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INTRODUCTTON

The BSCP Technology Application Group (TAG) has actively participated
in the design and early developmental phases of the ICMA-NASA Technology
Application Program. Following the priortization of the initial set of
city-generated problems, NASA's Office of Technology Utilization assigned
to TAG the task of determining for selected problems the extent of relevant
federal R&D support.

The basic reasons for this task were to: 1) identify federal or
federally sponsored 'centers of excellence' which might help in problem
definition and in focus on appropriate technology; 2) avoid duplication
of R&D effort; and 3) identify R&D performers where new technology could
best be injected for consideration.

The first ICMA problem on which TAG focused was "Pavement Striping."
Appendix A contains both the ICMA and Stanford Research Institute TATeam
Problem Statements for this problem. Basically, the areas for improvement
are: ‘

1) decrease in drying time

2) increase in wet weather visibility

3) dincrease in durability (normal wear as well as snowplow damage)
4} increase in adherance to pavement
5) 1increase cost-effectiveness of striping systems

The SRI Problem Statement includes a good summary of currently used
striping materials. Also included in Appendix A is a 1969 article by
Bernard Chaijken in Public Roads which summarizes R&D of traffic marking
materials.

The TAG methodology for this investigation consisted of: 1) reviewing
information currently available and conducting information searches to
jdentify relevant funders and performers of relevant R&D; 2) contacting
identified federal agency representatives to fully identify pertinent
R&D effort; 3) meeting with federal agency personnel and industrial per-
sonnel to determine characteristics of current and planned advances in
technology state-of-art;—and 4) reviewing pertinent publications.

This report summarizes the information gathered to date of federal
R&D efforts directly relevant to traffic marking materials. Recommendations
for further NASA and ICMA actions are also presented.
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Federal Pavement Marking R&D Sources

Department of Transportation

Within DOT, much highway related research is carried out within or under
the sponsorship of the Federal Highway Administration (FHWA), the National
Highway Safety Bureau (NHSB), The Highway Planning and Research (HP&R)
activity, and the funding of the National Cooperative Highway Research
Program (NCHRP). HPR activities are supported jointly by the Federal
Government and -individual states. NCHRP effort is jointly funded by the
FHWA, the American Association of State Highway Officials (AASHO) and the
National Academy of Sciences Highway Research Board (HRB).

Some research relevant to pavement markings is also carried out by
the Federal Aviation Administration (FAA). Research performed by the
FAA, and by the Department of Defense (DOD) for FAA, is in the area of
runway marking materials and is relevant to pavement marking materials
research.

FHWA Staff Research Studies. During FY-'69 and FY-'70, the FHUWA
did no in-house research directly related to pavement marking materials.
Research related to pavement thickness determination (FHWA Code £2723023)
and to rest area waste requirements (FHWA Code 2830642) were continued.
The SRI TATeam is knowledgeable of these efforts.

FHWA Contract Studies. During FY-'70, the Battelle Memorial Institute
carried out Phase I ($36,000) of a project entitled "Development of a
New Low-Profile Highway Striping for Nite-Wet Visibility. Phase I-
Practical Feasibility (FHWA Code 3644303, Contract No. FH--11-7445). BSCP-
TAG has contacted Battelle to obtain initial information on this project.
BMI is using plastic ray corner retroflectors, 1/8 "thick, smooth top
surface, which is glued onto, or into a groove in the road. Focus is
on wet-nite visibility in snow-plow states.

Within the FHWA, Bernard Chgiken of the Office of Research and
Development is responsible for R&D coordination in pavement. He is
also considered 'the' expert on pavement marking materials within FHWA.
The pavement striping R&D FY-'73 program will be an active one which will
be an active one which will rely on Federal/State matching dollars.
Between fifteen and twenby studies, carried out by the states and
coordinated with the NCHRP, will probably be underway. Bob Connor of
the O0ffice of Traffic Operations noted that seventeen states are
currently carrying out R&D, with federal money, on the evaluation
of beaded striping. A report is due Tate in 1971 and should be of in-
terest to the c1t1es Contact reports relevant to FHWA interfaces are
in Appendix B.

The FY-1969 "Highway Research and Development Studies" Tlists the
following 16 studies relating to pavement striping as "in progress."
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Sponsor and Conducting

Pyroaram Area Code Agency Title Current Year Cost
45711003 Pennsylvania, "A System For Measuring & $ 44,000
Singer Marking No-Passing Zone

Limits"
4532724 Louisiana, "Highway Lane Marking With $ 2,000
Louisiana Polytechnic Reflective Materials"”
5532021 NCHRP, "Roadway Delineation $209,000
Penn State Systems" :
4644053 Californig, State "Development & Evaluation $ 12,000
of Reflective Traffic Lane
Markers"
4644284 California, State "Grooved Traffic Strips" $ 1,000
4644173 Colorado, State "Reflective Traffic Bead $ 6,000
: Study"
4644183 Georgia, "Wet Night Visibility" $ 27,000
Georgia Institute
of Technology
4644194 Kansas, State "Paint Stripe & Glass $ 8,000
Bead Study"
4644095 Kentucky, State "Plastic Striping Per- $ 3,000
formance Surveys" )
4644104 Kentucky, State "Durability of Traffic $ 2,000
Paint on Portland Cementl
Concrete Pavements"
4644314 Louisiana, State “Evaluation of Raised $ 18,000
Pavement Markers"
4644262 Missouri,State “Investigate Paints and $ 35,000
- Glass Beads Used In
Traffic Delineation"
4644294 New Jersey,State "Study of Glass Beads $ 8,000
With Flotation Properties"
4644135 New York,State "Plastic Marking Materials $ 27,000

for Pavements"




Program Area Code

Sponsor and Conducting
Agency

Title

Current Year Cost

4644144

4810003

& ogram Area Code

North Dakota,
N.D, State Univ.

Washington,D.C.,
State

As is apparent, most of the federally sponsored R&D in this area during

FY-'69 was done by the States.

NHSB Administrative Contract Studies.

"Improved Highway Marking
Paints"”

"Pavement Marking Materials

Performance"

lated to pavement markings carried out under NHSB sponsorship during FY-'70.

HP&R Studies.

relevant to pavement markings were:

Sponsor and Conducting
Agency

Title

$ 3,000

$ 2,000

There were no R&D efforts re-

During FY-*70, HP&R R&D efforts conducted by the States

Current Year Cost

4644034

4644274

4644284

4644362

4644044

4644194

4644095

4532124

4644314

Alabama State Highway
Department

California State
Highway Department
California State
Highway Department
Connecticut State
Highway Department
Indiana State

Highway Department

Kansas State
Highway Department

Kentucky State
Highway Department

Louisiana,
Louisiana Polytechnic

Louisiana State
Highway Department

"Traffic Marking Beads"

"Development & Evaluation
of Reflective Traffic
Lane Markers"

"Grooved Traffic Stripes"

"Evaluation of Hot Applied
and Fast Dry Paints on high
ADT Roads"

"Traffic Marking Materials
Experiment"

“Paint Stripe & Glass Bead
Study"

"Plastic Striping Performance
Surveys"

"Highway Lane Marking With
Reflective Materials"

"Evaluation of Raised Pave-
ment Markers"

$ 5,000
$ 12,000
$ 4,000
$ 16,000
$ 3,000
$ 8,000
N/A
N/A
$ 14,000




Sponsor and Conducting

i.ogram Area Code Agency Title ~ Current Year Cost
4644323 Maryland State "Development of a Laboratory $ 32,000
' Highway Department Method of Predicting Wear
Resistance of Aggregates"
4644024 Mississippi State "An Evaluation of Road $ 7,000
Highway Department Marking Materials"
4644262 Missouri State "Investigation of Paints $ 375005
Highway Department and Glass Beads Used in
Traffic Delineation
Markings"
4644294 New Jersey State "Evaluation of Floating $ 4,000
Highway Department Glass Beads for Traffic
: Stripes”
4644135 New York State "Pavement Marking Materials" $ 36,000
Highway Department '
4644144 N. Dakota State "Improved Highway Marking $ 4,000
University Paints” :

As previously noted, most of the relevant pavement marking R&D sponsored
by FHWA 1is carried out by the States. The HP&R activity is jointly funded,
90/10 on interstate and 50/50 on non-interstate, federal-to-state-dollars.

NCHRP The Highway Research Board (HRB),soon to become the Transportation
Research Board, is a unit of the Division of Engineering of the National
Research Council. The HRB operates under the corporate authority of the
National Academy of Sciences. One of the HRB's four divisions is the National
Cooperative Highway Research Program (NCHRP). NCHRP is funded by the Amer-
ican Association of State Highway Officials, is administered by the HRB, and
works in cooperation with the FHWA. States contribute 4 1/2% of their 1 1/2%
share of FHWA HP&R funds to the NCHRP. Total NCHRP resources are about
$3 1/2 million per year and their trend is to fund projects in the $100,000
to $300,000 bracket. Contact Reports are in Appendix C.

Mr, Bill Williams, NCHRP project engineer, has been responsible as
contract monitor for pavement striping R&D since 1964. Included in Appendix
C are copies of three RFPs covering NCHRP R&D in pavement striping. NCHRP
Report #45 is included as Appendix D and is the result of Contract 5 with
Southwest Research Institute. NCHRP Report #85, for Contract 5 continued,
has not been obtained. Contract 5-5A, soon to be let to a university, will
provide $200,000 for wet-nite visibility in snow plow areas markings R&D.
This effort is parallel to the Battelle effort. NCHRP studies to date are
as follows:




Sponsor and Conducting

_Program Area Code Agency Title _ Cost
5532021 NCHRP, Penn State "Roadway Delineation $209,000
Systems," year 2 of 3 yrs. (FY-'69)
' $104,000
(FY-'70)
5532012 NCHRP, Southwest Res- “"Nightime Use of Highway 1967-1969
(5-5, 5-5 earch Institute Pavement Delineation Total Cost
cont'd) Materials, Phase I,II" of $100,000
(5-54) (Pending ?) "Development of Optimum ‘

Specifications for Glass
Beads in Pavement Markings"

-The NCHRP administers two information storage and retrieval systems,

~ the Highway Research Information System - HRIS (contact Art Mobley) and

the Transportation Research Activities Information Systems - TRAIS (contact
Mr. Schafer). Both systems can be searched for reasonable fees. It is
recommended that ICMA-TAP develop close interface with these two systems

as a means of keeping up-to-date on current R&D related to city transportation
problems. '

A number of pavement striping R&D reports have been procurred by BSCP-
TAG in microfiche form. These will be reproduced and hard copy provided to
ICMA as soon as possible.

FAA The Federal Aviation Administration conducts both in-house and
external R&D on materials for airport runway markings. In-house R&D is
generally conducted at the National Aviation Facilities Experimental Center

_ (NAFEC). Fred Horne of FAA's R&D office indicated that reports of in-house

R&D are available from NTIS. Appendix E contains Contact Reports and FAA
references to pertinent titerature. Several reports have been obtained.
Most of NAFEC work is on the visibility evaluation of varijous marking and
lighting systems.

External R&D for the FAA has been done by the Institute of Transportation
and Traffic Engineering (ITTE) of the University of California at Berkeley
and by various groups within the Department of Defense. Human factors analyses
have been done by ITTE and by Human Sciences Research, Inc. of Arlington,
Virginia. Since most of the materials related R&D has been done for the
FAA by DOD, DOD efforts are discussed next.

Department of Defense

Within DOD, pavement marking materials R&D has been conducted by:

1. Materials Research Support Division
U.S. Army Mobility Equipment Research & Development Center
Fort Belvoir, Virginia




DOW Chemical Co. under contract to (1) above
Directorate of Civil Engineering (Code AFPRE)
Bolling Air Force Base
Washington, D.C.
U.S. Air Force
4. U.S. Naval Civil Engineering Laboratory
U.S. Navy :
Port Huerneme, California
5. Chemical Research and Development Labs.
Army Chemical Center
Edgewood, Maryland
U.S. Army

w N

Contact Reports and Titerature references for these agencies are in-
cluded in Appendix F. Copies of several DOD reports have been obtained.

The materials R&D underway at Bolling AFB and at Fort Belvoir is being
done in conjunction with the FAA. Both Emil York (Army) and William Helm
(Air Force) coordinate their R&D with Fred Horne of the FAA. Their R&D is
aimed at better runway striping paints with a requirement for a 1.9 retro-
flectivity due to a angle of divergence greater than that for autos. Belvoir
is evaluating DOW and Shell epoxy paints and glass beads are also used.

Skid resistance, blistering of subcoats, drying times, and cracking are
some of the- problems encountered. These efforts are in the development
stage at this time. The key contact man is Fred Horne.

The Navy R&D (FortHueneme) was not done in conjunction with Army or
Air Force R&D. Port Hueneme no longer has an active program in this area,
but they conducted extensive tests of existing highway and airfield paints
based on TT-P-85, TT-P-110 and TT-P-115 paint specifications. Extensive
tests of other formulations (NCEL Formulations 108, 109, 110, 101, 115
and 114) were also carried out. The future of Navy R& in this area is
uncertain, but their evaluation efforts are impressive. BSCP-TAG has
copies of relevant reports from Port Hueneme. They key contact is R.UW.
Drisko.

The R&D of the Army Chemical Center concerning the silver plating of
glass beads has not yet been investigated.

DOW Chemical Company's Washington Office was contacted and they
promised to forward relevant technical information. This data has not
yet been received.

Industry Organizations

Although assessing the current commercial state-of-art was not part
of this effort, BSCP-TAG participated, at the invitation of ICMA-TAP, in
a meeting with Mr. Paul Yard, Manager of 3M's Pavement Marking Systems
Division. Mr. Yard provided us with a detailed review of his Division's
history, technical capability, traffic marking materials product line, and
R&D 1in marking materials. In his discussion of future marking products
and systems, he disclosed to us that 3M will soon be offering a 'guaranteed




marking' service and a 'contract striping' service. These services are
intended to provide pavement marking capabilities which exceed current
striping technology. While this information cannot be disclosed at this
time, the 3M services involve the rapid application of custom premixed
materials including standard and bisymmetric glass beads with a two-year
guarantee at a very reasonable price. The equipment to provide these
capabilities has developed by 3M and is very sophisticated. 3M is con-
ducting in-house R&D on snowplow-resistant markers and other new marker
products for which they have filed for patent protection. None of the
3M R&D is federally funded.

It appears that the soon-to-be announced 3M services may come close
to or even exceed the stated technological requirements for improved
pavement striping materials. The new 3M products and services have been
extensively evaluated and 3M is confident they can undersell and outper-
form current state-of-art materials and services. 3M's specifications
for contract service and guaranteed striping materials.




Conclusions and Recommendations

The bulk of federal pavement marking R& lies within the Department
of Transportation, Federal Highway Administration and Federal Aviation
Administration and the National Cooperative Highway Program. DOD R&D
in this area is carried out by the Army and Air Force in coord1nat1on
with the FAA. Navy R&D 1in this area appears to be dormant.

Key federa] personnel identified are:

-Mr. Bi11 Williams

Naticnal Cooperative Highway Research Program
Highway Research Board
-Mr. Bernard Chaiken

Federal Highway Administration
-Mr. Fred Horne

Federal Aviation Administration
-Mr. Emil York

Department of the Army
-Mr. William T. Helm

Department of the Air force; and
-Mr. R.W. Drisko

Department of the Navy

A1l of these gentlemen indicated an interest in the ICMA - NASA
Technology Applications Project and in further participation in efforts to
meet urban requirements. :

At this time, it seem appropriate to await the announcement of 3M's
new services. The acceptance of the 3M services will determine the advis-
ability of continuing NASA and/or ICMA action in this problem area.

It may also be desirable to have a meeting with the above federal
personnel, ICMA-TAP personnel, NASA OTU personnel, and BSCP-TAG personnel
to bring the ICMA-TAP up-to-date on the range of technologies and organi-
zations. Such a meeting would facilitate ICMA interaction with other
technology oriented federal groups. Also, NASA could better assess pot-
ential mechanisms for NASA technical inputs in this area.

The ICMAwTAP should obtain retrospective and curyrent awareness searches
from NCHRP's HRIS and TRAIS systems to keep 1tself up—towdate on R&D in areas
of interest to cities. ‘




APPENDIX A

Problem Statements, R& Summary,

and Other Background Information
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PAVEMENT STRIPING :
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A traffic line material which is long wearing, instant dryin

flectorized but non-glaring. W/ W/{écﬁ&/

B. 3ackeground

At present street line markings (crosswalks, centerlines, directional
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[
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arrows, traffic lane markings, safety is

~

S
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and edge lines) arc applicd
to street surfaces several times a year because the existing traffic p}iint
has an extremely short useful lifc. Repainﬁ ing street markings several .
times per year is an exiremely costly use of manpower. Also, men
engaged in painting streect lines impede traffic, and endanger their own
safety. _

Strect lines are primarily used for safety of traffic, and when they
deteriorate they no longer effectively serve this purpose.

Because present traffic paint does not dry immediately street
markings must be barricaded, thus impeding traific and creating a safety

hazard.

C. Constraints and Specifications

1. Traffic line material should adhere to the street paving
and have a useful life of at lcast three years, or even

ten. v .
- told azerifio Lo woctal UL,

2. Material shall dry instantly upon dontact With street”
surface to eliminate the need for barricading of strcets.

3. Material shall be reflectorized without the addition of
lass spheres. '
& E /pew»«?fi&/ 2ev !

4., Traffic lines shall be visable for 500 feet.

5. Traffic lines shall not produce annoying and dangerous
glare.

6. Material must be capable of adhering and drying in

» - © e
atmosphoeric temmperatures u‘;'mj“ 10°F . Temperature
stremes of -2091 to 4 (},Q-W"l must be tolerated in

service., '}'(QO&F
v . J
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10.

11,

12.

13.

14.

15.

Material shall be available in white and yellow colors.

Material shall be put in place with existing strect
striping equipment or equipment of a less c\pcnglve
and less cumbecrsome nature.

Material must be resistent to oil, gasoline, rock salt,
and calcium chloride.

Lines or roads must show up not only in dry weather
but also when roads are wet.

Price of paint not to excecd $3.00 per gallon. ﬁ/ﬂ Mzmﬁ%
more permanent material to cost $0.30 or less pc: 7

square {oot.

oq : * ﬁ“fl "fwé 54'»"’\/

No detrimental interaction with paving surfaces,
tires, shoes.

Must be usable on any and all existing paving surfaces.

Should be visible in fog, utilizing existing street and
car lights.

System should be reversible so that lines can be re-
moved or neutralized to color of pavement at some
time after installation.

C ol 4 /MMMFWM%

D. Representative Available Kguipment

E. Relevant Technology
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Problem Statement SRI/T-61

PAVEMENT STRIPING

What is Needed

A pavement striping material is needed that is durable and reflective.

Background

Few pavement marking materials last longer than two years, some only

two months. The markers may be abraded by tires, chipped by studdéd'

. snowtires, dislodged by snowplows, or peeled by moisture and frost.
Replacement of striping is expensive, striping equipment impedes traffic,.

and the workmen are endangered,

Marking materials are least effective during wet, dark periods, the times
when a driver's need for guidance is most critical. Some materials fail

to delineate even in dry daylight hours. Some commonly used materials

and their shortcomings are listed below.

1. Paints, usually a meodified alkyd or modified alkyd-chlorinated
rubber type, require renewal, sometimes as often as every two
months., They are effective markers during dry daylight hours
but are almost obliterated during wet periods. They Hry slowly,

thus requiring dangerous, expensive barricades that impede traffic.

2. Paints containing glass beads improve nighttime visibility but do

little to imprové guidance during wet periods., Silicones, added
to increase water runoff, last only a few days. In addition, the
glass beads cause dirt and road film to accumulate on the marking,

greatly reducing its daytime effectiveness.

3. IEES with or without a reflectorized surface lacks the long-wearing

qualities neceded.

4, RaiSed markers are effective delineators at most times, but are

highly susceptible to damage from snowplows, (Spring-mounted and
cast iron ramp reflectors have been developed to reduce this damage.)
In addition, all raised markers must be removed during pavement
resurfacing~-an expenéivc, time-consuming procedure.

7
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5. Hot thermoplastics, with glass beads extruded or sprayed, have

proved very durable, with a life expectancy five to six times that
of paint. However, they do not have the wet weather reflectance
required and cannot be applied during cold weather., Some reguire
an epoxy primer on the pavement, and removal of these markers

before repaving is difficult,

Less common markers include low profile epoxy-glass bead markers and com-
bined longitudinzl grooving and striping. Because of restricted appli-
cability, limitations in performance, cost, or a limited degree.of.dévelop~
- ment and practicality, most of the concepts above have not been fully

accepted or utilized.

Constraints and Specifications

1. The material must be visible for 500 feet during daylight, nighttinme,

wet, and dry conditions on asphalt and concrete road;.
v2. The material must have a useful life of over 2% years.
3. It mﬁst be resistant to oil, gasoline, rock salt, and calcium chloride.
4, The cost of the material should not exceed $0.30 per square foot,
5. To eliminate the need forbbarriers, the material should adhere and
dry within several minutes at temperatures down Eo 10°F.
References

1. National Cooperativé Highway Research Program, Réport No, 45,

“Development of Improved Pavement Marking Materials."

2. National Cooperative Highway Research Problem, Project 5-5B, ''Pavement Marking
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"Development of Form-in-Place Wet Reflective Markers

For further discussion or information contact

Mr. Richard Blunt, Stanford Research Institute, Menlo Parh, CA 94025
Areca Code 415, 326-6200, Extension 3380




Reported by! BERNARD CHAIKEN,
Principal Rescarch Chemist,
Materials Division

S MOST  highway  cngineers  realize,
- A raflie marking has become a sizable item
in the maintenance budgets of many highway
departments. In a published sur
was shown that throughout the United States,
in 1963, 12 million gallons of conventional
traflic paint were purchased by the States
and an  estimated  additional 9% million
gallons by cities and counties, Thus eity,

1 Presented ot the 55th Annual Meeting of the Aweriean
Association of State Nighway Officials, Philadelphia, Pa.,
Oelober 27-31, 10460,

* Halic numbers in parentheses identify the references
Hstod on page 2566,
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BY THE OFFICE OF
RESEARCH AND DEVELOPMENT
BUREAU OF PUBLIC ROADS

Recent rescarch in traffic marking materials is presented in this review to
summarize the state-of-the-art since the last comprehensive bibliography
published in 1952 by the Higlueay Research Board. It is intended not to present
a complete bibliography on the subject since 1932, but rather, to point out the
most pertinent research findings and developments in recent years. Rescarch
and development in the United States sponsored jointly by the State highwaey
departments and the U.S. Burcan of Public Roads is emphasized and supple-
mented by inforination on other ongoing rescarch by other agencies in the
United States and throughout the world,

Many proprietary trade products are specifically mentioned to present a
more complete account. Mentions of trade names are not to be considercd
endorsentents of the products, nor are omissions of trade products, either
overlooked or unknown to the author, 1o be considered inferences that such
products ure of lesser quality than those mentioned.
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county, and State governments nationally
used more than 21 million gallons of con-
ventionnd traflic paint. At average costs of
$1.66 per gallon for white paint and £1.95 for
yelow paint (Z), the nationul cost for paint
binder in 1965 alone was cstimated at $38
million. It was also reported in the survey
that approximately 107 million pounds of
reflectorizing glass beads were purchased by
these governments during the same year—66
million pounds by the States and an estimated
41 million pounds by citics and counties—at
an estimated cost of about $12 million. Ac-
cordingly, the total cost of paint and beads
during 1965 was approximately $50 million.

But these material costs are reported to be
only zbout a third of the total cost of fnstulled
conventional striping (2). Thus the annual
overall cost of striping with conventional
paint in the United States is estimated to be
at least $150 million. This estimate does not
include costs of other marking systems like
hot thermoplastics, preformed  stripes, or
raised button-type markers, which are known
to be apprecinble. Not only these exorbitant
costs, but also the need for adequate lane
delineation to cnable safe driving during all
seasons of the year and in inclement weather,
have stimulated pavement-marking research
and development. The significant trends and
developments in this ficld sinee the last
comprehensive  bibliography  on  pavement
marking materials, published by the Highway
Rescarch Board in 1052 (3), is summarized
in this review, which is intended not as a
complete bibliography, by any means, but
as a current state-of-the-art report to point
up to present researchers and potential
producers the most pertinent rescarch and
devclopment in recent years.

In gathering information for this review,
research and development in this country,
particularly through Federally-aided highway
studies (4) and similar experimental projects,
was emphasized. In addition, information
on recent international research, obtained
through the Iighway Rescarch Information
Service of the Highway Rescarch Board, as
well as available literature, reports, *and
unpublished information on domestic and
international developments, were reviewed.
Many proprictary products, which may not
have been fully evaluated by unbiased con-
sumers or governmental apencies, ave speeif-
ically mentioned in this review., The men-
tioning of any product to provide the reader
with a broader scope of developments is not
to be construed as an endorsement of that

articular product. Similarly, the names of
many deserving  trade products  unknown
to the author probably have been omitted.

Conventional Solvent-Bused Traffic
Paints

The main objeetive of recent research and
development in conventional traflic paints has
been to improve durability and performance
or to obtain more cconomical markings,
Recent research activities  jnelnde: studies
of compasition, as relnted to performanee;
specindl pavement pretreatments; aceelerated
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Iaboratory tests to predict durablity; evalua-
tion of the natuire or cause of ficld failure;
film thickness; and developments in reflector-
izing glass beads. Each of these is discussed
separately.

Composition

During the period from about 1940 to 1960,

considerable rescarch effort was directed at the .

pigment portion of traffic paint. In recent
years, however, this aspect has received little
attention from the State highway depart-
ments, Recent rescarch and development
effort on paint composition largely has been
directed to the organic binder, commonly
referred to by paint specialists as the non-
volatile wehicle. The most commonly used
organic binder in conventional traflic puints
purchased by State highway departments is
the drying oil modified alkyd resin (7). Other
vehicles used by these agencies in order of
their decreasing prominence are: ehlorinated
rubber-alkyd, dispersion resins, phenolics,
chlorinated rubber-petroleum | hydrocarbon,
and polyvinyl toluene polymer. A 1968 report
by the Georgia Institute of Technology in-
cluded results of laboratory and field tests on
a wide variety of traflic paint formulations (35).
The authors of that report concluded that oil
modified alkyd, as well as chlorinated rubber-
alkyd traflic paint, exhibited good perform-
ance—much better than most of the other
{ypes evaluated. In a separate report, it was
shown by the New York Department of
Transportatiou that, compared to a number
of other conventional solvent-based paints,
oil-modified alkyd paint gave the best perform.
ance (2). The New York Department of
Transportation also conducted ficld tests and
found that lstex or emulsion-iype paints did
not compare favorably with their standard
modified alkyd paint (6). The work in New
York indicated that the latex puaints had a
useful life of only threc or four months on
either conerete or bituminous pavement. The
Iatex paints performed poorly regardless of
whether they were applied at ambient tem-
perature or preheated and applied hot. Latex
paints were also found to give poor adhesion
in ficld tests reportedly conducted by the New
Jersey State Department of Transportation
@) )

Federally-alded research at North Dakota
Rtate University is currently being conducted
on traflie paint vehicles that have the poten-
tial of rencting with the pavement =ubstrate
to provide good bond and durability. In
this rescarch, isocyanale-based paints are
being studied for reaction with  portland
cement conerete pavement. Al present, no
signifiennt trends have been reported. Current
resenrch at the Central Oflice of Tublic Rouds
in Poland is dirceted toward the development
of polystyrene paints, but no conclusions are
yet availabled

Special pavement pretreatments

Tn o 1957 study by Keese and Horn, it was
reported that, compared to simple brooming
Rorvien, lghway

Plliphway  Hesenrelt Inforantion

Kexcureh Board, Washington, 13,0,

or use of compressed air alone, sandblasting a
portland cement concrete pavement to cican
the surface prior to striping increased paint
life substantially (8). In that study, sand-
blasting costs were reported to be 10 cents
per lincar foot. Regular cutting sand with an
airflow of 210 cubic feet per minute and 110
p.s.d. compression was used for blasting. In a
report issued by the New York Department of

* Transportation in 1969 (2), it was determined

that neither acid etching nor synthetic rubber
primer inereased the durability of traflic paint
on cither conercte or bituminous surfaces,
regardless of the ages of the surfaces. It was
also reported that preheating the paint and
applying it hot did not increase durability.
According to a 1966 study by the Corps of
Enginecrs, sadherence of paint to portland
cement concrete pavement can be Improved
by pretreating the pavement with a 50-50
mixture of boiled linseed oil and mineral
spirits (9). Tt was shown in their ficld tests
that, compared to an untreated test section,
adhesion to the pretreated pavement was
superior. This finding should be of valuc to
northern States where concrete bridge decks
are pretreated with linsced oil to prevent
damage by deicing salt.

Laboratory tests and cause of traflic paint
failurc

For a great many years an urgent need has
existed for an accelerated laboratory wear tost
that would accurately predict ficld durability
and properly rank traffic paints according to
their field performances. Over the past several

! decadcs, much rescarch has been dirceted to

developing such laboratory-wear or abrasi
tests, Simulated traflic wheels, Taber al
tests, falling sand tests, and other methods
have been tried, but none has gained universal
aceeptance because of poor correlation with
field results. A recent additional effort by the
Georgia Institute of Technology to develop a
laboratory wear test that would correlate well
with field performance (5) was unsuecessful.
During 1908, research reportedly was under-
way at the Federal Institute of Road Rescarch
in Germany to develop an aceclerated Iabora-

tory durability test.

Apparently, some traflic paint specifications
that are based solely on physical tests are un-
able to adequately axsure good paint perform-
aunce on the road. This fact was confirmed by

a 1964 report by the U.S. Naval Civil Engi-§
neering Laboratory (NCEL) in conncction “
L with Yederal Specilieation TT-DP-85b (10},

which ix for reflectorized traffic paint for
nirfield runway markings. The NCIL report
stated that mere conformity with the require-
ments of Federal Specifieation TT-P-85b did
not guarantee a paint with good feld serviee,
nor did the test results obtained on a wide
variety of conforming paints correlate well
with field service. In particnlar, NCEL re-
ported that the Inboratory bleeding test was
of little value in predicting fickl bleedimg be-
havior. Specitiealion TT-P-853b also stipulutes
a falling sand abrasion test Lo assure good

ClGehiway Researel Informntion Serviee, Hihway Hee
gearch Boand, Washington, Va0,
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durability, but the merits of this test are
rather questionable on the basis of the NCEL
findings.

Perhaps the major reason that abrasion-type
Iaboratory tests have never beeome fully re-
liable or firmly established is that actual field
failure involves a different mechanism. Ac-
cording to recent rescarch results from an
ongoing study by the State Highway Com-
mission of Kansas, chipping or loss of adhe-
sion, rather than abrasion loss, is a- major
cause of traffic paint failure on portland
cement concrete. This observation, partic-

ularly with respect to conerele surfaces, was_

also noted by the Texas Highway Department
and was reported in the literature by others
some years ago (17). Work currently underway
in Colorado confirms that trafiie-paint ehipping
is & prominent cause of failure (12).

Peint film thickness

The most predominant wet film thickness
of traffic paint used by most State highway
departments is 15 mils (7). Use of this thick-
ness may have become a general practice asa
combined result of ficld experience and pub-
lished research results. More than 10 years
ago, the Michigan Department of State
Highways, investigating the field performance
of various wet film thicknesses from 12 to 21
mils (1), reported that the thicker films were
more durable but that the additional life of

_paint thicker than 16 mils was not direetly

proportional to the additional thickness used.
Accordingly, it was concluded that to increasc
the wet film thickness beyond 16 mils was
not economical. Thus, the general practice of
applying a wet film of 15 or 16 mils scemns
to have some substance. This practice is
keyved to the usc of conventionally graded
glass beads.

In more recent work reported in 1963,
researchers at the Georgia Institute of Tech-
nology reported that paint durability, and
even night visibility, was improved as wet
film thicknesses within the range of 10 to 20
mils () were increased.  They specifically
noled that wet film thicknesses of 10 mils were
generally incapable of properly binding drop-
on beading, presumably  of  conventional
gradation. Their field work included a two~coat
application of 15 mils cach, which provided
superior performance. However, it was postu-
Iated in the report that, for single-coat appli-
cations, 20 mils would seem to he the practical
upper limit for the types of paints investigated.
The Xenfucky Department of  Hinhwavs;
experimenting with multiple film applications
of 15 mils cach, reported informally that
multiple coats provided improved durability
over s single Id-mil thickness, but that the
comparative cconomies had not been fully
established.

On the other hand, xome of the research now
being pursued seems o contradiet part of
these findings, For exawmple, researchers at
North Dakota State University, condueting n
traflic paint study =upported financinlly by
the North Dnketa State Highway Depart-
ment and the Bureau of Public Roudz, hinve
rtated that wet fihos moeh thioner than 15
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or 16 mils are required for good paint adhesion
and gubsequent durability. This contention
is based on limited ficld tests and on the
premise that traflic paint fails more often
through lack of adhesion than through
abrasion. Iltowever, only limited ficld cvi-
denee has yet been presented to support this

hypothesis. In an interim report on a study

by the State Highway Coramission of Kansas
it was stated that both reflectivity and dura-
bility were increased when paint film thickness
was reduced from 15 to 10 mils (14). This
work is being performed in conjunction with
an investigation of reduced bead application
rates,

Hence, at present, evidence as to the
optimurm film thickuess seems  to conflict.
Perhaps test conditions and cven the bead
application rate are some’ reasons  for the
different findings. The work in Kansas on
filns thinner than 15 or 16 mils was conducted
on previously striped areas where remnants of
the old stripe still remained under the newly
applied stripe. Consequently, the thicker the
new stripe, the more the older paint remnnant
lost its adhesion to the pavement. Moreover,
where larger sccumulations of old paint were
evident, it was determined that chipping losses
increased. The Iansas work also included an
investigation of reduced bead application rate,
which will be more fully considered in the next
section.

The optimum film thickness of traffic paint
may therefore depend on whether striping is
applied to a previously uustriped arca or to an
area on which remnants or accumulations of
old paint still exist under the new striping.
In addition, it is becoming spparent that

_optimum film thickness is closely related to

bead gradation and bead application rate.
Reflectorized heads

Small glass beads not only provide night
visibility for traffic stripes but arc reported to
contribute as well to the overall durability of
the paint binder {(5). Within the last several
years, considerable attention has been given
to the role of traflic paiut beads. A recent
article by J. M. Dale, based on theoretical
considerations, raised many questions about
the adequacy of current State highway specifi-
cations for bead gradation and application
rate (15). The parameters of glass beads,
including the best index of refraction, are
controversinl factors, which fortunately are
under intensive investigation at present.

