportation departments, educational institutions,
liaison representatives, appropriate panels and committees
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. Bach 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 hy the staff and sent to each
of the highway or transportation departments as a measure
of 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
results with the highway engineers during their various State
highway and transportation department visits. Further-
more, AASHTO has provided the WCHRP with annual
opportunities for staff and project researchers to go before
the various eommittees of the Association to present the
findings of their particular research and the usefulness of
these findings to the practicing highway engineer. All re-
search findings not published in the NCHRP serics are
stored on microfiche by the Academy. On an interim
basis, the findings are sometimes reported in a Research
Results Digest, described next.

The NCHRP Research Results Digest series—flyers pub-
lished at frequent intervals—is a means for providing
practicing engineers with an early awarcness of the research
results emanating from NCHRP projects in the NCHRP.
By making results known as they are developed and prior
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to publication of the final reports in the regular NCHRP
series, it 15 hoped that their early use in practice will be
cneouraged. For the most part, each Digest is intended to
be very brief in summarizing specific findings—they do
not deal with research methodology—and require the
reader to expend very little time in determining how the
rescarch 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 serving the intermediary,
or intcrpretive, position between research and operating
personnel, for each Digest speaks directly to the vital
factors of:

® Whether the research 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 direct application to practice,

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

® Whether the research findings have been evaluated
sufficiently to make some reasonable determination of the
probability of their success when applied to practice.

IMPLEMENTING RESEARCH RESULTS

Over the vears there have been several opportunities for
the Program and various AASHTO committees to work
together to structure the research findings into the hest
possible form for immediate use by the practicing cngineer.
Such joint efforts are highly desirable and represent the
ultimate in the steps that the Program can take to weight
the odds in favor of implementation of the findings.

Emphasis has been given in the foregoing to the devices
employed to obtuin solutions that are directly applicable to
practice. Because the NCHRP process does not include an
implemeniation activity, the initiatives for incorporating
the solutions in practice must be taken by the States. To
this end, the Program’s final concentration is on the report-
ing of rescarch findings in one or more of the variety of
publications described earlier und, as is done herein, pro-
viding whatever details are available on the cxperiences of
the States in using the products from NCHRP research.
Because the research addresses critical, national problems,
the assumption is that documented use and payoff to any
one Statc should attract others to give the results a try in
whatever degree they see fit. Only if the results get around
and are used can it be said that AASHTO truly is capitaliz-
ing on its investinent, Otherwise, projects that were bighly
successful might just as well have been failurcs; the end
result is the same—the money will have been spent in vain.
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EXAMPLES OF UTILIZATION OF
NCHRP RESEARCH RESULTS

unknown to the Program.
abstracted by numerous
Russia, with subsequent utilization being reported here.

Beyond the uses of NCHRP research results cited here-
after, there undoubtedly are many other uses that are
NCHRP reports have been
foreign countries,

including

In the interest of all potential users, the Program will be
grateful for any information on actual application of re-
sults and associated cost savings. This will be reported in
the hope that widespread interest will develop in the States
and that, consequently, research results will find their way
more quickly into policies, practices, procedures, specifica-
tions, and standards of the highway and transportation
departments.

EXAMPLES OF UTILIZATION OF NCHRP RESULTS *

NCHRP NCHRP
PROJECT PUBLICATION USER HOW USED
1-1 Reports 2, 2A Ilinois Div. of Hwys., In stodies of existing pavernents and the rehabilitated AASHOQ Road Test project at Ottawa, T
Bur. of Res. and Particular use made of recommendations for experiméental designs, measurement programs,
Devel, and data processing analysis.
Conn, DOT To design experimental pavement projects.
1-2 Report 7 N.Y.DOT To develop a Aexible pavement performance equation; in use June 1968.
Tallamy, Byrd, — In study of highway maintenance quality levels for Ohio Dept. of Hwys.
1-3(2) Report 22 Conn. DOT In evaluating Rexible experimental pavements.
1-3(3) Report 35 Conn. DOT In evaluating fexible experimental pavements.
1-4 Report 10 Conn. DOT In analyses of data from experirnental pavements,
14(2) Report 30 Cono. DOT In evaluating flexible experimental pavements.
i-3 Report 21 Conn. DOT In evaluating flexible experimental pavements.
1-5(2) Report 76 M. Dak. SHD Major equipment purchase based on successful use of similar equipment in conduct of project.
Conn. DOT In cyaluating flexible cxperimental pavements.
1-7 Report 37 WNat’l. Hwy. Safety En preparation of a Highway Safety Program Manual for issuance to the States.
Bur.
92nd Cong., 1 Sess. House of Repreésentatives subcommitiee hearings on highway safety and skidding.
Conn. DOT As justification to establish skid test program in Connecticut,
1-8 Agency final Consult. for USW Development of new approach to pavement design for heavy aircraft loadings; used for redesign
repott and USAF of Salt Lake City runway to accommodate B747 aircraft and in design of runway, taxiways,
and aprons at Air Force Plant MNo. 42 near Palmdale, Calif,, where design load is 500 tons
{gross} from B2707 (S85T) configuration.
19 Report 61 Calif. Diy. of Hwys. In evaluation of proposed State legislation regarding use of studded tires,
Conn, DOT In providing documentation for studded tire legislation.
1-10 Agency final Consult. for USN and See Project 1-8.
report USAF
1-11 Agency report U.8, Forest Servy, In preparation of an Engineering Technical Report evaluating several commonly accepied pave-
ment design methods, as to their applicability for desipn of pavement systems for Forest
Service roads.
AASHTO Partly published as Interim Guide for Design of Pavement Structures, 1972
1-12 — 92nd Congress, House of Representatives subcommittee hearings on highway safety and skidding.
Ist Sess.
Report 154 Cunn. DOT As background information on skid-testing program.
1-12(2) - 92nd Cong., 1 Sess. See Project 1-12.
Report 151 Conn. BOT As background information on skid-testing program.
N.Y.DOT Lecans heavily on the supgestions presented when purchasing or altering skid trailers and when
modifying operational procedures.
ASTM As basis for updating ASTM Method E274.
1-12(3) — 92nd Cong., 1 Sess, See Project 1-12.
i-14 Agency final Va, DOT Safety Committee reviewed agency recommendations foe improvements at high accident site,
repart with resulting request for FHWA approval as an Interstate Safety Projeet.
1-17 Report 224 Washington DOT In the design of pavement rehabilitation programs.
1-18 Report 228 ‘World Bank Basis for designing an intermational calibration exercise for road meters.
1-5 Reports 13, 111 Onc State (unkn.) To replace outdated material in AASHTO book, Urban Freeway Design.
1-5A Report 111 AASHTO In draft of proposed AASHTO publication, A Policy on Arterial Highways in Urban Areas.
‘W. W, Rankin, L.T.E. In preparing textbook on traffic engineering.
2-6 Report 63 E. L. Grant, W. G. In textbook, Principles of Engineering Economy.
freson
2-11 Report 122 World Bank For teaching purposes by the Economic Devclopment Institute of the International Bank for
Reconstruction and Development.
212 Agency rep. and Federal Supply Serv.,

Rep, 111

Gen, Serv, Adm,

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

* Project titles, as well as project status, are given in Table 5. Publication titles are given in Tables 7 and 8.
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

Source reference for Rajlroad-Highway Safety Grade Crossing Program.

Recommendations used on Freeway Surveillance and Control Project {Los Angeles), involying
cxpenditure of about $8 millicn in three years.

Information oo fixed highway signing principles particularly helpful in providing control signals
to pilots at Kennedy Intcrnational Airport (New York).

As background information in review of strect name signing applications (o meet moforists'

As the primmary reference for preparation of the pamphlet, “Improving Road Guide Signs
What Can You Do About 1t?"”

Plans to incorporate in subdivision and zoning regulations many of the conirols recommended
as a means of protecting facility capacity and safety.

To encourage municipalilies in State to apply traffic enpinecring solotions to their congestion

Using nomographs and incorpurating the research findings inio seme cuerent projects.

As support material in resolving an operations problem.
In Jdosign of digital compoter-controlled traflic contrel sysiem to supervise 250-300 sipnalized in-

To reduce hardware costs by applying greater software capabilities to computer-controlled tratfic

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

As basis for operational chanpes at sclected tocations.

A summary report presenting results of a survey of traffic signal system design and operation
practices was used in development of a FHWA training program for iraffic engineering pet-

Report selected as a textbook for a course for city and state traffic engincers in traffic slgnal

To develop interest in warrant improvcment within Signals Subcommittee of National Advisory
Committee on Uniform Traffic Devices.

In conjunction with rescarch project studyving visval cffects of variable-incssage signs,

Text material for the “Freeway Management Operations Workshop.” Participants included
SDHPT district personnel, state and city traffic enpineers, and state and city police,

In developing a munual for design of signalized intersections for Road Safety and Traffic Au-
thority, Victoria, Australia.

To determine the safety impacts of lower design standards related to construction and main-
tenance activities in the context of energy conservation.

In designing noisc-barricr watls.

As a supplement to the FHWA Highway Moise Prediction Model used to conduct environmental
analyses of proposed highway projects.

Highway capacily workshop materials.

Busis for development of C671, “Tentative Method of Test for Critical Dilation of Concrete
Specimens Subject to Freezing,” and C682, “Resistance of Aggregates to Freezing.”
As backup in developing paint systems for highway bridges.

To revise Department’s asphalt paving mix design criteria

Tentative guidelines for selection and installation of plastic pipe were used to reduce time and
funds required for a research project on plastic pipe for airport drainage.

On basis of advisory panel member commcents that information in report would be useful te
practicing ¢ngineers, report was distributed to members of AASHTOQ Operating Sub-Committec

Distributed to each regional office on basis of headquarters office determination thal it will
prove of use to engineers involved in design of road and sanitary sewer projects.

[n deciding on use of certain materjals for city sewers.

1o preparing specifications and purchasc of plastic pipe.

Findings incorparated in research study.

Input (with Report 77, Proj. 15-6) to the March 196% publication, Irformational Guide to Road-

Reference source of current and complete information on individual delineation techniques,
In preparing report on Visval Effectiveness and Durability of Rcad Markings, Reflectors, and

In a rcport of two FHWA Delinealion Conferences, summarized in four parts for group pres-
entations, NCHRP Project 5-7 is described as the moest comprehensive delineation research in
recent years and its report as giving the best available description of the goidance function of

Source material and bibliography simplified literature search aod saved much valuable time.
Results incorporated in planning and design of ncw projects.
In developing deicing chemical policy.

NCHRF NCHRF
PROJECT FUBLICATION USER HOW USED
Conn. DOT
3.9 Report 84 Calif. Div. of Hwys.
3-12 Report 123 Transp. Syst. Cenler
Agency report Street Name Signing
Comm., 1TE needs.
3-12(2) Agency final AAA Found, for
report Traffic Safety
3-13 Report 93 Cily of Waco, Tex.
3-14 Film, ““Relief for New York DOT
Tired Streets” problems.
3-15 Agency report Consullant
3-16 Apency reporl FHWA
3-18{1) Agency interim City of Lincoln, Nebr,
report tersections.
Ayency report Mew Zealand Ministry
of Works signal operations,
New York DOT
3-18(2) Aygency report Dadc Ciy., Fla.
3-18(3) Agency interim FHWA
report
sonnel,
Agency report Texas SDH and Pub.

Transp. systcm design.
31y Agency report Utah DOT In highwuy aoalysis.
3-20 Apency repost FIIWA
3-21 Apency report N.J. Tpk. Auth.
3-22A Report 232 Tcxas SOHPT
323 Apgcney report AMY Austrakia
3-25 Agency final Consultant

rcport
3-26 Agency interim City of Edmonton,
report Alberta, Can.
Agency final County of Sacramento
report Plng. & Commun.
Dev. Dept.
3-28 Unpublished by Polytechnic
NCHRP. TRB Tnst. of N.Y.
Circular 212
4-3 Reports 12, 15, ASTM
65, 66
46 Reports 74, TdA, Conn. DOT
748
4-8(3) Arency final Arizona DOT
report
411 Apency interim Fed. Aviation Admin.
report
Stute Hwy, and Transp,
Materials Enprs.
on Materials,
1.8, Forest Serv,
Albuguergue, WN. M,
linois DOT
5-5A. B Apency report Deleuw Cather
5.4 Report 20 AASHTO Stdg. Comm.
on Engre. and Opers. way Lighting.
5-7 — Ghie DOH
Report 130 Ore. for Econ, Coop,
and Devel. Res. Delincators,
Group C-8
FHWA
delineation.
6-1 Rcport 19 California Div. of
Hwys.
Conn. NOT
6-2 Report 4 Calif. DMv. of Hwys, Sec Project 6-1.
Conn. DOT

In developing snow and ice policies,
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Coatinued)

Advertising (Civil Eng., Feb, 1966) highlighting research results in stating *. . . considering

both the cconomy and performance, the begst resulis by far were obtained by vegetable oil,
In developing treatments to prevent deterioration of PCC bridge decks.

Constructed bridge with galvanized rcinforcing bars in one-half of deck. This follows recommen-
dations to ihe efect that more field evaluation is required of zine, nickel, and asphalt-epoxy

Techniqoes used by consulting engineering firm {or deck repair of Memorial Bridge, Washington,
In preparation of plans for two seclions of US 50 from Riverton to the Nevada State line. De-

sign cansideration given to those factors considesed vital to increased safety and reduced
maintenance at interchanges under the adverse conditions of snow and icc.

Region 5 duplicated a loan set of 35-mm slides illustrating Appendix J for showing at Region
meetings. They have proven helpful for both design and maintenance aclivities.
Findings have been found usefol, and practice has been modified to conform with them.

Implemented several recommendutions pertaining to rest areas with maps and other information
of interest to motorists, signing conformity, service patrols, patrol aircraft, and medicopter

As a teference text for un extension course entitled '“Data Collection and Evaluation Techniques

To hrief members of Senate Public Works Committes on the state of the art of transportiation

As examples of how to develop possible air quality packages for seminars fo siate and
metropolitan planning organization {ransportation planners.

Snurce material for decisions based on consumcr sensitivity to the various factors considered in

As a text in short course on Urban Transportation Planning.

To forecast volume of traffic generated by proposed subdivisions and developments.
In development of an action plan in conformance with FHWA PPM 50-4,

In development of an action plan in conformance with FHWA PPM $0-4,
In preparation of a synthesis report giving background 1o regicnal personnel responsible for
citizen participatinon. Also useful in development of N.Y. State Action Plan,

Portions incorporated into a manual on assessment of ecological impacls from highways for
distribution to district engineers and gthers doing work for the department.
By regional (ransportation planners to provide technical support to the states.

NCHRP NCHRP
PROJECT PURBLICATION USER HOW USED
6-3 Report 16 Calif. Div. of Hwys. See Project 6-1.
Natl, Flaxseed
Processors Assn,
and pariicolarly linseed oil solutions.”
Conn. DOT
64 Rcport 23 lowa SH Comm.
coatings.
6-5 Report 27 Calif. Div. of Hwys. See Project 6-1.
[ Repott 1 Calif. Div, of Hwys. See Project &-1.
1.8, Park Serv.
D.C., depended heavily on reported results.
£-10 Agency reporls Calif. Div. of Hwys.
Report 127 Conn. DOT As source reference for snow and ice policy.
Report 127 and New York DOT
35-mm slides
74 Repoit 8% Ilinois DOT, Bur.
Planning
T-7 Rcport 64 Ohio DOH
Service.,
7-8 Report 133 Conn. DOT As a basis for noise analyses.
Dept. of Eng., Univ.
of Wisconsin for Transportation Systems Management.”
7-10 Agency interim Oregon County Transit In preparation of un energy contingcney plan.
report Dist.
Agency report U.S. Environmental
Pzotection Agency contrnls,
Report 169 N.Y. State
DOT
Hawaii DOT As a basic guide for the State’s 'TSM plan.
7-10¢2) Agency final N.¥. State Samc as Projcct 7-10
report DOT
B-3 Agency report Arizona HD
trip mmaking.
84 Report 96 Dept. of Eng., Univ.
of Wisconsin
8-3 Report 121 Dept. of Eng,, Uniy, As a text in Traflic Engineering Seminar.
of Wisconsin
8-5A Report 121 G. E. Pideock Co,
8-8(3) Agency interim Towa SH Comm.
report
Delaware DOH & T
Agency report N.Y. DOT, Transp.
Planning [iv.
FHWA Assisted in development of PIPM 20-4.
Michigan DOT Assisted in preparation of the state’s Action Plan.
Report 156 Nat'l. Inst, for Road In devcloping similar procedures in South Africa.
Res., 8. Africa
Conn. DOT In preparing environmental impact statements.
B-10 Report 155 Harvard Professor In preparing a textbook.
8-11 Agency report Tllinocis DOT
812 Agency report FHWA
Princeton Univ, In graduate courses.
B-12A Agency final NYS DOT

repert and
User's Cruide

Reports 186 and
187

Report 187 and
Training Materials

Consultant to Nat’l, Inst,
for Transport and
Road Res,, S. Africa

Harvard Univ.

Univ. of Wisconsin
Extension

FHW A, Urban

Planning Div.

FHWA, National Hwy.
Inst., State/Local
Agencies, & Nomerous
Universities

User’s Guide distrihuted to all repional planning offices to provide a quick-response capability
for estimating travel demand.

To develop pguidelines for undertaking urban transporlation studies.

As course material.

Ag coursy material in conjunction with the NCHRP training material.

Practical applications by state and Jocal agencies werc documented in a report entitled
«Application of Quick Response Travel Estimation Procedures.’' Site impact, eorridor, and
system analyses werc included,

As the basic training aid for short courses, Over 80¢ state and local officials have participated
in 20 courses sponsorcd by FHWA's Urban Planning Div. in cooperation with NHI. Ten
additional courses are planned for next year.
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EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)

NCHRP NCHRP
PROJECT PUBLICATION USER
8-16 Apgency final Am, Public
report Appendix, Transit Assoc.
“Transportation
Services for the U.S. Congress
Transportation
Disadvantaged”’
B-16 Report 208 Division of Mass
Transp., Caltrans
Report 209 Division of Mass
Transp., Caltrans
Report 210 Division of kass
Transp., Caltrans
Report 211 Division of Mass
Transp., Caltrans
8-20 Preliminary Nat'l Inst. for
Diraft Rpt, Transport &
Road Res., §. Africa
8-23 Agency Report North Central
Texas Council
of Govts.
9.3 Report 38 Ford Motor Co.
10-1 Report 17 State Uniy,
North Dakota
Illinois Div. H, Bur.
Materials
Conn. DOT
10-2 Repaort 34 Illinois Div. H, Bur.
Materials
10-2A Report 69 Cuan. DOT
10-5 Reports 14, 13 Conn. DOT
10-6 Report 52 Iilinois Div. H, Bur.
R&D
10-8 Agency final Penn. DOT
report
10.9 Res. Resulis U. Minn. and
Digest 48 Minnesota DOH
10-10 Report 201 FHWA
10-21 Synthesis 86 Declaware River Joint
Toll Bridge Comm.
11-1(6} Report 92 M. Mex. SH Cornm.
11-3 Report 56 Indiana SH Comm.
IMinois Div. H, Bur,
Rt.-of-Way
12-2 Report 83 California Div. of
Hwys,
12-5 Report 30 California Div. of
Hwys.
12.7 Report 102 Maval Ship Res. and
Devel, Lab,
Illinois DOT, Bur,
Design
Conn. DOT
Report 147 AASHTO
Conn. DOT
Am. Rwy. Eng, Assn
12-8 Report 86 Canadian Stds. Assn.
Conn. DOT
12-11 Report 165 Minnesota DOT
12-15(3) Report 227 Wisc. DOT
Iowa DOT
1. DOT
Kans. DOT

Pa. DOT

HOW USED

Testimony on proposed DOT regulations to implement Sec, 504 of the Older Americans Rehabill-
tation Act.

Evalvation of DOT regulations to implement Sec. 504 of the Older Americans Rehabilitation Act.

For determining alternatives for service implementation.

In development of transportation services for the transportation disadvantaged.
Ag a resource document for over-all planning activities.

To restructure and reorient marketing efforts,

To design traffic counting program for four provinces of South Africa

In guarterly report on DOE contract, the projected automotive operating costs of gasoline and
non-gasoline engines,

Saved countless hours of search and survey by state-of-the-art section on highways joint and
crack sealing materials and methods, Useful in further understanding varvious design, con-
struction, and maintenance problems, in analyzing specilic failures. and in adapting future de-
velopments in highways to their indwstrial and other roadway problems.

Basic text for a course in statistical quality control taught to both undergraduates and a sizeable
number of engineers, the majority of the laiter heing highway deparment employees.

In conjunction with FHWA sipma bank, and data developed by our field testing, 1o develop
special provisions covering statistical acceptance of bituminous concrete pavement.

As reference hy Specifications Division.

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

In developing siatistical specifications.

In establishing nuclear density and moisture tests io soils.

Considering a trial of recommendation for use of nuclear pellet iechnique for measuring pave-
ment thickness.

The Ohio State ultrasonic gauge, several eddy current proximity gauges, and additional pacho-
meters used with the new statistically based acceptance specifications to reduce over-ail con-
struction costs,

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

AS a basis fo prohibit use of electrostag welding in main structural tehsion members on federal-
aid projects and to institute a program of rigorous inspection in existing structures welded by
the electroslag process.

Information of direct relevance in decision regarding replacement of bridge deck on a major
bridge.

In settling negotiations for purchase of an airport,

Rated as “'excellent” by Land Acquisition Division, which requested extra copies for vse in de.
velopment of new work in area of responsibility,

Most of the principles set forth have been in practice. Land Economic Study unit conducted a
study according 1o the report recommendation for one method of analysis of the value of
scenic easements.

Own research project on “Analysis, Design and Behavior of Highway Bridges” used both basic
knowledge and example of a well-devised rational approach to further simplify the proposed
formulas and criteria recommended as revisions to the AASHTO Specifications, and to con-
solidate and authenticate the proposed criteria by further model and prototype verification of
analytically obtained values.

Confirmed the Division’s present practices, gave reassurance that its long-term investment in
prestressed concrete structures is sound, and answered the question as to practicabllity of pro-
tective coatings.

Limited portions used in a technical report entitled “Some Obscrvations on the Fatigue He-
havior of Specimens and Structures.”

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

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

Fatigue specification recommendations adopted in total in 1974 Interim AASHTO “Standard
Specifications for Highway Bridges.™

To accomplish bridge design modifications intended to reduce fatigue cracking.

To develop modifications to fatigue provisions in AREA Specifications (1975),

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

To provide backup information for current bridge-rail design.

In selecting waterproof membrane systems for field evaluation.

Teo retrofil hridges.
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RESULTS (Continued)

NCHRP NCHRP
PROJECT PUBLICATION USER
13-1 Repaort 26 Drelaware SHD
14-1 Report 42 Minnesota DOH
Washington State SH
Comm.
Ohio ept. of Hwys.
Conn. DOT
15-1 Rcport 36 Commercjal firm
15-1(2) Report 54 Federal and Statc
apgencies
American Iron and
Steel Inst.
inois Div. of Hwys,
Nevada DOH
Report 115 Iingis DOT, Bur.
Design
Conn. DOT
Report 118 New York DOT
15-2 Report 108 Connccticut DOT
Wisconsin DOT
Kansas SH Comni.
Minnesota DOH
Colorado DOH
Spil Conserv. Serv.,
U.S. Dept. of Agr.
Report 108 and Hvdr. Br., Bridge
agency draft Div., FHWA
Report 108 and Consultant, Madrid,
agency report Spain
13-4 Report 136 Indiana 5H Comm,
15-6 Rcport 77 AASHTO Stdg.
Comm. on Hwys.
California Div. of
Hwys.
Conn. DOT
16-1 Repart 91 California Div, of
Hwys.
U.8. Government
Contt. DOT
16-3 Agency reporl lowa DOT
16-3 Report 221 Hittman Assoc.
Inc.
17-1 Report 79 Robley Winfrey
Calspan
Min. of Transp., Brazil
17-2A Agency rcport S. Dak. DOT., Div.
of Hwys.
Report 162 Northwestern Univ.
Office of Highway
Safety, FHWA
17-3 Report 219 FHWA Office of
Traffic Operation
19-2(4) Report 131 QIF, of R&D, FHWA
193 Report 141 Nat’l. Inst. for Road

Res., 8, Africa

HOW USED

In a study of highway maintenance management, Advanced Management Planning, Inc., rec
ommended use as a guide in establishing equipment rental rates.

Of considerable assistance to the investigators in the Maintenance Program Budget Pilot Study,
which includes u determination of Lhe sets of road characteristics to which quality and quantity
sltandards codes should be assigned.

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

In a study io devclop a forecast of maintenance needs for the 1970-80 decade and compare it
with the trends in highway maintenance needs for the U.S, as a whole and for the Northeast
region in particular.

In establishing Maintenance Management System.

In formulating a design for a new fiberglass guardrail system.

In planning, design, construction. maintenance, replacement of guardrails and median barriers.

Recommendalions on sitandardization of guardrail hardware hy the Highway Task Force of the
Institute's Sheet Committee to include use of the Rat washer illustrated on page 29 of Repors
54.

Included n highway design policies and standards by Bur. of Design. New Bur. of Maintenance
standards for guardrail and median barriers adapted from report. Bur. of Traffic commentis
highlight Design Manual or Highway Standerds areas that could be improved by the findings;
the warranting of trial installations of various types of median barriers, for reasons of both
safety and economy; znd Lhe value of certain information as a toel to determine whether to
remove of upgrade existing installations.

In evaluating acceptability of the Department's design criteria and standards.
Findings huve been found useful, and practice has becn modified to conform with them.

As a basis of guardrail systems currcntly used in Connecticut.

As a vital supplemcnt 1o a recently prepared dcsipn manual covering policies, procedures, and
standards. Design guide refers 1o report for further information.

On trial basis, used the design technigue developed for channels lined with riprap. Major relo-
cation of a stream and tributaries having a desipn flood discharge of 3,900 cfs from a drain-
ape area of 7.3 sq mi was involved. Saving from usc of riprap instead of paving was esti-
mated to be more than $90,000. Evaluation of the efectiveness of the treatment is continuing,
especially obscrvation of hehavior during and after any significant storms.

Channel design procedure applied to ditches along the Lake Wissota—Cadolt Road in Chippewa
County, previously subject to erosjon, but none has occurred since use of riprap according to
the procedure.

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

To design riprap for a stream relocation at Moose Lake. Riprap erosion pratection functioned
as planned during rainstorms providing discharges approximating tbe design value of 275 cfs.

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

Recommendalions uscd in preparalion of SC§ Tech, Releare Ne. 59, “Hydraulic Design of
Riprap Gradient Control Structures.™

As source documents for ‘‘Stable Channel Designs”; design procedurcs for riprap linings de-
veloped principully from Report 108,

Riprap design procedure applicd to channels along motorways in Spain.

Used National $mall Streams Data Inventory compiled duting project as an addilional check
on flood flow estimates.

Input (with Report 20, Proj. 54} to March 1969 publication, fajormafional Guide to Roadway
Lighting.

Instrumental in setting the standards for California and aiding in developing the most satisfac-
tory breakaway base. The California rescarch, without that done under NCHRP, reporiedly
would have cost well over $100.000 to develop or affirm preliminary designs of this type.

As a basis for breakaway luminaires for highway lighting.

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 Environmental Policy Act of 1969 and
Exccutive Order 11514 on “Protection and Enhancement of Environmental Quality.”

In preparation of cnvironmental impact stalements.

1n a training program on erosion control for state persennel.

Information and illustrations used in a field manual for the Office of Surface Mining, U.S. Dept.
of Interior,

In development of college texthook, Ecoromic Analysis for Highways.

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

Transialed inte Portupuese,

To assist in evaluating safety improvements accomplished under an ongoing safety program.

As a reference and teaching aid in a graduatc course in highwuy safety programming.

By staff scrving as instructors for a series of regional seminars on evaluation of safely improve-
ments.

As source document for FHWA's Positive Guidance series on planning and collection of field
data,

As a primary reference in training courses on managing highway maintenance.

Ag source document in investigating certain aspects of vehicle sizes and weights on South
African highways,
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The Highway Research Information Service is known to be used widely by a number of arganiza.
tions in addition to state highway depurtments. Recognition has been given to the periodic
issues of Highway Research in Progress as being very useful and of great value to many other

A committce within the Illinois Highway Research Council, having the assignment of developing
a system oOf establishinp research priorities for the Division’s program, uses the method out-

Although not yet published, results from the sccond year of research are being used as back-
ground for installing surveillance and contrel systetns and in planning alternative methods of

As a basic document in the continuing development of Division practices and procedures to
cope with the bridge deck deterioration problem. Also used as a guide for those lines of

Translated into Spanish as an “Information Bulletin® of the Transport and Soil Mechanics

As procedural guide to emergency incasures to contain and/or control scour at bridge sites.

As a text in Highway Management Course (conducted by the Highway Manapgement Institute

Recommended to District oilices as a refercnce 1o answer skid-resistance questions from both

As background information in plan preparation and review! construction supervision and in-

Used on several occasions involving condemnation cases and other legal matters. Digests noted
as being extremely helpful in view of their discussions of current problems and consequent

Included in tofe in 1970 Annual Report to the Congress in respect to progress made in adminis-
tration of the highway relocation assistance program as e¢nacted under the Federal-Aid High-

As un aid to maintaining a current awareness of legul research of an original nature, as a basis

for further research by personncl of the Office, and as a point of departure for reviews of

Task 4, “Lateral Accelerutinns and Lateral Tire-Pavement Forces in a Vehicle Traversing Curves
Relating to Avaiiable Pavermnent Skid-Resistant Measures.” See Project 1-12.

As primary source of information on energy used in construction and maintenance of trans-
portalion facilities for eslimation of energy savings by Transportation System Management
(TSM) aclions. T8M actions are estimated to save 37.1 million gal of gasoline in the State of

As the primary source document for preparing the Workshop Notes for Energy Requirements

Published by AASHTO as Guidelines on Citizen Participarion in Transportation Planning.

In preparation of handbook on “Air Pollution Control for Construction and Maintenance.”

Breukaway cable terminal (BCT) installed as a guardrail end treatment in at least 35 states

To install breakaway cable terminals as part of a demonstration project on the Dulies Airpor!

EXAMPLES OF UTILIZATION OF NCHRP RESULTS (Continued)
NCHRP MNCHRP
PROJECT PUBLICATION USER HOW USED
20-1 (HRIS) Many diverse agencies
government agencies,
0-2 Report 55 Iilinois Div. H, Bur.
R&D
iined for strucluring rescarch programs.
20-3 —_ California Diy. of
Hwys.
improving operations on the Los Angeles Area freeway system.
-5 Synthesis 1 Conn, DOT As a basis for current signing patterns from Maintenance.
Synthesis 2 Lah. de Eng., Angola Transluted into Portuguese.
Svnihesis 4 California Div, of
Hwys.
research that wiil yield the highest return.
U.s. oOT In preparation of Imstructional Memorandum 40-2-70.
N. Mex. SHD In revising the Department’s Bridge Conrstruction Manual.
Synthesis 5 Ctr. for PW Studics
and Exper. (Spain) Laberatory,
Louisiana DOH
Synthesis 6 Conn. DOT In project scheduling.
Synthesis 7 92nd Cong., 1 Sess. See Project I-12.
Conn. DOT Provided justification for motorist aid call-box system.
Synthesis 10 Conn. DOT By Maintenance in training personnel fer cquipment responsibilties.
Synthesis [1 AASHTO
at the Univ. of Mississippi).
Synthesis 12 Conn. DOT As a basis for Maintenance Telecommunicatlion Systemn.
Synthesis 14 Texas Hwy. Dept.
Departmental and non-Departmental personnel,
Conn. DOT To provide guidelines for skid-resistance program.
Synthesis 16 Conn. DOT Reference source for design of CRC pavements.
Synthesis 18 Texas HD and Tex.
Div., FHWA spection; maintenance activity.
Synthesis 24 Conn. DOT As input into snow and ice policy.
Synthesis 32 Conn. DOT As backup for studded-tire legislation.
Synthesis 37 Upper Plains States Used in stabilization handbook for local povernments.
Innovation Graup
Syntheses 56 Texas SDH and Far review by district offices prior to Pavement Rehabilitation Confercnce.
and 60 Public Transp.
20-6 Res. Dig, 11 Md. Rds, Comm. In a case before September 1969 term, State Court of Appeals.
TR¢s, Dig. 11 Colorado DOH
and others
saving of legal staff time.
Res, Results Sec. of Transp.
Digest 3
way Act of 1968,
Res, Results Virginia Atty.
Digcsts Genl. Office
settled Law.
Res. Dig. 25 U. Wis., Dept. Eng. A5 a text in short course en Urban Transportation Planning.
20-7 — 92nd Congress,
Ist Sess.
Report 157 Conn. DOT In developing the scrap tire allenuation system.
Res. Dig. 98 FHWA To analyze Oklahoma DOT structure upgrading program.
Agency final New York DOT
report (Task B)
N.Y. during the 1978 calendar year.
FHWA
for Transportation Systems.
Arcncy final AASHTO
report {(Task 12)
20-12 Agency report FHWA
20-13 Report 193 Meiro. Expy. Translated into Japanese and distributed within the Corporation.
Public Corp,
Tokyo, Japan
20-16 Report 198 AASHTO Findings used in testimony before U.S. Senate.
22-2 Res. Results Dig, State highway agencies
43,53, 84 since 1973,
Federal Aviation
Administration Access Highway,
Rcport 153 AASHTO

Res, Results Dig,
84, 102

Australian state
hwy. apencies

Referenced in Section 1.1.9A(2), Loadings and Geometrics, of the 1975 “Interim Bridege Speci-
fications.™

Breakaway cable terminal (BCT) installed as a guardrail and treatment in at least two Australian
states.




AWARD-WINNING RESEARCH UNDER NCHRP

Several projects have been honored to date as outstanding
contributions to the fiekl of highway safety and have
received Metropolitan Life Awards for Research in Acci-
dent Prevention from the National Safety Council. They
are:

® NCHRP Project 1-7, “Development of Interim Skid-
Resistance Requirements for Highway Pavement Surfaces.”
In 1968 this project, reported as NCHRP Report 37,
“Tentative Skid-Resistance Requirements for Main Rural
Highways,” received the Award of Merit (3500).

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

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

Other projects prominent in various other classes of
awards are:

® NCHRP Project 20-7, Task 2, *“The Relation of Side
Slope Design to Highway Safety.” In 1977, Eugene D.
Marquis and Graeme D. Weaver shared the 1977 Arthur
M. Wellington Prize of the American Society of Civil En-
gineers for their paper, “Roadside Slope Design for Safety,”
which was based on the research reported in NCHRFP
Report 158, “Selection of Safe Roadside Cross Sections.”

¢ NCHRP Project 20-3, “Optimizing Freeway Corridor
Operation Through Traffic Surveillance, Communication,
and Control.” In 1969 a paper based on this project

SUMMARY

The National Cooperative Highway Research Program
is a unigue contract research effort designed to respond
quickly and efficiently to the needs of State highway and
transportation departments through the solution of the
pressing transportation problems. Although the Transporta-
tion Research Board administers the Program, the research
content is solely the prerogative of the American Associa-
tion of State Highway and Transportation Officials and its
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received Honorable Mention under the Past President's
Award, Institute of Traffic Engineers.

e NCHRP Project 9-1, "“Asphalt Durability and Its
Relation to Pavement Performance.” In 1969 a paper
based on this project, reported in NCHRP Repor: 67,
“Relation of Asphalt Rheological Properties to Pavement
Durability,” received the W. J. Emmons Annual Award
of the Association of Asphalt Paving Technologists as the
best paper at the annual meeting.

¢ NCHRP Project 5-8, “Warrants for Highway Light-
ing.” In 1973 a paper based on this project, reported in
NCHRP Report 152, “Warrants for Highway Lighting,”
received the Highway Research Board Award as the most
outstanding paper presented at the Board’s Anpual Meeting.

* NCHRP Project 12-7, “Effects of Weldments on
Fatigue Strength of Steel Beams.” In 1977, the Principal
Investigator, Professor John W. Fisher, received the T. R.
Higgins Award from the American Institute of Steel Con-
struction as author of NCHRP Report (47, “Fatigue
Strength of Stee! Beams with Welded Stiffeners.”

® NCHRP Project 12-12, “Welded Steel Bridge Mem-
bers Under Variable-Cycle Fatigue Loadings.” In 1979,
the Principal Investigators, Karl H. Klippstein and Charles
G. Schilling, were co-recipients of the Arthur M. Welling-
ton Prize from the American Society of Civil Engineers for
their paper, “Fatigue of Steel Bearns by Simulated Bridge
Traffic,” published in the Journal of the Structural Division,
August 1977, The paper was based on Project 12-12.

o NCHRP Project 20-9, “Sociceconomic Consequences
of Right-of-Way Acquisition Induced Resident Disloca-
tion.” The Principal Tnvestigator, Mr, Jon E. Burkhardt,
received the 1980 Pyke Johnson Award from the Trans-
portation Research Board as author of the paper “Resi-
dential Dislocation: Costs and Consequences.”

member departments, The Program is one of applied
(rather than basic) research, and every possible effort is
made to help administrators and engineers put the findings
ta early use. Program policy cnsures maximum exposure
of the research while in progress in the hope that research
results will, in fact, more quickly find their way into prac-
tice in the form of policies, procedures, specifications, and
standards of State highway and transportation departments.
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Rep. Rep.
No. Title, Project, Pages, Price No. 1ite, Project, Pages, Price
51 Sensing and Communication Between Vehicles (Proj. pabilities of Flexible Pavements (Proj. 1-5(2)),
3-3), 105 p., $5.00 37 p., $2.00
® 52 Measurement of Pavement Thickness by Rapid and ¢77 Development of Design Criterla for Safer Luminaire
Nondestructive Methods (Proj. 10-6), 82 p, Supports (Proj. 15-6), 82 p., $3.80
$3.80 ¢78 Highway Noise——Measurement, Simulation, and
53 Multiple Use of Lands Within Highway Rights-of- Mixed Reactions (Proj. 3-7), 78 p., $3.20
Way (Proj. 7-6), 68 p., $3.20 79 Development of Improved Methods for Reduction
¢ §4 T.ocation, Selection, and Maintenance of Highway of Traffic Accidents (Proj. 17-1), 163 p.,
Guardrails and Median Barriers (Proj. 15-1(2)), $6.40
63 p, $2.60 ® 80 Oversize-Overweight Permit Operation on State
55 QResearch Needs in Highway Transportation (Proj. Highways {Proj. 2-10), 120 p., $5.20
20-2), 66 p., $2.80 *81 Moving Behavior and Residential Choice—A Na-
e 56 Scenic Easements—ILegal, Administrative, and Valua- tional Survey (Proj. 8-6), 129 p., $5.60
tion Problems and Procedures (Proj. 11-3), 174 p., ®82 National Survey of Transportation Attitudes and
$6.40 Behavior—Phase Il Analysis Report (Proj. 20-4),
§7 Factors Influencing Modal Trip Assignment (Proj. 89 p., $4.00
8-2), 78 p., $3.20 ®*83 Distribution of Wbeel Loads on Highway Bridges
® 58 Comparative Analysis of Traflic Assignment Tech- (Proj. 12-2}%, 56 p., $2.80
niques with Actual Highway Use {Proj. 7-5), 85 p., 84  Analysis and Projection of Research on Traffic
$3.60 Surveillance, Communication, and Control (Proj.
e 59 Standard Measurements for Satellite Road Test Pro- 3.9), 48 p., $2.40
gram (Proj. 1-6), 78 p., $3.20 85 Development of Formed-in-Place Wet Reflective
* 60 Effects of Illumination on QOperating Characteristics Markers (Proj. 5-5), 28p, $1.80 )
of Freeways (Proj. 5-2), 148 p., $6.00 86 Tcntative Sel_‘wce Requirements for Bridge Rail
* 61 Evaluation of Studded Tires— Performance Data and Systems (P.mj‘ 12-8), .62 P $3220
Pavement Wear Measurement (Proj. 1-9), 66 p., 87 Rules of Discovery _and D15c195ure in Highway Con-
$3.00 demnation Proceedings (Proj, 11-1¢(5)}, 28 p.,
*62 Urban Travel Patterns for Hospitals, Universities. 88 f{zefc?gnition of Benefits to Remainder Property in
ggﬁgg Buildings and Capitols (Proj. 7-1), 144 p.. ;{ighway Valuation Cases (Proj. 11-1(2)), 24 p,
. : : g $2.00
63 Efl(;g;)g:;sdso(fprlgis;g-g),Stand;;d;.’ for ;d:v.ovo\/o]ume 89 Factors, Tn?nds, and Guidelines Related to Trip
64  Motorists’ Needs and Services on Interstate Highways Length (Proj. 7-4), ~ 59p., $3.20 .
(Proj. 7-7), 88 p.. 33.60 20 Protgctlon of Steel in Prestressed Concrete Bridges
65 One-Cycle Slow-Freeze Test for Evaluating Aggre- (Proj. 12-5), ~ 86p, §4.00 . ,
gate Performance in Frozen Concrete (Proj. 4-3(1)), 91 Eﬂ'e_cts of Dcwmg' Salts on Water Quality and Biota
21 p., $1.40 —th.crature Review and Recommended Research
66 [dentification of Frost-Susceptible Particles in Con- 9 (Proj. 16-1}, 70p, ,$3‘20 )
crete Aggregates (Proj. 4-3(2)), 62 p., $2.80 2 Valuation and Condemnation of Special Purpose
# 67 Rclation of Asphalt Rheological Properties to Pave- 93 Pro'per!les (Proj. 11f1(6))’ 4.7 P, $2.60
ol - Guidelines for Medial and Marginal Access Control
ment Durability (Proj. 9-1), 45 p., $2.20 Maior Roadwa (Proj. 3.13) 147
# 68 Application of Vehicle Operating Characteristics to 3161 20 jor  Roadways o220 P
(135}0““*“1;81335‘3" ?s;dog’amc Operations (P10} 3= 94 valyation and Condemnation Problems Involving
o P- e Trade Fixtures (Proj. 11-1(9}), 22 p., $1.80
69 Evaluation of anstrucu(_)n. Control Proceduresf 95 Highway Fog (Proj. 5-6), 48 p., $2.40
Apgregate Gradation Variations and Effects (Proj.  49¢ Strategies for the Evaluation of Alternative Trans-
10-2A),  58p,  $2.80 ) ) portation Plans (Proj. 8-4), 111 p.,  $5.40
* 70 Social and'Economlc Factors Affecting Intercity 97  Analysis of Structural Behavior of AASHO Road
Travel (Proj. 8-1),  68p.,  $3.00 Test Rigid Pavements (Proj. 1-4(1)A), 35 p.,
«71 Analytical Study of Weighing Methods for Highway $2.60
Vehicles in Motion (Proj. 7-3), 63 p.,  $2.80 98 Tests for Evaluating Degradation of Base Course
72 Tpeory and Prac_:ttce in Inverse. Condemnation for Aggregates (Proj. 4-2), 98 p., $5.00
Five Representative States (Proj. 11-2), 44 p., 99  Visual Requirements in Night Driving (Proj. 5-3),
$2.20 38p., $2.60
73 Improved Criteria for Traffic Signal Systems on 100 Research Needs Relating to Performance of Agare-
Urban Arterials (Proj. 3-5), 55 p., $2.80 gates in Highway Construction (Proj. 4-8), 68 p.,
74  Protective Coatings for Highway Structural Steel 83.40
(Proj. 4-6), 64 p., $2.80 101 Effect of Stress on Freeze-Thaw Durability of Con-
74A Protective Coatings for Highway Structural Steel— crete Bridge Decks (Proj. 6-9), 70 p., $3.60
Literature Survey (Proj. 4-6), 275 p., $8.00 102 Effect of Weldments on the Fatigue Strength of Steet
*74B Protective Coatings for Highway Structural Steel— Beams (Proj. 12-7), [14 p., $5.40
Current Highway Practices (Proj. 4-6), 102 p., 103 Rapid Test Methods for Field Control of Highway
$4.00 Construction (Proj. 10-4), 89 p., $5.00
®75 Effect of Highway Landscape Development on 104 Rules of Compensability and Valuation Evidence
Nearby Property (Proj. 2-9), 82 p., $3.60 for Highway Land Acquisition (Proj. 11-1),
76 Detecting Seasonal Changes in Load-Carrying Ca- 77 p.» $4.40 '
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No. Title, Project, Pages, Price No. Title, Project, Pages, Price
® 105 Dynamic Pavement Loads of Heavy Highway Vehi- 133 Procedures for Estimating Highway User Costs, Air
cles (Proj. 15-3), 94 p., $5.00 Pollution, and Noise Effects (Proj, 7-8), 127 p.,
¢ 106 Revibration of Retarded Concrete for Continuous $5.60
Bridge Decks (Proj. 18-1}, 67 p., $3.40 134 Damages Due to Drainage, Runofi, Blasting, and
107 New Approaches to Compensation for Residential Slides (Proj. 11-1(8)), 24 p., $2.80
Takings (Proj. 11-1(10}), 27 p., $2.40 135 Promising Replacements for Conventional Aggregates
# 108 Tentative Design Procedure for Riprap-Lined Chan- for Highway Use (Proj. 4-10), 53 p, $3.60
nels (Proj. 15-2}, 75 p., $4.00 136 Estimating Peak Runoff Rates from Ungaged Small
® 109 Elastomeric Bearing Researeh (Proj. 12-9), 53 p., Rural Watersheds (Proj. 15-4), 85 p., $4.60
$3.00 137 Roadside Development—Evaluation of Research
* 110 Optimizing Street Operations Through Traffic Regu- (Proj. 16-2), 78 p., $4.20
lations and Control (Prej. 3-11), 100 p., $4.40 ® 138 Instrumentation for Measurement of Moisture—
®# 111 Running Costs of Motor Vehicles as Affected by Literature Review and Recommended Reseurch
Road Design and Traffic (Proj. 2-5A and 2-7), (Proj. 21-1}, 60 p., $4.00
97 p., $5.20 139 Flexible Pavement Design and Management—Sys-
¢112 Junkyard Valuation—Salvage Industry Appraisal tems Formulation (Proj. 1-10), 64 p., $4.40
Principles Applicable to Highway Beautification 140 Flexible Pavement Design and Management—Ma-
(Proj. 11-3(2)), 41 p., $2.60 terials Characterization (Proj. 1-10), 118 p.,
113 Optimizing Flow on Existing Street Networks (Proj. $5.60 ) . . . .
3.14), A4, $15.60 * 141 Changes in Legal Vehicle Welg_hts and Dlme.nstons——
® 114 Eflecis ol Proposed Highwav Improvements on Prop- ?ggw Econort?ﬁ:o Effects on Highways (Proj. 19-3),
erty Values (Projy. 11-1(1}), 42 p., $2.60 142 val P $E - )
o 115 Guardrail Performance and Design (Proj. 15-1(2)). $f61§“0n of Air Space (Proj. 11-5), 48 p.,
70 p., 53.60 ) , .
116 Structural Analysis and Design of Pipe Culverts {Proj. 143 E(L;; Use of ;lgholr)ays—smte of the Art (Proj. 8-10),
15-3), 155p.,  $6.40 o144 Hi AR . , )
117 Highway Noisc—A Design Guide for Highway En- nghwgy Noise—A F:cId_Evaluatlon of Traffic Noise
gineers (Proj. 3-7), 79 p., $4.60 Reduction Measures (Proj. 3-7), 80p., $4.40
118 Location, Selection, and Maintenance of Highway 145 Improving Traffic Operations and Safety at Exit Gore
Traffic Barriers (Proj. 15-1(2)). 96 p.,  $5.20 Areas (Proj. 3-17), ~ 120p,  $6.00
119 Control of Highway Advertising Signs-—Some Legal 146 Alternative Mult:'modal Passenger Transportation Sys-
Problems (Proj. 11-3(1)), 72 p., $3.60 tems—Comparative Economic Analysis (Proj. 8-9),
® 120 Data Requirements for Metropolitan Transportation 147 ggtl-)" $ 34.00 . .
Planning {Proj. 8-7), 90 p., $4.80 f:.1 igue tgen}g\th Ol-f Steel Beam‘s with Welded Stif-
e121 Protection of Highway Utility (Proj. 8-5), 115 p.. sago o Amacments (Proj. 12-7), 85 p.,
$5.60 .
. . 148 Roadside Safety Improvement Programs on Free-
L ]
122 2;‘r;?g?{i;y“if;:;g:‘:::;;f(%‘;2?.02‘]’:1 gonseq;;:;c;;e‘s ways—A Cost-Effectiveness Priority Approach (Proj.
$13.60 ’ ' 20-7), _64 p-s $4.00 .
123 Development of Information Requirements and 149 ?{:Ii,gje E?_E.lg)DESng;FaCtorsédle(')%ndsr and Guidetines
Transmission Techniques for Highway Users (Proj. 150 Effect of Cul G P ‘ . .
3-12) 239 p.. $9.60 ° sc o ];,ur? 2Oeomatry and Location on Vehicle
124 Tmproved Criteria for Traffic Signal Systems in Ur- 1 ehavior (Proj, 20-7), 8.8 p-» 34.80 )
ban Networks (Proj. 3-5) 86 p.. $4.80 51 (IEOFL;)Ed-'Whed Pa\tement Squ Tester Correlation and
125 Optimization of Density and Moisture Content Mea- $2 (I)Orahon Techniques (Proj. 1-12(2)), 100 p..
surements by Nuclear Methods (Proj. 10-5A), ) . s .
86 p., $4.40 152 Warrants for Highway Lighting (Proj. 5-8), 117
e 126 Divergencies in Right-of-Way Valuation (Proj. 11- P, $6.40
1), 57 p., $3.00 153 Rccommended Procedures for Vehicle Crash Testing
127 Snow Removal and Ice Contro] Techniques at Tnter- of Highway Appurtenances (Proj. 22-2), 19 p.,
changes (Proj. 6-10}, 90 p., §5.20 $3.20 . . . .
128 Evaluation of AASHO Interim Guides for Design 154 Determining Pa\{ement Skid _Resu_stance Beqmre—
of Pavement Structures (Proj. 1-11), i p., ments at Intersections and Braking Sites (Proj. 1-12),
$5.60 64 p., $4.40
129 Guardrail Crash Test Evaluation—New Concepts 155 Bus Use of Highways—Planning and Design Guide-
and End Designs (Proj. 15-1(2)), 89 p. lines (Proj, 8-10), 161 p,  $7.60
$4.80 156 Transportation Decision-Making—A Guide to Social
130 Roadway Delinecation Systems (Proj. 5-7), 349 p., and Environmental Considerations (Proj. 8-8(3)},
$14.00 135 p, $7.20
131 Performance Budgeting System for Highway Main- 157 Crash Cushions of Waste Materials (Proj, 20-7),
tenance Management (Proj. 19-2(4}), 213 p., 73 p., £4.80
$8.40 158 Seclection of Safe Roadside Cross Sections {Proj.
132 Relationships Between Physiographic Units and 20-7), 57 p., $4.40
Highway Design Factors (Proj. 1-3(1)), 161 p., 159 Weaving Areas—Design and Analysis (Proj. 3-15},
$7.20 119p., $6.40
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160 Flexible Pavement Design and Management—Sys- 187 Quick-Response Urban Travel Estimation Techniques
tems Approach Implementation {Proj. 1-10A), and Transferable Parameters—User's Guide (Proj.
53 p., $4.00 8-12A), 229 p., $10.20

