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NOTICE

The investigators, the Nevada Department of Transportation (NDOT), and the Federal
Highway Administration (FHWA) do not endorse specific products, manufacturers, vendors,
or businesses. Trade, manufacturers, and business names appear within this report only
because they are considered essential to the objective of this report.

DISCLAIMER

The contents of this report reflect the views of the authors. The authors are responsible for
the facts and accuracy of the data presented within the report. The contents are not a
reflection of the views or the policies of the Nevada Department of Transportation or the
Federal Highway Administration. This report is not a standard, specification, or regulation.
This report is distributed in the interest of information exchange and no liability will be
assumed for its contents or use thereof.
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EXECUTIVE SUMMARY

Problem Statement

The durability of pavement marking materials was identified as an operational issue in all
Nevada Department of Transportation (NDOT) districts. Epoxy traffic paint, the primary
material for striping high-volume roadways, was not performing as expected. A review of
epoxy traffic paint striping costs revealed that NDOT spent over $9,000,000 for epoxy

~ traffic paint between 1995 and 2000. Approximately 40% of the projects this money was

spent on were deemed unacceptable. The numerous complaints from NDOT
construction and maintenance personnel resulted in a collective effort by a specially
formed Pavement Marking Task Force and this research effort to improve the longevity
of pavement markings at minimum cost. Failure to act on this situation would have
resulted in further economic loss.

Choosing effective pavement marking materials to be used in arducus climatic
conditions with varying traffic volumes can be difficult for decision makers faced with
budget constraints and a large roadway system to maintain. Decision makers must
contend with many nonmaterial issues when choosing effective pavement markings.
Proper installation methods are critical in order to obtain the expected service life of the
material. Damage from snow removal activities will reduce the effectiveness and
durability of pavement markings. Choices for extending service life in high snowplow
areas are limited and very costly. As such, decision makers must weigh the benefits of
expected service life, user delay cost, type of material, and placement procedures when
selecting products to be used in different locations.

With so many pavement marking materials available, choosing and placing products that
work best in specific conditions can be time consuming and confusing. The objective of
this research was to develop a matrix listing recommended marking products to be used
under differing environmental conditions and traffic volumes. The matrix is intended to
be a guideline for decision makers tasked with creating a safe roadway environment for
the traveling public. Use of the matrix will prevent product placement errors and provide
consistency in the roadway network.

Findings
NDOT Construction Personnel Survey

Investigation into the cause for the poor durability of epoxy traffic paint was conducted. A
survey of construction personnel revealed that numerous complications occurred during
initial pavement marking operations that contributed to the lack of long-term durability.
Installation problems such as poor surface preparation, equipment malfunction, thin
material coating thickness, and improper mixing all contributed to poor placement
procedures. Environmental issues such as low ambient temperature during product
placement and insufficient curing of open-grade wearing surfaces had deleterious affect
on product durability. Additionally, lack of experienced installation operators, deficient

.inspection procedures, and the inability to properly handle the workload of the striping

season contributed to poor performance. Because of all these issues, it was determined
that the poor durability of epoxy traffic paint was a systematic problem, and not due to
any singular cause. Every pavement marking project deemed unacceptable was due to
a unique problematic combination of occurrence that reduced the expected service life.

xii



State Survey

A state depariment of transportation survey was conducted to determine what
experience other states were having with common pavement marking materials.
Responses from twenty-three states indicate that solvent-borne, epoxy, waterborne, and
polyurea traffic paints as well as thermoplastics and tape are commonly used for long
line pavement marking operations. Survey results reveal there is significant variation in
the service life of these materials. For epoxy traffic paint, states were getting an average
three-year service life. NDOT's experience with epoxy traffic paint service life varies from
three months to four years. This was the most inconsistent life expectancy among
reported data.

The survey contained fourteen questions regarding snowplow policy, specifications,
retroreflectivity equipment, and restriping criteria used by the agencies. No single factor
appeared to stand out as the common determinate of superior product that correlates
with the service life of pavement marking materials.

Pavement Marking Test Sections

Thirty pavement marking products were applied and evaluated on five test sites in
Nevada. The products included waterborne, polyurea, epoxy, alkyd thermoplastic, and
permanent tape products. Test sections consisted of edge and centerline application that
varied in length from 0.15 to 3 miles long. The test sections were objectively monitored
for retroreflectivity and color data. The durability of the test sections was also examined.

Test site results show that the life expectancy of pavement markings varied greatly and
were dependant upon placement procedures, snow removal activities, and ultraviolet
degradation of the yellow colored paint products. Assorted traffic bead gradations and
application rates were compared and evidence shows that NDOT's Type A bead used
with waterborne paint exhibited better retroreflectivity performance over the Type B
traffic bead. Moreover, the Type A ftraffic beads applied at nine pounds per gallon had
higher retroreflectivity readings than Type A traffic beads applied at twelve pounds per
gallon. Tabulated data and comparison graphs for ali test sites were developed along
with a summary of results for each test site.

Conclusions

The collaborative efforts of the Pavement Marking Task Force and this research project
were the cornerstone of NDOT’s attempt to improve pavement marking durability and
provide cost-effective, quality striping to Nevada's traveling public. The research
prompted the complete examination of all procedures involved with pavement marking
material application. This examination included review of contract specification
requirements as well as testing, sampling, inspection, and quality control procedures.
Based on the examination, pavement marking system improvements were implemented
subject to discussion and approval by qualified group consensus of the Pavement
Marking Task Force members.

Constructing the pavement marking test sections contributed to improved striping
operations by allowing contractors, manufacturers, and NDOT personnel to work
together and share knowledge and experience about how better placement procedures
can contribute to pavement marking longevity. This interaction caused NDOT to improve




established methods and provided an environment for obtaining higher quality pavement
markings. The following modifications were enacted to improve NDOT's pavement

marking operations.

Specification Improvements

Allowed more lenient time frames for permanent paint application: Due to stringent
pavement marking application time frames on new roadways and heavy workload
before winter shut down, many contractors were overtaxed. This resulted in poorly
maintained equipment and a hurried approach to pavement marking operations. The
specifications now allow extended time frames for permanent paint application.
Contractors have additional time to plan for work and keep equipment in properly
working order. This improvement results in a more cooperative work environment
between NDOT and contractors.

Developed a polyurea traffic paint specification: Interest for polyurea traffic paint
markings was prompted and several polyurea paint pavement marking projects were
constructed in the Las Vegas area. Preliminary comments from engineers are
encouraging.

Developed minimum retfroreflectivity requirements for temporary and permanent
traffic paint contract acceptance: Retroreflectivity requirements have already
improved the quality of several large striping contracts. Projects that do not meet
minimum requirements are restriped or a reduced payment is negotiated based upon
the severity of the infraction. Each situation is handled on a case-by-case basis.
Improved waterborne paint specification: The compositional requirements for
waterborne paint have been updated.

Changed traffic bead specification for waterbome ftraffic paints: The fraffic bead
specification was changed to exclusive use of Type A bead for waterborne paints.

Qualified Products List (QPL) Changes

Waterborne, polyurea, and epoxy traffic paints: The QPL was updated with new
sections for Type 1 and Type Il waterborne paints. Previously, there was only an
approved resin list. An approved polyurea paint products list was developed.
Previously, polyurea was not used on NDOT’s roadways. Additionaily, the number of
qualified epoxy traffic paint products was increased.

Constructability Improvements

Initiated yearly inspection training for construction crew personnel: Training includes
videos, discussion, and use of retroreflectometers.

Eliminated the use of rumble strip seal and improved iogistics for striping staged
construction: Temporary waterborne paint is allowed in lieu of temporary epoxy paint
on certain projects. This reduces costs for long-term or staged construction work.

Materials, Sampling, and Testing Enhancements

Requisitioned retroreflectometers for state maintenance and construction personnel:
New test methods were created to enforce project retroreflectivity minimums.
Reviewed material sampling procedures with paint companies: The information was
circulated throughout the striping community.

Worked with bead manufacturers to make bead bag labels more user friendly:
fmproved bead bag labels should reduce errors of placing incorrect bead types on
liquid pavement marking materials.

xiv



Recommendations

The following actions are recommended to further improve pavement marking
operations throughout the state:

1)

2)

3)
4)

S)

Adopt the pavement marking guidelines matrix for use on all contract and restriping

work. -This -matrix was developed for various traffic and climatic conditions based-

upon the experience of in-house personnel. This matrix will provide systematic and

cost-effective guidelines for decision makers when selecting pavement marking

materials (Table E-1).

Use the life cycle cost analysis examples to assist in selecting the most viable
product and placement method for striping in rural and urban areas (Figure E-1).
Investigate better traffic bead technology, including use of direct melt glass.

Develop a systematic pavement marking management system and criteria for
restriping operations. ‘
Implement additional specification, constructability, materials, sampling, and testing
procedure improvements as recommended by the research report.

The team effort and cooperation of in-house staff including Maintenance, Traffic,
Research, Construction, and Materials Divisions have resulted in customized changes to
NDOT's pavement marking operations that will improve the longevity of pavement
markings. However, there is still much work to be accomplished. By adopting project
recommendations, NDOT will maintain a proactive stance in the pursuit of updating
construction practices to realize benefits of new methods and technology.
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ADVANCING DURABLE PAVEMENT MARKING MATERIALS IN NEVADA

CHAPTER 1 - INTRODUCTION

1.1 Background

The Nevada Department of Transportation (NDOT) is responsible for efficiently planning,

designing, constructing, and maintaining a safe and effective seamless fransportation
system for Nevada's economic, environmental, and social needs. This mission is
accomplished in part by updating construction standards and practices to improve
operations and realize benefits of new technology. One challenge facing NDOT is to
incorporate cost-effective and long lasting pavement markings that will bolster motorists’

safety.

Several years ago, a concern over the poor performance of epoxy traffic paint became
an operational issue. NDOT striping crews were restriping large portions of roadways
long before the expected epoxy traffic paint service life of 3 to 4 years was obtained.
Ineffective pavement markings became so commonplace that NDOT was motivated to
evaluate its pavement marking operations and place a high priority on performing
research to improve practices and extend pavement marking service life.

This report is a compilation of results for the Advancing Durable Pavement Marking
Materials in Nevada research project. The purpose of the project was to pool NDOT’s
resources, avoid fragmentary attempts at field-testing, and gather information that would
assist with improving the cost-effectiveness of pavement marking systems.

NDOT used the information contained in this report to compare the performance of
similar materials, expand NDOT's Qualified Products List, improve specifications, and
calculate cost-effectiveness. The primary result of this project is a matrix that lists the
recommended pavement marking materials for use on NDOT roadways based on traffic
and climate data. :

1.2 Quantifying Lack of Durability for Epoxy Traffic Paint

Between 1995 and 2000, NDOT spent over $9,000,000 for epoxy traffic paint striping
costs through 73 contract construction projects. The projects were reviewed to
determine how long the original epoxy traffic paint lasted before NDOT maintenance
forces were required to restripe the roadway. Approximately 40% of the projects required
restriping within three years of the date of application.

Maintenance pavement marking records were scrutinized through use of the
Maintenance Management System database for paint application rates on roadways
with original epoxy traffic paint applied in construction contracts. Projects that required
ten percent or more restriping within three years of original application were determined
to have unacceptable performance. Tabie 1.1 shows that 1,571 striping miles were
considered to have unacceptable epoxy traffic paint performance for the years 1995
through 2000.



TABLE 1.1
“Unacceptable Performance” of Epoxy Traffic Paint in Strlpmg_Mlles

UNACCEPTABLE PERFORMANCE (IN STRIPING MILES)
YEAR DISTRICT Il DISTRICT Ili DISTRICTS Il & Il§
1995 254 268 522
1996 261 - 84 345
1997 113 64 177
1998 150 . 86 236
1999 64 - .. - | 134 — 198
2000 N/A 93 93
TOTAL 842 729 1,571

* District | is not included in the analysis because the use of permanent tapes and
reflective pavement markers were more prevalent in the area.

1.3 Causes for Poor Performance of Epoxy Traffic Paint

A resident engineer survey was conducted in order to discover problems that occurred
during initial contract striping operations that may have contributed to the poor durability
of epoxy traffic paint. The survey revealed that the following issues contributed to poor
long-term paint performance:

Equipment breakdown and inexperienced striping personnel

Temperature and weather conditions

Inadequate cure time of roadway surfaces

Material quality and off color products

No quality control of the overall striping operations

Application problems - variable stripe widths and inadequate coating thickness
Inability to mix the epoxy paint properly resulting in black spots

Snowplow damage

Stringent time requirements for permanent pavement marking placement
Large quantity of projects and short window of opportunity to complete the
projects

The resident engineer survey identified several application issues. Issues included the
difficulty of monitoring the material coating thickness test used by construction
inspectors for quality assurance and placing certain pavement marking products where
failure is likely (e.g., permanent tape in snow removal areas). The foliowing summarizes
the environmental, installation, and material reasons identified as plausible explanations
for the reduction in epoxy traffic paint service life.

Environment:

Several complications contribute fo the environmental problems associated with the
premature failure of epoxy traffic paint. One problem is low ambient temperature during
epoxy traffic paint placement. Much of the striping is done at the end of the construction
season when the ambient temperature is near or below manufacturers’ installation
recommendations. Another problem is insufficient curing time of open-grade wearing



courses. Placing striping on insufficiently cured pavement will have an adverse effect on
the bond between paint and roadway.