In most State highway departments, the
present practice is to use bends of a standard
refractive index—1.504 as oppozed {o 1.65 or
more—and an application rate of about 6
poundds of drop-on beads per gallon of paing
(7). Generally, the bead-size gradations range
from & maximum of 20 mesh Lo o minimum of
nbout 100 mesh (15). These eommon practices
will now be examined in the light of recent
researeh and development findings,

Repgarding refeactive index, the New York
Department of Transportation reported that
althomgh  the specinl 163+ index bead,
mueasured instrimentally, gave stightly better
initinl  refleetivity, the improvement  was
hardly noticeable to the driver, and the

measured quantitative difference diminished
and finally disappeared as the stripe exposure
timne increased (16). It was concluded that use
of the standard index bead, 1.50+, at a savings
of 2 to 3 cents per pound, was preferable.
The results in New York were applicable to
both concrete and bituminous pavements. Ina
recent report by the Colorado Department of
Highways, similar results were cited (12).

The application rate of drop-on glass beads
to traflic paint is another parameter that is
receiving current research attention. On the
basis of an ongoing rescarch study, being
conducted in conjunction with the study of
films thinner than 15 or 16 mils, the State
Highway Connnission of Kansas reports that
the beading rate could be reduced from 6
pounds per gallon of paint possibly to 4
pounds per gallon with no loss in refleetivity
or durability and with resultant cconomic
savings (14). According to theoretical consid-
erations and practical laboratory tests, an
intermediate bead application rate provides
better refleetivity than cither o very high or
very low rate (I7). In a rceent report by the
Colorado Department of 1lizhiways it was also
shown that an application rate of 4 pounds yrer
gallon was both more cconomical and more
effective than a rate of 6 pounds per gallon
(12). However in that work, other special
paramcters, such as special gradation and
specially coated beads to aflord a flotation
feature, were involved.

Bead gradation is also unduergoing research
consideration. The current gradation specifi-
cations used by the State highway depart
ments differ considerably. Generally the sizes
specified range from a top size of 20 mesh
(100 percent passing) to approximately 100
mesh size (15). Highway engincers are inter-
ested in obtaining an optimum gradation and
more uniformity between the gradation
specifications of the State bighway depart-
ments. In the previously cited article by Dale
(15), it is suggested that fewer than 30 pereent
of the beads of current conventional gradation
for drop-on applications are effective when
they are first applied. Yo is claimed that many
of the beads of the small size fraction arc
immediately submerged in the paint and there-
fore are not initially effeetive. 1t ean be argued
that these submerged beads never become
effeetive if the paint fails by chipping. Ou the
other hand, il the paint wears out mainly
through abrasion, the initially submerged
beads beecome cffective later in the life of the
film. Previously cited researel supports the
theory that adhesion or chipping failure is o
significant factor in the life of the paint film.

Field test results, reported some years agoe
for special gradations of plass beads oblained
from a single source (/8), indieated that
comrse beads, 20 to 40 miesh, dnitially gave
mueh higher reflectance than either fine beads,
40 to 100 mesh, or conventionally graded
boads, 20 to 100 mesh. Hlowever, this supe-
riority was not maintained for u long peried.
After about six months exposure, the retlees
tivity of the coarse pradation dropped below
thal of the other two padations, indicating
that the eoarse beads ultimately are removed
from the binder by tratlic aetion, even though
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they are initially more cffective beeause a
greater proportion is exposed at the surface.
In recent studies it has that
coarse beads, 40 mesh or kirger, are lost by the
binder soon after installation because they
are poorly anchored (12, 14). Conversely, the
extremely fine beads, 80-100 mesh, sink into
the paint and never become effeetive reflective
units when the paint fails from chippiag or
Iack of adhesion. Accordingly, without consid-
ering cost factors, the optimum gradation
should be one that is between a maximinm iz
of 40 mesh and a minimum size of about N0
mesh, provided that a conventional wet film
thickness of 15 or 16 mils §s used. -

The Colourado ficld experiment cited earlier
is now being conducted on uniformly graded
beads of a nar grudution range than
conventional gradations (72). The beuds
contain a coating that gives them a flotation
property that is claimed to make them float
but be partially imnersed in the paint film,
Presumably this property allows more reflee-
torizing unils to be available at the paint
surface. In interim reports from the Colorado
experiment, it is shown that the special beads
applied at a rate of 4 pounds per guallon
provide reflectance equal to or greater than
that of the conventional beads normally used
by the States, which arc applied at a rate
of 6 pounds per gallon. According to the
Colorado report, use of the special beads at
the reduced application rate provided signifi-
cant cost advantages. After 10 months, ficld
tests indicated no cvidence of any serious
reversals in reflectance or of poorer durability.
These findings have been confirmed by the
Nebraska Departmient of Roads which in-
formally observed the performance of such
beads. The Nebraska obscrvers stated that
the flotation feature scemed more important
than closer grading, as beads of the same
grading but without the flofation property did
not provide the same high degree of reflectance.

One predominant factor for good reflectivity
scems 1o have been established by the results
of past und current researcli—a bead must be
stightly more than one-hall jmmersed in the
paint binder to obtain maximum retro-
reflectivity at high incidenee angles (17).

been  shown

rowLy

Rapid-Dry Traffic Markings

There has been a recent upsurge of interest
in rapid-dry traflic markings amovng State
highway departments. One reason for this
interest is the desire to distupt traflic flow
as little possible during striping operations
on existing highways where traflic densitios
are inereasing, Another reason is ccononties;
the cost of placing and removing the traflie
cones necded for eonventional striping can be
partly offset by the oxpensive
quick-dry mukmg:,\, which do not lcqnno
protective cones

Several years ago aostudy was eonducted on
the use of micrownve energy to heat and
quickly dry traflic paint after its applieation
to the pavement (14). The wmethod  was
adjndped  teclmienlly  unfeasible beeanse #
was ditfienlt to maintain 0 sutlicient high-
energy intensity in the paint film owing to its
dissipation into the pavement itsclf,
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The use of plasticized sulfur, which is
melted in g flame or kettle and hot-sprayed
onto the pavement, is being investigated as a
quick-set marking by the Phillips Petroleum
Company. Another material that scenis some-
what similar, called Swllarzen, was reported
in the British literature (20), in which the
following  properties  were claimed: It s
obtained by polymerizing sulfur (it may, in
fact, be a mixture of polysulfide pelymer and
unpolymerized  sulfur); it s available in
solid granular form; it wus developed by the
Socict¢ Nationale des Petroles d’Aquitaine
and is being introduced for trial in France
and Englund; it is available in any color,
presumably is applicd in wolten form, and
dries, or stts, to a no-pick-up condition in 15
seeonds; it contains glass beads and may
cven be applied to wet or ey roads (the
Iatter elaim is rather difficult to belicve) and
its coverlng rate is 400 grams per sguare
meter. Its producer elaims high durability—
“6 times the durability of existing road
marking materials.”” No evidenee of rigorous
and conclusive ficld research on the merits of
sulfur-based markings by highway agencies is
known to the author.

Several fast-dry, solvent-based paints were
introduced in the last deeade, one of which is

L the  Nute-Line paint produced by Prismo
Universal, Ine. Claimed to dry in 3 minutes
or less, the paint is heated to 163°F and is
applied by spray from special equipment.
Glass beads are blown by compressed air
into the wet binder. Application speed is
said to be 8§ nup.h., and no teaflic cones are
used when the material is applied to the
pavement. A follow-up truck about 500 yards
behind  the application  truck  tomporarily
keeps traflic off the wet stripe until it dries.
The cost of the material, including glass
beads, is about S$6 per gallon. Reportedly,
this product has been used in New York
City and Baltimore, as well as in Pennsyl-
vania, Florida, and Arkapsas. In a recent
article, b was reporied that the Michizan
Departiment of State Highways used a heated
fast-dry paint, which may he similar to the
above-mentioned product (21), except that
the dry time elaimed in the Michigan appli-
eation was 13 minates rather than § minutes.

A similar fast-dry paint product, called

E Green-Lite Liguid Striping Compound, is being

sold by the 33 Company. This solvent-based

puaint has o high solids content and is heated |

to 250°F and applicd by airless spray. Dry
time iz elaimed to be onl\‘ 2-20 seconds, or an
average of 10 secouds. The striping equipment
can be  purchased. T hu material contains
pre-mixed beads and s applicd at a wel-film
thickness of 15 mily, which provides o dried
film of about I1 mils. The producer elaims
that the muterial reacts with the air innnedi-
ately when it is sproyed and that this aids in
speeding up the dry Gme, Apain, no pro-
teetive cones are required for application,
The durability of the paint s =aid o be
caual to that of conventional striping, and
materinl costs are about \\ por_palton. The
Smavimum speed of the ~ln|ul i 1 nepah,
The compuny stales that thix materind s
being tried ont in Florida, Michigan, Missouri,
Culifornia, sand Coloradn,

stripes,

Similar heated, fast-dry proprictary paints,
sucly as Hot me produced by the Bulthmore
Paint and Chemieal Corp., are also available
from other producers. Within the lust year
or two, the Texas Highway Department has
been experimenting with o fast-dry, heated
paint based on ellorinated rubber, ehlori-
nated paraflin, and alkvd resin. The paint
has a low solvent content aud requires only
nmoderate heating. The necded heat can be
obtained from the liquid cooling system of
the engine on the striping truek, thereby
climinating the nced for specinl auxiliary
beaters like those nsed for some of the other
proprictary fust-dry, heated paines, This ma-
terial is applied by abrfess spray and reportedly
dries in 2 minutes when heated to about
120°F, or alternatively drics in 4 or 3 minutes
when applied without heating, Materinl cost

of this paint is cstimated to ‘be about S’ 30
A Lot

per gallon, This material may be {airly similar
to the British product culled Clearlane.

Several other types of proprictary products
have a rapid, almost justant, setting property.
These include the hot-extruded thermoplastie
striping and hot-spraved plastic materials
that are applied as rather thick coatings.
However, beenuse such materials were pri-
marily  developed to provide long-lusting
they will be discussed more Ndly in
the following scetion.

Semi-Pernianent Markings

Materials that have Dbeen
serve a3 semi-permanent  markings
preformed  glue-down  plastic hot-
extruded and  bhot-sprayved  thermoplastie
stripes, and plastic or cornmic rubsed button-
type markers. Compuared to conventional
stripes, they were developed mainly 1o provide
Jong-range economic benefits, alihough the
raized button-type markers are also intended
to provide improved visibility in rain or fog.

developed  to
include
stripes,

Preformed glue-down plastic stripes contain
an adhesive backing and nre mainly used on
bituminous pavement in high-density wrban
op fines,
Their use on open highwayy has been ratherf
Iimited. A report by the Arkansas State 1
way Department indicated that suel mater
do not provide adeguate durability, mad
beeause their adhesion (o conercte surfaces iy
poor (22}, Somewhat betler performance was
reported when the materind was applicd to
bituminous surfaces. Installed costs on a cone
tract basis were stated to be 55 conts per
lincar foot of 4-inch-wide stripe. A research
report by the New York Department of
Transportation similarly indieated poor durs-
bility on open highwnys heeanse the material
was  quichly  dislodged
trallic and suowplows (22). Proprictary prod-
uets of this type produced in this conntry
include Plastic and Neff-Slabs,
similar vawdteriad, ealled Verynl, was
gated by the New Zealand Transporl
nent in Y90S, This material
have pood wear and 1o be more (‘vmmmimi

areas—usually for crosswalks and =

and destroyed by

invesiin
Pheparts
is clamed to
than paint for pedestrian eross-walks, Vergnl

cordains polyvinyd ebloride, 5 20 nia. thiek,

[

and is spplicd with standard mastie, T wax
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reportedly tricd out in this country in Los
Angeles.

There has been considerable rescarch in this
country on hot-extruded thermoplastic stripes,
which are applied at a thickness of about
onc-cighth inch. Such materials are sold under
the trade names of Permaline and Catatherm.
A comprehensive survey and report on these
materials, prepared this year by the Bureau of
Public Rouads (24), was based on the results
of & large number of installations throughout
the United States. The major conclusion and
recommendations in that study were as
follows:

© Hot-extruded thermoplastic materials were,
much more durable on bituminous pavement
than on eoncrete pavement. The material is
more durable on older conerete than on new
“conerete.

e Snowplow uctivity dislodged the material
from the pavement, particularly on concrete.

e A factor limiting the economic value of
thermoplastic striping on bituminous pave-
ment is the limited maintenance-free life of
the bituminous surface.

¢ Unremoved layers of old paint adversely
affect the adhesion of thermoplastic striping
to the pavement.

e Under conditions of little or no snowplow
activity, thermoplastics were found to be more
economical than paint striping, provided the
traflic density was appreciuble. For bitwminous
pavements, the daify density should exceed
6,000 vehicles per lane; for conerete pavements,
the density should exceed 9,000 vehicles per
lane. Under conditions of moderate snowplow
activity, the use of thermoplasties couid be
justified, provided that traflic density levels
are high enough. Finally, under conditions of
severe snowplow activity, there is little eco-
nomic justification for the usc of hot-extruded
thermoplasties.

e Guidelines in the report enable the sclee-
tion of the most economical material-—paint
or thermoplastic—for different traflic densities
and degrees of snowfall.

An interesting sidelight to investigations of
thermoplastic striping materials is a 1965
repoxrt by California (25). Contrary to some
beliefs, it was shown that thermoplastic
striping presented no substantially greater
skidding hazards than conventional striping.

Thick contings of hot-sprayed plastic mate-
rinl for semi-permanent markings is a com-
paratively new development, exemplified by
the proprictary product called ITol Spray
Plastiz., This hot-sprayed material, applied
at & thickness of 90 mils, costs approximately
21 to 26 cents per linear foot for 4-inch-wide
stripes and hardens in seeonds. At present,
experience has been wore Hmited with this
material than with hot-oxtruded  thermo-
plasties. The product is being tried in Phila-
delphia, on the Penn-Lincoln Parkway pear
Pittsburgh, on I-195 near Washington, D.C,,
and on various expressways in and around
New York City.

Raised button-type markers are also a form
of semi-permanent marking, but beeause they
vizibility,
they are disewssed in the following seetion.

also serve to improve night-wel

PUBLIC TOADS & Vol, 35, No. 31

Markings for Improved Night-Wet
Visibility

Raised button-type markers, used widely
in some of the far western States, notably
Washington and California, actually serve
two purposes: they arc long-lived and there-
fore cconomical, and they provide excellent
night-wet  visibility. Their use has been
limited largely to areas that are free from snow
and snowplow activity. Raised markers are
used extensively in the snow-free arcas of
California {26). Patterns of four white non-
reflective muarkers placed 3 feet apart are
separated by 15-foot gaps. One reflective-type
marker is placed in each gap on curves and
in alternate gaps on tangents. According to
the Cualifornia Depariment of Public” Works,
the best reflective marker in use is an acrylic
or ABS plastic-encased corner cube reflector.
The Department’s experience indicates that
the raised marker is much more durable than
conventional paint. The Washington Depart-
ment of Highways also has reported good
experience with raised markers in snow-free
areas (27). Ilaised markers were rci)ortcd to
be superior to standard traffic paint in terms
of durability, driver preference, and night-
wet visibility, and their cost for a 10-year
period was claimed to be eompatible with the
cost of standard paint striping. The annual
cost of marker maintenance was one-fourth
that of paint-striping maintenance. The
Californin  Department of Public Works
recently reported on the development of a
rapid-set epoxy adhesive for raised markers
(28), which is based on the use of a poly-
mereaptan curing agent that cures epoxies
in thin films at a rate that is 7 to 10 times
faster than the conventional curing rate of
epoxies. The new adhesive can be used at
temperatures lower than 30° ¥,

Raised markers perform poorly in snowy
areas that are subjected to snowplow activity,
as proved by experiments in Arkansas (22)
and California (29), in which raised buttons
failed badly. In Culifornia, failure occnrred
even when preeast markers were inset in the
pavement to obtain a lower profile. Poor
performance in snow areas was also evident
when epoxies were cast and cured-in-place
in cut-out pavement scctions that were
finally finished off flush with the pavement
surface.

When applied in snow-free areas, raixed
F button-type reflective markings have sub-
. stantially solved the problem of good night
5\'isibili(y under wet  weather  conditions,
i Present emphasis in research is to extend this
! solution to the snow-belb aren of the country
Cand also, if possible, to develop more cconoms-
ffi(:nl and durable systems, In oan interesting
resenreh study just completed in the State of
Washington, regular raized markers were used
in o snow-belt aren, and snowplow blades were
equipped with neoprene rubiber bits to prevent
marker damage. During two winfer seasons
at three separate test sites, the synthetic
rubber bits were offeetive in removing snow
exeept when the temperatures consistently
remained below freezing. When semsi-thawing
condilions existed or could be indnced by

deicing chemicals, the rubber-tipped plows
were very cffeetive. Although initial costs were
higher, the rubber bits did not wear out as
quickly as steel bits and actually cost less
per mile plowed. The most interesting part of
this experiment was that fow raised markers
were lost at the test sites. At one site with
concrete pavement, marker foss attribnted to
the rubber-tipped plow blades was from I o 2
pereent during one winter season. At another
site with bituminous pavement, marker losses
were from 3 to 5 pereent for a single winter.
At the third site, no definite count was made,
but the State reported from informal observa-
tions that little marker loss occurred in onc
winter.,

Another development to obtain night-wet

visibility in northern States where snowplow 7}

operntions arc oxtensive is the so-called
snow-plowable, raised, reflective marker under

investigation in both Pennsylvania and Texas. |
The reflective element is a high strength @

acrylic plastic that is based on corner-cube
retroreflection and is contained in a stecd
casting with two keels. The keels are cemented
with cpoxy resin inte grooves eut into the
pavement. The casting also contains pro-
teetive runners that direct snowplow blades
over the marker, presumably without dumage.
The marker is installed in the skip zone betweon
dashed stripes, generally in every other skip
zone on tangents and each skip zone on
significant grades and on horizontal curves.
The estimated installed cost of each marker is
approximately $4, and the replacement cost of
cach reflective element is estimated at 25
cents. The Texas project was recently initinted
but the Pennsylvania installation on the
Schuylkill Expressway in Philadelphia has
been in progress since 1967. Informal reports
on the latter investigation indicate that
although very little snowplow damage oceurs
to the steel castings, the plastic reflectors have
been badly damaged.

Other ideas for more economical, snowplow-
resistant systems for night-wet visibility arve
being investigated in an ongoing study at the
Georgin Institute of Technology that is
sponsored  jointly by the State Highway
Department of Georgin and the Durenun of

Public Roads. Rescarchers are looking into the §

possibilities of a corrugated or textured hot
thermoplastic stripe containing beads. The ¢

thought behind this work is that the peaks of §

the corrugated thermoplastic stripe will not )
be imnersed in water during hieavy rains g
therehy, will provide retrofleetion in weld
weather. The study  also includes wse of
reflectorized aggregate chips in o suitabh

binder to obtain the same results. Two testy
sites, one snow-free and the other subject to§

snowplow activity, will be used in the in-
vestigation.  Performance will be eompared
with conventional raized muarkers.

Another approach Lo the night-wel visibility
problem s under study  in the National
Cooperative  Highway  Rowserch Program
managed by the Highway Hescareh Bonrd,
Thix study, NCIHRP Project 5-5 entitied
Nighttime Use of Highway Pavenent Delineation
Muaterials, is in progress ot the Southwest
Research Institute, 14 denls with the use of
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quarter-inch-diameter glass beads that are
dropped into a cast-in-place epoxy marker,
which is then allowed to set and harden. The
large-bead coneept was developed in a pre-
Liminary phase of the same study (30). The
researchers had developed the concept that
onc-quarter-inch  diameter  beads  half-
imbedded in an appropriate binder will provide
a profile that will not be completely inundated
by a fibn of rain water and, thereby, will
provide adequate night-wet visibility. The
researchers believed that this concept would
be less expensive than comimercial raised
markers and that the lower overall profile
would be subject to less damage by snowplows.
In the current phase of the study, a road
machine that casts the epoxy, deposits the
beads, and then moves on to the next marker
location was developed. Installations of . this
type have been placed in Texas, California,
New Jersey, North Carolina, and Florida.
The study is to be completed shortly and
the final report is under review.

In another novel experiment to obtain
improved night-wet visibility now bcing
conducted by Utah State Department of
Uighways (31), small longitudinal grooves are
cut into concrete pavement to an overall width
of 4 inches. At intervals, transverse grooves
are cut across the longitudinal grooves to
provide positive rain water drainage away
from the Jongitudinal grooves to the low side
of the crowned pavement surface. The longi-
tudinal grooves generally are a quarter-inch
decp. The grooving is then striped with
conventional reflecrorized traflic paint. Theo-
retically, the grooved striping will be more
durable than conventional striping, as it is
recessed and not subjected to traflic and snow-
plow abrasion. More importantly, the stripe
should be wore visible in rainy weather than
conventional striping because rain water is
drained away from the reflectorized grooved
surfaces. The study is still in progress and no
data arc yct available on the relative economs-
ics of such striping, although recent indications
are that the life of the grooved striping is

- better than that of conventional striping. One

important development so far is that the
grooved striping is more visible than standard
striping during & rainstorm—cither at night
or during the day. The study will include
several diff erent grooving designs to determine
the one that gives optimum performance. In
addition, the State highway department has
suggested that grooves be formed in a newly
placed pavement—either fresh conerete or hot.
bituminous pavement—and has offered appro-
priate plans, There is considerable interest in
this experiment from the stundpoint of a
snowplow-resistant marking that ean provide
night-wet visibility. As a result; at keast two
other States, New York and Californin, plan
to investigate this approach.

Temporary Lane Markings

Temporary lane markings for construction
detours are of interest to many State highway
departments, Tn 1061, o machine nsed by the
Missouri State Highway Commission to erase
temporary stripes was deseribed in the litera-
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ture (32). Containing a 9-horsepower engine
ecquipped with 92 steel cutters, the machine
cost $75S. It could operate at speeds as high
as 10 feet per minute. The cost of cach steel
cutier was 20 cents and each could last as
long as four working hotrs.

More recently, in 1963, the Michigan De-
partment of State Ilighways reported an
cvaluation of temporary removable lane
marking tape (33). It was claimed that grind-
ing equipment to remove temporary paint was
not fully effcetive and that paint residues
remained to confusc the driver. The evaluated
tape is 20 mils thick and is available in 4- to
6-inch-wide rolls. The core is soft aluminum
and the top is a white or yellow beaded vinyl
materizl. The backing contains a pressure-
scisitive asphaltic adhesive and is used in
conjunction with a pavement primer {0 pro-
mote good adhesion. It is recommended for
use as a temporary marking instead of con-
ventional paint, which is both difficult and
costly to remove. The Massachusetts Depart-
ment of Public Works, as a result of its own
study completed in 1963, also recommmended
use of removable tape for temporary lanc
markings. The tape was compared with a
water-based temporary paint and determined
to be much more preferable.
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i considerable penetration of the prime coat into the wood. Two-coat systems
snould not be used to save paint, but should attemypt to give the same film thickness as
a threc-cout system. :

Before paint is applied, it should be well stirred 2ud thinned according to directions.

y standard thinning instructions ¢an be given, beeause the amount of thinner needed
. .ries with formulation of the paint and beenuse of other factors. Usually the first,
or prime, cout should contain more oil und be thinner than the second coat.  The
sonond coat ordinarily should contain more oil and be thinner than the top coat. The

sre absorptive the surfuce, the greater the quantity of eil that should be used in

ducing the paint. A high gloss is to be avoided on any eouat to be repainted, which
may call for reducing with less oil and more volatile thinner.  More thinners are used
in cold-weather painting to give the paint proper brushing characteristics.  In two-
at painting, the procedure-is essentially the some as in three-coat, except that the
dy coat is omitted.

A paint system, whether a two-coat or a three-coat one, may use a special primer
paint.  Such primers usually have the vehicle reinforced with a small amount of resin.
““hey are designed to overcome thie nonuniform absorptive eharacteristics of woel and

‘¢ especially vuluable in two-coat systems.

3. Paints. Paints for wood are usually formulated with linsced oil us the binder.
In reeent years, paints have been formulated using other oils alene or in combination
~ith linseed oil and with or without resin fortification. However, users of highway

aints usually prefer the linsced-oil types which have been proved in service for many
_ears.  Raw linsced oil is widely used, and a combrination of about 92 per cent alkali-
refined linseed oil with about 8 per cent kettle-bodied linseed oil is also populur.  The
bodied oil is added for improved durability, and is usually specified to be of Q7 body

n the Gardner-Holdt scale.  The use of slkali-refined oil assures more uniform con-

istency for any given formulation than when raw oil is used.  Driers are added in the
amount of about 0.6 per cent lead and 0.02 per cent manganese, calculated as metal
and based on the nonvolatile vehicle of the paint.

In the past these paints were generally formulated at a pigment volume (PV) of 28

730. However, during the wor and as a conservation measure, the linseed-oil content

was reduced and the pigment volume thereby incrcased. It has been found that pig-
ment voluine can vary quite widely without serious effects, and speeifications in some
~ases still specify the higher pigment volume. However, in general, high piginent
olumes tend toward excessive chalking while low pigment volumes tend to produce
saints which collect dirt and fail by checking and eracking. It is always the object in
paint formulation to balance these factors and produce materials which will chalk
sufliciently to be seli-cleaning and provide a good surface for repuinting but which
vill not show carly failure from excessive chalking.

PAINTS ¥FOR HIGHWAY USES

E. Trafiic Paints

Traflic paint is a tool of the traffic engincer used as an aid in making highwavs safer
and more cfficient. It has little protective value and differs from most other paints
in this respect. It also differs from other paints in the faet that it is relarively new
wnd has not been standurdized 1o any degree comparable with protective paint for
steelaud wood.  Dicrease in the use of traflic paints hias been so rapid, the volume used
annually has become so great, the service conditions are so severe, and the need for
cconomical materinds in terms of serviee cost is so apparent, thut the problem of
formulating adequate paints of this type remains o challenge to muterial manufuce-
turers, paint producers, highvay organizations, and research agencies alike.

3. Traffic-paint Requirements. Traflie painis are required {o meet service require-
ments not demanded of any other type of paint. They must be thin enough to tlow or
to be sprayed readily, have hizh hiding power, show good adhesion for a varicty of
surfaces, have good resistance to abrasion, have good visibility and color retention,
resist weathering, not discolor when applied on bituminous surfuces, be resistant to
water and alkali, and be skid-resistant and dry in a matter of minutes.

Composition requirements of trafiic paint depend upon the specification and may
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include perceniage pigment, percentage vehicle, type of pigment, type of vehicle,
total solids, and weight per gallon.

Drying time of a traffic paint is important because the Jine must be protected until
the dry to “no-pick-up’ condition is reached. The ASTM has standardized a Test
for No-pick-up Time, D 711-35, No-dirt Retention Time, D 1297-50, and No-gmear
Time, D 1350-557T.

Consistency requirements are determined by the method of application.  Consist-
ency should be determined for the particular paint and method of application to be
used and then held within reasonably narrow limits of this value by controlling com-
position as well as application characteristics. The ASTA Test for Viscosity of
Paints, Varnishes and Lacquers by Ford Cup, D 1200-54, is commonly used for this
control.

Bleeding is a condition where the paint absorbs asphalt or tar {rom the surfaec,
causing discoloration. It is controlled prineipally by the type and amount of solvent
used in the paint. This property can be ehecked by ASTM tests, Pvaluating Resist-
ance to Bleeding, D 868-48, and Laboratory Test for Bleeding Resistance, 13 960-51,

Secttling characteristies of traflic paints are of concern hecause their thin consistency
and the use of coarse pigments to improve visibility make them particularly suscepti-
ble. Standard ASTM tests are Evaluating Settling, D 869-43, and Settling Propertics
During Storage, D 1309-56.

Visibility of & traflic paint is frequently determined by judging an actualline by eve
under dayv- and nighttime conditions.  However, portable night-visibility instruments
areavailable.  Good visibility is essential and is obtained by the use of coarse pigments
or glass heads. '

Durability is a prime re¢uirement of traffic paint and the factor that receives most
attention from the standpoint of possible improvement. 1f is determined not only
by the paint, but also by the character of the surface to which it is applicd and by con-
ditions of application. Resistance to water, and particularly the effect of water on
adhesion to the pavement, is important to durability in many eases. Type and
amount of traffic, Jocation of the line on the road, ete., are other durability-defermining
factors. The relative durability of traffic paints can be rated satisfactorily by the use
of iransverse lines for observation under traffic.  This is true particularly when the
test stripes are placed on narrow pavements or in loeations where trafiie is chunnelized
and difierent portions of the line are subjected to extreme variations in the amonnt of
traffic. ~Abrasion and crosion characteristics are cvaluated by ASTM Method
D 821-47. : ,

2. Types of Trafiic Paints. Traffic paints may he elassificd on the basis ol the type
of surface for which they are intended or on the basis of the type of vehicle employed.
They are usually white, vellow, or black.  The same vehicle may be used for each
color, but often black traflic paints have an asphalt or tar basc.

On the hasis of types of surface for which they are intended, traflic paints may be
divided into two clusses:

1. Those for concrete and brick where bleeding is not a problem

2. Those for asphalt and tar surfaces that are likely to bleed

Although some thought has been given to the development of a greater number of
paints on the basis of this classification, the tendency at the present time iz to develop
all-purpaose paints for use on any road surface.

On the basis of the type of vehicle employed, traffic paints may be chusified into
three general classes:

1. Cold-cut vehicles using natural resins dissolved in suitable solvents and plasti-

cized with various oils (spirit-type paints)

2. Vehicles containing resing and uitrocellulose (Iaequer types)

3. Varnish vehicles of varying oil lengths with natural or synthetic resins maodified

with drying oils and/or other muterials such as rubber (cooked-vebicle paints

Some paints now in use would have to be classified as specind cases of the bst group.
Also, thermosetting synthetic materials have been used, and new materials which
possibly would not fit this classification are possible at any time.

Natural resins and synthetic products that have been used in traflic-puint vehicles
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include ester gum, Manila, Batu (East India), Congo, coumarone-indene, alkyds and
their modificutions, phenolics and their modifications including dispersion resins,
pentaerythritol resins, copolymers of styrene and butadiene, chlorinated rubber, and
zine resinate. '

Pigments used in traflic paints include some not orvdinarily used in paints of other
types. Covering or hiding is usually obtained with titanium pigments or zine sulfide
pigments in white paints.  Anatase titanium barium pigment has been used in the
past, but the rutile titanium caleium variety is now being used.  CP chrome yvellow of
the desired shades is used as the hiding pigment in yellow traflic paints.  The hiding
pigment in black paints of the oleoresinous {ype is usually carbon bluck.
© Zinc oxide is frequently used as part of the pigment in irafiic paints. It offers some
hiding value, but is used chicfly for faster drying and to give the film better abrasion
and weather resistance.

The inert or extender pigments include magnesium silicate, barium and caleium sul-
fate, calclum carbonate, silica, micaceous materials, and pumice. They are used to
give balance to film properties aud for night visibility.

3. Specifications for Traffic Paints. Specifications for traflic paints are of {our
types:

1. Composition specifications

2. Specifications based on physical tests

3. Specifications based on service tests

4. Combinations of the above

Compuosition specifications speeify in detail the type and amount of each ingredient
of the paint. The quality is fixed by the purchaser, who asswnes responsibility for
durability. General clauses providing for good workability, luck of hard settling, ete.,
are uscd to throw some responsibility for a good product on the supplicr. Trafiic
paints of the so-called “spirit type™ using & cold-cut natural resin represent a type
particularly adaptable to the composition type of specification.  Composition speeifi-
cations are not as desirable for more complex paints involving the processing of a
“eooked varnish '’ beeause performance may be determined as much by skill of process-

vg as by the ingredients used.

Specifications based on physical fests require that the purchaser have knowledge of
"< properties of a paint film necessary for good performance and the tests that will

:asure them.  This {ype of speeification has mueh merit in that it inherently pro-

des the opportunity for the progressive producer to supply a superior product. It
requires, however, that fully relinble accelerated test methods be availuble which will
accurately predict performance.  Unfortunately, such test methods are not com-
L rtely reliable at the present time. Federal Specification TT-P-115a may be classed
¢ this type, although guality is controlled by a comparison paint.

Specifications based on service tests allow for selection of the best materinl submitted
by supplicrs as determined by a service test conducted by the producer. Such a
specilication has considerable merit in that it requires no knowledge of paint ingredi-
21 son the part of the purchaser and automatically keeps pace withnew developments.

s subject to the limitation thut several months' time is required for testing and

i

~Is0 that there is no positive assurance the material supplied will be of the same quality

-5 that which was tested. )
mibined sprcifications, those using two or more of the basic methods cited, are
ac nost popular.  Composition specifications usually provide for physical tests on
s vehicle, the finished paint, or both.  Epecifications based on physival tests may
«ecify 2 compurison paint or may speeify one or wore of the ingredients. Spectfica-
1 based ou serviee tests usually also provide for physical tests, and perhaps for an
-z tical procedure, on the material supplied os a result of service testing.
& formulation of Traffic Paints. Trufiic paint is required to meet so many special
quirements that cach formulation represents a compromise between desirable
sroteristies,  The relationshdp between drying time and durability is o case in
1 With many types of traflic paints in use, drying time and durability are a
¢ cmof pigment volume (V). In order to meet drying-time requirements, paints
often formuluted with a PV of 50 per cont, ever though they show much betier
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durability when formulated at a PV of 40 per cent or cven lower.  With technieal
advances, good hiding or covering power ean now he obtained with less pigment,
opening the way for increased durability by the use of less pigment if drying time can
be deereased by other means.  Such advances have also allowed more judicious use
of inert extender pigments to obtain such properties as optimum porosity (to permit
passage of water vapor and prevent blistering) and better visibility, in addition to
inereased durability.