161 Techniques for Reducing Roadway Occupancy Dur- 188 Fatigue of Welded Steel Bridge Members Under
ing Routine Maintenance Activities (Proj. 14-2}, Variable-Amplitude Loadings (Proj. 12-12), 113 p,
55p,  $4.40 $6.40

162 Methods for Evaluating Highway Safety Improve- 189 Quantifying the Benefits of Separating Pedestrians
ments (Proj. 17-2A), 150 p., $7.40 and Vehicles (Proj. 20-10), 127 p., $7.00

163 Design of Bent Caps for Concrete Box-Girder 190 Use of Polymers in Highway Concrete (Proj. 18-2),
Bridges (Proj. 12-10), 124 p., $6.80 77 p., $5.60

164 Fatigue Strength of High-Yield Reinforcing Bars 191 Effect of Air Pollution Regulations on Highway
(Proj. 4-7), 90 p.; $5.60 Construction and Maintenance (Proj. 20-12), Bl p.,

165 Wgterproof Membranes for Protection olf Concrete %7.00
Bridge Decks—Laboratory Phase (Proj. 12-11), 192 Predicting Moisture-Induced Damage to Asphaltic
T0pp. ~ 34.80 Concrete (Proj. 4-8(3)), 46 $5.20

166 Waste Materials as Potential Replacements for High- . ) . o P
way Aggregates (Proj. 4-10A), 94 p., $5.60 193 ]_3cnehc1a1 _Eﬁects Assoc‘latgd with Freeway (_jonstruc‘-

167 Transportation Planning for Small Urban Areas tion—Environmental, Social, and Economic (Proj.
(Proj. 87A), 71 p,  $4.80 20-13),  110p.,  §7.80

168 Rapid Measurement of Concrete Pavement Thick- 194 Traffic Control in Oversaturated Strcet Networks
ness and Reinforcement Location—Field Evaluation (Proj. 3-18(2)), 152 p., $9.60
of Nondestructive Systems (Proj. 10-8), 63 p., 195 Minimizing Premature Cracking in Asphaltic Ceon-
$4.80 crete Pavement (Proj. 9-4), 51 p., 36.00

169 Peak-Period Traffic Congestion—Options for Cur- 196 Reconditioning Heavy-Duty Freeways in Urban
rent Programs (Proj. 7-10), 65 p., $4.80 Areas (Proj. 14-4), 60p., $6.40

170 Eflects of Deicing Salts on Piant Biota and Soils— 197 Cost and Safcty Effectivencss of Highway Design
Experimental Phase (Proj. 16-1}, 88 p., $5.60 Elements (Proj. 3-25), 237 p., $10.60

171 Highway Fog—Visibility Measures and Guidance 198 State Laws and Regulations on Truck Size and
Systems (Proj. 5-6A), 40 p., $4.00 Weight (Proj. 20-16), 117 p., $7.20

172 Density Standards for Field Compaction of Granu- 199 Evaluating Options in Statewide Transportation
lar Bases and Subbases (Proj. 4-8(2)), 73 p., Planning/Programming—Techniques and Applica-
$4.80 ) . . tions (Proj. 8-18). 190 p.,  $5.00

173 Highway Noisc—Generation and Control (Proj. 200 Monitoring Carbon Monoxide Concentrations in

174 3'?)- |7‘? P SS-_OO ] . Urban Areas (Proj. 20-14), 41 p., $5.20
Highway NO{Se—A Design Guide for Prediction and 201 Acceptance Criteria for Electroslag Weldments in
Control (Proj. 3-7), 193 p, $9.60 . . -

175 Freeway Lane Drops (Proj. 3-16) 72 p Bridges (Proj. 10-10), 44 p., $5.20
$4.80 i ' "’ 202 Improved Pavement-Shoulder Joint Design (Proj.

176 Studded Tires and Highway Safety—Feasibility of De- 14-3), 103p.,  $7.20
termining Indirect Effects (Proj_ ]-]3(2))’ 42 P 203 Safety at Narrow Bndgc Sites (PrOj. 20-7, Task 7),
$4.00 63 p., $6.00

177 Freight Data Requirements for Statewide Transpor- 204 Bridge Deck Joint-Sealing Systems—FEvaluation and
tation Systems Planning—Research Report (Proj. 8- Performance Specification (Proj. 10-11), 46 p.,
17}, 196 p. $8.80 $5.60

178 Freight Data Requirements for Statewide Transpor- 205 implementing Packages of Congestion-Reducing
tation Systems Planning—User’s Manual (Proj. 8- Techniques—Strategies for Dealing with Institutional
17, 155 p. $7.40 Problems of Cooperative Programs {Proj. 7-10(2)),

179 Evaluating Options in Statewide Transportation Plan- 128 p.. $7.60
ning/Programming—Issues, Techniques, and Their 206 Detection and Repair of Fatigue Damage in Welded
Relationships (Proj. 8-18), ¢l p, $5.60 Highway Bridges (Proj. 12-15 & 12-15(2)), 85 p.,

180 Cathodic Protection for Reinforced Concrete Bridge $6.80
Decks—Laboratory Phase (Proj. 12-13), 135 p., 207 Upgrading of Low-Quality Aggregates for PCC and
57-00_ . ) Bituminous Pavements (Proj. 4-123, 91 p., $7.20

181 Suberitical Crack Growth and Fracture of Bridge 208 Murket Opportunity Analysis for Short-Range Public
Steels (Proj. 12-14), 82 p., $5.60 Transportation Planning—Procedures for Evaluating

182 Economic Evaluation of lce and Frost on Bridge Alternative Scrvice Concepts (Proj. 8-16), 80 p.,
Decks (Proi. 6-11), 73 p., $4.80 %$6.80

183 Studded Tires and Highway Safety—An Accident 209 Market Opportunity Analysis for Short-Range Public
Analysis (Proj. 1-13), 70 p., $4.80 Transportation Planning—Transportation Services

184 Influence of Combined Highway Grade and Hori- for the Transportation Disadvantaged (Proj. 8-16),
zontal Alignment on Skidding (Proj. 1-14), 33p, 32p, $6.00
$3.20 21¢ Market Opportunity Analysis for Short-Range Public

185 Grade Effects on Traffic Flow Stability and Capacity Transportation Planning—FEconomic, Energy, and
(Proj. 3-19}, 110 p., $6.40 Environmental Impacts (Proj. 8-16)}, 45p., $6.00

186 Travel Estimation Procedures for Quick Responsc to 211 Market Opportunity Analysis for Short-Range Pubtic

Urban Policy Issues
$5.60

(Proj. 8-12A), 70 p.,

Transportation Planning—@Goals and Policy Develop-
ment, Institutional Constraints, and Alternative Or-
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213

214

215
216
217
218A
2188
219
220

221

222

223
224
225

226

227
228
229
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231
232
233

234

235
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ganizational Arrangements (Proj. 8-16}, 161 p.,
$9.20

Market Opportunity Analysis for Short-Range Public
Transportation Planning—Mc¢thod and Demonstra-
tion (Proj. 8-16), 132 p., $10.00
Freeway Traffic Management (Proj. 20-3D),
P $4.00

Bayesian Methodology for Verilying Recommenda-
tions to Minimize Asphult Pavement Distress (Proj.
9-4A), 52 p., $6.00

Design and Traflic Control Guidelines for Low-
Volume Rural Roads (Proj. 20-7, Task 13}, 41 p.,
$5.60

Pavement Management System Development (Proj.
207, Task 13), 32 p.. $5.20

The No-Action Alternative—Research Report (Proj.

68

8-11), 72 p., $6.80
The WNo-Action Alternalive—Impact Assessment
Guidelines {Proj. 8-11}, 174 p., $9.60

Ecological Effects of Highway Fills on Wetlands—
Research Report (Proj. 20-15), 34 p., $5.20
Ecological Eflects of Highway Fills on Wetlands—
User's Manual (Proj. 20-15), 99 p., $7.20
Application of Traflic Conflict Analyses at Inter-
scctions (Proj. 17-3), 109 p., 57.60
Erosion Control During Highway Construction—Re-
scarch Report (Proj. 16-3), 30p., $5.60
Erosion Control During Highway Construction—
Manual on Principles and Practices (Proj. 16-3),
108 p., $14.40

Bridges on Secondary Highways and Local Roads—

Rehabilitation and Replacement (Proj. 12-20).
132 p., $9.20

Maintenance Levels-of-Service Guidelines  (Proj.
14-5), 118 p., $8.80

Guidclines for Recycling Pavement Materials (Proj.
1-17), 137 p., 5920

Plastic Pipe for Subsurface Drainage of Transporta-
tion Facilities (Proj. 4-11), 153 p,, $9.60
Damage Evaluation and Rcpair Methods for Pre-
stressed Concrete Bridge Members (Proj. 12-21),
66 p., $7.20

Fatigue Behavior of Full-Scalc Welded Bridge At-
tachments (Proj. 12-15(3), 47 p., $6.40
Calibration of Response-Type Road Roughness Mea-
suring Systemis (Proj. 1-18), 81 p, §7.60
Mecthods for Apalyzing Fuel Supply Limitations on
Passcnger Travel (Proj. 8-23), 132 p., $9.20
Recommended Procedures for the Safety Perform-
ance Evaluation of Highway Appurtenances {Prol.
22-2(4}), 42 p., $6.00

State Transportation Finance Within the Context of
Energy Constraints (Proj. 8-22), 86 p., $7.60
Guidelines for Selection of Ramp Control Systems
{Proj. 3-22A), 108 p., $8.40

Selecting Traffic Signal Control at Individual Inter-
sections (Proj. 3-27), 133 p., $9.20
Galvanic Cathodic Protection for Reinforced Con-
crete Bridge Decks—Field Evaluation (Proj. 12-
13A), 64 p., $6.80

Fffectiveness of Changeable Message Displays in Ad-
vance of High-Speed Freeway Lane Closurcs (Proj.
1-21(2)), 49 p., $7.00

Evaluation of Traffic Controls for Highway Work
Zones (Proj. 17-4, 17-4{2}}, 189 p., $12.00

* Special publication.

Rep.

No,

237

238

239

240

241

242

Title, Project, Pages, Price
Locating Voids Beneath Pavement Using Pulsed
Electromagnelic Wave Techniques (Proj, 10-14},
40 p., $6.80

Estimating Excecdances and Design Values from
Data Collected by Urban Ozone Monitoring Net-
works (Proj. 20-14A), 121 p., $9.60
Multiple-Service-Level Highway Bridge
Selection Procedures (Proj. 22-2(3)),
$10.40

A Manual to Determine Benefits of Separating Pc-
destrians and Vehicles (Proj. 20-10(2)}), 56 p.
$7.20

Guidelines for Using Vanpools and Carpools as a
TSM Technique {(Prej. 8-21), (In press)
Ultrasonic Measurement of Weld Flaw Size (Proj.
10-13), (In press)

Railing
161 p.

Synthesis of Highway Practice

No. Title, Papes, Price
1 ‘Irafic Control for Freeway Maintenance (Proj. 20-5,
Topic 1), 47 p.. $2.20
2 Bridge Approach Design and Construction Practices
{Proj. 20-3, Topic 2), 30 p., $2.00
3 Traffic-Safe and Hydraulically Efficient Drainage
Practice (Proj. 20-5, Topic 4}, 38 p.. $2.20
4  Conecrete Bridge Deck Durability (Proj. 20-5. Topic
3, 28 p.. 52.20
®5 Scour at Bridge Waterwavs (Proj. 20-5, Topic 5),
37 p, £2.40
6 Principles of Project Scheduling and Monitoring
(Proj. 20-3, Topic 6), 43 p., $2.40
7  Motorist Aid Systems (Proj. 20-5. Topic 3-01).
28 p., $2.40
o8 Construction of Embankments (Proj. 20-5, Topic 9),
38 p.. 52.40
9  Pavement Rehabilitation—Materials and Technigques
(Proj. 20-3, Topic 8). 41 p., $2.80
10 Recruiting. Training. and Retaining Maintenance and
Equipment Personnel (Proj. 20-5, Topic 10), 35 p,,
$2.80
11 Development of Management Capability {Proj. 20-5,
Topic 12}, 50 p., $3.20
12  Tecleccommunications Systems for Highway Admin-
istration and Operations {(Proj. 20-5, Topic 3-03),
29 p., 52.80
13 Radio Spectrum Frequency Management (Proj. 20-5.
Topic 3-03), 32 p, $2.80
14 Skid Resistance (Proj. 20-5, Topic 7}, 66 p.
$4.00
® 15 Statewide Transportation Planning—MNeeds and Re-
quirements (Proj. 20-5. Topic 3-02). 410 p.
$3.60
16 Continuously Rcinforced Concrete Pavement (Proj.
20-5, Topic 3-08). 23 p., $2.80
17 Pavement Traffic Marking—Materials and Applica-
tien Affecting Serviceability (Proj. 20-5, Topic 3-
05), 44 p., $3.60
18  Erosion Control on Highway Construction (Proj.
20-5, Topic 4-01), 52 p., $4.00
19 Design, Construction, and Maintenance of PCC
Pavement Joints (Proj. 20-5, Topic 3-04), 40 p.,
£3.60
20 Rest Arcas (Proj. 20-5, Topic 4-04), 38 p.,
$3.60
21 Highway Location Reference Methods (Proj. 20-5,

Topic 4-06), 30 p., $3.20






TABLE 7 (Continued}

Synthesis of Highway Practce

No. Title, Pages, Price Na. Title, Pages, Price
79  Contract Time Determination {Proj. 20-5, Topic 11- 84 Evaluation Criteria and Priority Setting for State

10), 45 p., $7.20 Highway Programs {(Proj. 20-5, Topic 12-01), {In
80 Formulating and Justifying Highway Maintenance press)

Budgets (Proj. 20-5, Topic 10-03), 49 p., $7.20 85 Energy Involved in Construction Materials and Pro-
81 Experiences in Transportation System Management cedures (Proj. 20-5, Topic 12-09), (In press)

{Proj. 20-5, Topic 11-14), 88 p. $8.40 86  Eilects of Traffic-Induced Vibrations on Bridge-Deck
82 Criteria for Evaluation of Truck Weight Enforce- Repairs {Proj. 20-5, Topic 10-21), (In press)

ment Programs (Proj. 20-5, Topic 12-02), (In press} 87 Highway Noise Barriers {Proj. 20-5, Topic 12-07),
83 Bus Transit Accessibility for the Handicapped in (In press)

Urban Areas (Proj. 20-5, Topic 11-13), (In press) 88 Underwater Inspection and Repairs of Bridge Sub-

structures (Proj. 20-5, Topic 10-08}, (In press)



TABLE 8
NCHRP RESEARCH RESULTS DIGESTS®

DIGEST PROJ.
HO. NO. TITLE, PAGES, FRICE
ab 20-6 Relocation Assistance Under Chapter Five of the 1968 Federal-Aid Highway Act 18 p. $1.00
6h 20-6 Standing to Sve for Purposes of Securing Judicial Review of Exercise of Administrative Discretion in Route
Location of Federal-Aid Highways 9 p. $1.00
1r 20-6 Vatuation Changes Resulting from Influence of Public Improvements 25 p. $1.00
140 12-3 Waterproof Expansion Joints for Bridges ip. $1.00
19 20-6 Advance Acquisition Under the Federal-Aid Highway Act of 1968 1 p. $1.00
200 15-1 Budgeting for State Highway Departments 4 p. $1.00
22" 20-6 Valuation in Eminent Domain as Affected by Zoning 19 p, $1.00
5% 206 Federal Enviconmental Legislation and Regulations as Affecting Highways 35 p. $1.00
v 206 Proposed Legislation to Authorize Joint Development of Highway Rights-of-Way 12 p. $1.00
320 20-6 Changes in Existing Statc Law Required by the Uniform Relocation Assistance and Real Property Acquisition
Policies Act of 197¢ 13 p. 51.00
agh 20-6 Legal Effect of Representations as to Subsurface Conditions 17 p. S1.00
4 20-6 Appeal Bodies for Highway Relocation Assistunce 16 p. $1.00
41 20-6 Trial Strategy and Techniques to FExclude Noncompensable Damages and Improper Valuation Methods in
Eminent Domain Cases 24 p. $L.00
420 20-6 Supplemental Condemnation: A Discussion of the Principles of Excess and Substitute Condemnation
20 p. $1.00
450 -6 Exclusion of Increase or Decrcase in Value Caused by Puhlic Improvement for Which Lands Are Condemned
24p.  $1.00
4Ts 20-6 Trial Strategy and Techniques Using the Comparahle Sales Approach to Valuation 13 p. $1.00
a8 10-9 Surface Condition Ruting System for Bituminous Pavements 24 p. %1.50
LED 20-6 Trial Strategy and Techniques Using the Income Approach to Valuation il p. $1.00
55u 20-7 Side-Friction Factors in the Design of Highway Curves (Task 4) 9 p. $1.00
670 152 Field Evaluation of Teotative Design Procedure for Riprap-Lined Channcls 4 p, $1.00
L1 20-6 The Meaning of Highway Purpose 15 p. £1.00
T 223, 3A Field Evaluation of Vehicle Barrier Systems 3p. $1.00
T 20-7 Earth-Berm Vehicle Deflector (Task 3) 3p. $1.00
780 3-20 Traflic Signal Wurrants—A Bibliography 42 p. $1.00
Tar 20-6 Personal Liability of State Highway Department Officers and Employees 22 . $3.0¢
aon 20-6 Liahility of State Highway Departments for Design, Construction, and Mainienance Defects 49 p. $3.00
#1h 22-1A Crash Testing and Evaluation of Attenuating Bridge Railing System 10 p. $1.00
a2 1-15 Design of Continuously Reinforced Concrete Pavements for Highways 11 p. £1.00
v 20-6 Liability of State and Local Governments for Snow and lce Controd 16 p. $3.00
g 222 Breakaway Cable Terminals for Guardrails and Median Barriers 18 p. $1.00
85 12-16 Hridge Deck Repairs 22 p. $1.00
BTV 3-24 Current Practices in Use of Retrorefleclive Signing Materials 6 p. $1.00
89 1-12(3) Guidcelines for Skid-Resistant Highway Pavement Surfaces 12 p. $1.00
214 3-21 Motorist Response to Guide Signing 9 p. $1.00
94 B-13 Disaggregate Travel Demand Models 7 p- $1.00
gsh -6 Legal Implications of Repulations Aimed at Reducing Wet-Weather Skidding Accidents on Highways
31 p. $3.00
97 323 Guidelines for Uniformity in Traffic Control Signal Design Configurations 8. $1.00
99 20-6 Liability of the Statc for Highway Traffic Noise 14 p, $3.00
104¢ 20-5 Safe Conduct of Traffic Through Highway Construction and Maintenance Zones 5p. $1.00
102> 22.2 Modified Breakaway Cable Terminals for Guardrails and Median Barriers 13 p. $1.00
103+ 20-6 Payment of Attorney Fees in Eminent Domain and Environmental Litigation 24 p. $3.00
in4 Var. NCHRPF Research on Bridge Engineering & p. $1.00
103" 3-26 Selected Acoustical Parameters of Highway Noise Barriers 8 p. %1.00
106" 20-5 Use of Waste Materials in Highway Construction and Maintenance 2p. $1.00
108" 20.6 Trial Strategy and Technigues in Highway Contract Litigation 31 p, $3.00
109" 205 Control of Conflicts of Interest in Highway Construction Contract Administration 56 p. $3.00
1100 206 Liability of State and Local Governments for Megligence Arising out of the Imstallation and Maintenance of
Warning Signs, Traffic Lights, and Pavement Markings 14 p. $3.00
11" 20-6 Trial Aids in Highway Condemnatinon Cases [lp $3.00
1120 20-6 Legal Implications of Control of Access to Uncontrolled-Access Highways 22 p. $3.00
113v 20-6 Right to Compensaticn in Eminent Domain for Abrogation of Restrictive Covenanis 12 p. $3.00
I14v 20-11B Energy Analysis Methodolopy for Assessing Environmental bmpacts 7 p. $1.00
118 Var. NCHRP Research on the Durability of Reinforced Concrete Bridge Components 6 p. 31.00
116V 20-5 Payments to Public Utilities for Relecation of Facilities in Highway Rights-of-Way 5 p. $3.00
118 Var, MCHRF Research on Bridge Engineering 6 p. $1.00
1190 20-6 Recovety of Condemnation Blight Under Inverse Law i1 p. £3.00
120 20-9 Residential Distocation—Costs and Consequences 3p. $1.00
121 21-2(3) Development and Field Evaluation of Prototype Soil Moisture Sensors, 3p. $1.00
222n 326 Moise Barrier Acoustical Parameters—Experimental Results 5 p. $1.00
1230 49 Evaluation of Preformed Elastomeric Pavement Joint Sealing Systems 7p. 51.00
124 22-2(3) A Modificd Foundation for Breakaway Cable Terminals 7p. $1.00
125 20-5 Continuing Project to Synthesize Inforination on Highway Problems T $1.00
126 3-18(4) Performance Evaluation of Signalized Network Control Strategies 4 p. $1.00
27 819 The Vehicle-Miles of Travel-—Urban Highway Supply Relationship 7p. $1.00
123 20-6 Continving Project on Highway Right-of-Way and Legal Problems 7p. 51.00
129 20-6 Legal Implications of Highway Department’s Failure to Comply with Design, Safety, or Maintenance Guidelines
t7 p. $3.00
130 1-20 Variability in Temperature Susceptibility of Asphalt Cement Sp. $1.00

® See Table 5 for project titles. Mumbers missing from the se¢rics have been superseded by published reporis. Ovders must be prepaid if for less than
$10.00. Make request to Publications Office, Transportation Rescarch Board, 2101 Constitution Avenue NW, Washington, DC 20418,
® Final publication.







highway factors analyzed by physiographic unit were:
(1) availability of aggregates, (2) soil origin and texture,
{3) high-volume-change soils, (4) potentially poor sub-
grade support conditions, and {5) frost-susceptible soils.

The research has 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

Research Agency:
Principal Invest.:

Northwestern University
Dr. R. L. Kondner

Effective Date: September 1, 1963
Completion Date: September 30, 1964
Funds: $19,850

In contrast with other research concerned with organiz-
ing regions into like groupings of sufficient size to permit
the applications of the principles of meteorology, pedology,
and pgeology 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 trends were expressed mathematically for con-
sideration of the possibility of incorporating performance,
expressed in terms of the present serviceability index (PSI}),
in flexible pavement design procedures.

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

NCHRP Report 22,
Pavement Performance.”

“Factors Influencing Flexible

Project 1-3(3) FY 'o04
Factors Influencing Pavement Performance

Research Agency:
Principal Invest.:

University of California
Dr. H. B. Seed

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

October 31, 1965
$19,800

Effecrive Date:
Completion Date:
Funds:

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

a1

As expericnce has demonstrated that heavy-duty asphalt
pavements experience fatigue cracking under repetitions of
heavy 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 materials
comprising the pavement sections and within the frame-
work of existing layered 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)
Extension of Road Test Performance Concepts

FY "63

Georgia Institute of Technology
Dr. A, 8. Vesic

Leonard Domaschuk

October 1, 1963

September 30, 1964

$10,000

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

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

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

NCHRP Report 10, “Theoretical Analysis of Structural
Behavior of Road Test Fiexible Pavements.”

Project 1-4(1)A  FY '64

Extension of Road Test Performance Concepts

Duke University
Dr. A. 8. Vesic
February I, 1965
September 30, 1966
$19,924

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

This research was concerned with existing theories of
structural behavior of rigid pavements. Available data on
deflections, stresses, and obscrved structural failures of
rigid pavements during the AASHO Road Test were col-
lected and critically reviewed. Rational correlations were
developed for existing theories of mechanical behavior of
rigid pavements.

The project report has been published as:

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

Project 1-4(2)

Extension of Road Test Performance Concepts

FY '64

Research Agency: Purdue University
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Principal Invest.: Dr. M. E, Harr

Effective Date: February 1, 1964
Completion Date: January 31, 1966
Funds: $12,243

There exist in the literature many theories that attempt
to describe, from a mechanistic point of view, the action
and reaction of pavements subjected to various loading.
In general, they represent solutions to particular problems
which, because of the high cost of performance testing,
have never becen thoroughly evaluated. In the light of
the findings of the AASHO Road Test, a comprchensive
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 authorized to examine
existing hypotheses and to develop new hypotheses of
pavement performance as related to fundamental principles
of engineering mechanics and materials scicnce and, al-
ternately, to test these hypotheses with data from any other
available source.

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

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

Project 1-5 FY '64
Detecting Variations in Load-Carrying Capacity of
Flexible Pavements

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

Cornell Aeronautical Laboratory
Dr. N. M. Isada

January 15, 1964

July 15, 1965

§49,011

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

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

NCHRP Report 21, “Detecting Variations in Load-
Carrying Capacity of Flexible Pavements.”

Project 1-5(2) FY '67

Detecting Seasonal Changes in Load-Carrying
Capabilities of Flexible Pavements

Texas A & M University

Research Foundation

F. H. Scrivner

W. M. Moore

September 1, 1966

Tune 30, 1968

Research Agency:
Principal Invest.:

Effective Date:
Campletion Date:

Funds:

$45,428

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

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

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

Project 1-6 FY ’64

Standard Measurements for Satellite Program—
Measurement Team

Research Agency: Texas A & M University
Research Foundation
Principal Invest.: F. H. Scrivner

Effective Date:
Comipletion Date:
Funds:

March 31, 1964
Tanuary 31, 1967
$61,353

This research related to establishing measurement teamns
equipped, staffed, and trained to make common denomina-
tor measurements on the projects in any proposed satellite
research program and to insurc continuity of these measure-
ments during the life of such a program.

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

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

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

Project 1-7 FY ’a5
Development of Interim Skid-Resistance Require-
ments for Highway Pavement Surfaces

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

The Pennsylvania State University
Prof. W, E. Meyer

June 15, 1965

December 15, 1966

$24,815

This study was conducted to satisfy an immediate need



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

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

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

Project 1-8 FY 65

Factors lnvolved in the Design of Asphalt Pavement
Surfaces

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

Materials Research & Development
F. N. Finn

January 1, 1965

February 28, 1966

$23,255

Research is needed to improve the methods currently
being used to design both asphalt concrete mixtures and
thicknesses for flexible pavement surfaces. It is necessary
that design methods take into conmsideration the many
factors tbat affect surface-course performance and the func-
tion of the surface course in performance of the total strue-
ture of the pavement. A knowledge of all these interrela-
tionships is necessary to the achievement of optimum per-
formance, durability, and economy of the pavement. This
rescarch was authorized to identify the factors funda-
mental to comprehensive design of asphalt surface courses;
to appraise the state of knowledge concerning both the
recognition of and accounting for these factors in design;
and to recommend areas in which new test methods and
research are needed if currently used test methods are
inadequate to provide the necessary information concern-
ing the fundamental factors.

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

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

Project 1-9 FY °67

Evaluation of Studded Tires

Research Agency:
Principal Invest.:

Cornell Aeronautical Laboratory
F. R. Haselton
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Effective Date:
Completion Date:
Funds:

October [, 1966
June 30, 1967
$24,998

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

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

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

Praject 1-10 FY '67 and FY 69

Translating AASHO Road Test Findings—
Basic Properties of Pavement Components

Research Agency:
Principal Invest.:

Materials Research and Development
B. A. Vallerga
F. M. Finn
Dr, W. R. Hudson
Dr. Keshavan Nair
Sept. 12, 1966 Dec. 1, 1968
Mar. 11, 1968 Dec. 31, 1970
-$99,803 $103,291

Effective Dates:
Completion Dates:
Funds:

A wecalth of useful design and performance information
resulted from the AASHO Road Test: however, means do
not now exist for reliably translating this information to
other localities throughout the United States, This research
concentrated on improving the understanding of the sig-
nificant basic properties of pavement systems and com-
ponents and their relationships to design and perform-
ance, with due regard to locality 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 paverent
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,
environments, and traffic loadings.

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

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

NCHRP Report 139, “Flexible Pavement Design and
Management—Systems Formulation” and
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ods developed under NCHRP Project 1-12 for determining
vehicular longitudinal 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
objective was to provide highway agencies with practical
methods needed for determining where longitudinal accel-
eration demand exceeds available tire-pavement interface
friction,

Research has been completed. It was found that vehicle
deceleration profiles were strongly relatcd to wet-weather
accident rates at intersection sites and approach speed data
could bc used in place of the more difficult to obtain
acceleration data for modeling wet-weather accident rates.
The Ohio DOT is implementing on a trial basis the proce-
dures for predicting accident rates developed during this
project.

The essential findings of the study will be published as
an NCHRP Research Digest. Copies of the revised agency
report have been distributed to the Program sponsors and
will not be published in the regular NCHRP report series.
Loan copies are available from the NCHRP upon written
request or microfiche of the report may be purchased for
$4.00 prepaid. Send check or money order, payable to
Transportation Research Board, 2101 Constitution Ave.,
N.W., Washington, DC 20418,

Project 1-12(2) FY 71
Locked-Wheel Pavement Skid Tester
Correlation and Calibration Techniques

Research Agency:
Principal Invesi.:

The Pennsylvania State University
Prof. W, E. Meyer

R. R. Hegmon
Effective Date: September 16, 1970
Completion Date:  May 15, 1973
Funds: $319,000

Increases in traffic density, vehicle speed, and engine
horsepower contribute to the rise in the number and
severity of highway accidents, resulting in thousands of
deaths and billions of dollars in property damage each
vear. It is recognized that the highway accident problem
is very complex, involving relationships among the high-
way, vebicle, driver, traffic, weather, and other variables.
Extensive research is needed in all of the various aspects
ol this prohlem,

Implementation of the results of Project 1-12, dealing
with pavement skid resistance requirements, depends on the
ability to measure the skid resistance of pavement surfaces
with a reasonable 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 Report 151, “Locked-Wheel Pavement Skid
Tester Correlation and Calibration Technigues.”

Project 1-12(3) FY'72
Requirements for Wear-Resistant and Skid-Resistant
Highway Pavement Surfaces

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

Materials Research & Development
C.I1. Van Til

November 1, 1971

September 30, 1975

£261,955

Traffic density and the use of winter traction aids con-
tribute to accelerated polishing and wear of highway
pavement surfaces. The resulting loss of surface texture
reduces tire-pavernent 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
economical and effective procedures be provided for cor-
recting polished or worn surfaces and that new pavement
surfaces be desipned and constructed to retain acceptable
levels of resistance to wear and polishing.

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

The research has been completed. The essential findings
have been published as NCHRP Research Results Digest
89. The agency report has been distributed to the Program
sponsors and other interested persons. It will not be pub-
lished in the regular NCHRP report series but is available
on a loan basis upon written request to the NCHRP. Micro-
fiche of the report may be purchased for $4.00 prepaid
from the Transportation Rescarch Board Publications Of-
fice, 2101 Constitution Avenue, N.W,, Washington, DC
20418.

Project 1-13 FY 72

Effects of Studded Tires on Highway Safety

Research Agency:
Principal Invest.:

Calspan Corporation
Kenneth Perchonok

Effective Date; April 19, 1971
Completion Date: August 20, 1574
Funds: $208,898

The use of studded tires has been encouraged by claims
for greater highway safety. Many highway and transporta-
tion departments, aware 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, accident investigations, or
other appropriate means, the effect of studded tire use on
the incidence and severity of accidents occurring under
winter driving conditions. Analysis included consideration



of exposure of vehicles with and without studded tires to
accident occurrence,

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

The project report has been published as:

NCHRP Report 183, “Studded Tires and Accident
Safety—An Accident Analysis.”

Project 1-13(2) FY 72

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

Research Agency: University of Michigan

Principal Invest.; J. A. Green, J. 5. Creswell, D, F.
Dunlap

Effective Date: February 15, 1972

Completion Date: May 31, 1973

Funds: $39,450

Pavement wear by studded tires has been suspected of
causing an unnatural placement of vehicles in traffic lanes
by drivers attempting to avoid worn channels, of increasing
the hydroplaning potential by water entrapment in the ruts,
of reducing skid resistance, and of having an adverse effect
on steering. Studded tires are known to cause premature
loss of pavement 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 effects 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 existing 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..

University of Michigan
Paul Fancher
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Effective Date: October 15, 1972
Completion Date: January 14, 1974
Funds: $69.968

A variety of factors have 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 highway accident problem is an extremely complex one
involving all aspects of the system. Thus, continuing re-
search is needed on all facets of the problem.

At present, “A Policy on Geometric Design of Rural
Highways” {AASHO, 1965) treats combinations of vertical
and horizontal alignment in a 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
exists on combined alignments, Because the combined
alignment condition is common, and because certain com-
binations of alignments 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 sections containing the
combination of horizontal alignment and upgrade and
downgrade vertical alignment.

Research has been completed with the finding that the
AASHTO design procedures—as described in A Policy on
Geometric Design of Rural Highways, 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 selected values of
superelevation are large cnough to result in adequate pave-
ment surface drainage and (2) the pavement skid resistance
is sufficient for anticipated vehicle maneuvering. However,
misinterpretation of the AASHTO design procedures has
rcsulted 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 project report has been published as:

NCHRP Report 184, “Influence of Combined Highway
Grade and Horizontal Alignment on Skidding.”

Project 1-15 FY 73

Design of Continuously Reinforced Concrete Pave-
ments for Highways

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

Dr. W_ R. Hudson

August 1, 1972

August 31, 1975

$151,870

Most of the thousands of miles of CRCP that have been
built have been performing adequately. Failures have
heen sufficiently numerous, however, to suggest a need for

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:
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defining more quantitatively the relationships that exist be-
tween the design variables that affect performance. These
problems generally 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
incomplete performance data are needed.

Project work included general condition surveys of
CRCP performance in a large group of states and diag-
nostic studies in several; laboratory studies of the behavior
of model CRCP 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 design criteria
and for approaches to the estahlishment of others; and sug-
gestions for improving the construction process.

Research has becn completed. The essential findings of
the study have been published as NCHRP Research Results
Digest 82. The agency report has been distributed to the
Program sponsors and other interested persons. It will not
be published in the regular NCHRP report series but is
available on a loan basis upon wriiten request to the
NCHRP. Microfiche of the rcport may he purchased for
$4.00 prepaid from Transportation Rescarch Board Publi-
cations Office, 2101 Constitution Avenue, N.W., Washing-
ton, DC 20418.

Project 1-16 FY '74

Evaluation of Winter-Driving Traction Aids

Research Agency:
Principal Invest.:

The Pennsylvania State University
Prof. W. E. Meyer

Dr. J. J. Henry
Effective Date: June 3, 1974
Completion Date: October 31, 1981
Funds: $304,863

The all-weather movement of traffic is vital to today’s
economy and a matter of public demand. In addition to
transporting the work force, it is essential to maintain
emergency transportation scrvices. 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 tirc chains, snow tires, studded tires, the limited-
slip differential, nonlocking brakes, the four-wheel drive,
polyethylene chains, and improved rubber compounds.
These aids do not appear to be equally effective on snow-
and ice-covered roads. In addition, some of these aids are
quite damaging to pavement surfaces. Standard procedures
are needed for cvaluating the relative performance and
pavement wear effects of winter-driving traction aids.
There is also a nced for a comprehensive investigation
of currently available devices for improving vehicle per-
formance on ice- and snow-covered roads,

Research has heen completed, with partial accomplish-
ment of project objectives. A set of vehicle performance
test procedures has been selected for cvaluating 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 ice rink.
Testing on snow surfaces was not completed due to lack 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 ranking of winter-driving traction aids
could not be made due to the limited amount of data avail-
able, standardized test procedures are described for com-
paring the performance of traction aids of a similar type.

The ecssential findings of the study will be published as
an NCHRP Research Digest. Copies of the revised agency
report have becen distributed to the Program sponsors and
will not be puhlished in the regular NCHRP report series.
Loan copics are available from the NCHRP upon written
rcquest or microfiche of the report may be purchased for
$4.00 prepaid. Scnd check or money order, payable to
Transportation Rescarch Board, 2101 Constitution Ave.,
N.W., Washington, DC 20418,

Project 1.17  FY 77

Guidelines for Recycling Pavement Materials

Texas A&M University
Research Foundation
Dr. Jon A. Epps
November 1, 1976
Scptember 30, 1979
$200,000

State and local agencies responsible for the construction,
rehabilitation, and maintenance of transportation facilities
are faced with inflation, reductions in available funds, re-
ductions of material supplies, and curtailment of energy use.
Because of these, an urgent need exists to examine the use
of materials, energy, and funds in order to further optimize
their utilization. One approach toward meeting this need
is to reuse or recycle existing pavement materials for re-
construction and rehabilitation of portland cement concrete
and bituminous pavements,

The over-all objective of this project was the develop-
ment of realistic guidclines for the recycling of pavement
materials for the rehabilitation and reconstruction of exist-
ing pavements, The objective has been accomplished and
the project report published as:

NCHRP Report 224, “Guidelines for Recycling Pave-
ment Materials.”

Research Apency:

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

Project 1-18 FY 77

Calibration and Correlation of Response-Type Road
Roughness Measuring Systems

Research Agency:

Principal Invest.:

Effective Date:

Caornpletion Date:

Funds:

University of Michigan
Dr. T. D. Gillespie
October 1, 1977
September 30, 1980
$250,000
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Consequently, additional funding was approved in the FY
80 program.

The agency was asked to submit a continuation pro-
posal for Task Z which was subsequently accepted by
NCHRP, The continuation of Task 2 will permit field
trials in additional states for the purpose of further testing
and refining COPES.

During the summer of 1981, the data collection sheets
of COPES, developed under Task 1, were revised and then
used for field trials in Utah and Minnesota. The data col-
lected and the methods used are now under further evalua-
tion by the rescarchers in preparation for additional field
trials in the spring of 1982.

An agency report was prepared documenting the initial
development of COPES under Task 1. Included in the
report were examples of COPES’ potential uses, proce-
dures for data collection, and a concrete pavement distress
identification manual, Copics of the agency report are
available on loan upon written request to the NCHRP,
In addition, a limited number of extra copies are available
for permanent retention by NCHRP sponsors.

FY 79

Influence of Asphait Temperature Susceptibility on
Pavement Construction and Performance

Texas A&M University

Project 1-20

Research Agency:

Principal Invest.: B. M. Gallaway
J. W, Button
Dr. J. A. Epps
Effective Date: May 1, 1979
Completion Date: March 31, 1983
Funds: $200,000

Based on an AASHTO survey and other information,
there appears to be an increase in the occurrence of prob-
lems such as placement difficulties, excessive displacement
under traffic, thermal cracking, raveling, and stripping
of asphaltic concrete pavements placed in recent years.
This situation could result in higher maintenance costs,
shorter service life, and criticism by the public. One of the
causes of these problems is believed to be variations in
the temperature susceptibility of asphalt cements.

The over-all objectives of research on this problem are:

1. To determine the range or extent of variability in
temperature susceptibility of asphalt ccments currently
being used in road construction.

2. To evaluate the effects of the identified variability, in
relation to other factors and over the full range of service
temperatures, on pavement construction operations and
short-term performance of pavements,

3. To identify the limits of variability in temperature
susceptibility that can be accommodated through applica-
tion of known asphalt technology by changes in asphaltic
concrete construction procedures and mix design con-
siderations.

4. To determine procedures for accommodating or con-
trolling that variability in temperature susceptibility of
asphalt ccments that cannot be accommodated by known
asphalt technology.

These overall objectives are intended to be accomplished
in two phases.

Research has been completed on Phase I of the study
covering item 1 of the overall objectives. On the basis of a
thorough analysis of available data from other studies dur-
ing the past 40 years on asphalt cement characteristics,
plus a limited amount of laboratory testing on rccently
obtained asphalt samples, it was determined that, in gen-
cral, the range of values of temperature susceptibility and
other physical properties have not changed appreciably
over the years; however, there appears to be an increase in
the short-term variability of these properties for asphalt
cements from a given producer or source of supply. An
interim report covering Phase I has been distributed to
Program sponsors. The essential findings from the interim
report have been published as NCHRP Rescarch Results
Digest 130. Loan copies of the interim report are available
from the NCHRP upon written request,

Resecarch is in progress on Phase II of the study to ac-
complish items 2, 3, and 4 of the overall objectives.

Praject 1-21 FY '80

Repair of Joint-Related Distress in Portland Cement
Concrete Pavements

Research Agency: University of Illinois
Dr. M. I. Darter
Dr. E. J. Barenberg

Mr. W. G, Yrjanson

Principal Invests.:

Effective Date: May 15, 1980
Completion Date: February 14, 1984
Funds: $300,000

A significant portion of the nation’s highway system
consists of jointed portland cement concrete (PCC) pave-
ments of numerous designs. These pavements have been
in service for various lengths of time and have been
exposed to different climatic conditions as well as different
levels of traffic loading and varying standards of main-
tenance, Various forms of distress have occurred in some
of these pavements and some of the rehabilitation proce-
dures can be very costly. There is a need to determine the
most effective and advantageous means to retard or arrest
developing distress and to repair already damaged pave-
ment in order to restore serviceability or in preparation for
an overlay. There is a further need to determine at what
distress level repairs cease to be cost-cffective.

Recognizing that the study of all types of defects and
deterioration in PCC is beyond the realistic scope of this
project, the objective of this research is to develop guide-
lines and criteria for making cost-effective decisions for
correcting failures related to joints (or cracks acting as
joints) of jointed PCC pavements. The types of failures
(including various degrees of distress and deterioration)
to be considered include faulting, D-cracking, restraint
cracking, corner cracking, and load transfer. The con-
tributing causes will be identificd, and special consideration




will be given to techniques that retard or slow down joint
deterioration. The techniques of overlay and recycling will
not be considercd as part of this research.

Accomplishment of the project objectives requires com-
pletion of the following tasks:

1. Review the available literature, determine techniques
presently used by operating agencies, and evaluate the
effectiveness of these methods, Consideration will also be
given to identifying and cvaluating new/alternate methods
and materials. The relative cost-effectiveness of repair
techniques will be quantified, and unusual traffic control
procedures identificd.

2. Include selected field trials to verify promising
methods and technigques. Maximum use is to be made of
operating agencies willing to bear the cost of field trials.
Emphasis during this task will be on positive evaluation of
the cffectivencss of the techniques from the operational
and performance standpoint.

An agency interim report has been submitied to NCHRP
documenting the work conducted under Task 1., The re-
port contains descriptions of joint repair methods identified
from the literature, state visits, and a workshop held in the
offices of the American Concrete Pavement Association
(ACPA), subcontractor to the agency. The report also
lists the following repair techniques to be pursued undecr
Task 2: full and partial depth patching, undersealing, load
transfer restoration, edge beams, grinding of faulted joints/
cracks, and joint resealing,

Task 2 work is underway. Some field trials have already
been observed in New Mexico and Illinois. The researchers
are presently negotiating for additional state field sites and
assisting in the planning of others. Work also progresses on
developing repair procedure guidelines and specifications,

A limited number of copies of the agency interim report
are available for loan upon written request to NCHRP.

Research is in progress. Initial activities include the
review of appropriate literature and field interviews with
highway agency personnel familiar with shoulder design
and use practices.

Project 1-22 FY "81
Shoulder Geometrics and Use Guidelines

Research Agency: Rummel, Klepper and Kahl

Principal Invest.: H. G. Downs, Jr.
Effective Date: September 8, 1981
Completion Date: December 7, 1982
Funds: $100,000

Historically, the design of shoulders has becn compatible
with the AASHTOQ definition of shoulders as “. . . the por-
tion of the roadway contiguous with the traveled way for
accommodation of stopped vehicles for emergency use and
for Iatcral support of surface courses.”” However, their use
has broadened considerably beyond that described in the
definition. Examples of other uses are: (1) mail and other
deliveries, (2) “off-tracking” recovery areas, (3) intermit-
tent travel lane for slow-moving vehicles, (4) intersection
use for right-turn and passing maneuvers, (5) emergency
vehicle travel, (6) construction and maintenance activities,
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(7) unauthorized parking, (8) snow storage, (9) pedes-
trian and bicycles use, and (10) improved pavement
performance.

