Chapter 3 Delineation
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3-1 General

Pavement markings can be used to communicate regulations, guidance, or warnings.

Pavement markings serve as the primary means to convey regulations (e.g. no passing sections

on undivided highways) but may also supplement other traffic control devices such as traffic

signs or traffic signals (e.g. a stop bar at an intersection).

Delineation includes pavement markings and symbols, barrier/guardrail delineation, and post-

mounted guideposts used on and adjacent to the roadway. The safety and operational benefits

of delineation rely on the road user’s ability to see and comprehend them. The primary

function of delineation is to provide at least 3 seconds (5+ seconds desirable) of visual

information needed by road users to identify a clearly defined path of travel in a variety of

situations and promote increased safety performance.

This chapter provides comprehensive delineation policy, guidance, and information in addition

to Region-specific pavement marking policy and Part 3 of the MUTCD as adopted and

modified by Chapter 468-95 WAC.

The Region Traffic Engineer has authority regarding delineation policy, application, and

modifications to Standard Plans but may delegate these tasks to an appointed designee.

For Maintenance, a purchase contract through Department of Enterprises (DES) is available

for the purchase of pavement marking materials.
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3-2 Delineation Design References
See Standard Plans Section M for permanent pavement marking and rumble strip layouts.
For permanent pavement markings, see Standard Specifications 8-22 and 9-34, Design Manual
Chapter 1030, and this chapter. See the following for additional information:
» Raised pavement markers: Standard Specifications 8-09 and 9-21 and Section 3-6.7.
 Guideposts: Standard Specifications 8-10 and 9-17 and Section 3-10.
« Barrier delineators: Standard Specifications 8-10 and 9-18 and Section 3-11.
« Rumble strips: Standard Specifications 8-08.
For temporary pavement markings in work zones, see Design Manual 1010.09 and Standard
Specifications 8-23 and 9-34. See the following for additional information:
« Temporary pavement marking - short duration: Standard Plan K-70.20-01
« Temporary pavement marking - long duration: Standard Plans Section M
« Temporary barrier delineators in work zones: Standard Specifications 6-10.
The Roadway Delineation Practices Handbook, published by FHWA in 1994, discusses

pavement marking materials and delineation treatments. This dated (more than 30 years old)
handbook does not establish policies or standards but serves as a reference document.

Oregon’s Pavement Markings Manual and Pavement Marking Design Guidelines may be
referenced as information if accepted by Region Traffic Engineer or the appointed designee.

3-3 Responsibility of Delineation Plans

The Region Traffic Engineer or appointed designee shall review and accept all pavement
marking plans in scoping and throughout development (30%, 60%, 90%, 100%, and Final).

Refer to Design Manual 1310.05 and Plan for Approval (PFA) Checklist for PFA Requirements.

Deviating from Region-specific pavement marking policy statement requires Region Traffic
Engineer or appointed designee acceptance.

The roadway and intersection designers should coordinate with Region Traffic Engineer or the
appointed designee, Region Active Transportation Coordinator(s), and Region Transit/Rail
Coordinators early in design because roadway design is the foundation for pavement marking
plans that are typically developed later in design. Particularly important scenarios include lane
reduction/addition transitions, intersection design, off/on-ramp design, crosswalks, raised
median or channelizing islands, no-passing zones, turn lane storage length, and bicycle lanes
and transitions.

Pavement marking design at intersections is critical. At signalized intersections, elements such
as detection and signal indications require coordinated placement with pavement markings
such as crosswalk and/or stop bar placement, lane usage and direction of travel, and storage
length of turn lanes. Coordinate with the State Traffic Design and Operations Manager for
complex or unique intersection design such as Diverging Diamond Interchanges (DDI),
Continuous Flow Intersection (CFl), Median U-Turn (MUT), etc.
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3-4 Delineation Plans

In general, Pavement Marking Plans (which are generally combined with Paving Plans) will
show the lane configuration and widths when the work cannot be shown adequately on
roadway sections. If the roadway sections adequately describe most of the project, then
Pavement Marking Plans are only required at locations needing more detailed or specific
information that are not shown in the Standard Plans. See Plans Preparation Manual Section
400.06(21) along with Contract Plan Examples for additional information.