The specification of the Virginia Departiment of Highways for No. 10 White Traflic
Zotie Puint, Reflectorized, which has been found to give very satisfactory service (£33,
is given in Appendix D,

6. Application. Traffic paints may be applied by brush, spray, or flow methods.
The paint should be formulated for the type of application that isintended.  Brushing
dislodges dirt and works it into the paint film and promotes adhesion.  Flow appli-
cators with which a brush is employed also accomplish this action to some extent.
When spray methods are used, it is necessary that the surface be as elean as possible,
and the paint should be formulated for good wetting characteristics.  Most paint is
applied by spray methods. DMachines have been developed which will place, one,
two, or three lines simultancously and will place either a solid or a dashed line.  They
will do this at rates as high as 15 mph. Trafiic paints arc applicd at the rate of 10
1o 30 gal per mile of 4-in. line, depending upon the character of the surface.  Rough
surfaces require more paint.  Usually a rate of 15 to 20 gal per mile is used, which
corresponds to spreading rates of about 120 to 90 sq {t per gal. I the paint is well
formulated and other factors are equal, thicker films give fonger service.

6. Use of Glass Beads. The use of glass beads for night visibility is probably the
most significant advancement in the use of traffic paints.  Retroreflection of the
painted line is go outstandingly superior when glass beads are used that the traveling
public is demanding this type of reflectorized line to an ever-inereasing extent.  The
beads may be dropped onto the wet paint film, or they may be mixed with the paint
before application, or both.  Usually 1 to 6 1b of beads per gal of paint is used, except
that for airports the rate may be somewhat higher.  If mixed with the paing, o period
of wear under traffic is necessary before the beads become fully effective.  If the heads
are placed on the wet paint filmy, spreading rate or film thickness must be closely
controlled.  If too little paint is used, the beads will not be retained; if too much ix
used, the heads will be covered and will lose effectivencss.

Paints for use with glass heads must be formulated with vehlicles that have good
adhesion for gliss.  Sueh paints also are normally formulated at pizment volures

about 3 per eent lower than otherwise would be the case, to allow for the vehicle which

isuged to wet the beads.  Such factors as paint consistency, drying time, and amount
of volatile thinner are important to head retention.

Breads for use on traflic paints should be of transhueent glass and as spherieal in
shape as possible.  Cloudy beads are inferior.  The glass must be resistant to wenther-
ing, particularly to surface etehing, which destroys its reflective value.  Beads must
possess suflicient crushing strength.  They are usually graded to produce maximum
reflectivity over the life of the paint. ,

A typical specification for the drop-on type of beads is given in Appendix I .

X. LUBRICATING OIL AND GREASE

Lubricating oil is generally a hizhly refined mineral oil from cither pavaflinic or
naphtlienic base erudes. Tt is important that the proper erude he selected dnoorder
that the finishedaproduct will not only perform its primary function of reducing frie-
tion but also maintzin a degree of chemical stability over an extremely wide range of
operating conditions,

Basically, lubricating oil is composed of an infinite number of different hivdroearbon
molecules, some of which are not suitable for lubrieants and are removed by madern
refining methods.  This alone does not ensure satisfactory performanec inomany
instances, and it is neeessary lo incarporate certain additives to improve the nutursl
characteristics of the lubricant.  Higher operating temperatures, heavier loads, faster
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sufficient strength to resist stripping the reflective sheeting from the hase material to which
applied when tested with a putty knife; shall resist senfling and marring during normal
handling; shall maintain elasticity at low temperatures to resist shocking off when struek
at 20°1; and be eapable of soaking in water for eight hours at 75%F without appreciable
decrease in adhesion,  The pre-coated adhesive shali have no staining ¢ffect on the reflece
tive sheeting and must be mildew resistant. A protective liner shall be provided to provent
contamination and premature adhesion of the precoated adhesive and the liner shall be
removable by peeliug without the necessity for seaking in water or other solvents.

Sec. 246.03 Optical Properties.  Refleetive sheeting shall have the following minimum
brightness values at 14° divergence, expressed in units of candle power per foot-candle
per square foot.

Color
Angle of - hd
incidenee |
Silver Yellow Red Blue Green .
0° 27 CP o Cp 7CP 3.0CP 2.5¢7
30° 15CP 5CpP 4CP 1.4Cp 1.2CP

The brightness of the reflective sheeting, totally wet by rain [Military Specification
MIL-R-136%9 (CE)), shall not be less than 80 per cent of the values specified.

Measurements shall be conducted in accordanee with standard testing procedures for
reflex reflectors of the Society of Automotive Engineers,

Sec. 246.04 Physical Properties. Reflective sheeting shall be free from ragged edges,
cracks, seale, discoloration, and blisters and sufficiently fiexible to permit application over
and conformance to moderate, shallow em! )oa\ing characteristic of cortain sign borders and
symbols, It shall be moisture resist

tant and readily adaptable to cutting with seissors,
knife, blade, or shears without eracking, cheeking, or fiaking.

Sec. 246.05 Durability Guarantee. The material supplied under this specification shall
be guaranteed by the supplier to show no more than 10 ¢ loss in brilliance cach vear for a
period of four years, Material which fails to give satisfactory scrvice over a four year
period shall be replaced by the manufacturer on a pro rata cost basis.

Sec. 246.06 Samples. For each color specified the bidder shall submit with his bid a
square foot sample of the material which-he proposes to furnish under this specifieation.

¥rom cach shipment of material samples shall be taken at random.  These samples shall
maintain the standards set by the material submitted with the bid. (Apr. 1, 19580

D. Virginia Department of Highways, Spcc:ﬁcatlons for Wo. 40 White Traffic Zone
Paint Reflectorized

No. 40 White Traffic Zone Paint, Reflectorized is o white paint for traflic line marking on
highways, on which will be applied properly graded glass beads.

1t is intended that this paint shall bind properly graded glass beads in such o manner as
to produce maximum adhesion, refraction and reflection. (Beads to be placed on freshly
applied line at the rate of 6 pounds of beads to 1 gallon of paint. Wet film thickness of
paint to be (015 inches.) The c:\.;nl ary setion ghall be such as to provide adequate anchors
age and refraction without exeessive envelopment of the beads,

Composilion Per Cent by Weipht
. Min. Max.
Vehicle . iiiii it vere.. 40
Pigment....oiiii it 60
Titanium dioxide... . 24 26
Caleium carbonate......ooee. PN 30 32
Barium sulpbate....... e 30 32
Magunesium siliente. oo a.s 1

Coarse particies nnd eLms (totn)
residue on No. 325 sieve based on
pigment), maximum 0.5 per cont,

The vehicle shall consist of pure alkyd resin, thinners and dricrs. It shall bo free of

-
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other synthetics or natural resins. The non-volatile content shall be not less than 45
and shall be a glycerol phthalate alkyd containing o minimum of 24 ¢ phthalic anhyvdride
based on the vehicle solids.  The aleshol portion shall be limited to glycerine und the ol
portion to refined soya bean oil. The vehiele shall be so processed as to provide a product
with an acid number of five maximum and color of seven (Gardner—1953) maximum based
on resin solution at 60¢3 non-volatile. The volatile portion shall contain not less than
20¢: of a high solvencey thinner (Amsco A type).

The weight per gallon of the paint shall be not less than 13.2 1hs.

It is required under this specification that the color sfter drying shall be a pure flat
white, free from tint, furnishing the maximuim aniount of opacity and visibility under both
daylight and artificial light, The fixed drying oils used shall be of such character as will
not darken under service or impair the color and visibility of the paint.

The paint furnished under this specification shall, when applied 2t the rate of 615 inches
wet filin thickness, dry sufficiently within one hour after application so that it will not be
marred under traffic.

Forty-cight hours after this paint has been prepeared and put in containers it shall have a
consistency of from 80 to 85 K. U. as determined with the Krebs Modification of the
Stormer Viscosimeter. An initial viscosity of 80 to 82 IL. U. is desired.

A cleaned panel of tin plate (No. 30 U.S. standard plate gauge) three inches by five inches
shall be coated with a film of the paint, having a wet filin thickness of six thousnndths (L006)
of an inch, and baked for six hours in an oven maintained at a temperature of one hundred
degrees Centigrade.  The panel shall be allowed to coul ot room temperature for one hour
and shall then be bent rapidly around o one-fourth inch rod. The paint flin shall with-
-stand this test without checking, eracking, or flaking.

" The paint shall show no skinning when a balf pint friction top can is half filled, the lid
replaced and then allowed to set for cighteen hours.

The color, hiding power, and flatness of the paint furnished under this specification
shall be equal to that of a sample mutually agreed upon.  When dry it shall show a fiat,
white, opaque finish, and shall show no graving nor discoloration when exposed to the
rquivalent of direct summer sunlicht for seven hours.

A guart samuple of paint which the manufacturer proposes to furnish under this specifica-
tion shall accompany cuch bid.  No bid shall be considered if the sample sulbinitted there-

‘th does not meet fully the requirements of this specifieation. (Apr. 1, 1958)

. Virginia Department of Highways, Specifications for Glass Beads for Reflective
Traflic Paint Surface . )

General. This specification covers glass beads for application on trafiic paint for the

‘oduction of a reflective suriace.

Material.  The beads shull conform to the following requirements:

(a) The beads shall be ymanufactured from glass of a composition designed to be highly
resistant to trafiic wear and to the eficcts of weathering,

(b} The beads shall be spherical in shape, and shall not include more than twenty-five
per cent of irregulurly shaped particles when tested as deseribed in Section 245.05,

“below.  They shall be essemtially free of sharp angular particles, and particles shows -

ing milkiness or surface seoring or seratehing.
(¢} Gradation. The beads shall mect the following gradation requircments:

Per cent

U.S. standurd sicve

{
Minimuc i Maximum

Passing 720, retained £30........... 5 20
Passing #30, retained £50. 30 i 75
Passing £30, retained »80. ., 9 32
Pussing 0 5
Passing ¢ 2

‘% Index of Refraction. The beads when tested by the liguid immersion method at
25°C shall show an index of refraction within the range of 1.50 to 1.63.




19-

64 GENERAL MATERIALS

(e) Crushing Strength. When tested in compression at a loading rate of seventy pounds

per minute, the average resistance to failure of ten beads shall be not Jess thun the
follewing:

20-30 mesh gize............ 30 pounds
30-40 mesh size ..o 20 pounds
(/) Chemical Stability. Beads which show any tendency toward decomposition, inchud-

ing surface ctching, when exposed to 'xtmosy)hcric conditions, moisture, dilute acids
or alkalies or paint filn constituents, may, prior to acceptance, be required to
demonstrate satisfactory reflectance behavior and maintenance under such tests
as may be prescribed.

{¢) Initial Reflectance. When the beads are applied at a rate of 6 pounds per pallon on

binder having a wet film thickness of 15 mils, the resulting stripe, at the ond of
24 hours drying, shall show a directional reflectance value of not less than 14 using
the Hunter night visibility meter. The binder shall be the Virginia Department of
Highways Refectorized White Traflic Zone Paint or paint of similar pigmentation
and non-volatile content.

Packing. The beads shall be furnished in units of 100 pounds packed in standard mois-
ture proof bags.

Sample. A five pound sample of the material which the bidder proposes to furnish
under this specification shall accompany each bid.

Test for Shape. Tests for roundness shall be made in accordanece with Procedure A of
ASTM Designation ID 1155 except that paragraphs (b), (¢) and (d) shall be disreparded

and

the following (&), (¢) and (d) paragraphs substituted:

(b) Level the glass pancl: then raise one end from the horizontal by the dietrmco in inches

indicated on the calibration curve in Figure 2 for the average diameter of spheres in
the group.

(c¢) Place the sample in a suitable container for hand feeding. Start the vibrator and

adjust the amplitude of vibration so that 1rre,quhr particles on the upper half of the
panel move slowly up the slope while the true spheres roll On the npner onne
third of the pancl feed a small line of beads across the entire width of the panel so
that no bunching up occurs.

(d) Observe the action of the beads on the panel closely.  Allow all of the frue ';Mmrm

1.

to roll into the lower receiver, then sweep into the upper receiver all of the rem aining
particles including those which may be rolling down the slope mem‘ Y vr the
purpose of this test all particles not rolling frcdy dovwn the slope arc consid«?rrd
irregular. (Apr. 1, 103%)
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simplifies  the banding  operation.
With it one man csn quickly fasien
a sign The aiso

supplics stainless sicel sirapping in

in place,

£y vy
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Mpnny

L0206 and 032 gauges, the Jatter
heavy enough 1o support traflic

signals, and the necess: 1) accessories.

Band-It Co. has steinless  stecl
banding, brackets, buckles and the
Band-It icol to be used for mount-
ing signs, signals and control boxes.
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Pavement markings include center
lines, Janc lines, no-passing  zone
lincs, turn narkings, stop line , and
many others. Malerials used include
paint, refleciorized paint, thermo-
plastic compounds, metallic and plas-
tic Inserts, and various types of per-
manent, built-in markings which
applied during surface consiruetion.

A suilable trafie paint must be

capable of taking the hardest kind
of wear under severe cenditions of
exposure to iraflic and weather, It
must also dry quickly after applica-
tion. Because of their greater night
visibility, rcflectorized surface paints
have become very pepular and are
used as standard naterials in many
locations; reflectorization s accom-
plished by the use of glass spheres,
which are ecither zmbedded in the
paint as it i“ being apilied or actu-
ally mixed with {the .‘.m\ paint,

Pavement paint-marking machines
are ol three genersl typcx manually
propelled; attached 1o or towed be-

fi4

IFor hanging signs and othor cquip-

ment  over  the street, National
Bracket Co. hns adjustble, self-
leveling brackels in four sives.
Highway Sign Cleaner Co. has a
portable sign :md signal washer, Ras-
iy transported iu a pickup tmc*k the

svstem  includes  pressure  pumps,
hoses, brush handle assemblies and
brushes {or cleaning signs and sig-
nals.

g
o
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Creswell Mini-Liner occupies litile space as it puts down double
T)/ unit carrics 50 gallons of paint and has a 300- ruun'* bead pressure system.

hind a motor vehicle; and self-pro-
pelled machines. maehmcs have heen

developed in recent years to apply
uliancously as moeny as {hree

sim
shi; es, either s li'l or broken, and
ustog two colors of paints, il desired.
In these machines, iLc pomnt is applied
by a spray gun mounted boetween two
shiclds fixed to define the cdges of
the painted stripe. The shiclds 1aay he
dises, plates, or “curtains” of com-
pressed air. Equipment necessary for
mixing the paint, supplying zir pres-
sure, ele., oy be mounted on the
striping machine or on the vehicle.

fuchkines

Meorking |

Reeent evolution of highway mark-
ing cquipment has been featured hy
the development of large  truck-
stripers capuble of laving down as
many as three lines shmuliancously in
one or two colors and by prorlul‘
tion of machines for the epplication
of markivg  materials othier  than
paint. Some of the larger paint ap-

plicators are now
heating eauipment o
activities to be carmried on in eglp
and domp weather.

M-3B Corporation offers paint s,
plicators in several sizes from cmg
self-propelled one-line eguipment
large, truck-monnted three-live ;.
chines. They also have a narro
chassis truck unit that is e
for mumicipal and interchange

Wald Indusirvies, Inc., manu! ud(ml
a wide range of m«ml.mo equinn

cquipy

G
ﬁrxvrna* el
¥ [

They offer  the :'ncmudlly--czw*r:‘ 3
Relecto-Liners - and  the  truel.
mounted Nite~-Lincrs, The Wald Sh

1]

liner is a 4-cylinder unit 48
wide and 145 dnches long that
mark three lines in one or twe col
Kellv-Creswell  has small
or self-propelled  cquiy
features the “Alr Curis
have a unit in {he
tween the manuailyv-

large iruck-mounied
models will mark dou
is the Kellv-( ww"‘ﬂ,

sc}n-px epelied centerdin
44 inches . !
color double or
up to 16 mph, v
trofledt  guns
25-galion tanks.

{ripie
Gityer oloed piee
WRING ¢ty

The

unit

Unimasco, Inc.,
propellad mml ne
o 6 1

have ibe 1\1(\,{3;1
vehicle siriper with
five othor smaller
co’s Model 120
hcav\' duty, GTIe- 0

dcv(nop“'! a rohot
ing skip lines. Aliho
ing feature, it oc
a spot light and
the spray cun.

TS DYe

Other ypaint stri
Little Manufacic
Sweet Co, Vel'od
Ine, R E Munco

Glass bead dir
ing on siripers
Corp,, Wi
Bavin Co.

Special marki
plication of
available from Dav

Prismo  Universsl
Flasticator for cold applica
Plastix “SD" adhosive-baclied
ing mafcrial,

ShM Company  haos
marking machines,
for applicetion
dead  soft  ahwninuam
tape; the other, with
for fusing the dry
Lite” {0 pavement:
available in liguid
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a line of six
including  two

Cataphote Co. has
marking muchines,
fruck units.

Paper board
ment markings
Lyle Signs, lac.

stencils for pave-
are availuble from

A

Paints ard Refiective Koferials

Cataphote Corp. offers a Jine of re-

flective  traffic  producis—Catsphote
reflective  pavement marking glass
beads, Cataling reflective trafiic

paints (premix compound and drop-
on combination), Catatherra therno-
plastic reflective striping, Cata flex
«902” reflective coating kits, Cata-
phote VSR Heazard Marking hh.s and
Cataphote reflective cold plastic tiles.
“Catadots” zre made as one and two-
wav wedges, “Dagmar” bultons and
as standard do“ Cataphot alsc has
Jc:t reflective liquid in several colors,

The Pristmno Universal Corp. manu-
factures Prismo Life Line glass
spheres that reflect at a wide angle
of sight, Promix rellective pavement

striping  paint  and  Plastix  “SD"
thermoplastic,  reflectorized,  self-
adhering permancnt marking male-

rizl. The Prismo Niie Line binder
dries in minutes and needs no pro-
tection {rom light trafiic. “Prismo-
lite” is a reflective liguid for spot de-
lineation. Prizmo also oficrs Kristal
spheres made from specially formu-
lated “vivgin” glass.

As a contract service,- rismo now
offers hot-spray Plastix, which is
applied at 400° by skilied workmen
using unique eguipment.

“Centerlite”  reflectorized  line-
spheres and  dape for {emporary
spheres end tape for contemporary
Iine marking ave furnished hy KMinne-
Sota Mining & Mie. Co. 33 also has
“Codit” which is a reflective liguid
that can be brushed, rolled or sprayed
on  rough to porous suriaces 1o
I*)a}\o thom brightly visible at night.
“Scotchrock™ brand relleotive gran-
ules are also made by 8L Greon-
Life, a marking powder, is offered
by the company. “Scetchlane” is a
soft  aluminum  bhase  striping  tanc
with adhesive backing that is svoit-
able {or marking pahing lois.

Porma-Line is  a  thermoplastic
compound, extruded hot fo the pave-~
ment surface where it bouds and deies
in Jegs than 15 minuies to form a
semi-pormament marking. It is made
by Perma-Tine Mg Cor

Baltimore Pa mi & C hum"al Corp.
offers Tyline traffic marking paints
and Spoecdl m](‘ fast-dryivs paint, In

addition, the company has Hol-Line
""\l-‘oi(w\,‘ trafiic marking compound

for application by hot-striping ma-
chines,

Refective

't

glass beads Tor highway

centerlines, stop signs, street name
signs and plastic marking tile with
embedded glass beads and glass bead
dispensers are available from Flex-
O-Lite Mfg. Co.

Zone-marking  paints  in white,
black and yellow are furnished by
W. R. Meadows and Zep 1g. Corp.

Traflie paints ready to use are
available from Martin-Marictta Co.,
The Glidden Co., Verflex Sales Corp.,
William Armstrong Smith Co,, Gil-
more & Nolan Div. of Bee Chemical
Co. and Maintenance, Ine. .

Parlon~-Pentalyn  chlorinated rub-
ber paint additive is manufactured by
Jiereules Powder Co. Goodycar Tire
& Rubber Co. manufactures Pliolite
Solulion Resins for use in  {raffic
paint formulation.

G. H. Tennant Co. mekes a traflic
line eraser. Unimasco, Inc, also of-
fers its “Erase-Rile” machine which
uses 2000 heat to break down the
paint elements, then shaves them.

Reflective beads are manufactured
by Potters Industries, Inc.

Giher Marking lfaferials

Metal or plastic pavement inserts
are {requently used to mark cross-
wallks, school crossing zones, stop
lings, cle. The inscris are available

“Iiindliner” Bieans No

Since Keliy-Creewell’'s new “Miniliner” Striper is only 447 wide,

8—TRAFFIC CONTREOL AND LIGHTING

in various colors, sizes, and shapes,
They may be inserted into the pave-
ment and cemented in place, or ce-
mented directly to the pavement.
Permanent center and lane lines
may be e¢ast in p]m as the pavement
is constructed. For example, special
forms may be used on a portland
cement concrete pavement to form a
groove in the correct position; the
groove may then be flled with white
concrete. Precast or extruded bers
are also used. ‘
Curbs are frequently painted to
mark areas in which parking is pro-
hibited. Objeets which are adjacent
to or in the traveled way and present
a hazard to motorisis arc delincated
by surface painting on the approach
to thie obslacle (such as a dividing
island or a pier in an underpass),
painting on the face of the obstacle
itsell (such as the headwall of a nar-
row culvert), and the liberal use of
reflecior marckers, traffic signs, flosh-
ing lights, and other forms of 1}h1n.1-~
nation. Reflector markers are made
up of single reflector buttons, groups
of butions, panels covered with re-
flective coatings, and similar devices.
Roadside delineators, which are high-
ly effective as an aid to night driving,
are frequenily provided by mounting

it permits traftic

flow in adiacent tenes while strizing the centerlines! What's more, this scif-contained,
self-propelicd 30 hp unil applies all types of lmfﬁc paints at speeds to 10 mph

without eny change in spravhead assembly. The !
widths from 3” to 67 with variable g

lines or two-color double lines in

lincs from 27 1o 6”. Features include three striping puns,
1o assure aclive and positive control at all times
pressurized plass bead systen
cd striper.

palton materiat containers; 300 Ib.
complete infarmation on his rugp

RELLY-CRESWELL CQP

Y, INC., Box 309, Xenia, O
For delails circla No. 149 on card i

applies two-color triple
sacing between

Miniliner”
each electrically controlled

- a 40 cfm air compressor; two 25
). Write {oday for

Ohio 45385,

1
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reflecior }m {ons o1 supports.

Refleetive plastic pavement mark-
ing materials are offered by Irismo
Safetv Corp. and  Cataphote  Co.
Thiokol Chemical Corp. has available
i Iinoamml‘in'f bution and  Thiokol
LP epoxy acdhesives that are used {o
bond trafic markers 1o both ce-
ment and bitiminous conerele pave-
ments. Martin-Marictta Co. has Lite-
Lane adbicsive sesin lane markers.

Stimsonite refleetive wedges have
heen designed to overcome the effeut
of water on the higlnvay by oflering
a raised beveled surfoce to reflect
headlight bewmns. Manufactured by
Amerace/ESNA, they are oflered in
standard and <'r)0\"—rﬂc\a';xMc designs.
They are available in monedirectional

and one or Uwo-color bidirectional
designs.

Botts-Line, Inc, makes several
sizes of plastic buttons and wedges

to be installed in the strect. Three
dimensiona), beaded Botts-dols re-
floct Yight well, rain or shine.

Catadots in three fomns and in
white or vellow, refleciovized or non-
refiectorized  models  are  available
{rom Caiaphaote Corp. Cat d} shote also
has Alert 7(‘[!inl\(’ liquic

Flexible plostic marking .n'}(er"w]s
in white or vellow, reflectorized or

plain, are manulactured by Hmland—
Suco  Color Co., 2 snubsidiary  of
Chemetron Corp. Called  Presslabs,
these materials are available in 3 {o
12-in. siripes, arrows, letters, num-
erals or sithoueite figures of varying
sizes,

Magdise pancake lizhis {o bhe in-
serted flush with the pavement sur-
{ace as a irafic guidance syetom are
mad. by Strong Electiic Corp.

The M-B Corpor mm , Line-O-
Guards, made of flexible plastic, pro-
teel fresh paint lines with a spiked
shape and are casy 1o retrieve.

Painted or refleciorized oll-rubber
Safle-T-Cones in 12, i8 and 28-in.
sizes \‘r& available from Safe-T-Tlare
Corp. The apex of the cone is rein-
forced to hold fasher-light adapter
and the base is weighted.

Safe-T-Cones  and  the polyvinyl
Safe-T-Conces for trafllic control ate
{furnished by Radintor Specialty Co.,
as are a Jmnﬂwr of acccssory devices,

Sleeves to slip over {aded or dirty
concs  are obmnmb]o from Veled
Traffic Controls, Inc.

The parking of antomohiles on {he
streets or off has become a wnjor
consideradion  in cities and  towns
acrocs the nation. While high density,
116

hich value arcas have cstablished the
trend foward multi-level parking in
structures, the greater number of ve-
hicles parked each day in urban
arces, at the curb or on surface lots,
are at parking mioters. Because of
the manpower reguirements ol tire-
cholliing or other personal parking
enforcement  methods,  time-sharing
of pavking localions is best provided
for 1 meters.

Such devices zre amazingly versa-
tile. Most are capable of accepling
pennies. nickels, dimes and quarters
and indicating a measured time in-
ferval of appropriate duration during
which the vehicle is parked legiti-
watcly, At the ewpiration of the

poriod, they show a violation indi-
cator which remains wvisible until
another coin is inserted.

Porking meters are equally suit-

ahle {or use on or oV the street and,
despite some experiments with me-
tor reinoval, appear to have an un-
Himited future. 'Vl ey regulate park-
ing  reasonahly  well—and  they do
provide revenues fo the community.

3. M. Rhbodes, Ine., manufactures
maximum security vaull-iype park-
ing mefers which have p*‘m‘cd to be
vandal resistant. Rhodes also offers
meters of lighter gouge metal for use
in non-problemn  arcas. Rhodes has
two-in-one meters—iwo timers with
one vandal-resistant vault.

Rockwell Park-O-Meter aulomatic
parking meciers can be timed for any

period from 6 minutes to 72 hours
for any combhination of coin or token.
One coin slot accepis all or any coing,
in any combination. Rockwell's s~
crow parking meter ‘has a memory
any

unit and will not register {ime

LT ohame

M anro!ornd |(ﬂnchve sign welcornes visitors entering Pine Tree ﬁfm
9 i}

SO e doe R ey e b s

<

until the [ull fee is paid 1t is

“b}ind," shoned ing r\n‘\' wh (U‘\ T Da"}i
ing is legal or not. The Safe-Guard
Park-O-Meter is vandal-prool  and
pilfer-proof. Rockweil also offers g
manuzal parling meter in either tra-
ditional or vault-type ve 'uhd nroct
models. New is Rockwell's pull-ring
and washer rejector p(mmg metor
which probes for holes in & profered
token and refuses entry il @ hole is
found.

Mi-Co. parking meters
by Hancock Industrics.

Duncan Parking Meter Cm'p. raan-
ufaciures a vandal-prool parking
meter that is manually oporated.

A device to test the accuracy of
parking micter timers is available
{rom Electiricllye Products Co.

Design, consiruction and/or opera-
tion of parking structures are serv-
jces provided by consultonts in the
field. Their specialized services arc
warranted when a community or
business finds  that the availability
of surface parking is inadequate {o
meet the need.

Portzble Parking Structures, In-
ternational, has devcloped a modular
steel and concrete structiure that is
quick ly erected and may be di':n
mantled and relocated when desired

C'incirma‘i Time Recorder Co. }Lm
a stovage control memory unit f
automatic entrance parling structur
The company also has a iunp detector
for parking gate operation as well as
an aulomatic gale.

A variety of parking control equip-
ment including ticket dispensers, con-
trolled gates and space location con-
trols is  available from  Western
Industries, Inc.

Lt
QLo

are made

Si:;n shop porcsrn

produced unique sign using Scolchlite shecting, silk sereens and various fransparent el
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CONTACT REPORT

O IACT BY: PHONE CALL VISITS " OTHER
() TO BSCP ( ) VISIT TO BSCP ()
(X) FROM BSCP () visiT TO i
JE OF CONTACT: _5-6-71 GROUP: BSCP-TAG DATE OF REPORT:
SUNTACT \

“IAMES AND POSITIONS: Bernard Chaiken - responsible for R&D coordination on
pavement striping

TOMPANY OR AGENCY : FHA/Office of Research & Development

= DRESS: __ Langley, Va. ‘
PHONE: _ 5575204

=ACP. PERSONNEL: H.N. Cantor

IT"W CONTACT ORIGINATED (please be specific)

Recommended by Bi1l Williams

“SUBJECT : Pavement Striping - FMOA work

= PORT: .
1. Have an active program - looking towards '73 money for contracts -
will emphasize 1) stripe at night in rain very heavily, 2) will also
emphasize R&D to further development of rapid dry paint, 3) more permanent
and economical materials.
2. Lot of Federal/State matching $ in any case
80/10 on interstate . - 1.5% for research or planning
50/50 on non-interstate
3. Active states programs 15-20 studies at least undefWay, may be expanded
4. This R&D will be coordinated with NCHRP Program
(i.f required, use a&diﬁjonal paper)
" AOTTION TO BE TAKEN: | Qe’;“wj\/

Call Mr. Criswell (FHWA), 426-0223, Office of R&D - ask for booklet tabulatEOR;}//
of all studies in progress as of 1 July '69, '70
4ighway Research & Development Studies in BY ;7= DATE :
“orogress as of July 1, 1969 - Took for No's {6 4 4 r--
<

" DISTRIBUTION: (please mark each copy)

} Chrono File ( ) Shilling ( ) cantor ( ) Johnston
() rile: ( ) Weeks () wilson ( ) ICMA
( ) _OTU/NASA

(4) Would be willing to participate in a NASA/ICMA/NCHRP/FHWA

meeting on this problem
REPORT BY: _

S S

R
e 5Tt o i

g

B v,

R e

R




ALY LA L NI N L

~( ITACT BY: PHONE CATT, VISTTS ' OTHER
() TO BSCP ( ) VISIT TO BSCP ()
(() FROM BSCP ( ) VISIT TO ;
~ JE OF CONTACT: _5-6-71 GROUP: BSCP-TAG " DATE OF REPORT:
( ONTACT | T

NAMES AND POSITIONS: Mr. Criswell

COMPANY OR AGENCY: Federal Highway Administration, Office of R&D

I DDRESS:

PHONE: 426-0223

BSCP PERSONNEL:  H.N. Cantor

s s S i I

HOW CONTACT ORIGINATED (please be specific)

Referred to him by Bernard Chaijken

SUBJECT : Tabulation of R&D in progress

PYPORT :

- Requested copies (3) of report entitled "Highway Research and Development
Studies In Progress as of July 1, 1969".

~ Copies will be sent ASAP; we are on list to receive updated version upon
publication _ :
W ‘ T e b ’

Leed 5[5k o

! . A W Ny
. by V‘ \{_O oo ._,J/(MD oo {(;_&4/; L2 o vi X f'}{/ﬂ/’{" K zr‘:_.f.@/l{;sgw{im«é:ff:; Crd }/"
5 g

/ .

Lot ﬁvﬁxﬁﬂfﬁ

ey o) il

(if reguired, use additional

(]

aper:

; TION TO BE TAKEN:

BY: ‘ DATE :

)L ISTRIBUTION: (please mark each copy)

) Chrono File () shilling ( ) cantor ( ) Johnston
. ) Files’ () Weeks ( ) wWilson () ICMA
() 0TU/NASA

REPORT BY:




=~ NTACT BY: PHONE CALL VISITS ' OTHER

( ) TO BScp ( ) VISIT TO BSCP ()
(x) FROM BSCP ( ) VISIT TO ‘ ;
'E OF CONTACT: 5/24/71 GROUP: BSCP-TAG DATE OF REPORT:

~ ONTACT ' o
~AMES AND POSITIONS: “Or. W.W. Wolman (formerly of NASA)
Chief, Traffic Safety Division Office of R&D; - |

" COMPANY OR AGENCY: __ DOT/FHWA
ZDDRESS - Fairbanks Highway Research Station, Va. §

PHONE: _ 557-522]

" BSCP PERSONNEL: H.N. Cantor

" HOW CONTACT ORIGINATED (please be specific)
Bi11 Williams (NHRP) suggested I call him

L JBILECT ¢ Re work in pavement striping
REPORT : '

1) Have specialist in Materials Division working ’oh this area, suggested ca'mng
Mr. Halstead 557-5201

2) Can dig up a Tist of which states are doing R&D in this area

(1f required, use additional paper)

. 2TION TO BE TAKIN:
I will call Mr. Halstead

BY: H. Cantor . DATE: 5/25/7]7

1 [STRIBUTION: (please mark each copy)

} Chrono File % ) Shilling ( ) cantor ( ) Johnston
) File: Pavement Striping/ ( ) weeks , ( ) wilson (X) _ICMA
(X) _NASA/OTU

REPORT BY:

3 SRR e R ¥




CONTACT REPORT

. ITACT BY: PHONE CALL VISITS OTHER
( ) TO BSCP ( ) VISIT TO BSCP ()
(X) FROM BSCP () VISIT TO i
_.I'E OF CONTACT: _5/24/7] GrROUP: BSCP-TAG '~ DATE OF REPORT:
7 INTACT A
NAMES AND POSITIONS: Mr. Halstead (will call back)
_ Materials Division, Office of R& - Chaiken's boss
COMPANY OR AGENCY: DOT/FHWA
? )DRESS: ___ Fairbanks Highway Research Station
PHONE:  557-5201
H.N. Cantor ' '

BSCP PERSONNEL:

JOW CONTACT ORIGINATED (please be specific)

W.W. Wolman recommended contact

—étH&IECT: Rework on pavement striping
PRPORT ¢

It turns out that Halstead is Chaiken's boss - no contact necessary

(if required, use additional papex)

},TION TO BE TAKEN:

None BY: DATE :
. [STRIBUTION: (please mark each copy)
b/{ ) shilling ( ) Cantor ( ) Johnston
, () wilson (X) _ICMA
(X) — NASA-0TU

( ) Weeks

} Chrono File
) File: Pavement Sj:njp]’ng

REPORT BY:
(Signature)



ZONTACT BY: PHONT, CALL VISITS ' OTHER
(
A

{ ) TO BSCP () VISIT TO BSCP {1}
(¥ FROM BSCP (X) VISIT TO Conner |
'E OF CONTACT: 5/24/71 GROUP: BSCP-TAG DATE OF REPORT:
CONTACT \
AMES AND POSITIONS: Bob Connor
Traffic Markings, Office of Traffic operat1ons
" OMPANY OR AGENCY : DOT/ FHUA
ADDRIESS - 7cth and D Street, S.W. DOT bldg.
. 6-7, C-D_ NASSIF Bldag. Rm 3419 PHONE : 426-0411
SCP PERSONNEL: H.N. Cantor

.OW CONTACT ORIGINATED (please be specific)
Bi11 Williams (NCHRP) recommended contact

_ JBJRCT: Re work on pavement striping - mtg. 5/24/71; 2PM
KEPORT ¢ , ) L _
1) Gave me '67 HRIS search on Highway Signs/Traffic Signals/Highway and Pavement

[$2]
~—

Marking. Also gave me brief papers on "Manual on Uniform Traffic Control Devices
(MUTCD)" and on "New Pavement Marking Concepts for Streets and Highways in the
U.S." Finally, he gave me Street and Highway Manual '71 section on Pavement
Markings. '

His area of concern is "operations", ie application of markings, signs, etc. He
He recommended seeing Chaiken in DOT/FHWA as"the" expert in pavement striping materialsl

He noted that good R&D on striping is done by California, Michigan, Ohio and
Minnesota. Good R&D on plastic mark1ngs is done by Kentucky, ITlinois, Okﬁo,
and California.

besds
17 states are do1ng R&D with federal money on evaluation of defids: report is due
Tate in 1971 and should be of interest to cities.