Installation:

Common installation problems include poor surface preparation, equipment malfunction,
thin material coating thickness, and improper mixing. Good surface preparation is critical
for optimal pavement marking operations. The curing compound must be removed from
new concrete and the surface should be clean. Dust, dirt, and debris can build up on .
curing bituminous pavement within a short time. The striping equipment is reported to be
in various stages of malfunction and breaks down often. It is essential the equipment be
calibrated and in good working order. Thin material coating thickness is often reported
as a concern. The thin coating thickness on open-grade pavement surfaces does not fill
the voids to provide sufficient coverage. Visible black spots are a result of improper mix
ratios between the resin and hardener. improperly mixed paint will not cure and this
phenomenon has been observed frequently on roadways. Improper mixing happens
because of poor equipment maintenance and operator error.

Material:

An investigation by an epoxy traffic paint manufacturer attributes some of the poor
performance to the repeated use of inferior epoxy traffic paint product (20). There has
been many difficulties connected with the use of the inferior product, and this product
has been reformulated.

Miscellaneous:

Other factors contributed to the reduction in epoxy traffic paint service life. Inadequate
training, lack of experienced installation operators, and poor inspection procedures were
considerations. In addition, the inability to handie the workioad of the striping season
was a determining influence. Without properly maintained equipment, problems such as
worn tips, improper pressures, and frequent breakdowns occurred that caused inferior
line quality. Moreover, stringent time requirements for permanent pavement marking
placement caused distress for contractors burdened with heavy workloads. Additionally,
the damage caused by snow removal activities significantly reduced service life in high

mountain areas.
1.4 Pavement Marking Task Force

The desire to improve pavement marking operations and obtain better life expectancies
for traffic paint led to the establishment of a Pavement Marking Task Force. The Task
Force is comprised of representatives from various divisions within NDOT. The benefit of
the Task Force working in cooperation with this research effort included implementing
procedures to obtain higher quality pavement marking operations. Improved standard
specifications and a reduction of material failures were by-products of the effort.

Initial improvements were updating the contract waterborne paint specification and
initiating pavement marking inspection training for NDOT personnel. The Task Force
organized an industry meeting in June 2001 to promote communication between epoxy
traffic paint manufacturers and striping contractors. The meeting was sponsored to
identify possible causes of premature failure and make recommendations to improve



overall pavement marking effectiveness. The Task Force was also instrumental in
developing the Advancing Durable Pavement Marking Materials in Nevada research
project. This project helped focus NDOT's attention on working together for the common
goal of improving pavement marking operations throughout the state.

1.5 Advancing Durable Pavement Marking Materials in Nevada
NDOT is committed to improving transportation technology through its Annual Research,

Development, and Technology Transfer Work Program (Annual RD&T). One goal of the
research program is to develop -and implement new technical knowledge for practical

use throughout the agency. Management realized that a durable pavement marking

research project would be an ideal candidate for inclusion into the Annual RD&T. The
success of the project would benefit NDOT’s mission of providing a safe environment for
the traveling public.

A pavement marking research proposal was introduced to NDOT's Research
Management Committee and accepted for inclusion in the Annual RD&T on October 1,
2001. The expected project duration was three years and entitled Advancing Durable
Pavement Marking Materials in Nevada. The primary objective of the research project
was fo develop a matrix listing recommended pavement marking products to be used
under differing environmental conditions and traffic volumes. Other expected benefits of
the research were new or improved standard specifications and an expanded pavement
marking product base listed in the Qualified Products List. The research included the
construction of pavement marking test sections. Thirty pavement marking products were
monitored at five different locations throughout the state. Durability, retroreflectivity, and
color measurements were recorded and provided in the report. Moreover, this research
project focused attention on the importance of quality pavement markings and created a
momentum of higher expectations that continues today.

The Advancing Durable Pavement Marking Materials in Nevada research project
included a review of national pavement marking research and other states’ specifications
and qualified or approved products lists. Appendix A lists information resources and
references used in the context of this research, The information search included a NDOT
pavement marking survey resuiting in responses from twenty-three states.

1.6 State Survey

NDOT surveyed other states to determine what experiences the states were having with
common pavement marking materials. The survey contained questions regarding types
of markings used by the agency, service life, specifications, and materials. In addition,
data regarding pavement marking management systems and restriping criteria were
requested. Table 1.2 contains the types of pavement markings materials used by the
responding states’ depariment of transportation.



Table 1.2 Types of Pavement Marking Materials Used by State DOTs
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AK | X X X |

CT X X X

GA X X X X

IL X X X X X X X

IN X X X

IA X X X X X X X

KY X X X X X X

Mi X X X X X X X

NE X X X X X

NH X

NM X X

NV X X X X

OH X X X X X X
OR X X X X X

PA X X X

RI X X X

sC X X X X X

TN X X X X

X X X X

uT X X -X X X

VT X X X X

Wi X X X

WY X X X X
Total 9 3 14 16 20 19 8 6 1 1




Figure 1.1 displays the expected service life for epoxy, waterborne, permanent tape, and
spray thermoplastic pavement marking materials from several agencies. There is a large
variation in service life for each material. '

Service Years i

Figure 1.1 Expected Service Life for Pavement Marking Products
Selected responses from the fourteen-question survey include the foilowing:
Does agency have a pavement marking management system in place?

> 7 state DOTs responded “Yes” — IN, Mi, NH, OR, RI, TN, and WY
» Examples include statewide goals, application databases,
10-year plans, regular schedules, tracking costs, and QA/QC program

Is striping replaced on an as-needed basis or predetermined schedule?

> 6 states responded that striping is replaced on an “as-needed” basis
> B states responded that striping is replaced on a “schedule”
» 9 states replied that striping is replaced both “as-needed”
and on a “schedule”
» Overall, striping schedules are based on type of road and type of
marking material applied



What criteria are used for restriping?
(Choices: Observation, Retroreflectivity Readings, or Other)

9 states restripe based on observation only

3 states restripe on a schedule only

5 states restripe based on observation and retroreflectivity readings
5 states restripe based on observation and some type of schedule
1 state restripes based on observation, retroreflectivity readings,
and schedule :

VVYVYY

What primary type of specification does agency use for pavement markings?

> 10 states use compositional specifications

> 5 states use performance specifications

> 8 states use various combinations of compositional, performance,
and warranty specifications

The survey information illustrates the diversity of materials used on state highways, the
large variation in service life of the materials, and different restriping criteria used by the
agencies. No single factor appears to stand out as the common determinate of superior
product that correlates with the service life of pavement marking materials. Appendix B
contains the fourteen-question survey and state response.

1.7 Report Outline

NDOT invited paint manufacturers to participate in the field-testing of their products. The
outcome was the submission of over forty products for review. The thirty products
chosen for evaluation were placed on five test site locations with advice from the
Pavement Marking Task Force. The research study design is located in Chapter 2, field
application data is organized in tabular format in Chapter 3, and test site measurements
and observations are contained in Chapters 4 through 9. Laboratory evaluations,
estimated service life for the test sites, cost analysis, project matrix, and summary and
recommendations are located in Chapters 10, 11, and 12 respectively.



CHAPTER 2 - RESEARCH STUDY DESIGN

2.1 Test Sites

The field test sites consisted of four plantmix bituminous surfaces (PBS) with open-grade

__ wearing courses (OGWC) and one Portland cement concrete pavement (PCCP) surface.
Test sites were selected based on elevation, average daily traffic (ADT), and environmental

conditions. The areas selected were representative of the pavements upon which the traffic
marking material will be used and the extreme climatic conditions prevalent in Nevada.
These conditions include mountainous regions with rigorous snow removal activities to arid
desert terrain. Table 2.1 lists relevant information for each test site.

Table 2.1 Test Sites and Relevant Information*

PAVEMENT | AVERAGE ANNUAL TEMP AVERAGE
LOCATION TYPE ELEVATION { ADT AVE HIGH / LOW | PRECIPITATION
AND AGE (FEET) (°F}) {INCHES/YEAR)
SR028 PBS
Washoe County w/OGWC 6,250 7,300 58 /30 15.90
MP 0.00- 8.00 8 years olid
SR431  PBS
Washoe County | w/OGWC 7,250 5,600 53/30 22.95
MP 4.00- 5.50 4 years old
us050 PBS
Churchill County w/iOGWC 3,750 1,200 68 /38 5.55
MP 31.42-43.76 | 3 weeks old
Uso093 PBS
Clark County w/OGWC. 2,250 1,700 80 /50 517
MP 59.00-70.00 | 5 years old
Us09s5
Clark County | 14 POCP | 2250 84500 80 /50 517
MP 63.50- 66.50 years o

*NDOT Source - Pavement Analysis Database




2.2 Materials Tested

There were thirty pavement marking products applied and evaluated on five test sites
located throughout Nevada. The products included ten waterbome paints, six polyurea
paints, six epoxy paints, four alkyd thermoplastic preducts, and four permanent tape
products. Waterborne paints were installed on SR028, US050, and US093 from August

" through October 2002. Polyurea, alkyd thermoplastic, waterborne, and epoxy pavement. =

" marking products were placed on-US095 in September 2002. Polyurea, alkyd thermoplastic,
and epoxy pavement marking products were placed on SR431 in September 2002. In
addition, permanent tape and single and double applications of waterborne paint_ were
installed 6 SR431, as a separate site evaluation, in September 2003. Table 3.1 lists the
pavement marking materials placed and evaluated.

2.3 Installation

The product manufacturers supplied and placed the polyurea, epoxy, alkyd thermoplastic,
and permanent tape pavement marking materials. NDOT striping crews placed alt
waterborne paints. Both the manufacturers and NDOT personnel supervised installation of
the products and NDOT provided traffic control. The polyurea, epoxy, waterborne, alkyd
thermoplastic, and traffic bead materials were applied in a single operation using approved
equipment as specified in 632.03.02 of NDOT's Standard Specifications (34).

All materials placed were representative of manufacturers’ working batch supplies and were
sampled in accordance with NDOT procedures.

Each manufacturer supplied enough material to longitudinally stripe roadway sections that
varied in length from 0.15 to 3 miles. The test sections consisted of both. 4-inch yeliow
centerlines and 4-inch white edge lines for all locations, with the exception of US095. The
US005 test site consisted of an 8-inch white edge line and an 8-inch yellow median line in

the northbound lane.

Striping contractors calibrated equipment for proper bead loading and material coating
thickness. Product manufacturers and NDOT personnel verified the calibration. In addition,
check stripes were placed at nearby locations before actual test stripes were applied on the
roadway. Sample plates were taken for all check and roadway striping for liquid pavement
marking products fo verify material coating thickness.

The materials were applied to dry surfaces. Table 2.2 is a summary of the surface
preparation for each test site. The test sections placed on SR431 in 2002 and 2003 were
recessed to protect the pavement markings from snowplow damage. Table 2.3 lists the
recess depths for the SR431 2002 test site. The materials placed on the SR431 2003 test
site were recessed approximately 300 mils.



Table 2.2 Summary of Surface Preparation

PLACEMENT

striping truck.

LOCATION SURFACE PREPARATION
Sweeping by vacuum broom | Products were placed over worn
SR028 Test Site | and compressed air by out paint typical of field restriping

conditions.

SR431 Test Site
(2002)

Grinding to-depth;-sweeping
by vacuum broom, and
application of compressed air
by generator. '

' Products were recessed from 60

mils to 100-mils according to
manufacturers’ directions. See
Table 2.3 for specific depths of
grind. - :

SR431 Test Site

Grinding to depth, sweeping
by vacuum broom, and

Products were recessed

(2003) application of compressed air | approximately 300 mils.
by generator. -
. Compressed air by striping Products were placed on a newly
US050 Test Site truck. paved roadway surface.
. -~ Products were placed over wom
US093 Test Site Compressed air by striping out paint typical of field restriping
truck. by
. . conditions.
100% removal of old product,
. sweeping by vacuum broom, | Products were placed on PCCP
US095 Test Site and compressed air by surface.
siriping truck.
Table 2.3 Recess Depths for SR431 2002 Test Site
SR431 2002 TEST SITE
: Recess Depth
Material Type Product Trade Name Color (Mils)
Alkyd 885555/W5E-5GS-1A .
Thermoplastic | 885315/Y2E-5GS-1A | '/hite and Yellow 100
Epoxy LS52 White and LF Yellow 100
Polyurea LS90 White and LF Yellow 80
Polyurea LPM 1200 White and LF Yellow 60
Polyurea LPM 1000 White and LF Yellow 60
Epoxy Mark-55.3 White and Yellow 60

Chapter 3 contains all compiled pavement marking application data, bead application data,
and weather data during placement in tabular format.

2.4 Field Data Collection Methodology

The field data collection procedures are based on information provided in the National
Transportation Product Evaluation Program Project Work Plan for the Field and Laboratory
Evaluation of Pavement Marking Materials (9). ASTM D 713, “Standard Practice for
Conducting Road Service Tests on Fluid Traffic Marking Materials,” ASTM International was
also used as reference (11). The installed test site striping was placed longitudinally for
centerlines, median lines, and edge lines in order to evaluate the products under “real world”
conditions. Monitoring was based on the number of observations that investigators thought

10



would be effective and logistically reasonable. The striping was reviewed in the exact
condition perceived by the traveling public. Efforts were made to monitor materials in
uniform conditions away from noticeable striping wear due to approaches, curves,
intersections, areas near turning movements, and dirt or grime. However, no effort was
made to “clean” the striping by washing or other means before taking measurements.