Plans to include any modifications from Standard Plans for barrier delineator, guidepost,
rumble strips, or pavement markings.

Delineation designs need survey information including edge of pavement/bridge deck, face of
curb and location of curb ramps, location of signal heads and existing signage, existing
pavement markings (lines and symbols), location of barriers and bridge rails, and any other
features pertinent to delineation. The survey should extend at least 200-300 feet outside the
project limits at a minimum. When channelization or realignment occurs, the existing
centerline/lane line should be surveyed at least 1,600 feet outside the project limits.

3-5 Pavement Markings

3-5.1 Color

The color of pavement markings shall confirm to MUTCD Section 1D.05 and 3A.03. In
addition, the color of pavement markings shall confirm to the standard highway colors
specified in the “Color Specifications for Retroreflective Sign and Pavement marking
Materials” Subpart F of Part 655 of Title 23 of the Code of Federal Regulations.

In addition to MUTCD 3A.03, pavement markings colors, when used, shall be:

« For durations of 2 weeks or less, the existing yellow edge line may be used for temporary
right edge lines for roadway reconfigurations in work zones.

« Transverse markings (crosswalk, words, symbols, etc.) shall be white except as noted in
this chapter.

» Red is permitted for interstate highway shield pavement markings.
» Red colored pavement enhances the conspicuity of transit-exclusive travel lanes.

« Blue is permitted for interstate highway shield pavement markings. Blue is used to mark
locations of fire hydrants.

» Green colored pavement and green pavement markings supplement bicycle lane markings
to enhance the conspicuity of a bicycle lane or extension of a bicycle lane.

« Black may be used as a border color (contrast) on light-colored pavement (typically
concrete pavement or bridge decks) that does not provide sufficient contrast.

« Orange pavement markings not allowed by the MUTCD or FHWA Interim Approval.
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3-5.2 Longitudinal Pavement Markings

Longitudinal pavement markings define the boundary between lanes. See MUTCD Sections
3A.04 and 3B.01-3B.18 and Standard Plans Section M for additional information.

Unless Region Traffic Engineer or appointed designee approves otherwise, use 4-inch widths
for normal lines and 8-inch for wide lines.

Along with MUTCD 3A.04, functions and patterns of longitudinal pavement markings shall be:

Barrier Line: Either an 18-inch solid yellow or a combination of two single 4-inch double
yellow lines with yellow crosshatching between them having a total width of 18 inches. Barrier
lines separate opposing traffic where all movements over the line are prohibited, including left
turns. Barrier Line locations require Region Traffic Engineer approval.

Centerline: A broken yellow line used to separate lanes of traffic moving in opposite directions
where passing in both directions is permitted.

Dotted Lane Line: A shorter, broken white line used to delineate along deceleration lanes at
exit-ramps and along acceleration lanes at on-ramp merges, typically at horizontal curves.

Dotted Extension Line: A very short, broken white or yellow line that is an extension of an
edge line at interchange ramp areas, through intersections, used to separate multiple turn
lanes, or at other locations where direction of travel may be unclear. Dotted extension lines
through intersections require Region Traffic Engineer or appointed designee acceptance.

Double Centerline: Two parallel solid yellow lines used to separate lanes of traffic moving in
opposite directions where passing in the opposing lane is prohibited. The gap between the
two yellow lines is 12 inches, except 4 inches for left-turn lane channelization, two-way left
turn lane channelization, and on narrow roadways with lane widths of 10 feet or less.

Double Lane Line: Two solid white lines used to separate lanes of traffic moving in the same
direction where crossing is prohibited. The gap between the two white lines is 4 inches unless
accepted otherwise by Region Traffic Engineer or the appointed designee.

Double Wide Lane Line: Two solid wide white lines used to separate a concurrent preferential
lane of traffic where crossing is prohibited.

Edge Line: A solid white or yellow line defining the outer edges of the traveled way. Edge lines
not required where curbs or sidewalks are 4 feet or less from the traveled way or parking stalls
delineate the edge of traveled way. Edge lines do not continue across public road or highway
intersections (except at T-intersection on far side of approach).