Office of Traffic Operations is attempting to get industry involved at local Tlevel.
Potters Industries Inc., 600 Industrial Road, Carlstadt, N.J. 07072, is going to
- (if required, use additional vaper)

ACTION TO BE TAKEN:

Try to get items referenced in paragraphs 6) and 7). -ICMA should get on list for
report in para. 4)

BY: H Cantor ' DATE: _ASAP

;i [STRIBUTION: (please mark each copy)

) Chrono File } Shilling ( ) cantox { ) gohnston

) File: _Pavement Striping\ () Weeks () wilson (X) _ICMA-lLoren/Havlick a

s

( ) NASA-OTU/Richards w

REPORT BY:

(Signature)




5) {continued) evaluate its }eads and other Jeads at its own cost on local
roads in West Milford, N.J. '

6) Recommended we see report entitled:

"Investigation of Points & Glass Beads Used in Traffic Delineation
Markings - Phase 1" by Missouri State Highway Dept., Bureau of
Public Roads, MIssouri Cooperative Highway Research Program
Report #70-3, May 1970 CH P 2 m

7) Noted that Highway Research Circular #79, April 1968, would be of interest.




COnrAC P PORY

1 TACT BY: PIOAY_CALE VISETS OTHER
() 70 Bscp () VISIT %0 BSCP ()
(X) FPROM DBSCP ( ) VISIT 70
O OF cowractT: //19/71 groupr: BSCP/TAG DATE OF REPORY: /7/19/71

_ITACT

TAMES AND POSITIONS: Dan brieser

OMPANY OR ACENCY: Battelle, Columbus
1 )1‘\].‘15 ]

PHONE: 614/299-3151

CAP PRREONKEL: 10ddRIUSKiewicZ

1 CONTACT ORIGIKATED (please be specific)
' 11led to request information on highway striping research contract

URIVCT : ICMA Pavemant Striping Problem
7 >ORrRT: 1 explained NASA/ICHA technology app11cat10n program,

The objective of. the Battelle progran is to solve the wet night visibility proalem in
snowplow states. Their proposed solution is a molded piece of molded acrylic with the top
carface swooth and with the bottom surface containing array corner retro reflectors
imilar to car taillights). Acrylic is currently 1/8 inch thick. HNo study of other
possible solutions was conducted. ’

Material is bonded to top of road or into grove in the road. It is intended to

st the life of a road (8 years). '

Currently pieces are being tested in the Battelle parking lot. Subjectively paint
"vo0ks good when dry and plastic looks poor but the plastic looks considerably better when
10t (visible up to 300 ft). Tests will be run in high density traffic in Columbus
in both concrete and macadem. . :

Phase I is concerned with technical feasibility and not with cost. Cost might be

in order of magnitude" greater than paint.
Phase II (if funded) will include additional ficld trials and economic considerations
Mr. Grieser's background is in optical physics, particularly holography.

(i.f required, usc additional papex)

CTION TO DI TAKENW:

ne required
BY: DATE ¢

CTSTRIBUTION: (plceasce mark cach copy)

~Johnston

) Contact Iile
Loren

’ (
Yopite: JCMA E

) Shiiling () cantor
)
Pavemed U STITPING

Woeeks (X) Bivins
B Richards

T D //E [




APPENDIX C

NCHRP Contact Reports and RFP's
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~NTACT BY: PHONE CALL
( ) 20 Bscp

(X) FROM BSCP

'E OF CONTACT: 4/21/71

NVISITS
( ) VISIT TO BSCP ()
() visit TO |

i
H
t

GROUP: BSCP/TAG DATE OF REPORT:

~e

- ONTACT

AMES AND POSITIONS: Harry Smith/Project Engineer on Highway Research

\

ADDRESS::

JOMPANY OR AGENCY: NAS-HRB/NCHRP

21st & Pennsylvania -5th floor

. 5SCP PERSONNEL: H. Cantor

" HOW CONTACT ORIGINATED (please be specific)

PHONE: _9061-174]

Peferred to Smith by Berke/SRI

UBJECT : Identification of MOA-sponsored R&D on pavement striping |

. REPORT:

Pavement Striping falls under "Traffic Control" ; should speak with Bill Williams as
he knows of most federal research in this area.

by NCHRP (NAS Publications)

Gave me "structure" of Federal agencies involved in highway research

Proposals, review, publishing done

(if required, use additional paver)

. CTION TO BE TAKEN:

111 Williams to call me

BY: DATE:
ISTRIBUTION: (please mark each copy)
) Chrono File ( ) shilling ( ) cantor ( ) Johnston
) File: ( ) Weeks ( ) Wilson (X)y __ICMA
(X) NASA

V AT,
REPORT BY: 7 ( (,q_«(,,,( ([ Ca i
lteiana Fure)




ZTONTACT BY: PHONE CALL VISITS ' OTHER

()} TO BSCP () VISIT TO RSCP ()
(,) FROM BSCP () VISIT TO ;
‘E OF CONTACT: 4/23/71 Group: BSCP/TAG DATE OF REPORT:
_ CONTACT ‘ A

AMES AND POSITIONS: Bill W1111am5, PY‘OjeCt Engineer‘

" OMPANY OR AGENCY: NCHRP/HRB/NAS
ADDRESS: Joseph Henry Building |
PHONE: 0961-1741

. SCP PERSONNEL: Herb Cantor

L.OW CONTACT ORIGINATED (please be specific)
Referred to Mr. Williams by Harry Smith

_» JBJECT': Pavement Striping-MOA- R&D search

RAEPORT ¢ .
1) Has been monitor for pavement striping R&D since 1964, had talked with MacIntyre of TU
in 1965. |

z) Will be project manage on new $200 K contract for research on Innovative Pavement Stripings
(has 10 proposals in response to RFP)

*  Pavement Stripings a gigantic business market, very competitive

4, Has $100K progect underway at Penn State re g1ass beads :

5) Recommended using the Highway Research Information System and Transportation Research i~
Activities Information Systems under the aegis of Dr. Paul Ir1ck/H1ghway Research Board
to locate Federal R&D in this area , N ,

6) Recommends speaking to Bernard Charken, Federal Highway Administration, Office of R&Dg@ﬁ*W
Langley, Virginia as he knows more about pavement striping than anyone else-key man!
Phone No. 557-5204 (Langley, Virginia)

7) Recommends speaking to Harvey Miller&/or Emil York, Organ1c Coatings Research, Materials &
Research Support Division; Department of Army-U.S. Army Mobility Equipment Research and
Development Center, Fort Belvoir, Virginia

- (if required, use additional paper!

ACTION TO BE TAKEN: : o0
1 Williams to send me copies of their Tatest RFPs, information on the NCHRP Program |
z) Cantor to inform OTU, ICMA of possibility of direct interaction with Williams ,.~"¢*

BY:1)Williams 2) Cantor  DATE:

T {STRIBUTION: (please mark each copy)

) Chrono File ( ) shilling () cantor ( ) Johnston
) File: () Weeks () Wilson (X} __ICMA
: (X) ~ NASA

-
// /l'/ / / (/,’f‘/zf((‘\;\

N‘ [

REPORT BY: ~

(SlqnaLuLe}




~ONTACT BY: PIIONE CALIL VISITS ' OTBER
() TO BSCP { ) VISIT TO BSCP { )
(X FROM BSCP () vIsSIT TO i
E OF CONTACT: 4/23/71-busy GROUP:  BSCP/TAG DATE OF REPORT:
4726/71 . . . : -

TONTACT N
" AMES AND POSITIONS: Art Mobley [961-1782]

'+ DMPANY OR AGENCY: _NAS/HRB-Highway Research Information System (HRIS) _
ADDRESS: Joseph Henry Building |
' PHONE: 961-1782

. SCP PERSONNEL: _Herb Cantor

"hOW CONTACT ORIGINATED (please be specific)
“eferred to him by Bill Williams, Harry Smith

¢ JBJECT: Pavement Striping MOA-R&D

IszCH{P 1) Highway Research Information System resume’s of ongoing work, pdst publications &
~rk: publications-current. RIP-current to March 1971.
2 Charge for service/literature search-$200 base charge, +$1/page for print out; NASA could
request search from Federal Highway Administration, Federal Highway Administration would tell
m to run it; expect~$250 cost, including abstracts.
Do not have hard copy on file; copy available from National Technical Information System
IncTudes unclassified DOD work :
Would take at most 2 weeks
Last search on Pavement Striping run 1 1/2 years ago
Highway Research Board Tibrary can do Search-Hard copy; Files can be browsed, they have

indexes

~tes o s
- —

(i.f required, use additional paper)

2TION TO BE TAKEN:
ny Bivins to contact Federal Highway Adm1n1strat1on Mr. Gordon Gronberg (Code.118, ext.60224)

to request search %%
¥ e ' BY: _ASAP . DATE:

] (STRIBUTION: (please mark each copy)

+ } Chrono File ( ) Shilling ( ) cantor ( ) Johnston
) File:’ () Weeks ( ) wilson (X)) ICMA
X ) NASA

/)/ / N ’”“ ..
REPORT BY: ALelvi/ /f LT
(sianature)
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NATIONAL, COOPERATIVE HIGHWAY RESEARCH PROGRAM

Highwey Research Board
Nationzal Academy of Sciences—DNational Research Council

1964-65

Project Statement

Resezrch Project Title:

Nighttime Use of Highway Pavement Delineation Materials

Research Problem Statement:

Pavement marking materials in common use lose thelr effectiveness to
a marxed degree during periods of darkness in adverse weather., Development of
better performing materials and methods for their use, or other means for nore
effective delineation of traffic lanes for wet pavement conditions are needed.
Ease of driving and highway safety will be enhanced when effectiveness of pave-
nent delinestion under wet conditions approaches the effectiveness provided
under normzl conditions.

1. To Ineasure the degree of effectiveness of pavement marking meterials
on highway tangents for specified nighttime wet and dry conditions. Factors
relating to the degree of effectiveness mszy include, but are not limited to,
photometric properties of delineation material and pavement, relative contlrast
between delineation materials and pavement, state of visual adaptation, color
properties, marking pattern, and visual renge (viewing distance when driving).

The research proposal should specify the wet and dry conditions to be
studied. The study should be made for surfaces that are typical of worn port-
land cement and bpituvminous concrete type pavements. Two-lane highwey tangents
having 2 minimum of ambient light (and no opposing traffic) shall be considered
to be the governing case. Severel conditions of wetness simulating those actually
encountered on highways shzall be employed. The illumination source shall be
eguivalent to low beam headlights of an average vehicle.

2. To set forth the cavses for differences in effectiveness as found in
the research. :

3. To suggest ways and means of obtaining maximum effectiveness of pave-
ment marking materials under nighttime wet and dry conditions (innovations
leading to increased effectiveness should be explored).

Since the recommendations should have practical application, any pojor
findings of promise should be field tested under reoal life condilions.

Funds Availzdble: $50,000

Corpletion Time: 18 Months

(OVER)




A-22
Project 5-5 (Continued) -2 -
=

Deadline for Filing Proposal: Avgust 3, 1964

w

Authorization to Begin Work: Notice to proceed on this contract cannot
be expected until February-April, 1965.

Mail Proposal to:

Mr. M. Earl Campbell

Program Engineer

-Highway Research Board

2101 Constitution Avenue, N. V.
Washington, D. C. 20418

6-2-6L




NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM
Highway Research Board
National Research Council
National Academy of Sciences--National Academy of Engineering

FY '71

. Project Statement

Project No.: 5-5 Continued

Research Project Title: Development of Optimum Specifications for
Glass Beads in Pavement Markings

Research Problem Statement:

Effective utilization of glass beads used for reflectorization

of pavement marking materials is dependent on a number of variables
that are not fully understood or defined. As a result, various bead
gradations and compositions, thicknesses and composition of the
binder, bead surface treatments, rates of application, and so forth,
are used today. A better understanding of the principles surrounding
performance of glass beads in traffic paint markings is necessary if
delineation techniques are to be improved and maximum benefits are to
be derived from use of glass beads.

Objectives:

(1) Review and analyze world-wide research and practices involving
the use and manufacture of traffic marking beads.

(2) TIdentify those variables that markedly influence the effective
utilization of glass beads in pavement markings. ZEvaluate these
variables by laboratory and field tests as required in order to rate
them in terms of their influence on the effectiveness and service-
ability of delineation under actual traffic conditions. Field tests
shall include measurements of wet-nighttime reflectivity.

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

(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 giace of
current specifications.

Reports:

An interim report of substantive nature is due at the end of one-half
of the research period. The draft final report is due at the end of
the research.




Funds Available:

Contract Time:

$100,000

Up to 21 months for research (An additional 3 months will

be provided for review and revision of the draft final report.)

Authorization to Begin Work: Final award of the contract for this research

is expected to be made in the period January 1971 - February 1971.

Submit Twenty-Five (25) Copies of Proposal to:

K. W. Henderson, Jr.

Program Director, NCHRP
Highway Research Beard

2101 Constitution Avenue, N. W.
Washington, D. C. 20418

PROPOSAL DEADLINE: Proposals are due not later than 4:00 p.m., November 16, 1970.

Note 1.

Note 2.

Note 3.

"The National Academy of Sciences, in accordance with the
provisions of Title VI of the Civil Rights Act of 1964

(78 Stat. 252) and the Regulations of the Department of Commerce
(15 C.F.R., Part 8), issued pursuant to such Act, hereby
notifies all parties that it will affirmatively insure that

the contract entered into pursuant to this announcement will

be awarded without discrimination on the ground of race, color,
or national origin."

The essential features desired in a proposal for research are
stated in the Naticnal Cooperative Highway Research Program
brochure entitled "General Information for Administration and
Contracting." Particular attention should be given to the
information on pages 8 and 9 pertaining to the Principals and
Research Plan. Proposals will not be accepted if the research
plan does not include a section captioned, "Applicability of
Results to Highway Practice." This section is to convey clearly
the specifics of how the anticipated results could be used to
improve highway practices and the manner in which the desired
results would be reported.

Al]l pertinent information is required to be bound in a single-
volume proposal. For example, some agencies include the proposed
budget in the letter of transmittal, or as a separate volume.
Neither is acceptable; the letter and the budget are to be bound
in the proposal. Furthermore, the cover page of the proposal
should clearly set forth the NCHRP project number, and each of
the 25 copies should be numbered from 1 through 25 prominently

in the upper right-hand corner.

Mr, William L. Williams will be the Projects Engineer having
responsibility for surveillance of this project and can Dbe
reached at (202)961-1T41 to answer inquiries.




Note 4. Although our mailing address is as stated above, you should
be aware that our offices are located on the 5th floor
(Room 528) of the (George Washington University) Joseph Henry
Building at 2100 Pennsylvania Avenue, N. W., in the event
that you might have occasion to visit or hand~carry proposals
on their due date.

Note 5. All proposals become the property of the National Cooperative
Highway Research Program, and final disposition will be made
according to the policies thereof.

Note 6. Requests for the current NCHRP brochure (blue~covered document)
should be addressed to:

L. M. MacGregor

Administrative Engineer, NCHRP
Highway Research Board

2101 Constitution Avenuve, N. W, .
Washington, D. C. 20L18 |
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Project Statement

Project No.: 5-5B

Research Project Title:

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

General Problem Area:

Il1lumination and Visibility

Research Problem Statement:

Conventional reflectorized pavement marking systems in common use lose
their effectiveness markedly during periods of darkness in rainy weather.
Raised reflectorized markers are 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 destroyed in a large part of the U. 5.
where snowplowing is common during the winter months. Past and current
research to achieve wet-night pavement delineation compatible with snow—
plowing operations includes: Low profile-large bead marking systems; com-
bined longitudinal grooving and stripping; rubber-tipped snowplow blades
compatible with raised marking systems; so-called "snowplowable' raised
markers; thickly-applied corrugated thermoplastic stripes; as well as var-
ious U. S. and foreign wet-weather pavement delineation devices and concepts.
To a large extent, none of these developments and concepts has been fully
accepted or utilized because of restricted applicability, limitations in
performance, cost, or limited degree of development and practicality. Thus,
there remains a continuing need for additional research to explore further
the development of alternative, innovative, and practical pavement marking
systems that are economically feasible, effective under wet-weather condi-
tions, and, at the same time, compatible with snowplowing operations.

Cbjectives:

1. Development of one or more innovative concepts for pavement marking
system(g) that are practical, economical and effective under nighttime
wet pavement conditions, and compatible with sunowplowing. The marking
system(s) shall be effective during rainfall with a minimum of approxi-
mately 0.030 inch of water on the pavement surface. The system{s) shall
also be practical under high-speed snowplowing with steel blades in
contact with the pavement surface., The system(s) may supplement existing
marking systems or be a replacement for them.
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Note 3. Mr. William L. Williams will be the Projects IEngineer having
responsibility for surveillance of this proy ct. He can be
reached at (202) 961-1741 to answer inquiries.

Hete 4. Although our mailing address is as stoeted above, vou shou!
aware that our offices are located on the 5th {loor (Roowm
of the George Washington University Joseph Henry Building
2100 Penncylvania Avenue, N.W., in the event that you might
have occasion to vigit or hand-carry proposals on thelr due

Note 5. All proposals become the property of the National Cooper
Highway Regearch Program, end final disposgition will be m
according to the policies thereof

Requests for the new brochure, "Information and Instructions for Pre-
paring Proposals,” should be cdaressed to:

L. #. MacGregor
Administrative Engineer, NCHRY
Highwav Research Board

2101 Constitution Avenue, N.W.
Washington, D. C. 20418
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NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM

Systematic, well-designed  rescarch provides  the most
effective approach to the solution of many problems facing
highway administrators and engineers.  Olten, highway
problems are of local interest and can best be studied hy
highway departments individually or in cooperation with
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly
complex problems of wide interest to highway authoritics.
These problems are best studied through a coordinated

program of cooperative research.

In recognition of these nceds, the highway administrators
of the Amecrican Association of State Highway Oflicials
initiated in 1962 an objective national highway research
program cmploying modern scientific techniques,  This
program is supported on a continuing basis by funds from
participating member states of the Association and it re-
ceives the full cooperation and support of the Burcau of
Public Roads, United States Department of Transportation.

The Highway Rescarch Board of the National Academy
of Scicnces-National Rescarch Council was requested by
the Association to administer the research program because
of the Board’s recognized objectivity and understanding of
modern rescarch practices. The Board is uniquely suited
for this purposc as: it maintains an extensive committee
structure from which authoritics on any highway transpor-
tation subject may be drawn; it possesses avenues of com-
munications and cooperation with federal, state, and local
governmental agencies, universities, and industry; its rela-
tionship to its parent organization, the National Academy
of Sciences, a private, nonprofit institution, Is an insurance
of objectivity; it maintains a full-time rescarch correlation
stafll of specialists in highwuy transportation matters 1o
bring the findings of rescarch directly to those who are in
a position (o use them,

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

The needs for highway research are many, and the
National  Cooperative Highway Research Program can
make significant contributions to the solution of highway
- transportation problems of mutual concern to muny re-
sponsible groups. The program, however, is intended to
complement rather than (o substitute for or duplicate other
highway rescarch programs,

This report is one of a serics of reports issued from a continuing
rescarch program conducted under a three-way apreement entered
into in June 1962 by and amonp the National Academy of Scrences-
National Rescarch Council, the American Association of State Thih-
way Officials, and the UL S, Bureau of Public Roads, Todividual fisead
agreements are excecuted annually by the Academy-Research Counail,
the Bureau of Public Rouds, and participating state highway depurt
ments, members of the American Associntion of State Hiphway
OfMicials.

This report was prepared by the contracting research agency. It has
been reviewed by the appropriate Advisory Punel for clarty, docu-
mentation, and fulfillment of the contract, It has been accepted by
the Highway Rescarch Board and published in the interest of an
cffectual dissemination of findings and their application i the for-
mulation of policies, procedures, and  practices in the subject
problem area,

The opinions and conclusions expressed or implicd in these reports
are those of the research agencies that performed the rescirchs They
arc not nccessarily those of the Highway Rescarch Board, the Na-
tional Academy of Sciences, the Bureau of Public Romds, the Amwens
can Association of State Hiphway Officials, nor of the mdividual
states participating in the Program.

NCHRP Project 5-5 FY '6S

NAS-NRC Publication 1549

Library of Congress Catalog Card Number: 67-62002




FOREWORD
By Staff

Highway Research Board

This report will be of special interest to traflic engincers, materials engincers, and
other public officials responsible for the design of highway pavement marking
systems having improved safcty features. This laboratory and field investigation
presents an evaluation of pavement marking materials currently in use and a dis-
cussion of their shortcomings. Practical recommendations are made for the improved
design of economical markings that would be more visible than conventional mark-
ings, both day and night. Special emphasis is given to the visibility of markings at
night during periods of severe rainfall and a new, unique, low-cost, experimental
marking has been developed and tested on a public highway. The newly conceived
marker's ability to be visible at night when wet was judged excellent; furthermore,
the low-profile marker is not likely to be damaged by snowplows. Implementation
of the concepts presented should provide a more visible pavement marking that will
increase the safety aspects of the highway, particularly on rainy nights.

This report sicms from NCHRP Project 5-5 entitled “Nighttime Use of High-
way Pavement Delincation Materials.” Only the findings of the initial laboratory
phase are presented herein. The results of the ficld testing phase will be presented in
a future NCHRP report.

Present reflectorized highway paint markings lose their cffectivencss o a
marked degree during periods of darkness in adverse weather. However, during
these periods the need for guidance is most critical and ease of driving and highway
safety will be improved when the effectiveness of pavement delineation under adverse
weather conditions approaches the cffectiveness provided under normal conditions.
With these thoughts in mind the rescarch was initiated to seck ways of improving
delincation of roadways under wet and dry conditions by improving techniques
utilizing existing materiuls or by developing new materials and technigues.

Southwest Rescarch Institute, in this thorough and well-documented cffort,
initinted a ficld study of the performunce characteristics of conventional marking
materials. Following this, their rescarchers conducted studies of the physical nature
of reflective materials, with particular emphasis on performance characteristics under
various types of water films. Based on the results of the taboratory and ficld tests
a new pavement marking was designed and tested with very encouraging results.
A systematic approach for the design of a pavement marking system has been
developed wherein one qualities the surface to be marked, determines the water film
thickness to be encountered, and then sclects one of the several marking systems
that will perform under the imposed conditions. )

The rescarch points out that where pavement markings fail by mechanisms
other than loss of their upper surface, a glass bead system having a uniform size
gradution matched to the binder thickness should be used. Experiments have been
conducted to determine the effectiveness of silicone-treated glass beads and the
optimum depth of imbedment for glass beads to obtain maximum retroreflection.
The feasibility of applying a surface coating of small beads to a carrier (pea-gravel)
was investigated as a way to obtain a kurge-diameter reflecting material that would
protrude through submerging water films,
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After considering the factors that influence the performance of marking .

“materials the rescarchers developed a new systent of pavement markings that could

be applied like paint but performs fike raised reflectorized markers. In this system
La-in, diameter glass beads are embedded in a pigmented epoxy binder.

The sccond phase of the rescarch is under way to further develop and ficld test
the new marking system that emerged from the initial Iaboratory rescarch. The
objective of the additional rescarch is to optimize the application cquipment,
materials, and techniques necessary to demonstrate the practical feasibility of the
new marking system. '
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DEVELOPMENT OF IMPROVED
PAVEMENT MARKING MATERIALS
LABORATORY PHASE

SUMMARY The information contained in this report will enable agencies responsible for highway
pavement delincation to better understand the many variables that influence the
performance of marking systems both in the day and night and particularly at night
during periods of precipitation when many of the currently used marking systems
beecome inoperitive. ' '
Beyond explaining how various marking systems work and their advaniages
and limitations, o systematic approach to decision making with regard to the
marking of pavements has been developed, and a fornnis presented whercin engineers
can scleet systems that will give day and night, dry and wet visibility at the fowest
cost per mile per day of useful fife. To do this, the engincer obtains a profile of
the swrface to be marked, qualifies the water-film thicknesses to be encountered
during periods of precipitation, and then selects the marking system that will
perform under the imposed conditions. Information in this report should be of
use to engineers in designing new and improved systems. As an example, one such
system is cited in this report and is documented through its inttial ficld evaluations.
The concept nvolves incorporating into one system the ability to be applicd Tike
paint and yet perform like raised, reflectorized markers as a means of combating
the visibility problem of muwkings during periods of darkness and precipitation,
It is suggested that further rescarch be conducted to investigate the develop-
- ment of heavier and more durable marking materials. Considerable attention should
be directed to the study of raised markers in terms of their present and Tuture use,
both separately and in conjunction with surface-filmr markings and their relation o
snow removal operations from the standpoint of determining if the marking system
shoul(l be designed to acconunaodate the snow removal cquipment or if the snow
removal equipment should be designed to accommodate the marking system or if

there is a compromise solution,

CHAPIIR ONI

INTRODUCTION AND RESFARCH APPROACH

- »

Commonly used pavement nuhing materials lose their
dlectiveness 1o a marhed degree dunmg penods of dink-

Cness an adverse weather, A diver’s need tor pundance s

most critical dunimg these peoods, and dvving case and
hiphway safety will be enbanced when the cllectiveness

of pavement delineation under wdhverse weather conda

Lot .:|!px'u.uh\‘\ the eflectiveness provided under notoal
comditins, The objective ol this program wis to stinds
ways ot mprovig delineatton ol roadways wnder wet
and iy comditions by cither improving techungues that
vae ey nidetials or developing new ndersds and

ted higues,
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Javenmient markings are but one facet of a complex set
of interrelated factors that influence the visual problems
of the motorist at night. Hlumination, contiast, placement,
size of object, shape, brightness, and time of exposure
are but a few of these factors. I one could redesign the
automobiles, changing the location of the driver ind head-
lights, convert to a polarized light system, redesipn the
roadway and include self-illuminated markings plus var-
ious other changes, seme rather dramatic visual improve-
ments would result, However, such a long-range approach
would do little to combat today’s problems. In spite of
certain limitations, the present system of muarking road-
ways using surface markings that have been reflectorized
has the advantage, under favorable conditions. of con-
veying a steady stream of uninterrupted visual informa-
tion or-warnings to the driver without diverting his atten-
tion from the roadway.

In the modern automobile the headlights, which may
he only 26 in. above the road surface, provide the source
of illumination. This illumination diminishes in intensity
as the distance from the source increases, so that maximum
safe operating speeds on low and high beams are con-
sidered to be approximately 30 and 55 mph, respectively,
with perception distances for unmarked dark objects con-
sidered to be of the order of approximately 100 and 350
ft, respectively. Assuming a level pavement, a ray of light
from a typical automobile strikes the pavement at an
angle of 1 deg 14 min with the horizontal 100 It in ad-
This angle becomes progressively
dis-

vance of the vehicle.
smaller and finally narrows to 0 deg 21 min at a
tance of 350 [t. The light striking the surface of the
road ahcad of the vehicle is largely reflected forward or
absorbed by the roud surface itself. For the light strik-
ing the pavement marking to be directed back to the
driver’s eyes and present a clearly visible image, an optical
focusing deviee is required. Most commonly  used- are
small glass beads or spheres imbedded “in the pavement
marking material which focus and return the light 1o the
vicinity of its source with varying cfliciency, depending
on a number of variables, including refractive index, true
spherical shape, imperfections, and other variations in the
beads themselves. Not all of the light striking a given bead

will be reflected off it surface. That light which pene-

trates the bead and is refracted, focused, and vedirected
back (o the driver suffers losses from absorption and
scatter. Depending upon the road contour and  during
ideal dry wemher conditions, pavement marking materials
with glass beads properly applicd can be very casily dis-
tinguished at nipht with high-beam headlights well beyond
350 1, where there is no opposing tratfic. The glare (tom
the headlights of approaching vehicles and other Tight
sources can very often be so intense as to limit a driver's
ability to distinguish reflectorized markings for short pe-
riods to those directy in (ront of his vehicle.

During periods of adverse weather, the sl plass
beads often become submerged under a covering layer
of water. Light from the drivery” headliphts s Lupely
waler surlace and
amount of Light that penctrates the water sotlers turthe

reflected oft the lost, and the small

losses 1o reflection, refraction, absorption, and scatter in
its passage in and out through these various media, Thus,
the retroreflective capabilitics of currently wed highway
markings are generally lost during adverse weather, which
greatly impairs the safety of the motorist during the period
when his need for visual assistance is greatest,

RESEARCH APPROACH

The approach used to fulfill the study goals was to gather
information with regard to how presently used muarking
systems perform in their environment and, within this
framework, (o determine techniques for improving pres-
ent systems and, hopefully, to conceive other improved
systems. It s pointed out that the emphasis in this pro-
gram was placed on measurements and observations in
the field under actual conditions  rather
than on the theoretical treatment of jdeal systems.

and simulated

Data Collection

In obtaining the information presented in this study, an
extensive effort was made to get from manufacturers the
best of currently available materials used for marking
and reflectorizing highway pavements, Excellent response
was received from the principal manulacturers oy listed
in the Acknowledgments, Their materials were placed in
field road tests and evalvated, not from the standpoint of
comparing one manufacturer’s product with another but
of observing the basic performance advantages and limita-
tions of the different systems. Concurrent with the ficld
evaluations of available marking systems, other ficld and
laboratory studies were undertuken to more accurately
define how glass beads function as retroreflective elements
in highway marking materials and to qualily water-film
thicknesses as encountered on roadways during periods of
precipitation. This work s presented and  discussed in
Chapter Two,

Interpretation

The analysis «of the work was undertaken by comparing
data on water-film thicknesses obtained both in the lab-
oratory and in the field with data pertaining to the per-
formance characteristics of reflecting muaterials as deter-
mined in the laboratory and. finally, comparing all of
these data with those pertaining 1o performance charac-
teristics of present systems as observed in the ficld, bowas

then possible to make observations with regard to the hasic’

advantages and limitations of present systems as well as
to suggest methods of improving present systems, Results
of this work arc presented and discussed in Chapter Three.
,

Application

It was hopefully anticipated that during the course of this
project some concept of a new and patentially improved
system would cvolve. Such a system CINCTPe,  Was
taken into preliminary ficld evaluations, and appenrs 1o
be an attractive concept within the fimits that could be
pursued in the final phase of this program. This work
is presented and discussed in Chapter Four,

did

i




CHAPTER TWO

RESEARCH FINDINGS

CThis chapter is divided into three parts and contains the
principal findings of the study. The first part covers ficld
evaluations of conventional marking materials, describes
how the ficld evatuations were conducted, and discusses
‘the performance of conventional materials. The second
part is devoted to the subject of precipitation and discusses
its forms, characteristics, and the mcasurement of water-
film depths on road surfaces. In the third part, the
physical and retroreflective characteristics of glass beads
are discussed.

FIELD EVALUATIONS OF CONVENTIONAL
MARKING MATERIALS

Field cvaluations of conventional materials were under-
taken not to evaluate or rate the effectiveness of various
manufacturers’ products, but rather to examine the latest
available commercial materials with regard o their generul
cifectiveness and to help define in more specific terms the
principal problem arca of loss of visibility of marking
materials during periods of precipitation.

Test Fquipment

Puaint stripes and reflective materials were applied with a
Kelly-Creswell Model B--3 -1, all-purpose striping machine.
Special attention was given to handling the reflective ma-
terials. In addition to the use of a conventional gravity-
“Meed, bead-dispensing apparatus, a chainsdriven, propor-
tioning-type bead dispenser was installed to provide pre-
cise control of bead application rates.

A water-spray device consisting of five nozzles was
designed and fabricated to simulate rainfall over the entire
length of a 15-ft painted scgment of a broken line, com-
monly used as a standard for conter and lane lines, The
spray device combined the hetter features of similar devices
used by General Motors Corporation and the U.S, Corps
of L'npincers, Fort Belvoir, Vi, (o simudate W@Tﬁ%
conditions, Nozzle Model Numbers 1/3GG2, 1/8GG3,
F/BGGIS, 1/BGS, and 172G2S were purchased  from
the Spraying Systems Company, Bellwood, 1L These

nozzles are the full-cone type and provide a spray with an
~even distribution pattern. Flow ndes were controlled by
selection of nozzle size and water pressure. Rates of pre-
cipitation were futther checked by placing conventional
FiHn ganges at various points within the fall pattern.

In view of the diamatic difficrence between the wet and
dry retroreflective capabilities of  conventional muaking
atterials and the ek of an andustriadly accepted  mea-
suring device, diversion ol project funds o develop an
optical istrument was not constdered appropriate. Afier
reviewing manufacturers' reports and car registration Jata,

a 1965 Chevrolet wins selected as the typical new cur to

be simulated. Thus, 1965 Chevrolet headlamps were in-
stalled on a plywood dummy, with carclul atiention given
to dimensional Tocations on the dummy, A dimmer switch
was installed for evaluations on both low and high beam,
and an ammeter was installed in the circuit as a means
of monitoring output. The power source was a 12-v bat-
tery which was kept fully charged by a portable d.c.
generator.  After installation, the headlamps were afigned
with a Weaver photoscope headlight tester. Figure 1 s
a photograph of these three picces of cquipment.