In order to accommodate this variety of uses, highway
agencies have developed different solutions by varying the
geometric and structurai design of shoulders which in many
instances have increased the utility of highway facilities. In
some cases these solutions have resulted in nonuniformity,
which may violate driver expectancy and create other
problems when the intended shoulder use is not clear.

Because these problems are common, ranging from local
roads to urban freeways, research is neccessary to develop
geometric and structural guidelines for shoulder design
commensurate with operational requirements,

This project will concentrate on the geometric design
and operational aspects of the problem,

The objective of the research is to determine optimum
use of highway shoulders considering such factors as
safety, cconomics, traffic operations, roadway functional
classification, and traffic volume. The end product is ex-
pected to be a set of shoulder geometric design and use
guidelines that will encourage greater uniformity. Consid-
eration should be given to other shoulder uses, some of
which are listed in the problem statement.

Project 1-23 FY '82

Pavement Roughness and Rideability

Research Agency: KETRON, Inc.
Principal Invest.: M. S. Janoff
Effective Date:

Completion Date: 27 months
Funds: $250,000

During the AASHQO Road Test, serviceabijlity was de-
fined as the ability of a pavement to serve the travelling
public. The most commonly uscd objective measure of
serviceability, the Present Serviceability Index (PSI), is
derived from mcasurements made with response-type road
roughness measuring systems (RTRRMS). However, this
PSI only approximates the original panel rating concept
and is recognized as having shortcomings. Whether the
public’s perception of serviceability is the same today as it
was 20 years ago is questionable; vehicles, highway char-
acteristics, and travel specds have changed, and service-
ability, as previously defined, is not exclusively a measure
of pavement rideability, but is confounded by the inclusion
of factors for surface defects.

For management of pavement inventory, it would be
better to have separate measures of rideability and surface
defects. Therefore, therc is a need to devclop a new pave-
ment rating scale to ensure that objective pavement evalua-
tions are directly and reasonably related to the public's
perception of rideability. Rideability is defined as the sub-
jective evaluation of pavement roughness. Roughness is
defined as “the deviations of a pavement surface from a
true planar surface with characteristic dimensions that
affect vehicle dynamics, ride quality, and dynamic pave-
ment loads.”







mission for cargo vehicles and for intercity buses. Detailed
methodology of the cost-savings model is presented so that
other researchers can make similar estimates under known
local conditions. Also, an updating technique has been
developed, and the 1962 costs were projected to 1965 utiliz-
ing equipment costs and driver wages and benefit indexes
to develop multipliers. The assumptions of this technique
and the limitations of applying the derived results are
discussed.

The final report for this project has been published as:

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

Project 2.5 FY '63 and FY '64

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

Research Agency:
Principal Invest.:

The Catholic University of America
Dr. Paul J. Claffey

Effective Date: June 1, 1963 Jupe 1, 1965
Completion Date: Aug. 31, 1964 Dec. 31, 1966
Funds: 549,998 $51,265

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
costs were deiermined from actual vehicle field tests as
well as from the available literature,

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

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

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

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

The results of this project have 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 111, *Running Costs of Motor Vehicles
as Affected by Road Design and Traffic.”

Project 2-5A FY 65 and FY ‘67

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

Research Agency:
Principal Invest.:

Paul J. Claffey and Associates
Dr. Paul 1. Claffey

Effective Date: July 1, 1967 Aug. 11, 1969
Completion Date: Dec. 31, 1968 Aug. 10, 1970
Funds: $35,000 $30.665
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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, road 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 to provide fuel and tire wear cost for various
combinations of road design elements and speed-change
conditions for a given running speed. Also included are
families of curves of fuel consumption and tire wear for
the eleven test vehicles used in the study and data on the
maintenance cosis of passenger cars and trucks relative
to travel distance, together with average oil consumption
rates for operation on dust-free pavements in free-flowing
traffic, on dusty roads in free-flowing traffic, and on high-
type pavements under restrictive traffic conditions. Several
appendices detail a comparative analysis of fuel consump-
tion of diesel and gasoline trucks, determination of the
excess fuel consumed by passenger car passing maneuvers,
an investigation of devices for the measurement of tire
wear, development of cquipment for the measurement of
vehicle fuel consumiption, 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 Traffic.”

Project 2-6 FY 63 and FY '64

Warranted Levels of Improvement for
Local Rural Roads

ftesearch Agency:
Principal Invest.:

Stanford University
Prof. C. H. Oglesby

Effective Date: June 1, 1963
Completion Date: Seplember 30, 1966
Funds: $40.000

This project was concerned with the setting of economic
standards for the construction and maintenance of loca!
rural roads. Prevailing rural design standards and prac-
tices were cxamined in depth, and user benefits were
weighed against cost. Economic and social consequences
to local residents, businesses, and communities were studied
also and related to the proposed rural road improvements.
Operating costs on two-lane roads of various widths were
analyzed.

Data were assembled or developed on construction
and maintenance costs, on vehicle operations and their
associated costs, and on accident expectancies and their
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costs. These costs were related to various roadbed widths
and surface types for straight roads with unimpaired sight
distance and traffic volumes of 400 vehicles per day or less.
The research has been completed, and the results have
been published as:
NCHRP Report 63, “Fconomics of Design Standards for
Low-Volume Rural Roads.”

Project 2-7 FY ‘64 and FY '65

Road User Costs in Urban Areas

Research Agency:
Principal Invest.:

The Catholic University of America
Dr. Paul I, Claffey

Effective Date: February 1, 1964
Completion Date: May 31. 1966
Funds: $99,376

The purpose of this research was to provide data on road-
user costs as classified by arterial type, operating speed,
traffic composition, and delay factors. Basic tables ap-
plicahle for planning and for selecting arterial street and
highway systems from the various alternates in urban areas
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 motor 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 iu the project report have been
combined with the results of Projects 2-5 and 2-5A and
published as:

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

Project 2-8 FY ’64

Estimation and Evaluation of Diverted and
Generated (Induced) Traffic

Research Agency:
Principal Invest.:

Northwestern University
Prof. W, L. Garrison

Effective Date: May 1. 1964
Completion Date: August 31, 1966
Funds: $40,000

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

The final report was not puhlished in the NCHRP
report series; however, microfiche of the report may be pur-
chased for $4.00 prepaid from the Transportation Research

Board Publications Office, 2101 Constitution Avenue, N.W.,
Washington, DC 20418,

Project 2-9 FY 66

Effect of Highway Landscape Development on
Nearby Property

The Franklin Institute
Joel N. Bloom
Movember B, 1965
January 31, 1968
$149,103

Reseurch Agency:
Principal Inves:.:
Effective Date:
Comnpletion Date.
Funds:

The intent of this research is to study how highway
Jandscape development affects nearby property on a nation-
wide basis. This study determines the comparative effects
of different hasic types of landscape treatments in regard ta
property values, land use compatibility, and general accept-
ability. Factors relative to the problem include geometric
design as well as plantings, fencing, slope blending, and
screening applications.

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

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

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

Praject 2-10 FY "67

Future Needs for Oversize-Overweight Permit
Operation on State Highways

Research Agency:
Principal Invest..

Roy Jorgensen and Associates
Ralph D. Johnson

Effective Date: Navember 1, 1966
Completion Date: April 30, 1968
Funds: $£99.655

The purpose of this study was to evaluate the extent of
current and future activities of oversize-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 State to determine the
location of permit files and the magnitude of these Tecords.



A 3 percent sample of all the permit records for 1966 in afl
the contiguous States was coded and punched into cards
for statistical 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 Qil Ficld Haulers through the American
Trucking Associations concerning movements made during
the summer of 1967. The Mobile Home Manufacturers’
Association provided statistics on shipments, and the De-
fense Department contributed data on their special move-
menis,

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

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

Project 2-11 FY 67

Summary and Evaluation of Economic Consequences
of Highway Improvements

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

Highway Rescarch Board
Robley Winfrey

Fanuary 1, 1967

July 31, 1970

$110,000

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

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

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. Andersen

Research Agency:
Principal Invest.;

Effective Date: Apr. 1, 1974 Oct. 11, 1976
Completion Dale: Oct. 31, 1975 May 31, 1977
Funds: $90,074 $9,995

The 1960 AASHO “Informational Report by Committee
on Planning and Design Policies on Road User Benefit
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Analyses for Highway Improvements” (updated revision of
the original 1952 report) was written to provide a simple,
easy-to-use method for carrying out economic analyses on
highway alternatives by thosc having only basic knowledge
of principles of economics. 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
NCHRF Report 122 and other research) to provide a
revised and updated verston of the 1960 AASHO publica-
tion. The revised version includes an analysis methodology
hased on sound c¢conomic theory and is suitable for im-
mediate, direct application. The methodology provides a
means of evaluating public transit operating on public
highways. This evaluation allows comparisons bctween
transit operation and additional highway improvements.
Fuarther, procedures are included that provide the user with
a means for periodic updating of the numerical factors and
cost cocfficients through utilization of commonly available
economic data. Although it was recognized that environ-
mental and social factors are sigoificant items of input
to the decision-making process, this research was limited
to read user benefits and costs only.

The final report, “A Manual on Uscr Benefit Analysis
of Highway and Bus Transit Improvements,” has been pub-
lished by AASHTO and can be obtained by writing to:
American Association of State Highway and Transportation
Officials, 444 North Capitol St., N.W., Suite 225, Wash-
ington, D.C. 20001

AREA 3:
Project 3-1

OPERATIONS AND CONTROL
FY '63 and FY 64
Development of Criteria for Evaluating Traffic
Operations

Research Agency:
Principal Invest.;

Cornell Aeronautical Laboratory
Jaime F. Torres

Effective Date: Feb. 15, 1963 July 2, 1964
Completion Date: Feb, 29, 1964 Feb. 28, 1966
Funds: $78,965 $79.913

This rescarch project provided an investigation into
the application of criteria based on travel time, driver
comfort, safety, and vehicle ruoning costs, The linear
combination of these factors weighted by an appropriate
set of cost coefficients quantified the operational per-
formance. A procedure was studied which wouid pro-
vide estimates of the four componcnts based on mea-
surements of traffic volume and an inventory of roadway
characteristics. Travel time, volume, and roadway inven-
tory data were collected from several cities and analyzed.
Estimating relationships were derived for many classes
of urban arterials, whereby travel time can be obtained
from the measurement of volume and a knowledge of the
strcet characteristics. A survey vehicle was equipped to
monitor skin resistance, heart pulse, and respiration of two
subjects in traffic while steering, brake, throttle, and speed
were being recorded to study driver comfort. Accident data
in the Buflalo area were analyzed and related to the safety







Project 3-5 EFY '63, FY '64, FY '64, and FY '69

Improved Criteria for Designing and Timing
Traffic Signal Systems

Planning Research Corp.

F. A. Wagner, Ir.

3/1/63 7/1/66  8/1/68
12/31/65 7/31/67 12/31/69
$123,030 548,155 $93,717

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

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

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

NCHRP Report 3, “Improved Criteria for Traffic Signals
at [ndividual Intersections—Interim Report,” and

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

The second phase invelved development and compre-
hensive, closely controlled, scientific testing of several ad-
vanced concepts for operating traffic-signal systems on
urban arterial streets. The results indicate that a signifi-
cant 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 Arterials.”

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

The final report has been published as:

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

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

Effect of Regulatory Devices on Intersectional
Capacity and Operation

Research Agency: De Leuw, Cather & Company

Principal Invest.: Ronald Plefer
Effective Date: April 1, 1963
Completion Date: August 15, 1966
Funds: $153,175

The purpose of this research was to identify the effect
of specified traffic regulatory devices on intersection capac-
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ity and operations and on systems of traffic facilities. The
effects of stop and yicld signs were investigated as they apply
(o capacity, traflic operations, safety, driver acceptance, and
the traffic operations of the area of influence.

The injtial phase of research has been published as:

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

The report examines efficicnt methods of intersection
study and derives some preliminary rclationships concern-
ing the operations of intersections with YIELD and two-way
STOP control and their street system effects,

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

The final report has heen published as:

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

Project 3-7 FY ’64, 65, 67, °7i, and '73
Establishiment of Standards for Highway Noise Levels

Bolt Beranek and Wewman
Andrew Kugler

Research Agency:
Principal Invest:

Effective Date: 2/1/64 10/14/68  4/1 7L 9/1/72
Completion Date: a/30/67 1715770 63072 11,30/74
Funds: $144,920 365,930 549,927  $316,011

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

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

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

The Phase IT research objective was to prepare a high-
way design noise manual for the practicing highway engi-
neer. In addition, a magnctic 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
TRB Audio-Visual Library.

The results of the Phase II rescarch have been published
as:

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

The objective of the Phase 111 research was to conduct a
thorough measurement program on various noise reduc-
tion treatments under a variety of traffic and environ-
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mental conditions. This rescarch developed a tic between
field data and analytic approaches so that the performance
of noise reduction treatments may be more accurately
predicted.

The results of the Phase I1I research have been puhlished
as:

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

The Phase IV research started on September 1, 1972,
with the following objectives: to summarize the present
state-of-the-art for controlling the noise-producing proper-
ties of the individual mechanical components of motor
vchicles that lead to the composite noise produced by motor
vehicles on highways: to assess the technological and eco-
nomic feasibility of reduction of traffic noise that will en-
able highway officials to 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 use with the design guide
and a 17-min color film entitled “Quiet Highway Design.”
The film is availahle on a loan basis from the TRB Audio-
Visual Library, and copics of the computer program can be
supplied upon written request to the NCHRP. The final
repert on the concluding pbase of this research has been
published in two volumes:

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

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

A rteport on a study task on time-varying highway noise
criteria was not published, but microfiche of the report may
be purchased for 34.00 prepaid from the Transportation
Rescarch Board Publications Office, 2101 Constitution Ave-
nue, N.W., Washington, DXC 20418,

Project 3-8 FY '64 and FY ’65

Factors Influencing Safety at Highway-Rail
Grade Crossings

Alan M. Voorhees & Associates
Dravid W. Schoppert

Research Agency:
Principal Invest.:

Dan W. Hoyt
Effective Date: Dec. 1, 1963 Apr. 1, 1965
Completion Date: Dec. 31, 1964 Jan. 6, 1967
Funds: $17,171 $74,250

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

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

Later work involved the development and testing of
tmproved 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 facilitated the research associated with
the development of the accident predictive model as well as
refinement of the proposed criteria for grade-crossing pro-
tection. Data acquired from Stanford University included
18 years of data at 617 crossings, and data acquired from
the Chio Department of Highways included all accidents
occurring at 1,000 rural grade crossings. From the Inter-
state Commerce Commission, the investigators ohtained
more than 15,000 grade-crossing accident reports spanning
a five-year period.

The project report has been published as:

NCHRF Rcport 50, “Factors Influencing Safety at High-
way Rail Grade Crossings.”

Project 3-9 FY ‘66

Analysis and Projection of Research on Traffic

Surveillance, Communication, and Control

Roy Jorgensen and Associates
Karl Moskowitz

Research Agency:
Principal Invest.:

Effective Date: Qclober 15, 1966
Completion Date: January 14, 1968
Funds: $23,760

The purpose of this study was to review the results of
NCHRP Projects 3-2, 3-3, and 3-4, togcther 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 research efforts to be conducted in this area.

"The investigators visited other researchers to collect prog-
ress reports and unpublished information. On-site obser-
vations were made on the major freeway surveillance
and control {acilities 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

Application of Vehicle Operating Characteristics to
Geometric Design and Traffic Operations

Fy '66

Cornell Aeronautical Laboratory
Morton I. Weinberg

Dr. Kenneth J. Tharp

January 1, 1966

March 10, 1967

$41,520

Research Agency:
Principal Invest.:

Effective Date:
Completinn Date:
Funds:

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

Elements of geometric design and traffic operations pre-



sented in the basic design and policy manuals were
analyzed to determine how vehicle characteristics are being
utilized, A rational approach was made to determine,
expand, or modify the exXisting 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 Report 68, “Application of Vehicle Operating
Characteristics to Geometric Design and Traffic Condi-
tions.”

Project 3-11 FY 67
Optimizing Street Operations Through Traffic
Regulations and Control

Peat, Marwick, Mitchell & Co.
James H. Kell

Research Agency:
Principal Invest.:

Effective Date: September 1, 1966
Completion Date:  September 30, 1968
Funds: $258,331

This research was directed to applying the best traffic
regulation and control techniques to an area of typical
urban streets and evaluating results. Innovations that may
be expected to improve operational cfliciency were cx-
plored. The cities of Sunnyvale and Redwood, Calif., were
selccted as the cooperating demonstration test cities. The
research 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 regulations 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 prohihitions and
one-way operations, were evaluated. Angle parking, no-
stopping towaway, and unbalanced traffic flow were also
evaluated throughout an area of urban streets. Average
speeds, stops, delays, and a varlety of other measures
were used to determine the relative magnitude of opera-
tional efficiency on an areawide basis. Business perform-
ance, public acceptance, and driver observance werc also
measured for each combination of traffic improvement
techniques.

As this research study included the significant areas of
business performance and public opinion, greater insight
was gained into the political feasibility of a proposed traffic
change. The study findings substantiated the theory that
no major traffic improvement plan can be implemented,
regardless of the extent to which it may serve the public
interest, unless it meets with the support of the generat
public, especially that of the business community.

The final report has been published as:

NCHRP Report 110, “Optimizing Strecet Operations
Through Traffic Regulations and Control.”
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Project 3-12 FY '67, FY '68, and FY 71

Development of Information Requirements and
Transmission Techniques for Highway Users

Research Agency: Airborne Instruments Laboratory

Principal Invest.: M. A, G.F. G.F.
Warskow King King
Effective Date; 10/ 1/ 66 3/29/71 4/1/68
Completion Date: 12/31/67 12/1/69  12/11/72
Funds: $198,655 $100,500 $99,821

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

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

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

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

Although cngineers have certain established concepts and
standards regarding highway guide signing, additional re-
scarch, identified as Phase III 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 research involved critical
highway signing in and around urban areas and included
inner-city signing, beltway signing, and junction signing
for arterial routes and freeways.

The final report was not published in the NCHRP report
series; however, microfiche of the report may be purchased
for $4.00 prepaid from the Transportation Research Board
Publications Office, 2101 Constitution Avenue, N.W.,
Washington, DC 20418,

Project 3-13 FY ‘68

Guidelines for Medial and Marginal Access Control
of Major Roadways

Texas A & M University
Research Foundation
Dr. Vergil G. Stover
September 1, 1967

Research Agency:

Frincipal Invest.:
Effective Date:
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Completion Date:
Funds:

Movember 10, 1969
$149,293

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

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

The project report has hbeen 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. Pontier
October 1, 1967
January 10, 1970
$990,000

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

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

Thirty-seven experiments were conducted to quantify
the effect of traflic engineering mcasures, These experi-
ments can be grouped into six major categories, as follows:
directional control and lane use, curb lane controls, chan-
nelization, signal controls, inclement weather effects, and
bus operation.

Consideration of the limitations of a direct capacity-
volume approach to analysis of downtown traffic flows
led to investigations of developing other means for quanti-
fying and describing traffic flow of a downtown area. Thesc
included studies of acceleration noise, mean velocity gradi-
ent, and travel time, together with scveral elements rclated
to travel time such as delay time, average speed, running
speed, number of siops, and the number of saturated cvcles
at signalized intersections. These analyses indicated that
a comprehensive 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 data accumulated on the project,

regression analyses were performed to demonstrate the
relationships which exist between various elements of
travel time. It was also demonstrated that these relation-
ships are fairly constant for arterial streets of the two study
areas, in spite of their widely differing characteristics. The
delay ratio—the ratio of delay time 1o total travel time—
was developed and used in a level-of-service definition for
arterial roadways of the downtown area.

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

A network analysis study was conducted to evaluate
various models for use in analysis of downtown area
traffic flows. As a result of this study, Newell’s Intersection
Model was selected for use in cstimating delays at an
intersection, Validation tests were performed and the
model was accepted for this use, This Signal Analog
Model was developed for use in studying 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. Thc 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 adjacent intersections.

A finc-grain Network Assignment Model was developed
for the downtown Newark study area, using the Bureau
of Public Roads assignment system. This model was
calibrated and found to be useful for analysis of the func-
tional use of downtown strcets. This mode! 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-ail
average 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 funds in
relation to need.

The final report has been published as:

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

As part of the project, a film, “Relief for Tired Streets,”
was produced, It demonstrates the results that can be ob-
tained by applying sound traflic engineering practices to
our nation’s urban traffic problems. Loan copies of the
film may be obtained through the TRB Audio-Visual
Library.

Project 3-15 FY '70
Weaving Area Operations Study

Research Agency:
Principal Invest.:
Effective Date:

Polytechnic Institute of New York
Dr. Louis J. Pignataro
Qctober 1, 1969
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been demonstrated, there still ¢xists a sizeable gap between
the inherent hardware capabilities and the know-how
fsoftware) necessary 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, strategy, and computer program. The research has
included development of an operational control program
that has the capability of calculating optimal offset pat-
terns for a network of signalized intersections and deter-
mining independent and variable signal split adjustments.
The program, designed for application under all levels of
network traffic volumes, including oversaturated conditions,
has been tested and evaluated with actual traffic in the
San Jose traffic control system.

A final report describing the research and the resulting
ASCOT program package has been submitted, It will not
be published in the NCHRP report series, but copies are
available on either a loan or purchase basis. A 20-min color
film describing the program and its functions is also avail-
able on a loan basis for the cost of mailing and handling.
Loan requests for the film or the report, “Improved Control
Logic for Use with Computer-Controlled Traffic,” should
be directed to: TRB Audio-Visual Library, 2101 Constitu-
tion Avenuc N.W., Washington, DC 20418. To purchase
the report, a check or moncy order in the amount of $10.00
should be made payable to Transportation Research Board
and sent to the Publications Office, Transportation Research
Board, same address.

Project 3-18(2) FY '71

Traffic Control in Oversaturated Street Networks

Polytechnic Institute of New York
Dr. Louis I. Pignataro

Septemher 1, 1971

June 30, 1975

$200.000

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

Traffic operations and control techniques that function
effectively when street network demands are below satura-
tion deteriorate when severe saturation cxists for any
length of time. Research is needed to define the scope and
magnitude of the problem, nationwide; to determine how
the problem can best be combatted with cxisting 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 bcen completed, were to:

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

2. Define the root causes of the problem.

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

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

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

6. Formulate a detailed plan and program for systema-
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 are
available on loan upon request to the NCHRP Program
Dircctor. The essential findings of this report have been
published as NCHRP Rcscarch Results Digest 51.

A continuation phase with the following objectives was
initiated: to carry out further studies in minimal-response
signal policies, nonsignal effects and rcmedies, and highly
responsive policics and to produce a 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 has been published as:

NCHRP Report 194, “Traffic Control in Oversaturated
Street Networks,”

Project 3-18(3) FY '75

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

JHK & Associates
Thomas L. Stout

Research Agency:
Principal Invest.:

Effective Date: May 1, 1975
Completion Date: April 15, 1977
Funds: 5123267

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

The objectives of this research were to develop and to
demonstrate a practical total-system cost-effectiveness
methodology 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; extent of real-time
human operator interface required or desired; degree of
auntomated traffic sensing employed for either on-line con-
trol or off-line system support purposes; physical and
traffic flow characteristics of the street network being con-
trolled: and technical skills and other resources of the
operating agency.

The research effort consisted of four major tasks. The
first was to identify the range of systems to be covered, for
example, from systems with nonresponsivc time-of-day
contro! to those with on-line timing plan optimization. The
next task was to develop a systematic methodology for
evaluating alternative designs. Thc third task was to exer-
cise the cost-effectiveness methodology in order to demon-
strate its usefulness. Lastly, the results were to be docu-



mented in a final report, and the procedure described in a
user manual for traffic engineers.

The project’s revised final report and a separate manual
have heen submitied. The research report, “Signal System
Evaluation Methodology,” will not be puhlished in the
NCHRP report series but is available on a Ioan basis. The
manual, “An Approach for Selecting Traffic Contral Sys-
tems” may be obtained on a loan basis or purchased.
L.oan requests should be directed to: Program Director,
NCHRP. 2101 Constitution Avenue N.W., Washington, DC
20418. To purchase the manual, a check or money order
in the amount of $10.00, plus $1.00 for postage and han-
dling, should be madc payable to Transporration 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.:

Computran Systems Corporation
Dr. H. Nathan Yagoda

Effective Date: July 21, 1977
Completion Date:  November 20, 1980
Funds: $148.705

A common problem faced by the traffic ¢engineer is the
nced to measure and evaluate performance in both grid and
linear strect networks under two or more traflic control
strategics. Often, the magnitude of difference in traffic per-
formance between two strategies is relatively small but,
nevertheless, statistically significant. Thus, a need exists for
an cllicient, practical, and unbiased mcthodology to deter-
mine whether two sets of traffic control strategics are equal
or diffcrent, with known levels of statistical confidence,
Cven though the problem is compounded hy the existence
of uncontrollable extraneous variables affecting traffic per-
formance, it is nonctheless desirable (o measure perfor-
mance empirically under actual operating conditions,

The objective of this research was to develop and demon-
strate a practical methodology for the comparative per-
formance evaluation of alternative traffic control strategies
for signalized street nctworks. The rescarch addressed
nctworks of ten or more signalized intersections.

The first part of this rescarch concentrated on the identi-
fication of potential MOE’s and the conceptualization of a
nctwork evaluation methodology. This methodology in-
cludes a general model for selecting MOE's suitable for
performance evaluation of alternative traffic control strate-
gies, and another model relating the “demand for service”
(volume x straight-line distance) to the actual service pro-
vided (volume x actual distance traveled between origin
and destination) for dealing with the impact of random
variations in velume in a street network. An analytic
technique for comparing two sets of performance data was
also developed. This technique relates a link-level MOE
(e.g., vchicle-miles of travel per hour) to the service pro-
vided (vehicle-miles of travel) on the link by a linear
regression of two parallel lines.

In the second part of this research, field studies were
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conducted to test and refine the methodology, A lnear
network comprised of ten signalized intersections on an
arterial in Henrico County, Va., was studied. Vehicle-miles
per hour as a network MOE and vehicle-miles as a measure
of demand proved well suited for traffic signal system
performance studies, These quantities can be estimated
from data routincly collected by any traffic engineering
agency. Vehicle-miles per gallon as a network MOE could
not he properly evaluated becausc the precision of the fuel
consumption hardwarc was insufficient for measuring 5 per-
cent changes over the distances travelled on the test site,
Data collection methods included the floating car technique
and aerial photography. Use of cameras for a license
matching technique was investigated but abandoned he-
cause of limitations in the photographic equipment. The
Aoating car technique proved to be most effective for
general use; aerial photography presented significant dif-
ficulties in data acquisition and reduction.

The research has been completed, and copies of the
agency rcport are available on a loan basis upon written
request to the NCHRP, or microfiche of the report may he
purchased for $4.00 prepaid, from the Transportation Re-
search Board Publications Office, 2101 Constitution Ave-
nue, N.W., Washington, DC 20418,

Project 3-19
Grade Effects on Traffic Flow Stability and Capacity

FY 72

Midwest Research Institute
Andrew D. 5t. John
September 1, 1971

August 31, 1974

$220,443

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

The nonuniform performance capabilitics of vehicles are
a major detrimental factor in the flow of traffic on two-
lane roads and on multilane highways. The performance
diffierences arc more significant on grades and increase the
likelihood of traffic instabilitics, accidents, and loss of
capacity.

The objectives of this research were to:

1. Determine and verify methods for calculating the ac-
celeration and speed-maintenance capabilities on grades of
a wide range of motor-vehicle types, including trucks and
combinations, buses, campers, housetrailers, low-perform-
ance passenger cars, and other atypical vehicles normally
found on Interstate and primary highway systems.

2. Determine the factors that create instabilities in the
traffic stream on grades, Particular attention is to be given
to the role of low-performance and unusual-size vehicles
in the creation of these instabilities.

3. Determine, through use of appropriate digital-com-
puter traffic-simulation models and by correlated field mea-
surements, 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 unusual load widths,




5. Estimate, by use of correlations between traffic flow
characteristics and accident frequencies, the accident im-
plications for the situations studied in objectives 2 and 4.

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

NCHRP Report 185, “Grade Effects on Traffic Flow
Stability and Capacity.”

Project 3-20 FY 73

Traffic Signal Warrants

KILD Associates
Edward B. Lieberman

Research Agency:
Principal Invest.:

Effective Date: Sept. 1, 1972 Nov.1,1974
Completion Date: Apr. 15,1974 Dec. 31, 1976
Funds: £120,000 $80.,000

The purpose of traffic signal warrants should be to
determine when the improvement of intersection perfor-
mance (opcration 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 need 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 cngineering judgment
should be precluded in the decision, Improved warrants
should lead to better and more consistent applications.

The objective of this research is to evaluate the adequacy
of existing warrants, or the need for revised or additional
warrants, in meeting current needs for determining whether
a traffic signal should be installed,

The research has been completed, and the final report has
been submitted, MNew warrants bave been developed and
are presented in the report, which also includes recom-
mended changes for the relevant text of the Manual on
Unifarm Traffic Control Devices dealing with traffic signal
warrants, Procedures for field validation of the proposcd
warrants have also been designed and are recommended in
the report.

The report has been provided to the National Advisory
Committee on Uniform Traffic Control Devices for con-
sideration. The report was not published in the NCHRP
report series: however, microfiche of the report may be pur-
chased for $4.00 prepaid from the Transportation Research
RBoard Publications Office, 2101 Constitution Avenue,
N.W., Washingion, DC 20418.

Project 3-20A FY ’80
Peak-Hour Traffic Signal Warrants

JHK & Associates
E. David Henry
Fay H. L. Calhoun
June 23, 1980
February 23, 1982
$150,000

Research Agency:
Principal Invest.:

Efective Date:
Completion Date:
Funds;

The need for a traffic signal warrant based on peak-hour
conditions has been identified. This warrant would be
used to supplement the existing warrants in the Manual
on Uniform Traffic Control Devices (MUTCD) by pro-
viding a basis for determining the need for a traffic signal
due to the unique peak-hour conditions that are not fully
considered hy the other warrants.

Several peak-hour warrant clements have been proposed
but have not been verified in regard to the acceptability
of the underlying assumptions and the actual numerical
values, These elements need to be investigated and verified
to determine which should be adopted for general use.

The objective of this research is to evaluate and verify
the peak-hour warrant suggested by the Signals Subcom-
mittec of the MNational Advisory Committec on Uniform
Traffic Control Devices (WAC) and the peak-hour warrant
developed as part of NCHRP Project 3-20, A recom-
mendation with supporting documentation and justification
is desired for adoption of a warrant, including either
modifications to the above warrants that may result from
this research or consideration of an alternative warrant.

Field studies have been conducted at 190 intersections to
obtain the necessary data to analyze each warrant element.
Intersection dclay, percent stops, traffic volume, and queue
length were determined, The field studies included six ur-
ban areas and various intersection types.

Each warrant element is being evaluated in terms of rea-
sonableness, casc of data collection and application, and
acceptability of underlying criteria and assumptions. If one
or more of the proposed warrant elements are determined
to be both verified and acceptable, a specific recommen-
dation for the adoption of a warrant will be prepared. The
recommendation will include the applications and limita-
tions of the warrant. If the proposcd warrant elements can
not be verified or are found unacceptable, modifications
and/or alternatives will be proposed.

Project 3-21 FY 74

Motorist Response to Highway Guide Signing

BioTechnology, Inc.
Fred R. Hanscom
Wallace G. Berger

Research Agency:
Principal Invest.:

Effective date: Aprl 1, 1974
Completion Date: January 31, 1976
Funds: $£272.071

The valze of recent rescarch evaluating the effects of
guide signs on the motorist has been limited by a lack of
validated measures of driver response to various signing
alternatives. Validation of both new and existing measures
is needed to ensure that sign studies will have a common
base and that signing standards can be based on definitive
research resullts.

The first research phasc 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 Tesearch has been completed,
and copies of thc agency report are available on a loan
basis upon written request to the NCHRP. Microfiche of
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systems. The objective of NCHRP Project 3-22A was to
extend this rescarch to provide more specific guidelines to
evaluate the cost effectiveness of alternative ramp control
system designs. The three levels of control investigated
were local pretimed, traffic responsive, and systemwide,

The rescarchers identified variables that affect the bene-
fits atiributahle to the three types of control including
variations in flow characteristics, freeway geomctrics, fre-
quency of incidents, quality and availability of alternative
routes, metering rate constraints, and vehicle occupancy.
A comprehensive questionnaire was sent to agencies operat-
ing major ramp control projects to obtain detailed opera-
tional data, Follow-up personal interviews with selected
agencies were conducted to provide a more completc data
set.

The MACK computer simulation model was used to
quantify the key operational parameters that need to be
included in a cost-effectiveness analysis, This model, as
modified for use in Project 3-22A, was renamed FREFLO.

Limited ficld data collection studies were conducted at a
control site in Los Angeles. Using the results of the com-
puter simulation analysis and the field studies, a set of
guidelines was prepared. The guidelines include a cost-
effectiveness cvaluation to address: (1) incremental bene-
fits associated with each level of control; (2) user costs,
such as vehicle delays, emissions, and fuel consumption;
{3) maintenance and system operation costs: and (4} in-
stallation costs.

The final report, including the guidelines, has been pub-
lished as:

MCHRP Report 232, “Guidelines for Selection of Ramp
Control Systems.”

Project 3-23 FY 74

Guidelines for Uniformity in Traffic Control Signal
Design Configurations

KI1.D Associates
Gerhart F. King

Research Agency:
Principal Invest.:

Effective Date: April 8. 1974
Completion Date: July 28, 1977
Funds: $300.000

The 1971 MUTCD (Part IV “Signals,” Sections B and
D, and Part VII, Section D, “School Area Traffic Signals™)
permits a broad range in traffic control signal design con-
figurations and operation. Scicntifically based guidelines
for uniform standards are needed to reduce the possibilities
of confusion and hazard. These guidelines should permit
the flexibility needed to meet very unusual conditions,

The purposc of this study was the preparation of such
guidelines for optimum traffic control signal design con-
fipurations at intersections and mid-block crossing loca-
tions. The tesearch included the following objectives:

1. Preparation of an annotated bibliography of relevant
literature and rescarch in progress pertaining to traffic
control signal design configurations.

2. With reference to Part IV, Sections B and D, and
Part V1I, Section D, of the 1971 MUTCD, a study of traffic
control signal design configurations, including, but not

limited to: numher and arrangement of lenses in signal
faces, size of signal lenses, type of signal lenses (arrows
and program visibility signal), visibility and shielding of
signal faces, number of signal faces, horizontal and vertical
location of signal faces.

3. Identification and consideration of all factors related
to the approach to signalized locations that affect or in-
fluence the observance, safety, and cfficiency of traffic
control signals.

4. Development and validation of a detailed set of traffic
control signal design guidelines—based on field, human
behavioral, and theoretical analyses—that would produce
optimum traffic control signal design configurations.

5. Preparation of proposed revisions of the referenced
sections of the 1971 MUTCD.

6. Identification of the arcas in which further research
15 indicated.

The final report was not published in the NCHRP report
series; however, microfiche of the report may be purchased
for $4.00 prcpaid from the Transportation Research Board
Puhlications Office, 2101 Constitution Avenne, N.W,
Washington, DC 20418,

Project 3-24 FY °75

Determine the Luminous Requirements for Retrore-
flective Highway Signing

University of Michigan
Dr. Paul 1.. Olson
September 1, 1974
April 30, 1977
£100,000

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

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
signing applications as wcll as aid in decisions concerning
mainfenance 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 ficld 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. Data were developed that show graphically the rela-
tionship between legibility distance and the photometric
properties ol background and legend materials.

The final report was not published in the NCHRP report
series; however, a copy of it, entitled “Determine 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, plus $1.00
for postage and handling, should be made payable to the
Transportation 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 F. Banks, It.

Dr. Richard L. Beatly

Dr. David B. Brown

July 15, 1975

April 16, 1978

$260,576

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

The objectives of this research were (1) to identify the
kcy geometric characteristics and combinations of char-
acteristics of road and street designs that affect accident
frequency and severity; (2) to quantify the cffects of
varying the key characteristics and combinations of char-
acteristics on accident frequency and severity; and (3) to
devclop a methodology that can be used by engineers in
measuring the cost-cfcctiveness of the various levels of
each design element.

About 50 design fcatures were found to have some
rclationship to safely. Because only a limited number of
design elements could be studied in deptb during this
research, the features of pavement width, shoulder width,
and shoulder surface type for tural two-lane highways
werc selected for quantifying their relationship to accident
frequency and severity.,

A safety cost-effectiveness methodology was developed
to incorporate the quantified relationships into a practical
design procedure. Utilization of the safety relationships
and methodology contained in the final report will provide
an optimum design for pavement width, shoulder width,
and shoulder type. The methodology does not contain a
rigid procedure for selection of the final design, but pro-
vides the uccessary cost-effectivencss information for the
designer to make an objective decision. The final design
selected must also consider traffic and vehicle operating
characteristics, which may override the design based on
safety cost-clfectivencss. Howcver, by applying the meth-
odology, the safety ramifications of all alternatives can be
determined.

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

NCHRP Report 197, “Cost and Safety Effectiveness of
Highway Design Flements,”

Project 3-26 FY 77

Investigation of Selected Noise Barrier Acoustical
Parameters

Research Agency:
Principal Invest.:

The Pennsylvania State University
Dr. Sabih 1. Hayek

Dr. James M, Lawther

December 1. 1976

February 28, 1980

5225891

Effective Date:
Completion Date:
Funds:

Noise harricrs are becoming increasingly important as
noise abatcment measures along new highways as well as
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along cxisling highways, Predicting their effectiveness
has been difficult, however, because analytical and pre-
dictive measures have had some limitations, Even though
new barrier design guides are becoming available. there
is still a nced to examine certain acoustic parameters.
Rescarch is uneeded to assess the importance of these
parameters and to determine how they may best be jn-
cluded in analysis procedures. Specifically, the potential
effects of barrier cross-sectional shape, barrier surface
characteristics, and barrier influence on ground cover
effects are not considcred in currently used procedures.

The basic project objective was to complete an analysis
of cross-section shape, surface characteristics, and the
tnflucnce on ground-cover effects. The significance of these
parameters was evaluated theoretically in terms of the
sensitivity of barricr effectivencss to each, and the bounds
of their cffects were dclineated in the first phase of the
project.

The second phase of the project cmphasized scale-model
experimentation designed to verify the findings of the first
phasc. The tests included evaluation of insertion loss
models applied to the diflercnt barrier configurations and
study of the ground-effects problem and propagation char-
acteristics related to a pavement adjoined by an impedance-
covered terrain.

The agency's final report, results of the scale-model
expertments, is available on a loan basis upon written
request to the NCHRP, or a microfiche copy may be
purchased for $4.00 cach prepaid. Send check or money
order, payahle to Transportation Research Board, to Pub-
lications Office, Transportation Research Board, 2101 Con-
stitution Avenue NW, Washington, D.C. 20418. Research
Results Digests 105 and 122 cover Phases 1 and 2 findings,
respectively,

FY '77

Guidelines for Selecting Traffic Control at
Individual Intersections

Project 3-27

Alan M. Voorhees & Associates, Inc.
Philip J. Tarnoff

November 15, 1976

Juiy 31, 1979

£153,953

Research agency.
Principal Invest.:
Effective Date:
Completion Date:
Frunds:

To properly cvaluate and determine the best type of traf-
fic signal control to usc at an intersection, some of the basic
considerations that need to be addressed are (a) mainte-
nance requirements, (b) vchicle delays on the major and
minor streets, (¢) over-all traffic safety, (d) coordination
adaptahility, and (e) cost effectivencess, The ohjective of
this research was to develop guidelines for sclecting the
most appropriate type of traffic signal control for an indi-
vidual intersection in both urban and rural arcas. Pre-
timed, scmi-traffic-actuated, and full-traffic-actuated con-
trol types were cvaluated. An annotated hibliography of
previous studies was prepared, and current practices were
reviewed in depth with local traffic cngineering agencies.
Numerous factors affecting the choice of control type werc
identified.







prior calibration data and other reported rural highway
data, arc now being used to indicate the gencral level of
accuracy for the MRI model.

Relationships between traffic volume, levels of service,
and related parameters will be determined using the field
data and the simulation model, These relationships will
be restructured, including simplification where feasible and
approximations where necessary, into an integrated proce-
dure for calculation of directional speed (and other appro-
priate measures of effectiveness), volume, capacity, and
level of service for a wide range of traffic and highway
design conditions. A step-by-step analysis procedure will
be prepared suitable for inclusion in a revised HCM.

Problems encountered in the field studies caused a
schedule slippage of about 3 months; a time extension is
anticipated.

Project 3-28(2) FY '78 and FY 79

Urban Signalized Intersection Capacity

JHK & Associates
William R. Reilly
October 1, 1979
February 28, 1982
$331,000

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

NCHRP Project 3-28 is a multiphasc rescarch effort with
the overall objective of providing the basis for a revised,
improved Highway Capacity Manual (HCM). Project
3-28, the first phase of this research, identified the specific
needs of users of the HCM, provided interim materials for
dissemination prior to the development of the revised Man-
ual, and identified additional research projects that should
be conducted to provide input to the revised Manual. The
second research phase, including Projects 3-28A and
3-2B(2), is directed to satisfying the highest priority re-
search needs identified in Phase I.

The objcctive of Project 3-28(2) is to develop proce-
dures for capacity analysis of the interscection as o complete
unit and of cach iIndividual intersection approach, This
research on urban intersections will supplement an FHWA
project, “Quality of Flow on Urban Arterials,” to provide
a comprehensive sct of capacity analysis procedures for
inclusion in the HCM.

Previous research cfforts related to intersection capacity
analysis have been reviewed to determine the adequacy
and applicability of existing techniques and simulation
models for use in this study. Models and empirical tech-
niques that can be used to relate delay, capacity, level of
scrvice, and physical and traffic variables have been evalu-
ated. An evaluation of the most promising procedures
through illustrative case studies has also been completed.

Traffic service measures such as delay, stops, and satu-
ration flow have been collected at interscctions in Alexan-
dria, VA: Atlanta, GA; and Tucson, AZ. Additional ficld
data have been collected in San Francisco, Chicago, and
Tucson for validation purposes. In cooperation with the
FHWA, the NETSIM computer simulation model was
modified for usc in this project, The field and simulation
data were [urther supplemented with cxisting time lapse film
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data from a previous FHWA intersection dclay study for
usc in the development of the capacity analysis procedure.
Computational procedures to determine the capacity,
level of scrvice, and operational features of signalized inter-
sections have been developed. The effects of traffic signal
timing and phasing arc included in the procedures. Draft
material for the revised HCM has been prepared and is
currently being reviewed by the NCHRP project panel.

AREA 4:

Project 4-1

GENERAL MATERIALS

FY ’63 and IFY "64

Development of Appropriate Methods for Evaluating
the Effectiveness of Stabilizing Agents

University of Illinois
Dr. E. J. Barenberg

Research Agency:
Principal Invest.:

Effective Date: June 1, 1963
Completion Date: QOctober 31, 1966
Funds: $114,991

This study was directed toward the further improve-
ment of existing methods or the development of new meth-
ods of tests which will lead to a way of measuring the effec-
tiveness 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 compenents involving
stabilized materials.

This research was conducted principally by means of
laboratory experiments to investigate the effectiveness of
viscous and nonviscous materials as stabilizing agents, Type
I portland cement and a penetration-grade asphalt were
chosen for the study because of their popularity as reflected
in current usage, and limited tests of model pavements
stabtlized with both these materials were conducted in the
research agency’s test track for the purpose of correlating
the resuits obtained in the laboratory with the behavior of
the modcl pavements.

The project report was not published in the regular
NCHRP report serics; however, microfiche of the report
may be purchased for $4.00 prepaid from the Transporta-
tion Research Board Publications Office, 2101 Constitution
Avenue, NW., Washington, DC 20418,

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

Purdue University

Dr. R. B, Johnson

Dr. N. B. Aughenbaugh
Dr. N. M. Smith

Dr. T. R. West
February 15, 1963

Research Agency:
Principal Invest.:

Effective Date;
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November 30, 1966
$63,990

This stmdy was directed toward the development of
tests or procedures for predicting the amount and effects of
aggrepate degradation and the development of techniques
for upgrading such aggregates for cconomic use in highway
pavement structures.

Numerous agpregate samples were obtained from high-
way agencies, together with available test data and infor-
mation on performance experience. Standard laboratory
tests, such as determination of specific gravity, freeze-thaw
resistance, and Los Angeles abrasion loss, were conducted
by the research agency. Many additional data, primarily
of a petrographic nature, were also collected. An analysis
was made of the standard laboratory data, the petrographic
information, and thc reported field performance to deter-
mine the group of tests most likely to predict the degrada-
tion of an aggregate when used in a roadway base or sub-
base course.

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

NCHRP Report 98, “Tests for Evaluating Degradation
of Base Course Aggregates.”

Completion Date:
Funds:

Praject 4-3(1) FY ’63 and FY '66

Development of Methods to Identify Aggregate Parti-
cles Which Undergo Destructive Volume
Changes When Frozen in Concrete

Virginia Polytechnic Institute
Dr. R. D. Walker

Research Agency:
Principal Invest.:

Effective Date: Mar. 1, 1963 July [, 1965
Completion Date: Sept. 30, 1964 Mar. 31, 1967
Funds: $20,000 $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 aggregatcs and to predict their hehavior
under various 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 objcetives apply} but different in approach.
Cerlain aggregales investigated were common to both
studies.

The initial research 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 research phasc has been completed, and the
project report has beeh(puhlished as:

NCHRP Report 65, “One-Cycle Slow-Freeze Test for
Evaluating Aggregate Performance in Frozen Concrete.”

Project 4-3(2) FY 63 and FY ‘66

Development of Methods to Identify Aggregate Parti-
cles Which Undergo Destructive Volume
Changes When Frozen in Concrete

The Pennsylvania State University
Dr. T. D. Larson

Researcih Agency:
Principal tnvest.:

Effective Date: Mar. 25, 1963 Tuly 1, 1965
Completion Date: Jan. 31, 1965 Aug. 31, 1967
Funds: $36,457 £49.756

This project involved the devclopment of a rapid test(s)
to distinguish deleterious particles in aggregates and thereby
predict their behavior under various degrees of exposure in
concrete subjected to freezing and thawing. The study was
similar to that conducted under Project 4-3(1) at
Virginia Polytechnic Institute (the same objectives apply)
but different in approach. A number of aggregates investi-
gated were common to both studies.

The initial research phase has been completed, and the
project reports for this phase have been published as:

HRB Special Report 80, “A Critical Review of Literature
Treating Methods of Tdentifying Agpregatcs Subject to
Destructive Volume Change When Frozen in Concrete
and a Proposed Program of Rescarch,” and

NCHRP Report 15, “Identification of Concrete Aggre-
gates Exhibiting Frost Susceptibility.”

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

MNCHRP Report 66, “Identification of Frost-Susceptible
Particles in Concrete Aggregates.”