Lane Line: A broken white line used to separate lanes of travel in the same direction.

No-Pass Line: A solid yellow line used on the side where passing is prohibited but the broken
centerline permits passing in the opposite direction. No passing zones established and marked
on horizontal and vertical curves per MUTCD Part 3 and RCW 46.61.

Reversible Lane Line: Two broken double yellow lines used to delineate a lane where traffic
direction is periodically reversed.
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Solid Lane Line: A solid white line used to separate lanes of traffic moving in the same
direction where crossing the lane line marking is discouraged. Solid lane lines enhance
delineation through roadway reconfigurations for work zones.

Strong Lane Line: A dotted lane line used within and exiting a multilane roundabout where
entering traffic is allowed to cross.

Two-Way Left-Turn Centerline: Two yellow lines, one solid and one broken, used to delineate
each side of a two-way left-turn lane. The gap between the lines is 4 inches.

Wide Broken Lane Line: A wide broken white line used to designate a portion of a high-
occupancy vehicle (HOV) lane located on a divided highway where general-purpose vehicles
may enter to make an exit.

Wide Dotted Entry Line: A wide broken white line used on each approach to delineate the
entry into a roundabout.

Wide Dotted Lane Line: A wide broken white line that warns of a downstream change in a
lane used at lane-drops at exit-ramps, in advance of a freeway split, and at lane-drops (where
thru lanes become left/right turn only) approaching intersections. A wide broken white line is
also used to designate a portion of business access and transit (BAT) lanes where general-
purpose vehicles may enter and make a turn at an intersection.

Wide Edge Line: A wide solid white edge line used on the outside of roundabouts between
approach entries.

Wide Lane Line: A wide solid white line used to separate lanes of traffic moving in the same
direction at exit-ramp and on-ramp gores, multilane roundabouts, storage lanes at
intersections, and high-occupancy vehicle (HOV) lanes, or at business access and transit (BAT)
lanes, bike lanes, and other preferential lanes where crossing is discouraged.

3-5.3 Transverse Pavement Markings

Transverse pavement markings define pedestrian crossings and vehicle stopping points at
intersections. They are also used to warn motorists of approaching conditions, required
vehicular maneuvers, or lane usage. See the Standard Plans Section M for details of some of
these pavement markings. Typical transverse pavement markings are as follows:

Access Parking Space Symbol: A white marking used to designate parking stalls provided for
motorists with disabilities. The marking may have an optional blue background and white
border.

Aerial Surveillance Marker: White markings used at one-mile and one-half-mile intervals on
sections of highways where the State Patrol uses airplanes to enforce speed limits.

Bicycle Lane Symbol: A white marking consisting of a symbol of a bicycle and an arrow used in
a marked bike lane (see MUTCD Figure 9E-1). It shall not be used on the shoulder. Install the
bicycle lane symbol immediately after an intersection and then spaced at 500-1500 feet.

Crosshatch Marking: Either a chevron (V-shaped) or diagonal marking to indicate that an area
is off limits to travel.

Crosswalk: A series of parallel solid white lines used to define a pedestrian.
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Drainage Marking: A white T-line or linear marking matching a culvert’s skew used to denote
the location of a catch basin, grate inlet, or other drainage feature on the shoulder.

HOV Symbol: A white diamond marking used for High-Occupancy Vehicle lanes. Typical
spacing is 1000 feet for freeways and divided highways and 500 feet for arterial highways.

Junction Box, Pull Box, or Cable Vault Marking: A white V-line used to denote the location of
a junction box, pull box, or cable vault marking adjacent to the roadway.

Railroad Crossing Symbol: A white marking used in advance of at-grade railroad crossing
where grade crossing signals or gates are located.

Speed Bump Symbol: A triangular line used to indicate a speed bump or hump ahead.

Stop Line: A solid white line indicating the stopping point at an intersection or railroad
crossing. Stop line at stop sign control locations option if marked crosswalks present.

Traffic Arrow: A white marking used in storage lanes and two-way left-turn lanes to denote
the direction of turning movement. Arrows are also used at ramp terminals and intersections
on divided highways to discourage wrong-way movements.