Materials Acquisition and ield Application

At the beginning of the project, letfers were sent to
muanutacturers of reflective materials advising  them of
Southwest Research Institute’s having been awarded the
subject contract and of its interest in obtaining samples
of thewr materials for study. Excellent and gencrous re-
sponse was received from these inquirics, and a large
number of samples were obtained representing, after ¢lim-
ination of duplicating products, some 9 different types of
glass beads and somie 18 different types of raised markers
of both the reflectorized and unreflectorized type. These
materials were taken to the test site and applicd in
accordance  with  the  manufacturers”  recommendations
when received and otherwise by the best techniques avail-
able. The site selected for initial screening studies was
on Southwest Research Institute grounds at & remote arca
with little traffic and free of foreign light sources at night.
The pavement surface was a new, well-contoured, smooth

“asphaltic concrcte, free of cracks, holes, and patches.

The paint was applied in stripes 4 in. wide and 15 1t
long and set on I-{t centers. The paint stripes were applicd
in groups of five, cach group having a wet film thickness
of 10, 15, 20, 25, and 30 mils, respectively. All groups
received the same type of beads, which were dropped on
at atate of 6 1h per gal of paint, based on an assumed wet
film thickness of 15 mils. One group of stripes was left
unbeaded to serve as a control. The paint stripes and heads
were applied with the striping machine. Alter application,
the stripes were kept free of all traffic until they were
completely dry. Four of cach of the different types of
raised nurkers were applied as a unit, equally  spaced
over a 1St length,

Fvaludiion Ratings of Marking Materials

giN SPRENG APPLICSTTION

tn the various muodel codes for evaluating hiphwiay mark-
i madenals, the three basic performance  factors of
appeiance, rellectnee, and durability are evaluated,  In
this rnhal phase of the stody, attention was coneerned
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Figure 1. Equipment used in field evaluations of pavement marking materials.

primarily with reflectance, particularly during adverse
weather. The materials were applied during the wecek begin-
ning May 24, 1965, and cvaluated in daylight and dark-
ness under the wet and dry conditions. Night obscrvations
were made from a distance of 150 ft, with the lighting
apparatus turned to cither low or high with the beams
focused longitudinally on the stripes, just as a driver would
encounter a broken center or lane fine. Sclected observers
rated reflectance visually with a rating scale from 0 to 10,
with O indicating nonperformance and 10 indicating best
performance.

Of the 65 paint stripes cvaluated at night, all cexcept
5 of the control stripes, which were unbeaded, and 3 stripes
with special bead-coated granules were readily  visible
when dry.  Visibility of the stripes dry improved @ a
dircet function of the refractive index of the plass beads,
those having a refractive index of 1.9 being considerably
more reflective than those with a refractive index of LS.
Under wet conditions at night, 60 of the 65 stripes were
obliterated when subjected to a simulated rainfall of 4 in.
per hr. Of the five stripes that reflected under simulated
rainfall, two were of a tape-striping material and the other
three had received an application of special bead-coated
granules that showed poor reflectance when dry. The vis-
ibility of the silicone-treated and untreated beads was
equally destroyed under the spray at high precipitation
rates. When the surfaces of the two tape striping materials
that performed well when wet were examined closely, it
was noted that water beaded on their surfaces rather than
flowed out over the s(rjpc in a continuous film: therefore,
many of their retroreflective elements were exposed and
active. The three stripes that were coated with special
bead-coated granules, which showed poor reflectance when
dry but good reflectance when wet, did not reflect the
color of the binder material but gave a gold-like color
impression.

Under dry nighttime conditions, 10 of the 1B stripes
cemploying raiscd markers were rated at 4 and above. The

SRR

cight with ratings lower than 4 were unreflectorized
markers. Under wet conditions, 8 of the 10 raised,
reflectorized markers visible under dry conditions were
rated at 4 and above. Thus, two of the raised, reflectorived
marker types reccived a rating of 9 when dry and 9 when
wet and were indeed as casily distinguishable when sub-
jected to the water spray as when dry.

ON FALL INSPECTION

The test materials were allowed to weather over the sum-
mer, and, on September 27, 1965, after a 4-month ex-
posure period, reevaluation of the markings was made.
The 65 paint stripes in the dry condition had essentially
the same ratings as they did in the spring. As pointed out
previously, there was a minimum of traflic over the fest
site during the test period. In the wet condition, all of
the stripes, except ‘the two formed of tape-striping ma-
terials, were ¢bliterated.  Although these two stripes had
lost their ability to bead water, their surfaces were sufli-
ciently clevated so that many of their reflective clements
were never submerged and remained active. Figure 2 s
a photograph taken at night during the fall inspection
of the test site in the dry condition. The brightest and most
easily distinguishable stripes at the test sitc were a series
of five located in the third row on the left side. On these
stripes glass bcads with a refractive index of 1.9 were
used. Immediately behind these five stripes are five con-
trol stripes of paint, which had no bead treatment and
thus were very diflicult to distinguish. In Figure 3, the

L . . . -
site is viewed with the water-spray rig mounted over these

five brightest stripes; at a simulated rainfall rate of approxi-
mately 4 in. per hr, they can barely be distinpuished. The
raiscd markers had essentially the same ratings as they
did in the spring. In Figure 4, the site is viewed with the
water-spray rig mounted over a serivs of raised, reflec-
torized markers located to the extreme rear of the site
at a simulated rainfall rate of approximately 4 in. per
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Figure 2. Test site at night, dry.
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Figure 3. Water spray over brightest beaded stripes at test site.

hr, they are very distinguishable. It is interesting to note
that the reflectorized paint stripes in the foreground, which
are no longer being sprayed, are again becoming reflective.

PRECIPITATION—ITS FORMS AND CHARACTERISTICS

Precipitation may oceur as rain, fog drip, dew, snow, hail,
“sleet, or freezing rain. Figure 5 shows the average unnual
vrecipitation in various arcas of the United States. Most

reas within the continental United States experience from
100 (o 150 days annually on which precipitadion of 0.01
in. and above occws, Arnid cmeas of the western states
experience fewer such days, averaging 30 to 8O annually.
Heavy fog occurs in areas ol the country roughly from

10 10 35 days annually, with extremes along the coastal
regions, particularly in the Pacific Northwest and in New
England. Fog consists of water droplets so small that their
velocities of fall are negligible. Fog particles which con-
tact an object may adhere to it, coalesce with other drop-
lets, and eventually form a drop large cnough to fall pro-
ducing~what is referred to as fog drip. On clear nights,
the Toss of hewt by radiation from the soil causes canling
ol the ground surface and the air immediately above it
Condensation of the water vapor present in the air results
e adeposit of dew. The solid forms of precipitation, when
melted either naturally or more quickly by the we of
vanous sidis, also produce surfice moisture,
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Figure 4. Water spray over raised, reflectorized markers at test site.

Table I gives the limits adopted by the United States
Weather Burcau, above which precipitation is considered
to be cxcessive short-duration rainfall (/). Figure 6 shows
I-hr rainfalls to be cxpected in the United States once
on the average in 25 yr. Figure 7 shows the average annual
maximum rainfall for 30 min.

Sclecting rainfall rates for design purposes can be ap-
proached from a number of viewpoints, some of which
require study and analysis considerably beyond the scope
of this program. Onc could design for the worst conditions
because the driver then necds the greatest visual help.-The
intensity of rainfall can become so great during short

TABLE |

LIMITS ADOPTED BY US. WEATHER BUREFAU
ABOVE WHICH PRECIPITATION IS CONSIDERED
SHORT-DURATION RAINFALL

DEPTH OF

DURATION PRECIPITATION RATE
(MIN.) (1N.) (IN./1R)
5 0.25 3.00
10 0.30 1.80
15 - 035 1.38
20 0.40 1.20
30 0.50 1.02
45 0.65 (.84
60 0.80 0.78
80 1.00 078
100 1.20 .72
120 1.40 072
150 1.70 .66
180 2.00 (1.66

periods that light from the vehicle headlights beging to
be scattered by the individual raindrops to the extent that
visual pereeption is greatly impaired. This condition is
not readily measured and requires [urther study. For this
study, a precipitation rate of 4 in. per hr was chosen.
It is probable that using this precipitation rate results in
overdesign for many regions or locations. For example,
the States of Nevada and Florida experience precipitations
that differ greatly in amounts, but are quite uniform on
a statewide basis: whereas, in Texas, amounts vary greatly
across the State, not to mention diflerences in rates. Thus,
these factors should be taken into consideration when
designing & marking system for a specific location.
Theorctically, a completely impervious and flat surface
should have a runoll coeflicient approaching unity. Capil-
lary water in small pores, hygroscopic water absorbed
on the surface of materials, and puddies of water stored
in surface depressions result in runofl coctlicients of less
than unity for most surfaces. In hygrographic analysis,
a runoff cocflicient of 0.85 for pavements of asphaltic
concrete and portland cement concrete is accepted (2},
However, such information docs not answer this very im-

- portant point: “In a given rain, how deep a film ol water

can onc cxpect on the road surface?”

Test Apparatus for Measuring Water Filin Thicknesy
on Pavements

In order to determine precisely the true water-filoy thick-
ness that one might expect o encounter, an apparatus
was designed for meceasuring water filins af various rates
of simulated rainfall, Mcasurement of water filmy s com-
plicated by the high surface tension and capillarity of
water. So as to avoid these characteristics and the prob-
associated  with

lems immersion-measuring  devices, an




Figure 5. Average annual precipitation (in inches) in the United Stutes (U.S. Weather Bureauw).

Rainfall Cininchesy in one hour to be expected once on the averape in 25 years (U8, Weather Burcaw).

Figure 6,
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Figure 7. Average annual maximum rainfall (in inches) for 30 min (U.S. Weather Burcan).

apparatus consisting of a depth micrometer mounted on

and protruding above a plate with supporting legs of”

rubber was designed. In this unit, shown in Figurc 8,
the micrometer was clectrically insulated from the road.
An insulated clectrical conductor was attached to the
micrometer and, hence, to a resistance meter. The other
terminal of the resistance meter was connccted to a heavy
copper probe, which was laid in the water film on the

~road and in the vicinity of the micrometer. The microm-

cter was then turned downward until contact was made
with the water film. Initial contact was scnsed by watch-
ing the jump in the meter reading when the circuit was
closed through the water film on the road. A reading of
the micrometer was made at this point, and it was then
turncd downward until contact with the road was made—
the difference between the two readings being the film
thickness of the water. Figure 9 is a photograph of the
water-film measuring apparatus and the spray rig being
employed in the fickl. Because of the inherent uncven-
ness of roadways, considerable arcas of depression stor-
age exist. It was therefore necessary to take a very larpe
number of readings o arrive at representative figures,
Studies of various water films on various characteristic
pavements  were made; these were  further  verificd i

studies of water films on a flat and very smooth surface
especially fabricated for this purpose.

Runoff and Water Films on Pavements

Highway pavements may or may not be crowned. Feor
those pavements that are crowned, the slope is generally
0.125 to 0.250 in. per ft. Shoulder slope is gencrally
0.750 to 1.500 in. per ft. The standard width of high-
ways carrying large volumes of traflic is 24 ft.

The problem of a water film on a crowned two-lanc
rural highway is essentially onc of the water falling on
the marking material and flowing off in both dircctions
so that there is fitlie tendency for buildup from adjacent
runofl. On a four-lane roadway carrying two lancs of
traffic in opposite dircctions, with the road crowned in
the center and marked there with double continuous yellow
strifes and white skip lane lines, water falling in the center
builds up a runofl pattern that crosses transversely the
lanc and cdge lincs. By selecting sites with the proper
slope and contour, these conditions were simulated. By
using the water spray appariatus al various locations where
the pavement surface ranged from a very coarse to very
smooth, as well as at one location having an extremely
smooth surface of cement-asbestos, some 450 separafe
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measurements of water-film  thicknesses were made at

simulated rainfall rate of approximately 4 in. per hr,
1t was found that on the crown of the road the average
of all readings was 0.030 - 0.005 in. At the same rain-
fall rate, a location 12 ft downslope from the crown of
the road with a downslope rate of 0.25 in. per ft, had an
average water-film depth of approximately 0.040 4 0.005
in. These readings were made by using the artificially
produced rain from the spray apparatus, but when rain
occurred naturally, the occasion was taken whenever pos-
sible to go into the ficld and measure water-film thicknesses
occurring on local county and State roads. The sporadic
character of natural rainfall introduces certain uncon-
trollable variables into an analysis of data pertaining to
it. However, there was good correlation among the thick-
nesses of naturally occurring water fitms and those produced
artificially and thosc observed in carlier work by Izzard (3).

Other factors can influcnce runofl from a pavement
but resist gencral interpretation. For example, “rainfall-
disturbance,” caused by variations in the rainfall drop
size and intensity, can retard runoff, as can the character
of the vegetation growing on the road shoulder.

GIASS BEADS IN PAVEMENT MARKINGS
Physical Nature of Glass Beads

Reflective glass beads used in highway marking are largely
woduced from glass cullet or scrap, which is ground,
heated sufliciently to allow surface tension to pull cach
individual particle into a spherical shape, cooled, sieved,
and bagged for use. It should be noted that this manu-
facturing process lends itself to the production of beads
of a mixed gradation of sizes rather than of uniform
single size. Much of the glass used in making beads has
a high silica content and a relatively low refractive index
(1.5), whereas glasses of higher refractive index (1.9)
generally have lower silicah contents and lower chemical
durability, but not necessarily lower serviceability (4).
The glass from which beads are made is very hygroscopic.
Thus, glass beads have a built-in atlinity for water, which
not only causcs problems in their application but also
makes them actively scek water in the highway environ-
ment. This result is exactly opposite of what is desired.
Beads in a container opened on o day when the relative
humidity is high will absorb moisture and lose their free-
flowing characteristics, When an attempt is made to apply
them as a reflective medium to a highway marking ma-
terial, they will have a tendency to fall as groups of beads
rather than as individual beads. Tt as not uncommon for
the beads to clog the bead-dispensing apparatus so that
these dispensers miust be unclogged belore striping can
be continued.

The hygroscopic comstituents on the surface of the plass
beads are alkaline in nature. One of the carlier methads
of producing a free-flowing ghiss bead was o nject sul-
fur dioxide into the process stream or into the continers
Although
problem, it prosented several difliculties o practice and
Afterward it that

holding  the  beads., this addition solved  the

was Targely discontinued. was found
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various absorbent powders added in very small amounts
were cflicient in making glass beads free-flowing.

Further development work resulted in the use of sili-
cone products to make the beads free-flowing.  Processes
for applying the silicone treatment vary: the silicones may
be introduced as a gas phase during manufacture of the
beads or they may be applied after the beads are produced.
The silicone treatment results in a bead that has water-
repelling  characteristics. For  example,
beads dropped into water will agglomerate and hold with

silicone-treated

“them bubbles of air for an cxtended period of time.
after
dropped onto a painted highway stripe, any water falling

FFurther, immediately silicone-treated  beads  are
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on the stripe will, because of its surface tension and the
repellency of the silicones, bead up into small individuad

pools. There is some indication that some ol the silicone
~on the beads might actually migrate off the beads and onto

the surface of the paint film. When the water does bead
up, there are many arcas which are free of a submerging
fitm of water, and the retroreflective elements are active

“and arc fully retroreflective,

Experiments were conducted to determine the duration
of cffectiveness of the silicone treatment in the actual
roadway environment. A serics of stripes was put down,
and the silicone-treated beads applied to them.  After
this, the water-spray rig was set over these stripes and
fun intermittently during the daylight hours. After 3 days
of this exposurc, the water repeliency of thesc stripes had
diminished to the point where the water -would no longer
bead on the surface, and the retroreflective clements be-
came submerged and no longer active. Although this
treatment offers a significant and very useful function in
terms  of nighttime visibility, the shortness of s Hife
greatly diminishes its significance. Because of its poten-
tial, some of the better known and most effective water-
repellent silicone fluids were obtained and mixed with a
paint binder in proportions of 1, 2, and 3 percent by
weight. These binders were then applicd and subjected
to water spray, as were the stripes with silicone-treated
beads. It was found that the treated binders beaded water
nicely initially but, like the silicone-treated beads, after
3 to 5 days’ exposure became incffective and the stripes
again  became subject to continuous submerging  walter
films.

GRADATIONS OF BLADS

Statec highway department specifications for drop-on-type
glass beads for reflectorizing paint markings call for the
typical gradations given in Table 2. ’

Specifications for drop-on-type glass beads for reflec-
torizing hot-cxtruded thermoplastic markings call for the
typical gradation given in Table 3. Specifications for glass
beads used as an admixture with paints and thermoplastics
call for a mixed gradation of beads of a smaller size than
are called for in the drop-on application.

TABLE 2

THICKNESS OF BINDERS

Morce than onc-hall of the State highway depwrtinents
apply their bead binder paints at o spreading rate of over
16.5 gal per mile of continuous 4-in. wide Hine. This
amounts to i wet-lilm thickness of approximately 15 mils,
One-fourth of the State highway departments apply their
bead binder paints at a wetfilm thickness of over 16.5
mils.*

The hot thermoplastic marking materinds are generally
applied at a film thickness of 125 mils,

APPLICATION RATES FOR GLASS BLADS

The standard application rate for glass beads is 6 b of
beads per gal of paint. In some instances, it is the prac-
tice to premix 4 b of beads with the paint and apply this,
dropping on 2 1b per gal during application on the basis
that the 2 Ib dropped on will give immediate reflectoriza-
tion and later with abrasive wear the premixed materials
will come into service. Figure 10 is a pholomicrograph
of a highway marking paint with a beads-on application.

Retroreflective Characteristics of Glass Beads, Dry
RETROREFLECTION AS A FUNCTION OF READ IMEEDMINT

So as to more clearly demonstrate how  retroreflection
takes place in a pavement marking material at a location
where the vehicle light makes a very small angle with the
pavement, a series of large pglass beads with a low refrac-
tive index were coated o various depths in a sfandard
highway-marking, bead-binder paint.  In Py,
a series of these beads is viewed from the source of the
incident beam and on the horizontal with the plane of
imbedment. The bead on the left reccived no coating,
the second bead from the feft was coated to 50 pereent
of its vertical hcight, the third bead was coated to 60
percent, the fourth to 70 percent, and the final bead to
80 percent. The bead imbedded to 60 pereent of its ver-
tical height shows a high degree of reflectance and a large
active arca.  As the depth of imbedment increases, the
angle which the fight mukes with the surface of the bead
decreases, and a growing percentage of the light is reflected
ofl the surface rather than being refracted. FFurthermore,

* Private communication, The Sulphur Institute (June 1964),

Figure

TYPICAL GRADATIONS FOR DROP-ON-TYPE GL.ASS BEADS

FOR REFLECTORIZED PAINT MARKINGS

. TYPICAL SPRCIFICATIONS (%6 PASSING)
SIEVE B - e B e e
U, st OPLNING EXAMPLE EXAMPLE EXAMPLE EXAMPIE
SIEVEE NO, (an) No. ] No. 2 NO, 3 No. 4
20 0.0331 98100 100 100 100
30 0.0232 60-90 75 95 95~100 75-90
50 0.0117 15-50 15. 3§ 10-35 1530
100 0.0059 0-10 0.5 0-5 0-5
200 0.0029 0-5 01 0 0-1




TABLE 3

“PECIFICATIONS FOR DROP-ON-TYPE BEADS FOR
LFLECTORIZING HOT-EXTRUDED
FHERMOPLASTIC MARKINGS

U.S STD. SIEVE OPENING PERCENT
SIEVE NO. (IN.) PASSING
20 0.0331 90-100
35 0.0197 0-10 -

the total arca of the bead available for retroreflection de-
clines. Figure 1) is a photograph of the same beads
as shown in Figure 11(«) under the same ilfumination
and at an approximate angle of 135" with the incident
beam. In this photograph, both the change in the active
portion of the beads and the focal arcas on the back
of the beads can be seen quite clearly. Since the angle
of light thrown by a vechicle headlight on the pave-
ment diminishes rapidly as the distance in front of the
~vehicle increases, the possibility of focusing in the lower
half of the bead declines accordingly.  Any retroreflection
that then takes place must occur in the upper hemispher-
ical scection of the bead; for this to occur, the binder must
be above the horizontal axis of the bead. 'Thus, imbed-
ment above the horizontal axis of the bead is not only
important for good retention in the binder but also for
sood retroreflection at increased distances. The current
practice of dropping a mixed gradation af beads into a
hinder of constant thickness results in eflicient retroreflec-
tion in only a small pereentage of the beads applicd.
From these experiments, it was indicated that, as the
angle the fight makes with the pavement decreases, the
~fower half of the vertical height of the glass bead con-
tributes little o the retroreflective capabilitics of beads
in the highway environment: it was desired to demonstrate

this in a more complete manner. Tor this demonstration,

two identical larpe glasy beads were obtained, and once
of these was cut in half. The whole bead was coated to
60 pereent of ifs vertical height. The hemispheric por-
tion of the other bead with its cut face down was coated
to 10 percent of its vertical height, and the two were

Figrre 10, Photomicrograph of a paint stripe with beads applied
hy drop-on method.

mounted so that the tops of the coatings were in the same
horizontal plane as the light source.

In Figure 12(a), these two beads are viewed from the
source of the incident beam and on the plane of imbed-
ment. The half bead is on the left: as can be scen, it shows
the same degree of retroreflectance as the full bead. In
Figure 12(h), the same two beads under the sume illu-
mination are viewed at an approximate angle of 357
with the incident beam.

RETRORPILECTION AS A FUNCTION OF BINDIR ORIENTATION
Wi THE LIGHT SOURCE

“Since the angle at which the antomobile headlights impinge
on a retroveflective highway-marking material is extremely
small and subject to littie” alteration, an experiment was
set up 1o determine the feasibility of altering the orienta-
tion of the hinder on the bead with respect to the plane
of the headlights, Figure 13(«) is a view, from the souree
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Fepure 12, Retroreflectance of hemispherical sections of a half

of the madent beam, of two identical large heads which
have been gubedded to 50 percent of their height in a
bead nnder, with the bead on the left imbedded in the
simne plane as the light source. The bead on the right has
been tilted forward approximately 37, raising the binder
This effect s
quite dramatic. In Figure 1300), the saume two beads are

on the back and Jowering it on the front,

viewed ol anapproximate angle of 1357 with the incident
beam.

When o plass bead is dropped into a marking material,
such as pumt, surface tension causes the pamt (o climb
up the side of the bead. This capillary rise is influenced
by a munber ol vanables, including the contact angle,
the surface tension and viscostty of the marking material,
and the wettability or swrface treatment which the bead
may have geceived. Both surface tension and viscosity
iy vary with temperature. The capillary attraction of
hauid 1o glass beads nanifests dtsell in an o inferesting
manner i that experiments in the laboratory indicate that
toone Tays o nuuking material in a horizontal position
ard begins to apply beads mnder pressure inoa vertical

direction aid then alters the direction of application from

tb)

and o« whole glavs bead.

vertical to a very shallow angle, the encapsulation of the
beads is for all practical purposes the same. In another
experiment, the painted surface was positioned at various
angles from the horizontal, and beads were aguin appiied
by pressure at various angles. Again the beads were found
to be encapsulated in the same manner: that s, the paint
had risen to the same height around the bead with respect
to the plane of the painted surface. Thus, these experi-
ments indicated that orientation of the beads fo give maxi-
mum retroreflection in one direction occurs more readily
on an inchined sturface which faces the light source.

RETROREFTFCHON AN A FUNCHION OF
CONSTANT-THICKNISS HINDIR

MINER READ SIZAES IN A

Since beads are commonly applied as @ gradation of a
varicty of sizes in a paint-film binder of constant thickness,
it was desired to ascertain the influence of the various
size beads upon one another (). To do this, two large
beads of the same diameter were coated o 60 pereent
of their height and placed side by side. Three smaller
beads, cach with a diameter approximately 75 pereent
that of the Luger bead, were coated to o height cyuiva-
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Ficure 13 Retroretlection as o function of bander conontction,
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Figure 14. Small beads behind large heads.

Nt to the coating height of the larger beads (as they
ght be if dropped into a binder of a uniform film thick-
ness) and then placed behind one of the targe beads. In
Vigure T(a), the two large beads are viewed from near
W osource of the incident beam with the three smaller
beads located directly behind the Large bead on the right.
Jhe smalier beads do not contribute 1o retrorellection,
igure 1(h) is a view of the same beads shown in
igure La), bul at an approximate angle of 135", It
shows the smaller beads lying in the shadow of the larger
wad i front of them. in Figure 15(a), the two large
ads are viewed  from newr the source of the inci-
dent beam; but, in this instance, the three® smaller beads
are placed in front of the lurge bead on the right. Figure
(hy is w view of the beads in Figure 15(a). but at an
weproximate angle of 1357 note how the first little bead,
which is too deeply imbedded to present anything but its
ot effective arca 1o the light source, blocks out the re-
1oaining two smaller beads and also the most eflective ares
ol the Lrge bead.,

RETRORLETICHION  AS A FUNCIION  OF  REFRACTEVE  INDLX,
SHAPE, AND IMPLRFECTIONS

As the refractive index of the glass is increased from 1.5
o 1.9, the Tocal point of the refracted light progresses
from outside and to the rear of the bead toward the back
inside surface of the bead. Thus, as the refractive index
is increased, agreat deal less scaltering occurs and retro-
reflective cfficiency improves directly. The shape of the
beads iy also an important variable in that any deviation
from the true spherical shape destroys the in-line focus-
ing ability of the bead. Imperfections in the plass may
be caused by striae (which are streaks or veins due to the
composttion differing slightly from the average), or bubbles
(that were trapped in the melt and could-not cscape ). or
stones fsmall fragments of undissolved material), or crys-
tallized. bodies (which precipitated out during cooling),

or Cloudimess (from turbidity in the melt), or other reg-

ularities. All are undesirable and have an adverse effect
on the retroretlective capabilitics of the glass.

. o)
e IS Suradt oads in fronts of Laoee beoads
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Figure 16, Thin coating filmy of water on beads.

Retroreflective Characteristies of Glass Beads, et

THIN COVERING FILMS OF WATER

In demonstrating the influence of thin covering films of
waler, two large beads were coated with a paint binder
to 60 pereent of their vertical height and mounted side
hy side. A water source was mounted over one of the
beads, and a continuous stream of water droplets was
allowed to fall on the bead, covering it with a thin film
of water at all times. igure 16 is a view of these two
incident the
walter-coaled bead on the Ieft. A waler meniscus can be
seen around the base of this bead. The bead on the right

beads from ncar the beam  source, with

is dry except for several small splash droplets on the side
facing the The significant point to
be drawn from this demonstration is the fact that a thin

bead being wetted.

film of water covering the bead has a relatively minom
influence on its retroreflective capabifitics,

LK SUBMIERGING FITMS OF WATER

In another experiment large glass beads were coanted (o
various heights with conventional paint binders and pliced
in i submerging film of water so that their upper surfaces
did not protiude when viewed from near the hight source.
Their presence bencath the water surface was imperceptible,
As their herght was increased (o the point where they rose
above the surface of the water, though they were still
covered with a thin film of water, they again became
retroreflective, poorly at first but showing improvement
as they were raised progressively hipher,

WATIR LI M CHARACTERISTICS AS A DUNCIION OF
BEAD APPLICATION DINSHLY

Water has a strong tendency to rise up on the sides of
materials, ke glass, that have an aflinity for i1, Where
the surfuce density of glass beads in i binder is very high,
the wetting characteristics of water help to brdge the
gaps between beads. Furthermore, a high-density applica-
- tion of the beads leaves fewer channels for the water to
flow away from the beads: thas, submerging films are more
casily achieved in high-density applications of beads than
in moderate applications.  In demonstrating this, @ serics
a stripes was prepared inowhich the density of beads was
continuously increased untii the surface became completely
saturated with beads.
simulated rainfall, the stripe saturated with beads was the

first to lose its retroreflective capabilities.

When the scries was subjected 1o

CHAP IR CHHREE

INTERPRETATION OF FINDINGS

MARKING PRACTICES AND DAY AND
NIGHT VISIBILITY ‘

Because reflective materials are only a part of the muarking
material system, their cffectiveness and the fength of their
service arce direct functions of the life of the marking
material itself, since it is acknowledged that the reflective
materials often contribute to this life. In looking at the
use of marking materialy in SO dificrent States, cach of
which may have chmatic conditions  that vary widely
within i, and cach of which has different specifications
for paving materials with varying traflic densities and
road surfaces, it may be seen that fuilure of paint and
marking materials can be munifested in a varicty of wiys,
Laterestingly, ol of the States have adopted bewd-pradi-

tion specifications that are essentially the same. How-

cver, onc Inust consider the mechanism of paint failure
before sclecting an optimum bead system and gradation,
¢ H the paint fails by abrasion and crosion or a com-
Jbination of both, as deseribed in American Socicty for
g Testing and Materials (ASTM) publication PD821-47, then
4 the smaler size beads become exposed and active and the

“larger beads become dislodged. I, however, the paint
fails by developing cracks or chipping off, as described
in ASTM Traflic Paint Test D913-51, then the smadler
beads never have the epportunity to become active, Con-
crete pavements, being porous, allow water o rise up
through them; this action plus the highly alkaline environ-
ment contribute to the often observed maore rapid faure
of paints on concrete through loss of wihesion. "Thus,
paint failure of this character would not allow the farger




~epeentape of the gliss currently being used to become

wctive. At other Jocations, such as on rural roadways
where taflic directly over the stripes is at a minimum
and where road surlaces are generally much couarser in
haracter, marking paints often fade or after a while be-
ame dirty., It is necessiry to o repaint them annually,
even though physically they are still Logely intact, ex-
“ept possibly on the surfaces ol the uppermost picces of
pricgate, where they may have worn away.  Again, a
rirge pereentape of the glass may never become active,
Another type of paint failure is that cansed by erosion.
Vind, sand, and other environmental conditions allow a
low and steady crosion of the marking material, par-
ticularly  those characteristics.
Yery often, the road surface itself is covered by film that
s not readily apparent; but by wetting a finger and rub-
ning the raad, one can appreciate the extent of these filoms,
Preconditioning the road surfaces to be murked s prac-
iced infrequently; therefore, paint is often applied over
oad film, adhesion is poor, and the paint fails by break-
ing away.

having  built-in - chalking

In the summer months, marking nuterials can fail when
the bituminuous materials teed up from the substrate or
when road film deposited by vehicle tires completely covers
up the markings,  Marking materiads that have received
a dropped-on application of beads exhibit o far greater
tendency to pick up road film than do unbeaded materials,
Hois not uncommon (o find stripes in some of the warmer

reas of the country where road ilm from fives has made
the markings completely indistinguishable in the daytime.
Paradoxically, these same markings at might can be very
attractive becine they retroretlect the binder color on the
inside backs of the glass beads, Physically, these markings
can be 100 percent intact; yet they have Tailed in terms
Cof delincation of the roadway in the daytime, and only a
small incorporated  beads has been
utilized for retroreflective purposes at night,

pereentage of the

Thus, for a marking material of limited thickness that
foses ity upper surface with time, 2 bead system of vary-
ing gradation is most desivable. On the other hand, where
markings fail by mechanisms other than loss of theiv upper
surfaces, a bead system with the bead gradation approach-

~ing a single stze matched 1o the binder thickness would
be more that 1m-
provements in nntching wearing charncteristios with {ilm

desirable. It should be remembered
thicknesses and bead gradations that range Trom 0.005 to

0.040 1,

pected 1o provide good vistbidity at night during periods

in diameter, as currently used, cannot be ex-
of precipitation.

Day and Night Visibility, Dy

Unreflectonized surtace nunkings such o painl may be

chatactenized as being o biphly eflective means ol de

hneating voadways that command driver attention andd
response duting daylight hours but an metlective mweans
of delinvating roadways ot mpht ander velucte headipght
t|v|unnn.mnnA fhe sutface marking system s one tendmy
el 1o gl speed apphication of mackings ot contarm

o cashing swbace contonrs as a0 bl and thoas do oaet

present themselves so prominently for divnage by suow
removal wd other maintenance equipment.

In dry weather, the use of reflective plass beads is an
effective means of providing visibility to surface markings
at night under vehicle headlight illmmination. Glss beads
also lend thenselves to hiphospeed application that can
he performed in conjunction with the application of the
surface markings, Glass beads applied to surface markings
detract from the daytime visibility and appearance beciuse
they case swface reflections and result inan aneven sur
face texture that allows dirt and road fihn to be picked
up and held, “The glass beads focus sunlipht and produce
heat that can cause bleeding of the substrate into the mark-
ing material,

Just as Jipht impinges on g water film and s reflected
forward and lost, there wre i number of phenomena that
can aid o1 hinder the driver in distinpuishing the roadway.
Both catly in the morning and late in the cvening, when
the sun is just above the horizon and the motorist s driv-
ing o the sun, plare or seflections ghancing off the road-
way and into the driver’s eyes make it very diflicult tor
him 1o perceive surface markings. During these same
petiods, when the driver is driving with the sun over his
shoulder, it is not tncommon for the sunlipht to be focused
in the trellective materials on the roadway and directed
back to the driver, thus improving the daylight visibility
of the markings,

Raised, unreflectorized markers, such as buttons, may
be chuacterized as an etfective means of delincating road:
ways that command driver attention and response donng
daylight hours, but are incflective at night. The rellec-
torized types are very effective at nightt but high-speed
techniques for their placement have not been fully de
veloped. Markings that rise above the surface contour
of the road are subect to damage by snow-removal equip-
ment. A recent approach to this general problem i a
raised marher mounted in o a suspension systemy that s
buricd in the pavement; in operation the portion ol the
mather tising above the surface contour of the vomd de-
flects down and out of the way when sabjected fa an
external foree and then returns to its raised position, The
wnl s selt cleaning of dce and snow. Another approach
to this problen is the use of spowplows with flexible hlade
attachments and other devices o protect the markers.
Rogsed markers must generally  be removed before re-
srlaeing operations can be conducted. Raised
are alvo subject to dimage by tire chain and winter tives

markers

cquipped with studs, Nearly S illion of the 16 nullion
new snow and dce tires sold during the 1966 67 winter
wete equipped wib studs (5). The nature and extent of
dhunage to all markings have not been

this types of

ascettainad,

»
Cnbeaded Ntripes

The cirent proctice of diopping plass beads on highway
mathine materials s a0 recopnized compromise foguin
neeht viabilty at o detriment ta the appeatiance of ek
s durmye the dhay A variety of practices has Bevir em
ploved o sibe a0 batance hetween the davtime atiractinge




nese o the unbeaded strpe and the peed ot aetiorethe
tane e at niphts e apphicanon ol beads to one halt of the
lensth of a1y 1e conter o Lane bne has beens emploved:
this pives a tellective stripe at mpht, yet Jeaves o pottion
ol the stope unbeaded and attctne o appesiance dig
e the davhpht Boms, Others have cmploved the
e ol diopping on oreflechive nuaterials over the entire
lenpth o the stripe but only over one hall o the stope’s,
widthe Some mumiapalitios, in staping downtown areas,
eason that the majority  of the people oe downtown
duting the davhipht hours, therefore, they seek to have
therr nauhinps e then most attractve state af that tone
and, theretore, do not bead the stipes, The need Lo
tettotclectance of ouuhiopgs ot mipht s patamowat o
diving, safetyr thus, compromising appeatance to o punn
retiorellectance is well ustified. The deteroration ol the
appestance of the paint meanking materials with the ap
phieation of pliss beads has been observed and docamented
thiouphout the entite fickd test propram. The develop
ment ol a retrorellecting systeme that would not detiact
from the dayhipht vistbility ol the nnuking materal would
be advantapeous,

Iiaternartent Black Contrast Lines

Often o conditton atises wherein there s 4 very poor
depree ot contrast between o white beaded paant stripe
that has picked up road film and detenionated i color,
and the pavement el Thes condittion s very evident
an any concrete pavements, I-does not nlest itsell
qitite o raprdly onoasphaltic pavements; hut, given time, it
can be observed as the asphadt recedes to expose more ad
more ol the apgrepade. This condition v more evident
where himestone and amidarly  lipght colored aprepates
are cmployed. Sooas 1o pmprove the contiast o white
center lines and Eme Bines, it has been the practice i ecer-
tun neas do day o black stripe of paint ar bhituminons
material in the interval between the white pant sfripes:
somctimes this stripe is overcoated with a deop on appli-
catton ol o black apgregate, such as basaltic rock . This
black fine, particulinly on concrete pavements, yreatly
unpioves the contiast and often as far more visible in
the dayhime e a whte stripe, patticabarly ooe that has

fost tis il brdbance.

