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Research Ovenview: and Objectives

Longitudinal pavement markings: arerthe most Widely/
Implemented traffic contrel devices.

NUmerous types) ofi materials arerappliedl te) readways
INcIUding thermoplastic, epoxy, and pPelyures.

Degadation Is caused by environmentall iaClors.
Geals:

s [0 determine sernvice lifie anal overall cest of varous
markings Inl terms; eff degradation Withr consideration
10 durability, retrerefiectivity, and cost.

a [0 develop recommendations fier a pavement
marking application and replacement: strategy.
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Background

Pavement markings provide: a visual reference
that aidl te; pesition the: car Within the readway.

MURICIDr SA. 02 — markings that must e visikle: at
RIgt, Sheuld e retrorefiective tiRless ambient
IghtiNG| assures that malkings are: adeguately,
visible and consideratien should e given te
Selecting| pavement marking materials...

Retrerefliectiver materials are: utilizea duiing
application te’ provide: for nighttime visiility.
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Background, Cont.

“Retreretiectvity’is the
property. te reflect light hack

towards Its seurce.™ - EEWA comrene
Spherical glass beads: are vt T
embeddediinto the marking N —

PINGEr durng Installatien: Painted Surace

The binder contains Glass Bead Retroreflection
pPIgMeEnts Which scatter the

light and allew: more for light

refiection.
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Background, Cont.

OVer time, pavement markingsy degrade: and heceme Iess
efiective:

Calises ol degradation incliude:
a |Impreper application.
a \Wear by Venicles.
s Oxidation| and ultravielet sunlight:
s Fading pigments;
s Binder can become brittlie’ creating hoelidays or bead release.
s Damage from Winter nmaintenance: practices.

Once markings no: Iongerr exnibit acceptanle nighttime
visipility, the markings should be replaced.
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ProJect Scope

Phase |: Literature. Review.

Plhiase [1: Data compilatien firem: existing
AIoJEects.

gase iz Data Collection| firon REW. projects.
pase I\V: Data Reductieon/Internm: Repert
gase V: Econemic Analysis; ofi life cycle costs.

nase VI: An evaluation: off the: deterioration

MEChanIsms, ofi the perfermance: factors.
Phase VIl Einal Report.
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Phase |: Literature Review

o gainrknewledge: ofi testing precedures,
cUlirent research;, culirent operation

practices; and innevative technolegies
[egarding pavement markings.
s Field Studies.

s [Laberatery Studies.
x Sampling Procedures.

a Pavement Management Marking Systems
(PMMS).
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Pata Coellection; (Paase I anad 11

Marking Iy/pe:
hermoeplastic (76%)
Polyurea (20%)
Epexy’ (4%)

x \Wateriheme Paint

s Permanent hape

Site: Location Selection:
a Roeadway Classification
a Geograpnhic Location

= AADT

m Age
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Pata Coellection; (Paase Il and 11

Fhermoplastic Varkings (AASHIIO M-249):

s Heomoegenously: compoesed of pigment; filler, resins
(hydrecarion or alkyd) and glass refiectorzing
SpPhEres.

a [[hermoeplastic resin = linear macromelecular structure
that Willt repeatedly: sefiten When heated and hareen

WhEn cosled.
IHydrocarhen — petreleum: derived: resins (Imest firequently,
Speciiied).
Alkyal = naturally’ eccurring| resin that Is resistant te
pPetreleun products;

a Subject to Viirans Standard Specifications 646.07(c)
anad 708.08.
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Data Collection (Phase Il anal I1)

Polyurea Viarkings:

x [\Wo)part cComponent, polyurea ceating materal with
glassibeads and possibly additienal refliective
elements.

s Chemical technelegy: hased on| twe component
reacted materiails:
Amine bliend
ISecyanate mixture

Results 1n very: rapid reactions WhIch: preduce extended chain
polymer structures; generally in membranous fierm.

m Subject toe Viirans Specifications: 646.07(modified)
and 708.15.
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Pata Coellection; (Paase I anad 11

Epexy: Markings:
s W0 compoenent (tWo' parts resin to: ene: part

cUng agent), epexy. nmaterals with glass
peads;applied as it cures

x Epexy/ resin — polyether resin fermead
eliginally By the: pelymerzatieon ol biIsphenel A
and epichlorenydrin, having| high strengti anad
oW shrinkage during CUIing.

s Subject tor Virans Specifications 646.07(1)
anadl 708.08(c).
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Pata Coellection; (Paase I anad 11

Glass Beads:

s Since 1997 crushed clear glass (Imax. size ofi
33 mils) has been added tor thermoplastics at
a rate off 9-10% ofi the tetal Weight.

s Remainder comprised of 35% filler matenals,
25% binder materal, and 30% glass heads.

s Glassi beads slighitly smaller gradation than
AASHIIO Specification MF247-05: (Tiype 1.
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Data Collection (Phase Il anal I1)

Test Sites:

. A miRimumi of*S randomiy. selected sitesi as delineatead
Py mile marker lecation.