Traffic Letters: White markings forming word messages, such as “ONLY”. Traffic letters
optional at left- and right-turn storage lanes where the intended use of the lane is obvious.

Yield Ahead Symbol: A white triangular marking indicates that the lane yields ahead.

Yield Line Markings: A series of white triangular markings indicating that the lane yields,
permitted only on non-state route roundabouts.

Pavement Marking Application Types

Most regions have a Region-specific pavement marking policy regarding pavement marking
application type. Contact Region Transportation Operations for this document.

Flat lines are pavement marking lines with a flat surfaces either sprayed or extruded. Flat lines
are common and the cheapest to install but have limited visibility at night in wet conditions.

Flat pavement marking line.

Embossed pavement markings consist of a flat line with transverse grooves that may include
profiles that are no longer used unless otherwise accepted by Region Traffic Engineer or
appointed designee.
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Profiled pavement markings consist of a baseline thickness with a bump, known as a profile,
where the pavement marking line is applied at a greater thickness. Profiles are applied using
the extruded method in the same application as the baseline. Profiles may be slightly rounded
if the minimum profile thickness is provided for the entire length. See Standard Plan M-20.20.

Profiled pavement marking with 500-mil (1/2") profiles.

Profiled pavement markings have approximately %-inch bumps that serve as audible warnings
for departures and may serve as an alternative to longitudinal rumble strips.

Because profiled pavement markings are higher than the surrounding pavement, they have
less durability due to traffic and snow removal operations. The profiles are prone to being
removed over time causing the marking to lose visibility and retroreflectivity.

Profiled pavement marking that lost its profile due to snowplows and traffic wear.

Profiled pavement markings are prohibited in steel snowplow and ice chisel zones unless
Region Traffic Engineer or appointed designee accepts otherwise.
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Grooved pavement markings are typically placed in a 150-mil groove (~1/8")—use 300-mil
grooves in steel snowplow and ice chisel zones—so the top of the pavement marking is slightly
below the surface, which increases durability and eliminates bond breakers such as temporary
paint. For paint, liquid hot applied thermoplastic and MMA pavement markings, the groove is
typically the same width as the marking; for permanent cold applied preformed tape, the
groove extends a half-inch wider on both sides.

Grooved pavement marking.

Pavement Marking Retroreflectivity and Reflective Elements

Retroreflectivity is a measurement of how bright a pavement marking appears at night
measured by a portable or mobile 30-meter retroreflectometer as initial coefficient of
retroreflective luminance (Ry) in units of millicandela per square meter per lux (mcd/m?/Ix). In
short, higher the Ry, the brighter the pavement marking at night as shown below:

74 45 68 18 235 228

There are three types of retroreflectivity measurements used for pavement markings:

e Dry Weather Retroreflectance (ASTM E1710): Taken in dry conditions at night.

e Wet Recovery Retroreflectance (ASTM E2177): Taken after dumping a bucket of water
on marking after pavement marking drains at night, does not necessarily relate to how
well the marking performs during wet nighttime conditions.

e Continuous Wet Weather Retroreflectance (ASTM E2832): Taken within device
stimulating 1.5 inch/hour rainfall to measure wet retroreflectivity at night.

Traffic Manual M 51-02.12
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Photos taken at the same location on a dry nighttime (top) versus wet nighttime conditions (bottom).

Rainwater causes traditional pavement markings to virtually disappear as the headlight beam
bounces off the water’s surface before reaching the glass bead placed on top of the marking.

Retroreflectivity requirements are per MUTCD Section 3A.05. Currently, retroreflectivity is
accomplished with either glass beads or composite optics.

3-6.1 Glass Beads

Glass beads are small spheres that work like a headlight-focusing lens to illuminate pavement
markings by reflecting light back to the motorist.

A glass bead property called the refractive index influences the retroreflectivity (or brightness)
in dry conditions of the pavement marking. Refractive index ranges from 1.5 for standard glass
beads to 1.9 for enhanced glass beads having superior reflectance allowing the pavement
marking to be twice as bright with a minor added cost.