Project 4-4 FY 63

Synthetic Aggregates for Highway Uses

Battelle Memorial Institute
M. J. Snyder

F. F. Fondriest

March 1, 1963

April 15, 1964

S14,790

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

In an effort to determine potential sources of aggregates,
this study was authorized to explore the feasibility of utiliz-
ing artificial aggregates in highway construction. The study
involved a survey of various industries rcgarding their pro-
duction of potential aggregates, particularly as by-products.
Inquiries were made of such users as highway depart-
ments as to desirable characteristics for aggregates. Con-
sideration was given to the production of synthetic aggre-
gates by nuclear or other new techniques.

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

NCHRP Report 8, “Synthetic Aggregates for Highway
Construction.”

Project 4-5 FY ’63

A Study of the Mechanism Whereby the Strength of
Bases and Subbases [s Affected by
Frost and Moisture

Michigan Technological University
Dr. W, M, Haas

Research Agency:
Principal Invest.:

Effective Date: Fcbruary 15, 1963
Completion Date: August 31, 1965
Funds: 364,105



This project involved an extension of present knowledge
and understanding of the phenomena of the action of frost
and moisture in bases and subbascs. Initially, laboratory
models were developed which incorporated significant vari-
ables as an aid in analyzing the mechanism of [rost action
and its relation to strength. Hypotheses evolving from the
laboratory were checked in the field.

The project report was not published in the regular
NCHRP report serics; however, microfiche of the report
may be purchased for $4.00 prepaid from the Transporta-
tion Research Board Publications Office, 2101 Constitution
Avenue, NW., Washington, DC 20418.

Project 4-6 FY ’65
Protective Coatings for Highway Structural Steel

Steel Structures Painting Council
John D. Keane

March 1, 1965

November 3{}, 1966

$25.000

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

Considerable information exists in the literature concern-
ing the protection of structural steel from corrosion. This,
however, is widely scattered, often contradictory, and has
never been critically reviewed and reported on as to which
of the numerous coating formulations, coating systems, and
practices arc best in conjunction with environmental differ-
ences. This research involved a state-of-the-art review, field
exposure testing on which definitive rankings may be based,
and the development of plans for research to acquire needed
information where adequale coatings are not available.

Information nccessary 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 pieces of technical
literature and by correspondence and discussions with
numerous individuals, organizations, and societies both in
the United States and abroad. A parallel experimental study
was conducted to determine the effects of surface prepara-
tion on the performance of coatings.

Rescarch has bheen completed, and the final report has
been published as:

NCHRP Report 74, “Protective Coatings for Highway
Structural Steel.”

In addition, the following documents have been pub-
lished in extremely limited quantitics:

NCHRP Report 74A, “Protective Coatings for Highway
Structural Steel—Literature Survey.”

NCHRP Report 74B, “Protective Coatings for Highway
Structural Steel - Current Highwav Practices.”

Project 4-7 FY '68,°69
Fatigue Strength of High-Yield Reinforcing Bars

Portland Cement Association
Dr. John M. Hanson
Dr. Thorsteinn Helgason

Research Agency:
Principal Invest.:

Effective Date: Oct, 1, 1967 Feb. 1, 1971
Completion Date: Feb. 28, 1970 Aug. 31,1973
Frunds: S104.000 $50,000
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The AASHO Road Test indicated that the fatigue
strength of reinforcing bars is one of the key elements de-
termining the fatigue life ol reinforced concrete bridge
members. Advances in bridge technology, utilizing hjgh-
yield reinforcing bars, increase the possibilities of the fatigue
strength of the reinforcemicnt limiting the life of the struc-
ture.

The principal objective of this study was to 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 execution of a
statistically valid experiment.

Phase I experimental work consisted of repeated-load
tests on rcctungular and T-shaped concrete beams remn-
forced with a single longitudinal bar. These specimens con-
tained bars runging in size from Wo, 5 to No. 11 and having
nominal yield stresses from 40 to 75 ksi. Major emphasis
in the Phase I study was on siress range, minimum stress,
bar diameter, type of specimen, and grade of bar,

Phase 11 had the objectives of (1) determining the effect
of surface geometry (deformation pattern and details) and
(2} incorporating the results of Phases I and II into a
single final report. A total of 353 fatigue tests was con-
ducted in the two phases of work,

On the basis of the observed behavior, a fatigue design
provision was developed for deformed reinforcing bars
suggesting a limitation on the service load slress range.

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

NCHRP Report 164, “Fatigue Strength of High-Yield
Reinforcing Bars.”

Project 4-8 FY '68

Research Needs Relating to Performance of

Aggregates in Highway Construction
Research Agency:
Principal Invest,:
Eflective Date:
Completion Date:
Freneds:

Virginta Polytechnic Institute
Dr. R. D. Walker

January I, 1968

April 30, 1969

555,254

There is concern over the shortage of high-grade aggre-
pates available at reasonable cost in many areas of the coun-
try. FEfficicnt use of aggregates is handicapped by lack of
quantitative information on the interaction hetween prop-
crties of the aggrepate and its performance in a particular
environment. The tolal problem involves (1)} identification
of the uses for which available agaregates are suitable with
normal processing, (27 methods of upgrading available
aggregates where necessary o make them acceptable for a
particular use, and (3) adapting construction practices to
permit use of availahle aggregates.

The objective of this research was to formulate a compre-
hensive scrics of statements of research problems and rec-
ommended studies (including estimates of time, cost, and
priority} which bave as their objective the development of
procedures by the use of which a highway materials engi-
neer may evaluate guantitatively the relevant properties of
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1. Tdentification of all types and locations of waste
maierials available or anticipated to be available in the
future in significant gquantitics that are considered poten-
tially suitable for use in highway construction as replace-
ments for conventional aggregates.

2. Compilation of information essential to cvaluating
the technical and cconomic feasibility of using the most
promising waste materials as replacements for aggregates
in highway construction.

3. Based on the information compiled in Task 2, an
assessment of the techmical and economic feasibility of
current and future use of the waste materials having the
greatest potential for use as replacements for aggregates in
highway construction, particularly where conventional ag-
gregates are not cconomically available or are becoming
depleted.

4. Determination of the status of use of waste materials
in highway construction as replacements for aggregates.

Based on technical, economic, and environmental evaiu-
ations, 30 waste materials were found (o have some poten-
tial for usc as highway aggregates. The basic fechnology
was judged to exist for converting anv one of the materials
into aggregate, but in most instances much experimeniation
remains to be done.

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

NCHRP Report 166, “Waste Materials as Potential Re-
placements for Highway Aggrepates.”

Project 4-11 FY 73

Buried Plastic Pipe for Drainage of Transportation
Facilities

Simpson Gumpertz & Heger

Frank J. Heger

R. E. Chambhers

September 16, 1974

January 26, 1979

$200,000

Research Agency:
Principal Invests:

Effective Date:
Completion Date:
Funds:

At the time the rcscarch problem was concelved, a
number of plastic pipe products were available to the
transportation industry that appeared to have good poten-
tial for economical use as underdrains, storm sewers,
culverts, and other drainage structures. However, because
of the lack of experience with these products in transporta-
tion facilities, their use was limited in thesc applications.
Understandably, there was a reluctance to use them in
place of, or as alternates to, more conventional pipe prod-
ucts whose in-scrvice behavior had been established by
many vears of experience. Accordingly, a need existed for
an cvaluation of the theoretical considerations and ficld
performance of huried plastic pipe to determine under
what conditions they could be used in transportation
facilities.

Design, installation and performance criteria were ana-
lyzed in order to sclect pipc systems suitable for transpoerta-
tion applications. Ongoing state installations of plastic
pipe were monitored to observe installation practice. Full-

scale field tests were performed in cooperation with states
to obtain realistic data on the effects of installation condi-

tions and on pipe behavior and performance. Several
piping systems were found to be appropriatc for transporta-
tion drainage applications. Perforated corrugated poly-
cthylene (PE) tubing, perforated polyvinyl chloride
(PVC), and acrylonitrilc-butadiene-styrene (ABS) pipe
were selected for underdrains. PYC pipe and ABS com-
posite pipe were selected for storm drains and small cul-
verts, Advantages and possible limitations, are presented.
In addition, guidelines for selecting, designing, and install-
ing plastic pipe were developed including sample design
problems, recommended specifications for (wo types of
plastic pipe products (corrugated polycthylene tubing and
polyvinyl chloride piping), and a recommended standard
for ficld installation practices.

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

NCHRP Report 225, “Plastic Pipe for Subsurface Drain-
age of Transportation Facilitics.”

Project 4-12 FY ‘77

Upgrading of Poor or Marginal Aggregates For
PCC and Bituminous Pavements

The Pennsylvania State University
Dr, Philip D. Cady

December 1, 1970

May 31, 1979

$150.000

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

The performance of high-type pavements, of either PCC
or bituminous concrete. is infucnced by many factors.
Some ol these are matcrials, environment, traffic leading,
construction practices, and maintenance. Onc of the most
important factors in the satisfactory performance of a
pavement is the incorporation of coarsc aggregate con-
sisting of sound, durable particles free from objectionable
coatings. The rapid depletion or inaccessibility of such
high-guality aggregates requires that methods be devised
for upgrading poor or marginal materials.

The over-all objective of this study was to advance meth-
ods of upgrading poor or marginal-quality coarse aggre-
gates to acceptable durability and structural levels for use
in high-type bituminous and PCC pavement mixtures. The
procedures for upgrading aggregates in this study were
limited to the use of different tvpes of coatings, chemi-
cal freatments, or impregnation with plastics or other
materials.

The beneficiation addressed recognized problems such
as frecze-thaw damage, stripping, degradation, inadequate
soundness, alkali-aggregate rcactions, destructive volume
changes, und objectionable coatings.

This study did not address itsclf to pavement surface
characteristics, such as skid properties, texture and rough-
ness, or mixtures applied as seal coats or thin surface
Lrecatments.

The rescarch included the following tasks:

Task 1. (a) Identificalion of aggregate problems that



may be mitigated by beneficiation; (b) review of literature
and rescarch in progress; (c¢) identification of current and
potentially available pruactices and methods for upgrading
apuregate quality.

Task 2. Preliminary analysis of practices and methods.

Task 3. Preparation of an interim report that includes
the findings from Tasks I and 2 and provides recommen-
dations for the evaluation in Task 4 of procedures that
appear to be technically and economically [easible.

Task 4. Laboratory development and evaluation of can-
didalc procedures with sclected aggregates.

Task 5. Preparation of a final repori that includes find-
ings of research and recommendations for possible field
evaluation (i.e., pilot study) of selected procedures.

Rescarch has been completed, and the final report has
been published as:

NCHRP Report 207, “Upgrading of Low-Quality Ag-
gregates for PCC and Bituminous Pavements.”

Project 4-13 FY '77

Temporary Pavement Marking Systems

Southwest Research Institute
John M. Dale

November 1, 1976
February 28, 1978

$30,721

Research Agency:
Principal Invest..
Effective Date:
Completion 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 fechniques arc used for this purpose, they are difficult
to remove in a cost-effective manner without leaving scars
on the pavement that may misiead the motorist, ‘Fhere
remdins a continuing nced, for all 1ypes of pavement sur-
faces under all environmental and traffic conditions, for a
temporary pavement marking system. Temporary marking
syslems arc defined as those either easily applied and easily
removed or those easily applied and self-destructible under
controlted 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: (1) To examine ong or more
concepls, existing or new, that offer promise for develop-
ment into warkable temporary pavement marking systcms.
The desired characteristics of these systems include delinea-
tion quality, ease of installation and removal, absence of
adverse environmental cffects, ease of implementation, and
cost-effectiveness, (1) To analyze the feasibiiity of the
concept or concepts in comparison with existing practice
with reference to, but not limited to: (a) manpower,
equipment, and material costs {application and removal),
(b) ellcct on traffic during application and removal, (c)
traflic control effectiveness, (d) system durability, (e) ma-
terial and process availahility. and (f) hazards to workmen
during application and removal.

The concept of this rescarch was ta develop and evaluate
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additives to be used with existing traffic paints. Research
began with lab tests of candidate additives of four types:
those with water of hydration, blowing agents, fucls, and
oxidizers. No practicable material was found to meet the
requirements of the project. A final repart has been sub-
mitted and is available, on a loan basis upon written request
to the NCHRP.

Further research of temporary marking materials, pur-
suing other approaches, has been resumed under Project
4-13A.

Project 4-13A FY 77
Temporary Pavement Marking Paint Systems

Research Agency:
Principal fnvest.:

Georgia Institute of Technology
Dr. Charles I. Ray

Eflective Date: April 1, 1978
Completion Date: Scptember 30, 1979
Funds: $69,971

Maintenance und construction operations on all classes
of hiphways frequently require temporary pavement mark-
ings to provide motorist guidance and safe traffic move-
ment. When existing pavement marking materials, devices,
and techniques are used for this purpose, they are difficult
to remove in a cost-effective manner without leaving scars
on the pavement that may mislead the moterist. There
remains a continuing need. for all types of pavement sur-
faces under all environmental and traffic conditions, for a
temporary pavement marking system. Temporary marking
systems are delined as those either easily applied and easily
removed or those easily applied and self-destructible under
controlled conditions.

The specific objectives of this research were: (1} to
cxamine new paint formulations, primer materials, and
relzted combinations that offer promise for development
into workuble temporary pavement marking systems; and
(2} to analyze the feasibility of the concept or concepts
in comparison with existing practice,

A wide range of materials and removal processes was
investipated. Coatings hased on vinyl chloride copolymers,
chlorinated rubber, and acrvlic resins were tested, Re-
moval techniques included photolysis, biodegradation,
thermal degradation, and chemical degradation. The
removal tests were inconclusive.

Rescarch has been completed. The agency’s final report
will not be published but is available, on a loan basis, upon
written request to the NCHRP.

Project 4-14 FYy 78

Coating Systems for Painting Qld and New Structural
Steel

Research Agency:

Principal fnvest.:

Georgia Institute of Technology
Dr. D J. O'Neil

F. A. Rideout

Dr. Charles Ray

January 1, 1978

Decemnber 31, 1981

$199,231

Effective Daie:
Completion Date:
Funds:
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Project 5-3 FY 64

Visual Information Needed by the Driver at Night

The Ghio State University
Dr, Thomas H. Rockwell
Dr. Ronald L. Ernst

Research Agency:
Principal Invest.:

Effective Date; Scpiember 1, 1964
Completion Date: March 31, 1967
Funds: $100,940

This research was designed to determine minimum infor-
mation necessary to maintain contrel stability and identify
the information which is normally used. Visual degrada-
tion studies were conducted to determine limits 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. Research was con-
ducted to determine times and distances to satisfy informa-
tion needs for optimal control. Visual cues werc scaled
by photometric calibration of viewed object contrasts and
edge markings. An eye marking unit was employed to
assess relative cue importance in maintaining performance.
An attempt was made to formulate the effect of freeway
informational features on driving performance based on
perceptual and highway design factors.

The project report has been published as:

NCHRP Report 99, “Visual Information Needed by the
Driver at Night.”

Project 5-4 FY ‘64
Economic Study of Roadway Lighting

The Franklin Institute
Arno Cassel

Research Agency:
Principal Invest.:

Effective Date: July 20, 1964
Completion Date; August 31, 1965
Funds: $19.412

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 system and light
intensity on the pavement.

The researchers collected data for economic compari-
sons, including costs for hardware, installation, useful
operaling lifc, power, maintenance, depreciation, taxXes,
insurance, and financing for various lighting systems. Sam-
ple type and quantity of cquipment were analyzed to
provide standard illumination levels on typical two-lane,
four-lane, and six-lane divided highways. A literaturc
search was made of available lighting cost studies, speci-
fications, design criteria for highway lighting installations,
maintenance, 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, Questionnaires 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-
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ing.

Project 5-5 FY '65

Nighttime Use of Highway Pavement
Delineation Materials

Research Agency: Southwest Research Institute

Principal Invest.: John M. Dale

Effective Date: Mar. 1, 1965 Tuly 15, 1967
Campletion Date: Dec. 31, 1966 Sept. 15, 1969
Funds: 550,000 $£100,000

In this study, ways of improving delineation of road-
ways under wet and dry conditions by either improving
techniques utilizing existing materials or developing new
matertals and techniques were investigated.

This program was initiated by a field study of the per-
formance characteristics of conventional marking materi-
als. Following this, the researchers conducted studies of
the physical nature of reflective materials with particular
emphasis on tbeir performance characteristics under vari-
ous types of water films, Attention was directed to the
development of a systematic approach to marking pave-
ments wherein one qualifies the surface to be marked,
determines the water film thicknesses to be encountered, and
then selects one of several marking systermns that will per-
form under the imposed conditions.

The project report on the laboratory phase of the re-
search has been published as:

NCHRP Report 43, “Development of Improved 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 from the initial research effort.

The project report on the field phase of the research has
been published as:

NCHRP Report 85, “Devclopment of Formed-in-Place
Wet Reflective Markers.”

In addition to the final Teport, a motion picture film,
“Pavement Marking Materials,” was produced describing
the resulls of the research. Loun copies of the film are
availahle from the TRB Audio-Visual Library.

Project 5-5A FY '71

Development of Optimum Specifications for
Glass Beads in Pavement Markings

The Pennsylvania State University
r. Luke M. Shuler

Research Agency:
Principal Invest.:

Effective Date: May 1, 1971
Completion Date: Junc 30, 1973
Funds: $99.350

This study was a continuation of recomrhended research
based on the findings of Project 5-5 as reported in NCHRP
Report 45.

Specific objectives were to:



1. Review and analyze world-wide research and prac-
tices involving the use and manufacture of traffic marking
beads.

2. Ideniify those variahles that markedly influence the
effective utilization of glass beads in pavement markings.
Evaluate these variables by laboratory and field tests as
required in order to rate them in terms of their influence
on the effectiveness and serviceability of delineation under
actual traffic conditions. Field tests are to include mea-
surcments of wet-nighttime reflectivity.

3. Determine the capability and economics of producing
glass beads of specified gradation, composition, shape, flow
properties, color, etc,

4. Develop practical specifications and criteria for the
selection and use of beads for reflectorizing traffic paint
markings.

5. Evaluate 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
freld applications of test lines using a variety of paint film
thicknesses and glass bead samples. A guantitative study
was also undertaken of the retroreflective characteristics of
zlass beads in horizontal markings by calculations based on
general mathematical optical theory,

The final report was not published in the NCHRP
reporl series; however, microfiche of the report may be pur-
chased for $4.00 prepaid [rom the Transportation Research
Board Publications Office, 2101 Constitution Avenue, N.W.,
Washington, DC 20418,

Project 5-5B FY '72

Pavement Marking Systems for Improved Wet-Night
Visibility Where Snowplowing is Prevalent

Texas A & M University
Research Foundation
Dr. William M. Moore
September 1, 1971
December 31, 1974
$200,000

Research Agency:

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

Conventional reflectorized pavement marking systems in
common use lose their cffectiveness markedly during pe-
riods of darkness in rainy weather. Raised reflectorized
markers arc quite effective under such circumstances and
are in use where exposure 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 objectives of this research were:

1. Develop onc or more innovative concepts for pave-
ment marking systems that are practical, cconomical, and
effective under nighttime wet-pavement conditions and
compatible with snowplowiug.

2. Conduct a laboratory and contrelled field 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.
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tober 1973 described the development and testing of the
“first generation” markers and the development of the
“second generation” markers modified in accordance with
the findings from the first winter field tests. The second
generation marking systems were tested at sites in Colo-
rado, New York, Pennsylvania, Virginia, and Texas.

The research has becn completed, and the final report
has becn submitted. It will not be published; however,
microfiche of the report may be purchased for $4.00 pre-
paid from the Transportation Research Board Publications
Office, 2101 Constitution Avenue, N.W., Washington, DC
20418,

Project 5-6 FY ‘68

Highway Fog

Cornell Aeronautical Laboratory
W. C. Kocmond

K. Perchonck

QOctober 2, 1967

Aprif 30, 1969

599,955

Research Ageney:
Principal Invest.:

Effective Date:
Comnpletion Date:
Funds:

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 of visibility, and effect
on traffic operations; (3) to determine the day and night
fog levels {standards of visibility) that produce significant
detrimental eflects on driver performance and traffic op-
erations; (4) to explore the feasibility of warm and cold
fog abatement and vehicular guidance systems under high-
way conditions; and (5) to suggest ways and means of
obtaining maximum effectiveness of systems to combat
reduced visibility due to fog.

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

NCHRP Report 95, “Highway Fog.”

Project 5-6A FY 70

Highway Fog

Sperry Rand Corporation
James O. Dyal

Richard T. Brown
William H. Heiss
September 1, 1970

May 31, 1973

$93,540

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funeds:

‘This research was a continuation of NCHRP research in
the general area of highwav fog. The major objectives
of the research were to:

1. Analyze the highway fog problem and determine the
day and night fog levels (standards of visibility) that pro-
duce significant detrimental effects on driver performance
and traffic operations.

2. Explore the feasibility of active and passive guidance
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methods as (1) coatings on reinforcing bars, (2) inhibitors
in concrete mixturcs, (3) inhibitors in deicing chemicals,
and (4) cathodic protection.

The project teport has been published as:

NCHRP Report 23, “Methods for Reducing Corrosion of
Reinforcing Steel.”

Project 6-5 FY '63

Study of Physical Factors Influencing Resistance of
Concrete to Deicing Agents

University of Ilinois
Prof, C. E. Kesler
March 1, 1963
August 31, 1965
§72,500

Research Agency:
Principal Invest.:
Effective Date:
Completion 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 concrete. Variations in the surface
porosity, strength, and air-void system produced by differing
finishing techniques were evaluated for typical air-entrained
concretes. Large- and small-scale specimens were cast, and
cffects of period and time of finishing, environmental con-
ditions, and additions of water during finishing were evalu-
ated using surface scaling tests, surface tensile strength tests,
and microscopical determination of surface ajr-void pa-
rameters.

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

NCHRP Report 27, “Physical Factors Influencing Re-
sistance of Concrete to Deicing Agents.”

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

The Ohio State University
Prof. R. W. Bletzacker
March 1, 1963

February 28, 1966
$69,393

In order to insure that finished concrete will conform ta
those specifications selected to produce adeguate resistance
to deicing agents, this study was initiated to evaluate and/or
develop methods for sccuring pertinent quality control in-
formation at the earliest desirable or feasible age in order
that any neccessary corrective 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 distrihution, (3}
water content and uniformity of distribution, and (4) thick-
ness of cover over reinforcement.

The project report was not published in the regular
NCHRP report series; however, microfiche of the report

may be purchased for $4.00 prepaid from the Transporta-
tion Research Board Publications Office, 2101 Constitution
Avenue, N.W., Washington, DC 20418,

Project 6-7 FY 63

Estimation of Disintegration in Concrete Structures

Geotechnics
Floyd O. Slate
March I, 1963
August 31, 1964
$8,547

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

This study involved the development of instruments and
method(s) for field use to defect and determine the ex-
tent of disintegration of structural concrete. The method(s)
should be able 1o delineate area and depth within an ac-
curacy of approximately 10 percent.

The contract was terminated with no project report.
Research was resumed under Project 6-7A.

Project 6-7A FY '63

Estimation of Disintegration in Concrete Structures

IIT Rescarch Institute
Dr. W. J. McGonnagle
February 1, 1965
Tuly 31, 1966

$44,614

Research Agency:
Principal Invest.;
Effective 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 disintegration of siructural concrete. The
method(s) should be able to delineate area and depth within
an accuracy of approximatety 10 percent.

The project repert was not published in the rcgular
NCHRP report scries; however, microfiche of the report
may be purchased for $4.00 prepaid from the Transporta-
tion Rescarch Board Publications Offiee, 2101 Constitution
Avenue, N.W., Washington, DC 20418.

Project 6-8 FY ’63

Evaluation of Methods of Replacement of Deteriorated
Concrete in Structures

Bertram . Tallamy Associates
Dr. B. D. Tallamy

February 15, 1963

February 29, 1964

$25,000

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

This study was directed toward a search of available
literature and a canvass of agencies that have been known
to employ methods of repair of structural concrete. The
researchers attempted an evaluation of the ¢conomics and
adequacy of the various methods to accomplish the job.
Recommendations were made of arcas requiring further
study.

The project report has been published as:



NCHRF Report 1, “Evaluation of Methods of Re-
placement of Deteriorated Concrete in Structures.”

FY '64
Potential Accelerating Effects of Chemical Deicing

Damage by Traffic and Other Environmental-
Induced Stresses in Concrete Bridge Decks

Project 6-9

University of Iilinots
Prof. Clyde E. Kesler
January 1, 1965
June 15, 1968
$200.000

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

Some present bridge designs allow a degree of flexibility,
which, under tratfic and other environmental forecs, 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 hy providing access
channels for the corrosive agents. Stresses induced by traf-
fic may augment those of frost action sufficiently to cause
scaling in cases where a satisfactory performance would
otherwise be expected. The objectives of this research were
to establish by iaboratory studies the relationships between
performance and displacement in bridge-deck slabs. Air-
entrained reinforced concrete deck slabs with restraints
similar (o those experienced by slahs on structural steel
and reinforced concrete beam-type bridges were investi-
gated, and tcsts were conducted on replicas of actual bridge-
deck slabs, Loading and ¢nvironmental 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
Durability of Concrete Bridge Decks.”

Project 6-10 FY °68 and FY '69

Develop Improved Snow Removal and Ice Control
Techniques at Interchanges

Bertram D. Tallamy Associates
L. G. Byrd

September 1, 1967

Scptember 30, 1970

$95,000

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

The variety of gcometrical shapes of interchange ramps,
with associated structures, and their urban or rural loca-
tions invariably creates problems with respect to optimum
snow rcmoval and ice control technigues in the interchange
arcas. Furthermore, alternate freezing and thawing of
plowed or unplowed snow across superclevated Tamps con-
tributes to problems in snow and ice control, Drifting may
further aggravate this problem. Improved snow removal
and ice control techniques in interchange areas are vital to
the safety of highway traffic.

The purpose of this study was to identify and cvalnate
the specific problems associated with snow removal and ice
control operations at interchanges and to recommend
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methods for alleviating the problems. The investigation has
been completed, and both physical and operational factors
that influence winter maintenance operations at inter-
changes have bcen listed in the project report. Design con-
siderations and operational procedures aimed at alleviating
the problem have been described in a manual submitted as
part of the final report.

The project report has been published as:

NCHRF Report 127, “Snow Removal and Ice Control
Techniques at Interchanges.”

Project 6-11 FY 71

Economic Evaluation of the Effects of Ice and
Frost on Bridge Decks

Midwest Research Institute
Robert R. Blackburn

Research Agency:
Principal Invest.:

Effective Date: Sept. 1, 1970 Sept. 12, 1972
Completion Date: MNov, 30, 19671 Sept. 11, 1974
Funds: $50,000 $50,000

Ice or frost on bridge decks while the approach pave-
ments remain ice- or {rost-free is a known safety hazard.
Although little hard evidence has been prescnted to indicate
the extent of the problem, maintenance practice and re-
search on varicus preventive or remedial technigues often
assumes it to be significant. This project was undertaken to
fill a need to quantify the problem as a hasis for rational
decisions concerning the economics of design and main-
tenance practices.

Pbase I 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 develop-
ment of a subsidiary net cost model, the formulation and
evaluation of a bridge classification model, and the compu-
tation of illustrative examples of the cost-benefii methodol-
ogy.

The application of the methodology developed in Phase 1
to sample cases identified data that were lacking. Further-
more, the resulting models were found not to be in a con-
venient form for ready implementation. Phase 11 of the
project was designed to overcome the deficiencies. The
continued research was dirccted at evaluating and imple-
menting the methodology developed so that it could be
used more readily by a highway administrator to determineg
the added design or extra maintenance cost justified to
prevent or remedy ice or frost on bridge decks. The cost-
benelit 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, bowever, anyone
wishing to apply the process will need to develop a more
precise accident data basc with regard to bridge and road
surface conditions (frost, localized ice, etc.) for the par-
ticular area of interest hevond ihat now being collected.
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vices: emergency services, which include out-of-fuel,
mechanical failures, accidents, and medical needs; normal
necessities, which include need for fuel, food, lodging, and
directional information; and supplemental services, which
include information on choice of lodging, fuel, and food
facilities as to quality, location, brand, etc.

A national questionnairc was mailed to a sample of regis-
tered motorists to determine motorists’ desires. Emergency
service data were collected from various sources. A series
of road trips was conducted in seven states in various parts
of the country lo cxperience a varicty of the geographic
aspects of this study. In cach state, the rescarchers visited
the local auto club, the State highway officials, and the
State police to obtain various types of data.

The project report has heen published as:

NCHRP Report 64, “Motorists’ Needs and Services on
Interstate Highways.”

Project 7-8 FY *71
User Cost and Related Consequences of
Alternative Levels of Highway Service

Stanford Research Imstitute
David A, Curry

Research Agency:
Principal Invest.:

Effective Date: September 1, 1970
Completion Date: Aprl 15, 1972
Funds: $99,070

Techniques for conducting comprehensive economic
analyses of planned highway projects can be slow and
cumhersome. In view of the evolving nature of the
highway planning process, a need exists for an economic
analysis supplement 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 each
of five types of highway facilities and provides detailed
procedures for determining levels of service under various
conditions. At present, however, thesc levels of service
have not been quantified 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 under 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 use of Ap-
pendix A of the Highway Capacity 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 Effccts.”

Project 7-9 FY 73

Development of Models for Predicting Weekend
Recreational Traffic

Midwest Research Institute
Walter R. Benson

September 1, 1972

May 15, 1974

$74,983

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

Traffic congestion occurs frequently on weekends at the
fringes of urban areas as well as at recreation sites, For a
number of highways serving recrcational travel, it has been
found that the peak hours of the year are concentrated on
weekends. This weekend dilemma is of increasing con-
cern to highway officials particularly, because it is expected
to increase with increasing personal income and work-free
time. Urban transportation studies, charged with fore-
casting future travel patterns, have cxcluded weekend travel.

The objective of this rescarch was to develop techniques
for the prediction of weekend recreational traffic capable
of responding to changes in recreation demand, recreation
supply, and transportation supply.

The principal development was a computer program
RTPM (Recreational Traffic Prediction Model). RTPM
operates in conjunction with the Urban Planning Battery
in a three-stage process as follows:

1. Urban Planning Baftery programs are employed to
create a highway network representing the primary roads
in an arca selected for study and to determine travel times
between all zones in the network.

2. RTPM gencrates a trip file consisting of all origin-
destination weekend recreational travel for which either
the origin or the destination point is within the area se-
lected.

3. These trips, within a user-specified time-of-weekend
period, are loaded onto thc highway network by Urban
Planning Battery programs to provide estimates of traffic
on any one or more individual highway segments.

The project report was not published in the NCHRP
report scries; however, microfiche of the rcport may be
purchased for $4.00 prepaid from the Transportation Re-
search Board Publications Office, 2101 Constitution Ave-
nue, N.W., Washington, DC 20418.

Project 7-10 FY '74 and FY '75

Peak-Period Traffic Congestion
Remak-Roscnbloom
Sandra Rosenbloom
Roberta Remak

Research Agency:
Principal Invest.:

Effective Date: April 1, 1974
Campletion Date: March 31, 1975
Funds: $49.624



Peak-period traflic congestion in urban areas is a critical
transportation problem. Congestion is due primarily to the
inability of transportation systems to meet concentrated
spatial and temporai travel demands. The continued build-
ing of capital-intensive systems to effect solutions is often
controversial in light of cconomic, social, and environmen-
tal irnpacts. Research was needed to evaluate the full range
of possible options to improve peak-period efficiency of
transportation systems in large and small urban areas.

The objectives of this project were to (1)} conduct a
state-of-the-art survey to identify methods currently used
or envisioned to alleviate the problem, (2) evaluatec meth-
ods to ameliorate peak-period traffic congestion and to
combine promising mutually supportive approaches into
packages, and (3) develop research problem statements in
the areas of institutional, cnergy, and social impacts asso-
ciated with potentially effective congestion reduction pack-
ages.

Techniques to ameliorate peak-period traffic congestion
were classified as social, sociceconomic, sociotechnical,
and technical. They have been summarized in a state-of-
the-art report. Experience with each technique has been
described under the following categories: concepts, costs,
time frame, funding source, political fcasibility, and impact.

Mntually supportive techniques and incompatible tech-
niques wcre identified. As a result, eight recommended
packages 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) Fraffic Enginecring Tcchniques, and
(8) Transit Treatments.

To highlight existing deficiencics and knowledge, ten
problem statements were developed.

Two reports describe the findings from this project.
Volume 1, cntitled “Peak-Period Traffic Congestion: State
of the Art and Recommended Research,” is available either
on loan from the NCHRP Program Director or in micro-
fiche for $4.00 prepaid from the Transportation Research
Board Publications Office, 2101 Constitution Avenue,
N.W., Washington, DC 20418. Volume 2, entitled “Peak-
Period Traffic Congestion—Options for Current Programs,”
has been published as:

NCHRP Report 169, “Peak-Period Traffic Congestion—
Options for Current Programs.”

Research was continued under NCHRP Project 7-10G(2).

7-10(2) FY 75

The Institutional Aspects of Implementing
Congestion-Reducing Techniques

Remak-Rosenbloom
Roherta Remak
Sandra Rosenbloom

Research Agency:
Principal Invest.:

Effective Date: April 1, 1975
Completion Date: November 30, 1978
Funds: 374,703

Project 7-10(2) was a study of the institutional aspects
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of the congestion-reducing techniques and packages of
techniques identified in Project 7-10. To implement the
techniques and/or packages, all institutional [actors need
to be known, especially thosc that can help and those that
can hinder.

The general objective of Project 7-10{2) was to develop
strategies for assuring that congestion-reduction packages
are considered rationally within today’s institutional frame-
work.

The resecarch found that institutional problems can best
be anticipated by recognizing that they derive from three
sources. Some are inherent in the individual techniques
selected. Others result from nceds to coordinate activities
of several essentially independent institutions, Still others
derive from the character of the community in which the
program is heing carried out.

The congestion-reducing techniques recommended in
NCHRP Project 7-10 were grouped according to common
institutional problecms they presented and strategies that
could be used to overcome them., These groups were:
(1) traffic enginecring techniques; (2) tramsit improve-
ment techniques; (3) techniques for restricting automobile
use; (4) techniques for changing land use; and (5) tech-
niques relying on employer initiative.

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

NCHRP Report 205, “Implementing Packages of Con-
gestion-Reducing Techniques—Strategies for Dealing with
Institutional Problems of Cooperative Programs.”

The report discusses the major problems for each group
and recommends strategies to overcome opposition and
enlist cooperation. Guidance is given, where appropriate,
for federal, state, and local levels of government,

Joint implementation, requiring apency coordination,
was found to generate institutional problems independent
of the particnlar techniques involved in the congestion-
reduction program. The research leads to the conclusion
that metropolitan planning organizations (MPO) must
integrate local and arcawide transportation needs, resolve
conflicts in plans of individual agencies, and at the same
time ensure that federal and state program requirements
are met. Strategies are recommended to assist an MPO
or other central authority to effect necessary coordination.

The important institutional factors determined by the
character of the community are the unofficial power struc-
turc, special-interest organizations, and community atti-
tudes. Because these factors will be unique in each com-
munity, only broad strategies were recommended.

FY 81

Low-Cost TSM Projects—Simplified Procedure for
Evaluation and Setting Priorities

Project 7-11

Multisystems, Inc.
J. H. Batchelder, H. S. Levinson,
M. Golenberg

Research Agency:
Principal Invest..

Effective Date: April 6, 1981
Completion Date: January 6, 1983
Funds: $199,988
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Reduced transportation funding levels, environmental
concerns, and shortages of construction materials are some
of the reasons that dictatc more emphasis on implementing
low-cast TSM projects in the future. Transportation agen-
cics need to make cost-effective decisions in their selection
and priority of implementing low-cost TSM projccts in
order to obtain maximum benefits from the transportation
dollar.

Various reports have identificd categories and types of
low-cost TSM actions. Traffic engineering, ridesharing,
transit opcrations, and traffic restraint actions are examples
of broad categories of low-cost TSM projects. Goals for
these actions include increasing fransportation efficiency
with a minimum of expenditures, reducing energy con-
sumption, and improving environmental quality and safcty.
Data are available to determine, in a general scnse, the
feasibility and applicability of these actions. Numerous
publications have listed criteria to be used in the evaluation
of projects identified as low-cost TSM improvements.
Because of deficiencies in estimating impacts, there is a
need to assemble, refine, and/or develop systematic analysis
methods to cstimate quickly and evaluate the direct travel
impacts of proposed low-cost TSM actions in each cate-
gory. In turn, these travel impacts can be used as input
into estimating the cffccts of the speeific TSM actions on
energy consumption, air quality, and safety factors. These
estimates of impacts are needed to set prioritics objectively
for proposed projects within each category and against
projects in other categories. Simplified methods are needcd
where a quick-response estimate of the impact of the
action is required, and where technical resources are
limited. These methods should be hased on data readily
obtainable by the uscr. The gencral objective of this
research is lo improve the capability of transportation
agencies to estimate quickly the impacts of, and to deter-
mine priorities for, proposed, low-cost TSM actions so that
decisions can be made on better information.

It is anticipated that this objective will be accomplished
with a two-phased project. The first phase objcctives
include the assembly, refinement, and/or development of
simplified procedurcs to estimate thc travel impacts from
the implcmentation of low-cost TSM projects. Addition-
ally, the first phase objectives include the developrnent of
recommended procedures [or setting low-cost TSM project
priorities. Given successful accomplishment of all Phase 1
objcctives, and availability of future-year funds, a Phasc I1
is planned for verification of the findings from Phase I
and provisicn of opportunitics for “hands-on™ user experi-
ence and demonstration with the manual expected from
Phase 1. To accomplish the objectives of Phase I, the
following tasks are planned.

Task 1. Define purposes and constraints: (A) Identify
potential users of impact estimating proccdurcs and their
resource constraints. This could include statc agencies,
MPO’s, and local agencies. Dcevelop categories of users by
technical resource constraints, {B) Dectermine appropriate
classification of low-cost actions for the development of
impact cstimating procedurcs, These classifications sbould
relate to the needs and resources of users identfified in

Task 1(A}. (C) Define the set of impact measures required
for travel assessments (including energy, air quality, safety).
(D) Identify the input data that are readily obtainable by
each category of user,

Task 2. Develop impact estimation procedures: (A)
Develop a structured framework for application of simpli-
fied, quick-response impact estimating procedures classificd
by level of clfort criteria for each category of user. (B)
Review and synthesize existing, simple, quick-response
impact cstimation techniques. {C) Identify specific defi-
ciencies of existing impact cstimation techniques with
rcspect to their validity, simplicity, applicability, etc. Spe-
cial attention should be given to tdentifying types of actions
for which impact estimation capabilitics are deficient or
nonexistent,

Task 3. Develop recommended procedures for low-cost
TSM project priority sctting. Special attention should be
given to how use of quantitative impact estimates can be
expanded in the priority setting process. (This task is
envisioned to take approximately 10 percent of the projcct
resources. )

Task 4. Prepare a research report.

Task 5. Prepare a user's manual. This manual will
include (a) documentation of sclected methodologies in-
cluding step-hy-step proccdures, data needs, estimated time
to complete, and cost; (b) an example of the application
of each technique to a project (field work is not antici-
pated); and (c) discussion ol actions to improve the use
of impact cstimations in the decision-making process.

Progress to December 31, 1981 includes completion of
a TSM action classification system which rclates TSM ac-
tions 1o the gcographical context and to the type of proh-
lem recognized hy the local planner/designer. The analyti-
cal framework being developed as part of Task 2 will calt
for the TSM action or action packages to be related to
potential impacts that in turn will lead to the identification
of available cstimation techniques. Work on Task 3,
priority setting, is in the start-up stage.

FORECASTING

FY '64

AREA 8:

Project 8-1
Social and Fconomic Factors Affecting Travel

Vogt, Ivers and Associates
Robert 8, Vogt

Tebruary 1, 1964
September 23, 1966
$94,558

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

The purpose of this research was to develop means of
estimating infctcity travel using known traffic volumes and
available economic and social data between selected cities
and testing it by application to other pairs of cities between
which travel is also known, A review was made of the ade-
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The multi-volume report consists of a section in three
parts entitled “Strategies for the Evaluation of Alternative
Transportation Plans,” and a section entitled “Evaluation
of Engincering Projects Using Perceptions of and Prefer-
cnces 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 deemed
nccessary to relate the findings of the research more closely
to the immediate nceds of transportation planners.

A continuation contract was executed under NCHRP
Project 8-4A for the purpose of modifying the final report
for publication.

Project 8-4A FY 65

Criteria for Evaluating Alternative
Transportation Plans

University of Illinois
Dir. Joseph L. Schofer
Qctober 14, 1968
January 10, 1969
$5,000

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

See Project 8-4 for gencral scope and objective of the
research.

To improve the flow of ideas throughout the document,
the final report of Project 8-4 was modified. In addition,
more cxtensive descriptions of strategies for treating streams
of cost and effcctiveness indicators were prepared and inte-
grated into the text. Also, several illusirative examples of
the application of cost-effectiveness analysis to transporta-
tion-plan evaluation were prepared to demonstrate the use
of the methodology, as well as to support some of the
broader concepts described in the final report,

The project report has been published as:

NCHRP Report 96, “Strategies for the Evaluation of
Alternative Transportation Plans.”

Project 8-5 FY 65 and FY 68
Transportation Aspects of Land-Use Controls

Victor Gruen Associates
Haroeld Marks

Research Agency:
Principal Invest.:

Effective Date: April 1, 1965 Aug. 7, 1967
Completion Date; May 31, 1966 Jan. 15, 1970
Funds: $25.967 $99,571

Proper land-use controls, properly administered, protect
and enhance the public investment in transportation. Zon-
ing, subdivision regulations, and all other Tand-use controls
are intended to shape the pattern of the urban development.
The objective of this research was to provide a better under-
standing of the effectivencss of existing land-use controls on
the continuing utility of transportation systems.

The initial research primarily consisted of a literature
search and a canvass of selected highway departments and
other agencies concerned with transportation planning in
areas of rapid growth and intensive development. 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:

NCHRP Report 31, “A Review of Transportation
Aspects of Land-Use Control.”

This project was continued to establish principles or
guidelines for developing land-usc controls and other tech-
niques that will he stable and effective in the protection of
highway utility. The research effort was conceptual in
nature and presented a variety of ideas and proposals by
which the highway investment can be protected. Some of
the guidelincs were developed in considerable detail. These
can be incorporated into the procedures and practices of
land-use and highway administrators, Other principles were
developed as a base {rom which more detailed analyses can
be undertaken.

The project report discusses basic interrelationships be-
tween trapsportation facilities and land use and how such
relationships can causc transportation facility breakdowns.
The effects of changing land-use 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 8-6 FY ’66

Individual Preferences for Alternative Dwelling Types
and Environments

University of North Carolina
F. Stuart Chapin, Jr.
February 14, 1966

March 13, 1968

$99,897

Research Agency:
Principal Invest.:
Effective Date:
Conipletion Date:
Frunds:

In predicting the futurc demand for transportation, it is
imperative that future densitics of residential areas 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 cross section
of the population, the researchers interviewed a sample
of 1,476 households in various metropolitan areas. Logical
relationships were develuped between desired home type,
price range, travel access mix, and living qualities. An
aftempt was made at estimating the number of people 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 October and November 1966, The
information provides a dctailed, factual profile on the
mobility and residential choice behavier of households in
metropolitan areas.

The project report deals with a summary of findings on
housing choice of the households 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 capability of dealing with both
the mobility and choice processes as components of resi-
dentral changes.

The project report has been published as:

NCHRP Report 81, "Moving Behavior and Residential
Choice—A National Survey.”

Project 8-7 FY 69

Evaluation of Data Requirements and Collection
Techniques for Transportation Planning

Creighton-Hamburg
Roger L. Crcighton

Research Agency:
Principal Invest.:

Effective Date: September 13, 1968
Coinpletion Date: August 28, 1970
Funds: $190,000

Urban trapsportation planning studies require travel,
transportation facility, 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 needed, first, for the basic transportation planning
process such as was required to be undertaken for metro-
politan arcas by the Highway Act of 1962, and, second, for
new kinds of transportation planning that are developing.
A very limited number of transportation studies were se-
lected for careful and detailed data analysis to cstablish
recommendations on guidelines for data requirements and
collection techniques. The project defined data require-
ments for both basic and continuing urban transpertation
studies with regard to travel, transportation facility, land-
use, and sociceconomic data, Sensitivity analysis was per-
formed to examine variations of the transportation data for
assessing the impact that data errors have on the output of
the transportation planning process.

The rescarch included a comprehensive study of the
transportation planning process in five eities to determine
data 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 needs for new types
of transportation-planning processes and alternate means
of coliecting data were also undertaken. 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,”

Project 8-7A FY ’71

Data Requirements and Transportation Planning
Procedures in Small Urban Areas

University of Tennessce
Dr. William L. Grecco

Research Agency:
Principal Invest.:
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Effective Date: June 1, 1973
Completion Date: June 14, 1975
Funds: 598,005

Urban transportation planning studies in urban areas of
less than 250,000 population have evolved as miniature
versions of the transportation planning process in large
urban areas. These studies have been time consuming and
costly and have had inordinate data rcquirements. The
complexity and expense of these procedures was of increas-
ing conccrn to highway officials because of the need to
establish ongoing, continuing transportation planning proc-
esses in small urban areas.

The initial focus of this research was to develop a sim-
plified transportation planning process for small urban
areas of less than 250,000 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 expectations of the participants.
The digest of responses from the small urban areas ex-
amined typifies the difficulty faced when attempting to
adapt the planning problem to the planning process, rather
than fitting the process to 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
cvaluated from that standpoint.

Land-use planning in small communities was found to be
highly standardized in format and content, hut 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 cxercise of profes-
stonal judgment in an ad hoe, or opportunistic, fashion. The
transportation planning procedures appeared to be rela-
tively more standardized.

The rescarch identified and presented four types of trans-
portation planning techniques for application in small
urban arcas: (a) neitwork simulation based on synthetic
models and a small-sample houschold survey, (b) con-
sumer-oriented transit planning procedure, (c) simple
techniques for corridor analysis, and (d} band-computa-
tion-oriented procedure for estimating localized impacts of
major trallic generators, Existing techniques were reviewed
and tested (lo varying levels) within each category. Ex-
amples include cross-classification and synthetic models,
carridor-growth traffic-forecasting models, use of work-trip
data from employers to update continuing transpertation
studies, development of a consumer-oriented appreach to
determining local transit nceds and providing activity-
center traffic estimates to assist in asscssing the localized
impact of land-use changes on the transportation system.

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

NCHRP Rcport 167, “Transportation Planning for
Small Urban Areas.”
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Project 8-8(1) FY "69

The Impact of Highways upon Environmental Values
(Study Design)

Massachusetts Institute of Technology
Dr. Marvin L. Manheim

September 16, 1968

March I4, 1969

$29.654

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

The increased emphasis on social and esthetic values has
focused attention on the neced for improving integration of
the highway with the community.

The scope of this project was to develop an independent
study design to be used as the research plan for the second-
phase work. The study design was completed, and the re-
port received but not 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 89

The Impact of Highways upon Environmental Values
(Study Design)

Daniel, Mann, Johnson & Mendcnhall
S. K. Sludikoff

Scptember 9, 1968

March 7, 1969

328,950

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

The increased emphasis on social and esthetic values has
focused attention on the need for improving intcgration of
the highway with the community.