Depth of Bead Dbedment

As discrssed i the previous chaptes) there is o optimum
depth of timbedment that allows plss beads 1o furnish
the mavimum actioreflection and wuea ol retroretlection,
This deptho was found to range from 55 (o 60 percent
al the vertical heght ot the bead. Deads imbedded o
leso thao batl ot et vertead heipht i ordinary broders
have eothicient mechunical mmbedment o prevent them
fronn begs didodped ander tratlic. The avaalable areq
el antewaty of ettorellection e oeatly tedoced o the
beads are oo deeply ambedded, Bead size, peant hil
Hochuess and Gypliny action Laipely contial adeptl of
pnbedment e the conventional systems, Another provasthle

approach o gohediment depth s to sarface teat the beads,

s that surhace forces between the bead and the biodes
will preveat the bead from Demgs completely anbunerped
i the binder

Do tions of Application

Howas shown in the previous chapter that o o bead 1
rinbedded i the binder o that the bnder o fove an thie wde
of the bead facimyp the wendent hpht aod clevided on the
side awiy trom hight, smproved cetroreflectee will be
observed. Fapernnental work has shown that plass beads
otwent thenvelves o bimder moessentodly the same nomnes
mrespechive of whether the binder v i a0 horizontal o
verhical position or whether the beads have been applicd
darectionally, This onentation s doe Bapely o the capil
Ly action of the pamt on the beads, Thas, for smooth
hotrzontal satfaces, directional appheation offers fow, of
any, advantapes, D othe sarbace (o be aunked o srrepualar
rather than smooth, much ol the swface will be mclined
toward the Hipht; plass beads on thns sutface will be favor-
ably oriented with sespeet to retrareflection. n the Bield,
it was noted that vertical apphication of beads by aomachine
moving over an nepubisr surface resulted meoa painded
stripe with preates reflectimee when viewed from the saaoe
dunection the striping, machime foltowed than when vicwed
trom the opposite direction, Followng this, i experent
wits conducted in which beads were diopped vertically oo
a bne frome o stripmpe machme on o seal conted suface
by a2 hot ot asphalt apphication, Tollowed by dioppimyg on
a crushed apgrepate vanpiny, in pradation fram G250 (o
0125 an,

verteal application of beads Trom o moving machme onto

Close nspechion of thes stope reveated that

an repnlar surface resulted inoa huge pereentape of the
beads being dropped on the forwad or front side ol the
aggregate, as viewed Drom the disection which the sbiping
machime followed.  For center and fane hoes of one
ducectional teadlic, thas teature could be comployed 1ol
vantage, For muadnple direction atteries, anphng the bead
dispenser 1o the rear away from the machime and pressure
application of beads o that therr Tall velocay i as close to
vertical as possible offer o techmique to o more cventy dis
tribute the plass on both sides of the wpypaepnte parhicles
aned thus provide o e with more cqual eefleciimes m

both directions,

Bead Gradation

Gradation of beads, as discissed in the previons chapter,
indicates that most of the plass being wsed b the cotnbry
today is nuterial that passes a Noo 10 seve sod Bolds an
a Nao S0 sieve, gaving o an averape dinncter of approxs
mately 17 mils, Cunrent paint opplication Gl thickpesses
range from 16 o 20 mils. Becine of the optical chars
acteristics of plass beads, there s really only one optunm
bead size, for a given pamnt film thichness, fo pave masimim
retroreflection, Thus, taday's bhead pradations are e
signed for use inomarhmps that usually Ged by abosion o
wearing away. Became there e many other mechansms
ol pamt fattare, there s constderable justdication to gques
tion the curtent practice,
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ractive Tndex

s be use ol glass of a high refractive index shows a progres-
sive improvement in terms ol retroreflecion as the re-
aclive index increases from 1S to 1.9, ‘The difference
principally one of degree, which can be measured.
Where comparative stripes having plass beads of high and
taw pefractive indexes are laid, the mprovement is most
stinguishable and casily recorded photographically. With-
out comparative stripes, only the more trained cye is apt to
be able 1o distinguish the differences in refractive index
[ the ghass in a painted line, As the refractive index of
e plass increases, the focal point progresses from the
back and ountside of the bead to the inside. Theretore,
color and character of the binder have a diminishing, in-
ucnce on relroreflectance.

Day and Night Visibility, Wet

yring daylight howrs, precipitation very often improves
delincation of the roadway by improving the contrast be-
tween the road surface (which s generally darker when
set than the marking materialy) and the markings. During
warkness in wrban areas, overhend lighting is very olten re-
flected off the road surface toward the driver, and markings
re less distinguishable than in a rural environment with
ew or no foreign light sources.

CConditions of moisture in the nighttime environment

oduce cffects which are almost entirely detrimentall In
ddition (o wetting and submerging the nuuking materials
and their reflective elements, the light from approaching
automobiles is reflected off the water on the pavement sur-
ace and forward (o the approaching vehicle; which greatly
nagaifies the headlight glase problem and makes surface-
marking materials more diflicult to pereeive. The marking
materials on expressways and major thoroughfares, which
uive very smooth surfaces when new wand beconie even
smoother with age, are subject to frequent restriping and
are the first markings to fose their effectiveness when wet.
On the other hand rural roads that have been given a seal
voat with Luge aperegate, folfowed by the application of
reflectorized pamt markings, can be almost as cllective
when wet as when dry because much of the reflective mia-
terial is clevated on the Targe picees of aggregate: thus,
only under extreme rainfall conditons does this material
become submierged.

Raised, reflectorized ourhers offer an effective means of
providing visbility at night under diy and wet conditions,
Not all raised, reflectorized markers performe well when
wet, but those that do are cffective up 1o the pomt when
the precipitation becomes so o antense that it begins 1o
scatter the lipht as does fog.

Revular Flevation of Area 10 Be Marked

owas desired 1o deternune ff sumple elevation ol the
arei to be marhed would improve the rettoreflection of the
nuuhiog matenals ab vipght i the wet condition, To deter-
e this, o oseues of stapes was Laid wherein o smooth
bise coat ot o modidicd, molten, elemental sulfur wis
apphicd 1o the taad i thicknesses rangiong om0 to 90

mils, thus providing an clevation completely above the 3010
40 il of water film that one encounters during periods ol
precipitation. “Phese shripes were then painted with o
dropped on beads application using the standard bead
radation and  viewed under simuliaded raintall T was
found that the reflective clements in the beaded stripes
became submerged and incffective.. 1owas Tutther found
that, on discontinuance of the rain, these stripes recovered
their ability (o retiorefleet far more rapidly than adjacent
stripes that were unclevated. This might have been ex-
pected, since the clevated stripe did not prevent submer-
gence of the reflective elements but did allow the <ub-
merging flm of waler to flow ofl the stripe oo casy
path, therefore exposing the retroreflective elements again.
Regular elevation of the striipe did not provide o solution
to having a visible stripe during periods of precipitation,

Irregular Elevation of Area to Be Marked

A sccond means tricd Tor elevating the retroreflective media
out of the submerging water film was that of applying
coarse agpregate precoat 1o the area to be marhed. “This
was done by seal-coating with asphalt and varions rock
gradations ap to materials passing a 0.500-in. sweve, Con-
ventional beaded paint stripes were then applicd over these
arcas. [ was found that these stripes were reflective either
wetl or dry. This suggests the precoating ol arcis o be
marked with o scal coat of aggregate of saflicient size to
protrude up through the water fitms before conventional

markings are applied.

Use of Larpe Beads

Since water films on roadways have certain definable thick-
nesses, it therefore becomes practical to consider the use
of beads of suflicient sive to extend up through these sub-
merging films and thus be retroreflective when wets As
the size of the beads is increased, the area of retroretlection
per unit weight of glass decreases, sinee in asphere the area
increases by the square of the diameter and volume io-
creases by the cube of the diameter. 1 one s o conploy
beads of the farger size in paint, it is nccessary that the
film thickness of wet paint be correspondingly increased.
In peneral application,  highway-marking  paint binders
tend to form a surface film and have an extended deyving
time when applied in increased thickness. The physical
and miechanicad forces imposed on the binder become
correspondingly greater as the size of the beads increases.

Since the thermoplastic marking materials are currently
being apphed at a thickness of approximately 125 anils,
the oppotitty to go to kuger size beads that will project
up theongh the submerging filims of water s a stple,
\H.‘ti;:hﬂm_w;m! solution. Currently, the prictice s oo
essentidly the sae bead gradation i the thermoplastic
maternls st being osed on paints therefore, this solu
ton s apparent wad begging tor application, Moy ol the
thermophaedic marking matevials are filled with fine g
pate snd huave mechanical properties considerably i ctvess

of those of pamt binders,
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Uise oof Small Beads on a Caraet

Smee for a piven werpht of plass the arca avadable o
tettorellection is much Lrper tor smaldl beads than e
for Larper Deads, there are comiderable advantapees o
using sadl bewds, However, the ine ol snualler beads
wonld require much thinner paint filus o detonment o
the hindiny power and the fife of the pant. they wounkd
be more eastly stthmerged by vin thim madenals coneatly
bemg used. This suggests the application of snrdl beads s
a contmuous and covering coating o some carner, the
size of the carter and the size of the coating beads beiny,
selected for the specific application. By selecting s carner
that does not necessanily have 1o be perfectly sphernat m
shape and coatmyg its st face with o covertng of snrall beirds,
one ¢ oblain an equivalent area of retroreflecthion using:
as Little as one tenth the volume of phiss of a single sphere
of cquivalent size,

Several expetiments were conducted anmethods for ap-
plying a coatingg of small beads 1o the surface of a cartier
The carner can be one of o vatiely of maferals so fong as
it has pood stiactmal integrity and preferably o wpeaitfic
pravity preater than that of the plass, Inothis wark o pea-
pravel appregate passing a 0.250 in0 mesh and holdmg: on 2
0125 in, mesh was used, This matenal was washed
and diicd and then charped to s rotatiny divny mixer
cquipped with mternad fhghts, the axis of the dram was
melined to approsimately 25 deg frony the hotizontad and
totated af aspecd of approsimately 36 rpm. Conventional
highway mamking paint was added- to the apgrepate uotid it
wis welted but not Hooded,  As soon as the apprerate wan
throughly  welted, conventional hughway  nuukhing beads
passting o Noo SO sjeve were then introduced mto the 1o
taling, minet in excess, Fhe mixer was allowed to rotate Ton
approximately 2 min, duting which time the sniali beads
completely coated the appregate. At this point, tolation of
the miver was discontmucd, and the matetsids were poared
anfo a deying screen throuph ‘'which the eacess heads not
attachmye themiselves 1o the aperegate el and were e
coverad for fater wses 10 envistoned that thee process,
which s really very sample, could he convertad fo o con
tinuans process with o minimom of ddlicalty. Mcroscapic
examuition ol the coated particles reveaded that the beads
were encapsabided to st above their center avs and
honded 1o the ayepaepite na very satisbactory manner, The
coated agpaepite was then allowed fo diy lor approxi-
mately 1ol and theo placed moa bead dispenser T was
found to be free Howing and was then ased i prepanng
test panels. Rettorellection of these coated particles s
excellent, and the use of hiphly retracthive phass contubates
arther to rettoreflection,

By warge soadl beads applicd 1o a carcier, thete ooan
appottumty to obban more arca ol refrareflectanee per
doflar mvested o plass, Forther, asip pliss of hipeher ae.
Lactive mdex iy suppested, The use of a0 bewd coated
carrer o panoles iy o o diect way o ohtinn reflecting -
terraly of o Largeer diameter that wall proteade up theonagh
submerpinge water Il Since the pommles will cetleas the
calar of the brader attachmyg, the beads (o the carner | the

volor of the Dinder o wlhoch they e nobedded o the

pavement will no Jonper be o contiolhing factor. Thie, ihe
tettoretlectimg, medur could be removed from the whoie
center and lane bines, thereby smproving thee davine
appeance. Fother, there would be the opportuniy (o
place the reffective graoades mosome of the black, Tow cost
bituminous thenmophsbes waed o provide contrast stpes
and that have physicad pioperties better suted for holdmyp
nuderials ol o Liper doineter than have  conventionsl
patnts, Thus, in pertanance, as dinbness appioached,
the unbeaded white pamt stiipes would become progiees
stvely fess vistble, bat the black contrast stripes wounld
became while because the retrareflected hipht o would be
light focusing in the white binder haolding the beads (o the
varrier.

Another method  of reflectonizmg the black  contrist
stripes wauld be ta diop o targe plass beadsof annifonn
dunncter, a small portion of which have been couted with
a water-soluble prmented binder that would invnedntely
winhi off the top of the bead muaking ¢ retoreflective and
a Lurge portion of which huve been costed with o water
insoluble pipmented binder which wouold, with time and
abrasion, wear away and become retioreflective,

Reflectors Maownted on Posts

Reflective objects mounted vertically on posts along the
roadway are very visthle cither doy or wets they find exeel
fent application atound curves and when used to ek
obntacles, However, they do nat offer the advantages of g
pavement nuuking in that, it they are focated too vfose to
the cdpe of the 1oad, they quickly becone covered by a
surface film, Thus, inless they e peniodicalty cleaned,
they become @ hazard, with vehicles strikiog thenn they
G be aned o advantape adong o straiphbinway too gave
delineation to the pencral road pattern; however, the ponde
they provide during penads o precipitation w considerably
fess eflicient than o pavement narking

DESIGNING THL MARKING SYSTEM FOR
ALL-WEATHER VISIBILITY

Using a paint binder of o osmple thichness with o gradaion
of bead sizes for general apphication, irrespective of road
surface conditions, Lals 1o pive praper seturn for one’s
investment in matking maleriale, Consideration shoold e
piven (o the texture or profile of e rond surface o
refates 10 tettoteflection under wet and dey conditions
Water films oo rowdways Tive been deterned o0 be
within certain limits, Thus, if o road sarface has @ profite
that is sufliciently smooth to permit applicd rebereflective
materials to be submerped during periods of preapitation,
then such manhings cannot be expected to e setroreifective
when wet, By the same token, subiaees with suthicont
Teparities 1o naise the retroreflecting nutterialy above the
submerping water filny can be eflicient. Thas, to obban o
system that will give nuamum rebrosellectines aides vary:
ingg environmental conditions, ane should Gt deternimne the
wrface profile of the oadway (o be otsched. Once thin
profile has been determined, the b system vreldiy
the preatest efficiency should then be slected for use,
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Paverent Surtace Profile

1w s conviuded that a profile recorder for ficld use should
be a ample, portable, mechanicdd device that could be
handled by one man and secord enough length of road to
be qepresentidive of the arca to be marked. Further, it
should  magnily the vertical displacements of  the road
aurface by a factor of at least 4. Figure 17 is o photograph
of an instrument designed and built for obtatning such
measurements, In the field, this instrament s placed on
the pavement surface to be marked, and the spring-loaded
ballpoint stylus is released so that it encounters the paper
strip chart, The feeler and stylus carriage is then moved
down the trame, thereby recording o magnified profile of
the pavement sutlace. The paper strip chart s then re-
moved, identified, and returned to the office for interpreta-
tion. Some typical recordings cocountered are shown in
Figure 18, -
Tnterpretation of the chart is handled in the following
manner, A median line bisecting the recorded curve s
drawn so that the area under the curve and above the
bisecting line is equal to the arca below the bisecting fine
“and the curve. The bisecting line s comadered o be the
mean sutlace of the road above which precipitation can
find passape to flow away. ‘The area below the bisecting

hine is considered 1o provide surtace depression storage,

Pocwre 47 Pavement s face profde reconder,

Stuce witer films have been mcasured and founed 1o range
[race 30 to 30 nuls, this height can then be sealed i abene
the breectng ling, thus indicating the number ot pra.
trisions i the surface that will be expected 1o be caposed
and setvoreflective during pesiods of preapitation. 1 m oo
fength of 2 {1, there are fewer than 16 profiusions nmy
0.015 in. above the scaled-in water depth, then the festue
is consdered to be smooth. i there are more than 16 pro.
trustons vising 0,015 0. above the scaled o water deprho the
textuie s considered to be rough, ’

Itas mmperative that one recard the sutuce protide of
the areas to be murked because the tansverse sutfiwe pro
file of a pavement can vy widely, Wheel tiack areas
are otten very ditferent from the general surtace, Repoated
apphications of marking matetials o a0 given arca can g
sult g profife also quite different fronn that of the penerat

(ST KIS

Selee oot of the Marking System

On a tough surface conventional matkings can be cmploved
to gove poad reflectmee in both dry and wet condiions,
One croeplion o the use of conventional muabmys on i
tauels surbace is the use of breads of a single svc mintched

to the bawder thichkness to give maximum cthoency. The
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Profile Of A Conventional Beads-On Paint
film Applicd Over A Sheet Metal Base
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/Sc,a!ed-m Water Film

Surface Contour - Bisecting tine

Profile Of An Aclual Expressway Surface In
The Marking Area Where There Had Been
Repeated Restriping
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. Scaled-1n Water Film

Vertical Displacement Magnified 4 Times

Surface Contour Bisecting Line

Profile Of An Actual Rural Road Surface That
Was Seal Coated With No. 7 Crushed Stone

And Subscquently Painted And Beaded
0 1

Length - In.

Figure 18, Typical pavement surface profiles.

use of a gradation of beads of various sizes is unattractive,
since wearing, characteristies are such that the smaller
beads have hittle chance to exhibit their retroreflective
capabilities.

When a road surface s cither naturally rough or the
arca to be marked hus been given a pretreatment so that
it can be classificd as having a rough surface, another
systemy with potential would involve the use of a two-coat
application procedurc: an initial heavy hiding coat of puaint
is applicd and allowed (o dry: a second thin hinder couat is
then applicd with a simultancous dropped-on application
of st glass beads of o single size matched 1o the second
coat thickness so asy to give optimum reflection cfliciency.
The advantapge of such a procedure would be the use of
beads of a smaller disometer with their preader arca of re-
ectance per unit weight of glasse 10 would have the dis-
advantape of involving the cost of a second apphication,

The film thicknesses of murking matenads carrently
apphicd wild suthiciently hide o black bitununous sutlace.
Inore-oa kg operations, where the surface s raneh yet

Light colored (as with some concretes), o thnner nnder

2 -3 4 5

coat with the smabler beads of single sive could, in many
instances, be suflicient and offer o savings over the present
practice of using one system for all sitaations, Fransverse
markings and ceoter, Tane, and edge fines are cach subject
to different and less severe service, respectively, and there-
fore could be marked accordingly with appropriate savings.
The vse of raised, reliectorized markings: raised, reflee-
torized markers in combination with raised, unreflectorized
markers; and thin film markings with or without plasg
beads in combination with raised, reflectorized markery
are three systems that can perform eflectively on both
rough and smooth surfaces.

Where a smooth surface is encountered, it is to be ex-
pected that the application of conventional paint with
beads of standard gradation dropped on will be ineffective
during periods of precipitation.

Another method of approaching the smooth surface
condition involves preconditioning the ares to be muarked
with an aggregate and then applying a couventional paint
with dropped-on beads of a single size matched to the
binder thickness to give optimum cflicicncy. Large beads
of a single gradation in a thick binder may also be used
in this situation. Since conventional paints do not lend
themselves to heavier applications and do not have the
power to hold the large beads, which suffer distedgement
under traflic more readily than the small beads, one must
look to the thermoplastic and other binder materials being
developed. Employving farge beads of a single size insures
their protrusion through the water films, cven under con-
ditions of abrasive wear when the binder is slowly being
lost. The use of small beads or a gradition of beads
results in the smaller beads being buried in the binder upon
application: cven alter abrasion of the binder, they have
insuflicient height to protrude above the water films before
they are dislodged.

Another solution is to use reflective granules. These are
particles of some material, such as an aggregate, that have
been coated with an appropriately  colored binder and
further coated with heads of a single size and xmall di-
amcter nutthed to the binder thickness, These granules
are then dropped into a sccond binder, which has been
applied to the road and which has suflicient thickness and
physical strength (o hold themy under trafhic. Furthenmore,
use of beads as a coating on granules provides an oppor-
tunity to utilize those of o small diameter with their
greater retroreflecting area per unit weight of glass than
beads of a large diameter.

Comparing Systems

Selecting a system for v given application resobves il
anto an eflectiveness analysis and must be peared to the
conditions encountered in the field, Figare 19 s an es
ample of a fow dingram for comparing systems, Haue
dicates, among other things, that the proper selection of
delineation system involves several variables, vach of which
murst he eviduated and relited to one anather it mavimum
benefit is to be derived Trom the munking materinds,
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CHAPTER FOUR

APPLICATION OF FINDINGS

DEVELOPMENT AND FIELD TESTING OF AN ADVANCED
DAY-ARD-NIGHT, DRY-AND-WET MARKER

By considering the various principles that intluence the
performance of marking materials, it s possible to select
one of several methods of improving the delincation of
roadways or of employing these principles, and to design
additional and improved markiog systems. The design of
one such additional system was undertaken, In reviewing
the previons sections of this report, one finds continucd
reference to the use of Large beads of wosingle size, stronper
Chindeis, and highespeed applicition technigques. Farther-
tmore, o desipning marking systems for all-weather visg-
ibity, the use of raised, refiectorizad machers finds applica-
tion on pavenenls having both smooth and rough surtaces.
hus, developing a0 system ncarpatating the combuned
teatures ot the abuday o be applied Bhe o pant but perlorm

bhe cused, teflectorized marhers win undertahen, To do

this, it was necessary to sclect a reflectorizing medium and
a binder and then to field test the combination.

For a reflectorizing medium, glass beads were chosen be-
cause of their simplicity and low cost. From a mechanical
standpoint and for random application a material having
aspherical shape as opposed to an irregular shape is ideal
for transmitting an imposed load, A glass bead should rise
at least 60 mils above any water film encountered during
periods of precipitation, Based on a 40-mil water film and
a 20-an! hmbedment of a bead over its equator for bunding
and proper retioteflectance, a bead radius of 120 mils re-
sults: thus, a plass bead having a diameter of 2440 muls or
approximately 0.25 incis needed. A commercially available
source of phass beads of this size proved to be limited {6 one
company. Bowas found that manutacturers of ghass beads
for hiphiway nuuking produced a mixed pridation yaing
Lrom 10 1o 200 mesh, aond that commercal manotachsies

of marbles produced these st a diameter dowa to 0 VS




the only phiss heads of 005 my diameter that conthd be
tocated were trom the Indoustrm! Components Departinent
of Cortnmy Gl Works, Bhnfortooately ) these beads were
neade of plass wath o low relractive mdex, wherea plas
beads with o huph relractive index would have been preler
able. However b was destied to proceed with the devefop
ment work wiang the plass beads with o diameter of 005
. and o low refrctive ndex and b the e tine 1o
mtaate contacts with several manufacturers lor the prodoe
tion of some beads of this aze with a lugh retractine nudex
Bead coated pranules could Liave been wsed effeetively hid
they been avintable or had there been time (o prepame them
The use of beads of single sive with i Lpe diameter” hus
the potential of providing a reflective medim o would
have better self-cleaning characteristies under preciprtation
and the action of vehicle tires thun pradations of spall
beads or bewd coated pranules,

As o haphstrength, thick-fitm binder tor beads of a larpe
diamicter,

conventional  puint maderials have  the muajor

houtations of less strenpth, longer diving tme, and Jess
adheston compared with the plastic or resm matenals of
Ouistand.

e mong the resin materials for durability, cuning thne,

both the thermosetting and thermoplastic types,
andd adhesion are the epoxy materials, They are widely
used s an adhiesive for applying Getory made taeed, 1
flectonized nunkers. Althouph they were selected for use in
this cllort, some of the other resin types could have been
wsed and deserve more attention becase of their penerally
lower cost. To pive the epoxy color as well an body o that
it would not be too lind 1o hold - thick film, a filler and
Titanium calcimm was used as

a prpment were reduied,

both a filler and 4 pipment. Other Tess expensive and plivag
cally stranper fillers are readily aviilable.

Soas to paim aceeptance and lower the cost of raised,
teflectatized muukers, it iy desirable that they be applicd
at specds approaching those at which conventional nnhing,
paints are applicd. The practice of making o raosed, 1e-
flectonized matker inoa plint at one site and applying 1t by
haned b anothes site appeared less desirable thin the con

cept of physically mabing and applying a0 raised, rellec
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Vertical Dispiacere

torszed mather 0 one operation at the same site at speeds

approaching those employed for applying, pamt. The ox
pense of machinery of suflicient capubility to perforn this
function was beyond the budpetiny hmits ol the program
al that sape.

Iaitial experimentation was conducted by mabmyg and
placing a1 number of nminkers on Southwest Research In
1966, a hali-mile

which s o county owned,

stitute 1oads. On June 16, sevhion of

Culebra Road, asphaltic con
ciete tomd bordering Southwest Research Institute, was

selected Tor munking by the developed technngque. Reflec
totized markers made from a pyanented epoxy and plass
bewds with a dinmeter of 025 in and o low sehrachve
index were applicd ot A0 [ intervals at the center pomt of
the unpainted space between the exasting IS0 painted skip
As the ransed, reflectonized markers were

stripes. being
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Figure 21, Surfuce profile of experimental hiphway marker.




applied, the white center skip stripes were repainted. Table
A ses the compaosition and approximate cost of raw ma-
4 als for the rased, reflectorized mathers.

Physical placement of the markers involved premixing the
prement and the resin with a hand-diill mixer. The curing
 ent was then added and mixed with the yesin, The mix-
f..o¢ was then poured onto the road surface in a configura-
tion approximately 4 32 2 7 0145 ins A small perforated
1 te holding 19 plass beads 0.25-in. in diameter in a desired
t tern was then placed over the [reshly applied resin ma-
terial and by a tripping mechanism made to fall into the
vesing the beads then sank by gravity to the point where
1oy were imbedded to approximately 60 percent of their
wttical hieight. Figure 2000y a photograph of one of the
experimental markers. The curing time for the resin sys-
Tmowas approximately 15 min, after which the markers

sre refeased to accept traflic. This installation was ob-
served closely over the summier and through the fall, in the
wet and dry conditions, which occurred both npaturally

W were created artificially, down through the end of
w¢project; the final inspection occurred on December
1S, 1966,

The physical performance of the raised, reflectorized

srkers was better than anticipated. A surface profile of

ane ol these nuuhers s shown in Frpure 210 Probinsion
ol the rellective elements of the ghiss beads 005 i, m
diamcter v shown to he satlicient to resist submergence
by anteipated water films, “The markers” ability to be retio-
reflective when subjected to nadurad and artificial precipita-
tion was excellent; however, it was unfortunate that glass
beads of o high refractive index could not have been Tocated
since their use would have maderially improved the bright-
ness ol the individual muarkers, l’hyku':nl damape 10 the
farpe diameter glass beads was almost nonexistent excepl
that several of the markers lost one or two heads where the
resin began to react and set and became too viscous to aflow
the bead 1o settle and imbed itsell over 1 honvontal axis,
The only mujor physical damage to the nurhers occurred
in two places where someone employed @ blunt imstrament,
drove 1t into the pavement, and broke out sections of two
markers for souvenirs, The paint stripes at this focation
had deterntorated 1o such an extent that, on December |,
they were repainted.

Because of the fow vertical height of the developed
nurhers, they should be less subject o snowplow diame-
age and not require physical removal before resurfucing,

operations,

CHAPILR BIVE

SONCLUSIONS

So ay to improve center, lane, and edge lines as well as the
many other pavement markings used in delineation of road-
vays in the wet and dry condition, the followmy conclu-
stons are made:

1. A systematic approach to marking pavements s
needed wherein one obtains o pavement sutface
profile of the surface to be uunked, qualdifies the
water film thicknesses o be encountered, and then
selects one of several muuhing systems that will per-
form under the imposed conditions and provide the
lowest cost per nule per day of usetul Tife,

"2, Only under very unuosuad ciicanistances, such o as
when i road sorface as extremely tough or when the
areit to be nuunked has been pretreated (o present
a very rough sasface, can conventional punt bindess,
sellectonized with the aimrrent bead pradations, be
expected to pertonm when wet,

Yo Retroretfective materials can petform satistactontly,
even when wet, sa fong as they e not covered by g
Laver of water. Rasedd, reBlectonzed mathers pet

torm v this ianer and are very effective. The e

of plass beads of o Luper dimeter or bead coated

granules in thicker binders or improved binders, such
as some of the thermoplastic or thermosetting resins
that have suflicient nrechanical properties o hold
these materials under traflic, is another attiactive
approach to this problem.

4. Incorporation or placement of retroreflective ma-
terials other than in or on surface fitm sackings such
A opaint improves the daytime visthility and appear-
ance of surface filmy markings, ‘

5. Great henefits are seen from the ise of beads thit
are essentiadly the same diswmeter, the duameter
selected being the one that will result in the beads
being imbedded i the binder to 85 1o 65 percent of
then verticad heipht,

6. the idea of producing waterproofed or water pepel

Ulnfor e

nately, the silicone and other avinfable treatments

lent plass beads s an excellent concept

appear 1o he so shart lived o the fickd that they wre
ol httle pracheal sigificance.

T, The e ol plass beads of o biph reltactine dex and
the wse ol buper gquantities ol plass per ot o

stipe offer improvements i the fickl howeser o
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' would appeat it the anmedode Tatnee, preates ment, either sepatite o complementasy, o thew
dividends wonld accerue frome the better utihization present murking machmes that will allow e,
ok of plass beads having o low tebractne wdex and teflectonzed markers 1o be nuade at hiph speed mone
. costing, Tess through improved bead poadation spect apetition al the pont ol apphoeation alonge the Tines
fications and application technignes, of the system developed i this proprany and de-
'
N 8. Mwking authorities should consider addmyg equip scribed i this repott,
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SUGGESTED RESEARCH

It is recommended that future attention be pgiven to the

following, points:

i S
Vi I, An analysis of the precipitation by arcas as it relates
i to water films on various types of pavement surfaces p
T - . . . . i,
{ and slopes 1o establish detiled desipn cnteria for

‘ water filns depths.
b 2. A qualification of rainfall intensity wherein the light
scattering eflect is suflicient o influence the ability of
setrarceflective muttertals (o receive and retun light,
The development of an inhcxpcn%ivc night visibility
meter that can be ased to evaluate pavenent mark-
N 7.
4. The development of a system for qualifying the point

inps in both the dry and wet condition.

at which the contrast of a pavement-mathing maderial

and the road surflace is insuflicient and 0 contrast
stripe is needed.

The development of thicker film and more durable
and fess expensive mun king materials,

A study of raised nurkers in terms of their present
and future use both sepanidely ond i conpimehon
with surface film mankings and

snow  removal operations from the standpomt of

thetr ehition o

determining if the nunking systent should be desiped
to acconunodate the snow semoval cquipment or i
the snow removal cquipnicnt shonld be desipned 1o
accommodate the marking systens.

The further development of the concept of hoth
matking and applying on site raised, reflectonized
markers.
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4. Pocock, B, W, and Ruooes, ¢ C,, "Principles of
Gilass Bead Reflectorization.”™ JIRB Bull, S7 (1982

- pp. 32 4R,

“ S, hips on oo Thie Market” Cheme Week, po 760 (Dec,

R 17, 1906).
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¢ T BY: PHONY, CALL VISITS " OTHER

#

( ) TO BSCP ( () VISIT TO BSCP {0}
(X) FROM BSCP () VisIT TO : %
‘F conTacT: 2/10/71 Group: BSCP/TAG DATE OF REPORT:
55 :CT A
‘33 AND POSITIONS: Fred Horne ‘

Airport Pavement R&D

—r

“PANY OR AGENCY: FAA/DOT-R&D Office
OFISS: . , : [
: PLONE: 426-8477

ZP PLERSONNEL: H.N. Cantor

S

T CONTACT ORIGINATED (please be specific)

H. Miller (DOD-Army) recommended contact

e A

Eﬁn3c3?; Procure copies of Miller's DOD/FAA Reports

2ART ¢

Skid resistance quality paint (aircraft runway problems); other
considerations secondary

Belvoir (epoxy lacquer, ground glass/aluminum oxide)

Reports are pre]iminary

1

1

@s respons1b1e for the Atlantic City work/get their. reports from
- NTIS (visibility)

(if required, use additional paper)

_ON TO BE TAKEN:
. . . (14
He will send copies of their (Belvoir) reports glﬁ
BY: Horne DI\TE . ASAP

STRIBUTION: (plecase mark each copy)

Chrono File ( ) Shilling ( ) cantox ( Y Johnston
) rile: () Weeks () wilson () _ICMA |
( ) NASA/OTU I

PIDONM Y - ¥
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K70
(Switzariand).
POSITIONR

Curcpzen Oiganivation for Nuclear Research, Genava

MEOTHE CERN INTEWSECTING STORAGE
N{\".}C. HE CFODE'HC APPROATE

J. Getvaise 20 Jun. 1970 31 p refs Fresented at the Journee
mnfom\ sur la Topemetrie de Haute Precision, Lyon, 13 Feb!

(CERN-70-18) Copyright. Aviill lssuing Activit
ge rags (18R} consist of two concentric
rings of magnets in which protons travel in opposite dircctions. The

NG stare

magnets are housed in & circuler underground wnnel énd are

interiachd 2§ to Intersect st eiﬂ":( 5*5' 5 wha-= the bearss ¢an be

icaliy; lSR
HJeraror Are Gisc
‘Ch(’t\/ On iStENCE IMmUasureEmenis, 15 G

snalysis of the geomeuy of the 20 GeV Po 5 made \MH t
the 1SR The mathod 1o be used f v aligning the 00 MoV tooater
synchrotron ia deswiibed, An epprosch is made to the metrelegy
te use for the future 300 GeV syrchiotio PAB.