Retroreflectivity, color, and durability data were initially coliected Within 7 to 14 days of

" installation and at periodic intervals thereafter. Winter weather conditions in central western
Nevada prevented data collection on SR028, SR431, and US050 during the winter months.
However, spring evaluations were conducted at these Tocations despite leftover deicing or
salt residue.

Data collected for each pavement marking product included a subjective rating of the
durability of the material based on information provided in ASTM D 913, “Standard Test
Method for Evaluating Degree of Resistance to Wear of Traffic Paint” and ASTM D 2205,
“Standard Guide for Selection of Tests for Traffic Paints,” ASTM International (12, 13).
Tables 4.1, 5.1, 6.1, 7.1, 8.1, and 9.1 contain reported durability observations.

Retroreflectivity measurements were based on guidelines presented in ASTM D 6359,
“Standard Specification for Minimum Retroreflectance of Newly Applied Pavement Marking
Using Portable Hand-Operated Instruments,” and ASTM E 1710, Standard Test Method for
Measurement of Retroreflective Pavement Marking Materials with CEN-Prescribed
Geometry Using a Portable Retroreflectometer,” ASTM International {14, 17). The
equipment used was a portable LTL—X retrometer with 30-meter geometry. The illumination
angle for this equipment is 1.24° and the observation angle is 2.29°. Measurements are
reported in units of millicandelas per square meter per lux {(mcd/m?/lux). Tables 4.1, 5.1, 6.1,
7.1, 8.1, and 9.1 contain reported retroreflectivity measurements.

A BYK Gardner Color-guide 45/0 Spectrophotometer was used to measure daytime
chromaticity (color) coordinates of the pavement marking materials. Measurements were
taken in Y, x, y CIE coordinates with a 2-degree observer using a D65 type illuminant.
Daytime chromaticity requirements from ASTM D 6628, “Standard Specification for Color of
Pavement Marking Materials,” ASTM International were used to evaluate the acceptability of
reported color results (15). All chapter resuits reported in black print piot within the
acceptable daytime color boundaries as described in ASTM D 6628. All chapter resuits
listed in red print and underlined are outside the acceptable daytime color boundaries as
described by ASTM D 6628. Tables 4.2, 5.2, 6.2, 7.2, 8.2, and 9.2 contain reported color
coordinates.

Winter maintenance activities and snow removal data were collected for each test site. The
data is detailed in the chapter results for various locations.

2.5 Laboratory Evaluation Methodology

NDOT's Materials Division tested the pavement marking products and traffic beads placed
on the test sites. The products were evaluated for compliance to NDOT’s Standard
Specifications for Road and Bridge Construction, Sections 729 — Traffic Paint, and 730 -
Traffic Beads (34). Chapter 10 gives an account of the tests, acceptance criteria, and
laboratory evaluations for the materials.

11
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CHAPTER 3 - PAVEMENT MARKING MATERIALS

Field Application Data

Table 3.1 is a list of the pavement marking materials placed'and evaluated on the test .
sites. The materials include polyurea, epoxy, alkyd thermoplastic, waterborne and

permanent tape products. The companies that participated in the project were 3M Traffic
Control (3M), Ennis Paint, inc. (EPI), Epoplex (EPO), Pervo Paint Company (PPC), Poly-
Carb, Inc. (PCH), Sherwin Williams (SW), and TMT-Pathway, LLC (TMT).

Table 3.2 contains pavement marking application data. The data consists of the date
and time of placement as well as temperature and applied thickness of materials. The
use of primer for alkyd thermoplastic and tape products is also mentioned.

Table 3.3 is comp'rised of traffic bead application data. Bead application data includes
the bead type used for each material, application rate in pounds per galion, and type of
bead coating.

Proper weather conditions during pavement marking placement play an important roie in
obtaining long-lasting performance. Tables 3.4 through 3.8 consist of the local weather
data during pavement marking application. The data includes atmospheric temperature,
relative humidity, dew point, wind speed, and wind direction. The pavement temperature
is also recorded.

12



Table 3.1 Pavement Marking Materials Tested

Vendor Vendor Project . Product
Name iD Code Material Type Trade Name Color
3M Traffic M |PMRP-02-Nv-01 Polyurea LPM 1000 White
Control PMRP-02-NV-02 |- -Polyurea LPM 1000 LF Yellow
PMRP-02-NV-03 . -- Polyurea LPM 1200 White
PMRP-02-NV-04 Polyurea LPM 1200 LF Yellow
PMRP-02-NV-27-{ Tape (High Performance) A380IES White
PMRP-02-NV-28 | Tape (High Performance) A3B1IES Yellow
PMRP-02-NV-22 | Tape (Wet Reflective) AB20 White
PMRP-02-NV-30 | Tape (Wet Reflective) AB21 Yellow
Ennis Paint, Inc. EP! |PMRP-02-NV-05 Alkyd Thermoplastic | 885555/ W5E-5GS-1A| White
PMRP-02-NV-06 Alkyd Thermoplastic 885315/Y2E-5GS-1A| Yellow
PMRP-02-NV-07 Waterborne Paint NVW-40-M-2 White
PMRP-02-NV-08 Waterborne Paint NVY-40-M-2 LF Yellow
Epoplex EPO |PMRP-02-NV-(9 Epoxy LS52 White
PMRP-02-NV-10 Epoxy LS52 LF Yellow
PMRP-02-NV-11 Epoxy LS50 White
PMRP-02-NV-12 Epoxy LS50 Yellow
PMRP-02-NV-13 Polyurea LS90 White
PMRP-02-NV-14 Polyurea LSS0 LF Yellow
Pervo Paint PPC |[PMRP-02-NV-15 Waterborne Paint 6050 White
Company PMRP-02-NV-16 Waterborne Paint 6053 LF Yellow
PMRP-02-NV-17 Waterborne Paint 7950 White
PMRP-02-NV-18 Waterborme Paint 7953 LF Yellow
PMRP-02-NV-19 Alkyd Thermoplastic T-1001AASHTO White
PMRP-02-NV-20 Alkyd Thermoplastic T-1003AASHTO | LF Yellow
Poly-Carb, Inc. PCl |PMRP-02-NV-21 Epoxy Mark-55.3 White
PMRP-02-NV-22 Epoxy Mark-55.3 Yellow
Sherwin Williams SW  IPMRP-02-NV-23 Waterborne Paint BP19421 White
PMRP-02-NV-24 Waterborne Paint BP19422 LF Yellow
TMT-Pathway LLC] TMT |PMRP-02-NV-25 Waterborne Paint 2771A9 White
PMRP-02-NV-26 Waterborne Paint 2772A9 LF Yellow

13
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Table 3.4 Weather Conditions During Application of

Materials on SR028 and SR431 - 2002 Test Site (Page 1 of 2)

Pavement Atmospheric Relative Dew Wind Wind
Date Time Temperature { Temperature | Humidity | Point | Speed | Direction
{°F) _(°F) (%) (°F)_| (MPH) | _(True)

9/10/2002 | 2:00 PM 115 73 14 21 5 30
9/10/2002 | 2:30 PM 114 75 15 25 5 30
9/10/2002 | 3:00 PM 112 75 15 25 4 20
9/10/2002 § 3:30 PM 107 75 15 25 2 VRB
8/10/2002 | 4:00 PM 103 75 15 25 2 ~ VRB
9/11/2002 | 9:00 AM 70 63 29 30 2 VRB
9/11/2002 | 9:30 AM 78 64 28 30 2 VRB
9/11/2002 | 10:00 AM 90 66 27 31 5 40
8/11/2002 § 10:30 AM 93 70 24 31 5 40
9/11/2002 §11:00 AM 93 72 22 31 5 40
9/11/2002 | 11:30 AM 96 72 21 30 4 20
9/11/2002 | 12:00 PM 104 73 20 28 4 20
9/11/2002 | 12:30 PM 106 73 15 23 4 20

.9/11/2002 | 1:00 PM 113 75 13 21 2 VRB
9/11/2002 | 1:30 PM 121 75 13 21 4 20
9/11/2002 | 2:00 PM 110 75 13 21 7 30
9/11/2002 | 2:30 PM 105 75 13 21 6 VRB
9/11/2002 | 3:00 PM 101 75 13 21 3 VRB
9/11/2002 | 3:30 PM 98 75 14 22 3 VRB
9/11/2002 | 4:00 PM 98 75 14 23 3 VRB
9/12/2002 | 9:00 AM 70 64 27 29 0 N/A
9/12/2002 | 9:30 AM 78 66 25 29 0 N/A
9/12/2002 | 10:00 AM 83 70 22 29 5 40
9/12/2002 | 10:30 AM 85 72 18 26 3 40
9/12/2002 | 11:00 AM 86 72 18 26 3 40
9/12/2002 | 11:30 AM 92 74 17 27 3 VRB
9/12/2002 | 12:00 PM 101 75 19 30 3 VRB
9/12/2002 | 12:30 PM 111 77 14 25 3 VRB
8/12/2002 | 1:00 PM 103 77 11 18 3 VRB
9/12/2002 | 1:30 PM 113 77 12 20 3 VRB
9/12/2002 | 2:00 PM 113 77 12 20 3 VRB
9/12/2002 | 2:30 PM 111 77 12 20 3 VRB
9/12/2002 | 3:00 PM 111 77 11 19 4 20
9/12/2002 | 3:30 PM 111 77 11 19 0 N/A
9/12/2002 | 4:00 PM 104 77 12 20 0 N/A
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Table 3.4 Weather Conditions During Application of

Materials on SR028 and SR431 - 2002 Test Site (Page 2 of 2)

Pavement Atmospheric Relative Dew Wind Wind
Date Time Temperature | Temperature | Humidity | Point | Speed | Direction
_ (R (°F) (%) - -°F) | (MPH) | - (True)
9/13/2002 | 9:30 AM 81 53 45 32 0 N/A
9/13/2002 | 10:00 AM 83 64 30 32 3 VRB
9/13/2002 | 10:30 AM 74 68 26 32 3 VRB
9/13/2002 | 11:C0 AM 78 70 24 32 6 30
9/13/2002 | 11:30 AM 92 72 23 32 4 VRB
9/13/2002 | 12:00 PM 113 72 23 32 4 VRB
9/13/2002 | 12:30 PM 120 74 21 32 4 VRB
9/13/2002 | 1:00 PM 121 74 21 32 6 20
9/13/2002 § 1:30 PM 122 76 20 32 3 VRB
9/13/2002 | 2:00 PM 112 76 20 32 3 VRB
9/13/2002 | 2:30 PM 112 76 20 32 3 VRB
9/13/2002 | 3:00 PM 106 76 18 29 5 VRB
9/13/2002 | 3:30 PM 102 78 16 29 3 VRB
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Table 3.5 Weather Conditions During Application of Materials on SR431 - 2003 Test Site

Pavement | Atmospheric Relative Dew Wind Wind
Date Time Temperature | Temperature | Humidity Point Speed Direction
{’F) {°F) (%) CF) (MPH) (True)
9/25/2003 9:00 AM N/AVAIL 66 29 33 0 N/A
9/25/2003 10:00 AM N/AVAIL 72 22 3 4.5 VRB
9/25/2003 11:00 AM N/AVAIL 74 21 32 0 N/A
9/25/2003 12:00 PM N/AVAIL 78 16 29 55 VRB
9/25/2003 1:00 PM 109 79 12 22 10 80
9/25/2003 2:00 PM 112 79 12 22 6 130
9/25/2003 3:00PM 104 80 12 23 6 130
9/25/2003 4:00 PM 107 80 12 23 0 N/A
9/25/2003 5:00 PM N/AVAIL 72 18 26 9 330
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Table 3.6 Weather Conditions During Application of Materials on US050