Glass beads are surface-applied immediately following application of paint, liquid hot applied
thermoplastic and MMA. To achieve good performance, the glass bead needs to embed into
the pavement marking surface about 60% of its diameter—too little embedment and the glass
bead separates prematurely, too deep and the retroreflectivity is inadequate.
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Closeup view of embedded glass beads with the proper application rate.

For factory produced preformed fused thermoplastic and cold applied preformed tape, glass
beads are mixed throughout the pavement marking material in addition to being surface-
applied, allowing retroreflectivity to be maintained throughout the marking’s life.

Glass beads perform well during dry conditions but very poorly during wet nighttime
conditions when rainy conditions cause the pavement marking to virtually disappear.

3-6.2 Composite Optics

Composite optics use a cluster of beads mixed with 1.9 and 2.4-refractive indexes (a mix of
superior glass beads and wet reflective optics) that allow it to have excellent, nighttime
retroreflectivity properties. Composite optics typically possess zirconia-enriched beads that
make the cluster much harder (like quartz) to increase durability and abrasion resistance.

Both glass beads and composite optics are applied together to pavement markings—glass
beads provide dry retroreflectivity while composite optics provide wet retroreflectivity.

A small version of composite optics can now be applied to paint pavement markings without
having to use the high-build paint alternative.
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Closeup view of yellow and white composite optics.

Image above shows traditional glass beads on the double yellow centerline versus the
composite optic mixture on the white edge lines during dry, nighttime conditions on a two-
lane highway versus the same location during wet, nighttime conditions in image below.

Pavement Marking Materials

The decision to select the pavement marking material rests with the Region Traffic Engineer or
appointed designee. Most regions have a Region-specific pavement marking policy regarding
pavement marking material selection for different roadway types and snow-removal practices.
Contact Region Transportation Operations for this document.

When selecting pavement marking materials, consider the lifetime marking cost and needed
maintenance. Durable pavement markings, while significantly more expensive initially, have
lifetime costs comparable to cheaper markings with significant savings in material, labor, and
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traffic control costs for Maintenance. Furthermore, durable wet reflective pavement markings
have enhanced wet, nighttime visibility that eliminate the need for reflective raised pavement
markers for several years, if not the lifetime of the pavement marking.

Permanent pavement marking quality is highly dependent on the ambient air temperature and
dry pavement, which presents a challenge as it is typically one of the final orders of work at
the end of the construction season when weather conditions are cooler and damper. Even if
the pavement surface appears dry, hot-applied thermoplastic and epoxy adhesive (used for
raised pavement markers) can draw moisture from deeper within the pavement and adversely
affect its bond resulting in premature failure. In the mountains and on west side of
Washington, permanent pavement markings should be completed by October 1 and may
resume when weather allows, typically around May depending on the year. On the east side of
Washington, permanent pavement markings should be completed by October 21 and may
resume when weather allows, typically sometime in April.

Durability of permanent pavement markings is approximately 25% less on concrete cement
pavement (CCP) and 50% less on bituminous surface treatment (BST) than hot-mix asphalt
(HMA) pavement but is impacted by other factors such as traffic volumes, frequency of
studded tires/tire chains, and placement within the wheel path.

See Standard Specifications 8-22.3(3)F for pavement marking application thickness
information.

3-6.1 Paint

Paint is a common pavement marking material. Initially, it is the cheapest of all pavement
markings; however, its lifetime cost (over 15-year pavement life) becomes significantly higher
than durable markings on roadways with higher traffic volumes (ADT > 6000) as paint requires
significant maintenance resources for annual or more frequent repainting.

For pavement needing rehabilitation within a few years, paint is a reasonable option except on
high-volume freeways and multilane roadways.

Permanent paint and long-duration temporary paint is installed in two separate applications
with a dry time per Standard Specifications 8-22. When refreshed by Maintenance, a single
coat of paint and glass beads (composite optics also acceptable) is typically used.

Paint is relatively easy to apply with a quick no-pickup drying condition after application that
ranges from 30-90 seconds in warm, dry weather allowing its installation using mobile traffic
control. In cool, more humid conditions, the drying condition takes several minutes.