5 approached o2
up with the 28 GoVoa

N70-36882% 4 Jeot Propulsion Lab., Calif. Inst. of Tech., Pasadons
Unvitonmenta! So s Div.

SPALCE SIMUL /ﬂTO(\\ AND FACILITY ERNGINEERING
in 1ts Space Progremis Sum. Ne. 37-62, Voi. 3 30 Apr. 1870
P 223227 (See I-" S-56576 20.34)

Copvright, Avall CFST CELL 14T

The simuiation of cosmic radiation, solar flares, solar winds,

and Jovian radiztion belts is stucied for aceelerared testing of cuter
slanet mussions, The cporaung conditions of aceelerated tesung,
cguvglent to g 1C0-year nussion are tabulaied, F.O.S.

150 Sneal

AN ANALYSIE GF ARPORT ROV REMOVAL AND ICE
CUNTROL trierim Roport

A Garend, and J. C.

Cairo Apr. 1970 118 p

o Tighe,
s
Contaet FA-GS-WAL 14T
AN RD-TCG0Y Avals CRSTL

An approsch s descnbed using o lelling  technigques by
whahy 2POTL show romaval and e coniol systems Imnay b
elited o a cost clecpveness bases taking it aonount 11}
copoit type, siza, and structure; () incidence of snow and/or
oy vonshons and 120 velume and type of ait tefhics Techmead

fsotenstios of te equipment ond systems are oloo dentrsaed

Cvncignaons and rocatmanenndatiang aee engmerated for (scios
gy ays{em desian, conent snow removal end we conttol

S amd futy teseoich e anport sy fermoval and e
it Arthor

primary GleCliCUR, DA g as s s .
means are given, with and withool the use of o tease wire.
FAD
N70.-365854  Technion - Isract Inst. of Tech,, Haifa. Aeronautingl
Research Center,
THE T 40cm x EQem IMTERMITTENT, SINGLE JACK,
FLEXIBLE WOZZLE SUPER! D tCWIND
TURNEL-CALISRATION AT 144 0H NUMBERS TG3.0
I Ewsion, 4. Rom, and W S;fmnom Apr. 1870 22
Presented st 33d Seriann. Meeting of the
Assoc., El-Segundo, Cafif, 7 - B #May 1870
(TAE-110) Avail: CFST!

A test progrem was condusied to calibrite the test
of the 40¢m % 5Ccm sir inck, flexible nozse sup
tunnch A general doscription of the wind tunnal as we
of tho cahbwration at nominzl Mach numbers of 1.5, 2.0, 2.5 and
30 ore presented. The maximum Mach pumber veriation was +
or - 0.01 atong the conterhng of the sidewali and aleo -
0.01 in the test cross section ares for alf these Mach num

Supersonic Tunncl

N70-37016§ Scuola di Ingegnaeria
Aerospuriale.

DESIGH CHITERIA AND CHARACTERISTICS OF THE

Rome Univ. (lraly).

BLOWDOWRN WIND TUNIIELS OF THE CERNTRO RICFHEUKE
AEROSPAZIALL {CR]”“ Dt PP()(“"}E{ N
CHARATTERIETIC i'r DE’EU H"'P!ﬁlf*Tl AEBODINATICT
”\'TET UYTVENTI O CERCHE ALNDENAY wﬂ(,‘?}

2 Jun. |3u~) 40 p ef fn ITALIAR, ENGLISH
sommary 125 AT 6ol Centio Rie. Avrospaziati Mo 22 ’
Aveil: CFSTI

Alter genaial consiieration of Blewdown wind wnnel operaton,
the basic criteria and methods for their design and for the
caleulztion of thoir charactenstics ere reviewasd The thre
cloments of these facihties, the air storage, vacuunm. and
capucity heating aystems, sed and the bLlowde
wonels of the Cento Ricerehg Actospaziali {CRA) are d

are dhiscus

seriegd

Author (LSRO)

Nationa!l Avietion Facilities Exparimeitel Conter,

HANE

SIAULATION GF A CONTIRUOUS RURWAY CE WTE
RAAHEING fntonm Beport
Guy & Brown and Biehand | Sulaer Avag, 1970 27 p
(FAA-RD TU-40 FAA NAZO 21) Avat CF ST

A simidatian study was conducted 10 compare 8 continuous
stundmd b cntarhne

ot

funveny point making with the U 5.

atrpe vndar toveviabibty condeons Crevrall reanits ahoeects e shiony

peetery for the gindies value of the conbnuous o e

Despite thes, thae most ¢ ,-um':‘u\-ai pdons reporhodd ehvantanes m

the continoous mark in et i could be seen fanther oooduced
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20-11 FACILITIES, RESEARCH AND SUPPORT

visibility and gave slightly better guidance: however, they indicated
only a moderate strength of preference. Highlighting one advantage
of an interrupted centerline marking. pilots stated the need for
speed information. A strong chance was noted that the location of
the markings could be confused if the present standard system were
revised by exchanging the locations of interrupted and continuous
markings. Pilots also reported that VFR as well as instrument
tunways need to have a common marking. The preferences and
comments of the most experienced subject pilots suggest that the
present centerline could be improved for low-visibility operations
by reducing the length of the gap, without giving up the benefits
of speed information, while retaining the broken centerline concept.

R

N70-37035# Battelle-Northwest. Richland, Wash.
Northwest Lab,

CAPABILITY OF A TYPICAL MATERIAL BALANCE
ACCOUNTING SYSTEM FOR A CHEMICAL PROCESSING
PLANT

R. A. Schneider and D. P. Granquist May 1970 35 p refs
{Contract AT(45-1)-1830)

(BNWL-1384) Avail: CFST!

The development of two basic models, a capability model
and a performance model, for a chemical processing facility is
discussed. The capability model represents the best performance
{the smallest error) that the measurement system is theoretically’
capable of achieving in an operating environment. The performance
model represents that expected in practice from a high quality
measurement system. A Purex-type flowsheet was assumed for a
plant operating on a clean-plant-to-clean-plant basis. It was also
assumed that a campaign consists of 40 tons of irradiated
low-enriched uranium containing 10,000 g/ton of plutonium.

NSA

Pacific

N70-37041f Celiforniz Univ., Berkeley. Lawrence Radiation Lab.
ENGINEERING STUDY OF RADIOLOGICAL FIRE
PREVENTION AT LAWRENCE RADIATION LABORATORY,
BERKELEY, CALIFORNIA
Jensen Young Jan. 1870 34 p refs Presented at the Am.
Ind. Hyg. Assoc. Conl.. Detroit Sponsored by AEC
(UCRL-19465} Avail: CFSTI

Some of the engineering steps taken at the Lawrence Radiation
Laboratory, Betkeiey, California, 10 reduce the hazards of fire in
radioisotope areas are discussed and evaluated. These include the
selection of fire-retardant materials for enclosures to moet the
variable and unpredictable demands of researchers, fire 1ests on
enclosure components. modification and testing of a fire extinguisher
for glove boxes, evaluation of radicisotope storage areas. and a
critical look at mechanical ventilation in a radiological fire. NSA

N70-37122§ California Univ., Livermore.
Lab.
A PULSED DIVERTER AND GUIDE FIELD FOR THE
SUPERCONDUCTING LEVITRON
E.J. Lauer 13 Feb. 1970 9 p Sponsored by AEC
(UCRL-50807) Avail: CFSTI

The design of a pulsed diverter and guide field for the
Superconducting Levitron is optimized so that a maximum area at
the remote ¢nd of the guide field coil is bounded by magnetic flux
lines which lie on useful flux surfaces in the Lewitron. The guide
field is compensated for the fringe field of the Lewitron, Flux lines
are followed using a numerical calculation. For totus currents
corresponding to 300 kA in the floating 1ing, a guide solenoid
cuirent producing about 15 kG results in the above area being about
2or3cmby4or5cm. Author (NSA)

Lawrence Radiation

3708

Author

N70-37186*# General Electric Co.. Cincinnati. Ohio.
ADVANCED REFRACTORY ALLOY CORROSION LOOP
PROGRAM Quarterly Progress Report, 15Jan. 1970~ 15 Ape.
1970
R. W. Harrison and J. P. Smith 11 May 1970 37 p refs
{Contract NAS3-6474)
(NASA-CR-72733; GESP-481; QPR-20) Avail: CFST! CSCL11F
The T-111 Rankine system corrosion test loop successfully
completed the pianned 10,000 hours of continuous operation. The
alkali metal was drained from the loop and preparation for postiest
evaluation was initiated. Visual examination of the loop showed it
to be in excellent condition, The 1300 F lithium loop achieved test
conditions on January 31, 1970 and has accumulated 1725 test
hours of operation. Two ASTAR 811C potassium reflux capsules
successfdlly completed 5000 hours of testing. One of the capsules
was opened and prepared for postiest evaluation. Author

N70-37337§ Bolt, Beranek, and Newman, Inc.. Cambridge. Mass.
AIRCRAFT NOISE AND AIRPORT NEIGHBORS: A:STUDY
OF LOGAN INTERNATIONAL AIRPORT
Peter A. Franken and David Standley Mar. 1970 178 p refs
{Contract DOT-0S-A3-008)
(PB-190118; DOT/HUD-IANAP-70-1}) Avail: CFST} CSCL O1E
The report describes a study of means for providing relief
from aircratt noise annoyance to residents of the vicinity of Logan
International Airport, Boston, Massachusetts. The naise exposure
situations in 1867 and 1975 are described in terms of such
measures as land aiea, populations, schools, and hospitals affected.
Operational noise abatement procedures considered include
flight track changes. preferential runway systems, runway threshold
shifts. aircraft type restrictions. power cutbacks. and schedule
restrictions. Nonoperational abatement procedures considered include
land use management and redevetlopment. and acoustic insulation.
The report also describes the utilization of abatement procedures
8t other major sirports, and presents a generalization of the
approaches developed in a form suitable for use by other airpont
authorities. Author (USGRDR)

N70-37424%§ National Aeronautics and Space Administration.
Goddard Space Flight Center. Greenbelt, Md.
THE EARTH-MOON TEST RANGE
Robert C. Wigand Jun. 1870 24 p Proposed for presentation
at 1st Western Space Congr., Santa Maria, Calif.. 2728 Oct.
1870
(NASA-TM-X-65316; X-834-70-239) Avail: CFSTI CSCL 148
Recent developments in technology, including the demonsirated
capability to emplace and operate equipment packages on the
funar surface, have established the feasibility of an Earth-Moon Test
Range. The Range will investigate the characteristics of the
Earth’s macroenvironment in cislunar space and will develop new
techniques for the use of electromagnetic signals. Advantages of
lunar distance in experimental control, perspective, and calibration.
as well as the benefits of initiating a Range program are discussed.
Author

N70-37528%# National Acronautics and Space Administeation.
Marshall Space Flight Center, Huntsville, Ala.
DEVELOPMENT AND TESTING OF THE LUNAR GRAVITY
ANRND EARTH ORBITAL SIMULATOR (PARALLELOGRANM)
H.T. Blaise 12 Sep. 1969 19 p
(NASA-TM-X-53892; MSFC-IN-ME-68-13)
CSCL 148

An account of wark accomplished in the development and
testing of the lunar gravity and earth orbital simulator or
pataliclogram (L/G and E/0) is given. The L/G -and £/0 was
devcioped and tested from contract specifications. Included in the
report are events and happenings during development, proof tesung.
irregulanities of achieving balance of the L/G end E/0 and the
remedies used to correct the faults. Author

Avail:  CF&TY
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LUSE F g e L ors -
[1965] 20 p rcscntcd at the Tech.
Exposition at the Inst. of Environ. Sci.,
{Contract NAS1-1918{c))
{(NASA-CR-64783) CFST! $1.00/MF $0.50 CSCL 14A
Describad is the censtruction and cporation of an ultra-
high vacuum cnvironmental chamber with crvogenic walls
atliquid helium temperatures. This chamber gitsins low pressures,
similar to those in space, by a combination of diffusion pump-
ing and cryogenic pumping. Schematics of the vacuum facility
and the refrigerator are shown, and a detailed discussion of
each of the components of the vacuum system is presented.

Mccting a’nd Equipment
21-23 Apr. 1965

G.G.
N65-33348# Lockheed Missiles and Space Co.. Sunnyvale,
Cahf
END AGENA. TA“(GET YEHICLE  Reports Bibliogrephy,
30 Jun. 1564

1 Sep. 15564 16p
{Coniract AF 04(895) 129)
{(LMBC-AGO5 144, AD-402286)

A biblicgraphy on the Gemini Agena Targst Vehicle is
presented. 1t pertains to reports published prior to July 1984
Topics covered inciude communications and control systems.
flight planning, human factors, various engineering manuals,
presentations and briefing aids. product assurance. and pro-
pulsiocn system. J.M.D.
Sf  Federal Aviation Agency, Atlantic City, N. J.
Experimentaiion Div.

DEVELOPMENT OF RUMWAY MARKING MACHINE AND
COLD-WATER PAINT FOR AiRPORT SURFACE MARKING
rinal Heport

Natl‘amel H. Tv,xche'l Apr. 1885 30p

(RD-65-45)

A low-cost mobile spray unit was cdaveleped for apply-
ing experimental marking patterns on runway and taxiway
surfaces. Speed of application and drying were essential since
rumvay availabilivy waos critical: therefore, a cold-water paint
was developed for use with the spray unit. The prototype
paint spraying device was assembled from readily available
stock components and tested. The cold-water airport paint,
develeped concurrently, proved compatible with the spray
unit and possessed the required ease of handling and applica-
tion qualities. Results of this pratotype unit testing indicate
that a mobile paint spiaying device, similar to the type de-
veloped, would be weli-suited to the task of marking runway
and taxiway surfaces, particularly where froquent rapainting
of touchdown areas is necessary. Author

MG5-33443¢  Los Alamos Scientific Lab., N. Mex.

AN ~Jx BT ATMOSHPHEARE SNCLOSURE 013 THE PAEPARA-
TION OF SAMPLES PRION TO THE DEVERMINATION OF
CXYGEN

3604

in place Nntrogr‘n and carbon dxm;me a50 o
tively by the puritication system. Relative uf:r"on s

hydrous magnesium perchiorate and molecular sieva as duesic-
cants, and of heated copper and wanium tumings as geliers,
were investigated. A device is described that provenis atmos-
pheric contamination of samples during translier from the en-
closure to an apparatus for determining oxygen. Author

N65-33451#  Stanfard Univ., Calif,
TWO-MILE ACCELERATDR PROJECT
Report, 1 Jan.~31 Mar. 1585
Jun. 1965 102 p refs
[Contracts AT{04-3)-400; AT(04
(SLAC-45) CFSTI: 34.00
Details on the constructicn of 2
electron accelerator, and site praparation
and associated work are reported. Among the aress discussed
are plant engineering, syszcms engineering and installations,
accelerator physics, instrumentation, heavy elactronics,
mechanical design and fobrication, klysiron beam
switchyard, and pre-operations resesrch and develop

Cuarterly Status

-3)-515)

linear
utilitios,

two-mile
. huildings,

long

studias,
ment.

a0 < ey w1
P2 FLUID MECHANICS
Includes boundary- f:r-/ﬁr flow; compressible llow; gas dy-
nezmics; hydrodynamics; and twrbulence. For 1elated infor-
mation soooalsor O Agrodynamics: and 33 Tharmodynam-
ics and Combustion.

NB85-32439*  Jot Propulsion Lab., Calif. Inst. of Toch., Pasa-
dana.
AXISYIAMETRIC STEADY FLOW OF A

St uLiM COM-

PRESSIR LC fLUiD THROUGH A COMNY DIVER-
GENT NOZZLE WITHOUT EXTEANAL H! t “ER
P.F. i\Jlaefo In its Space Programs Sum. Mo, 57 Vol

IV 30 Jun. 1965 p 133-141 refs (Sec NG5G-32410 21-11)
CFSTI: HC $7.00/MF $1.75

Ambient temperature swirling flows through nozzles was
invesurated in conjunction with ionized gas-flow axpaiaments.
A combination of analysis and experimental 3
that the swirling flow through a nozzle consists of 2s
two typas of swirling regions. A core exists in which U
val velocity distribution is  approximately that of so
rotation. In the outer annulus the tangential V«“Jm‘i'y
tion is more nearly that of a potentinl vortex. A cons
of the analysis based on the simplifying assumptinns i:: that
the tangential component of the velocity depends enly on the
radial coordinata and not on the axial coordingiv, Hence the
in an increase of only tha axis
injected in

resulis indics

sentig

Y
NgEn-
d body
distribu-

juenace

axpansion provess reaules com-

ponent of the velocity, For the amount of swirl
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the gas-flow is alse possible and 2 high speed camerd is to be

used to take Schiisren photographs of the flow. An indication of
measurements 1o be takzn s 2130 gven Author

NE7-10174%4 University of Southarn Calif.. Los Anneles.
Flectronic Sciences tab
WMANUAL CONTROL DATA ACCQUISITION FACILITY
M. J. Mermt and S, H Shase /o sts Res. on New Tech. for the
Analysis of Manual Contret Systems 15 Jun. 1686 p 2-3 (See
NG7-10175% 01-05) CFSTL HC $1.00/MF S0.50

Davclopment of an expesmental sistion far studies of multiple
z! control
2¢b pilot’s

input manual tracking control tasks continued. A mam
stick was designed and mounted on the newiy nstal
seat. Cables were fabricated 1o connacy the anztog compuler
patchboard to the Gisplay deviees, control sticks, eye positton
transduccr, FM tapy recordor, and communication system. The
foliowing diaitz] computer programs were wirtien 10 support the

{aciiity: 7X sample, 7X dump. scale fscion, signal distibunion function,
and the system routines of D foad and D dump. R.LL

NE7-103174 Asmy Cold Regions Rescarch and Engineering Lab.,
Hanovar, N, H,
PERFORMANCE STUDY OF THE DEWLINE ICE CAP
STATIONS GREEBNLAND, 1863
S, C. Peed May 1856 30 p rals
{CRRCL-S1-72; AD-B38136) CFSTL HC $2.00/14F S0.60

To study the performance of the DLWine ice cap stations,
the following semiannual cbservations are made: footny elevaion
and settlement. harizontal angle measutements to indicate inersl
movement of the structure, measurement of vertical movemant in
the scwage disposal and fuel storage systems, and mcasurement

of snow temperaiure, accumuletion, and density. The 19863
observations indicate that in general the struciures and utiliues are

performing as predicied Authar (TAER)

WN67-10344#  Feders! Aviation Agency. Atantic City, N J. Test
and Evatuation Dw
TESTING OF MASKED LAMES N TAXIWAY EDGE LIGHTS
Fiaal Raport
Cecit B, Phihps Jul 1066 17 p refs .
(RD-66-44, AD 638492) CrSTt RO $100/MF 50.50
Technical tests were pedormed (o nvestigate the use of
minsked amps i taxvey edge ghts These amps were tested to
deterpune if thae weie advantages 0 then use over the ones
now heg used The manked Lamps wine supenor for use on the
strnght porhons of the Lenviy atd on eoves whiere ot fuast
theee lamps were visible They wers abso soapenoe g that thuy

reduced el Tanoway bight 1o 0 mditmum Author (1Al

NG7-103404  Noval Amnarutien Dopoet. Crane, Ind
EXPORVMERNTAL TUOH (TPNSITY FLARD SYSTEMS:
DO AND TERTS OF '

Johie BoWaldodage Ay 166 TG p aefy

(ROTE 748, AD GA8I00 CESTE HE S4 00,/ ME 5075

L e

Natl, Obs. Sponsored by NSF

Pragress on the cngineering development. @ewn.

construction, and improvement of the Ceno Tololo Inter-American
Observatory. La Serena, Chile is reportad. Activities &t the K
Pezk National Obsarvatory, Tuscon., Anzona are zlso included.
Observations with Kitt Peak’'s 84-inch, AB-inch, and 1G-inch
telescopes; he development of Ritchey-Chretien correctors for the
84-inch and 36-inch telescopes: the use of computer programs o
control obsarving programs: work on the 22 -inch quartz hehostat
flat: and a specuoscopic study of water vapor on Venus 2re
discussed. RNA,

N NGT104244  Federsl Aviation Agency, Atlantic City, N J. Test

and Evalvaton Div.

A CONFIGURATION DESIGN CONCEPT FOR DISTANCE
CODED MARKING OF CATEGORY il AND f{IA RUNWAYS
Final Report

Robarr K. Mc Kelvey and Guy S, Brown May 1966 138 p
refs

(HD.66-37)

Eiht experiments weere conducted to provide a confiqurat
design concept for a sysiem ol distance coded rumwvay marking
geared purticutarly 10 the support of tanding and teka-off operations
bright davlight contact fogs tlog exicnding to the surface—no
ceiling) Among other criteria the sysicm must meet arc distance
cading of a bidirectional runway. conipatibiiity with runway
fighting, and resistance 10 loss of configurational integuily through
operational wear, A symbolic distance indicating system was reqarded
as hoving demonsrated the greatest potential for meetng the full
artay of desion objectives and is recommended for sorvice test
and evaluauon. Author

N67-10526f Stanford Univ.. Calif. Stanford Linear Accelerator
Center,
MAGNETIC FIELD EFFECTS IN HYDROGEN THAYRATRONS
Robert W. Bradford  May 1968 13 p Presented @t the Oth
Modlator Sympe., Fort Monmouth, NJL 11-12 May 18606
{Contract ATIDT 31-400) .
(SLAC-193: CONE-GR0528-4) CFSTH HC 51.00 A S0.50

The use of weak magnatic ficlds to mprove the putoimance
of hiydrogen thyratreas igher pank and average powers fevels,
tighter anode delay-tme stability, higher anode hold-ofi voltages.
and {aster repetiton rates) s discussed. NGA

Texas ARM Univ, College S1obon

2 A AND WM VARIARLE BHERGY; PROGRESS
AND STATUS, JANUARY 1966

W. A Mo fahinn 3 A MG tntae, A Nowak, M N June, and
L8 Handoman 1006 4 p Presented at the Meeting of the
Soc. of Appl Spoctry., Chiewqgo

{Contract ATAO 1) 3308) .
(ORO 3350 4; CONTLGDBYY 21 CISTL HU $1.00/88 S0 50
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i ] e Introduction 1o
nis of the Frank J ”h Laboratory
v Stasss Air Force Academy! "»dbhcﬂ-\ﬂ‘% and
s during FY, €6, current ressarch proincts; biblicarephies
reh s bvf:ing corried out in the {oilowing
fimyizeton, programming and control; fluid

Th.)) /

hackground

o

of *12?'{ nanbre Fhs;a
gencral aress: system

H : dynemics: physical and orgnmc chemistey. TAB
N
ANET-179604 Federal Aviation Agency. Atlantic City, N. J. Test
"I_ and Sve iy Div. .
seisl TESTIHNG OF REFLECTIVE M lﬁh’ERS FOR INDICATING
V4. ‘ THE THERSHOLD AND CERTIRLINEG OF RUKNWAYS FOR
e smrL AEEORTE Intarim Report
N Twa »nd Cecil B. Philiips Deoc. 1868 28
s (FAA-RD-
S0G Techn s were performed 1o inve sie the uselulness
' of retroreflective markers in improving runway threshold and
centerline id ification at smail cr.p rt5. During the hours of
5 darkness, retrorefioctive markers were more uve inindicating
ey the centeriing ths was the Revorefiective

markers were 6 ective in indicaning the z'\.esnoxd than werg
the threshoio fights. 1!\33& madk azre oot be gonsidered as 8
replacement for either the centerime of threshnld dights, The
offectivenzes of the markers is 2 function of the intensity, location
and aiming of the sireraft lending lights in relztion 10 the fine of

sight of the piiow. The markus are inexpensive, easy to instelt and
T} . to maintzin. Autiior
CH

Catif.

[
B

NGT7-160232%  United Technoleay Center, Sunnyvale,

R Research and Advanced Technoiogy D
MODELING AND GROWTH OF BELABILITY-EXTENDED
MODEL Iniorim Teuhnical Report

o W, Jd. Corcaran 15 Nov. 1865 72 p red

-c " {Coniract NAS?-350)

8 (NASA-CP 8108 TC-2140-1TR) CESTE HES3.00 CSCL 14D

er In extending the Monte Catlo type computer simulation
model, a difvrent spprozch to the reliphibiy change after a failuwe

. oF succoselul tect was incomorated to {1} atow for some frocthion

i of noncorres able fatlures; and (21 introduce two epuans. One

a0 pormits simulztion of the eltnats of testing voder various degrees
of exlieme and relxed enviconments; the other {throunh a biock
change system) aliuws for delays makeg changes. The bate
modal, progemmed in Alool for the Burreuihs LL00 compurer, is

T cribed, Simalaren vanables and teloted input paramaters are

wi, and o ypieet form Gy tansouting Sonotinformation to the

Comnies onerator for @ amulaton wn s uw lsdod, Examplies are

Given o dioshgte the eifects of vanous mput parameers and
sinulation wpoons, Three predictive rehiabibty growth models wre

/’Kln' I(‘\;
YLlQ/ Alb/ AlKQUll/ LCERILR/ Cust/ FLaSL
ICH/ TESTaLLaTION/ LANDI

daiinun/

_zu.u/“‘ud.wnl LI:?JJ_/ alx -

flat A¢./ A(}Jill‘\)t\f.l:.i)‘c‘l1()‘4

AU oSHOLD

and resuits of a typical fiight test are discussed to show the
anner inowhich-the. facility s utilized. Some of the oporetional
characteristics of the se rvocmmoé(ed systems which produce the
simulated lunar gravitational fizld are iliustrated. Cver 160
oporations have been pcrmrmcd to date with 8 rescarch p
and asironauts, who have &ll reported the sensanons o* aciual
free flight during tic test operations. Ap) oximately 2 mi
sustzined flight ere possible by use of the hvdrogen paroxid
rockets in the vehicle. This time capa exceeds the Umn
required for the Apolio lunar module to accomplish its
mancuver or 1o touch down on the lunar surface from
feet (45.7 metersh. Continuous monitoring of the servo-s
has indicated satisfactory simulation of the lunar gravity,
of the vebicle report negligivle effects of the visual cue
by the facility structure.

nutes of

Mmatn

includes boundary-layer flow; compressible fiow:
nemics; hydrodynamics: and turbulence. For re
mation see also: 1 Aerodynamics; and 33 Thermodynam-
ics and Combustion

N67-167763 Aeronautical Research Cruncil (Gt Brit )
SIMAPLE THEORETICAL AND CEXPERIARNTAL UDIE
OF THE FLOW THROUGH A THREE-SHOCK SVbIP Wi
CORNLRE
E. Eminton Londan. HIAS
(ARC-CP-727; AD-EQ02Y
In the hope of finding the thmc'shod:
corner appropriste to flow at a given Mach number & very
simple theoretical mode! is considered. it assumes that shooks ond
streamliines ‘are ail swaight and concentrates on the flow in the
region of the point where the main shoek bran
shear layer is altowed to originete there and condadions imposed o
match Loth pressurns and flow directions on cither side of
The restlts of the caleulations suggest that a more s :
and a few experiments ae made 1o subntaniiate

>m

A4S0, 1866 25 p rels
1) CESTE HCS3 00/ MFS0.65
system in @ given

cs into two. A

sy

theory i neaded
this. Theory and experniment together lead to the conclugsion that
the shock system in a cornos is determined not by the way the
flow behaves around the
the feet of the branches which e within the boundmy by
Thus. viseous effects dominate the flow field and the exteaal invised
past of the flow appears to be abla to sccommedote wsell readdy
stnphificd model conmderad here

Author {TADR)

hranch point but by its behaviour around

By small deviavons from the

1061




taboratory, University of California. Berkeley during the pericd 15

12-11 FACILITIES, RESEARCH AND SUPPORT

'

Federal Avistion Administration, Atlantic City, N.J.

NGE-239377 3
5 6 March 1868 through 31 January 18€9. Research project are ept. of Transportation.
o described  under the following hezdings: Bioolectronics: SIMULATION TEST OF THE ARCATA, CALIFORNIA,
AND flectromagnretic radiziion and propugadon; Electron microscopy; DIAMOND RUNWAY CENTERLINE Interitnn Report
Integrated circuiis; Flasmas; Quanium gnd optical ¢lasctronics: Guy S. Brown and -Richard L. Sulzer Aug. 1869 26 p ref
Solid-state and electron devices; and Systers and compuiar sciencns, (NA-62-0; RD-09-35) Avail: Issuing Activity
Author (TAB) The guidance value of the Arcata diamond runway centerline
miptoy paint markings was tested by comparison with the U.S. standard
16 e centerline markings in the Dalto/P-3 visual simulation facifity.
woss Twenty expericnced pilots participated in the testing. Results
¢ @ : generally fovored the U.S. siandard centerline consisting of a 3 foot
reents a e . . ide i ypeed : i 20 1, inted lerath and
forms : ¢ E CACILIY RESELRGCH AND wide interrupicd stripe with 120 nootAparmed length and g0 fgot
: C b e gaps. 8s oppesed to the 1C foot maximum width diamonds with
: Sl i 75 foot length and spacing. The only exception was that the
: Includes airparts; lunar and planctary bases including diamonds-were seen farthar away prior to touchdown, a result that
; cosucisted vehicles, ground support systems. related is aitributed to the cone-third larger total painted &rea. Author
: Innmictice: cimuolatnre: fost ""cn (w oc.' 1t engin ’
o R I ~ o B
i AT : N TN ]
(S ‘\09 15805 1Y Posl 3.)51 Calsso 11 B
»Hii‘ﬂ.”p ‘V.‘J“’"H‘f_v_gx'l.)ﬂ"‘_'\)‘f’.fb R VAR VAV Ju&.;,n.) ylolob uuCUr}:s. I ;
nidration test of tne A;mh ‘15 L,u» I.Oruu.\ir ola C) * ~/
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MES-235847 Iuax,uchu etts Inst. of Technology,
Fiight Transportaton |
A REULTE- A-k\,nf&SEON ARALYSIS OF
OPURATING COSTYS
NOK, Tanna ond ROW. Simpson Jun, 1068 118 p rels
(Contizet C-1306-GGY
(PB-1BIOYZ 0 67-2) Avaib CPSTE COCEL 16E

A muliple regiession :,rm[v s of
induect costs
for aubos ndnect couty,

Cambr

ATRLING IMODIRECT

domestic and local sirline
was cartied out 1o formwdate cost estimating equations
Tha costs weie bioken down nto the
classificaunn of the uminim svetem of aceounts Fomy 41, used by
e aslines i reporting Y the CALL Thos regresson equations weere
annen. A
technique s vaed to seloct the hosy
combinsiions of independent vanalhes {or the equahions T

fotnd for annal syt andd gonual station vy

1 eXpenne
SIEPWWESe  tegresnion
mdependent vanalides wete aata such e reveiuie poinenger gules,
[rivinerines 4'(»;»‘.11\!‘!1, revente ditciots nnh“.‘.. total revenoe o it

departunes, oo Author {(USGRDIY

v components,

v
WD Lcdu T

t [P
s 2Py A I g
‘i ‘”__*.)U Bt & lx l,\x“L
e e e e et 2 e et oo et e e o e e e e -
%

S 2oU-~ 222 OF_3vd)

two-dimensional, cireular, gnd rectangular tunnels with bounderies
of the complcicly closed, completely opan, slotted, or perforated
varioty. interfzronce factors accounting {or tho direct effects of
modc! and wake blockaos on the fangituding! vilocity and of model Hit
on the upwash velecity are enumerated. In addition, considergtion
is given to the variation of the longitudinat and vertical velocity
components along the tunnel axis leading 1o buoyancy and
streamline-curvature corcotions. Author (TAR)

NG&-34285f  Aerospace Ress
Ohio.
DESIGN PIRFORMARNCE AND OPETIONAL
CHARACTENUSTICS OF THE ARL CONMPONE
FACILITY Finzl Nepoit
Fre G Faberg and Dol G Moore Jan, 1869 68 orels
(AL GU7U6T, ARL GO-0C07) Avail: CFSTE CHCL 14/2

The document covers a versatde, small scole tustug for
the evaluation and study of neww technologne b basis wind tinnel
The repont descrtbes the fachity ol s operation.

sarch Labs., Wnght-Patterson AFB,

NT TEST
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o ad ; ! ! 37‘_4} ! i . Short Cowse on V/STOL,
{ R I : ) gt :
RN PP D erary oo
! i RON Lo U 1o i~ CFSTH CSCLOTA
H L. L4 ' M .
fmy 1wl Py Lo anduced on the arrodynamics
P 1 el e 1 ;
e bt ! Vi It Podan : Y
l ,"4: i ,'j‘ j2 i Poed! ! lhov»rr and transition fight by the
L ! HE - Ly H . .
1 ; ; 5y [ TS Y laly high disk-loadirig propulsion
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+ - IR 1 N .
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el i e e N H 3
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Py i i g; o lonic boomd safety and salety
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s Perdd A s .
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LN i i SN Loual maodes of flight operations;
! H i : H 3 o
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! I

intrahzed computing. Manual
is evailobic. A sunilar increase

i
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i control system is neednd to
‘and control capabilities of the

1} airplane in impioving traflic

e

i
g { ; i Author
& ; . Calif.
e L1 F ADVANCED AVIOHIC
S e oL MS

¢ : ' Conner In AGABD Acromed,
. . light Safety Dcc. 1963 12 p
{See N70-16062 06-07)
Avail: CFSTI
Mission analysis and simulation studics, together with creative
avionic systems engineenng and human factors engineering, aid in
the optimization of the man-machine niterface. It is necessary
duniag the design evolunon, however, that the dasign be evalvated
frequently by operationaily onented anarows with real world
CXPANCACE tO ausuly suscess 0 the aptimization. Author

o A
A MT0-169801  Federal Aviation Administraticn, Atlantie City, N.J

TM ol o franvporiation
EVALUATION QF TAXIWAY

Repost

GUIDATCE SIGNS Interimy

Rohert £ Gates and Cecit B, Philips Jan. 1970 36 p
(FAA-NA 70-9; RD-693-60} Avad- CFSTI

Taxiway quidiance signs, 3 feet high and 4 feet wide of
a type sinlor to those used on tughways, were evainated for airport
use by means of simutation and actual field tmals. Retro-reflective
sheeting of red, yellow, and green colors was evaluated for color
coding application in a toxnvay guidance system. lLegends, 18
wnches in height, were propared from white enamet and silver
rotro-reflactive sheeting on a red background, black paint on a
vellow baskground and white
Reiro-eflective dises also were

enamel on a groen background.
used on the tegends for the 1ed and
green signs, The discs provided excellent long-range taigets but
legibility deteriorated as the signs were viewed ot distances of 500
ta 800 foot and foss due tothe increased angie from the aircraft
light to the sign and the plot eye. coupled with the white paint
appenring black to the observer at these ranges. Author

N70-168914  RAMOD Corp., Santa Maonica, Calif.
CAAC: THE AIRLINE OF COMMURMNIST CHINA
Harriett £. Porch Sep. 1953 20 p refs Presented at 6th Ann.
Meeting of the Am. Inst. of Aeron. and Astronaut., Anaheirn, Calif.,
20 Oct. 1969 Submitted for putidication
(AD-G03826; P-4184) Avail: CFSTI CSCL1/2

The status of civil aviation in Communist China is assossed.
Present aufine operations in China consist of fowar than 300
pianes providing scheduted service 1o 80 cities. A table showing the
growth in service is presented, and it is noted that while the
growih has been steady, it has not been spectacular. [t is further
concluded that with only four scheduled internstional routes,
Communist China is unlikely to becoms a major coinpetitor in world
avigtion in the near future,

D.LG.
M70-171254  Optics Technalogy, Inc., Palo Alto, Calif.
FIBER OQPTICH HAZARD IDENTIFICATION DEVICE  Final
Technival Faport, 17 Jan, 18486 -30 Apr. 1963
Beian G Phillips Oct. 1259 54 p ’
{Conuract AF 33(615)-3532)
{AD-687036;, AFAPL-TR-62-78; Rept-11014R}  Availr CFSTI

CsCL1/3 .