Pavement Atmospheric | Relative Dew Wind Wind
Date Time Temperature | Temperature | Humidity Point Speed Direction
(°F) (°F) (%) F) (MPH) (True)
- 8/20/20021 1:30 PM 132 - 84 22 41 8 230
8/20/2002 ; 2:00 PM 134 86 18 38 8 290
8/20/2002} 2:30 PM 137 86 18 38 8 290
- 8/20/2002 | 3:00 PM 126 84 17 34 - 10 300
8/21/2002 | 9:00 AM 79 64 37 37 0 N/A
8/21/2002 | 9:30 AM - 91 67 35 38 3 VRB
8/21/2002 1 10:00 AM 98 68 37 41 4 VRRB
8/21/2002110:30 AM 107 70 38 43 4 VRB
8/21/2002111:00 AM 110 70 38 43 3 VRB
8/21/2002 | 11:30 AM 115 71 30 38 3 VRB
8/21/2002 | 12:00 PM 119 73 26 36 4 VRB
8/21/20021 12:30 PM 123 75 26 38 5 330
8/21/2002| 1:00 PM 128 75 26 38 5 330
8/21/2002| 1:30 PM 132 76 23 36 4 VRB
8/21/2002 | 2:00 PM 134 77 23 36 4 VRRB
8/21/2002 | 2:30 PM 132 79 21 36 8 320
8/21/2002 | 3:00 PM 134 79 21 36 8 320
8/21/2002 | 3:30 PM 134 79 21 36 6 VRB
8/21/2002 | 4:00 PM 130 79 21 36 4 VREB
8/21/2002 | 4:30 PM 122 79 21 36 7 10
8/22/2002 | 7:30 AM 64 80 38 34 5 330
8/22/2002 | 8:00 AM 68 64 33 34 5 330
8/22/2002 | 8:30 AM 75 66 31 34 5 350
8/22/2002 | 9:00 AM 88 70 29 36 5 360
8/22/2002 ) 9:30 AM 88 71 28 36 4 VRB
8/22/20021 10:00 AM 102 74 25 36 3 VRB
8/22/2002 | 10:30 AM 107 75 24 36 3 VvRRB
8/22/2002 | 11:00 AM 114 75 29 41 5 360
8/22/2002 | 11:30 AM 117 77 25 38 5 360
8/22/2002 | 12:00 PM 128 79 20 34 3 VRB
8/22{2002 | 12:30 PM 131 80 19 34 3 VRB
8/22/2002 | 1:00 PM 137 81 20 36 2 VRB
8/22/2002 | 1:30 PM 136 82 18 34 3 VIRB
8/22/2002 | 2:00 PM 139 82 16 32 3 VRB
8/22/2002 | 2:30 PM 137 82 18 34 5 320
8/22/2002 | 3:00 PM 134 82 18 34 6 320
8/22/2002 | 3:30 PM 136 84 17 34 6 320
8/22/2002 | 4:00 PM 130 84 17 34 6 320
8/22/2002 | 4:30 PM 118 84 17 34 7 320
8/22/2002| 5:00 PM 118 84 17 34 5 10
8/30/2002 | 10:30 AM 112 78 24 38 2 170
8/30/2002 | 11:00 AM 118 81 20 36 3 170
8/30/2002 | 11:30 AM 122 83 20 38 6 300
8/30/2002 | 12:00 PM 127 84 19 38 7 300
25



Table 3.7 Weather Conditions During Application of Materials on US093

Pavement | Atmospheric | Relative | Dew | Wind Wind
Date Time | Temperature | Temperature | Humidity | Point | Speed | Direction
CF) CF) (%) (°F) | (MPH) | (Trus)

10/14/2002 | 10:00 AM 77 71 20 28 0 N/A
10/14/2002 } 10:30 AM 81 72 19 28 0 N/A
10/14/2002 { 11:00 AM 88 73 20 30 0 N/A
10/14/2002 | 11:30 AM 90 73 18 28 0 N/A
10/14/2002 | 12:00 PM 90 77 16 28 4 70

10/14/2002 | 12:30 PM 96 79 18 32 4 60

10/14/2002 | 1:00 PM 98 79 18 32 4 50

10/15/2002 | 9:30 AM 78 70 18 24 0 N/A
10/15/2002 | 10:00 AM 79 70 18 25 3 200
10/15/2002 | 10:30 AM 81 74 16 25 3 200
10/15/2002 | 11:00 AM 84 76 15 25 0 N/A
10/15/2002 | 11:30 AM 88 7% 15 25 0 N/A
10/15/2002 | 12:00 PM 91 77 14 25 4 260
10/15/2002 | 12:30 PM 95 80 14 27 4 260
10/15/2002 | 1:00 PM 99 81 14 27 4 260
10/16/2002 | 9:00 AM N/AVAIL 67 20 24 0 N/A
10/16/2002 | 9:30 AM N/AVAIL 70 18 24 0 N/A
10/16/2002 | 10:00 AM N/AVAIL 72 19 27 0 N/A
10/16/2002 | 10:3¢ AM N/AVAIL 73 17 26 0 N/A
10/16/2002 | 11:00 AM N/AVAIL 76 15 25 0 N/A
10/16/2002 | 11:30 AM N/AVAIL 78 14 25 0 N/A
10/16/2002 | 12:00 PM N/AVAIL 79 15 27 5 60

10/16/2002 | 12:30 PM| N/AVAIL 80 14 27 5 60

10/16/2002 | 1:00 PM N/AVAIL 81 14 28 6 60
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Table 3.8 Weather Conditions During Application of Materials on US095

: Pavement | Atmospheric | Relative | Dew | Wind Wind
Date Time | Temperature | Temperature | Humidity | Point | Speed | Direction
(°F) (°F} (%) (°F) { (MPH) | (True)

9/24/2002 | 10:30 PM 81 - 85 " 18 35 5 240
9/24/2002 | 11:00 PM 84 83 18 35 6 240
9/24/2002 | 11:30 PM 84 83 18 3% | 6 240
9/25/2002 | 12:00 AM 84 84 17 34 8 200
9/25/2002 | 12:30 AM 83 83 17 34 6 - 190
9/25/2002 | 1:00 AM 83 83 17 34 6 190
9/25/2002 | 1:30 AM 83 85 16 35 6 “190
9/25/2002 | 2:00 AM 82 87 16 35 5 200
9/25/2002 | 2:30 AM 82 83 18 35 5 200
9/25/2002- | 10:30 PM 88 90 19 43 6 230
9/25/2002 | 11:00 PM 88 86 20 41 8 200
9/25/2002 | 11:30 PM 88 87 20 41 8 200
9/26/2002 | 12:00 AM 88 90 17 40 8 40

9/26/2002 | 12:30 AM 88 88 18 40 8 40

9/26/2002 | 1:00 AM 86 88 18 39 3 180
9/26/2002 | 1:30 AM 86 86 18 37 5 180
9/26/2002 | 2:60 AM 86 85 18 37 8 40
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CHAPTER 4 - RESULTS FOR SR028 TEST SITE

Background

The SR028 test site is located on a two-lane plantmix bituminous with open-grade
wearing course roadway in Washoe County, Nevada from mileposts 0.00 to 8.00 (Figure
4.1 near Incline Village).

Waterborne pavement marking materials were longitudinally placed as center and edge
lines over worn out paint in the same manner that occurs for typical NDOT maintenance
restriping operations. Figure 4.2 shows a diagram of the test site layout. Materials were
installed in September 2002 and monitored until February 2003.

Evaluation Based on Durability, Retroreflectivity, and Color

Durability

Table 4.1 presents the durability observations for the pavement marking materials
placed on the SR028 test site. Good durability for both yellow and white markings lasted
a minimum of 2.5 months. There was an average of 40% of the products left on the
roadway within five months of application. Figures 4.6 and 4.7 illustrate the amount of
wear that occurs on pavement markings due to snow removal activities.

Retroreflectivity '

Table 4.1 lists the recorded retroreflectivity measurements. Figures 4.3 through 4.5 show
retroreflectivity comparisons for the east edge, center, and west edge lines,
Retrorefiectivity measurements indicate that all yeliow pavement markings were below
100 mecd/m?/lux within 2.5 months. Only three of the ten white colored stripes retained
readings over 125 mcd/m?/lux throughout the monitoring process, despite a loss of

durability.

Color

Table 4.2 contains the color measurement results for the pavement marking materials.
Most yellow colored marking materials were noncompliant with ASTM D 6628, “Standard
Specification for Color of Pavement Marking Materials,” within 2.5 months of application
(15). All white colored pavement markings were compliant with specified chromaticity
coordinates after 5 months of application. However, the daytime luminance factor
minimums were not achieved. The color measurements displayed with red font and
underlined are measurements that do not meet daytime chromaticity coordinate or
luminance factor color requirements according to ASTM D 6628.

Winter Maintenance Activities

This location is known for rugged winter conditions. Previous attempts at striping
maintenance have included the application of solvent-borne traffic paint a minimum of

three to four times per year.
Pavement markings were subjected to the winter maintenance activities listed in Tables

4.3 and 4.4. Activities included snow removal and application of salt and sand, salt and
chlorides, and salt brine solution. The location was snowplowed an estimated 327 times

28



from November 2002 until February 2003. In addition, 43 cubic yards of salt and sand,
3.5 cubic yards of sait and chlorides, and 1225 gallons of salt brine solution were placed
on the location from November 2002 until February 2003.
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Winter Maintenance Activities for the SR028 Test Site

Table 4.3 contains a summary of the estimated number of snowplow passes on the
SR028 test site. The site was snowplowed an estimated 327 times from November 2002
until February 2003. NDOT manages maintenance activities with a database containing
task descriptions, number of man-hours utilized, and materials and equipment used.

Estimates.are based upon information contained within the database and discussion -

with snowplow operators.

Table 4.3 Estimated Number of Snowplow Passes on the SR028 Test Site

Number of Hours per Month

Estimated Number of Snowplow

Month of Snowplow Activity Passes per Month
Nov 2002 26 26
Dec 2002 169 169
Jan 2003 35 35
Feb 2003 97 97

Total Estimated Snowplow Passes

for 02/03 Season: 327

Table 4.4 shows that 43 cubic yards of salt and sand, 3.5 cubic yards of salt and
chiorides, and 1225 gallons of salt brine solution were placed on the SR028 test site
from November 2002 until February 2003.

Table 4.4 Salt and Sand, Salt and Chlorides, and Salt Brine Quantities

Month Description of Treatment (C?j:;:n‘t(sz dp:; g:l?c::s)
Nov 2002 Salt and Sand 5
Dec 2002 Salt and Sand 28
Jan 2003 Salt and Sand 3
Feb 2003 Salt and Sand 7
Total for 02/03 Season: 43 CY
Dec 2002 Salt and Chlorides 2
Feb 2002 Salt and Chlorides 1.5
: Total for 02/03 Season: 3.5 CY
Dec 2002 Salt Brine - 750
Jan 2003 Salt Brine 50
Feb 2003 Salt Brine 425

Total for 02/03 Season: 1225 GAL
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CHAPTER 5 - RESULTS FOR SR431 - 2002 TEST SITE

Background

The SR431 2002 test site is located on a two-lane plantmix bituminous with open-grade
wearing course roadway in Washoe County, Nevada from mileposts 4.00 to 5.50 (Figure
5.1 near Incline Village). L

Epoxy, polyurea, and alkyd thermoplastic pavement marking materials were
longitudinally placed as center and edge lines. The materials were recessed in the
pavement approximately 60 to 100 mils according to manufacturers’ directions. Figure
5.2 shows a diagram of the test site layout. Materials were installed in September 2002
and monitored until May 2004, Contractors were required to place acceptable check
stripes before striping the roadway (Figure 5.6). Figure 5.7 shows the equipment used to
recess the pavement markings and a view of the recess grind. '

Evaluation Based on Durability, Retroreflectivity, and Color

Durabiity _ _
Table 5.1 presents the durability observations for the pavement marking materials
placed on the SR431 2002 test site. A one-year durability evaluation indicates that there
was 20% to 60% loss of durability. Several materials were deteriorated to a point where
restriping of the east edge line was warranted before a second winter season ensued.

The materials were recessed because it was expected that snow removal activities
would be cause for the majority of deterioration. However, there was a noticeable
reduction in durability for several products from April through September 2003 despite
limited snow removal activities.

Retroreflectivity
Table 5.1 lists the recorded retroreflectivity measurements. Figures 5.3 through 5.5 show

retroreflectivity comparisons for the east edge, center, and west edge lines. The seven-
month retroreflectivity measurements demonstrate how winter maintenance treatments
such as salt, sand, chlorides, and brine solution can affect marking brightness. The late
winter measurements for several products were marginal and the benefit of spring and
summer rains to wash away residue and sand resulted in a notable increase in
brightness for many materials by September of 2003.

A one-year retroreflectivity comparison indicated that the east edge line deteriorated at a
faster rate than the west edge line. Engineers decided to restripe the east edge line after
one year because of nominal retroreflectivity measurements and a minimum 20% lack of
durability for several materials. The center and west edge lines were monitored through
a second winter season.

Color
Table 5.2 contains the color measurement results for the pavement marking materials.

All yellow colored marking materials were noncompliant with the daytime chromaticity
coordinate requirements according to ASTM D 6628, “Standard Specification for Color of
Pavement Marking Materials,” within 5 months of application (15). The materials drifted
in and out of chromaticity coordinate compliance for the duration of the monitoring
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process. However, four of the six yellow colored products maintained luminance factor
requirements.

The majority of the white colored products maintained chromaticity coordinate and
fuminance factor requirements throughout the monitoring process. The color
measurements displayed with red font and underlined are measurements that do not
meet daytime chromaticity coordmate or luminance factor color requirements according

to ASTM D 6628.

Monitoring was discontinued in..May 2004. Final evaluations were taken on the
remaining seven of the original eighteen stripes. The remaining epoxy paint
retroreflectivity readings and durability are very similar, with some variation in color
results. One polyurea product outperformed all other products with regards to
retroreflectivity measurements. However, several other polyurea products were among
the first products that required restriping. The polyurea traffic paint results are good
examples of the importance of refraining from generalizations about different traffic paint
product classes based on one product line in class.

Winter Maintenance Activities

The location was subjected to rigorous winter maintenance activities and the recess
grind depth was not substantial enough to protect the pavement marking materials
through numerous winter seasons. The inlay grind was barely noticeable after the first
winter season and completely worn flush with the road surface by the end of the second

winter season.

Pavement markings were subjected to the winter maintenance activities listed in Tables
5.3 and 5.4. Activities included snow removal and application of salt and chlorides, salt
and sand, and salt brine solutions. The location was snowplowed an estimated 1620
times from September 2002 until May 2004, in addition, 82 cubic yards of salt and sand,
33 cubic yards of salt and chlorides, and 3500 gallons of salt brine solution were placed
on the location from September 2002 until May 2004.
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Winter Maintenance Activities for the SR431 - 2002 Test Site

Table 5.3 contains a summary of the estimated number of snowplow passes for the
SR431 test site. The site was snowplowed an estimated 1620 times from September
2002 until May 2004. NDOT manages maintenance activities with a database
containing task descriptions, number of man-hours utilized, and materials and equipment
used. Estimates are based upon information contained within the database and
discussion with snowplow operators.