The scope of this project was 1o develop an independent
study design to he used as the research plan for the second-
phase work. The study design was completed, and the re-
port received but not 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 B-8(3) FY 69

The Impact of Highways upon Environmental Values

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

Massachusetts Institute of Technology
Dr. Marvin L. Manheim

September 15, 1969

July 31, 1974

$470,000

The increasing emphasis on social and environmental
values has focused attention on the need for improving
integration of a transportation facility with both the natural
and the human cnvironment. To achieve desirable levels of
integration, research was programmed by AASHTO to (a)
develop a practical method for evaluating the immediate
and long-term effects of highways on the social and en-
vironmental considerations of communities and (b) test,
evaluate, and refine the method by applying it to specific

cases covering a range of situations. Because the design
process must maximize the probability that significant com-
munity values 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 research emphasizes development of
an approach in the context of the location process. Al-
though the scope encompasses all types of highways, the
study findings arc applicable 1o all types of transportation
facilities, many other public works projects, and all phases
of planning.

In the initial phase, funded in 1969, MIT prepared a
study design that served as 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 final phase included (I) working with
selected State highway departments to implement the pro-
posed approach and adapt it to specific situations; (2) ex-
tending the approach for use in metropolitan area and
statewide multimodal, systems-level planning; (3) extend-
ing, testing, and refining the techmiques set forth in the
draft Procedural Guide; and (4) revising the Procedural
Guide to reflect the additional knowledge.

The approach devcloped recognizes and considers ten
elements basic to the consideration of environmental and
social values in transportation planning. They are:

(1) Differential cflects.

(2} Community values.

(3) Community interaction,

(4) Evaluation and reporting.

(5) Consideration of allcrnatives,

(6) Identification of impacts and aifected interests.

(7) Proccss management.

(8) Interrelation of system and process planning.

(9) Institutional arrangemcnts and decision making.
(10) Implementation of the approach.

These elements are described in an 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 arc described. Most of the tech-
niques can be adopted individually without difliculty. (They
are intended for use in developing and evaluating alterna-
tive transportation plans with the participation of other
state and federal agencies and local citizens and officials.)
Some of these techniques are already current practice in
some agencies. Several have been tried in other profes-
sions; others have been recommended in the published
literature or were suggested in discussions with federal and
State highway officials. Many morc stemmed from direct
observation of the problems transportation agencies are
facing.

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

NCHRP Report 156, “Transportation Decision-Making
—-A Guide to Social and Environmental Considerations.”

The teport is closely related to the requirements of the
Process Guidelines for the development of Environmental
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It was found that existing agency procedures regarding
the no-action alternative were inconsistent and confusing.
Definitions and role of thc no-action alternative varied
widely. Reports on a plethora of impact assessmu nf
methods were scattercd throughout the literature. From
these findings came the strong recommendation that the
no-action alternative be defined as the maintenance of
existing facilities and services in the study corridor and
region and that the role of the no-action alternative be
that of a benchmark against which all other alternatives
be evaluated and assessed.

A December 1975 two-volumc interim report is available
in microfiche for $4.00 prepaid and covers the then exist-
ing statc of the art: (a) illustrations of alternative defini-
tions; (b) cxpanded discussion and illustration of alterna-
tive methods of plan cvaluation and of techniques in
current use for social, economic, and environmental impact
assessment; and {c) reporting of the four case studies of
facilities where no-build decisions had been made. Send
check or moncy order to the Transportation Research
Board Publications Office, 2101 Constitution Avenue,
N.W., Washington, DC 204185.

Research has been completed, and the project report has
been published in two volumes, as follows:

NCHRP Report 216, “The No-Action Alternative: Re-
search Report,” highlights thc findings of the research and
documents the resecarch activities, including summary re-
ports of case studies, surveys, and pilot program activities
undertaken with nine state agencies.

NCHRP Report 217, “The No-Action Alternative: Im-
pact Assessment Guidelines,” details how the research
findings may be applicd and provides recommended policy
and procedural changes to strengthen both assessment and
evaluation of all alternatives, presents the recommended
approach for the definition and use of the no-action alter-
native, and includes mcthods for assessing 13 categories
of impacts and evaluating the results. Although the recom-
mendations may require adjustment and “tailoring” by
each user agency, the net effect of the Guidelines should
be to encourage standardization of practice and more
effective usc of the no-action alternative.

Project 8-12

Travel Estimation Procedures for Quick Response to
Urban Policy Issues

Fy 75

Research Agency: Metropolitan Washington Council of
Governments

George V. Wickstrom

Arthur B. Sosslau

September 3, 1974

December 31, 1975

$39,895

Principal Invest:

Effective Date:
Completion Date:
Funds:

Most techniques for estimating urban travel demand
werc developed to evaluate alternative transportation sys-
tems for am cntire region. Application of these compre-
hensive techniques to provide timely answers to current
policy questions has proven very difficult, This research
effort was initiated to assemble and modify existing tech-

niques, as well as to develop new approaches, for use by
transportation planners faced with the need to be more
responsive to current issues.

This research identified the most significant issues con-
fronting urban transportation agencies that require travel
demand information, defined the data requirements to meet
those issues, and idcmtified available planning technigues
that can provide the needed data. Questionnaires were
sent to numerous urban planning agencies to identify the
issues requiring travel demand information, and personal
interviews were conducted to follow up on the guestion-
naires. The issues werc then classified and grouped to
isolate the most pressing requirements of travel estimating
procedures, and an exhaustive effort followed to locale
the uavailable techniques that would provide the needed
data.

These techniques, more than 40 in all, were fully
evaluated in terms of input requirements, types of output,
potential applications, and complexity. A system was
also developed to allow users to quickly locate the tech-
nique needed for their specific purpose.

Research has been completed, and the major findings
have been incorporated into the research report emanating
from Project 8-12A and published as:

NCHRP Report 186, “Travel Estimation Procedures for
Quick Response to Urban Policy Tssues.”

Project 8-12A FY *75 and FY '76

Travel Estimation Procedures for Quick Response to
Urban Policy Issues

Comsis Corporation
Arthur B, Sosslau
George V. Wickstrom
November 1, 1975
October 31, 1978
$239,331

This continuation of Project 8-12 has provided a user’s
guide of travel estimation techniques having quick response
capabilities. The technigues are applicable for use by
transportation and land-use planners, giving emphasis to
the impacts of land-use changes on transportation alterna-
tives and the magnitude of urban activities consistent with
differing levels of transportation service. Problems of scale
are addressed; e.g., the applicability of techniques to
regions, subregions, and corridors.

Detailed descriptions of manual techniques for use in
each aspect of travel demand cstimation (i.e., trip genera-
tion, trip distribution, modal choice, auto occupancy, time-
of-day distribution, traffic assignment, capacity analysis,
and development density versus highway spacing relation-
ships) were developed in this research. Numerous charts,
tables, and nomographs were prepared to simplify each
apalysis step. Data requirements were also reduced by
making maximum use of transferable parameters developed
from other studies and urban areas. Three scenario
aoplications of the manual techniques were conducted to
illustrate the potential usefulness of the various analysis
techniques. The presentation of the procedures in the

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:



final report is structured to allow their utilization by trans-
portation planners with various levels of experience.

Instructional materials for use in training sessions or
workshops were developed based on the manual techniques
described in the user’s guide. These materials include more
than 400 slides, 50 transparencies, an instructor’s notebook,
and a student’s notebook. The training package is available
from NCHRP on loan upon written request or may be
purchased. Requests should be directed to NCHRP.

The research report and user’s guide have been pub-
lished, respectively, as:

NCHRP Report 186, “Travel Estimation Procedures for
Quick Response to Urban Policy Issues,” and

NCHRP Report 187, “Quick-Response Urban Travel
Estimation Techniques and Transferable Parameters—
Uscr's Guide.”

Project 8-13 FY 5

Disaggregate Travel Demand Models

Charles River Associates
William B. Tye
September 15, 1974
January 31, 1976
$100,000

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

The urban transportation planning process, as it has de-
veloped over the past two decades, is characterized by the
creation of long-range systems plans based on simulations
of regional travel patterns using models developed and
calibrated with aggregate zonal datz. Three of the basic
criticisms that have heen made of the regional simulation
and planning process have beeu that the presently used
aggregate modcls cannot be readily used for subregional
and project planning; they are not responsive to the policy
issues that planners are being asked to address: and they
Tequire expensive large travel surveys for model calibration.

To meet the described need, the over-all objective of this
research was to develop, in separately funded phases exten-
ing over several years, operational travel demand forecast-
ing models consistent with travel choice behavior and with
coefficients estimated by use of data at the level of house-
holds or individual travelers, It was anticipated that such
models will form the hasis of improved travel demand esti-
mation procedures.

Muodels were developed in Phase I using Pittsburgh and
Minneapolis/St. Paul data bases. Binary logit models were
estimated for (1) the mode choice for work, (2) the mode
choice for shopping, (3) the destination choice for shop-
ping, and (4) the trip frequency choice for shopping. A
rcport, “Disaggregate Travel Demand Models: Phase 1
Report,” presents the major findings and is available in
microfiche for $4.00 prepaid from the Transportation Re-
search Board Publications Office, 2101 Constitution Ave-
nue, N.W., Washington, DC 20418, In the report, the
models are appraised in terms of their advantages in travel
demand analysis, their low data collection costs, their
transferability, and their flexibility in application. Several
hypothetical applications are provided.

Research is being continued as Project 8-13(2).
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Project 8-13(2) FY 77
Disaggregate Travel Demand Models

Research Agency: Charles River Associates, Inc,

Principal Invest.: William B. Tye
Effeciive Date: May 1, 1976
Completion Date: December 31, 198D
Funds: $200,000

This project is a continuation of Project 8-13. The over-
all objective of the rescarch js to develop operational travel
demand forecasting models consistent with travel choice
behavior and with coelflicients estimated by use of data
at the lcvel of houscholds or individual travelers.

In Phasc I, Project 8-13 successfully developed policy-
scnsitive travel demand forecasting models consistent with
travel choice theory using 1967 Pitisburgh data at the level
of individual travelers. Binary choice logit models were
estimated for (1) the mode choice for work, (2) the mode
choice for shopping, (3) the destination choice for shop-
ping, and (4) the trip frequency choice for shopping.
Phase II extended the Project 8-13 research program: (1)
to conduct one or more demonstrations of the disaggregate
models applied to policy issues at a state or local planning
agency; and (2) to determine an approach to be uscd in
solving problems that will be incurred in application
(such as application of disaggregate models to aggregate
data and aggregatc forecasting). A worktrip mode-choice
model, developed with Pittsburgh, Pa., data was used to
predict the share of trips attracted to a new park-and-
express-ride bus service in Baltimore, The predicted
ridership was approximately one-half of the observed trips.
The application uncovered potential pitfalls in the applica-
tion of disaggregate models, particularly when using aggre-
gate data, that will provide valuable information for the
preparation of manuals called for in Phase III. To meet
Objective 2, a market segmentation approach was devel-
oped to overcome bias problems, when aggregating from
houscholds to a subregion and when using aggregate time
and cost variables. The Phase II report is available on
microfiche for $4.00 prepaid from the Transportation Re-
scarch Board Publications Office, 2101 Constitution Ave-
nue, N.W., Washington, DC 20418.

The project was concluded in a third phase in which
disaggregate models were developed for the work trip using
the Baltimore Disaggregate Data Set. Guidance on the
transferability of these models together with those de-
veloped previously using Pittsburgh and Twin Cities (MN)
dala sets is provided in a final report intended as an “cntry
point” for transportation planners interested in applying
disaggregatc models. In addition to transferability, guid-
ance is given on other impediments to the implementation
of disaggregate models such as how to aggregate the re-
sults for a corridor or urban area and how to overcome
problems in using the multinomial logit form of models,

The report is in two parts. Part I is oriented to the tech-
nologist with a familiarity of travel demand forecasting
techniques who desires to apply disaggregate models, Part
II, Appendixes to Part I, is directed to the expert who al-
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Project 8-15A  FY '75

Economic Impacts of State Transportation Policies
and Programs

Regional Science Rescarch Institute
Dr. Benjamin H. Stevens

Research Agency:
Principal Invest.:

Effective Date: QOctober 1, 1977
Completion Date: March 31, 1980
Funds: $117,852

The identification of social, economic, environmental,
and energy impact measurement techniques for use by state
and regional transportation agencies was undertaken in
NCHRP Project 8-15, “Statc and Regional Transportation
Impact Identification and Measurement.” This first phase
of a two-phase project resulfed in an extensive summary
of existing impa¢t measurement techniques and identifed
a wide range of related research needs.

The objective of the second phase, NCHRP Project
8-15A, was to dcmonstrate the usefulness of available tech-
niques that estimate the impact of alternative transport
policies and/or programs on economic activities, and to
document the techniques in the form of operating guide-
lines and demonstration rcsuits, The scale of analysis was
at the statewide and/or economic region levels rather than
urban, and the techniques selected for demonstration in-
cluded regional input-output analysis and econometric
simulation models.

The final report contains a set of guidelines to permit
state and/or rcgional agencies to apply the technignes to
policy and/or program alternatives. Two handbooks were
prepared: (1) basic input-output analysis, and {2) fore-
casting and policy simulation.

The final report and handbooks will not be published;
however, loan copies are available upon written request to
the NCHRP or microfiche may be purchased for $4.00
prepaid. Send check or money order, payable to Trans-
portation Research Bourd, to Publications Office, Transpor-
tation Research Board, 2101 Constitution Avenue, N.W.,
Washington, DC 20418.

Project 8-16 FY 76

Guidelines for Public Transportation Levels of Service
and Evaluation

University of Tennessee
Ray A. Mundy

Kenneth W, Heuthington
January 1, 1976
December 31, 1979
$489,217

Research Agency;
Principal Invest.:

Effective Date:
Completion Date:
Funds:

Public transportation traditionally has been provided by
fixed-route service financially supported through revenues
from passengers. Reduced patronage resulting primarily
from increased use of the automobile, plus higher operat-
ing costs, has caused growing deficits. Public concern
about energy, environment, auto dependency, congestion,
and the guality of urban living in general has obliged
governments to underwrite these deficits in most urban
areas. The rising amounts of required public monies, plus

the successful operation of a wide range of services di-
rected at more specialized market segments, have poscd
questions concerning how much financial support is appro-
priate, what services are requircd, and how these services
should be provided. Public officials need this information
in order to establish appropriate public policies.

Project 8-16 was initiated in order to develop a method
that would be used by planncrs to provide public officials
with the desired information and direction for local public-
transportation actions, The initial 12-month period of the
project was spent conducting an in-depth analysis of present
procedures and practices of the urban mass transit industry.
Included in this effort were rescarch team visits to 18 urban
areas within the United States. From this research process,
a descriptive, comprehensive, planning model was devel-
oped depicting the necessary information and procedural
steps required for the application of market opportunity
analysis {from the private business world) to the planning
of short-range public transportation. As depicted in the
model, the application of market opportunity analysis re-
quires both direction from policy decision areas and data
from an cnginecring data base. When applied, the market
segments are identified, the transportation necds are de-
termined, a transportation system is developed to mcet the
needs, and the system is tested. The model was tested in
a neighhorhood of Tacksonville, Florida, and is considered
applicable to cities in the 50,000 to 500,000 population
range.

Research has been completed, and the project report has
been published in five volumes, as follows:

NCHRP Report 208, “Market Opportunity Analysis for
Short-Range Public Transportation Planning—Procedures
for Evaluating Alternative Service Concepts,” presents a
suggested general procedure to match desirable service
attributes resulting from a market segmentation study with
alternative service concepts to determine which alternative
services are appropriatc for a local area. Alternative
service concepts were classified as to vehicle type, degree
of right-of-way coatrol, and operational strategy {routing,
scheduling, and stop location). Also presented are general-
ized break-even curves for conventional bus, express bus,
demand responsive, and ridesharing services. Because vari-
ous institutional factors {e.g., work rules, public vs, private
provider) can greatly affect costs, it is recommended that
the planner first complete a rough feasibility analysis to
limit the range of alternatives and then perform a “cus-
tomized” cost analysis. It is proposed that many institu-
tional barriers can be overcome if a viable cost-cflective
concept can be identified.

NCHRP Report 209, “Market Opportunity Analysis for
Short-Range Public Transportation Planning—Transporta-
tion Services for the Transportation Disadvantaged,” ad-
dresses issues arising from the provisions of recent legisla-
tion and regulations. Social and economic impacts are
suhstantial. Recommendations are developed on the prem-
ise that existing legislation and regulations are susceptible
to change. Through an elucidation of the issues and alter-
native courses of action, this report should help in future
selection of more efficient, cconomical, and socially accept-
able approaches.




NCHRP Report 210, “Market Opportunity Analysis for
Short Range Public Transportation Planning—FEconomic,
Energy, and Environmental Impacts,” contains the recom-
mendation that impact analyses be based on cxpected
market utilization instead of theoretical system capacities.
Information is provided botb for the Engineering Data
Base and the Service Design scctions of thc model. The
findings described in the report will assist the analyst in
structuring information to permit an analysis of various
public transportation service alternatives in meeting speci-
fied objectives even though thc objectives may be in
conflict.

NCHRP Report 211, “Market Opportunity Analysis for
Short-Range Public Transportation Planning—*“Goals and
Policy Development, Institutional Constraints, and Alter-
native Organizational Arrangements,” presents discussions
of the rationale and procedural steps necessary to develop
workable goals for urban public transportation. Without
such direction, little giudance is given to the decision-
maker as to what markets to concentrate on and how to
measure systemwide performance. The report addresses
the task of determining goals and policies, as well as the
issues involved in preparing a goal/policy statement, for
public transportation in an urban community, The inflor-
mation developed should serve as a guide for planners
responsible for coordinating goal/policy development ac-
tivitics in an urban community.

Also addressed are the critical institutional issues that
transportation planners and decision-makers must face
when attempting to provide new or improved public trans-
portation services. Various federal, state, and local regula-
tory and institutional patterns have devcloped for the
provision of wurban public transportation services. A
thorough understanding of these issues is necessary in
order to involve both public and private operators in the
provision of public transportation services. The prospective
opportunities for new private and minority firms to begin
public transportation scrvices have been developed as an
integral part of this report.

The report also provides information from which policy
decisions can be made rcgarding appropriate organizational
arrangements for providing public transportation services.
This material should be of use to two major groups: (a)
agencies having the responsibility for developing and im-
plementing the organizational structure for planning and
providing public transportation and services at the local
level, and (b} agencies having the responsibility for plan-
ning, designing, implementing, and operating public trans-
portation services at the local level. It is stressed in this
report that with u market-oriented public transportation
system managemcnt approach the organizational structurc
must be tailored to the needs of the local area’s needs and
political environment.

NCHRP Report 212, “Market Opportunity Analysis for
Short-Range Public Transportation Planning—Method and
Demonstration,” adds substantially to the body of knowl-
edge concerning short-range public transportation planning
for cities in the 50,000 to 500,000 population range. A
descriptive comprehensive planning model was developed
depicting the necessary information and procedural steps
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requircd for the application of market opportunity analysis
(from the private business world) to public transportation
planning. As depicted in the model the application of
market opportunity analysis requires both direction from
policy decision areas and dafa from an engineering data
base. When applied, the market needs are determined, a
transportation system is developed to meect the necds, and
the system is tested, The model was tested in a neighbor-
hood of Jacksonville, Florida, at a cost of approximately
$100,000, The report concludes that further demonstration
of the planning model will be required to determine
whether the benefits from application outweigh the costs
of data collection. If the cntire process were duplicated in
another test city, the costs could be expected to be 50 to
60 percent of the inijtial effort.

Each report is aimed at one specific segment of the over-
all concept model; together they provide comprehensive
guidelines for public transportation officials covering the
tbree primary activities described in the model-—policy,
markcting, and engineering.

Project 8-17 FY '76

Freight Data Requirements for Statewide Transporta-
tion Systems Planning

Research Agency: Roger Creighton Associates, Inc.
Principal Investigator: Frederick W. Memmott
Richard B. Blackwell

Effective Date: July 15, 1975
Completion Date: February 15, 1977
Funds: $231,147

The general objective of this research was, first, to deter-
ming the type, amount, and relative importance of freight
data required to develop statewide transportation system
plans; and, second, to design and develop techniques,
metbods, and procedures for assembling these data.

This rescarch was conducted in two phases.
tasks completed in Phase I were to:

Specific

1. Identify the types of freight data necessary for state-
wide transportation systems planning purposes., Recom-
mend what type of data and the scale of detail that will be
required in view of the current and proposed planning
methodologies.

2. Rank these data regnirements in terms of their rela-
tive importance to statewide transportation systems plan-
ning.

3. Given the data requirements, catalogue and determine
the cxistence of available data in reference to the planning
data requirements defermined in Task 1. Investigate the
institutional problems and constraints in the use of freight
data (c.g., disclosure resirictions, proprietary nature of
shipper and carrier data, and joint use and reciprocity
agreements among private and public parties).

4, Identify deficiencies in existing freight data and evalu-
ate the criticality of such deficiencies to statewide transpor-
tation systems planning.

5. Develop and evaluate alternative strategies for re-
solving such deficiencies.
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Specific tasks completed in Phase IT were to:

1. Preparc a manual descrihing in detail appropriate
techniques for the assembly and understanding of existing
freight data and the collection and understanding of such
additional data as may be rcquired by statewide transpor-
tation sysiems planning.

2. Provide illustrative, realistic examples of how to ap-
ply these techniques to typical problems encountered in
statewide transportation systems planning.

Research has been completed, and the two-volume proj-
ect report has been published as:

NCHRYP Report 177, “Freight Data Requirements for
Statewide Transportation Systems Planning—Research Re-
port;” and

NCHRP Report 178, “Freight Data Requirements for
Statcwide  Transportation Systems  Planning—User’s
Manual.”

Project 8-18 FY 76

Techniques for Evaluating Options in Statewide
Transportation Planning/Programming

Research Agency: Planning Environment International,
A Diviston of Alan M. Voorhees
& Associates

Dr. Salvatore J. Bellomo

Dr. Joseph R. Stowers

Scptember 1, 1975

June 30, 1978

$300,393

Principal Invest._:

Effective Date:
Completion Date:
Funds:

Evaluation techniques have traditionally been thought of
in the context of “plan ¢valuation” (i.e., comparison of al-
ternative system networks), or “route cvaluation™ (i.c.,
comparison of locations for a given proposed facility). Al-
though these evaluations and the techniques applied to them
(such as user costs and benefits; balancing of travel de-
mands assigned to a network with network capacity; and,
more recently, localized corridor impact analyses) may still
be valid for certain planning nceds, the techniques suffer
from a combination of large expenditures of time, high
cost, extensive data requirements, and complex simulations.

The general objective of this rescarch was to provide
transportation planning methodologies that are policy-
sensitive, allowing the testing and evaluation of options to
produce timely results for decision-making. This research
addressed reasonable-vost, sketch-planning-type techniques
having an application to issues of statewide transportation
planning as part of the programming process. This research
was conducted in two phases.

Phase I has been completed, and the final report has been
published as:

MNMCHRPF Report 179, “Evaluating Options in Statewidc
Transportation  Planning/Programming—Tssues, Tech-
niques, and Their Relationships.” A comprchensive classi-
fication of transportation issues, data requirements, and
cxisting techniques is included.

Phase I, consisting of test applications in Maryland
{priority programming system—PPS), Georgia (energy

conservation forecasting techniques), and Kentucky (high-
way user revenue modcl—HURM, and short-range capital
resource availability model—SCRAM), has also been com-
pleted, and the final report has been published as:

MCHRYP Report 199, “Evaluating Options in Statewide
Transportation Planning/ Programming—Techniques and
Applications.” The computer programs for PPS, HURM,
and SCRAM may be purchased upon written request to
the NCHRP.

Project 8-19  FY 77

The Relationship of Changes in Urban Highway
Supply to Vehicle-Miles of Travel

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

Cambhridge Systematics, Inc,
Earl R. Ruiler

December 1, 1976
November 30, 1978
$169,954

The concept that highways generate their own demand
and subsequent vehicle-miles of travel (VMT) had bcen so
widespread that it gained legitimacy if only hy sheer
repetition. Yet studies conducted to estimate future travel
demand had not shown significant correlation betwcen
VMT and highway supply variables. A clear understanding
of the effect of highway supply on VMT was needed to
adequately address the interrclationship of transportation,
air quality, and energy issues.

The objective of this project was to determine whether a
relationship exists between measures describing urban high-
way supply and VMT and, if so, to quantify the relation-
ship for practising planners through preparation of appro-
priate graphs and nomographs.

The rescarch approach hypothesized that VMT can only
be expressed and predicted in terms of its components—
vehicle trips and vehicle trip lengths—if it is to be validly
predicted. These components, in turn, were predicted using
a structural model system—one which cmploys both travel
demand and supply models in a framework which approxi-
mates network equilibrium. The recognition of trips, and
not VMT, as the appropriate unit for measuring demand
was the key to the research approach.

The rescarch results indicate that VMT changes do occur
as hichway supply changes, but the changes are small {e.g.,
14 percent in the peak hour for a new urban freeway) and
the relationship is a complex one. To quantify the rclation-
ship, the following variables must be considered: trip
frequency, trip distance, auto occupancy, and mode split.
Different results may be anticipated depending upon (1}
the typc of highway supply change, (2) the scale of the
hichway supply change, (3} the context within which the
supply change takes place, and (4) the time scale. The
complexity of the relationship has two important con-
sequences: first the dircction of VMT change for a given
highway supply—change can vary; second, there arc many
variables that affect both the direction and the magnitude
of VMT changes.

Because the model system was applied to only two
highway supply cascs, it was not possible to develop the
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tion of their implementation require methods and criteria
that consider social, economic, travel, energy, and environ-
mental impacts, as well as the perceptual, preferential, and
attitudinal concerns of the public and decision-makers
generally, Such concerns and impacts have not been
determined or assessed.

The peneral objective of this research is to identify
effective policies and their impacts to encourage vanpooling
and carpooling use bascd on an understanding of individ-
ual and household preferences and behavior. Specifically,
the research is expected to analyze individual and house-
hold attitudes, preferences, and behaviors related to ride-
sharing. The goal is to use the analysis results to develop
guidelines for transportation practitioners and policy-
makers for selecting techniques that are compatible with
other TSM strategies and are likely to result in significant
increases in ridesharing over the short term (2 to 5 years).

A three-phase study was designed. In Phase T, draft
guidelines were developed after review of available litera-
ture and research data. Knowledge gaps were identified
in order to shape the research of Phase II. New data
gathered in the second phase involved opcerating agencies
and employers, as well as potential ridesharers. Based on
the data analysis, the draft guidelines were modified to be
{1} morc responsive to policy and program realities and to
the needs and working styles that may maintain carpool-
ing/ vanpooling programs, and (2) more sensitive to the
motivations and likely behavior of potential ridesharers.
Phase III has been a production phase that included
manual and research report review, editing, and final rcport
production.

The guidelines have been published as:

NCHRP Report 241, “Guidelines for Using Vanpools
and Carpools as a TSM Technique.” The final draft
rescarch report is anticipated carly in 1982, at which time
loan copies may be obtained from the NCHRP or may be
purchased in microfichc.

Project 8-22 FY ’79

Transportation Financing Within the Context of
Energy Constraints

Research Agency:
Principal Invest.:

System Design Concepts, Inc.
Dr. Joseph R. Stowers

Effective Date: March 26, 1575
Completion Date: February 27, 1981
Funds: $100,000

The general objective of this research was to determine
the impacts of energy conservation policies and proposals
on state transportation financing. A methodology was
developed to enable States to assess the impact of existing
and proposed energy conservation policies on travel and
fuel consumption and to determine user and non-user
impacts on the various revenue sources currently used to
finance highway construction, operation, and maintenance.

The research identified possible modifications of existing
Statc-level revenuc sources and/or proposed new sources
which would lend themselves to creating some stability

and reasonable growth in future over-all highway transpoi-
tation funding,.

The researchers reviewed procedures used at the na-
tional and state levels to estimate vehicle-miles of travel

and fuel consumption. The procedures included trend-
based methods, econometric models, and less complex
techniques. Also, revenue sources for each state were
summarized. A catalog and description of applicabie
methodologies and supporting state and national baseline
data that are available to the states to predict highway
travel and fuel consumption in their jurisdictions under
cxisting and proposed energy conservation policics were
developed.

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

NCHRPF Report 231, “State Transportation Finance
Within the Context of Energy Constraints.”

Project 8-23 FY 79
Fuel Supply Limitations and Passenger Travel

Charles River Assoc., Inc,
Timothy Tardiff

Research Agency:
Principal Invest.:

Effective Date: April 2, 1979
Completion Date: September 1, 1980
Funds: $110,000

The future of cnergy supplies, particularly petrolecum,
was uncertain in the 1970s. Mumecrous forecasts showed
significant differences in the magnitude of shorifalls he-
tween supply and demand {rom the early 1980s up through
the year 2000 and beyond. If such shortfalls or extended
interruptions occur, personal travel was thought likely to
be affected. Yet our knowledge of the nature of such
changes in travel was extremely limited. Because the
nation and its cities, states, and rcgions continued to be
faced with this problem, research was needed to understand
and forecast the nature of travel behavior under encrgy
constraints, and the key impacts of probable energy supply
futures on travel, transportation investments, and the
cconomy.

The research project synthesized planning methods,
appropriate for use by professional planners, to evaluate
policy alternatives for likely future energy shortfall
scenarios. These methods were applied to four energy-
deficient scenarios and the resulting changes in travel
estimated. The four scenarios were based on a literature
review and evaluations of current events during the course
of the research. Thesc scenarios considercd magnitude,
frequency, and duration of shortfall, gasoline price, and
povernment aciions to conserve gasoline (odd/even pur-
chasing, gasoline rationing, etc.). Methods chosen were
incremental logit models for work trips and linear equation
models for nonwork trips. For the four scenarios, policy
alternatives were ¢valuated in terms of modal shares, VMT,
bus miles of travel, private vehicie fuel consumption and
transit fuel consumption. A comparison of scenario testing
results with the selected models provided an indication of
the relative effects of price, contingency actions, and sticker



plan on fuel consumption. Contingency actions included
free tolls for carpools, bus priority treatment at intersec-
tions and traffic signals, exclusive contraflow bus lanes on
highways, increases in parking fees, and reductions in
on-street parking. Driving restriction imposed by the
sticker plan led to the highest reduction in private vehicle
fuel consumption. The second highest reduction resulted
from higher gasoline prices in the range of $2.00 to $3.00
per gallon.

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

NCHRP Report 229, “Fuel Supply Limitations and
Passenger Travel.”

Project 8-24 FY '80

Forecasting the Basic Inputs to Transportation
Planning

John Hamburg & Associates, Inc.
Dr. George T. Lathrop

January 21, 1980

April 30, 1982

$81,000

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

Recent changes in transportation planning give increas-
ing importance to the accuracy, simplicity of approach,
reliability, and acceptability of travel forecasts, Trans-
portation planners forecast travel demand and resulting
transportation impacts on the basis of changes of socio-
cconomic variables such as population, cmployment,
vehicle availability, income, and household size. Errors in
the forccasts of these variables can be carried forward to
cause substantial errors in information provided to deci-
sion-makers in the evaluation of transportation alternatives,
Furthermore, local involvement in the transportation plan-
ning process has increascd considerably and local officials
are often reluctant to accept forecasts of socioceconomic
variables, particularly if declines in populations, income, or
cmployment are forecasted,

One frequently cncountered difficulty is that different
techniques to forecast the samc socioeconomic variables
often produce significantly different values. For example,
popuiation [orecasts are made using a variety of techniques
such as cohort survival, ratio methods, and trend line
analysis. Some forecasting techniques produce data that
are incomplete or lack sufficient detail for travel estimates
and impact assessments. Furthermore, some existing tech-
niques do not recognize changing social trends such as
increasing {ahor force participation of women, or changing
planning functions. Such changing norms challenge the
basic assumptions on which the techniques are based.
Another reason for challenging the basic assumptions of
forecasting techniques is that future transportation facilities
very often have been assumed to be in place notwithstand-
ing a likelihood that they would never be built.

In the near future, all states will be asked to accept
official federal population forecasts or be required to
justify an alternative forecast. Within each state, the
allocation of the official population forecasts to individual
countics and localities will be treated by close cooperation
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between state and local authorities. The problem of en-
suring that population forecasts are appropriately nested
at various levels of aggregation, and are consistent with
other forecasts such as employment, is likely to be a major
coneern,

With very limited funds available for data gathering
efforts, it is particularly important to determine the sensi-
tivity of transportation forccasting procedures to variations
in the values of input parameters, State and local planners
need assistance in choosing tcchniques that utilize avail-
able forecasts of input parameters and in allocating state-
level forccasts. Therefore, rescarch is needed to document
techniques that (1) are appropriate for a given level of
aggregation, (2) are accurate to acceptable limits, (3) will
be acceptable at the local planning level, and (4) can be
implemented and updated by users who do not possess a
sophisticated economic or statistical background.

The general objective of this research is to summarize
and evaluate techniques of using previously forecasted,
independent, socioeconomic variables at appropriate levels
of geography necessary for urban, rural, and statewide
transportation planning. To accomplish this objective, the
following tasks are planned:

Task {. Examine the sensilivity of transportation fore-
casting and simulation procedures, including the FHWA/
UMTA traffic simulation process, to variations in inde-
pendent variables. The sensitivity analysis should take into
account the size, growth trends, economic functions, den-
sity, and other significant characteristics of differing geo-
graphic areas.

Task 2, Review techniques for using available sources
of forecasted independent variables in the light of (a) the
forcgoing sensitivity analysis, (b) current and anticipated
planning functions, and {d) other factors, such as resource
constraints. At [east the following variables should be
considcred: (a) population and population characteristics,
(b) housing unit and household characteristics, {(¢) in-
come, (d) employment by major sector, and (e) vehicle
availability. Limitations and biases of each technique for
particular applications (such as growing vs. declining
areas, urban vs, rural, both large and smali} should be
discussed, as should also the appropriateness of each tech-
nique und the availability of base data for small analysis
arcas such as traffic zones.

Task 3. If satisfactory techniques for the modification
and application of availuble forecasts are not found, pro-
pose new techniques.

Task 4. Prepare a final report to include:

{a} Documentation of available techniques and their
attributes for utilizing sociceconomic variables.

(b) Rescarch findings, specifically addressing items
under Task 2.

(c) Applications of techniques to geographic areas
with the following characteristics: (1) growing versus
declining; (2) urban versus rural; (3) large versus small.
Progress to December 31, 1981 includes the completion

of Tasks 1 and 2 and substantial work on Task 4. Task
3 has not been found to be necessary. There are such a
variely of techniques, methodologics and data, and such
distinct differences in agency resources, expertise, and ex-







and design in urbanized arcas; and (2) using existing
techniques to the maximum extent possible, develop a
user-oriented manual containing proccdures for the full
range of plannning and design needs together with illustra-
tive case studies.

A number of transportation agencies have been contacted
to determine the various needs for highway traffic data used
in project planning and design and the procedures used to
develop such data. Contacts also included producers of
highway traffic data to determine the procedurcs, data
inputs, and analysis techniques used to develop the infor-
mation to meet the user requirements. Significant proce-
dural steps, resources involved, kinds of projects to which
the techniques are applied, und prescntation format were
solicited along with other information that can be used for
comparative purposes.

The procedures and unalysis techniques that have been
proven rcasonably successful will be grouped and critiqued
in terms of criteria including required degree of precision,
resource requirements, ability fo rcplicate the effort, and
rationale. In addition, input data requirements such as
system-lcvel assignments, historical traffic count data, land-
use information, and other factors will be addressed. On
the basis of this evaluation, existing, modified, and/or new
procedures with appropriate analysis techniques will be
recommended for application to the full range of identified
highway project planning and design needs,

A uscr-otiented manual will be developed describing
recommended procedures. Each phase of the procedures
will include a commentary describing the benefits, short-
comings, and the circumstances that may require alterna-
tive stcps. Design project “cases” will he defined and
appropriate traffic cstimating steps will be described. Cases
to be analyzed will be selected to ensure coverage of the
full range of applications and will include as a minimum:
(1) major new highway construction with regional impacts,
(2} upgrading an cxisting facility with subarea impact, and
(3} intcrchange design with local impact.

Project 8-27 FY 80

Cost-Effectiveness of Transportation Services for
Handicapped Persons

Research Agency: Transportation Center
University of Tennessee
Kcnneth W, Heathington
Frederick J. Wagmann
September 1, 1981
January 31, 1983

$200,000

Principal Invest.:

Eflective Date:
Completion Date:
Funds:

Recognizing the mobility problems faced by physically
and mentally handicapped people, transportation providers
arc trying to develop cost-effective ways to meet the trans-
portation needs of these peoplc. There is a nced for
methods to allow transportation providers to evaluate the
cost-cflectiveness of the various transportation options
available. The costs and bencfits of carrying out directives
such as U.S. Department of Transportation’s ruling imple-
menting Section 504 of the Rehabilitation Act of 1973 are
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uncertain, Existing transportation scrvices are often com-
petitive, thereby draining away available public resources.
Federal, state, and local agencies have a concern with
these issues.

Currently, handicapped people and subgroups of that
population are faking trips, for a variety of reasons, and
using a variety of transportation servicc options. There
are a numbcr of such options available to serve the necds
of these people, ecncompassing both modal and nonmodal
responses. But current trip demand and mode choice are
aflccted by availability and cost of cach option; and, in
turn, costs and cffectiveness of these options are affected
by ridership demand. Changes and variations in supply
options may well change existing trip demands and trip
distribution by the handicapped. To some cxtent, these
changes may reprcsent totally new trip-making; they may
also represent diversion from existing services,

In each urban area and rural community, difficult choices
will have to be made concerning the provision of trans-
portation services to handicapped people. It is, therefore,
nceessary to know the cost-effectiveness of various modal
and nonmodal supply options in meeting the transport
needs of mentally and physically hundicapped groups.

The purpose of this research is to provide nceded in-
formation to federal, state, and local decision-makers
balancing available resources against the nceds of handi-
capped persens. No new federal {unding is available to
implement regulations or respond to these needs: hence,
actions must compete with other needed scrvice improve-
ments.

The objective of this study is to determine the cost-
effectiveness of transportation service options for improv-
ing the mobility of handicapped people. The methods used
to achicve this objective should be described in a form
uscful to state und local transportation providers in con-
ducting their own cvaluations. The study will be limited
fo asscssing the needs of people who hecause of physical
or mental handicaps cannot use existing transportation
systems or cun only do so with difficulty. While the focus
of the study is on an urban context, rural areas should
also be studied. In order to mect this objective, the follow-
ing tasks will he performed:

Tusk /. Preparc and describe the cost-cffectiveness
methods to be used in the study.

Task 2. Review relevant literature,

Task 3, Define characteristics of the group in terms of
urban/rural, type of handicap, trip purposes, ability to use
public transportation, and current travel patterns by mode
and purpose.

Task 4. Describe and review characteristics of major
service and system options as a roeans of removing barriers
to travel (including, but not limited to, fixed-route buses,
paratransit, taxis, shared rides, pedestrian improvements,
urban and commuter rail and uscr training).

Task 5. Assess the impuct on demand by trip purpose
and population subgroups of the service and system op-
tions.

Task 6. Evaluatc the impact of changes to scrvice on
the mobility of the targel population subgroups, (How
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many trips are diverted from other modes and how many
new trips are generated?)

Task 7. BEstimate the cost and the effectiveness of pro-
viding different options and combinations thereof includ-
ing, but not limited to, total cost, cost per mile, cost per
trip, and cost to the passenger.

Task 8. Refine the cost-effectivencss mcthod based on
experience gained in Tasks 2 through 7.

Progress to December 31, 1981 includes the develop-
ment of the cost-effectiveness methodology to be used in
Task 7 and the review of relevant literature. Work has
begun on Tasks 3 and 4.

AREA 9: BITUMINOUS MATERIALS

Project ©-1 FY '64 and FY 65

Asphalt Durability and Its Relation to Pavement
Performance

Research Agency: American Qil Company

Principal Invest.: Dr. A. W. Sisko

L. C. Brunstrum
Effective Dates: Feb. 1, 1964 Nov. 1, 1965
Completion Dates:  July 31, 1965 Apr. 30, 1967
Funds: $50,000 $50,000

Research is needed to dctermine those fundamental
properties of an asphalt which contribute to the durability
of pavements and to develop suitable methods of tests
for determining such properties. These tests are needed
to provide improved bases for asphalt specifications to
assure products which, when properly used, will result
in durahle asphalt pavements. The general propertics
with which this over-all problem was concerned involve
rheological, chemical, and physio-chemical properties of
the asphalt alone 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 pertod of time in service are of importance.

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

NCHRP Report 67, “Relation of Asphalt Rheological
Properties to Pavement Durahility.”

Project 9-2 FY ’65

Asphalt Durability and Its Relation to Pavement
Performance—Adhesion

Research Agency: Montana College of Mineral Science
and Technology

D. W. McGlashan

January 1, 1965

QOctober 31, 1967

$101,903

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

This research was concerned with asphaltic concrete
pavement performance, particularly with regard to the
influence of asphalt-aggregate adhesion. The research ap-
proach was based on the principle that interfacial activity

occurring at the boundary between an 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
assessment of the adhesion betwcen the asphalt and the
aggregate,

A data acquisition system was developed for making
electrokinetic measurements of interfacial activity when
asphalt cements were forced through porous plugs under
contralled temperature and pressure conditions. The
porous plugs contained aggregates that were being tested
for adhesion, Data were coliected and analyzed using 15
asphalt cements and a number of different apgregate types
to demonstrate the ability of the procedure for assessing
the adhesion of an asphalt-aggregate mixture.

The project report was not published in the NCHRP
report serics; however, microfiche of the report may be
purchased for $4.00 prepaid from the Transportation Re-
search Board Puhlications Office, 2101 Constitution Ave-
nue, N.W., Washington, DC 20418.

Project 9-3 FY '65

Evaluation of Pavement Joint and Crack Sealing
Materials and Practices

Rensselaer Polytechnic Institute
Dr. John P. Cook

Research Agency:
Principal Invest.:

Effective Date: Tune 1, 1965
Completion Date: Tune 30, 1966
Funds: 524,996

Under environmental, structural, and traffic require-
ments, highly variable and inadequate performance may
result from the materials and construction practices regard-
ing the sealing of joints in new pavements and the main-
tenance of joints 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-knowledge report on joint and crack sealing
materials, joint design, specifications, test methods, and
construction practice; (2) make a critical analysis of
the information and define needs to improve performance;
and (3} recommend a feasible research program. Bitu-
minous and nonbituminous materials were included, and
due consideration was given to such factors as economics
and practicalities of usage.

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

NCHRP Report 18, “Evaluation of Pavement Joint and
Crack Sealing Materials and Practices.”

Project 9-4 FY ’72

Minimizing Premature Cracking of Asphaltic
Concrete Pavements

Materials Research & Development
F. N. Finn

Research Apency:
Principal Invest.:



Keshavan Mair

Effective Date: November 1, 1971
Completion Date:  June 30, 1973
Funds: $99,560

The premature cracking of asphaltic concrete pavements
is a continuing problem and often results in large expendi-
tures of money to maintain a necessary level of pavement
serviceability, Many factors, such as asphalt properties,
mix design, construction procedures, aggregate properties,
subgrade support, environmental conditions, and traffic
loadings, influence the ability of the pavement to resist
cracking.

The ohjective of this project was the determination of
suitable materials specifications, paving mix design criteria,
and construction requirements that will result in the ability
to design and construct asphaltic concrete pavements to
carry design traffic with a minimum of premature cracking.

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

NCHRP Report 195, “Minimizing Premature Cracking
in Asphaltic Concrete Pavement,”

Project 9-4A FY ’76

Bayesian Analysis Methodology for Verifying
Recommendations to Minimize Asphalt
Pavement Distress

Woodward-Clyde Consultants
F. N. Finn

W. 8. Smith

September 15, 1975
Novembher 1, {978

$204,194

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

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
becn to monitor performance using statistical analysis for
evaluation of the variables. An alternate approach has been
to verify an analytical model using a small experimental
program and case histories of in-service pavements. One of
the findings of NCHRP Project 9-4 indicates that these two
approaches are not realistic for verification of the project
recommendations because the cosf, time, and scope re-
quired for such a program to reach definitive conclusions
would be excessive.

In the same report, the Bayesian approach is suggested as
an altcrnate for verification and updating of project recom-
mendations. It uses the past experience of engineers in a
meaningful statistical format combined with experimental
data and experience gained from observation of field per-
formance of new construction,

The objectives of this project were (1) development of a
procedure based on Bayesian statistical concepts for verify-
ing recommendations to minimize pavement distress and
(2) pilot implementation of the verification procedure for
the specific distress mode of cracking from repetitive traf-
fic loading.
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Research has been completed, and the project report has
been published as:

NCHRP Report 213, “Bayesian Methodology for Veri-
fying Recommendations to Minimize Asphalt Pavement
Distress.”

Project 95  FY '80
Design of Emulsified Asphalt Paving Mixtures

The Asphalt Institute
V. P. Puzinauskas
B.F. Kallas

April 1, 1980
December 31, 1982
$150,172

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

Asphalt emulsions are increasingly being used for seal-
coats, surface treatments, and base- and surface-course
mixtures both in new construction and in maintenance
and rehabilitation of existing pavements for reasons that
include environmental concerns, energy conservation, and
ease of construction, Users have raised questions regard-
ing the proper usc of asphalt emulsions in order to obtain
performance comparable to that ohtained in the past with
other asphalt materials. Of particular concern is the ability
of current design methodology to produce paving mixtures
consisting of a variety of materials that will perform with
a high degree of reliability over a range of environmental
conditions.

The objective of this research is to verify and/or modify
the Asphalt Institutc and University of Illinois asphalt
emulsion mix design methods described in Federal High-
way Administration Reports No, FHWA-IP-79-1, “A Basic
Asphalt Emulsion Manual,” and No. FHWA-RD-78-113,
“Mix Design Methods for Base and Surface Courses Using
Emulsified Asphalt.”

Accomplishment of this objective involves the foHowing
tasks:

I. Based on an evaluation of the mix design methods
descrihed in the reference documents, determine tentative
applicability of thc mix design methods and criteria for
prediction of field performance of base and surface courses,
The base and surface courses considered shall involve
slow- and mediume-setting emulsions meeting AASHTO
and ASTM specifications as well as various types, grading,
and qualities of aggregate. The evaluation also should
consider the relationships between the propertics of the
mixtures as determined in the laboratory and the rate of
attainment of these properties in the field under different
cnvironmental conditions.

2. Propose additions to or modifications of the methods
and criteria described in the two methods.

3. Dcvelop plans for verification of the design methods
and criteria as modified in Task 2 covering various emul-
sions and aggregates in different climatic regions.

4. Conduct the verification program developed under
Task 3.

5. Prepare a final report containing a detailed descrip-
tion of the recommended procedures and criteria for
design of emulsified asphalt paving mixtures.
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Research is in progress, Preliminary laboratory and
field evaluation at the Asphalt Institute and the University
of Illinois mix design procedures indicate inadequacies
within each procedure and incompatibilities between the
procedures.