The disadvantage of paint is its limited durability, especially when subjected to traffic abrasion
(high volumes and turning movements), studded tires/tire chains, and snow-removal activities.
On freeways and other high-volume roadways, paint durability can be as little as 2-3 months.
On other roadways, paint durability is approximately one year. On lower volume roadways,
paint durability can be 2 years. Ensure paint has the needed durability until it can be
maintained the next stripping season (late spring to early fall).

Research shows that double-coat applications on new pavement perform better than a single
thick paint coat. Research indicates that paint thicker than 15-mils is not cost effective in
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terms of increased durability versus additional cost of added material.

There are two types of paint: waterborne and solvent-based. Waterborne paints have less
durability than solvent-based (roughly 33% less). Waterborne paint drying time is much more
sensitive to humidity and temperature—solvent-based paint is better in late season
applications. Waterborne paint is much easier to clean up compared to solvent-based.
Solvent-based paint has a strong odor. Solvent paint is subject to a monetary penalty because
it contains a high level of volatile organic compounds (VOCs). There is an Environmental
Protection Agency (EPA) Clean Air Act penalty assessed on solvent paint that is passed on to
those who purchase solvent paint in quantity.

Low temperature (35° F and rising) paint is available but has even less durability.

3-6.2 Liquid Hot Applied Thermoplastic (Type A)

Thermoplastic contains resin and filler materials that are heated (~400-450°F) into a
semiliquid, molten state and applied to the roadway by spray or extrusion method that
becomes solid after application. Hot-spray applications are 90-125 mils flat line and extruded
is 90-125 mils. Extruded can do 500-mil (") profiles.

Extruded application via truck.
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Special equipment is required for application. No-pickup drying condition is ~ 1 minute for
hot-spray thermoplastic, allowing it to be applied using mobile traffic control operations.
Extruded applications need stationary closures as no-pickup drying time is several minutes.

New HMA pavement should be open to traffic for at least a week before application to
prevent asphalt from tracking onto the thermoplastic marking surface.

Initially, thermoplastic is approximately 2-3 times as expensive as paint; however, its durability
ranges from 2 years for spray and 5 years for extruded thermoplastic. This results in a lower
lifetime cost versus paint in addition to Maintenance labor and traffic control savings by not
needing to be repainted annually. In intersections and roundabouts, durability is significantly
less and MMA is a better alternative. In snowplow zones, durability will be less than a year and
grooved preformed tape or MMA are better alternatives.

Hot-applied extruded thermoplastic pavement markings tend to crack and break overtime and
are sensitive to free-thaw cycles and moisture, and suspectable to snowplow damage.

Examples of extruded thermoplastic marking deterioration at crosswalk and traffic arrow with
snowplow damage.
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3-6.3 Preformed Fused Thermoplastic (Type B)
Preformed thermoplastic is factory produced 125-mil (1/8") sheets that are heat-fused to
preheated pavement with high quality control. Best used for transverse markings (crosswalk
bars) and symbols (traffic arrows and roadway shields), available in multiple colors, and capable
of high skid resistance preferred for pedestrian and bicyclist applications.
Preformed fused thermoplastics have reflective optics embedded throughout the sheet, not
just on the surface, which helps maintain retroreflectivity as the material wears over time.
Performed fused thermoplastic is also less likely to deteriorate compared to extruded hot-
applied thermoplastic.
Durability ranges is about 8 years when properly installed on HMA or concrete (less on BST).
Thermoplastic markings on concrete pavements needs a primer to properly bond.
Pre-formed fused thermoplastic crosswalk bars being installed.
After the thermoplastic sheet is positioned on pavement already preheated, a bl)ow torch or similar
heating method is used to fuse it to the pavement.
¥
==
Pre-formed fused thermoplastic bicycle intersection crossing markings.
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Cold Applied Preformed Tape (Type C)

Preformed tape is a plastic binder material fabricated under factory conditions with reflective
optics embedded throughout and surface applied, resulting in superior quality control as
strength and retroreflectivity is verified before distribution. After curing, the material is cut to
size and shipped to the work site in rolls or in flat pieces.