Table 5.3 Estimated Number of Showplow Passes on the SR431 - 2002 Test Site

Month Number of Hours per Month Estimated Number of Snowplow
of Snowplow Activity Passes per Month

Sep 2002 1 2

Oct 2002 7 14
Nov 2002 42 84
Dec 2002 146 292
Jan 2003 43 86
Feb 2003 46 92
Mar 2003 42 84
Apr 2003 89 178
May 2003 18 36

Total Estimated Snowplow Passes
for 02/03 Season: 868
Oct 2003 21 42
Nov 2003 43 86
Dec 2003 123 246
Jan 2004 56 112
Feb 2004 83 166
Mar 2004 26 _ 52
Apr 2004 19 38
May 2004 5 10
Total Estimated Snowplow Passes
for 03/04 Season: 752
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Table 5.4 shows that 17 cubic yards of salt and chlorides, 49 cubic yards of salt and
sand, and 2100 gallons of salt brine solution were placed on the SR431 test site from
October 2002 until May 2003. In addition, 16 cubic yards of salt and chlorides, 33 cubic
yards of salt and sand, and 1400 gallons of salt brine solution were placed on the test
site from October 2003 until May 2004.

Table 5.4 Salt and Chlorides, Salt and Sand, and Salt Brine Quantities

Month Description of Treatment . (ng;:"\t{';yr;’:: g;?ct::s)
Oct 2002 Salt and Chlorides 0.21
Nov 2002 Salt and Chlorides 1.88
Dec 2002 Salt and Chlorides 4,53
Jan 2003 Salt and Chlorides 2.35
Feb 2003 Salt and Chlorides 2.58
Mar 2003 Sait and Chilorides 1.88
Apr 2003 Sait and Chlorides 3.42
May 2003 Salt and Chlorides 0.91
Total for 02/03 Season: 17 CY
Oct 2002 Salt and Sand 0.28
- Nov 2002 Salt and Sand 3.55
Dec 2002 Salt and Sand 14.13
Jan 2003 Salt and Sand 5.50
Feb 2003 Salt and Sand 6.82
Mar 2003 Salt and Sand 10.58
Apr 2003 Salt and Sand 7.86
May 2003 Salt and Sand 0.70
Total for 02/03 Season: 49 CY
Oct 2002 Salt Brine 26
Nov 2002 Salt Brine 194
Dec 2002 Salt Brine 654
Jan 2003 Sait Brine 215
Feb 2003 Salt Brine 348
Mar 2003 Salt Brine 208
Apr 2003 Salt Brine 395
May 2003 Salt Brine 88
Total for 02/03 Season: 2128 GAL
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(Continued)
Table 5.4 Salt and Chlorides, Salt and Sand, and Salt Brine Quantities
Month Description of Treatment (cff;;:n‘t{'g(f:; g:I'I];:s)
Oct 2003 Salt and Chlorides 0.37
Nov 2003 Salt and Chlorides 1.30 e
Dec 2003 Salt and Chlorides =~ & .= 440
Jan 2004 Salt and Chlorides 3.10
Feb 2004 Salt and Chlorides 5.24
Mar 2004 Salt and Chlorides - 0.87
Apr 2004 Salt and Chlorides 1.05.
May 2004 Salt and Chlorides : 0.50
Total for 03/04 Season: 16 CY
Oct 2003 Salt and Sand 3.27 .
Nov 2003 Salt and Sand 3.03
Dec 2003 Salt and Sand 8.48
Jan 2004 Salt and Sand 5.81
Feb 2004 Salt and Sand 8.85
‘Mar 2004 Salt and Sand 2.41
. Apr 2004 Salt and Sand 0.80
May 2004 Salt and Sand 0.37
Total for 03/04 Season: 33 CY
Oct 2003 Salt Brine 50
Nov 2003 Salt Brine 203
Dec 2003 Salt Brine 571
Jan 2004 Salt Brine 329
Feb 2004 Salt Brine 218
Mar 2004 Salt Brine 37
Apr 2004 Salt Brine 25

Total for 03/04 Season: 1433 GAL
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CHAPTER 6 — RESULTS FOR SR431 - 2003 TEST SITE

Background

* A portion of the SR431 2002 test site was reused to place waterborne traffic paint and

permanent tape pavement marking materials. This test site is located on a two-lane
plantmix bituminous with open-grade wearing course roadway in Washoe County,
Nevada from mileposts 4.90 to 5.20 (Figure 6.1 near Incline Village and Figure 6.5).

Waterborne traffic paint and permanent tape materials were longitudinally placed as
center and edge lines, and recessed in the pavement approximately 300 mils. Figure
6.2 shows a diagram of the test site layout. Materials were installed in September 2003
and monitored until May 2004.

Evaluation Based on Durability, Retroreflectivity, and Color

Durability
Table 6.1 presents the durability observations for the pavement marking materials

placed on the SR431 2003 test site. The double application of waterborne paint was
more durable than the single application of waterborne paint. Moreover, the high
performance tape was more durable than the wet reflective tape (Figures 6.6 through

6.8).

Retroreflectivity

Table 6.1 lists the recorded retroreflectivity measurements. Figures 6.3 and 6.4 show
retroreflectivity comparisons for the white and yellow colored materials. The results show
that a double application of waterborne paint retained higher retroreflectivity readings
over a single application of waterborne paint. Furthermore, the high performance tape
out performed the wet reflective tape.

Color

Table 6.2 contains the color measurement results for the pavement marking materials.
The color measurements displayed with red font and underlined are measurements that
do not meet daytime chromaticity coordinate or luminance factor color requirements
according to ASTM D 6628 “Standard Specification for Color of Pavement Marking
Materials® (15).

Winter Maintenance Activities

The location was subjected to rigorous winter maintenance activities and damage
occurred to all products. Damage from snow removal activities occurred despite the fact
that the materials were recessed 300 mils into the pavement. Additionally, a noticeable
buildup of sand was in the recess grind and varied from month to month.

Materials were subjected to winter maintenance activities listed in Tables 6.3 and 6.4.
Activities included snow removal and application of salt and chlorides, salt and sand,
and salt brine solution. The location was snowplowed an estimated 750 times from
October 2003 until May 2004. In addition, 33 cubic years of salt and sand, 16 cubic
yards of salt and chiorides, and 1400 gallons of salt brine solution were placed on the
location from QOctober 2003 until May 2004.
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Winter Maintenance Activities for the SR431 - 2003 Test Site

Table 6.3 contains a summary of the estimated number of showplow passes for the
SR431 test site. The site was snowplowed an estimated 752 times from October 2003
until May 2004. NDOT manages maintenance activities with a database containing task
descriptions, number of man-hours utilized, and materials and equipment used.
Estimates are based upon information contained within the database and discussion

with snowplow operators.

Table 6.3 Estimated Number of Snowplow Passes on the SR431 - 2003 Test Site

Number of Hours per Month

Estimated Number of Snowplow

Month of Snowplow Activity Passes per Month
Oct 2003 21 42
Nov 2003 43 86
Dec 2003 123 246
Jan 2004 56 112
Feb 2004 83 166
Mar 2004 26 52
Apr 2004 19 38
May 2004 5 10

Total Estimated Snowplow
Passes for 03/04 Season: 752
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Table 6.4 shows that 16 cubic yards of salt and chlorides, 33 cubic yards of salt and
sand, and 1400 gallons of salt brine solution were placed on the SR431 test site from

October 2003 until May 2004.

Table 6.4 Salt and Chlorides, Salt and Sand, and Salt Brine Quantities

Month Description of Treatment - (ng?cn$g ;:; g:l'llct’:s)

Oct 2003 Salt and Chlorides 0.37

Nov 2003 Salt and Chiorides 1.30

Dec 2003 Salt and Chlorides 4.40

Jan 2004 Salt and Chiorides 3.10

Feb 2004 Salt and Chlorides 5.24

Mar 2004 Salt and Chlorides 0.87

Apr 2004 Salt and Chiorides 1.05

May 2004 Salt and Chlorides 0.50

Total for 03/04 Season: 16 CY

Qct 2003 Salt and Sand 3.27 '
Nov 2003 Salt and Sand 3.03

Dec 2003 Salt and Sand 8.48

Jan 2004 Salt and Sand 5.81

Feb 2004 Salt and Sand 8.85

Mar 2004 Salt and Sand 2.41

Apr 2004 Salt and Sand 0.80

May 2004 Salt and Sand 0.37

Total for 03/04 Season: 33 CY

Oct 2003 Salt Brine 50

Nov 2003 Salt Brine 203

Dec 2003 Salt Brine 571

Jan 2004 Salt Brine 328

Feb 2004 Salt Brine 218

Mar 2004 Salt Brine 37

Apr 2004 Salt Brine 25

Total for 03/04 Season: 1433 GAL
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Figure 6.6 Joint at High Performance Tape (Left) and .
Wet Reflective Tape (Right)

Figure 6.8 Wet Reflective Tape (May 2004)
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CHAPTER 7 — RESULTS FOR US050 TEST SITE

Background

The USO30 test site is located on a two-lane plantmix bituminous with open-grade
wearing course roadway in Churchill County, Nevada from mileposts 31.42 to 43.76
(Figure 7.1 near Salt Wells arid Figure 7.11).

Waterbome traffic paint materials were longitudinally placed as center and edge lines
three weeks after a newly applied roadway surface. The materials were applied using
various bead gradations, bead application rates, and paint coating thicknesses. Figure
7.2 shows a diagram of the test site layout. Materials were installed in August 2002 and
monitored until May 2004.

Evaluation Based on Durability, Retroreflectivity, and Color

Durability

Table 7.1 presents the durability observations for the pavement marking materials
placed on the USO050 test site. Sections placed with an 18 wet mils paint coating
thickness showed signs of wear within three months of placement. These sections were
deteriorated after one winter season and restriping was recommended. Engineers
determined that the sections placed with 25 wet mils paint coating thickness were in
condition to withstand a second winter season after being in place for over a year.

Retroreflectivity

Table 7.1 lists the recorded retrorefiectivity measurements. Figures 7.3 through 7.5
illustrate retroreflectivity comparisons for the center and edge lines for all products
placed between mileposts 31.42 to 39.00. The materials were installed with 25 wei mils
paint coating thickness and Type B beads applied at S pounds per gallon. All white
colored marking products exhibited measurements over 135 mcd/m*/lux after 21 months.
The yellow colored marking products demonstrated measurements over 105 med/m?/iux
after 21 months.

Figure 7.6 shows a retroreflectivity comparison for white waterborne paint using 25 wet
mils paint coating thickness and Type A and Type B beads applied at 9 pounds per
gallon. The information indicates that Type A beads have an average of 67% higher
retroreflectivity measurements over Type B beads when similarly placed.

Figure 7.7 presents a retroreflectivity comparison for yellow waterborne paint using 25
wet mils paint coating thickness and Type A and Type B beads applied at 9 pounds per
gallon. Resuits show that Type A beads have an average of 50% higher retroreflectivity
measurements over Type B beads when similarly placed.

Figure 7.8 displays a retroreflectivity comparison for white waterborne paint using 25 wet
mils paint coating thickness and Type A and Type B beads applied at 12 pounds per
gallon. Evidence suggests that Type A beads have an average of 17% higher
retroreflectivity readings over Type B beads when similarly placed, despite the higher
initial measurement for the Type B bead.
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Figure 7.9 shows a retroreflectivity comparison for white waterborne paint using 25 wet
mils paint coating thickness and Type A beads applied at 9 and 12 pounds per gallon.
Results demonstrate that the Type A beads placed at 9 pounds per gallon have an
average of 22% higher retroreflectivity readings than Type A beads placed at 12 pounds

per gallon.

Figure 7.10 illustrates a retroreflectivity comparison for white waterborne paint using 25
wet mils paint coating thickness and Type B beads applied at 9 and 12 pounds per
gallon. The information illustrates that the Type B beads applied at @ pounds per gallon
have an average of 14% lower retroreflectivity readings than Type B beads applied at 12

pounds per gallon.

Sections applied with 18 wet mils paint coating thickness showed a substantial reduction
in retroreflectivity readings within 6 months of placement compared to sections applied
with 25 wet mils paint coating thickness. There was not a significant improvement in
retroreflectivity with the use of 12 pounds of beads per gallon over the use of 9 pounds
of beads per gallon.

Color
Table 7.2 contains the color measurement results for the pavement marking materials. A

review of color data shows that all thiteen white colored 25 wet mils edge lines
maintained acceptable daytime chromaticity coordinate and luminance factor
requirements according to ASTM D 6628, “Standard Specification for Color of Pavement
Marking Materials,” throughout the monitoring process (15). The yellow colored products
display color degradation to various extents as noticed by inspection. The color
measurements displayed with red font and underlined are measurements that do not
meet daytime chromaticity coordinate or luminance factor color requirements according
to ASTM D 6628.