Thiz report describes the work done over a period of three
ye2zars 1o develop a fiber optics fwe hazerd dowsclion system for
awcraft instailation. The distal end of this system which is
focstad within the engine compaitment is capable of withstanding
tempi

atures of 1000F, whereas the rest of tho

stem 15 capable
of withstianding temperatures to BOOF. During the course of the
program, a number of fabrcation techniguas were da:
high transmittance glasses were evalueated for e
strangth, In add

stoped and

addition to this work, a fire simulator was o

and this tay be mounted within the engine compartment,
i Author {TAB)

N70-1717354  Deutsche Forschungs- und Versuchsanstalt fuer
Luft- und Raumfahrt, Brunswick {(West Germany). Inst. fuer
Flugmeachanik.

PARACHUTE ENGINEERING AND RECOVESY SYSTEMS
[FALLSCHIDMTECH NI UND BERGUNM 3SSYSTEME]
Hans-Oietrich Melag, ed. Sep. 1963 400 p in GERMAN:;
ENGLISH summaries Proc. of the DGLR-DFVLB-AGARD Symp.,
Brungwick, 1518 Sep. 1569

(DLR-MITT-69-11) Avail: CFSTI

1efs

CONTENTS:
1. DEFINITIONS
06-02) .
2. COMMON TYPES OF AERODYNAMIC DECELERATION
EQUIPIAENT D Munscher p 54 64 {See N70-17178 06.01)

H-D. delzig p 48-53 (Sec N70-17177

3 PARACHUTE DESIGN CRITERIA H. D Maleny p 65-73
refs {Soce N70-17179 06-02)
ACTHE  DETERMINATION  OF  PARACHUTE  SNATCH

FORCE P Schutt p 74
6. CALCULATION

945 aefs (Sre N70-17180006.01)
OF FILLING TIME FILLING
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APPENDIX F

DOD Contact Reports and References




ZANTACT BY:

!E OF CONTACT:

PHONE CALL

{( ) TO BSCP

(X) FROM BSCP

5-7-71

VISITS
( ) vVISIT TO BSCP
( ) visiT TO ;

GROUP:

' OTHER
()

1
1
i

BSCP-TAG

DATE OF REPORT:

“o

. ONTACT

' _AMES AND POSITIONS:

A
Harvey Miller (E;gﬁggés oy)Emi] York) Chairman of Military Technology

Laboratory; Chief, Organic Coatings Research Branch,

Materials Research Support Division

 _OMPANY OR AGENCY :
Ft. Belvoir

ADDRESS:

US Army Equipment R&D Center

 PHONE:

' BSCP PERSONNEL:

H.N. Cantor

664-5889

" HOW CONTACT ORIGINATED (please be specific)

i11 Williams recommended contact with Miller, York

UBJECT : | I

REPORT: 1, program is in standstill status: cairfie
hey did some work, especially paint formulations, {CLD

2. Have made quarterly reports to FAA: Can ask Mr. Fred Horne (x68472) \////

. Navy work not done in éonjunction with Army work
“. HRB did 1it search for him, $500 - $700 cost to Army
5., Got samples of highway marking paint from 6 state highway offices, 1 or 2vihat Tooked
"interesting”
. Need retroreflect1v1ty at a (1.9) different ang]e of d1vergence from highway

7. They use glass heads a150;

i. Would be interested in attending a joint meeting re the problem area.
would require higher approval
. See attached sheet.

Further participation

A

- (1f required, use additional vaper)

. CTION 70 BE TAKEN:

REPORT BY:

; | TN
Call Fred Horne and request reports re Miller's work ” 9} ‘
BY : HN Cantor DATE:  ASAP
. ISTRIBUTION: (please mark each copy)
-} Chrono File () shilling ( ) cantor ( ) Johnston
) File: ( ) Weeks () wilson (X) __1cva
() OTU/NASA

{C1nma Fiire



9.

@

Considerable work on high molecular weight Tinear polymers (epoxy paints)
good skid, abrasive, chemical resistance (made by Dow, Shell). Not
catalytically cured, thus avoids eventual brittleness as airing proceeds.
Information can be gotten from DOW, Dick Beck withfin D.C. (296-1915).
Shell Chemical also has this type of epoxy. Disadvantages are slower
drying, ketone solvents may blister a subcoat paint.




- NTACT BY: PHONE_CALL VISITS ' OTHER

e

( ) TO BSCP ( ) VISIT TO BSCP ()
(X) FROM BSCP () VISIT TO i
'E OF CONTACT: 9/10/71 GroUp: BSCP/TAG DATE OF REPORT:
. DNTACT A
~AMES AND POSITIONS: Fred Horne
Airport Pavement R&D
" COMPANY OR AGENCY: FAA/DOT-R&D Office
PDDRESS :

PHONE: _ 426-8427

' BSCP PERSONNEL:  H.N. Cantor

" HOW CONTACT ORIGINATED (please be specific)

H. Miller (DOD-Army) recommended contact

_JIBRJECT: Procure copfes of Miller's DOD/FAA Reports
REPORT :

Skid resistance quality paint (aircraft runway problems); other
considerations secondary

1

Belvoir (epoxy lacquer, ground glass/aluminum oxide)

Reports are preliminary

As resbonsib1e for the Atlantic City work get their.reports from
- NTIS (visibility)

(if required, use additional paper)

CTION TO BE TAXEN:

He will send copies of their (Belvoir) reports {g%%ffi,,«~"'“

BY: Horne DATE = ASAP

] ISTRIBUTION: (please mark each copy)

) Chrono File ( ) shilling ( ) cantor ( ) Johnston
) File: () Weeks () wilson () _ICMA
( ) NASA/OTU
REPORT BY:

F & o U S ORI |




ONTACT BY: PHONE CALL VISITS . o .OmHER

( ) TO RSCP () VISIT TO RBSCP Ty
(X) FROM BSCP ( ) VISIT TO g
T OF CONTACT: 5/26/71 GROUp: BSCP-TAG ‘ DATE OF REPORT:

T e

CONTACT .
T MES AND POSITIONS: Dick Beck with

Government Relations Manager

© MPANY OR AGENCY: DOW Chemical Co.

ADDRESS::

Washington, D.C. ~ PHONE:-

11

©oCP PERSONNEL: H.N. Cantor

1

HOW CONTACT ORIGINATED (please be specific)
Harvey Miller suggested I call regarding information on h1gh molecular we1ght
linear polymers (epoxy paints)

il

BJECT: Request for product information

REPORT :

. = Work done at Belvoir for FAA, Air Force by M11]er/Be]vo1r
Mater1a]s Reséarch Support Division

~ DOW did or1g1na1 format1on work. FAA tested at Dulles

- Program in development stage: material not yet put into spec1f1cat1on form
DOW has done some of its own testing. While more expensive than TTP-85
alkyd striping, but better performance and longer life. It is tough, re-
-silient and well adherent. Drying time is 10 minutes, perhaps less, for 12-15
milg wet. : ' : '

Recommended Qe contact Will. J. He]m (USAF) AFPRE Directorate of Civfi Engineering
Bolling AFB 0X3-1897 : ‘

(if required, use additional paper}

‘TTON TO BE TAKEN:

Yy |

BY: DATE:

T STRIBUTION: (please mark each copy)

{ ) Chrono File ( ) shilling ( ) cantor () Johnston

(£) File: pavement Striping (<) Weeks () Wilson (g(() NASA OTU
- (Xy TCA

~ REPORT BY:




S e A N e o b et A hufiimonvatiusihatinfhond

~ NTACT BY: PHONE CALL VISITS OTHER

( ) TO BScP ( ) VISIT TO BSCP )
(X) FROM BSCP () viIsIT TO |
-
PE OF CONTACT: _6/2/71 GROUP: BSCP/TAG DATE OF REPORT: 6/2/71

al

 ONTACT i1liam T. Hel A
NAMES AND POSITIONS: _ - ram =+ #e-m
_Directorate of Civil Engineering / Code AFPRE

COMPANY OR AGENCY: U.S. Air Force
“DDRESS: Bolling Air Force Base
Washington, D.C. PHONE : 0X3-1897

A‘BSCP PERSONNEL: Herbert N. Cantor

HOW CONTACT ORIGINATED (please be specific)
Dick Beckwith (DOW-DC) suggested I contact Mr Helm

LUBJRCT : Extent of A.F. R& in Pavement Stripping

REPORT:

3 Application of P/S not a problem -~ current equipment is ok (they need 3 ft wide
stripers - they have 17 machines)

. Have joint contract (FAA/Army) restriping at Belvoir. Some problems. Final test &

"~ evaluation at Atlantic City FAA facility.

Helm is evaluating aerylic emulsion print (works with Miller at Belvoir)

N

et
-

May use 2 types of paint for air fields; acrylic emulsion paint and TTP-85 spec
, paint being developed by Miller/Belvoir for FAA.
= Current TTP-85 spec paint is marginal and quality control by GSA is poor. Many
technical problems, also. -
5. Horne (FAA) the key contact re FAA striping work.
7 Noted the Highway Research Board has commlttee on pavement striping.Chairman is
at Michigan State University. o
8. Noted a trend towards use of standard specs rather than test requirements by states
£ Would be interested attending a joint meeting with ICMA.

(if required, use additional paper)

. CTION TO BE TAKEN:

BY: . DATE :

. ISTRIBUTION: (please mark each copy)

+) Chrono File . ( ) shilling ( ) Cantor ( ) Johnston
) File: Pavement Striping () weeks ( ) wilson (X) ICMA/Loren/Havlick
(X) NASA-OTU

REPORT BY:




~ NTACT BY: PHONE CALL VISITS " OTHER
() TO BSCP ( ) VISIT TO BSCP )
(% FROM BSCP ( ) VISIT TO |
'E OF CONTACT: __5/26/71 GROUP: _BSCP~TAG ' DATE OF REPORT:
 ONTACT A

" WAMES AND POSITIONS: William T. Helm-

Directorate of Civil Engineering Code AFPRE

COMPANY OR AGENCY: U.S. Air Force

ADDRESS : Bolling Air Force Base

Washinaton, D.C.

PHONE: _ 0X 3-1897

' BSCP PERSOKNEL: H.N. Cantor

HOW CONTACT ORIGINATED (please be specific)

Dick Beck with (DOW-DC) suggested I contact Mr. Helm

LJIBJECT: Extent of AF R&D in Pavement Striping

REPORT:

On TDY until 1 June

(if reguired, use additional paper)

i XTION TO BE TAKEN:
I will call him back.

DATE: _1 June 197]

BY: HNC
1 [STRIBUTION: (please mark each copy)
"} Chrono File ( ) shilling ( ) cantor ( ) Johnston
X} File: _Pavement Striping ( ) Weeks ( ) wilson (X) _ICMA_Loren/Havlick

(X) NASA-0TU

REPORT BY:

Y BV . B SN ¥




CONTACT REPORT

—~ NTACT BY: PHONE CALL VISITS OTHER
( ) TO Bscp ( ) VISIT TO BSCP ()
(x) FROM BSCP () visiT TO %
'E OF CONTACT: 5/10/71 G&ROUP : BSCP-TAG DATE OF REPORT:

-

_ ONTACT
NAMES AND POSITIONS:

A

R.W. Drisko/or E.S. Matsui, P.J. Hearst, J.B. Crilly

-—

COMPANY OR AGENCY:

US. Naval Civil Engineering Laboratory

. DDRESS:

Port Hueneme, California

PHONE :

(805) 982-4658

BSCP PERSONNEL:

H.N. Cantor

HOW CONTACT ORIGINATED (please be specific)

As a result of citations in STIF search

SUBJECT :

Status of their pavement marking researcn

. T ZPORT:

. = Recommended talking Chaiken

- Nothing now going on:

did some work and was completed. Have dropped

out of R&D 1in this area

- Airfield striping paint spec.

(if required,

in preparation in D.C.

.+ ZTION TO BE TAKEN:

He will send copy of his report to me

e

DATE:

use additional paper)

BY: Drisko
"LISTRIBUTION: (please mark each copy)
) Chrono File ( ) shilling ( ) cantor ( ) Johnston
) File: () Weeks ) Wilson () _JIcmp
() NASA/OTU

REPORT RY -
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fow density However, the suifaae OF Unprotested riiss connnis
flaws which arow under Jow stress o momst conthbons 1o antical
size for Golure Vianogs oothods were goed 1o anvesbigate and
increane tha reluatehty of gioss under stress Data were abtined on
fadure of unprotected glans plates subpeeted o beposal tenaon at
about HO percont retanve homndity Andiyvsis by aatrene value
stabsties ndeoabed that the fature cotdition soakd hoaeptosented
nleny

by o plooe sarface an o three dunctiaotal vonrdinate
compoied of oxtoeste vatae probainhity oo attess and kg e
Bomoval ol sotfare (o by et taoeg an b opeseent agucouns
Jhydrotivone wnd wierewoed the mean fadure stenarbe oo

Spprosintately 30000 pea 1o 1AL 30 e with o valie of 300,000

08-18 MATERIALS, NONMETALLIC

psi biaxial tension being attained in one case. Increases in lifetimaes
of one, two, and three orders of magnitude were obtaned by
protecting the glass from atmospheric moisture by preheating and
coating with petrolatum, preheating glass and costing with
prehicatod petralatum, and experimenting at -30F. respectively. Shight
improvemant m minimum time to {ailure was obtained by elimmating
the weaker specimens by proof testing Author {TAB)
'ffr\!68~177795 Naval Civil Engincering Lab . Port Hueneme. Calif.
AIRFIELD MARKING PAINTS. 4: EFFECT OF PAINT
FLEXIBILITY ON SLURRY SCALED ASPHALT

Richard W. Drisco Dec 1967 32 p refs

(R-55G, AD-G83562) CFSTI, HCS3.00/MFS0.65

A field pxposure study was conducted on experimental sirficld

While fiaxibi Must

raarking paints with selatively high foxibilit
be. greater than the minimum required in Federal Specification
TT-P-85b for good paint performance, a further increase in flexibility
does not necessarily result in beuter performence. Short oif Inngth
alkyd and olecresinous paints do not pedorm welll medium ol
fength paints perfoimed very well, longer oil length paints generally
performed somowhat poorer than medium oil fength paints,
especially for the alkyd formulations While incorporauion of urnanic
plasticizers into pamnts generally increased flexibility, it did not
of the

usually improve the fiald performance. A statistical analysis
tost variables revealnd the following Oleoresinous phenolic
gencrally porformed bettar than alkyd paint stripes. Lifung was
greater for double-thickness thickness stripes than {or singie-thisl
stripes. Cracking was faster for fong oil than medium o
paints and for mediim oil then for tong oil oleoresinous
Medium oil p
There was ger
no piesticizar than those with one. Tricresy! phosphate form
gererally had less edge cracking and lifing than corr
formulations with dibutyl pRihalate as a piasticizer Thoero was
correlation between edge cracking and the hfung of slury seal

Author {TAEB)

15 had less cracking overall than fong oif

rrally fess cracking and lifting with pants cont

NG3-178824  Princeton Univ., N J Frick Chemical Lab

SGLID "LIQUID CRYSTAL” FILMS OF POLY-v-BEN2YL-L-
GLUTAMATE i

£ T Samulski and Arthur V. Tobolsky Dec. 1967 8 p refs
{Contract Nonr-1858{07Y)

{ONR-TR-RLT-1032; AD-663705)

Cast solid films  contoming  dgid  alpha-helical melcoules
exhibit a molecular structure similar to that found in the liquid
crystaline phase. Optical measurements and anisotropic swalting of
the films ‘are interpreted in terms of a preferential orientavon of
the hquid crystaliine structure i the film Author (TAB)

NG8-17910¢ An Force Inst. of Tech. Wright-Patterson AFB,
Olio  School of Engingering

EFFECT OF VACUUM ON THE STRENGTH OF BALSA
wOooD

F E Biar. 8§ W Johnsan, and P J Torvik 1967 30 p rels
(AFIT-TR.G7 -4 AD-GG3020) .

Proviots mvesiagitions have shown Hiat exposare o vasuum
has httde effect on the atvbty of bolsa wood to absorb conrgy
Yecause this materal has i addtion o s enerqy absorbing capn-
Dby o favorable streoncth to wenght tatio and can be eot aned shaped
At case. the gae of balsa wood as load cartymg maembers e space
6 dstinet possaibality In this mvestigation, specimens of oven diy
batea were foaded 1o fmlute i ether bending o compression atter
exponane 10 vacginns of 00001 10 0000 T 1o for penods as fong

an twelve toys Some speoppens exponed Toovarnim were fested
1

M vaciy olhers were tosted e As vontiols the strenath prop
eones of sivnbar specinens wine b had pot been sobpectod 1o o
wete detoronned the offoct of vacuamy on compeetve asel betnbing
strengthe awars founet ta e neglapble AT smadh weebt redoebon
prohocue oo o ol mostioe whide e vacuoan was obreived

bt no darrnige G the celiuhn steectie of e wond wan delig ted®
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\l< MBS 112694 Army Chemical Center, Edgewood, Md, Chamical

Raesearch and Devatopment Labs,

AMETHOD OF SILVER PLATING GLASS BEADS
Repori, Sun.—~S&uyg, 1951

Uoyd £ Fox Jan, 19065 18 p rels

{CRDLIT-3243; AD-GIRGSY

Technical

A chicimeal nuethod s described for plating glass beads

with @ umform coat of silver. The objoet of this

WOrk was

to develop a teclinigun of plating beads uniformly with a min-

242

imum of 6% by weight of silver while maintainin:
smocth sphericd! shape, The method is basad on thoe o
of silver from an ammoniacal silvor nitiate solution.

their

rsults
using formaldehyde and sodium potassium fartrate as o
agents are discussed. It is concluded that tus chemic hod
may be used to plate glass beads with o uniform coat of silver,
By this procedure, using sodium potassium tartrote, a smooth

coat giving up to 7% silver by weight on Launds having & mass
median diameter of 32 microns can be obtainad.  Author(TA B)

N63-113144 ° Nuclear Metals, Inc., Concord, Mass.
TESHMICAL PAPERS QF THE SIXNTEERNTH M
GRAPHIC GROUP MEETING

H. Roth Roman, comp. Washinalon, AEC, 31 Aug. 1864
127 p refs Meeting held at Honford Atomic Products Cpara-
tion. Richland, Wash., 28-28 Mar. 1962

{NAI-4998: CONF-620301) CFSTI: 54.00

HLLO.

CONTENTS:

1. MOUNTING OF
IN EPOXY RESINS USING MULTIPLE CAVITY
D. M. Hewette, Il and R. 8. Crouse (Qak Ruige Matl
p1-5 (See N86-11315 C2-15)

2. THE APPLICATION OF WAX LAPS
TORY POLISHERS €. M. Hepkins and O, T
State Univ. of Sci and Tech) p 612
02-15)

ref

RAPHY E. H Hopkins and 0.
of Sci.and Teuh) p 14-19-{Sce

4, METALLOGRAPHIC STUDY i AMNNE
BEHAVIOR OF ALUMINUM-SILICON EUTECTIC
2. H. Todd {(Hurford Ao S

(Sce NBS-
0.

refs 11218 02-17)
MICROSTRUCTURAL CHANGES
a-B-c¢ TRANSFORMATION OF URANIUM
IDu Pont de Memours (E. 1) d@nd Co.)
N66-1131902-17)

8. METALLOGRAPHY OF URANIUM
TEMPERATURE
56 ref (See N 11320 02-17)

7. JDENTIFICATION OF CARBIDES,

DURIMNG THE
C. L Angerm
P AZ-47

refs

AT

MITHRIDES,

OXIDES OF COLUMBIUM BY ANODIC STAINING 7. S
Creuss (Qak Ridge Math. lab) p 57-84 refs  (Ses N455.

11321 02-17)
8. MATERIALS RESEARCH
MICROFROBE AMALYZER J W

(HT Res. Inst)

WITH
Lenke
nES-76 refs (Sea NGB-110

THE SCAMMIMNG
PROF Domegais

02-15)

9. ELECTHON MICRASCOPY 0OF 5 RED BENYL-
LIA "R.C. o Rau p 77-94 refs {Sea NSH-1132: 15
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SPECIFICATIONS FOR FURNISHING AND INSTALLATION OF

WHITE AND YELLOW INSTANT DRYING PAVEMENT MARKINGS.

MMS 1 (5.1.0) Account File No.:

SCOPE

This specification covers the furnishing and installation of a
White and Yellow liquid striping compound of the instant drying
type, complete with pre-mixed glass spheres for reflectorization,
that is applied to the road surface by a spraying process with
surfacec application of glass spheres which produces an adherent
reflectorized stripe of specified thickness and width. The
scope of work shall be as designated by the Engineer &nd as
shown on the plans. '

GENERAL REQUIREMENTS - INSTANT DRYING STRIPING COMPOUND

a. The instant drying striping compound (referred to as compound)
shall be a mixture of resins, glass spheres and other
materials specifically compounded for traffic markings and
which, when properly heated and sprayed on the road surface

shall result in a highly reflective line of maximum durability.

b. The composition of the liquid striping compound shall be left
entirely to the manufacturer, and it is his responsibility to
formulate and produce a liquid striping compound meeting the

“requirements specified herein.

c. The liquid striping compound complete with pre-mixed glass
beads shall be of a uniform consistency, and shall be capable
of easy, uniform application by the airless spray type of
line marking machine when applied at spray temperatures of
250°F. to 275°F. The liquid striping compound shall be
furnished ready for use without thinning or mixing prior to
use. The compound shall not exhibit any settling and shall
be usable at road surface temperature of 50°F. and air
temperature of 50°F. or higher. If application is to be made
when temperature of the road surface and air are between
35°F. and 50°F. such as that experienced in early spring and
late fall, alternate specification compounds for cold weather
use is specified (see attached). The compound shall be usable
on clean, dry asphaltic concrete or Portland cement surfaces
which are free of residual curing compounds, salt, sand, or
traces of moisture.

d. The liquid striping compound shall be packaged in clean,

55 gallon drums, clearly identified as to manufacturer, color,
content and quantity and shall be free of any foreign matter.

Account Name:
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The compound shall be capable of being stored at temperatures
up. to 90°F. and out of direct sunlight for periods up to six
months from date of delivery and still be suitable for use.

3. SPECIFIC REQUIREMENTS - INSTANT DRYING STRIPING COMPOUND

a‘

MMS 1 (5.1.0) ‘ Account Name:

Color: For the White striping compound, the luminous
directional reflectivity shall be not less than 72 percent
relative to magnesium oxide when tested as specified in
ASTM-E 97-55. For Yellow striping compound, the color shall
match the standard shade within the green and red tolerance
limits when compared with Highway Yellow Color Tolerance
Chart obtainable from the United States Bureau of Public
Roads, Washington, D.C.

Drying Properties: The compound, applied according to the
manufacturer's recommendations, including airless spray
application, a wet film thickness of 0.015 inches, a material
temperature of 250°F. - 275°F. and having a minimum of

3 pounds per gallon of glass beads sprayed on the surface

and tested as specified in ASTM D 711-67, shall be dry to no
pickup in less than 10 seconds, when the.ambient pavement
temperature is between 50°F. and 90°F., and in less than

20 seconds when the ambient pavement temperature is between
90°F. and 140°F.

Viscosity: The minimum viscosity of the  compound shall be
25,000 Centipoise, measured on a Brookfield Viscometer,
Model LVT, at 70°F., 6 RPM and a Number 4 spindle after one
minute.

Percent Solids: The percent of non-volatile solids of

the compound by weight shall be 81.5% ¥ 2% for white and
82.5% * 2% for yellow. This determination shall be made

in accordance with Method 4041, Federal Test Method
Standard 141, Paint, Varnish, Lacquer and Related Materials,
Methods of Inspection. Samvling and Testing.

Weight Per Gallon: The weight per gallon on the compound
shall be 12.4 ¥ .3 1bs./gal. for White and 12.6 - .3 1lbs./gal.
for yellow. : -

Test according to Method 4184. Federal Test Method Standard

. 141.

Pre-mixed Glass Beads: The finished compound shall contain
not less than 3.4 nor more than 3.8 pounds of glass beads per
gallon. ‘

Solvents: The compound shall contain no chlorinated solvents.

Account File No:




GENERAL REQUIREMENTS - GLASS BEADS

Glass beads for use on traffic line paint shall be clear, -
colorless, and clean, and of such character as to permit
their embedment in a pigmented binder having their upper
surface exposed to permit the refracting of light rays.

The beads shall be bisymmetric bonding in that when applied
to a traffic line paint they shall hemispherically embed (to
approximately their equator) in the paint film for maximum
durability and brightness.

SPECIFIC REQUIREMENTS - GLASS BEADS:

Hemispherically embedding glass spheres shall conform to the
following: '

a. .Refractive Index:

The spheres shall have an average index of refraction not

less than 1.50 nor more than 1.60 when tested by the liquid

immersion method at 25°C.

s
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b. Size:
The glass spheres shall conform to the following gradua-
tion:
U.S. STANDARD SIEVE NUMBER PERCENT PASSING BY WEIGHT
U.S. 40 ' 90 - 100%
U.S. 80 0 - 10%

c¢. Percent Spheres:

A minimum of 75% (by weight) of the spheres shall be true
spheres when tested in accordance with ASTM-D-1155-53.

d. Flotation:

A minimum of 90% of the g]assfspheres shall float on xylol

(aromatic solvent) and a minimum of 75% of the glass
spheres shall float on heptane (aliphatic solvent) when
tested as follows:

A single layer of spheres shall be spread on a clean,

inverted pint tin can 1lid. Solvent shall be slowly intro-
duced with a syringe or dropper at the edge of the 1id until

it overflows. The percentage of spheres floating on the
solvent surface shall be estimated visually.

MMS 1 (5.1.0) Account Name:
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e. Color:

The glass spheres shall be colorless to the extent that they
impart no objectionable day or nighttime hue to the binder
when applied at concentrations equal to those used on road
surfaces.

6. APPLICATION REQUIREMENTS:

a. All markings of lane lines, centerlines, barrier lines and
edgelines of thermoplastic materials shall be applied by an
airless spraying process using a self-propelled, truck-mounted
vehicle of sufficient size and stability to insure smooth,
straight application. The spray equipment operators vhall
be located on the application vehicle in a location that will
enable full visibility of the spray carriage.

b. The truck-mounted application equipment must have the capa-
bility of automatically placing new intermittent line patterns
as well as continuous lines. The application equipment must
also be capable of applying a minimum of 2 lines of one color
simultaneously. Markings applied shall be in accordance with
the June, 1971 Edition of the Manual on Uniform Traffic Control
Services for Streets and Highways.

¢. A minimum average wet film thickness of .015" shall be main-

' tained on all markings. This is to be computed on the basis
of the amount of material used each day. The glass sphere top
coating must be applied by means of pressure-type Spray guns
designed specifically for this purpose and which will embed
the spheres into the line surface to at least one-half their
diameter.

d. The work on this project shall be done only on clean, dry
‘'pavements, and at road surface temperatures above 35°F.

e. Traffic Control and Safety: Traffic control will be provided
by the contractor and conform to the requirements and proce-
dures supplied by
It shall be the responsibility of the contractor to suuplv all
of the necessary auxiliary vehicles (with the exception of
any police units) required for this operation.

f. _Layout: ! will supply any
necessary road surface cleaning and premarking required for
the job, when previously applied lines cannot be followed, or
where a center joint is not present, or where new lines are to
be placed and no means of guiding are present.

Should the original markings be too faint for retracing,
contractor will be given control points at 50-feet intervals
along the work area. No passing zone control shall also be

MMS 1 (5.1.0) Account Name:
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provided by if the original
markings are too faint for retracing.

g, agrees that it shall provide

storage space in 1ts facilities for the marking unit, auxiliary

equipment and material throughout execution of the contract.

7. BASIS OF PAYMENT:

The work will be paid for at the contract unit price for each lineal

foot of reflectorized pavement markings applied based on the
measurements as determined by the ’

The contract prices shall include all material, labor, and equipment

required or incidental to the satisfactory completion of the work.
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SPECIFICATIONS FOR
WHITE AND YELLOW LIQUID STRIPING COMPOUND

Designed for cold weather use (35°F. to 50°F.
air and road surface temperature)

SCOPE

These specifications cover white and. yellow liquid striping
compounds, of the instant dry type, complete with pre-mixed glass
beads for reflectorization, specifically designed for use in cold
weather conditions (35°F. to 50°F.) prevalent in the spring and
fall in much of the United States.-

GENERAL REQUIREMENTS

a.

It is the intent of these specifications to procure for use by

~ the most efficient liquid
striping compound possible, per unit cost with regard to
application and service, which includes speed of application,
drying time, daytime appearance, night visibility and dura-
bility. The composition of the liquid striping compound shall
be left entirely to the manufacturer, and it is his respon-
sibility to formulate and produce a liquid striping compound
meeting the requirements specified herein.

The liquid striping compound complete with pre-mixed glass
beads shall be of a uniform consistency, and shall be capable
of easy, uniform application by the airless spray type of
line marking machine when applied at spray temperatures of
250°F. to 275°F. The 1liquid striping compound shall be
furnished ready for use without thinning or mixing prior to
use. The compound shall not exhibit any settling and shall
be usable at road surface temperature of 35°F, to 80°F. and
air temperature of 35°F. to 80%F. The compound shall be usable
on clean, dry asphaltic concretc or Portland cement surfaces
which are free of residual curing compounds, salt, sand, or
traces of moisture, :

The liquid striping compound shall be packaged in clean,
55-gallon drums, clearly identified as to manufacturer, color,
content and quantity and shall be free of any foreign matter,
The compound shall be capable of being stored at temperatures
up to 90°F. and out of direct sunlight for periods up to six
months from date of delivery and still be suitable for usec.

SPECIFIC REQUIREMENTS

Color For the white striping compound, the luminous dircctional

a.
reflectivity shall be not less than 72 percent relative to
magnesium oxide when tested as specified in ASTM-E 97-55. [Tor
yellow striping compound, the color shall match the standard
shade within the green and red tolerance limits when compaved |,
with Highway Yellow Color Tolerance Chart obtainablc from the?
United States Burcau of Public Roads, Washington, D.C.
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b. Drying Properties: The compound, applied according to the
manufacturer's recommendations, including airless spray
application, a wet film tthkDeSS of 0.015 inches, a material
temperature of 250°F. - 275°F. and having a minimum of 3 pounds
per gallon of glass beads sprayed on the surface and tested as
specified in ASTM D 711-67, shall be dry to no pickup in less
than 10 seconds when the ambient pavement temperature is
between 35°F. and 80°F.

c. Viscosity: The minimum viscosity of the compound at 70°F. shall
' be 25,000 Centipoise and the maximum viscosity at 35°F. shall
not exceed 70,000 Cent1p01se when measured on a Brookfield
Viscometer, Model LVT, at 70°F., 6 RPM and a Number 4 spindle
~after one minute. ‘

d. Percent Solids: The percent of non-volatile solids of the
compound by weight shall be 81.5% ¥ 2% for white and 82.5% ¥ 2%
for yellow. This determination shall be made in accordance
with Method 4041, Federal Test Method Standard 141, Paint,
Varnish, Lacquer and Related Materials, Methods of Inspectiocn,
Sampling and Testing. B

e. Weight Per Gallon The weight per gallon on the compound shall

' be 12.5 ¥ .3 1bs/gal. for white and 12.7 ¥ .3 1lbs/gal. for
yellow. Test according to Method 4184. Federal Test Method !
Standard 141. |

f. Pre-mixed Glass Beads: The finished compound shall contain
not less than 3.5 nor more than 3.9 pounds of glass beads per
gallon.

g. Solvents: The compound shall contain no chlorinated solvents.
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- Addendum to Special Report

Review of Federal Research and
Development in Pavement Striping
Materials
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