Simplified mix design procedures have been developed
using either Marshall or Hveem laboratory specimens. The
simplified procedures werc used to determine the asphalt
cmulsion confents for a field project in Arkansas and
two projects in Virginia. No construction or short-term
performance problems were encountered on these jobs
during the spreading and compaction of the asphalt emul-
sion mixtures. Emphasis during the remainder of the
project will be on further field verification and modifica-
tion of the simplified mix design procedures,

AREA 10: SPECIFICATIONS,
PROCEDURES, AND PRACTICES

Project 10-1 FY ‘64

Development of Guidelines for Practical and Realistic
Construction Specifications

Miller-Warden Associales
W. B. Warden

November 15, 1963
Movember 14, 1964
$25,000

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

It is 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 guidelines
for adequate specifications, this preject included such areas
as surface smoothness for subgradces, bases, and pavements;
thickness measurements for bases and pavements; grada-
tion and other requirements for aggregates and aggregate
mixtures; and a summary of sclected current specifications
pertinent to the areas of study. Consideration was given
to the validity 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 test 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 FY ’64

Evaluation of Construction Control Procedures

Miller-Warden Associates
S. B. Hudson

Movember 4, 1963
February 1, 1960
$59,750

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

This research was initiated to obtain 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-
ment and test procedures to determine those not including
precision statements and a study involving statistical tech-
niques for evaluating gradation test procedures, sampling
methods. and variations inhcrent in aggregate gradations.

Initial phase research has been completed, and the proj-
ect report has been published as:

NCHRP Report 34, “Evaluation of Construction Control
Procedurcs—Interim Report.”

Project 10-2A FY ’65
Evaluation of Construction Control Procedures

Research Agency: Materials Research and Development

Principal Invest.: 5. B. Hudson
Effective Date: July 15, 1966
Completion Date: Movember 14, 1967
Funds: $70,945

The continuation phase of Project 10-2 was conducted
by Materials Rescarch and Development, Inc., Miller-
Warden Associates Division. The research specifically con-
sidered (1) the variations in gradation of aggregates, in-
cluding fine aggregates, drawn from the bins of operating
hot-mix plants, with sampling error, short- and long-term
variations, and the effect of cold-feced variations to be in-
cluded; (2} a statistically designed experiment to determine
the effect of variation in gradation of coarse aggregate,
within the range found to be inherent under existing con-
trols, on the strength and workability of laboratory-prepared
concrete; (3) the effect of increment size with respect to
maximum particle size and accuracy of the results of sam-
pling to provide additional information as to the shape and
minimum capacity of tools to be used for sampling coarse
aggregates; and (4) further study of the basic paltern of
variation of gradation.

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

NCHRP Report 69, “Evaluation of Construction Control
Procedures—Aggregate Gradation Variations and Effects.”

Project 10-3 FY ’64 and FY '65

Effects of Different Methods of Stockpiling and
Handling Aggregates

Research Agency: Miller-Warden Associates

Principal Invest.: S. B. Hudson

Effective Date: Oct. 22, 1963 QOct. 15, 1964
Completion Date: Apr. 30, 1964 Oct. 16, 1965
Funds: $25,000 $30,000

The difficulties associated with producing aggregates and
providing them at the job site within desirable specification
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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-
geneous nature of soil and aggregate materials, surface
roughness of the measurement area, and gauge calibration.
Several nuclear gauge calibration methods were developed
utilizing calibration model, energy discrimination, and dual-
gaupge 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 moisture
and density during construction of highway subgrade, sub-
base, and base components. The objectives of the research
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 even better nuclear backscatter-type
density gauges.

Research has been completed, and the project report has
been 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

11T Research Institute
K. E. Feith
Dr. S. D. Howkins

Research Agency:
Principal Invest.:

Effective Date: February 1, 1964
Completion Date: Qctober 31, 1966
Funds: $108,821

Present methods of measuring the thicknesses of high-
way pavements are time consuming and generally do
not provide data early enough 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 methods. In
initiating this research, four objectives were outlined. They
included: (1) a study of all past and present methods of
measuring thicknesses of highway pavements to determins
if any existing method may be suitable; (2) a feasibility
study of proposed methods now under development; (3)
proposals for other feasible methods; and (4) recommenda-
tions for promising methods for development of instru-
mentation.

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

NCHRP Report 52, “Measurement of Pavement Thick-
ness by Rapid and Nondestructive Methods.”

Project 10-7

FY 64

Potential Uses of Sonic and Ultrasonic Devices in
Highway Construction

The Ohio State University
Dr. F. Moavenzadeh
Dr. R, C. McMaster

Research Agency:
Principal Invest.:

Effective Date: February 1, 1964
Completion Date: March 31, 1965
Funds: $24,310

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. It is felt that possible uses may
include pile driving, mixing and compaction of materials,
sampling of materials, drilling, cutting, and many other
applications. In an effort to evaluate potential uses, this
research study was initiated with the objectives of studying
available information 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 25, “Potential Uses of Sonic and Ultra-
sonic Devices in Highway Construction.”

Project 10-8 FY 70

Evaluating Procedures for Determining
Concrete Pavement Thickness and
Reinforcement Position

Pennsylvania Dept. of Transportation
W. G. Weber

R. L. Grey

March 2, 1970

July 31, 1973

$151,982

Research Agency:
Principal Invest.;

Effective Date:
Completion Date:
Funds:

The mcasurement of portland cement concrete pavement
thickness and the determination of the position of re-
inforcing steel are necessary to establish conformance with
design and construction specification requirements. The
conventional method for making these determinations—by
cutting 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 determination of strength, although part of the over-
all problem, was not included in the research conducted
under this project.

The objective of this research was limited to the field
evaluation of available nondestructive systems of inspection
testing for determining pavement thickness and reinforcing
steel position at the construction site, either before or soon
after the concrete has hardened, to permit the elimination
of, or substantial reduction in, the coring of pavements.



To accomplish this objective, the research agency:

1. Conducted a state-of-the-art study and a preliminary
evaluation to select the devices and procedures for deter-
mining concrete pavement thickness and reinforcing steel
placement that have been developed to the point that field
evaluation is now feasible.

2. Selected candidate procedures for field evaluation,

3. Developed and conducted a field evaluation program
in cooperation with several State highway agencies.

4. Analyzed and compared field data with current prac-
tices with regard to such considerations as practicality,
accuracy, ease 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 also an eddy-current proximity gauge for
use with plain (nonreinforced) pavements only. A pach-
ometer was found to determine steel depth with sufficient
accuracy for construction control, Statistical-type specifica-
tions were found to be required when the devices are used
in construction control.

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

NCHRP Report 168,” Rapid Measurement of Concrete
Thickness and Reinforcement Location—Field Evaluation
of Nondestructive Systems.™

Project 10-9 FY 70

Criteria for Need of Seal Coats for
Bituminous Pavements

University of Minnesota
E. L. Skok

November 1, 1969
February 28, 1974
$50,000

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

In order to 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 are not
totally adequate. They are time consuming, require the use
of costly cquipment and highly skifled personnel, rely on
the judgment of experienced personnel, or are not repro-
ducible. Methods and criteria for determining when seal-
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 bituminous pavements,

The essential findings of the study have been published
as NCHRP Research Results Digest 48, The agency report
has been distributed to the Program sponsors and other
interested persons, and microfiche of the report may be
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purchased for $4.00 prepaid from the Transportation Re-
scarch Board Publications Office, 2101 Constitution Ave-
nue, N.W., Washington, DC 20418,

Project 10-10 FY 74

Acceptance Criteria for Electroslag Weldments in
Bridges

Research Agency:
Principal Invest.:

United States Steel Corporation
W. P, Benter, Jr.
C. G. Schilling

Effective Date: May 1, 1974
Completion Date: Secptember 30, 1978
Funds: $300.000

Engineers are hesitant to permit use of the electroslag
welding process for weldments subject to bridge loadings
because sufficient research has not been conducted to de-
termine their performance. Somc states are permitting use
of the electroslag process based on a very limited number
of tests, some with horderline results, Most enginecrs will
not permit its use on a bridge of major proportions because
of the existing uncecrtainties; therefore, this program is of
the utmost importance if this economical tool is to be
widely used in the fabrication of bridges. The principal
areas of concern arc the physical and metallurgical proper-
ties of the weld und the heat-affected zones, The adequacy
of current electroslag welding specifications for bridges has
been questioned. Thus, a thorough analytical and experi-
mental program of evaluation of all parameters is needed.

The over-all objective of this project was to develop and
verify acceptance criteria for the use of electroslag butt
welds in bridges. Research was conducted in two phases.
The specific ohjective of Phase T was to define necessary
acceptance specifications based on the most complete study,
using laboratory specimens from full-size welds, that cur-
rent knowledpe and testing equipment could provide within
the allotted funds. The specific objective of Phase II was
to verify the findings of Phase I by conducting dynamic
tests of full-size bridge girders.

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

NCHRP Report 201, “Acceptance Criteria for Electro-
slag Weldments in Bridges.”

Project 10-11 FY '77

Development of a Performance Specification For
Bridge Deck Joint-Sealing Systems

Research Agency: Howard MNeedles Tammen & Bergen-
doif

Principal Invest.. Arthur Linfante

Effective Date: Dccember 1, 1976
Completion Date: April 30, 1978
Funds: $29,996

A large majority of bridge deck joint-sealing systems in
use today are proprietary products. These products are
designed in companies and corporations where a full
range of experience with bridge deck behavior, field in-
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Project 10-15

Structural Strength Evaluation of Existing
Reinforced Concrete Bridges

FY 80

Research Agency:
Principal Invest.:

Engineering Computer Corporation
Roy A. Imbsen

Eflective Date: Aprii 1, 1980
Completion Date: May 31, 1982
Funds: $125,000

Bridge safety has reccived increased emphasis during the
past decade due to catastrophic bridge failures. As a result
of these failures a concerted effort was expended to
develop and disseminate procedures for systematic and
periodic bridge inspections, particularly for steel structures.
Although bridges with concrete superstructures rarely fail
catastrophically, gradual deterioration can affect their
structural capacity, The procedures for inspecting and
rating bridges with concrete superstructures are limited
and provide little information that can he used to cvaluate
structural strength,

Full-scale load tests of concrete bridges have indicated
that their actual strength can significantly excced the
strength predicted by common analytical methods. Fur-
ther, many of the strength-determining characteristics of
the in-service bridge are known, whereas they have been
assumed in the original design calculations, Recognition
of these factors can have a great influcnce on the realistic
evaluation of the structural capacity of existing concrete
bridgcs.

A recent change in AASHTO policy can be interpreted
as requiring a concrete bridge to be posted for restricted
loading if the computed stresses exceed the allowable
stresses, notwithstanding the fact that it had been carrying
normal traffic for an appreciable length of time and showed
no distress. Because of this change, there is a need to use
the results of analytical and prior experimental investiga-
tions to enable engineers to predict safe load capacity of
existing concrete bridges so that unneccssary replacing,
strengthening, or load posting can be avoided.

Strength dcterminations need to address the states of
deterioration and distress of the bridge and the results of
rational analyses that more nearly predict the structural
behavior.

The objective of the proposed research was to develop
improved methodology for evaluating the structural
capacity of existing reinforced concrete bridge super-
structures and to present it in a specification format suitable
for consideration by AASHTO.,

The mecthodology was directed to rigid frames and
skewed simple and continuous spans. Span lengths up to
80 ft were considered, Bridge types included were slab,
girder, T-beam, and box beam.

The rescarch included the following tasks:

Task 1. Review and summarize the present statc of the
art of: (a) concrete bridge inspection, with particular
emphasis on quantifying the consequences of various types
and amounts of dcterioration on the structural strength;
and (b) structural strength evaluation.

Task 2. For the previously listed kinds of structures,

develop practical methods to predict structural capacity
for load rating.

Task 3. Prepare and summarize guidelines for identi-
fying, cvaluating, and recording deficiencies, which must
be considered in the developed methodology but for which
the present state of the art is inadequate,

Task 4. Make at least two comparisons between results
of past full-scale tests for which data are available and
results predicted by the proposed method, In addition, at
least four sample calculations shall be made using data
derived from actual cases,

Task 5. Prepare the final report documenting the study
findings and presenting the developed methodology in an
AASHTO format. Recommendations and requirements for
a full-scale in-situ field-test program for further validation
of the proposed methodology shall be included.

Through December 31, 1981, research is nearly com-
pleted, and the preliminary draft final report will scon be
submitted for project panel review.

Project 10-16 FY '81

Assessment of Deficiencies and Preservation of
Bridge Substructures Below the Waterline

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

Byrd, Tallamy, MacDonald & Lewis
Martin Rissel

February 16, 1981

August 15, 1982

$150,000

Federal and state legislation requires periodic inspection
and appraisal of all bridge elements. A substantial amount
of information is available on repair methods for super-
structures and substructures above the waterline, but
procedures for use below the waterline have received little
emphasis and application is complicated by inaccessibility.
As a result, deficiencies including scour and structural
distress, damage, and deterioration are sometimes unde-
tected or endured until the potential for a major failure
becomes apparent. Information is urgently needed to guide
engincers in assessing the condition of bridge elements
below the waterline and in selecting appropriate methods
to arrest further deterioration,

This study is intended to use and extend research con-
ducted under NCHRP Project 20-5 “Synthesis of Infor-
mation Related to Highway Problems.” Topic 10-08 of
Project 20-5, which is entitled ‘Below-the-Waterline In-
spection and Repair of Bridge Substructures,” will result
in a two-part report on current practice, Part A will
identify problems found in substructure components and
will evaluate procedurcs, equipment, and techniques cur-
rently used to inspect bridge elements below the water
surface. Part B will cover methods and materials used for
underwater maintenance and repair of bridge substructures,

The objectives of this study are: (1) to develop im-
proved methodology for evaluating the effects of below-
the-waterline deficiencies on the structural capacity of the
substructure, and (2) to develop solutions to specific
deterioration problems that are found in bridge substruc-



tures below the water surface and in the splash zone.
Accomplishment of these objectives will invulve the follow-
ing tasks:

Task 1. Addressing the deficiencies cited in the previ-
ously mentioned synthesis report, (a) revicw and sum-
marize the present state of the art of structural strength
evaluation techniques for bridge substructures below the
water surface, with particular emphasis on quantifying the
consequences of the deficiencies on the structural integrity
of the bridge, and (b) for these deficiencies, develop
guidelines for assessing the seriousness of the problem, a
rating system to identify the urgency for corrective action,
and practical methods to predict structural capacity.

Task 2. Addressing the second part of the objective, (a)
hased on available information, identify and cvaluate
methods used to arrest dcterioration below the water
surface and in the splash zone, and (b) develop new or
improved methods that may prove effective in arresting
deterioration below the water surface and in the splash
zone,

Task 2 is limited to the following elements and problem
areas:

® Bridge clements—concrete picrs and footings, pre-
stressed concrete piles, and rcinforced concrete piles.

¢ Problem areas—dcterioration due to corrosion, freez-
ing and thawing, chemical attack, and abrasion.

Task 3. A final report will be prepared documenting the
study findings and presenting the results in a practical
format.

Through December 31, 1981, research is progressing
on schedule, and an interim report has been reviewed and
approved by the project panel.

Project 10-17 FY '81

Use of Antistripping Additives in Asphaltic Concrete

Mixtures
Research Agency. David G. Tunnicliff
Principal Invest: David G. Tunnicliff

Effective Date:
Completion Date:
Funds:

March 1, 1981
February 28, 1983
$99.810

There is an increasing awareness of asphaltic conerete
pavement faidlures caused by stripping of asphalt cements
from the aggregates. Consequently, more highway agencies
are requiring the usc of antistripping additives. If an
additive is used when it is not nceded, the added cost is an
economic waste. If an additive is used ineffectively, the
pavement may require early and costly maintenance and/or
rehabilitation. Highway agencies need information on the
selection, effectivencss, and use of antistripping additives.

The long-term general objective of this rescarch is to
provide information on the selection and use of antistrip-
ping additives (materials used to improve the asphalt-
aggregate adhesion in asphaltic concretes). However, the
immediate specific objective of this research is to develop
guidelines for the incorporation of antistripping additives
in asphaltic eoncrete paving mixtures considering the influ-
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ence of such factors as (1) storage and handling of the
additives, and (2} stability and effectiveness of additives
during mixing and storage of asphaltic concrete,

Accomplishment of this objective is expected to involve
the following tasks:

Task 1. Survey the state of the art of procedures used
by state and other agencics for the (a) determination of
the need for antistripping additives, (b) determination of
the dosage where an additive is needed, and (c) identifica-
tion of required construction control procedures for incor-
poration of additives into asphaltic concrete mixtures.

Task 2. Develop test procedures using equipment gen-
erally available to highway agencies to evaluate asphaltic
concrete mixtures with regard to (a) the need, selection of,
and concentration required for antistripping additives; and
{b} the effect of the variables encountered in mix produc-
tion and placement on performance of the additives.

Tusk 3. Conduct a test program using selceted asphalt-
aggregate combinations utilizing typical additives and test
procedures developed in Task 2(b). Evaluatc the effect on
the adhesion of asphaltic mixtures containing antistripping
additives of such variables as (a) methods of incorporating
the additives and the effect of storage time and temperature
on asphalt cement additive combinations; (b) asphaltic
concrete mix times and temperatures, including the range
of conditions encountered in pugmill and drum-type mix-
ers, and (c) hot storage of the asphaltic concrete mix for
varying lengths of time,

Task 4. Prepare and submit a final report that includes
(a) state-of-the-art procedures for use of antistripping
additives as determined in Task 1, (b) guidelines for the
use of antistripping additives in asphaltic concrete paving
mixtures using the results obtained in previous tasks, and
{c) description of a long-range testing program to develop
criteria for the selection and use of antistripping additives
and to provide information on their effectiveness.

Research is in progress. A survey of states has been
conducted to identify potential field construction problems
associated with the use of antistripping additives. Testing
procedures are being developed and matcerials acquired for
the testing program to be conducted by the Chicago Testing
Laboratories under a subcontract.

Project 10-18 FY 81
Specifying and Obtaining Entrained Air in Concrete

Research Agency: Construetion Technology Laboratories/
PCA

David C. Stark

Dr. David Whiting

Effective Date: May 5, 1981

Completion Date: February 4, 1983

Funds: $74,350

Principal Invest:

The inclusion of entrained air within the matrix of
portland cement concrete has long been recognized as an
cffective means for improving the durability of concrete
exposed to the highway-type environment, However, in
recent years there has been a trend toward requiring higher
air contents. This trend has primarily been in response to
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preparation); (11) crack development from all sources;
and (12) mix design effects.
The study included the following tasks;

1. Identification of relevant research and field investiga-
tions.

2. A survey of current practice and attitudes on main-
taining traffic during bridge deck rcstoration or widening.
3. Follow-up contact with a number of highway agencies
to gather more detailed information on the field perform-
ance of bridge decks that have been restored, patched or
widened in the presence of traffic induced vibrations,

4. A recomumendation for additional rescarch to be
directed toward determining the causes and possible solu-
tions for any negative effects determined to be associated
with such vibrations.

NCHRP Project Panel D10-21 decided that a pre-
liminary study should be carried out under NCHRP Pro-
ject 20-5, “Synthesis of Information Related to Highway
Problems,” and $25,000 of the $250,000 that was orig-
inally allocated for this study were reallocated for this
purpose. Resecarch has been completed, and the final
report has been published as NCHRP Synthesis of High-
way Practice 86.

The draft final report included an evaluation of rc-
search needs with recommendations for specific work to
mcet these needs. The project panel accepted the syn-
thesis topic consultant’s recommendation to not carry out
additional research on this subject. This recommendation
was based on the fact that no convincing evidence was
found in this study to indicate that the performance of
concrete bridge decks is degraded by traffic-induced vibra-
tions during placement. The unuscd portion ($225,000)
of the allocated funds has been returned to the AASHTO
Research Committee for reallocation to other NCHRP
projects.

Project 10-22 FY '82
The Performance of Weathering Steel in Bridges

Sheladia Associates, Inc.
Dr. Pedro Albrecht

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

18 months
§75,000

Weathering steel bas been used in the construction of
about 1,000 bridges in the United States during the past
decade, with the great majority of these structures con-
centrated in a few states. Under the proper conditions,
this material is cxpected to form its own protective sur-
face layer and to require no painting. It, therefore, offers
the potential for considerable savings in life-cycle costs by
elimination of the need for painting bridges, particularly
those over major highways, electrified railways, or bodies
of water. Under somc environmental conditions, corrosion
has continued at a rate more rapid than anticipated, and
there are concerns regarding the long-term performance
of this material. Hence, the use of weathering steel in
bridges has been more limited than might be expected in

view of the potential cost savings. Information on the
performance of weathering steel is available, but a need
exists to assemble and evaluate the data in order to
facilitate the decision-making process and place it on a
more rational basis.,

The objectives of this research are (1) to assemble a
systematic body of information on the performance of
weathering steel, (2) to document and evaluate the current
state of practice, and (3) to develop, whcre feasible,
practical guidelines for design, construction, maintenance,
and rehabilitation of bridges using this material.

The research will include the following tasks:

Task I. Identify problems that have developed and
other factors that have limited the use of weathering
steel in the United States and abroad. The topics to be
considered include, but are¢ not limited to: corrosion, salt
exposure, other environmental factors, pitting, fatigue, in-
scrvice inspectability, location within the bridge, structural
defails, shims and hearings, bolted connections, welding,
adequacy of specifications, alloy content of the steel,
initial cleaning and painting, and remedial cleaning and
painting. Purticular emphasis shall be placed on the ad-
verse effects of corrosion on fatigue life.

Task 2. Assemble existing experimental and field per-
formance data, and synthesize and evaluate the current
statc of practice in regard to the use of wcathering steel
in bridges. Applicable data on other structural steels
should be examined.

Task 3. Based on the findings of Tasks 1 and 2, pro-
pose guidclines for application of weathering stcel in new
bridges and make rccommendations to extend the life of
weathering steel components in existing bridges.

Task 4. Identify areas in necd of further investigation,
Recommend priorities and estimate time and costs for
the nceded research.

Task 5. Preparc a final report on the findings of Tasks
1 through 4.

Project 10-23 FY '82
Removal of Lead-Based Bridge Paints

Research Agency: Offshore Power Systems

Principal Invest.: B. S. Fultz
Completion Date:

Effective Date: 12 months
Funds: $75,000

In the removal of old lead-based paints from steel bridges
in preparation for repainting, particulate matter consisting
of the old paint plus the grit used in sandblasting is
deposited in air, watcr courses, and on adjacent lands.
Containing and disposing of lead-based paint is a very
difficult and costly proposition.

Highway agencies, such as lowa, California, and Mas-
sachusetts Port Authority, have had partial success in
limiting the paint wastc with rclatively modcrate efforts.
Among the approaches are tarps, vacuum hlasting, rigid
cnclosures, and chemical removal with containment. In
addition, the FHWA is planning a study for the develop-
ment of a prototypc unit to prepare stecl surfaces based




on the use of controlled water jet cavitation. However,
none of the new and conventional methods investigated
has demonstrated the capability of economically remov-
ing and recovering old lead-based paint from most bridges
in the United States.

It is necessary to cxtract information from the various
state and povernment agencics on previous work and
identify possihle ways to modify, optimize, or redesign
equipment and procedures. Because of the variability in
the type, location, and circumstances of bridges, it is
unlikely that any one technigue will be suitable for all
conditions under which old paint poses a hazard.

Although the toxicity of lead is well documented, there
is little evidence whether the type and amount of lead
compounds used in bridge paints arc hazardous to the
environment when they arc removed. Several agencies,
including the Massachusetts Port Authority, the California
Departmeot of Transportation, and the U.S. Army Corps
of Engineers, have heen required to test toxicity levels
of paint and abrasive wastes. High levels of potential
toxicity may require disposal in Class T disposal sites which
are limited and costly. In addition to the toxicity of lead
itself, highway bridge officials are being faced with prob-
Iems of dust pollution, silica sand toxicity, and solid paint
waste disposal.

Research is needed to demonstrate the severity of
toxicity and pollution, and to establish improved proce-
dures for recovering paint and residue from bridge clean-
ing. Consequenily, the objective of this study is to identify
the scverity of pollution related to bridge cleaning and
recommend improved techniques for removal and re-
covery of lcad-based bridge paints. Accomplishment of the
project objective will require the following tasks:

Task I—Determine relevant regulations. Review and
summarize federal, state, and local covironmental regula-
tions concerning lead paint removal from bridges. En-
vitonmental aspects to be considered are air, water, soil,
and wildlife regulations.

Task 2—Determine severity of toxicity and pollution.
{a) Review available data on the toxicity and pollution
concerning lead paint removal and disposal. (b} Deter-
mine the degree to which existing paint removal practices
prodnce conditions that viclate regulations compiled under
Task 1. (¢) Determine the degree to which existing data
are conclusive in establishing the toxicity. (d) Describe
test methods for determining concentrations of potentially
toxic or polluting airborne particulates and lead paint
residues, including methods for fish bioassay, leachability,
and high-volume air-quality samples. (e) Identify the gaps
in the toxicity and pollution data. In particular, consider
the need to differentiate between types of lead-based
hridge paints.

Task 3—Technologies for bridge paint removal. (a) Re-
view activities of public agencies and privatc industry
concerning existing and developing systems that have
the potential of removing and recovering paint and residues.,
(b} Evaluate cach of these systems with regard to the
following: capital and operating costs, production rate,
completeness and efficiency of recovery, advantages and
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disadvantages, and versatility for different types and
sizes of structures.

Task 4—Improved technology. (a) Using the informa-
tion gained in Task 3, consult with major contractors and
manufacturers to solicit ideas about developing new and
improved systems, €b) Select three or morc of the most
promising techniques for development, At least one of
these techniques shall be appropriate for truss structures.
Describe in detail how this improvement would influcnce
the items discussed under Task 3(h). (¢) For each
technique provide detailed suggestions to improve its
ellectiveness.

Task 5—Final report. (a) Provide a summary of the re-
sults, findings, and conclusions of the research performed
under Tasks 1 through 4. (b) Include detailed working
plans for the following; additional testing needed to fill
in the data deficiencies uncovered in Task 2; and the con-
struction, testing, and implementation of the most promis-
ing technologics of Task 4.

Project 10-24 FY '82

Rapid Replacement of PCC Pavement Segments

Research Agency: ARE Inc.

Principal Invest.: Dr. A. H. Meyer
R. P. Smith

Effective Date:

Completion Date: 72 months

Funds: $240,000

States and local agencies are having to spend millions of
dollars annually for the repair and replacement of worn-out
portland cement concrete (PCC) pavements. Much of the
money is being spent on improvement projects requiring
work to be completed at spot locations in less than 24 hours.
At the present time there is little mformation available to
measure the relative effectiveness of the various rapid repair
techniques to replace segments of PCC pavement. Nor is
therc much information available regarding service life of
the replacement sections, the costs of construction, or the
possible adverse effects on adjoining pavement slabs. The
lack of such data undoubtedly is causing money to be
wasled on designs that are too costly to construct and to
maintain. Cost and performance data on these various
rapid replacement lechniques are necded to enable the
engineer to call for the most cost-effective alternatives.

The objective of this research is to identify, describe, and
evaluate methods that have been, and are being, used for
rapid replacement of lane-width scgments of both continu-
ously reinforced and jointed PCC pavements relative to
costs, placcment conditions, iraffic characteristics, per-
formance, and expected service lives. Accomplishment of
the project objectives will require completion of the follow-
ing tasks:

Task I. Through contacts with FHWA, states, and toll
authoritics, and through rcview of available literature,
tdentify, describe, and categorize those rapid replacement
methods (successful and umsuccessful) that have been,
and/or are being, scheduled to be nsed. Make follow-up
contacts for additional information with those agencies







time are presented. There iz also a general discussion of the
legal aspects and practices.

The final report has been published as:

NCHRP Report 114, “Effects of Proposed Highway Im-
provements on Property Values,”

Project 11-1(2) FY 68

Recognition of Benefits to Remainder Properly in
Highway Valuation

Toseph M. Montano & Assoc.
Josecph M. Montano

October 1, 1968

March 31, 1969

$3,000

The subject of benefils is often discussed and casually
considered, largely because it is a inandatory finding in
many States, but rarely pursucd with enthusiasm. Because
of the need for more equitable treatment of the public
interest, the practitioner, both legal and appraisal, necds
to be more fully informed of the potential involved.

Actually therc is a rather large and surprisingly liberal
body of case law allowing a variety of benefits to offset or
mitigate the amount of compenpsation that must be paid.
These were collected, analyzed, and grouped, with emphasis
on the most Tecent cases to ascertain trends. The desired
end product was a trial memorandum that can be used hy
the practicing trial Jawyer and appraised on a day-to-day
basis, The research explored different approaches, both
legal and appraisal, that would lead to 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. [t {urther contains an inven-
tory of these appellate decisions, as well as a list of annota-
tions, treatises, and legal periodicals, Moreover, the report
zives some sugpestions 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 report has been published as:

NCHRP Report 88, “Recognition of Benefits to Re-
mainder Property in Highway Vailuation Cases.”

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

Project 11-1(3) FY "68
Taxation Aspects of Right-of-Way Acquisition

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

University of Tulsa
Dr. E. Dale Searcy
September 16, 1968
April 30, 1969
32,250

Public land acquisition may have significant effects on
landowners’ tax status and liability, depending on alterna-
tive methods of valuation and payment of compensation.
Such tax aspects should be considered, inasmuch as a fulf
appreciation of the alternative mcthods of tax treatment of
land acquisition can facilitatc negotiations,
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The objective of this research was to identify, analyze,
and explain, with appropriate examples, the many elements
of the taxation aspects of right-of-way acquisition. It in-
cluded the Federal income and capital-gains tax elements,
but also treated these ¢lements from a state income and ad
valorem tax point of view {or purposes of illustration.

The research distinguished, for taxation purposes, be-
tween all of the different compensation elements involved
(i.c., relocation payments, partial takes, etc.). Tt included
these and other elements involved in the various interests
or awards (negotiations vs, condemnation, ¢tc.) and types
of properties (residential, business, agricultural, investment
properties, ete.).

A final report was not submitted; therefore the contract
was terminated,

Project 11-1(4) FY "68

Compensation in the Nature of Additives to Market
Value

Univ. of Oklahoma Research Inst.
J, Dwain Schmidt

December 1, 1968

May 31, 1969

$2,500

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

In recent years, the courts, Congress, and the State
legislatures have been and are being pressed to allow
reimbursement or damages to property owners in addition
to payment of compensation under the traditional market
value concept. These include payment of interest; property
owner's litigation costs, including appraisal and attorney
fees; moving or relocation expenses; percentage premiums
above market value; hardship premiums; business discon-
tinuation allowances; rent supplements; etc.

The objective of this study was to analyze statutes and
cases on a Federal and State-by-Statc basis to ascertain the
present state of the law of these issues and to measure the
trend, if any.

The research examined some outstanding cases con-
cerning additives to market value in highway condemnation
cascs and delved into recent legislation materially affecting
the law of eminent domain as it relates to just compensation.

The final report was not publisbed in the NCHRP report
series; however, microfiche of the rcport may be purchased
for $4.00 prepatd from the Transportation Rescarch Board
Publications Oflice, 2101 Constitution Avenue, N.W.
Washington, DC 20418.

Project 11-1(5) FY ’68

Rules of Discovery and Disclosure in Highway
Condemnation Proceedings

Long, Mikketborg, Wells & Fryer
Jeremiah Long

September 15, 1968

April 14, 1969

52,500

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

A significantly large body of statute and case law is
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developing concerning the applicability of State and Fed-
eral rules of discovery to eminent domain actions and the
rights of the parties to compel disclosure of the opposi-
tion’s valuation and other testimony. Depending on the
way such disclosure is permitted, advance possession of
the other party’s valvation evidence, which is largely
opinion, and the reasons thcrefor, may materially affect
cross examination. The highway legal practitioner should
be aware of the state of the law in this field.

Divergent conclusions and opinions relating to value are
not hased on the existence of diffiering facts but on indi-
vidual interpretation of those facts in the expert’s valuation
of the property before and after acquisition. Wo amount of
independent 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 uncertainties 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 activity and the greatest diversity of legal opinion
in the area 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 cxisting 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 heen 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 Ageney:
Principal Invest.:
Eflective 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 methods of valuation of
such properties arc inconsistent in their practical applica-
tion, often with incongruous and varying results from State
to State.

Research is nceded 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-
semble 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
a clear exposition of the correct theory and practice in
terms of a series of alternatives applicable to such properties.

Schools, churches, cemeteries, parks, utilities, and similar
properties, due to the lack of sales data, cannot readily be
valued by the usual appraisal methods or legally allowable
proof, The project report considers what special appraisal

techniques and legal rules are applied in valuing such
properties.

Cases and appraisal methods are discussed as to just
compensation, clements of the special-purpose properties,
appraisal evidence and evidence allowed, and the com-
petency of witnesses in trials concerning special-purpose
properties. Specific discussions of appraisal technigues 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 '63

Valuation and Compensability of Noise, Pollution,
and Other Environmental Factors

Univ, of Oklahoma Research Inst.
J. Dwain Schmidt

October 1, 1968

March 31, 1969

$2,500

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

Highway departments today are confronted with some
complicated takings, particularly in urban areas, wherein
allegations are made claiming damages which arise from
highway-oriented noise, air, and water pollution and other
similar environmental factors.

The decided cases in this limited area were singled out
and examined, with careful analysis 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 compensation. The ques-
tion researched in this project was whether highway-
produced noise, air, and water pollution—and other similar
environmental factors—are the type of injuries for which
compensation must be paid,

The final report was not published in the NCHRP
report serics;, however, microfiche of the report may be
purchased for $4.00 prepaid from the Transportation Re-
search Board Publications Office, 2101 Constitution Ave-
nue, N.W., Washington, DC 20418,

Project 11-1(8)  FY '68

Remainder Damages Caused by Drainage, Runoff,
Blasting, and Slides

Harrison Lewis
Harrison Lewis
Qctobher 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 relating to drainage,
runoff, 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 assessed in the condemnation proceedings, but the law
and the appraisal practice relating to such special situa-
tions, litipated and negotiated, is far from clear and is not
understood by many appraisers.

The purpose of the research was to identify 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) FY ’68
Valuation and Condemnation Problems Involving
Trade Fixtures

Edward L. Snitzer
Edward L. Snitzer
March 15, 1969
December 1, 1969
$5,000

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

In the acquisition of commercial properties, questions
and disputes often arisc 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 freshold, they are per-
sonal property and, thus, may he removed by the con-
demnee. 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 area and to cite and compare
thesc with selected typical landlord-tenant and mortgagor-
mortgagee cases to illustrate the different rules of law
applicable.  Appropriate jury instructions, hased 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,
particularly 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
law review articles, ALR annotations, and The Appraisal
Journal,

The project report has been published as:

NCHRP Report 94, “Valuation and Condemnation Prob-
lems Involving Trade Fixtures.”

Project 11-1(10} FY ’68
Compensability and Valuation Aspects of Residential
Displacement in Highway Programs

Ross, Hardies, O'Keefe, Babcock,
McDugald & Parsons

Research Agency:

123

Fred P. Bosselman
March 15, 1969
September 15, 1969
$5.000

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

Serious practical problems arise when highway construc-
tion unavoidably necessitates substantial displacement of
residential units both in urban and rural areas. Reloca-
tion of displaced residents is, in varying degrees, becoming
a responsibility of puhlic agencies, However, up to the
present timec, alternative mcans and procedures for per-
forming this responsibility have been limited, and it is
evident that new and greater efforts in this activity must be
made. Significant legal and valuation problems must be
solved if legistators and administrators are to have guide-
lines for development of new methods of improving reloca-
tion assistance and for decisions between alternatives in
specific situations.

The research report contains discussions of the constitu-
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 technigues
is discussed and analyzed. Traditionally, “consequential
damages™ resulting from the taking of a man’s property
have been considered part of the burden of citizenship. The
rapid increase of residential takings has caused great pres-
surc on government to compensate more of these conse-
quential damages. The various monetary and nonmonetary
effccts 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) FY ’68
Valuation Elements of Joint Development Projects,
Including Air Rights

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

Real Hstate 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 information
available, however, about the application of known ap-
praisal concepts to such joint development projects. Addi-
tionally, a whole new valuation dimension has come into
focus, involving the valuation of vertical planes of value
{air rights). All of these aspects need to be explored.

The study briefly 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 vaiuation
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.
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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, patrticularly 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 thc 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) economic value
loss because of reduction in functional utility due to con-
struction, (b} added costs of constructing improvements in
a different fashion than if erected on surface fee, (¢) addi-
tional interest expense which would be incurred, (d) savings
in excavation costs, (e) tenant relocation, (f) demolition,

The final report was not published in the NCHRP
report serics; however, microfiche of the report may be
purchased for $4.00 prepaid from the Transportation Re-
scarch Board Publications Office, 2101 Constitution Ave-
nue, N.W., Washington, DC 20418.

Project 11-2 FY '65

Theory and Practice in Inverse Condemnation

Research Agency: Regional and Urban Planning
Implementation

Principal Invest.: Mrs. Barbara Hering

Iffective Date: February 1, 1965
Completion Date: Tune 30, 1966
Funds: $15,000

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 rcview case law covering inverse condem-
nation, review techniques 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 Practice in Inverse
Condemnation for Five Representative States,”

Project 11-3 FY 67

Valuation and Legal Implications of Scenic,
Conservation, and Roadside Easements

Research Agency:
Principal Invest.:

Donald T. Sutte, Ir., and Assoc.
Donald T. Sutte, Ir,

Prof. Roger A. Cunningham
Movember 1, 1966

December 13, 1967

$25,000

Effective Date:
Completion Dute:
Funds:

Because of the diflicult problems that arc 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 enhancement interests; and the like.

All the available information was assembled pertain-
ing to past experience in the use of scenic roadside ease-
ments and similar property interests in programs for scenic
enhancement. An annotfated 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 regard to the statutory bases,
the character of the eascment, and the administrative and
acquisition practices developed.

The researchers studied the steps for acquiring scenic
easements, the advantages and disadvantages of scenic
easemnents, and similar less-than-fee property interests,
Model legislation was developed to deal with the legal
problems identified.

The project report has been published as:

NCHRP Report 56, “Scenic Easements—ILegal, Admin-
istrative, and Valuation Problems and Procedures.”

Project 11-3(1) FY 68

Public Control of Roadside Advertising Signs for
Highway Beautification

Research Agency:
Principal Invest.:

Donald T. Sutte, Ir., and Assoc.
Donald T. Sutte, Jr.

Prof. Roger A, Cunningham
October 1, 1968

December 31, 1969

$20,000

Effective Date:
Completion Date:
Funds:

The Highway Beantification Act of 1965 made 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 tbat compensation must be
paid for the elimination of those signs erected before Octo-
ber 1965 that must be removed, the legal research in-
cluded a review of all the decided cases discussing all the
various clements of compensation and, in particular, the
taking from the owner of the sign, display, or device of all
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 valuation Tesearch included a general discussion
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 estimating compensation for all elements;
gave separatc treatment to the methods of measuring busi-
ness losses; and recognized and separately treated the dif-
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The variables and Factors that influence air-space ac-
quisition and the valuation processes were identified and
analyzed. Matrices were developed to provide a compre-
hensive collection of relevant valuation factors, including
economic [easibility analysis. The primary aim was to pro-
vide a clear and precisc 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. J. Mosbaek

Research Agency:
Principal Invest.:

Effective Date: April 1,1974
Completion Date: July 31, 1975
Funds: $94,744

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 cifectiveness 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 necd to consider various ways of
dealing with the impact of noise pollution resulting from
highway traffic. Methods for measurement and prediction
ol noisc produced by highway trallic are reasonably well
developed, as are criteria for the interfercnce of this noise
with various human activities. However, critcria for de-
termining compensability where excessive noise levels are
anticipated do not exist. Consequently, it is desirable to
develop measures of compensability for damages resulting
from such noise. Such measures could be used, for exam-
ple, in socio-economiv 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 cffect on adjacent areas of noise anticipated
to be produced by traffic on proposed highway improve-
ments, To accomplish thcse 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 cx-
posure to highway traffic noise. Variables to be quantified
should include such factors as impact on property values
and interference with human activities,

3. Develop a compensation model or models that relate
levels of compensation to varying levels of noise exposure
and different land uses.

4, Apply and evaluate the use of the compensation
models against a set of representative highway cnvironments

to assess the economic effects of noise compensation and
Tevise 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 trafiic
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 NCHRP sponsors.

Mierofiche of the agency’s final report may be purchased
for $4.00 prepaid from the Transportation Research Board
Publications Office, 2101 Constitution Avenue, N.W,,
Washington, DC 20418, Loan copies of the rcport are
available from the NCHRP upon written rcquest.

AREA 12:

Project 12-1

BRIDGES
FY ’65

Deformation of Steel Beams Related to Permitted
Highway Bridge Overloads

University of Missouri
Dir, Adrian Pauw

Dr. J. W. Baldwin, Ir.
February 1, 1963
June 30, 1967
$50,000

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 tolally exceed the vield point
of the steel. The current AASHTO specifications permit
overloads on the typical highway bridges in service, and the
possible occurrence of similar permanent deformations in
these could foreseeably affect the uscful life of the structure.
This study was confined to simple-span compositc and
simple-span noncomposite steel-stringer highway bridges
and is directed to a determination of (1) the causes and
magnitudes of fabrication and environmental stresses, (2)
the possible exisience of permanent 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 steel-stringer highway bridges. Included
in the work was a study of the causes and magnitudes of
stress which, in addition to normal load stresscs, 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, eflects of thermal gradients, and the effects of
crecp and shrinkage of the slab on the stress in the steel
were considered.

The final report has been included in the report for
Projcct 12-6, which was not published in the NCHRP
report series; however, microfiche of the report may be
purchased for $4.00 prepaid from the Transportation Re-

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:



search Board Publications Office, 2101 Constitution Ave-
nue, N.W., Washington, DC 20418.

Project 12-2 FY ‘66

Distribution of Wheel Loads on Highway Bridges

Iowa State University
Dr. W. W. Sanders, Jr.
June 1, 1966
Dcecember 31, 1968
$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 recommendations for changes in the specifi-
cations covering wheel-load distribution factors for the
various types of floor systems used in bridges. The major
emphasis was on short- and medium-span bridges without
skew. Included were floor slabs supported hy steel, rein-
forced concrete, and prestressed concrete, as well as floor
systems produced by adjacent box heams,

The final report has been published as:

NCHRP Report 83, “Distribution of Wheel Loads on
Highway Bridges.”

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

Project 12-3 FY '66

Development of Waterproof Roadway Joints for
Bridges

Southwest Research Institute
Dr. E. W. Kiesling
J. E. Minor

Research Agency:
Principal Invest.:

Effective Dase: December 15, 1965
Completion Date: March 14, 1969
Funds: 5149895

Difficult maintenance problems have resulted from bridge
deck expansion joints as they are presently designed and
constructed. These problems include corrosion and dis-
integration of structural elements due 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
of the joint and the magnitude of skews of many joints,
The research was directed toward the development of de-
signs for economically 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 joirts.

The research has been completed. The essential findings
from the study have been reported in NCHRP Research
Results Digest 14 (OQct. 1969). Because it contains pro-
prictary information, the final report will not be published
in the NCHRP report series and is available only to the
sponsors of the Program.
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FY 66

Praject 12-4

Thermal Characteristics of Highway Bridges

Southwest Research Institute
Dr. Thein Wah

December 15, 1965

March 31, 1968

$102,400

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

Actual field studies on thermal behavior of bridges have
shown that thermal forces can be of an appreciable magni-
tude and merit consideration. Inastuch as present methods
of design normally allow only for uniform thermal ex-
pansion of bridges, guantitative information is needed
concerning all consequential ways in which temperature
affects deformation and stresses 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 to
attempt to validate the analytical method.

The final report was not published in the NCHRP
report serics; however, microfiche of the report may be
purchased for $4.00 prepaid from the Transportation
Research Board Publications Office, 2101 Constitution
Avenue, N.W., Washington, DC 20418,

Project 12-5 FY 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 15, 1966
November 15, 1968
$173,255

This project sought to determine cnvironmental con-
ditions under which special protection is required and
to develop cffective protective systems under both pre.
and post-tensioning configurations, Specifically, the objec-
tives were {1) to conduct a thorough survey of available
domestic and foreign data on corrosion and prevention of
corrosion of prestressing steel in bridges, buildings, pave-
ments, and other structures; (2) to review present practice
to cvaluate the effectiveness of prevention of corrosion and
mechanical damage during manufacturing, shipping, and
placing; (3) to identify the mechanisms of corrosion which
attack prestressing tendons under various conditions, possi-
hly including, but not limited to, the influence of concrete
and grout composition, the presence of free water, elec-
trolysis, and the presence or absence of cracking: (4) to
devise an appropriate accelcrated corrosion fest or tests
simuiating 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
or admixtures, cathodic protection, etc.; (6) to perform
field and laboratory experiments to deterrnine the effective-
ness of present grouting methods for post-tensioned work
and to suggest improvements in methods and/or materials;
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(2) determining a design procedurc for single- and multiple-
column bents; (3) determining the cap design width by
defining the extent of superstructure participating in sup-
porting the cap loads; and (4) specifying changes required
in the AASHTO specifications to 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 %5-scale specimens were intended to represent
a transverse strip of bridge 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 entire 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 FYy 71
Waterproof Membranes for Protection of Concrete
Bridge Decks

Research Agency:  Malerials Research and

Devclopment
Principal Invest.: C.J.vanTil C. J.VanTil
B. J. Carr
Eflective Date: Aug. 1,1970  July 15, 1973

Mar. 31, 1973 Septemher 30, 1978
$206,025 $100,000

Completion Date:
Funds:

Many bridge decks suffer 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
membrane over the entire deck surface. To be effective,
such a membrane must maintain bond with the deck sur-
face and must have sufficient extensibility to bridge active
cracks without rupture through the range of temperature
and loads to which the deck is subjected. Tt 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
gualities within itself.

The objective of this research was to develop, or discover,
one or more effective waterproofing membrane systems
for use on concrete bridge decks.

The objective was approached in a two-phase study.
Phase I, now complete, was devoted to preliminary evalua-
tion of all available membranes, selection of the most
promising for field evaluation, and development of a field
evaluation plan. Phasc IT was the field evaluation.

Phase I of the research consisted of conducting a de-

tailed literature search; defining the service requirements
for effective membrane systems; conducting sufficient field
inspections to evaluate selected systems, including applica-
tion techniques; conducting controlled laboratory studies to
identify and define thosc 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 systems and demonstrating the procedure by ex-
ample cases; and devising an experimental program for
evaluating the performance in the field of selected mem-
brane systems under service conditions.

Of an initial group of 147 systems, 78 were selected for
more detailed study. Characterization and performance
data (from both laboratory and field) cventually produced
five survivor systems that appeared to be thc most promis-
ing candidates for further field evaluation. All of the sur-
vivors require a 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 I have been reported in:

NCHRP Report 165, “Waterproof Membranes for Pro-
tection of Concrete Bridge Decks—Lahoratory Phase.”

Under Phase 11, the five systemns 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 were made.
Research is completed, and the agency’s final report has
been distributed to the Program sponsors. Microfiche of
the report may be purchased for $4.00 prepaid from the
Transportation Research Board Publications Office, 2101
Constitution Avenue, N.W., Washington, DC 20418, Loan
copics are available upon written request to the NCHRP.

Project 12-12 FY '71

Welded Steel Bridge Members Under Variable-
Cycle Fatigue Loadings

Research Apency:
Principal Invest.:

United States Steel Corporation
C. G, Schilling

K. H. Klippstein

October 1, 1970

QOctober 31, 1975

$310,000

Effective Date:
Completion Date:
Funds:

Highway bridges are subjected to a great variety of
forces that range from constant dead load (through slowly
changing forces duc to creep of materials and temperature
differentials) to an almost infinite 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
dynamic effects. On the basis of these loads and an
assumed frequency of occurrences, the design considers the
static and fatigue properties of the material used. Not
much is known 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 heterogeneous spec-




trum of frequencies and amplitudes, the loading conditions
to 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 A514) 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 was to develop in-
formation on the properties of weldcd 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 pursued the project objectives by: a study
of pertinent past work with particular emphasis on field
measurements 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 fatigue tests of small
specimens simulating certain beam details for the purpose
of verifying the variable-amplitude load spectra selected
and crack propagation threshold assumptions; variable-
amplitude fatigue tests of relatively large beams of various
stecls with typical bridge dctails 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 has
been published as:

NCHRP Report 188, “Fatigue of Welded Stecl Bridge
Members Under Variable-Amplitude Loadings.”