Winter Maintenance Activities

Materials were subjected to the winter maintenance activities listed in Tables 7.3 and
7.4. Activities included snow removal and application of salt brine solution and salt and
sand. The location was snowplowed an estimated 59 times from December 2002 until
March 2004. In addition, 160 cubic yards of salt and sand and 515 gallons of salt brine
solution and were placed throughout the area from December 2002 to February 2004.
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Winter Maintenance Activities for the US050 Test Site

Table 7.3 contains a summary of the estimated number of snowpiow passes for the
US050 test site. The site was snowplowed an estimated 58 times from December 2002
until March 2004. NDOT manages maintenance activities with a database containing
task descriptions, number of man-hours utilized, and materials and equipment used.
Estimates are based upon information contained_within the database and discussion

with snowplow operators. S

Table 7.3 Estimated Number of Snowplow Passes on the US050 Test Site

Month Number of Hours per Month | Estimated Number of Snowplow
of Snowplow Activity Passes per Month
Dec 2002 13.5 12
Feb 2003 4.5 4
Mar 2003 3.6 4
Total Estimated Snowplow
Passes for 02/03 Season: 20
Oct 2003 1.86 2
Nov 2003 0.93 1
Dec 2003 18.28 16
Jan 2004 12.07 9
Feb 2004 11.16 10
Mar 2004 0.62 1
Total Estimated Snowplow
Passes for 03/04 Season: 39
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Table 7.4 shows that 42 cubic yards of salt and sand and 30 gallons of salt brine solution
were placed on the US050 test site from December 2002 until March 2003. In addition,
121 cubic yards of salt and sand and 485 gallons of salt brine solution were placed on
the test site from November 2003 to February 2004. _

Table 7.4 Salt and Sand and Salt Brine Quantities

Month~ | Description of Treatment (Cﬁg?cn$g cfse ;' g;?;:s)
Dec 2002 Salt and Sand 25.60
Feb 2003 Salt and Sand 5.00
Mar 2003 Salt and Sand 11.29
Total for 02/03 Season: 42 CY
Nov 2003 Salt and Sand 1.55
Dec 2003 Salt and Sand 42.37
Jan 2004 Sait and Sand 44,23
Feb 2004 Salt and Sand 32.47
Mar 2004 Salt and Sand 0.62
. Total for 03/04 Season: 121 CY
Dec 2002 Salt Brine 30 '
- Total for 02/03 Season: 30 GAL
Dec 2003 Salt Brine 440
Feb 2004 Salt Brine 45
Total for 03/04 Season: 485 GAL
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Figure 7.11 NDOT Maintenance Crews Stripe US050 Test Site (Top)

The US050 Test Site is Located on the “Loneliest Road in America” in the
Salt Wells Basin Area (Bottom)
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CHAPTER 8 —- RESULTS FOR US093 TEST SITE

Background

The US093 test site is located on a two-lane plantmix bituminous with open-grade
wearing course roadway in Clark County, Nevada from mileposts 59:00 to 70.00 (Figure
8.1 between north of I-15 to south of SR168 and Figure 8.6).

Waterborne paint materials were longitudinally placed as center and edge lines over
worn out paint in the same manner that occurs for typical NDOT maintenance restriping
operations. Figure 8.2 shows a diagram of the test site layout. Materials were installed
in October 2002 and monitored until May 2004.

Evaluation Based on Durability, Retroreflectivity, and Color

Durability
Table 8.1 presents the durability observations. Al materials remained durable

throughout the monitoring process.

Retroreflectivity
Table 8.1 lists the recorded retroreflectivity measurements. Figures 8.3 through 8.5 show

retroreflectivity comparisons for the east edge, center, and west edge lines. All white
colored marking materials exhibited measurements over 340 mcd/m?lux after nineteen
months. All yellow colored marking products demonstrated measurements over 140
med/m%lux at the end of 19 months.

Color
Table 8.2 contains the color measurement results for the pavement marking materials. A

review of color data indicates that nine of the ten white colored edge lines maintained
acceptable daytime chromaticity coordinates and luminance factor requirements
according to ASTM D 6628, “Standard Specification for Color of Pavement Marking
Materials,” throughout the monitoring process (15).

The yellow colored pavement marking materials display similar trends of color
degradation starting from approximately 4 months after placement. Within eleven
months of placement, four of five yellow colored materials were noncompliant with
chromaticity coordinate requirements and all materials were noncompliant with
luminance factor requirements. The color measurements displayed with red font and
underlined are measurements that do not meet daytime chromaticity coordinate or
luminance factor requirements according to ASTM D 6628.

Winter Maintenance Activities

There were no winter maintenance activities at this location.
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Figure 8.1 Map of Clark County, Nevada
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Figure 8.2 US093 - Clark County
Test Site Layout
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Figure 8.6 US093 - Clark County
Road View
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CHAPTER 9 - RESULTS FOR US095 TEST SITE

Background

The US095 test site is located on a six-lane PCCP roadway in urban Las Vegas, Nevada
from mileposts 63.50 to 66.50 (Figure 9.1 between Sunset Road and Tropicana Avenue

and Figure 9.5).

Waterborne, epoxy, polyurea, and alkyd thermoplastic pavement marking materials were
longitudinally placed for the median and edge lines in the northbound lane. Figure 10.2
shows a diagram of the test site layout. Products were installed in September 2002 and
monitored until June 2004.

Evaluation Based on Durability, Retroreflectivity, and Color

Durability
Table 9.1 presents the durability observations for the pavement marking materials

placed on the US095 test site. The waterborne paint was the first materiat to display
signs of wear. One alkyd thermoplastic product fine and both epoxy paint product lines
remained durable throughout the monitoring process.

Retroreflectivity
Table 9.1 lists the recorded retroreflectivity measurements. Figures 9.3 and 9.4 illustrate

retroreflectivity comparisons for the median and edge lines. Only the epoxy paint
marking materials exhibit measurements over 150 mcd/m?/lux for white products and
100 med/m/Iux for yellow products at the end of twenty-one months. :

Color
Table 9.2 contains the color measurement results for the pavement marking materials.

All white colored materials met daytime chromaticity coordinate requirements according
to ASTM D 6628, “Standard Specification for Color of Pavement Marking Materials,”
throughout the monitoring process (15). However, the luminance factor for several
products demonstrated reduced lightness within two months of placement. All white
colored products were noncompliant for luminance factor requirements within eight

months of product placement.

The majority of the yellow colored pavement marking materials were noncompliant with
the daytime chromaticity coordinate and luminance factor requirements within eight
months of placement. Only one yellow epoxy paint material maintained acceptable
daytime chromaticity coordinates throughout the monitoring process. The color
measurements displayed with red font and underlined are measurements that do not
meet daytime chromaticity coordinate or luminance factor color requirements according

to ASTM D 6628.
Winter Maintenance Activities

There were no winter maintenance activities at this location.
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Median Line Edge Line

66.5 MP
Pervo Paint Company

Waterborne Paint -

605D and 6053

66.0 MP
Ennis Pzint, Inc.

Alkyd Thermoplastic

885555/W5E-5GS-1A and
885315/Y2E-5GS-1A

65.5 MP
Pervo Paint Company

Alkyd Thermoplastic

T-1001AASHTO and
T-1003AASHTO

65.0 MP
Poly-Carb, Inc.

Epoxy Paint
Mark-55.3

64.5 MP
3M Traffic Control

Polyurea Paint
LPM 1000

64.0 MP
Epoplex

Epoxy Paint
LS50

63.5 MP

Figure 9.2 US095 — Clark County
Test Site Layout
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Figure 9.5 US095 — Clark County
Road View
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CHAPTER 10 - LABORATORY EVALUATION

Laboratory Results

NDOT's Materials Division tested the pavement marking products evaluated on the test
sites. The products were sampled and tested according to procedures that NDOT uses
for all striping materials. The materials .were evaluated for compliance to the
specifications outlined in NDOT's Standard Specifications for Road and Bridge
Construction, Sections 729 - - Traffic Paint and 730 - Traffic Beads (34).

Before traffic paint formulations are approved for use on NDOT's roadways, the
manufacturer must submit certification, product specification, sample, and Infrared
Spectra of each component for each color. The samples taken in the field are then
tested for spectral analysis and results are compared to the file spectra. If a product
sample does not match the file spectra, the Materials Division may choose to pursue
more testing such as pigment content, density, or total sollds in attempt to identify what
problems exist with the material.

Field samples were taken for all liquid paint products and traffic beads used at the test
sites. Table 10.1 lists the acceptance criteria and tests performed on the materials.
Tabie 10.2 shows that all waterborne paints, with exception of three paints, passed the
viscosity and spectra analysis testing. Based upon available data from laboratory
reports, the three waterborne paint failures may be indicative of a systematic sampling
error at the location. The same paint batches were used at other test site locations and
passed testing requirements. Table 10.3 indicates that all spectra analysis testing results
are passing for products placed on the SR431 and US095 test sites. Additionally, Table
10.4 presents the passing test results for traffic beads. The traffi c beads were tested for
sieve analysis, moisture content, and visual inspection. :
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Table 10.1 Tests and Acceptance Criteria for

Pavement Marking_ Materials and Traffic Beads

s ——

|

Polyurea
Traffic Paint

ASTM D 2621 “Test Method Compared to manufacturer’s Infrared
Spectra on file with Materials Division.

for Infrared Identification of
Vehicle Solids from Solvent-
Reducible Paints”

FT-IR Spectral Analysis
using Referee Method: KBr

Manufacturer must certify that materials

meet formulation and compositional
requirements as listed in NDOT’s
Standard Specifications for Road and

MATERIAL TEST ACCEPTANCE CRITERIA
_ ASTM D 562 “Test Method- - | =% '
e | for Consistency of Paints: e T
Iﬁ:;ﬁ?;;?ﬁt - | Measuring Krebs Unit (KU) 80 - 95 KU
et Viscosity Using a Stermer- -4 -
K Type Viscometer”
NDOT modified version of | Compared to manufacturer’s Infrared
ASTM D 2621 “Test Method | Spectra on file with Materials Division.
Waterborne for Infrared Identification of Manufacturer must certify that materials
Traffic Paint Vehicle Solids from Solvent- | meet formulation and compositional
: Reducible Paints” for requirements as listed in NDOT's
o ‘FT-IR Spectral Analysis Standard Specifications for Road and
" using Universal ATR (UATR) | Bridge Construction. l
%?T::rzéegen{;iw:;h;d Compared to ma_nufacturer’s Infrared -
Vehicle Solids from Solvent- Spectra on file with Materials Division.
Epo Reducible Paints” Manufacturer _must certify that materials
Tr?af)rg Paint FTJIR Spectral Analysis meet formulation and compositional
using Referee Method: KBr requirements as Iistgd in NDOT's
. Disc or Alternative Method: Stgndard Specrﬁc_:atlons for Road and
|l__‘ UATR Bridge Construction. _l

|

’ Traffic Beads

for Sieve Analysis of Glass
Spheres”®

Disc or Alternative Method: - :
UATR - - Bridge Construction.
Alkvd Acceptance based on certification and
Th Y lastic Not Applicable performance specification supplied by
ermoplast the manufacturer.
ASTM D 1214 “Test Method | 56298 shall conform to

T gradation |
requirements according to Section 730 |

Traffic Beads in NDOT's Standard
Specifications for Road and Bridge

sdip——
r——
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Construction.
Trafiic Bead Nevada Test Method Moisture content shall not exceed 0.01%
rathc Beads Moisture Content when tested at 105 °C for three hours. |
Beads shall be coloriess, clean,
Traffic Bead \N/ies‘:‘]??nzeiyoﬁmd transparent, and free from milkiness,
ramc beads | ™ P _ pits, or excessive air bubbles.
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r Waterborne Traffic Paint Laboratory Testing
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SR028 NVW-40-M-2 | White Pass Pass
SR028 NVY-40-M-2 | LF Yellow Pass Pass
SR028 6050 | _White Pass Pass
SR028 6053 LF Yellow Pass Pass
SR028 7950 White Pass Pass
SR028 7953 LF Yeliow Pass Pass
SR028 BP19421 ~ White Pass Pass
SR028 BP19422 LF Yellow Pass Pass
SR028 2771A9 White Pass Pass
SR028 2772A9 LF Yellow Pass Pass
US050 NVW-40-M-2 White Pass Pass
US050 NVY-40-M-2 LF Yellow Pass Pass
Uso050 6050 White Pass Pass
uSso50 6053 LF Yellow | Pass Pass
US050 7950 White Pass Pass
Us050 7953 LF Yellow Pass Pass
US050 BP19421 White Pass Pass
US050 BP19422 LF Yellow Pass Pass
US050 2771A9 White Pass Pass
US050 2772A9 LF Yellow Pass Pass
US093 NVW-40-M-2 White Pass Pass
uUs093 NVY-40-M-2 LF Yellow Pass Pass
Us093 6050 White Pass Pass
us0g3 6053 LF Yellow Fail Eail
Us093 7950 White . Pass Pass
Us093 7953 LF Yellow Pass Pass
Us093 BP19421 White Fail Fail
uso0se3 BP19422 LF Yellow Pass Pass
LUS093 2771A9 White Pass Pass
Us093 2772A9 LF Yellow Eail Eail
Us095 6050 White Pass Pass
Uso095s 6053 LF Yellow Pass Pass
SR431 - 2003 6050 White Pass Pass
SR431 - 2003 6053 LF Yellow Pass Pass