s Within each test site — 5 locations, are: assessed at
iIntervals of 10" and Includes: edge, center or skip
INES.

x Viany:sites were estaplished at locations with
markings up te twe years old.

a Evaluation crtera includes the fiellewing —
Retrorefiectivity’ (ASTMI EL710-97 modified)
Durability: (ASTMI D913-00)

Photegraphic Representation
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Pata Coellection; (Paase I anad 11

Retrerefiectvity’ readings
Were collected it LIFLE
2000 Retrometer

a SO-meter geemetny or
“driver geemetny’” -
(Adepted hy ASTIM)

= millicandelas/mz/lux
= Calibration

a Prevides for reproducipility,
accuracy, and repeatability

= Winter Data Collection
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Pata Coellection; (Paase I anad 11

Whenipessible, initial
retrorefiectivity: readings
Were collected within 14 days
O application| ikl erder te

. comply: with ASTIV Standard
D' 6359-90.

= Minimum retrorefiectance
/ reguirements:

White — 250 mecdl
Yellow — 175 mcdl
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Phase |IV: Data Reduction

Allrraw fieldf data was recorded:.

Data was transcrined intor Excel
Spreadsheets.

Data Was) Precessed to) find anemaleus
ieadings.

Plets) eff Retrorefiectivity reading vs. times:
x Readings displayed significanit: vVarianiliby.
x Allmarkings displayed similar patterns.
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Phase |IV: Data Reduction

Cavendish/Weathersfield (VT 131 WB)
Thermoplastic Markings

—e— White Edge Line
—=— Yellow Center Line
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Phase |IV: Data Reduction

Brookfield/Montpelier (I-89 NB) White Edge Line
Varied Thickness of Thermoplastic

—— 125 mil
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Phase |IV: Data Reduction

Burlington/S. Burlington (I-189) White Edge Line
3M LPM Series 1200

—e— Grooved Lines
—m— Surface Laid Lines
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Phase |IV: Data Reduction

Lyndon/Sheffield (I-91 NB)
Epoplex LS50

—&— \White Line
—&— Skip Line
YellowLine
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Phase |IV: Data Reduction

EStimate for Service: Lifie — Statisticall Medeling| of
the degradation: ofi retrorefiectivity:

x Roadway: Characteristics

a raffic Charactenstics

n Other Attrinutes

Evaltiation Considerations:
x [Large Varanility
s Need for pre-defined Benchmark
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Phase |1V: Data Reduction

Recommended Retroreflectivity Values

1998 FHWA Research-Recommended Pavement Marking Values

Type Non-Frwy Non-Frwy Freeway

Option 1 <= 40 mph >= 45 mph >= 55 mph

Option 2 <= 40 mph >= 45 mph >= 60 mph, >10K ADT

Option 3 <= 40 mph 45-55 mph >= 60 mph
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Phase |IV: Data Reduction

Fhernmeplastic Markings:

s Degradation analysis In terms of
[etrorefiectivity,, time: since installation;, and
cumulative: traffic passages.

x 19 Readway: Sections.

x 1,100 ndividual Measurements.

x 69 Longitudinal LLines.

x Greuped by readway, materal, and coelor.
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Phase |1V: Data Reduction

White Edge Line Retrorefiectivity

Non-Freeway White Line Thermoplastic Pavement Markings

2

average retroreflectivity = -56.802Ln(# of cumulative vehicle passes in '000) +556.66
R? =0.6074
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Phase |1V: Data Reduction

Yellow, Line: Retrerefliectivity

Non-Freeway Yellow Line Thermoplastic Pavement Markings

2/Ix)

4

average retroreflectivity = -22.459Ln(# of cumulative vehicle passes in '000) +224.78
R2 =0.4466
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Phase |IV: Data Reduction

EIndings
s [Large Data Sets — mole acecurate degradation
medels.

a Use off EHWA recommended minimuim
fetrerefliectvity valties:

Non-Freeway \White: Line: X=3100, R*=.60
Non:=Freeway Yellow: Line: X=1230, R?=.45
=reeway White Eine: X=570, R?=.35
=reeway Yellow: LLine: X=540, R?=.05

X=# of cumulative vehicle passes in 1000's ofi
venicles
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Phase |IV: Data Reduction

Additienall Analy/sisk

s Additienall readings required ferranalysis of
degradatien in’ pelyurea and epoxy: markings.

s Examine data setsi fier anemaleus readings.

s [0/ nclude other Independent variables such
as average: snewiall ameunts;, pavement
y/pes, raw: data, curved vs. straight sections.
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Remaining Phases

Phiase V: Economic Analysis: ofliie cycle
COStS.

Phase Vi: Anlevaluation: of the
deterioration mechanisms oif the
PEeNANCE: AaCtors.

Phiase VII: Einall Repoiit.
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QuUestions?
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Eer further infermatieon please: contact the
Materals and Research Section; of the Vermont
Agency: ofi Tiransportation:

x Jennifer Vosburgh, Researchi Engineer
(802) 6286-2553

s Kat Pattersen, Research liechnician
(B02) 6286-6945

Vi
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