Project 12-13 FY 73

Cathodic Protection for Reinforced Concrete Bridge
Decks

Research Agency:
Principal Invest.:

USS Engineers and Consultants
J. B. Vrable

Effective Dute: October 1, 1972
Completion Date: July 31, 1974
Funds: $174,601

Many reinforced concrete bridge decks experience dam-
age because of corrosion of rthe reinforcing steel. One
potential mecthod for controlling this corrosion is the appli-
cation of cathodic protection. Effective cathodic protec-
tion must provide proper current distribution and achieve
protective polarization of the reinforcing steel. Therefore,
there is a nced 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 research was to develop a tech-
nically and economically feasible cathodic protection sys-
tem(s) for reinforced concrete bridge decks,

In this study, the two primary approaches to cathodic
protection—the impressed current system and the sacrificial
anode system—were investigated. Analog studies in the
laboratory and prototype model studies were main features
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of the investigation, The feasibility of applying either ap-
proach to protecting bridge deck steel reinforcement against
corrosion was demonstrated, A detailed work plan for a
field evaluation of cathodic protection, applying the results
of the study, was developed.

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

NCHRPFP Report 180, “Cathodic Protection for Rein-
forced Concrete Bridge Decks—Laboratory Phase.”

Project 12-13A FY 73

Field Evaluation of Galvanic Cathodic Protection for
Reinforced Concrete Bridge Decks

Portland Cemcnt Association
Dr. David A. Whiting
August 1, 1975

May 15, 1981

$75,000

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

Many reinforced concrete bridge decks suffer damage
causcd by corrosion of reinforcing stecl, especially thosc
affected by dcicing salts and marine environments. One
method of controlling corrosion that has been successful in
other applications is to apply cathodic protection to the
potentially corrosive metal. Research under a previous
NCHRP study, Project 12-13, had a primary objective of
developing technically and economically feasible cathodic
protection systems for the uppermost rcinforcing steel in
concrete bridge decks. The findings, published in NCHRP
Report 180, “Cathodic Protection for Reinforced Concrete
Bridge Decks—I.aboratory Phase,” demonstrated the po-
tential of cathodic protection and recommended field
demonstration programs. These recommendations included
both forms of cathodic protcction: impressed current
cathodic protection and galvanic cathodic protection, i.e.
the use of sacrificial anodes.

On compieting Project 12-13, the NCHRP elected to
pursuc field evaluations of galvanic cathodic protection
only. Impressed current cathodic protection was already
receiving attention from several states.

Under NCHRP Project 12-13A, galvanic cathodic pro-
tection systems on an actual bridge deck were evaluated
over a 3-year period. Ribbon anodes (as suggested by the
previous research) using three different spacings and a
perforated zinc sheet (suggested by the agency) were in-
stalled on a bridge deck under an Illinois Department of
Transportation confract. The evaluations and related re-
search are now complete,

Absolute judgments on galvanic cathodic protection of
reinforced concrete bridge decks were not possible. How-
ever, the performance of two variations of protective sys-
tems, perforated zinc sheet anodes and closely spaced zine
ribbon anodcs, provides encouragement for further research
and field demonstrations hefore dismissing galvanic catho-
dic protection systems as a possible prescrvation technique
for reinforced concrete bridge decks.

Research has been completed, and the project report has
been published as:
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E’. For example, in one particular structure, small cracks
have heen detected in several beams where only 0.1 percent
of the measured stress cycles exceeded the estimated fatigue
limit. This field behavior suggests that more severe fatigue
problems could result if bridges are subjected to heavier
loads in the future, and the consequences of occasional
overloads from permits and other sources may be more
critical than previously assumed.

The objective of this study is to provide additional
information on fatigue crack growth behavior of steel
bridge members under randomly applied, variable ampli-
tude loadings in the fatigue limit, extreme lifc region.
Testing will be carried out on center-notched specimens,
cruciform specimens, and full scale welded beams.

The currently available test data in this region of
behavior are very sparse and do not provide an adequate
basis on which to assess this problem. The consequences
of triggering fatigue crack growth in existing bridges as a
result of increased loads could have a major impact on
the life expectancy and safety of bridges on high volume
arteries where large numbers of random variable stress
cycles are expected.

Through December 31, 1981 the test program is pro-
gressing on schedule,

Project 12-16 FY 75

Influence of Bridge Deck Repairs on Corrosion of
Reinforcing Steel

Battelle Columbus Laboratories
Walter K. Boyd

September 1, 1974

November 30, 1977

$214,912

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

This study was concerned with the problem of corrosion
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. However,
the introduction of chlorides to this otherwise protective
environment allows the corrosion reaction to take place.
Only a small amount of chloride is necessary to cause the
reaction to start, and further addition of chlorides to the
surface of concrete that has already shown distress may not
be neccssary for continued correosion. Thus, application
of a waterproof membrane and an overlay on a repaired
bridge deck from which all chloride-contaminated concrete
has not been removed may not solve the problem and, in
some cases. may actually aggravate the condition because it
prevents processes such as flushing and drying that might
help to remove chlorides and also because it prevents visual
examination of the deck.

Numecrous techniques arc currently used to arrest and
repair the damage caused by corroding reinforcing steel in
otherwise structurally sound concrete bridge decks. Repair
techniques include removal 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 without a waterproofing membrane. The
effect of these methods on subsequent corrosion has not
heen detcrmined.

The over-all objective of this rescarch was to determine
the relative effectiveness of the various repair methods in
arresting corrosion of the reinforcing steel, both within and
outside the repaired areas, and whether some of these
methods actually aggravate the corrosion probler.

The research included preliminary field survey, labora-
tory evaluation, and field investigation of repair methods
used throughout the United States. The major emphasis of
the project was on commonly used methods, but some meth-
ods that have been used experimentally in the field were
also 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
ficld 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 investigatinn verified, under service conditions,
the indications from thc laboratory evaluations. Based on
results of the laboratory cvaluation, a limited number of
decks selected so as to provide examples of the most impor-
tant findings were studied,

Research has becn completed. Copies of the agency
report may be obtained on a loan hasis upon written request
to the NCHRP. A limited numbecr of copies is available to
NCHRP sponsors for permanent retention, and others may
purchase microfiche of the report for $4.00 prepaid from
the Transportation Research Board Publications Office,
2101 Constitution Avenue, N.W.,, Washington, DC 20418.

Project 12-17 FY 77

Evaluation of Repair Techniques for Damaged
Steel Bridge Members

Battelle Columbus Laboratories
H. W, Mishler

November 15, 1976

April 30, 1978

$30,000

Research Agency:
Principal [nvest.:
Effective Date:
Completion Date:
Funds:

Steel 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 components, or
reinforcement. The dccision to repair a damaged mem-
ber and the techniques used are determined on the basis
of the inspector’s or engineer’s evaluation of the situation,
with little sound engineering information available for
guidance. To place this decision-making process on a
more rational basis, 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 inconvenicnce, and esthetics of the
repair technique.

A two-phase project is anticipated. Only Phase I has
been carried out at this time.

The over-all ohjective of this project is to provide guid-
ance for the assessment of accidental damage to steel
bridge members and to identify, develop, and evaluate
the effectiveness of repair techniques. The specific ob-
jective of Phase 1 was to synthesize availahle information
on the suhject and to identify areas in need of Investigation.
The specific objective of Phase I1 is to evaluate the effect
of the damage and the repair techniques identified in
Phase I on the behavior of the structure, determine po-
tential detrimental effects, apd define the limits within
which these repair techniques can be used. This is expected
to be accomplished through application of selected tech-
niques to damaged members and subsequent laboratory
testing.

Phase I included the following tasks:

Task . Identify and categorize common types of struc-
tural damage and frequencies of 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 hridges, and other
steel structures. Included in the topics to be considered
are heating temperature, jacking methods, straightening
tolerance, limitation of methods, degradation of steel’s
mechanical properties due to heating and straightening,
spced of repairs, relative cost, and influence on the service
life of the structure.

Task 3. Based on existing experimental and field per-
formance data, cvaluate techniques that have been applied
or may have application in correcting structural damage.

Task 4. Prepare a report summarizing the work in
Phase I and proposing a basic outline of research topics
for Phase II.

Research has been completed. The project final report
has been distributed to state highway apencies, and copies
may be obtained on a loan basis upon written request to
the NCHRP. A limitcd number of copics is available to
NCHRP sponsors for permanent retention, and others may
purchase microfiche of the repert for 54.00 prepaid from
the Transportation Rescarch Board Publications Office,
2101 Constitution Avenue, N.W., Washington, DC 20418,

Project 12-17A FY °79

Guidelines for Evaluation and Repair of Damaged
Steel Bridge Members

Research Agency:
Principal Invest.:

George O. Shanafelt
Willis B. Horn

Effective Date: October 1, 1981
Completion Date: Scptember 30, 1983
Funds: $100,000

Steel bridge members often are subjected to damage duc
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to accidental impact, mishandling, or fire. Methods used for
repair of such members include: heat straightening, and
welding or bolting splices, replacement components, or
rcinforccment. The decision to repair a damaged member,
and the techniques used, arc determined on the hasis of the
inspector’s or engineer’s evaluation of the situation, with
little sound cngineering information available for guidance.
To place this decision-making process on a more rational
basis, it is necessary to assemble information concerning the
effect of these repair techniques on the service life, safety,
performance and maintenance of the siructure. Decjsions
on method of repair must also consider the cost, user incon-
venience, and csthetics of the repair techniquec.

The overall objective of this two-phase project is to
provide guidance for the assessment of accidental damage
of steel bridge members and to identify, develop, and evalu-
atc the cilectiveness of repair techniques. The specific
objcctive of Phase I (Project 12-17} was to synthesize
available information on the subject and to identify areas
in necd of investigation. The specific objective of this
sccond phase of research (Project 12-17A) is to extend the
effort carried out under Project 12-17 and to develop a
manual of recommended practice.

Rcsearch under Phase II will produce a detailed proce-
dure for assessment and evaluation of damage. Rccommen-
dations of repair techniques and the effects of those repairs
will be detailed to the extent possible using currently avail-
ahle information, These results will be presented in a user’s
manual recommending procedures and specifications for
steel hridge repair.

Through December 31, 1981, the working plan has been
approved and the investigators are gathering information.

Project 12-18 FYy 77

Development of an Integrated Bridge Design System

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

Multisystems Inc.
Dr. Som P. 8. Virk
September 6, 1977
December 31, 1981
$224,895

All highway agencies in the United States employ li-
braries of computer 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 obvicus ex-
tension of the use of individual programs is to combine
them into an intcgrated design system, a group of task-
oriented modules linked together through a common data
structure.

Several computerized bridge design systems now exist.
But, for various reasons, many highway agencies are not
making adequate use of them. There is a need for research
to assess the avallable software, determine the constraints
on its use, and begin a unified effort to meet the needs of
bridge enginecrs.

The immediacy of the need for developmental research
is heightened by recent changes in the AASHTQ specifica-










138

design of new structures, but little attention was given to
problems associated with rehabilitation of older structures
on the secondary and local road systems. Therefore, local
agencies Tesponsible for inspection, maintenance, and re-
pair are required to make decisions without benefit of sup-
porting information. Under these conditions, there exists
an urgent need for research that will provide tocls for
engineers to reach and carry out cost-effective decisions.
This project is intended to develop information that local
highway agencies can apply immediately to the repair, im-
provement, or replaccment of deficient bridges on sccondary
and local road systems,

The objective of the first phase of this project was to
develop (1) procedures for accomplishing repair and
strengthcning operations for bridges on sccondary highways
and local roads, (2) standard replacement structures and
components that could be mass produced, and (3) an
economic process for determining the most cost-effective
alternativc available in a given situation.

Phase 1 has been completed, and the final report was
published as:

NCHRP Rceport 222, “Bridges on Secondary Highways
and Local Roads—Rehabilitation and Replacement.” The
primary content of this report consists of a manual of
recommended practice comprising 34 repair procedures
for common bridge deficiencies and 27 bridge replacement
systems available for use in the United States.

The objective of the sccond phase of research was to
expand the effort carried out under Phase I. Additional
procedures for repair of the following types of bridge
damage were studied: fatigue of steel members, scour,
deck deterioration, fire, seismic, and accidental impact.
Replaccment systerns based on the following concepts were
considered: short-span segmental construction, sectional
prestressing, modular construction and precast concrete
box culverts, These repair procedures and replacement
systems were prepared in the format used in the manual
devcloped in Phase 1. Innovative concepts for bridge
rehabilitation and replacement were also studied.

Through December 31, 1981, Phasc II has been com-
plcted, and the final report is in the editorial and publication
process.

Project 12-21 FY '79

Evaluation of Damage and Methods of Repair for
Prestressed Concrete Bridge Members

G. 0. Sbanafelt

W. B. Horn, G. Q. Shanafelt
April 15, 1979

September 14, 1980

$58,958

Prostressed concrete bridge members often are subjected
to accidental damage due to vehicle impact, mishandling,
or fire. Methods currently used or potentially available
for repair of such members need te be identified and
evaluated for various levcls of damage. At present, the
decision to repair or replace a damaged member, and the
techniques used, are dectermined on the basis of the
inspector’s or engineer’s evaluation of the situation, with

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

little published information available for guidance. To
place this decision-making process on a rational basis and
to enable the determination of appropriate engineering
solutions for the repair of prestressed concrete bridges, it is
necessary to assemble and assess information concerning
the cflect of repair methods on the service life, safety,
performance, and maintenance of the structure, Decisions
on method of repair must also consider the cost, user
inconvenience, and esthetics.

A two-phase study is anticipated. Only the first phase
has been carried out at this time,

The over-all ohjcctive of this study is to provide guidance
for the assessment of accidental damage to prestressed
concrete bridge members and to identify, develop, and
evaluate the effectiveness of repair and replacement tech-
nigues. The specific objective of Phase T was to synthesize
available information on the subject and to identify areas
in need of investigation. The specific objective of Phase 11
will be to evaluate the effect of the damage and the positive
and negative aspects of selected repair techniques on the
behavior of the structure, and to define the limits within
which these techniques can be used. This is expected to
be accomplished through application of the selected tech-
nigues to damaged members and subsequent field or
laboratory testing.

The Phase I survey of structural damage will indicate
that primary emphasis in this study should be placed on
damage to girders impacted by over-height vehicles; how-
ever, information on assessment and repair of other types
of damage was also collected and analyzed. The investiga-
tion included consideration of both pre-tensioned and
post-tensioned construction.

Phase 1 included the following tasks:

Task !. Identify and categorize the types of accidental
damage found in prestressed concrete bridge members and
the severily and frequency of their occurrence.

Task 2. Identify and analyze present practice and equip-
ment uscd for assessing damage and making repairs on
highway bridges, railroad bridges, and other prestressed
concrete structures.

Task 3. Based on existing experimental and field per-
formance data, evaluate techniques that have been applied
or may have application and postulate other methods of
assessing and correcting structural damage. Included jn the
topics considered were: (1) Selection of materials,
methods, and engineering solutions used in repair; {2)
Effect of the repair on significant structural behavior and
integrity sucb as fatigue life, ultimate flexural strength,
bond strength, service, and overload response; (3) Speed
of repairs, durability, relative costs, user inconvenience,
and esthetics.

Task 4. Prepare a report summarizing the findings of
Phase I and proposing a basic outline of rescarch topics for
Phase II.

Phase T has been completed, and tbe final report has been
published as:

NCHRP Report 226, “Damage Evaluation and Repair
Mecthods for Prestressed Concrete Bridge Members.”

A continuation of this project is under consideration.



Project 12.22 FY '81
Thermal Effects in Concrete Bridge Superstructure

Engineering Computer Corporalion
Roy A. Isabsen

October 1, 1981

May 31, 1983

$100,000

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

Bridge design requires consideration of the effcets pro-
duced by temperature ranges and thermal gradients in the
structurc. These effects are particularly significant in large
concrete bridges but are covered only to a limited extent
in the current AASHTO Standard Specifications for High-
way Bridges. Modern methods of concrete bridge construc-
tion require more accurate information for design purposcs.

An increasing number of long span concrete box girder
bridges are being constructed in the United States. In
large sections, commonly used for segmental or other mod-
ern concrete bridge superstructures, the effects of tempera-
turc gradients, either across the section or through the
thickness of its elemecnts, are important and should be con-
sidered in the design. According to some engineers, stresses
caused by temperature gradients may exceed those calcu-
lated for design live loads. Some design codes used in other
countrics provide guidunce on these effects, but they are
not adequately addressed in the current AASHTO
Specifications.

Accnrate prediction of the thermal movement range in a
hridge is nccessary to design cffective hearing assemblies
and cxpansion joints. Although some ficld measurements
indicate that actual bridge movements arc less than theoreti-
cally predicled, in other cases failure of expansion devices
and bearings has been attributed to inadequate allowanec
for thermal movements. The need for accurate prediction
of thermal movement is intensified by the growing tendency
for designers to reduce or eliminate the use of expansion
joints in order to avoid the cost of their construction and
mainfenance.

A number of analytical and cxperimental studies have
been conducted on thermal effects in bridges, and several
others are currently underway. There is a need to analyze
available information and provide engineers with more
comprehensive specifications and design procedures.

‘The ohjective of this research is to develop recommended
specifications and design procedures for consideration of
thermally induced stresses and movements in concrele
bridge superstructures. The project shall include the
following tasks:

Task 1. Review current domestic and foreign codes of
practice, research findings, and performance data. Although
this review shall emphasize effects in concrete bridge super-
structures, care should be taken to include all relevant
aspects of thermal cffects in other concrete structures.

Task 2. Analyze and evaluate the information gencrated
in Task 1 to cstablish rationales for alternatives approaches
to the development of design procedurcs for considering
thermal effects in concrete bridge superstructures. This
analysis and evaluation shall encompass thermal effects,
in all types of concrete bridges, including stresses induced
by thermal gradients in box type cross sections.
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Task 3. Present the findings of Tasks 1 and 2 in an
interim report to be submitted not later than 12 months
after initiation of the study. The interim report shall in-
cludec design examples illustrating the alternative ap-
proaches, NCHRP approval of the interim report will be
required before commencing Task 4.

Task 4. Prepare specifications in a format suitahle for
consideration by AASHTO. The recommended specifica-
tions shall be accompanicd by a detailed commentary and
design examples intended to facilitate their understanding
and usc.

Task 5. Identify additional rescarch that is needed for
further development and refinement of design procedures
for thermal effects.

Task 6. Prepare a final report.

Through December 31, 1981, Task 1 is nearly completed
and Task 2 has heen initiated.

AREA 13: EQUIPMENT

Project 13-1 FY '65

Equipment Rental Rates

Ernst & Ernst

T. 8. Dudick
February 1, 1965
January 31, 1966
$22.800

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

This research dealt with the development 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 equipment rental rates by type, use, and
region; a formula for equitable rental rates: and recom-
mended procedures for obtaining and evaluating all in-
formation required for the various factors in the formula.

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

NCHRP Report 26, “Development of Uniform Pro-
cedurcs for Establishing Construction Equipment Rental
Rates.”

AREA 14: MAINTENANCE OF
WAY AND STRUCTURES

FY ‘65
Upgrading of Unit Maintenance Cost Index and

Development of Interstate
Maintenance Requirements

Project 14-1

Bertram D, Tallamy Associates
Dr. Bertram D. Tallamy

March 1, 1965

March 31, 1967

$205,128

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

This research involved an intensive study into typical
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for additional maintenance elements. The method is
capable of considering twenty to twenty-five elcments,

Project 14-5(2) FY '81

Maintenance Levels-of-Service Guidelines

Woodward-Clyde Consultants
Ron B, Kulkarni

September 15, 1981

March 15, 1983

$100,000

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

A formal and systcmatic methodology was developed in
Phase 1 of NCHRP Project 14-5 to cstablish maintenance
levels-of-service that maximize the user benefits suhject to
the constraints of available resources. A computer program
was prepared to assist maintenance personnel in computa-
tional aspects of the methodology.

Although the development of the methodology was com-
pleted in Phase I, a nced exists for a self-suflicicnt user’s
manual to instruct maintenance personnel on the imple-
mentation of the methad. Techniques of decision analysis
and operations research were used in the development of
the mcthod. Maost maintenance engineers are unfamiliar
with such techniques. It is, therefore, important to explain
how to implement various steps of the method in terms that
can be easily understood hy potential users who have
a limited knowledge of mathematical or analytical
procedurcs.

The primary objective of this study is to devclop a user’s
manual that can be used by transpertation agencies in
cstablishing maintenance levels-of-service. The manual
should be comprehensive, i.e., it should describe all the
steps involved in implementing the methodology; it should
be self-sufficient, i.e, transportation agencies should he able
to use the methodology without consultant assistance; and
the manual should be fully tested, i.c., several transportation
agencics should review the manual and feel confident that
they can use it to establish appropriate maintenance levels-
of-scrvice.

The various tasks that wili be undertaken to accomplish
the objcctives of the study are as follows:

Task I. Prepare a Draft User Manual.

Task 2, Test and Revise the User's Manual, An iterative
procedure will be used for testing and revising the user’s
manual. Woodward-Clyde Consultants (WCC) will work
successively with transportation agencies selected for the
testing program. The user manual will be revised after
testing in the first agency and then tested in a second
agency. The process of testing and revision will continue
until a final manual is produced that in the last transportu-
tion agency, no consultant assistance is required.

Tusk 3. Document Testing Experience. The final report
will document the chronology of the initial preparation of a
draft of the user's manual, successive revisions in the
manual, and preparation of the final manual. The com-
ments and concerns of the NCHRP panel and the state
transportation agencies involved in the review of the man-
val will be described, The specific revisions made to address
these concerns will also he discussed.

Progress to December 31, 1981 includes suhstantial com-
pletion of the draft manual, Testing is anticipated in the
mid-year,

Project 14-6 FY ‘82
Evaluating Deferred Maintenance Strategies

ARE Inc.
Bertell C. Butler
Fred N, Finn

Research Agency:
Principal [nvest.:

Effective Date:
Completion Date:
Funds:

36 months
$300,000

It has been documented in many studies that the nation’s
pavements and bridges are deleriorating at alarming rates.
In part, this is duc to the practice of highway agencies
deferring maintenance activitics because of decreased fund-
ing. Deferred maintenance is defined as the postponement
of scheduled maintenance required to attain the planned
serviceability for a [acility aver its design life, with pro-
jected traffic volumes. The full consequences of deferring
maintenance are not known. However, onc cansequence
would be niuch greater costs to the highway agency to re-
construct the system. Another eflect would be lower
serviceability lcvels that gencrate manifold, higher user
costs. A consequence [or bridges would be the replacement
of bridge decks, with cnsuing, extensive interruptions to
traffic. Timely maintenance can prolong pavement and
bridge life. with resulting lower life cycle costs 1o the road
agency and road user. A need exists to describe and
quantify the trade-offs between deferred maintenance and
the consequent agency and user costs. Onece quantified,
the relatjonships can bc used to plan more effectively
maintenance expenditures in pavement and bridge man-
agement systcms.

The pgeneral objective of this study is to dcvelop pro-
cedures, guidelines, and criteria for state highway agencies
tp use in determining alternative maintenance stratcgics
(involving timing and practice} for highway facilities. The
results should have application by highway agencics to
(1) budget preparation and financial planning, {2} legisla.
tive discussions and discussions with local governments,
(3) maintenance work program preparation and use in
maintenance management systems, and (4) work prioritiza-
tion and assignment. To achieve thesc rcsults, it is neces-
sary to investigate fully the consequences of alternative
maintenance strategies over the life cycle of a highway
facility in terms of cost to highway agencics, highway users,
and other affected parties.

Specific objectives are:

1. To produce an intcrim report that presents back-
ground information on the conscquences of deferring
maintenance activities and provides a framework for the
evaluation of such consequences. The report is ta present
the theory of making trade-offs in sclecting maintenance
strategies. It will explain how bridge and pavement life-
cycle costs, including costs to the highwuy user, are affected
hy changes in maintenance strategies. Finally, it will discuss



broad ecconomic, environmental, and social impacts of
maintenance deferral and identify impacted parties.

2. To gather sccondary and, if necessary, primary data
describing changes in (a) the deterioration of pavements
and bridges arising from a range of maintenance strategies
and varying climatic or regional conditions over the life
cycles of such facilities; (b) user costs including safety;
{<} the environment; (d) the economy, and (e) the impacts
to the nenuser, Emphasis is te be given to pavements and
the data banks being developed for use in pavement man-
agement systems, User cost conscquences of deferred
maintenance are considered to be highly significant in the
determination of total costs, Data collecled must be used
with a method to determine trade-off relationships over
facility life cycles for choosing maintenance strategies.

3. To adopt or develop a mcthod of evaluating mainte-
nance strategy alternatives.

4. To provide “real world™, cxample applications of the
method for pavements and bridges. The intent is to illu-
strate the method for use by state highway agencies.

5. Te prepare a final report.

The rescarch will be initiated in early 1982; no reports
are available at this time.

AREA 15:
Project 15-1

GENERAL DESIGN
FY '66
Guardrail Design
Research Agency:
Principal Invest.:
Effective Date:

Campletion Dare*
Funds:

Cornell Acronautical Laboratory
Raymond R. McHenry
December 15, 1965

Tupe 14, 1964

$19,723

Many factors are involved when the highway design
engineer 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,
Phase I of the project was directed toward the search and
evaluation of existing data on design and warrants, a
critical analysis of past and eurrent research, and defining
additional needed rescarch.

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

NCHRP Report 36, “Highway Guardrails—A Review
of Current Practice,”

Project 15-1{2) FY '66 and FY ‘70

Guardrail Performance and Design

Research Agency: Southwest Research Institute

Frincipal Invest.: I. D. Michie

Effective Date: Tuly 1, 1967 May 1, 1970
Completion Date: Augp. 31,1970 Dec. 31, 1971
Funds: S280,000 $100,000
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Highway design engineers need a choice of effective
guardrail systems. The considerable research already con-
ducted on the more commonly used types (W-beam, stan-
dard cable, box beam) needed to be compared and analyzed
critically for determination of further investigations neces-
sary to refine structural details and to obtain more effec-
tive performance. A nced for full-scale testing was appar-
ent tc fill in the gaps in previously concluded investigations.
Accordingly, the objectives of the Phase T research were:
(1) to critically analyze existing data on guardrail pet-
formance and identify additional needed research; (2) to
conduct additional full-scale performance tests; and (3) to
evaluate 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
15, “Guardrail Performance and Design.” A 10-min
sound film of the same title summarizes the Phase I
rescarch and is available on a loan basis from the TRB
Audio-Visual Library for the cost of mailing and handling.

The Phase IT work consisted of four major tasks. The
first task was to preparc a revision to NCHRP Report 54
that incorporates pertinent findings from the Phase T te-
search and the findings from rescarch conducted by others.
Task 2 of the Phase IT work was the preparation of a docu-
ment to delineate warrants, Service requirements, design
critcria, and design procedurcs 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
lengitudinal traffic barriers with some work devoted to im-
proved transitions. Task 4 included the full-scale crash test
evaluation of those promising concepts produced under
Task 3.

The results of Phase II Tasks | and 2 have been pub-
lished as NCHRP Report 118, “Location, Selection and
Maintenance of Highway Traffic Barriers.” The results of
Phase II Tusks 3 and 4 have been published as NCHRP
Report 129, “Guardrail Crash Test Evaluation—New Con-
cepts and End Designs.”

For administrative reasons, additional related research
has been placed under Arca 22, “Vebicle Barrier Systems.”
Details will be found under that heading.

Project 15-2 FY 66

Design to Control Erosion in Roadside
Drainage Channels

University of Minnesota
Dr. Alvin G. Anderson
July 1, 1966

Tune 30, 1974

$97.300

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

The highway drainage engineer is rcquired to provide
designs to control erosion in roadside drainage channels
over a wide range of conditions, Acceptable procedures




144

have been developed {or the design of channels for condi-
tions where easily established prass 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 cmphasis of the research will be
placed on developing a procedure for the design of armored
channels with investigations into the critical tractive force
of gravel and crushed stone.

Research has been compieted, and the project report
covering devclopment of design procedures for armored
channels has been published as:

NCHRP Report 108, "Tentative Design Procedure for
Riprap-Lined Channels.”

During an extension of the project, a limited field evalua-
tion of the tentative design procedure was undertaken, The
performance of four channels, designed and built in accord-
ance with the procedures, was ohserved. Two of the four
channels have been subjected to discharges approaching
the design discharge and appear to be stable after the floods.

The agency’s final report for this latter phase was not
published in the NCHRP report scries; however, a copy
of the report, “Tentative Design Procedure for Riprap-
Lined Channels,” may be purchascd for $4.00 prepaid from
the Transportation Research Board Publications Office,
2101 Constitution Avenue, N.W, Washington, DC 20418,

Project 15-3 FY 68
Rational Structural Analysis and Design
of Pipe Culverts

Research Agency:
Principal Invest.:

Northwestern University
Dr, R. I. Krizck

Dr. R. A. Parmelee
October 1, 1967
Dccember 31, 1968
$49,937

Effective Date:
Completion Date:
Funds:

Various methods are currently being used in the design
of pipe culverts, and considerable research is in progress
that examines these methods. There is a general lack of
agreement between 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 a project report has
been received containing an extensive bibliography and
synthesis of current knowledge on the design and installa-
tion of pipe culverts. It is apparent that information is not
available at this time to devclop a completely rational
structural design procedure, due largely to lack of a gen-
erally accepted definition of pipe failure, However, several
specific factors, such as installation practices, construction
techniques, soil type, 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 Cuiverts.”

Project 15-4 FY 68

Estimating Runoff Rates from Small Rural Watersheds

The Travelers Research Center
Dr. Paul Bock

Isadore Enger

September 1, 1967

March 16, 1970

$299,902

Research Agency:
Principal Invest..

Effective Date:
Completion Date:
Funds:

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 drainage
area under consideration. Most small rural watersheds are
ungaged; thus, the engineer is required to estimate the de-
sign flow for these arcas on the basis of limited topographic
and climatic data.

Many State highway departments and other agencies are
participating with the U.S. Geological Survey in programs
to collect runoff information from small rural watersheds
that is intended to provide a better understanding of the
generation of runoff. With this background, it appeared
possible to develop improved procedures for estimating 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 obtainabte by designers, (2) use
parameters that are logically justified, (3) take cognizance
of differences due to geographic characteristics, and (4)
present the results in readily usable form.

The objectives have been partially met in that methods
for estimating the magnitude and frequency of runoff
from small rural ungaged watersheds have been developed.
The question of whether they provide better estimates of
runoff than currently used methods for a given watershed
is not easily answered, Indications are that they may pro-
vide better estimates in some cases. Of probably greater sig-
nificance is the compilation of information for 493 rural
watersheds with an arca of 25 square miles or less and at
lcast 12 years of surface runofl data that can be used by
others to develop better methods of prediction for a
particular locality.

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

NCHRP Report 136, “Estimating Peak Runoif Rates
from Ungaged Small Rura! Watersheds.”

Project 15-5 FY ’68

Dynamic Characteristics of Heavy Highway Vehicles

General Motors Corporation
D, E. Pollack

August 15, 1967

January 10, 1969

135,000

Resewrch Ageucy:
Principal Invest.:
Effective Date:
Completion Date:
Funds:
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Project 15-8 FY '82

Parameters Affecting Stopping Sight Distance and
Vehicle Acceleration/Deceleration Character-
istics

Highway Safety Research Institute

University of Michigan

Dr. Paul L. Olson

Research Agency:

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

18 months
$£274,970

Sight distance is one of the basic criteria in highway
design. It not only determines safe stopping and passing
distances, bul also has a pronounced effect on the required
lengths of horizontal and vertical curves, Significant
changes have taken place in the driver and vehicle para-
meters on which sight distance is based. Because sight
distance is a major factor int the cost and safety aspects of
highway geometric design as well as traffic operations, there
is a need to evaluate the importance of all significant
parameters related to current roadway, vehicle, and driver
characteristics. There is also a need to update vehicle
performance data related to acceleration and decelcration
rates; the current highway design criteria are bascd on
vehicle fleet characteristics over 10 vears old.

The primary objective of this research is to evaluate those
parameters affecting stopping sight distance including:
{1) perception and reaction time; (2) driver eye hcight.
(3) height of an object in the roadway; and (4) braking
distance as uaffected by tire performance, brake system
performance, pavement skid resistance, and grades, The
rescarch findings will demonstrate either that the criteria
proposed in the dralt report from NCHRP Project 20-7,
Task 14, “A Policy on Geometric Design of Highways and
Streets,” are supportable under today's conditions or that
the paramecters have changed substantinlly enough to
warrant modification in stopping sight distance criteria. A
secand objective of this research is to update vehicle ac-
celeration and deceleration rates to be representative of the
current vehicle fleet.

A critical review of the literature will he conducted
related to safe stopping sight distance and acceleration/
deceleration characteristics. Recent and ongoing research
sponsored by FHWA and others will also be reviewed. The
adequacy of available data for evaluating each parameter
will be determined and documentcd, To the maximum
extent possible, cxisting data will be used in this research.

Design values for driver height of eye and height of
ohject on the roadway will be dctermined. Criteria con-
tained in the draft report from NCHRP Project 20-7, Task
14, will be cvaluated in view of changes in vehicle mix
and driving population. The sensitivity (ic., cffect on
stopping sight distance} of incremental changes in each
parameter will be determined over a range of design speeds.

Recommcendations for driver perception time related to a
hazardous object in the roadway and [or reaction time will
also be developed. The research will consider: (1) con-
trast between the object and its background; (2) visibility
and weather conditions—e.g., night vs. day, glarc {espe-
cially from wet pavements); (3) driver expectancy—e.g..

urban vs. rural conditions and land use type; and (4) driv-
ing population characteristics including age, vision, driving
experience, and the like. Field and laboratory tests will be
conducted to supplement cxisting information.

The specific performance characteristics of tires and
brakes for the current vehicle fleet, including autos, buses,
and trucks (loaded and unloaded), will be determined.
Effects of changes in vehicle mix, tread and brake wear,
pavement skid resistance, and grades on stopping sight
distances will also be considered.

In addition, acceleration and deceleration characteristics
for the current vehicle fleet will be detcrmined. This phase
of the research will be limited to a literature review and
an cvaluation of the results of the braking distance study
described above.

ROADSIDE DEVELOPMENT

FY ’66

AREA 16:

Project 16-1

Effects of Deicing Compounds on Vegetation and
Water Supplies

Virginia Polytechnic Institute
Dr. R. E. Blaser

March [, 1966

April 30, 1972

$217,300

Research Agency:
Principal Invest.:
Effective Date:
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 alternatives (such as additives to
the salts, nonchemical methods, and different compotmnds)
to the use of sodium chloride and calcium chlorides for
deicing roadways. At present, it does not appear likely that
reliable and economical alternate methods will come into
common usc in the foreseeable futurc. The objectives of
this study were to identify the detrimental effects of deicing
salts on roadside vegetation and water supplies and to seek
means for 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
vegelation, water, and wildlite, It also included identifica-
tion of research needs in this problem area, This was
followed by an experimental program covering the actual
effects of deicing salts on specific types and species of
vegetation and on soils along highways. Efforts were made
to evaluate methods of counteracting certain detrimental
effects.

Research has heen completed, and the results of the first
phase of the study have been published as:

NCHRP Report 91, “Effccts of Deicing Salts on Water
Quality and Biota—Literature 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 Q. Earley

Research Agency:
Principal Invest.:

Effective Date: Qctober I, 1967
Completion Date: March 31, 1969
Funds: $100,000

The objective of this project was to review, interpret, and
evaluate past and present research on roadside development,
describe areas where additional or continued research is
needed, and recommend procedures for resolving these
needs. The study included, but was not limited to, con-
sideration of the relationship of roadside development and
(1) highway location and dcsign; (2) vegetation (planning,
cstablishment, and management by plant growth zones in
consideration of erosion control and roadside plantings);
(3) resource conservation; (4) rest areas, scenic turnouts,
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 research 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 (5. Clydce
Dr. C. Earl Israelsen
Paul E. Packer

Research Agency:
Principal Invest.:

Effective Date: Nov. 1, 1973 Mar. 1, 1978
Completion Date: June 30, 1976 Nav. 30, 1979
Funds: $179,224 $70.776

Uncontrolled water and wind erosion resulting from con-
struction activities causes significant damage to the en-
vironment. The sediment produced pollutes surface water,
restricts 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 extcnsive delays and
repairs,

Research is necded to develop more effective techniques,
devices, and materials to control erosion during con-
struction activities. This need was documented in NCHRP
Synthesis 18, “Erosion Control on Highway Construction.”

The synthesis study, while focusing attention on the need
for a major research effort, aiso 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 hased on existing information.
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Research has been completed, and project objectives
have been accomplished. The Universal Soil Loss Equa-
tion was used as the basis for estimating soil loss. Existing
maps that divide the country into areas of varying soil
crosion pofential were updated for use in application of
the equation. An experimental program was planned and
conducted for verifying the applicability of the equation
for cstimating soil loss from a construction site and for
limited testing of crosion control products. An erosion
control manual has been prepared for use by highway and
transportation agencics and others for estimating soil loss
from a specific construction site and asscssing the elfective-
ness of erosion control procedures,

The project report has been published in 2 volumes as:

NCHRP Report 220, “Erosion Control During Highway
Construction—Research Report™; and NCHRP Report
221, “Erosion Control During Highway Construction—
Manual on Principlcs and Practices.”

AREA 17:

Project 17-1

SAFETY

FY '66

Development of Improved Methods for Reduction of
Traffic Accidents

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

Cornell Aeronautical Laboratory
John W, Garrctt

February 1, 1966

May 31, 1968

$247,847

The objective of this research was to develop motor
vchicle 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 mee,
rescarch requirements; few statistically trained personnel
are employed 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-term recommendations Included an improved cen-
tralized accident record system 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 between operating agencies with
similar objectives was regarded us essential. Short-term rec-
ommendations included increased dissemination and utili-
zation of current safety knowledge; utilization of modern
technology at all levels of the system through the initia-
tion of continuing education seminars and a safety review
board; use of trained statistical personnel and techniques
for better utilization of data; and use of accurate accident
location methods. Location methods were reviewed and
evaluated for guidance. Demonstration studies were per-
formed to illustrate the feasibility of the proposed system
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Diecember [, 1969
$£103,895

Completion Date:
Funds:

Transverse and longitudinal cracking of continuous con-
crete bridge decks can be caused by changes in deflection
and rotation over supports during construction in addition
to the possible effect of restraint to subsidence (bleeding)
afforded by the top reinforcing steel, Such cracking is of
significance with respect to the development of spalling.
Revibration of retarded concrete may be useful in elimi-
nating such occurrences in continuous bridge decks placed
in one operation; therefore, this research had the objectives
of {J) conducting a survey to determine the extent to
which either delayed vibration or revibration has been used
in placing bridge deck concrete, including the purpose, con-
ditions, and results; (2) determining by laboratory and/or
ficld tests if transverse and longitudinal cracking can be
significantly reduced by revibration after retarded concrete
has been placed over the entire dack of a continuous bridge
or a complete segment of several spans supported by a con-
tinuous girder systern; (3) determining the effect of revibra-
tion and subsequent finishing on the durability of bridge
deck surfaces exposcd to deicing chemicals; and {4) de-
termining the most eflective and practical means of revibra-
tion in the field.

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

NCHRP Report 106, “Revibration of Retarded Concrete
for Continuous Bridge Decks.”

Project 18-2 FY 73

Use of Polymers in Highway Concrete

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

Lehigh University
Dr. John A. Manson
October 1, 1972
September 30, 1975
$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 State highway department.
Among the major deficiencies of some of the concrete pres-
ently used are high permeability, low strength, cracking,
low wearing ability, and spalling. The mechanisms caus-
ing deterioration include frost action, differential cxpansion
and contraction, reinforcement corrosion, chemical attack,
traffic loads, and wear.

Polymer-impregnated concrete reportedly provides sig-
nificant increases in strength and durability,. However,
present developments and techniques have not progressed
to the extent that they are adequate for field use; therefore,
more work in this area is required.

The over-all objective of this project was to develop the
technaology 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 enginecring data on the penetration of
candidate materials, testing of drying techniques and
prototype impregnation equipment, durability studies, and
experimental impregnations of two hridge decks. Final
work centered on the use of methyl methacrylate and
trimethylolpropane trimethacrylate (MMA/TMPTMA} as
the monomer system. Two methods of drying {propane-
fired infrared and propane torch units), two methods of
moncomer application (soaking and pressure}, and two
methods of polymerization (hot water and stecam) were
used. Polymer penetration to depths of more than 4 in.
was achicved. Extreme dryness was found to be the key
to deep penetration. This was obtained with temperatures
of about 250 F at 4-in. depths. The first successful pene-
trations of a bridge deck were achieved with equipment
covering areas of only a few square fecet. Field equipment
was enlarged and vp-graded, and successful impregnations
were achieved over several 36-sq ft areas on two bridge
decks—one a test-track deck and the other a deck in
regular service. A field manual describing the techniques
that were developed and including suggested safety pre-
cautions and acceptance criteria is included in the final
report.

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

NCHRP Report 190, “Use of Polymers in Highway
Concrete.”

Project 18-2(2) FY '78

Polymer Concrete in Highway Bridge Decks

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

Lehigh Uuniversity
Dr. John A. Manson
January 1, 1978
March 15, 1979
$30,000

NCHRP Project 18-2 demonstrated the feasibility of
polymer impregnation of salt-contaminated, but structurally
sound, bridge decks to depths sufficient to encase the upper
layer of steel rcinforcement (about 4 in.}) as a possible
means of arresting or preventing corrosion. It was con-
cluded that additional research and development work
will be needed to refine the method and to extend its
applicability beyond the range of variables of the com-
pleted investigation. Polymer impregnation includes a
high-temperature drying process whose effects on the dura-
bility and structural integrity of the deck concrete are
not now understood. It has been noted that the process
causes fine cracks to appear in the concrete, but little elsc
is known. The authors of NCHRP Report 190 concluded
that research is nccded to (1) measure the extent of
this problem and provide a solution if required; (2)
provide additional information on the long-term eflcc-
tiveness of the impregnation process in preventing or arrest-
ing corrosion: and (3) detcrmine the economics of the use
of polymer impregnation. Determination of long-term ef-
fectiveness and economics 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 problems. Research is also needed to determine
whether corrosion in a contaminated deck can be con-
trolled by sealing with a shallow polymer impregnation,
or complete encapsulation of the top reinforcement is
NECEessary.

NCHRP Project 18-2(2) was not intended to provide
answers to all of these specific questions. Its objective
was more general: to clarify the state of knowledge with
regard to polymer concret¢ in bridge decks. It did not
involve extensive investigations to devclop new research
findings but was intended to outline what is already
known, what additional information is needed, and what
new rescarch needs to be undertaken. The final report
provides guidance for decisions on future research in this
area.

Research has been completed. Copies of the agency’s
report may be obtained on a loan basis upon written request
to the NCHRP. A limited number of copics are available
to NCHRP sponsors for permanent retention, and others
may purchase microfiche of the report for $4.00 prepaid
from the Transportation Research Board Publications Of-
fice, 2101 Constitution Avenue, N.W., Washington, DC
20418,

Project 18-2(3) FY *78

Long-Term Rehabilitation of Salt-Contaminated Bridge
Decks

Research Agency:
Principal Invest.:

Lechigh University
Dr. John A. Manson

Effective Date: May 1, 1980
Completion Date: November 1, 1982
Funds: £199,900

It has been reported that nearly one-third of all highway
bridge decks in the U.S, are seriously deteriorated because
of corrosion of reinforcing steel. This corrosion is usually
caused by chloride ions that have penctrated the concrete
as a result of repeated application of deicing salts. Ac-
cumulation of corrosion products around the reinforcing
steel causes cracks to develop in the concrete cover. This
aflows intrusion of additional chloride solution, thereby
accelerating corrosion and causing spalling of the deck.

Considerable rescarch has becn directed to the problem
of prevention of corrosion in new bridge decks and severai
promising methods are available. However, restoration of
existing decks is a more difficult and pressing problem.

Low-permeability overlays have been applicd to hundreds
of deteriorated bridge decks during the past 15 years, The
overlay is normally preeeded by spot repair, involving
removal of all deteriorated concrete. In most cases, how-
cver, large areas of chloride-contaminated concrete remain
in place. Although field experience has shown such proce-
dures to be cost-effective in extending the usable life of
decks by 10 or more years, the presencc of large areas of
new delaminations and corroding reinforcing steel in con-
taminated decks that had been overlaid from 5 to 15 years
before indicates that detrimental corrosion was not com-
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pletely arrested by these procedures. Thus, there is a need
to strive for long-term rehabilitation procedures.

As part of the rchabilitation process, the top surface of
the deck is sometimes scarified prior to application of the
overlay. Scarification to a level within 12 inch of the top
reinforcement disposes of a large volume of contaminated
concrete and can [acilitate impregnation of the concrete
around the stecl. If an economical method were found to
nullify the effects of chlorides in concrete around rein-
forcement under shallow cover, an alternative restoration
procedure promising long-term effcctiveness could be
available.

Polymer impregnation to a depth sufficient to encapsulate
the reinforcement is generally expected to ensure long-term
protection. However, costs and difficulty of application
are impedimers to widespread usc of this procedure. There
is a peed for simpler treatments {e.g, water-tolerant
monomers or corrosion inhibitors that can readily impreg-
nate concrete around the reinforcing steel) that are capable
of arresting corrosion of reinforcement in sound but salt-
contaminated conerete, without necessarily enhancing other
concrete properties as sirength, permeability, resistance to
freezing and thawing, and wear resistance.

The objective of this study is to develop and evaluate
matcrials and precedures that can be used in conjunction
with low-permcability overlay to prevent continued corro-
sion on a long-term basis in shallow-depth reinforcement
surrounded by chloride-contaminated concrete,

This study addresses polymer impregnation as well as
other chemical treatments that might arrest corrosion when
used in conjunction with the previously mentioned scarify-
overlay rehabilitation technique. Evaluation of materials
and procedures will reflect consideration of: (1) economic
feasibility, including both materials and application costs;
{2) long-term cffectiveness; (3) compatibility, including
substratc, repaired areas, and overlay; (4) durability: {3)
pollution problems; and (6) potential safety hazards.
Attainment of the project objective necessitates the follow-
ing tasks:

Task 1. Idcntification of current and potentially available
mcthods, materials, and concepts that may hold promise
for arresting and long-term prevention of corrosion under
the previously described conditions. Emphasis will be given
to polymer impregnation, but research will not be limited
to the study of conventional monomers that require drying
of the concrete and subscquent polymerization using
catalysts and hcat. Corrosion inhibitors, chloride and
oxygen scavengers, and other chemical treatments that
increase pH or otherwise stop corrosion will also be con-
sidered. This task will be based on a review of the litera-
ture, research in progress, manufacturers’ information, and
other appropriate sources,

Task 2. Preliminary analysis of methods, materials, and
concepts indentified in Task 1. Particular attention will be
given to evaluation criteria related to casc of application
and long-term effectiveness,

Task 3. Submission of an interim report that describes
various treatments and the rcasons for their rejection or
selection for further study. This report will include an
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The objectives of the Highway Research Information
Service were: (1) to select and store input information
from current and past highway research that will be of
value to users of highway information, (2) to disseminate
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: Bertram D, Tallamy Associates
Wilbur Smith and Associates
Lloyd G. Byrd

Paul E. Conrad

April 1, 1966

December 31, 1967

$98,760

Principal Invest._:

Effective Date:
Completion Date:
Funds:

This project developed a coordinated framework of
needed short- and long-range research in the field of high-
way transportation. Major areas of needed research were
identified and arranged in the peneral framework.
Technical priorities of need and an estimate of the appropri-
ate level of funding for each are included. The framework
was designed in such a manner as to permit updating with
minimal effort.