Epoxy and Polyurea

Table 10.3 Resu

Y

Traffic Paint Laboratory TestinL

LPM 1000

© 8SR431-2002 Polyurea White Pass .
T .-LPM 1000
SR431 -2002 Polyurea LF Yellow Pass
LPM 1200 .
SR431 - 2002 Polyurea White Pass
LPM 1200
SR431 - 2002 Polyurea LF Yellow Pass
LS90 .
SR431 - 2002 Polyurea White Pass |
LS90
SR431 - 2002 Polyurea LF Yellow Pass
LS52 .
SR431 - 2002 Epoxy White Pass
LS52
SR431 - 2002 Epoxy LF Yellow Pass
SR431 - 2002 Mark-55.3 White Pass
SR431 - 2002 Mark-55.3 Yellow Pass
: {PM 1000 .
Uso9s Polyurea White Pass
LPM 1000
US085 Polyurea LF Yeliow Pass
Us09s LS50 White Pass
Uso095 LS50 Yellow Pass
usoss Mark-55.3 White Pass
Us085 Mark-55.3 Yellow Pass

109




011

e it i,

ssed ssed ssed SJONpo.Ld Juled awogsajep v odA) 9adg AN S60SN
(1 edAL) ssed an. | 8dAL | 8-/¥2-W OLHSSY
ssed %8d | (gedky)ssed easrEn pue ¢ adAL 96-d4 xneboyy | 980SN
ssed ssed ~ ssed 000} Wd1 Il edA | osdg AN S60SN
(Il ®dA1) ssed Il pue | sedA] _
ssed ssed (| odA1) sseq 0SS sadg AN G60sSN
ssed ssed ssed S}oNpoid JUlBd BUl0qselepM v adA) o8dg AN £60SN
ssed ssed ssed SJONPO.d Juled auIoqiajes g odA] sedg AN 0s0Sn
ssed ssed $sed S]ONPo.Id juled SUIOQISIEM v 8dA] oedg AN 0s0sn
ssed ssed ssed SJONpo.d Juled aulogqisjep v 8dA] oadg AN £002Z - LEYYHS
(O1HSYY) ssed oo | 80AL 18-/¥2-N O1HSYV .
wwmw,n_ ssed (g odA|) ssed €55 e pue ¢ odA1 96-d4 xnjeBeyy | ¢00C - LEVHS
ssed ssed ssed 0021 Wd1 il 8dA L 2edg AN 200T - LEYYHS
ssed ssed ssed - 000} W Il 8dAL Dadg AN 200Z - LEYYS
_ (1l 8dA]) ssed Il PUe | sadk)
S98d | | e (1 8dAy) sseq 0687 08dg AN 200 - 1EVHS
] (11 @dA)) sseq Il pue | sadA}
mmma ssed (] 90A1) ssed 2SSt 28dg AN ¢002Z - LErYS
ssed ssed ssed $10NpoLd Juled suIoqI)e v odAj oodg AN 820uS

BUNSe | ojeloqe-] peog dujel] 1o} SNsay p0) SlqeL




CHAPTER 11 — ESTIMATED SERVICE LIFE, COST ANALYSIS, AND MATRIX

11.1 Estimated Service Life for Test Sites

Pavement marking service life has been a subject of study for many years. One notable

. research project contained 85 study sites in 19 states, with 362 longitudinal pavement.....
marking lines. The sites were evaluated to determine the longévity of durable pavement

markings. Statistical and regression modeling were used for.each separate pavement

marking line and ranges of expected service life in months were developed. It was stated

“that the end of the service life of a particular pavement marking is defined as the point in
time at which its retroreflectivity falls below an acceptable level. The minimum
acceptable retroreflectivity values used to determine the end of pavement marking
service lives for the project varied based on roadway fype, speed classification, and
color. The white markings were considered to have an end of service life at 85 to 150
med/m?lux and the yellow markings were considered to be at the end of service life at
55 to 100 med/m?lux (30). :

Other research proposes mathematical models for determining the service life of
pavement markings. The assumption for these models is that deterioration is not linear,
and some form of regression is required (1, 38). Although minimum refroreflectivity
requirements for roadways have not been established in the Manual on Uniform Traffic
Control Devices, there is research that recommends acceptable minimum threshold
values (2, 39, 43). Additionally, there is research available that estimates the end of
pavement marking service life by assuming that the reduction in retroreflectivity over

time is linear (22).

The end of pavement marking service life determinations for this project is the
combination of lack of durability, color, and retroreflectivity performance. End of service
life is based on the objective results of the monitoring process, the investigators’
estimation of failure, and discussion with NDOT staff responsible for maintenance. For
most products, retroreflectivity measurements of 125 mcd/m#/lux for white pavement
markings and 100 med/m?flux for yellow pavement markings were used as service life
minimum threshold values. Basing the end of pavement marking service life solely upon
retroreflectivity measurements is not justified in several cases where retroreflectivity
measurements were considered acceptable, and the marking was determined to be
ineffective due to lack of durability and visually poor colors.

Table 11.1 lists the average estimated service life for each product class at the test site
locations. The service life varies considerably and is dependent upon roadway type,
traffic volume, climate, snow removal activities, and if the product was recessed in
pavement. Many test sites were located in areas of extreme environmental consequence
and the product serviceability is specific to the test site location and is not indicative of
possible statewide averages.
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Table 11.1 Estimated Service Life of Product Classes at Test Site Locations

L L._v.l

Location Average Estimated Service Life
(Elevation) Type of Product (Months)
Waterborne
?GF;%%‘; White 5.0
_ Yeliow 2.5
SR431- 5002 Alkyd Thflwﬁ.;t)lastlc ‘ 3. 17
(7250) e . -
_ *Yellow N 7
SR‘(‘E;’;‘,';g)OOZ " *White - 12-16 )
o *Yellow 15
i » Polyurea ‘
SR‘(‘?;ég)OOZ - White 2.5-21
*Yellow 2-21
Waterborne L.
: + | *Single White Application . 4.5
SR4(3:{1250§°°3 *Double White Application g+
e *Single Yellow Application 4
*Double Yellow Application’ 7
. Tape : ' _
SR4(?.’,125‘0§°°3 *White 45-8+
' _ *Yellow 4.5-8+
US050 Waterborne _ (18 wet mils)
(3750) White 35
: Yellow ' 3.5
US050" Waterbow:1 1(25 wet mils) -
" 3750) r gt e
Yellow: 22
- Waterborne: &
4 T Yelow .. - 20+,
* | Waterborme AR '
?29505%5)’ White . 18
Yellow ‘ ™ - ' 18
' Polyurea o -
‘(JZSZ%%? White « a7
Yellow S 18
- ~
US095 Alkyd Th\e’vnr??plastlc ) L 18
(2250) ite
' Yellow" - N 14-18
Epoxy ;o
?282%%? T Wil o
Yellbow 21+

* Indicates product was recessed in pavement for protection from snowplow damage.

-
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11.2 Cost Analysis

Table 11.2 displays the initial installation cost with placement by NDOT or contractor
forces, service life, and annualized installation cost {time value of money excluded) for
the recommended white striping materials to be used on NDOT's roadways. The service

~ lives were chosen based on-current and expected NDOT practice for striping. with_.
=+ varying environmental and traffic conditions throughout the state. Cost. data for the traffic
paints were based on average prices paid by NDOT for pavement markings and ..

estimates from manufacturers. Since alkyd thermoplastic and. permanent tape products
were not recommended for long line pavement marking use due to availability and
constructability issues, these costs were not included. This data is provided for

informational purposes only.

Table 11.2 *Initial Installation Cost and Service Life

INSTALLATION ANNUAL
MATERIAL TYPE OF COST - SERVICE | INSTALLATION
LINE ($/LF) LIFE -~ COST
: ($/LFIYR)
. a4 | 0.04 (NDOT) ‘ 0.08 (NDOT)
Waterborne 4—mc_:h solid 0.14 (Contractor) 6 Months 0.28 (Contractor)
r . 0.07 (NDOT) 0.14 (NDOT)
Waterbome | &-inchsolid | 5'4g (Contractor). | 8 MOMNS | 5'ag (Contractor)
r . 0.04 {NDOT) 0.04 (NDOT)
Waterborne 4-inch solid 0.14 (Contractor) 1 Year 0.14 (Contractor)
r . 0.07 (NDOT) 0.07 (NDOT)
Waterborne | 8-inch solid | o'4g (contractor) | 1 Y83 | 0.19 (Contractor)
r . 0.04 (NDOT) 0.02 (NDOT)
Waterborne | 4-inchsolid | o441 (contractor) | 2 Y82 | 0.07 (Contractor)
r . 0.07 (NDOT) 0.04 (NDOT)
Waterborne 8-inch solid 0.19 (Contractor) 2 Years 0.10 (Contractor)
Epoxy 4-inch solid | 0.38 (Contractor) 2 Years 0.19 (Contractor)
Epoxy 8-inch solid | 0.53 (Contractor) 2 Years 0.27 {Contractor)
Epoxy 4-inch solid | 0.38 (Contractor) 3 Years 0.13 {Contractor)
Epoxy 8-inch solid | 0.53 (Contractor) 3 Years 0.18 (Contractor)
**Polyurea 8-inch solid | 0.85 (Contractor) 4 Years 0.22 (Contractor)

* User delay, traffic control, eradication, and mobilization costs were not included.
** NDOT does not have long-term experience with polyurea and service life is based on
other states' experience.

Figure 11.1 illustrates the estimated present worth life cycle costs for one-mile of 8-inch
white pavement marking using various striping and restriping scenarios. These
scenarios were described based on current and expected NDOT striping practices. The
12-year life cycle cost analysis values range from $2,470 to $28,300 per mile and are
dependent upon type of material and required surface preparation. The analysis is
provided for informational purposes only.

113



148!

(o3yM Youy-g) sy Bupdinys Jesur] euQ Jo} sisKjeuy 150D 8jokD oy JBBA-Z) L'} ) eanbi4

{eousyadxe sojels J2Uj0 UO poseq st )| eojses pue jujed oyjen eeinkjod yym esusyadxe LLe}-Buo| oARY Jou s80p | OAN) e Jod pg ) yzs = IS0 YUOM Jussald
Kz ; Ky Ky 0
| M_ Lo b [ . | |
i "pepn|au Jou €1 1500 ABjep Jasr] °g PUE p s1Eed Joj pUNS SSE08I SO UOBIIPEIS PUE DAU0D SR} ‘UOJEZ|IGOW JO) SIST0 SSPN|oU|
'sseek 1noj Aseae 10ja82U09 Aq Bulduyses esankjod pue Bujdys eeunkjod [epu) sieek ¢ §0 94)| evues Jujed eeini|od :§ OeUaag

i . ; opw tad SpE'ss = 1500 YoM Jueseld
;NF s: ;o_,,_ s,m sm .._:. h:. .sm 5. ;n e

: *PEpRIOU) JOU i€ |NU0Y SWE pue ‘uopezligow ‘Aejap Jasn 1o} s)so))
., .._uoa >._0>a aoEo_oo:ucoE_uE._.Oan m:_a_._.no._ oEB..Equ:a..BoEESEn:_n_._.uanono_u_::_Eupaﬁoo:_ao_towa:_un»xonm "vo_._m_._aum

_ : elw Jad 00g'gZS = 150D YUOM Judsely
KzL o e g we 0

_m____, L uuv:.oc_ 10U 5] 1800 Aejap Jes() "G PUB ‘9 ‘g S1E8A 1) PUMB 55804 JO UOREDIPEIS PUE ‘[0JUO0D SIEL 'UOPEZ|(|GOLW JO) §1S0D SBPN|SU)
R ‘sleed aeuy) Lieae Jojornjuoa Aq Budyses Axode pue n:.n_.__n £xode |epu) ‘s1eok g jo ay|| 8o1Aas Juted Axods ' OMeuadg

oj1u Jad 07§ = 150D ULOM Juesaly

KZ) g Ko Ky Kz 0
| L | | | ]
: "PEPNIOL JOU 81 UOIEDIPEIS PUB ‘lOJUOD DYRS ‘'uchEez|Iqow ‘ABjSp JOsN 10} S]S00D)
sigak omy Ego $9210} ou:u:ou:_nE L1OGN Aq Budpysel suioqiejem pue 10j0eu02 Aq Budi)s susogiejem {eniu] "s1eek Z Jo o)) @ojates Jujed aulocuejem :Z olJeusag
R ellw Jod grZ'y = 1500 YHOA Juaselq
Kz KL KoL . 0 IKg Ky aKk iy Kg WKy e Kz ELy} 0
L ] | - i | | ] ] | ] | ] | ]

*POPNIOU) JOU B1E UO|JE3(PEIS PUE ‘LOUOD JYJBI) ‘UOjeZi|qoLU *AB|SD JO8N I0) §1S07)
‘1eed Aiane s8910) ou:u:o«..__uE LOGN Aq Buidjses eulogieiem pue Jojoenuos Ag Buidins swogioyem eRiul ~18eA | Jo o)y eojales Jujed auloqiolem il o{euaos



11.3 Matrix

The primary objective of this research project was to develop a pavement marking matrix
for NDOT use based on given traffic and environmentai conditions. Table 11.3 contains
the proposed matrix to be used as a guide for pavement marking application on NDOT’s

roadway system. The matrix is separated info two guides. One guide lists the

recommended permanent pavement- markings to be used for major -rehabilitation
projects and the other guide lists the permanent pavement ‘markings to be used for the
restriping of roadways. The gmdes provide for varying elevations, projected pavement
life, and traffic volumes. It is recommended that NDOT use waterbomne, epoxy, and
polyurea traffic paints as permanent pavement markings for long line use. This
recommendation is assoclated with traffic volumes used for prioritization categories from

'NDOT’s pavement management system. NDOT divides its roadway network into five

categories based on average daily traffic and equivalent single axle loads. This network
division and the resulting named categories are familiar to NDOT personnel tasked. with
constructing and maintaining the state highway system. The elevation break was chosen
based on the experience of knowledgeable NDOT personnel about where a noticeable
increase in snowplow activities exists in the state.

The matrix was not developed as a direct consequence of the research test site resuits.
The matrix is the outcome of research and Pavement- Marking Task Force effort to
advance durable pavement markings in Nevada by obtaining group consensus about
how pavement marking operations should better serve state needs. Group consensus
among managers, engineers, and supervisors involved with pavement marking
placement resulted in the decision to use waterborne, epoxy, and polyurea traffic paint
products for long line use on NDOT's roadways.

The use of permanent tape for long line markings has not been successful for NDOT
due to constructability issues. Communication with engineers about the future use of
permanent tape for long line pavement markings resulted in agreement over
discontinuing its use untii a better placement technique is developed. Alkyd
thermoplastic products were placed by out of state contractors. Local contractors do not
have experience with alkyd thermoplastic placement, nor do they have equipment to
place these products. If there were prominent results regarding the alkyd thermoplastic
placed on the test sections, it might have been feasible to pursue a market for this
product class. However, the use of alkyd thermoplastic for long lines is not
recommmended at this time. '

Use of thermoplastics and tape or marking film for transverse lines, symbols, or legends
is acceptable. The use of nonreflective and reflective pavement markers for lane lines in
urban Las Vegas area is advised as that system of operations has proved successfui
over the years with no complaints.
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CHAPTER 12 - SUMMARY AND RECOMMENDATIONS

12.1 Summary

The Advancing Durable Pavement Marking Materials in Nevada project was the
cornerstone of NDOFs effort to improve pavement marking durability and provide cost-
effective, quality pavement markings to Nevada's traveling public. The project prompted
the investigation -of-all policy -and procedures invoived with pavement marking
application. The investigation included the perusal of contract specification requirements,
testing and sampling guidelines, inspection procedures, quality control protocols,
pavement marking application procedures, and test site results.

Based on the investigation, pavement marking system improvements were discussed,
approved, and implemented through approval by qualified group consensus of the
Pavement Marking Task Force members and this research project. These improvements
were also dependant upon the experience gained while working with industry specialists
placing the test sections and the actions of the Research Technical Panel. The
experience of working together to achieve the common goal of improving pavement
marking durability has created a momentum for pavement marking system advancement
that continues today. Renewed awareness of the important safety aspects of effective
markings and new expectations regarding pavement marking contractor performance
are other benefits of the project.

Pavement marking system improvements inciude c¢hanges to NDOT's standard
specifications. New or improved qualified products lists were created for distribution to
contractors along with contract documents. Constructability enhancements include the
development of yearly pavement marking inspection training for NDOT field personnel.
The materials, sampling, and testing procedures were modified to further improve the
quality of pavement markings throughout the state.
The following is a list of pavement marking system improvements that were discussed,
approved, and implemented due to group consensus of the Pavement Marking Task
Force and this research project:
Specification Improvements

s Allowed more lenient time frames for permanent paint application

» Developed a polyurea traffic paint specification

¢ Increased infrared spectra comparison correlation to 92%

e Developed minimum retroreflectivity requirements for temporary traffic paint:

Color Specific Luminance, med/(m? - lux)

White 175 Minimum
Yellow 125 Minimum
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» Developed minimum retroreflectivity requirements for contract acceptance of
polyurea, epoxy and waterborne traffic paint products:

Specific Luminance, med / (m? - lux)

_Polyurea White 550 Minimum . .o
. Polyurea  Yellow 300 Minimum - =
' Epoxy - White 375 Minimum .
) Epoxy Yeliow 275 Minimum . —. . _
I " Waiérborne = White 250 Minimum.
o - Waterborne ~ Yellow ' 175 Minimum

¢ Improved waterborne specification by re\/ising compositional requirements

» Changed traffic bead specification for waterborne paint to exclusive use of Type
A traffic bead : B

« Allowance for lead free yellow-based pigments in epbxy paint formulations
Qualified Product List (QPL) Changes

+» Waterborne traffic paints — An approved waterborne paint products list was
established. Previously, there was only an approved resin list.

e Polyurea ftraffic paints — An approved polyurea paint products list was
established. Previously, polyurea paint was not used on NDOT roadways.

e Epoxy traffic paints — Increased the number of quahf ied epoxy traffic paint
.. products for use on NDOT roadways.

Constructability Enhancements
* Modified requirements for temporary painted pavement markings to allow
temporary waterborne paint in lieu of temporary epoxy paint, this improved
logistics of striping staged construction projects and keeps costs down

¢ Eliminated use of rumble strip seal

+ Initiated yearly inspection training for construction crew personnel that includes
videos, discussion, and fraining on the use of retroreflectometers

Materials, Sampling, and Testing Modifications

¢ Developed NDOT Test Method Nev. T511A to enforce project retroreflectivity
minimums

o Developed NDOT Test Method T510A to determine the dry film thickness of

epoxy or waterborne paint, a wet mil thickness test did not work well for field
personnel
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Communicated with paint companies on recommended material sampling
procedures and circulated information throughout the community

Purchased retroreflectometers for state maintenance and construction personnel

Worked with the bead manufacturing industry to make bead bag labels _more
user friendiy for striping contractors : IR ,

122 Recommendatlons -

The pavement marklng system changes have improved the quallty of pavement marking
operations and allowed NDOT to quantify the condition of contract pavement marking
work. However, there are additional system advancements that would contribute to more
optimal construction operations. The following modifications are recommended to further
advance NDOT's pavement marking operations:

Specification Improvements

Provide allowable speed of application rates for pavement marking placement

Require test or check stripes from striping contractors before allowing paverhent
marking operations to occur

Require striping contractors to give a 48-hour notice before arrival in project limits

Constructability Enhancements

Commit to standardized practices for choosing pavement marking products by
adopting the pavement marking matrix in Chapter 11 for use on all contract and
restriping work

Create a standard policy to address the failures of contract performance
requirements for retroreflectivity

Require contractors to have at least one pavement marking specialist and
pavement marking technician certified through the American Traffic Safety
Services Association (ATSSA) on site for all pavement marking operations

Use the provided life cycle cost analysis in Chapter 11 to assist in selecting the
most viable product and placement methods for striping in rural and urban areas

Contract district or statewide pavement marking contracts that make striping
contractors responsible for fulfilling performance requirements

Materials, Sampling, and Testing Modifications

Create a standard policy to address traffic paint material failures

Consider use of a high-speed mobile retroreflectometer to evaluate NDOT's
roadway network and get status of statewide pavement marking conditions
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* Investigate better traffic bead technology such as the use of direct melt glass in
traffic bead gradations

¢ Develop a Pavement Marking Management System (PMMS) pollcy to restnpe
roadways based on ObjeCt]Ve data including retroreﬂectwaty

o Pursue testing of technologmally advanced pavement markrng products ”
12.3 Strength and Limitation of’Research “

The strength of this ..research was the value that in-house personnel provided to the
findings and resulting pavement marking system improvements that transpired. A great
deal of communication occurred among the various manufacturers, contractors, and
NDOT divisions and districts. By sharing their perspectives and experiences; a group
consensus developed regarding what pavement marking system modifications could be
made to improve operations. Subsequently, the resulting operational improvements were
practical and applicable, since everyone was part of the decision-making process.

The limitation of this research was due to the restricted number of constructed test
sections. Conclusive results could not be established for estimated service life for each
product class. Many test sites were located in areas of extreme environmental
consequence and the service life is not indicative of statewide averages. Often, the
pavement markings deteriorated over the winter months when monitoring was not
feasible. There were subjective variables included in the end of service life
determinations. Although many pavement marking performance models rely only on
minimum retroreflectivity threshold values to determine the end of service life, this was
not practiced for end of life determinations in this project. Basing end of service life
‘determinations on minimum threshold values reduces the importance that adequate
durability and color have on an aesthetically acceptable marking.
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APPENDIX A - REFERENCES

Introduction

Research is conducted within the context of the current depth of knowledge shared by
the professionals for a given discipline. As such, it was imperative for.the investigators to
become familiar with the historical and current status of pavement marking reseéarch and _
practice in order to make sound decisions based on relevant information.

A’review of pavement marking. information resources was completed to show the
background from which the investigators thought processes have developed and the
information from which decisions were based. The review for this project included
documents that discuss pavement marking test section design, monitoring procedures,
interpretation of results, recent pavement marking materials research, and state of the
practice. Important sources for information include the Transportation Research
Information Services database, the American Association of State Highway and
Transportation Officials (AASHTO), the FHWA, Transportation Research Board, National
Cooperative Highway Research Program, and American Society for Testing and
Materials International. In addition, other states and knowledgeable professionals were
contacted to augment information.

Informative References

The following organizations are not an inclusive list of the resources reviewed. However,
these organizations are discussed because the information gathered from these sources
was especially vaiuable for meeting research objectives. A list of documents reviewed
for the project can be found in the selected bibliography. _

AASHTO's National Transportation Product Evaluation Program (NTPEP)

An important and ongoing pavement marking program is AASHTO's NTPEP. The
purpose of NTPEP is to consolidate the professional and physical resources of
participating AASHTO member organizations in order to test materials of interest and
improve cost-effectiveness. AASHTO's NTPEP is involved in field and laboratory testing
of pavement marking materials, sign materials, and snowplowable markers. Aithough
NTPEP does not provide recommendations for the acceptance or rejection of materials,
it does provide resuits of materials testing.

The test procedures used by NTPEP for evaluating pavement marking materials were
developed by an AASHTO Oversight Committee and have been revised since inception.
These procedures are listed in NTPEP's Project Work Plan for the Field and Laboratory
Evaluation of Pavement Marking Materials. Pavement marking material field tests using
these procedures have been conducted in various states inciuding Pennsylvania,
Wisconsin, Utah, California, Texas, and Mississippi. Liquid traffic paint products,
thermoplastic material, and temporary and permanent tapes are transversely placed on
test decks and monitored for retroreflectivity, color, and durability.

Many states rely on the NTPEP evaluation program to identify products for addition to

agency Qualified Products List or Approved Products List. Since the presentation format
for the results of NTPEP testing are familiar to many individuals concerned with
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pavement marking effectiveness, a similar format is used in the presentation of the
results for this project (3, 4, 5, 6, 7, 8, 9).

American Society for Testing and Materials International (ASTM)

ASTM is_a_standards-development organlzatlon that was formed in 1898. Its original

-mission wasto standardize:the steel used in the raiiroad industry. Since its inception, the . .~

organizatiGii’ has grown into one of the largest voluntary technical standards

development organizations in the world. Approximately 30,000 ASTM membﬂersm o
S accomphshrall technical work and testing. ' T

ASTM publlshes more than 11,400 standards each year on subjects such as materials,

products, systems, and services. ASTM is a recognized leading authority on standards.

- Thousands of public agencies and private entities, including NTPEP, reference the

ASTM standards in regulations, codes, laws, and contracts.

A typical published ASTM standard includes, but is not limited to: scope, referenced
documents, significance and use, apparatus, calibration, procedures, calculations,
report, precision and bias, pictures, and keywords.

Several ASTM standards were reviewed for information that pertains o the design,
equipment, monitoring, and evaluation of pavement marking test sections (11, 12, 13,
14, 15, 16,17, 18, 19).

Transportatlon Research Board (TRB)

The TRB is an independent advisor to the federal government that  makes
recommendations on transportation matters of importance. The TRB is a major
proponent of transportation engineering innovation and improvement. The organization
facilitates information sharing for transportation policy and engineering practice. The
TRB sponsors and manages research as.well as disseminates the results.

Engineers, researchers, academia, planners, private enterprise, and state and local
government agencies support this organization. TRB hosts a website that links to an
online database of transportation research information. This website is a valuable source
of information displaying pavement marking related articles from a variety of magazines,
journals, and other noted data. The organization publishes the noteworthy
Transportation Research Record that is cover for hundreds of articles related to state of
the practice research and practice for numerous transportation related subjects. TRB
also hosts an annual meeting that draws participants from all over the world (1, 2, 23,
27, 29, 30, 35, 36, 38, 40, 41, 43).

National Cooperative Highway Research Program (NCHRP)

The NCHRP is administered by the TRB and sponsored by the FHWA and state
departments of transportation. The program was initiated in 1962 to provide research for
critical problem areas related to all areas of highway engineering.

Highway related engineering problems are submitted to NCHRP and reviewed by

member staies and committees. If the research problem is accepted by a two-thirds
majority of the states and various committees, a panel of experts is assigned to the
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candidate project. Based on the research objectives, the TRB will request research
proposals from qualified public and private organizations capable of providing the
research expertise. Technical panels will review proposals, award contracts, and monitor
the research in progress. The research findings are published in the NCHRP Reports
series and the NCHRP Synthesis of Highway Practice series. The NCHRP is a reputable
source for pavement marking related research findings {32, 33).
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