The project report gives method or concept for struc-
turing research as developed by the research, which includes
a mcthod for assigning priorities and costs to proposed
research. The methods developed under this research were
applied to 900 proposed research project statements con-
sidered in the study to formulate an example rescarch
program.

The final report has heen published as:

NCHRP Report 55, “Research Needs 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. J. A. Wattleworth

Kenneth G. Courage

Principal Invest.:

Effective Date: Dec. 15, 1966 Jan. 1, 1967
Completion Date: Jan. 31, 1969 Dec. 31, 1968
Funds: $394,016 $200,540 *

To meet present and future traffic demands, the com-
bined freeway and surface street system must operate more

* NCHRF funds obligated under the $314,340 four-way agreement
amang the Mational Academy of Sciences, Michigan Department
of State Highways, Wayne County, and the City of Detroit.

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 inctuded an evaluation of
the effectiveness of the existing National Proving Ground
surveillance, communication, and control system, and its
individual components. Methods were determined for in-
creasing the effectiveness of the freeway and surface street
system, and equipment configurations were recommended
to improve the system based on a cost-effectiveness study.

A techmical report, "An Evaluation of Two Types of
Freeway Control Systems,” covering the 1967 research
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-froutage road driver infor-
mation system, further freeway operations studies using
improved detection and refined control techniques, environ-
mental effects studies, pilot equipment studies for traffic-
Tesponsive signal control throughout the corridor, and a
prelimipary design for a more extensive driver-communica-
tion system to include the surface streets 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 been provided in the report prepared 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 '65 and FY *70

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

Research Agency:
Principal Invest.:

University of Michigan
Dr. Donald E. Cleveland

Effective Date: Nov. 20, 1968 Jan. 1, 1969
Completion Date: May 31, 1671 Dec. 31, 1969
Funds: $505,631 $20,000 %

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 werc designed to develop information
required for the ultimate synthesis of a traffic surveillance,
driver information, and control systemn capable of real-time
control of traffic throughout an entire network of arterial
streets and freeways. The topics included (1) detection of

t NCHRP funds obligated under the $70,000 five-way agreement
among the National Academy of Sciences, Michigan Department
of State Highways, Wayne County, the City of Detroit, and the
University of Michigan.




capacity-reducing incidents, {2) improved ramp control
techniques and environmental effects, (3) pilot studies of
freeway-frontage road informational system, (4) an ex-
periment in traflic routing within the freeway corridor, and
(5) obscrvation of freeway operations. Draft reports on
the topics of the 1969 research work have been accepted
by the project committee.

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 werc completed: (1) im-
provement of ramp metering and freeway corridor flow;
(2) improvement of Davison-Lodge interchange operation;
(3) determination of the effect of weather on freeway cor-
ridor operations; and (4) long-term 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
upon written request to the NCHRP. 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 Agency:
Principal Invest:

Effective Date: July 1, 1972
Termination Date:  September 27, 1974
Funds: $31,116

Because a substantial body of knowledge relative to
more efficient operation of systems made up of freeways
and adjacent streets has becn acquired through NCHRP
Projects 20-3, 20-3A, and studies under other programs,
Project 20-3B was established with the following objec-
tives:

1. Preparation of a report summarizing the main find-
ings of freeway surveillance and control on the John C.
Lodge Frceway in Detroit. The end product of this
synthesis was to have been one report that summarized all
historic and technical activities of the rescarch 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 I.odge project.

2. Preparation of a report in the vein of “Getting the
Most Service from Freeways,” using published research
reports and the experience available from past and ongoing
freeway traffic 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 acceptance review. Based on this review, exten-
sive revisions were required. They were begun but were
never completed; therefore, a revised report was never sub-
mitted, Some work was carried out toward Objective 2,
but, although the original completion date had heen over-
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run by a year, it was not substantial and never progressed
to the point of a preliminary report. Still another extension
was imminent; however, the contractor chose to quit with-
out fuifilling the objectives set forth in his proposal, By
mutual agreement, the project was terminated. This re-
search was resumed under Project 20-3C.

Project 20-3C FY’70
Summary of the Lodge Freeway Research

Asriel Taragin
Agsriel Taragin
November 15, 1975
July 15, 1976
$10,183

Research 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 rescarch has been
completed, and a report has been submitted. It covers the
objectives, organization, and data, as well as the results,
conclusions, and recommendations associated with each
stage of the traffic research studies. References to all pub-
lished and unpublished reports as well as file documents
pertinent to the background of the studies have been ap-
propriately identificd.

The rcport has been distributed to the sponsoring
agencies.

Microfiche of the agencys’ final report may be purchased
for $4.00 prepaid [rom the Transportation Research Board
Publications Office, 2101 Constitution Avepue, N.W,,
Washington, DC 20418.

Project 20-3D FY 70

Summary of All Freeway Surveillance, Communica-
tion and Control Experience

Alan M. Voorhees & Associates
Dr. Donald G. Capelle

Research Agency:
Principal Invest.:

Effective Date: May 15, 1977
Completion Date: December 31, 1978
Funds: $40,000

This project complements Project 20-3C. It was estab-
lished to prepare a summary report of all experience with
the surveillance, communications, and tralfic control aspects
of freeway opcrations. Published reports and other experi-
cnce available from relevant research projects were re-
viewed. The final rcport provides a synthesis of past and
present practices to aid highway administrators in decisions
related to freeway operation problems.

Research has becn completed. Because the final report
is of a nontechnical nature and is directed to top-level
administrators, it was published as a special publication
rather than in the regular NCHRP series. The report,
“Freeway Traffic Management,” is available for purchase,
and a check or money order in the amount of $4.00, plus
$1.00 for postage and handling, should bec made payable to
Transportation Research Board and sent to the Publications
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Study No.

Study No.
Study No.

Study No,

Study No.

Study No.
Study No.

Study No.
Study No.
Study No.
Study No.

Study No.
Study No.

Study No.

Study No.

Study No.
Study No.

Study No.

Study No.
Study No.

Study No.

Study No.

Study No.

Study No.

Study No

Pollution, and Other Environmental Factors
(Abandoned)

19—Right of State to Secure Judicial Review of
Federal Administrative Decisions (Study
abandoned due to insufficient amount of
case law)

20—Meaning of “Highway Purpose” (Canceled)

21—Duty to Warn Against Highway Defects
{Study abandoned due to insufficient
amount of case law)

22—Compensability for Consequential Damages
Resulting from Pariial Take or Taking
Without Appropriation and Entry Upon the
Land (Canceled)

23—FExclusion of Valuation Changes Resulting
from Influence of Public Improvement: A
Study of the Provisions of 42 U.S.C. 4651
(3) (Research Results Digest No. 45)

24 ~Eminent Domain: An Overview *

25—Where Does Police Power End and Eminent
Domain Begin? *

26—Just Compensation and the Doctrine of
Damnum Absque Injuria *

27-—The Meaning of Highway Purpose (Re-
search Results Digest No. 68) *

28—Valuation of Qutdoor Advertising Rights *

29—Valuation of Scenic Easements {Canceled)

30—Liability for Drainage Damage *

31—Trial Strategy and Techniques Using the
Income Approach to Valuation {Research
Results Digest Mo. 54)*

32-—Trial Strategy and Techniques Using the
Comparable Sales Approach to Valuation
{Research Results Digest No. 47)*

33—Trial Strategy and Techniques Using the
Reproduction Cost Less Depreciation Ap-
proach to Valuation *

34—Trial Aids in Highway Condemnation
Cases ¥ (Research Results Digest No. 111)
35—Model Airspace Act: A Vehicle for Joint

Development *
36—Formation of the Contract **
Results Digest No. 109)
37—Fffect of Mistakes in Bids, Plans and Speci-
fications **

(Research

38—Legal Problems Arising from Changes,
Change Clauses and Changed Conditions **
39—Contract Completion Time: Damages for

Delay; Liquidated Damages; Work Stop-
page Under Court Order **

40— Administrative Settlement and Disposition
of Claims **

41—Trial Strategy and Techniques in Coniract
Litigation ** (Research Results Digest No.
108)

42—Environmental
Remedies **

. 43—Trial Strategy and Techniques in Environ-

mental Litigation #*

Litigation: Rights and

Study No.
Study No.

Study No.

Study No.

Study Mo.
Study No.
Study No.

Study No.

Study No.

Study No.

Study Mo.

Study No.

Study No.

Study No.

Study No.

Study No.

Study No,

Study No.

Topic No.
Topic No.
Topic No.
Topic No,

Topic No.

44T egal Interrelationship of the Federal and
State Governments **

45—Review of the One-Offer System of Right-
of-Way Acquisition (Completed)

46—Liability of Governmental Agencies for Im-
proper Traffic Control Devices, Signs, and
Pavemcnt Markings “* (Research Results
Digest No. 110)

47—Supplementation of Studies 15, 31, 32 and
33, and Project 11-1(2) ***

48—Supplementation of Studies, 3, 4, and 5. ***

49—Inverse Condemnation ***

50—Payment of Attorney Fees and Other Costs
in Condemnation and Environmental Litiga-
tion *** (Research Results Digest No. 103)

51— Appraisal of Property Damages Due to
Highway Noise *** (Rcsearch Results Di-
pest No. 99)

52—The Use of Guarantee or Warranty Clauses
in Highway Construction Contracts (Repro-
grammed as Study No. 2-11)

53—Impact of Civil Rights Legislation and
Regulations on State Highway and Trans-
portation Decpartment Activities (Repro-
grammed as Study No. 2-02)

54—OQutdoor Advertising Control and Acquisi-
tion {Completed)

55—1Legal Issues Arising out of Uniform Relo-
cation Assistance and Real Property Ac-
quisition Policy Act of 1970 (Repro-
grammed as Study No. 2-01)

56-—FEvaluation of the Adeguacy and Equitabil-
ity of Relocation Assistance Payments
{Dropped)

57—Legal Aspects of Access Contrel on Un-
limited-Access Highways ***  (Research
Results Digest No. 112)

58—Zoning Changes Adjacent to Highways as
a Result of the Highway Beautification Act
{Dropped)

59—The Effect of Federal and State Public In-
formation Acts on Highway and Trans-
portation Department Activities (Repro-
grammed as Study No. 2-10)

60—Relocation of Public Utilities + (Research
Results Digest No. 116)

61-—Right to Compensation in Eminent Domain
for Abrogation of Restrictive Covenants
***% (Research Rcsults Digest No. 113)

2-01-—Legal and Procedural Issues Related to
Rclocation Assistance (Pending)

2-02—Minority Business or Enterprise Require-
ments in Public Contracts {Pending)

2-03—Condemnation Blight T (Research Results
Digest 119)

2-04—Legal Aspects of Historic Preservation in
Highway Programs (In Progress)

2-05—J.ocal Land-Use Regulations in Relation
to Highway Programs (In Progress)

* Published in Selected Studies in Highway Law, Vols. 1 and 2.
*% Pyblished in Selected Studies in Highway Law, Vol. 3.
*x» Published in first addendum to SSHL.
t Published in second addendum to §SHL.




Topic No.
Topic No.

Topic No.

Topic No.

Topic No.

Topic No.

Topic No.

Topic No.
Topic No.

Topic No.

Topic No.

Topic No.

Topic No,

Topic No.

Topic No,

Topic No.

Topic No.

Topic No,
Topic No.
Topic No.

Topic No.

Topic No.

Topic No,

2-06—Disposition of Minerals on Highway
Rights-of-Way (Pending)

2-07—Functional Replacement As a Measure of
Value (Included in Topic No, 2-15)

2-08—"State Highway Programs Versus the
Spending  Powers of Congress” (Com-
pleted) ¥+

2-09—Procedural Aspects of Inverse Condem-
nation Actions (Completed) +3

2-10—The FEffcet of Federal and State Public
Information Acts on Highway and Trans-
portation Department Activities (In Prog-
ress)

2-11—Use of Guarantee or Warranty Clauses
in Highway Construction Contracts (Pend-
ing}

2-12—1L.egal Interrelationship of State and Local
Governments in Highway Matters (Pend-
ing)

2-13—Update of Five Tort Liability Papers in
Chapter VIII, SSHL +

2-14—Update of “Legal Effect of Represcnta-
tions as to Subsurface Conditions” §

2-15-—Update of “Valuation and Condemnation
of Special Purpose Properties” (Com-
pleted) ++

2-16—Update of “Environmental Litigation:
Rights and Remedics” (Pending)

2-17—Update of “Damnum Ahsque Injuria and
the Concept of Just Compensation in Emi-
nent Domain™ t

2-18—Update of “Supplemental Condemnation:
A Discussion of the Principles of Excess
and Suhstitute Condemnation” ¢

2-19—-Update of “Liahility for Delay in Com-
pletion of Highway Construction Con-
tracts™ f

2-20—Update of “Ttial Strategy and Techniques
in Highway Contract Litigation™ (Pending)

2-21-—"Legal Implications of Highway Depart-
ment’s Failure to Comply with Design,
Safety, or Maintenance Guidelines” 1+ (Re-
scarch Results Digest 129)

2-22—Update of “Lcgal Problems Arising from
Changes, Changed Conditions, and Disputes
Clauses in Highway Construction Con-
tracts™ +

2-23—Update of “Where Does Police Power
End and Eminent Domain Begin®™ §

2-24—Update of “The Meaning of Highway
Purpose™ ¥

2-25-—Update of “Liability of the State for
Highway Traffic Noise” +

2-26—Update of “Right of Compensation in
Eminent Domain for Abrogation of Re-
strictive Covenants™ 1

2-27—Update of “Liability for Highway Drain-
age Damage” +

2-28—Update of "Valuation and Condemnation
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Problems Involving Trade Fixtures (Com-
pleted) t+

Topic No. 2-29—Update of “Valuation and Condemnation
of Advertising Signs and Rclated Property
Interests Under the Highway Beautification
Act” (Completed) %

Topic No. 2-30—Update of “Payment of Attorney Fees in
Eminent Domain and Environmental Litiga-
tion” (Completed) t+

Topic No. 2-31—Update of “Rules of Discovery and Dis-
closure in Highway Condemnation Pro-
ceedings” (Completed) ++

Topic No. 2-32--Update of *“Legal Implications of Control
of Access to Uncontrolled-Access High-
ways” {Completed)tt

Topic No. 2-33—“Liability of Highway Agencies for
Failure to Repair ‘Potholes’ or Other High-
way Delects” (In Progress)

Topic No. 2-34—"Liability of Highway Agencies for Un-
safe Construction Zones” (In Progress)

Topic No. 2-35—*Liability of Highway Agencies for
Failure to Provide or Maintain Highway
Barriers, Guardrails, and Similar Safety De.
vices” (In Progress)

Topic No. 2-36—*“Liability of Highway Agencies for
Defcctive Bridges” (In Progress)

Topic No. 2-37—*"Liability of Highway Agencies for Fail-
ure to Remove Obstructions In or Near the
Highway” (In Progress)

Topic No. 2-38—"Trial Strategy and Techniques in Han-
dling Tort Claims Arising Out of Highway
Operations” {Pending}

Studies compicted under this project are published as
NCHRP Research Resulis Digests (see Table 9). In addi-
tion, most recently completed studies have also heen in-
ciuded in the three-volume text, Selected Studies in High-
way Law. Volumes I and II, dealing primarily with the law
of emincnt domain, were published in 1976, and Volume
ITI, dealing with contracts, torts, environmental and other
areas of highway law, was pubiished in early 1978. All
three volumes have been distributed on a limited basis to
selected state and [edcral offices, Information on obtaining
copies of this text may be found in NCHRP Research
Results Digest 128 or by contacting the Transportation Re-
search Board Publications Office.

The first addendum to Selected Studics in Highway Law,
consisting of five new papers and supplements to eight
existing papers, was issued during 1979. A second adden-
dum with two ncw papers and 15 supplements was dis-
tributed early in 1981,

Copies of the final reporis on Studies 45 and 54 have
been distributed to NCHRP sponsors, and loan copies are
available fiom the NCHRP upon written rcquest. Micro-
fiche of the reports may be purchased for $4.00 prepaid
from the Transportation Research Board Publications
Office, 2101 Constitution Avenue, N.W., Washington, DC
20418.

Through December 31, 1981, rescarch continues on new

T Published in second addendum ta SSHLE.
1 T he published in third addendum to SSHL..
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Stopping Sight Distance and Vehicle Acceleration/De-
celeration Characteristics.”

Task 21, “Need for Pavement Markings on Low-Volume
Roads,” The objective of this task is to verify or modify
the suggested warrants for centerline and no-passing mark-
ings of low-volume roads as described in NCHRP Report
214. Agency selection is pending.

Task 22, “Encasement of Pipelines Through Highway
and Railroad Roadbeds.” The abjective of this task is to
develop procedurcs for determining the need for pipe-
line encasement based on (1) a review of literature on
underground pipcline design and performance, (2} a
limited stress analysis of underground pipelines, and (3)
an evaluation of field experience by highway, railroad,
and utility agencies of encased and unencased pipclines
under roadheds. Agency sclection is pending.

Task 23, “Contract Payment Procedures and Contract-
ing Practices.” The objectives of this task are to evaluate
current contracting practices and methods of determining
pay-quantities for highway construction work in the United
States and to suggest any appropriate improvements.
Agency selection is pending,

Project 20-8 FY *71
Interactive Graphic Systems for Highway Design

Research Agency:
Principal Invest.:

Control Data Corporation
C. W. Beilfuss

Effective Date: September 1, 1970
Completion Date: July 31, 1971
Funds: $49,672

Improved techniques and procedures making extensive
use of computer and computer-graphics technology are
being developed to enhance highway location and design.
One prominent highway design evaluation capability under
development is the ability to produce, on a variety of
computer-controlled graphic display devices, perspective
views based on computed design information and actual
terrain data. Highway engineers, by making use of these
new capabilities, will be better able to achieve optimal
bighway designs expeditiously.

To make effective use of the new graphic display evalua-
tion 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 benefit figures to support that finding. The final
report was not published in the NCHRP report series;
however, microfiche of the report may be purchased for
$4.00 prepaid from Transportation Research Board Pub-

lications Office, 2101 Constitution Avenue, N.W., Wash-
ington, DC 20418,

Project 20-9 FY 73

Socioeconaomic Consequences of Righi-of-Way Acqui-
sition Induced Resident Dislocation

RMC Research Corporation
Jon E. Burkhardt

August 1, 1972

December 17, 1976
$214,279

Residential dislocation is one of the major direct conse-
quences of urban highway projects, and some recent op-
position to specific urban highway proposals is bascd on
the fear of citizens that they may be inadequately com-
pensated for the effects of being dislocated from their
homes. In the light of these considerations, the objectives
of the research were to (1) develop techniques to predict
the dislocation consequences of alternate route and design

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

proposals and (2) identify related legislative or regulatory

constraints and recommend modifications to assume equity
to the displacees.

Analyses of data collected before and after moving at
six sites peopraphically distributed throughout the United
Statcs showed that the conscquences of residential disloca-
tion do not vary significantly among socioeconomic and
demographic groups cxcept [or the elderly. Relocation
process characteristics, rather than sociceconomic charac-
teristics, were shown to be related to measures of happiness
and satisfaction. The research was successful in identifying
ways in which the highway planning process could be
improved by (1) increasing the planners ability to forecast
the dislocation consequences of particular location and
design decisions and (2) suggesting techniques for morc
adequately compensating persons adversely affected by
right-of-way acquisition. Very few recommendations to
modify existing legislation or regulations are made because
modifications in most instances were found to be unneces-
sary. Rather, changes in the way regulations are adminis-
tered were found to be more appropriate and such changes
are recommended under three catepories: (1) changes in
compensation, (2) changes in relocation practice and
(3) changcs in the highway planning process.

The agency'’s [inal draft report is a complete description
of theory related to the subjcct. the research plan, the data
obtained, data analyses, findings, and recommendations.
Microfiche of the report may be purchased for $4.00 pre-
paid from the Transportation Research Board Publications
Office, 2101 Constitution Avenue, N.W., Washington, DC
20418. A condensation of the research results may be
found in the paper, “Residential Dislocation: Costs and
Consequences,” published by the Transportation Research
Board in Transportation Research Record 716, For this
paper, the author, Mr. Jon E. Burkhardt, received the
1980 Pyke Johnson Award from the Transportation Re-
search Board.

The data are available in fape form to other investigators
who may wish to putsue further data analysis, Inguiries
should be made in writing to the NCHRP. For a copy of



the tape, a blank 5-track 1600 BPI tape should be provided
by the inquirer. Copies of the coding book and data
printouts can be made available for the cost of reproduction
and handling.

Project 20-10 FY 73

The Benefits of Separating Pedestrians and Vehicles

Stanford Research Institute
Ronald L. Braun
Marc Roddin

Research Agency:
Principal Invest.:

Effective Date: August 26, 1974
Completion Date: April 30, 1976
Funds: $100,000

In recent decades, the pedestrian has not been given ade-
quate consideration in the decisions for person mobility,
Increasing concern for the environment, safety, energy,
community ¢ohesion, and health have contributed to a
social awareness of the pedestrian. In determining use of
space, an inhcrent conflict exists between vehicles and
pedestrians. There has heen a nced to identify and mea-
sure benefits of separating pedestrians and vehicular traffic.

The general objective of this research was to identify
and quantify the benefits relatcd to separation of pedes-
trians and vehicles and develop techniques for relating
these benefits to the evaluation of proposals for separation,

Four categories of direct and indirect benefits of sepa-
rating pedestrians from roadway traffic were identified,
These were (1) transportation; (2) safety, health, environ-
ment; (3) residential/business; and (4) environmental/
institutional. The beneficiaries of these benefits have been
defined. A methodology has been developed to weight the
benefits identified according to values held by decision-
makers and/or the community at large. The methoedology
has been tested at field sites in Seattle, Wash. (a highway
overpass); Brooklyn, N. Y. (a mall}; and Ottawa, Ont, (a
mall).

Results of the research have been published as:

NCHRP Report 189: “Quantifying the Benefits of
Separating Pedestrians and Vehicles.”

Research has been continued under Project 20-10(2).

Project 20-10(2)
The Benefits of Separating Pedestrians and Vehicles

FY '8

SRI International
Ronald L. Braun
Marc F. Roddin
September 1, 1978
July 31, 1981
$100,000

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

A comprehensive method for evaluating the transporta-
tion, safety/environment/hcalth, and residential/husiness
hencfits of proposals for facilities separating pedestrians and
vehicles was developed and demonstrated during the course
of NCHRP Project 20-10, and described in NCHRP Re-
port 185. The objective of this continuation research was
to update, refine, and extend the usefulness of the pre-
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viously developed techniques for quantifying all of the
significant direct and indirect benefits associated with the
separation of pedestrians and vehicles.

This objective was met by the simplification of the
method and the preparation of audiovisual materials to
supplement a technical user puide. The method was
simplificd by reducing the number of variables from 36 to
27, without loss of precision or detail. Scoring for some
of the variables wus simplified also. The technical user
guide was revised and simplified.

Audiovisual materials consisted of a slide show and a
videotape. The slide show, with accompanying music,
narration, and sound effects, was prepared for use by those
interested in evaluating pedestrian facilities {such as elected
officials, merchants, and the general puhlic) but who would
not be involved with details of the method. For those
who would personally use the method, a videotape has
been prepared that illustrates an application to problems
encountered by suburban railroad commuters walking to
and from the train station.

During this project, the feasibility of applying the
evaluation method for use in pedestrian traffic warrants
was evaluated. The purpose was to quantify pedestrian
conditions to the cxtent that requirements for specific
separate pedestrian facilitics could be cstablished. Seven
existing pedestrian warrant systems were studied and
classificd. Tt was found that a subset of the evaluation
method, using only ten variables, can be used for warrant
purposes. Scores for these variables are computed, mul-
tiplied by an appropriate sct of weights, and combined to
obtain a score ranging between — 1000 and 4 1000, For
scores of 4-300 or lower, pcdestrian separation from
vehicles may be warranted, depending on pedestrian traffic
volume. For weighted scores of —500 or less, only five
pedestrians per hour are necessary to warrant separation.
Potential users should note with caution that this proposed
warrant has not been field tested.

The project report has been published as:

NCHRP Report 240: ““A Manual to Determine Benefits
of Scparating Pcdestrians and Vehicles.” The slide show
and videotape are available on a Ioan basis by request to
the NCHRP. Borrowers may copy the audiovisual materials
to retain scts.

Project 20-11 FY 73
Toward Environmental Benefit/Cost Analysis—
Measurement Methodology

Polytechnic Institute of New York
Dr. Edmund J. Cantilli

Research Agency:
Principal Invest.:

Effective Date: September 1, 1972
Completion Date: May 31, 1974
Funds: $100,000

Environmental factors are being given increasing con-
sideration in the provision, and operation, of puhlic facili-
ties, including highways. Conscquently, it is {requently
necessary not only to compare facility effects on various
aspects of the environment but also to compare cffects on
the environment of one facility alternate to another. It is
also necessary, in order to choose among alternative facility
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which is emitted dissipates within a short distance of its
source. Essentially, no violations of the ambient air guality
standards are attributable to highway paving and priming.
Research has been completed, and the report has been
published as:
NCHRP Report 191, “Effect of Air Pollution Regula-
tions on Highway Construction and Maintenance.”

Project 20-13 FY '75

Beneficial Environmental Effects Associated with
Freeway Construction

The Pennsylvania State University
Hays B. Gamblc

Dr. Thomas B. Davinroy

September 3, 1974

August 2, 1975

$49.965

Research Agency:
Principal Invest.:

Effective Date:
Completion Date:
Funds:

It is necessary to discuss both positive and negative
environmental aspects of a project during preparation of
the environmental impact statemcnt, The positive aspects
have not previously been documented to any degrec. This
study provides an evaluation of environmental jmprove-
ments attributable to freeways in order to place present and
future freeways in proper perspective.

The objective of this project was to determine the long-
and short-range positive aspects of frceway construction.
These were differentiated, where necessary, for urban and
rural freeways. The literature was searched, analyzed, and
evaluated. The investigiutors were concerned with studies
such as:

t. Improved emergency ambulance, fire, and police
services.
Movement of goods and services.
Influence on land-use planning.
[nfluence on economic growth,
Accessibility to recreational and other activities.
Pollution control.
Energy utilization.
Effects on plants and wildlife.

e ol o

A matrix approach was used to catalogue and classify
beneficial environmental effects. 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 has been published as:

NCHRP Report 193, “Beneficial Effects Associated with
Freeway Construction—Environmental, Social, and Eco-
nomic.”

Project 20-14 FY 77

Monitoring Carbon Monoxide Concentrations in
Urban Areas

Technology Service Corporation
William 8. Meisel

Yuji Horie

October 1, 1976

Research Agency:
Principal Invest,:

Effective Date:

March 31, 1978
$99,973

Federal and state regulations have required that air
quality reports be included in environmental impact state-
ments in order that compliance with ambient air quality
standards could be assessed. Many of these air quality re-
ports needed to include an analysis of on-site monitoring
data of urban background carbon monoxide (COQO) con-
centrations. It had been assumed that this monitoring
must be performed for at least one vear to be reliable.
However, practical considerations dictated that the period
of monitoring be as short as possible consistent with chosen
accuracy. Therefore, an acceptable statistical method for
cvaluating CO data obtained over a relatively short period
of lime needed to be developed.

The general objective was to develop a methodology (1)
to estimate urban background CO concentrations from in-
complete monitoring data sets for three types of arcas
(a) where urban background monitoring stations already
exist, (b) where source-affected monitoring stations exist,
and (c) where there arc no existing stations; and (2) to
determine the precision of the estimates.

The first step in the development of such a methodology
was preparation of a high-quality data basc for cities
representing a wide geographical distribution throughout
the U.S. Once thc data basc was established, the inter-
relationships among the CO concentrations at the target
site, the CO concentrations at the auxiliary stations, and
meteorological data were explored. The preliminary rela-
tionships determined were then refined to determine meth-
ods for extrapolating the CO concentrations at the target
site to estimate the {wo critical annual statistics: the annual
second 8-hour maximum and the annual second 1-hour
maximum. From the analysis of CO concentrations, it was
found that thc 8-hour running average violated the air
quality standard when the second-highest-reading-of-the-
year standard was violated. This finding allowed research
to concentratc on the extrapolating of 8-hour running
averages.

The main result of this study was the following: As
long as it is possible to monitor during a part of the CO
season {October to January, possibly February), the two
statistics mentioned c¢an be accurately estimated from one
month of sampling. Restriction of monitoring to the CO
scason representcd a change from practice in 1978, The
most accurate of the methods tested was the simplest—use
the highest 8-hour average observed during the period of
monitoring at the highway site as the estimate of the annual
second maximum. It must be verified that the monitoring
period contained enough metcorologically adverse days to
make the estimate valid, Such adverse days must be
determined using an existing monitoring station nearby
which has been operating for at least a year, by a
meteorological index, or, lcss persuasively, hy typical rates
of occurrence of adverse days for the months encompassed
by the monitoring period.

An approach based on using an estimated statistical
distribution to estimate the annual statistics from limited
measurements was less accurate than the observed-maxi-
mum approach.

Completion Date;
Funds:




The degree to which the error in the estimation process
creates uncertainty in the estimate was quantified. Means
for assessing confidence intervals were recommended,

The project report has been published as:

NCHRP Report 200, “Monitoring Carbon Monoxide
Concentrations in Urban Areas.”

Research was continucd as Project 20-14A.

Project 20-14A FY 719

Statistical Analysis of Ozone Data for
Transportation/Air Quality Planning

SRI International Inc.
Frank Ludvig
September 15, 1979
December 18, 1981
$189,928

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

Federal and state regulations mandate air quality studies
to develop strategies for achicving compliance with ozone
standards. These air quality studics must frequently in-
clude monitoring programs to determine ozong concentra-
tions and the degree of compliance with the air quality
standards, However, use of historical data, whercver
possible, is a more cfficient and practical means to
quantify ozone problems and minimize requirements for
special monitoring. The major objective of this study was
to develop the methods needed to analyze existing data
and obtain as much information as possible from those
data. Corollary objectives were to provide information
about additional data needs and ways in which those
needs can be met with the least additional monitoring,
and to develop methods that provide information neces-
sary for developing cifective control strategies. No pro-
cedures were developed for designing control strategies,
which is a major topic where further research will be
fruitful.

All the objectives of the study were met. The rather
specialized definitions of *‘design value” and “expected
number of ¢xcecdances™ that were developed by the U.S,
Environmental Protection Agency (EPA) for the case of
a single monitor have been broadencd for application to
regionwide conditions. The approach was to use avail-
able data to estimate numbers of exceedances and design
values for points throughout the region of intercst.
Initially, points are very widely spaced in order to provide
an overall picture of the distribution of thesc two param-
eters in the arca. The points for which estimates are
obtained are then more densely spaced in those areas
where the highest design values and the greatest numbers
of exccedances have becn cstimated. In this way it has
becen possible to estimate the maximum numbers of ex-
ceedances and the highest design values occurring in the
area and the region in which they are found. These valucs
satisfy the definitions of expected number of exceedances
and design value that werce derived for a network. Com-
puter programs havc been written for processing data to
obtain the estimates discussed above. These computer
programs and the directions for their use are among the
major products of this study.

The deterministic approach to the cstimation of regional
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design values and expected numbers of exceedances de-
scribed above served as the basis for a probabilistic ap-
proach, which used the dav-to-day estimates for each grid
point of values generated by the deterministic method as
a basis for developing conditional probability distributions
of ozone concentration. Monte Carlo simulations were
used to generate daily estimates of peak-hour ozone con-
centrations at key locations (those areas where higher de-
sign values and greater numbers of exceedances were
expected and which had no nearby monitors), based on
obscrved data. This probabilistic method provides a
measure of the uncertainty and variability in the deter-
ministic approach. The computer program, and dircc-
tions for its use to obtain the probabilistic estimates of
design value and expected numhers of exceedances are
included in the final report.

The methods that have been developed here not only
provide estimates of design value and expected numbers of
exceedances for the region, hut also identify those days
when the highest concentrations occurred, which, in turn,
allows the analyst to determine the meteorological con-
ditions associated with high ozone concentrations in the
region. The air quality data and meteorological informa-
tion for the high-ozone days can be c¢xamined and used
lo eslimate the transported background-ozone concentra-
tions entering the region. The estimation methods are
fully described in the report. The determination of the
origins of the precursors to the transported ozone through
air trajectory analysis is also discussed.

The methods described above were applied to data
from four urban regions: Houston, St. Louis, Philadelphia,
and Los Angeles. Each ol these areas had relatively dense
ozone-monitoring networks that had becen operated for
at least a few months. With the availability of data from
these unusually dense monitoring networks, the method
could be applied to determine the scnsitivity of the results
to the number of stations in the monitoring network. A
network of about 10 sites was found to be adequate, if
the sites are properly located. There is a tendency to
underestimate the expected number of exceedances when
the number of monitoring sites is rcduced. However, the
design-valne estimates are generally within the range of
estimates for a single site, as derived [rom different EPA-
recommended methods.

Studies have shown that a complete monitoring network
need not be operated throughout the year. There is a
closc relationship between peak-ozone value and maxi-
mum temperature; if data are collected for all days when
the maximum temperature in the region exceeds about
20° C, then the cstimates of design value and expected
numbers of exceedances will be accurate. It appears that
the most efficient way to collect adequate ozone-monitor-
ing data in an urban region is to operatc about five fixed
stations: one in the central part of the city and four in
different directions a few tens of kilometers outside the
highly urbanized region, This fixed network should be
supplemented by mobile monitors operated during warm
weather to fill-in the area between the central monitor and
the peripheral monitors in the downwind direction,

The project report has been published as:
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county); (6) the output of the techniques to be applied;
(7) the usefulness of the techniques for various analysis
problems; and (8) the role of available demographic and
economic forecasts.

A case study will be conducted using cither the Bulalo-
Albany-New York City corsidor or a similar corridor to
assess a particular problem(s), such as the effects of
deregulation. The case study will include baseline data
and provide forecasts for 1980 and 1985 freight flows by
mode,

Research is currently underway.

Project 20-18 FY 79

Evaluation of Highway Air Pollution Dispersion
Models

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

SRI Tnternational
W. F. Dabberdt
March 15, 1979
November 30, 1981
$195,643

Federal and state Tegulations required that environmental
impact statements (EIS) be prepared for highway projects.
The air quality portion of an EIS usually includes micro-
scale modeling of current and future carbon monoxide
concentrations. A number of microscale models had been
developed; they vary in approach, complexity, accuracy,
and cost. However, due to lack of an independent com-
prehensive analysis of model performance for a variety
of data buses, predictions made with these models might
be unreliable. The air quality, meteorological, and traffic
data necessary for such an analysis existed but had not
becn assembled or cvaluated. Therefore, analyses of these
models and existing data were needed.

The general objective of the rescarch was to develop
methods for evaluating the performance of highway air
pollution dispersion models, assemble and document a
data base to be used to asses model performance, and
perform a preliminary ¢valuation of selected models to
demonstrate the application of the mecthodology.

All of the study objectives were met. The evaluation
methodology comprises both statistical analysis and sensi-
tivity analysis. In the statistical method, six statistics were
defined that describe the predictive performance of dis-
persion models in threc complementary catcgories: ability
to predict exceedances of concentration thresholds {which
may be ¢qual to ambient air quality standard); ability to
track pollutant levels in space and time; and ability to
replicate the numerical value of observed concentrations.
The six statistics were combined into a single figure of
merit that describes the composile performance of the
model. The statistical method takes into consideration
the presence of error in the measured pollutant concentra-
tions, The formulas for the six statistics have been
modified to include the effect of two types of observa-
tional error: errors defined as a percentage and errors
specified as a constant hound. A computcr program was
prepared that performs scveral diagnostic analyses of model
behavior. A method was defined for performing sensitivity

analysis by computing the scnsitivity matrix given the
estimated crrors in the input parameters of the model.

A comprehensive data base was assembled, which in-
cludes data from (1) at-grade, elevated, and depressed
roadways; and (2) five data sets provided by SRI Inter-
national, Texas A&M University, New York State De-
partment of Environmental Conservation, California De-
partment of Transportation, and General Motors Corpora-
tion. The application of the evaluation mcthodology was
demonstrated hy performing a preliminary assessment of
the performance of six selected models, four Gaussian and
two numerical.

The report, “Development and Application of Mcthods
for Evaluating Highway Air Pollution Dispersion Models,”
will be published early in 1982. The computer tape contain-
ing the model evaluation method and the comprehensive
data base may be obtained by request to the NCHRP and
supplying a 2-in. diameter and an 8-in. diameter ASCII
9-track tape “(or equivalent) with a density of 1600 BFT.

AREA 21: TESTING AND
INSTRUMENTATION
Project 21-1 FY 70

Instrumentation for Measurement of Moisture

Research Triangle Tnstitute
Dr. L. F. Ballard

August 25, 1969

February 24, 1971

$35,027

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

Water in its various states, when insufficient or in excess
in the components of a highway system, adversely affects
the latter’s service behavior. 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 techniques for adequate water or mois-
ture measurcment, The economic significance of the prob-
lem in highway construction and maintenance is particu-
larly evidenced by the large financial investment aimed at
removal of excess water which causes loss of supporting
capacity of subgrade soils and aggregate bases, embankment
instabilily, and deterioration of pavements.

The objective of this project was to evaluate, on the basis
of a comprehensive literaturc 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, “Instrumentation for Measurement
of Moisture—Literature Review and Recommended Re-
search.”



Project 21-2 FY '71

Instrumentation for Moisture Measurement—Bases,
Subgrades, and Earth Materials (Sensor
Development)

Research Agency: Southwest Research Institute
Principal Invest.: Dr. C. G. Gardner

Effective Date: February 1, 1972
Completion Date: January 31, 1574

Funds: 364,976

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
technique. For this reason, this project is to concentrate
on the development of new and innovative, or modification
of currenily available, sensors for moisture measurement.

The objectives of this project were to design, build proto-
type models, and conduct {aboratory 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 independently. TIn general,
satisfactory performance was achieved using the NMR
approach, but considerablc difficulty was cncountered with
the microwave techmique, As a result, the experimental
verification phase was limited to the NMR scnsor.

Research has beeu completed, and an NMR sensor has
been developed for measurement of moisture in fine-
grained 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. Information contained in the project
report is included in the Project 21-2(3) report.

Project 21-2(2) FY '72

Instrumentation for Moisture Measurement—Bases,
Subgrades, and Earth Materials (Sensor
Development)

State U, of New York at Buffalo
Dr. E. T. Selig

Research Agency:
Principal Invest.:

Effective Date: April 1, 1972
Completion Date: September 30, 1973
Funds: $29,053

There is an immediate need for reliable instrumentation
to measure the moisture, in sity, 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 moeisture measurement instrument or
technique. For this reason, this project is 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 a
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pratotype 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 thc use of electrical 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 tcchnotogy on which the prototype sensor is based
is described in a paper hy Selig, Wobschall, Mansukhani,
and Motiwala puhlished in TRB Recond 532, Information
contained in the project report is included in the Project
21-2(3) report.

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. Sclig (SUNY)

Research Agency:
Principal Invest.:

Effective Date: Septecmber 3, 1374
Completion Date: December 31, 1979
Funds: $154,764

There is an immediate need for reliahle instrumentation
to measurc the moisture, in situ, in soil and untreated
granular materials used in such highway substructurces as
subgrades, cmbankments, slopes, backfills, and base
courses, It is recognized that the sensor is the critical
component 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
based on nuclear magnetic resonance (NMR) and elec-
trical capacitance technology have been developed under
these projects and suhjected to laboratory testing.

The objective of this project was further refinement and
field evaluation of the two prototype moisture sensors de-
veloped under Projects 21-2 and 21-2(2). This included
fabrication 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.

Research has been completed, with accomplishment of
the intended tasks. Although neither sensor meets all of the
desired criteria, the rescarch indicates that each has some
potential for practical application to the soil moisture mea-
surement problem. Operational problems encountered dur-
ing the field evaluation should be resolved during the de-
velopment of production modeis. A production model of
the diclectric sensor is available from Ecotec Corp.,
Needham Heights, Mass,

The essential findings of the study have been published
as NCHRP Rescarch Results Digest 121. The agency
report has been distributed to the Program sponsors and
other interested persons. It will not be published in the
regular NCHRP report series but is available on loan upon
written request to the NCHRP,
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The initial objective of this project was to identify and
document realistic performance criteria and correlated de-
sign criteria for bridge railing systems on roadways pro-
viding various (at least three——normal, higher, and lower)
levels of service. The major objective was to develop at least
one design hased on criteria for the lower service level and
to validate this system using analytical and full-scale testing
methods,

The research included the following tasks:

1. Identify traffic and other parameters for use in de-
fining appropriate categories of roadway service levels.

2. Establish reasonable performance criteria for bridge
railings to be employed in each category.

3. Propose bridge railing design criteria for each category.

4. Develop and validate, through analytical simulation
and full-scale testing (in accordance with the relevant pro-
visions in NCHRP Report 133), at least one lower service
level bridge railing design with first cost and maintenance
advantages over normal service levet 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, evaluate the perform-
ance of this railing when struck by a 23,000-1b (11,340 kg)
school-type bus under various impact conditions.

6. Compare the developed bridge railing design with the
present AASHTO static-elastic bridge railing design re-
quirements.

7. Recommend appropriate modifications to current
bridge railing design practicc based on this study.

Research has been completed, and loan copies of the
final reports on Phase I (Tasks 1-3) and Phase II (Tasks
4-7) may be obtained from the NCHRP.

Praject 22-2(3) FY 78

Multiple Service Level Highway Bridge Railings—
Selection Procedures

Southwest Research Institute
Maurice E. Bronstad
January 1, 1979

May 31, 1981

5200,000

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

The concept of multiple service level bridge railings was
developed in NCHRP Project 22-2(2). The objective of
Project 22-2(3) is to further refine these procedures to
make them more usable and accurate with respect to the
needs of the highway community., Certain improvements
have already been indicated from comments received on
the inifial studies.

Several aspecets of the Multiple Service Level Approach
{(MSLA) are controversial and morc comprehensive inves-
tigations were needed. The following steps were carried out
in this program;

1. Perform a sensitivity analysis and refine MSLA pro-
cedures accordingly.

2. Develop bridge railing systems for a number of ser-
vice levels,

3. Detcrmine total costs of bridge railing systems for a
number of service levels.

4. Based on cost, determine number of service levels
needed.

5. Develop an upgrading strategy using MSLA.

6. Prcpare a users’ manual for practicing engineers.

7. Assess the legal implications of MSLA and make
modifications as indicated.

Through Deccmber 31, 1981, research has been com-
pleted, and the final report published as:

NCHRP Report 239, “Multipie-Service-Level Highway
Bridge Railings Selection Procedures.” The findings of a
small side study on the breakaway cable terminal have been
published as Research Results Digest 124.

Project 22-2(4) FY 79
Procedures for Testing Highway Appurtenances

Southwest Research Insiitute
Yarvis D. Michie

Research Agency:
Principal Invest.:

Effective Date: May 1, 1979
Completion Date: February 28, 1981
Funds: $30.000

In 1962, the first procedures for fult-scale vehicle crash
testing of guardrails were published in Highway Research
Correlation Services Circular 482, The one-page document
delineated vehicle mass, impact speed, and approach angle.
Although Circular 482 did bring some order to traffic bar-
rier research being performed at several rescarch agencies,
a number of questions arose that were not addressed,

Under NCHRP Project 22-2, SwRI addressed these
questions and developed NCHRP Report 153, “Recom-
mended Procedures for Vehicle Crash Testing of Highway
Appurtenances” (1974), which provided testing and re-
search agencies with recommended procedures to vehicle
crash test highway appurtenances. The procedures repre-
sented tcchnical input from more than 70 individuals and
agencies and the results of extensive deliberation of a spe-
cial ad hoc pamel. It was recognized then that several
parts of the procedures were based on inadequate experi-
ence or research. It was decided, however, to retain
coverage of these areas in order to provide a more com-
plete testing procedure.

Tbese procedures have gained wide acceptance since their
publication in 1974. It was recognized at that time that
periodic updating would be necded. and, in January 1976,
TRB Committeec A2A04 accepted the responsibility of
maintaining the eflicacy of the procedures. Questionnaires
were submitted to committee members in late 1976 to
ascertain areas of the document that needed revision. The
responses generally fell into two categories: (1) minor
changes that would require expanded discussions of certain
provisions and problem areas and the addition of more
detailed guidelines; and (2) major changes that would
requirc broadening the scope to include testing with trucks
and buses, reevaluating the criteria for impact severity,
and treating special highway appurtenances such as con-
struction barriers, The commitice agreed to address the
minor changes through special committee action; this was




done, and Transportation Research Circular No. 191 is the
product of TRB Committee A2ZA04. For the major changes,
the commiittee felt that the task was beyond its resource and
requested TRB/NCHRP to investigate the possibility of
having the work performed under a funded research con-
tract. Project 22-2(4) was intended to address these major
changes. Its objective was to review, revise, and expand the
scope of Transportation Research Circular No. 191 to
reflect current technology. This study permitted research
on points nceding more in-depth analysis than could be
provided by the TRB Committec.

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

NCHRP Report 230, “Recommended Procedurcs for
Safety Performance Evaluation of Highway Appurten-
ances.”

Project 22-3 FY '73

Field Evaluation of Vehicle Barrier Systems

Research Agency: Calspan Corporation
Principal Invest.: I, W. Garreit

N.J. DeLleys
Effective Date: January 1, 1974
Completion Date: February 15, 1975
Funds: $25,000

The relative in-service performance of most guardrail
systems is unknown. Although over-all performance of
puardrail installations, in general, might be determined
from state and national efforts 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 degree
to which accident data currently being accumulated by
various agencies meet the needs of those concerned with
the effectiveness of vehicle barrier systems and, to 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 occurrence, 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 each of these
sources as to its suitability to the needs identified 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.
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5. Outline subsequent research to systematically collect
and evaluate accident data.

6. To the extent possible within the funding and time
constraints, analyze and discuss in the final report such
useful data as were discovered during this study.

Research has been completed, and the essential findings
from the final report have been summarized in NCHRP
Research Results Digest 76, “Field Evaluation of Vehicle
Barrier Systems.” Microfiche of the agency's final report
may be purchased for $4.00 prepaid from the Transporta-
tion Research Board Publications Qffice, 2101 Constitution
Avenue, N.W., Washington, DC 20418,

Project 22-3A FY '73
Field Evaluation of Vehicle Barrier Systems

Artthur L. Ellioit
Arthur L. Elliott

Research Agency:
Principal Invest.:

Effective Date: July 1, 1974
Completion Date: December 31, 1974
Funds: $10,000

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 efforts 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-scalc 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 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 evalua-
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 Results Digest 76, “Field Evaluation of Vehicle
Barrier Systems.” Microfiche of the agency’s final report
may be purchased for $4.00 prepaid from the Trans-
portation Research Board Publications Office, 2101 Con-
stitution Avenue, N.W., Washington, DC 20418,
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