Type C-1is 60 to 120-mil thick and typically profiled. 120-mil tape has 15-year durability on
freeways and 22 years on highways. 120-mil tape lasted 13 years on I-65 in Nashville, TN
(150,000+ ADT) and 19 years on I-75 in Chattanooga, TN (115,000 ADT)—on I-75, it still
exceeded the MUTCD guidance of 100 mcd/m?/Ix on 70+ mph freeways.

Type C-2 is 60 to 90-mil thick and flat. It is limited to lower volume roadways 35 mph or less
unless otherwise accepted by Region Traffic Engineer or the appointed designee.

Left: Type C-1 preformed profiled tape pavement marking.
Right: Type C-2 preformed flat tape pavement marking.

Type C-1 WR (“wet reflective”) performed tape is 120 mil thick and profiled with enhanced
visibility during rainy, nighttime conditions. Type C-1 WR is recommended for lane, edge, and
gore lines on roadways 45 mph or higher in western Washington and mountain passes where
it is wet for several months. In eastern Washington, Type C-1 WR is recommended at the
broken lane lines on freeways and multilane roadways 45 mph or higher.

Obtain Region Traffic Engineer or appointed designee acceptance if not included in the
Region-specific pavement marking policy.

Closeup of Type C-1 WR profiled preformed tape.
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Type C-1 WR profiled preformed tape during wet, nighttime conditions.

When using wet reflective markings like Type C-1 WR tape, supplemental reflective Type 2
RPMs are not needed (resulting in significant cost savings, especially if RPMs are recessed).
Eventually after several years, wet retroreflectivity diminishes and preformed tape needs to be
refreshened with wet reflective thermoplastic or add supplemental Type 2 RPMs.

For permanent markings, durability is significantly increased when placed within a 150-mil
(~1/8") groove so the performed tape remains below the adjacent pavement surface, but use
deeper 300-mil (~1/4") grooves in steel snowplow and ice chisel zones. When using 300-mil
grooves, pay particular attention to tamping (using weighted rollers or tires that compress the
tape into the primer to ensure proper bond).

Contact State Delineation Engineer for additional information.

Grooved Type C-1 profiled preformed tape being installed and pressure-rolled into a 150-mil groove
cut into HMA. The tape is applied using a push-cart as shown or using a truck-mounted apparatus.

Type C-1 profiled preformed tape placed in a 150-mil groove on concrete pavement (PCCP).
The bottom 50% of the groove is cut with gang stacked diamond cutting heads.
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The photos below show a grooved preformed tape versus grooved thermoplastic arrow
marking along an exit-ramp in a steel snowplow zone that was installed at the same time.

Grooved extruded thermoplastic traffic arrow a year after installation.
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On concrete pavement and bridge decks, use an “oreo” contrast performed tape for edge and
gore lines is available consisting of 1.5” nonreflective black longitudinal strips on both sides
that increases conspicuity. For broken lane lines, use nonreflective lagging black contrast
pavement markings per Standard Plan M-20.10 Sheets 3 and 4. The black contrast lagging
pavement marking is available as preformed tape but also as thermoplastic or paint.

Contrast markings with preformed tape consisting of the “oreo” pattern on left yellow edge line and
lagging contrast marking following broken lane lines on a freeway with concrete pavement.

Contrast markings with preformed tape consisting of the “oreo” pattern on right white edge line and
lagging contrast marking following broken lane lines on a freeway with concrete pavement.

Initially, permanent 150-mil grooved Type C-1 WR preformed tape is about 10 times more
expensive than paint, 2-3 times more than thermoplastic, and a bit cheaper than MMA,;
however, its durability exceeds paint by 15-20 times, thermoplastic by 3-10 times (extruded 3
times, sprayed 10 times), and MMA. The 300-mil groove in steel plow and ice chisel zones
adds about $1.00 per linear foot. This increased lifespan results in the lowest lifetime cost of
any pavement marking material and significant savings in Maintenance labor and traffic
control by not needing to be repainted annually.
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3-6.5 Temporary Pavement Marking Tape

Removeable temporary preformed tape is similar to the permanent preformed tapes, except
temporary tapes are thinner and have less reflective optics. It is designed to be removed from
the roadway even after several months, avoiding avoids the road scars (“ghost lines”)
associated with grinding, hydroblasting, or shotblasting of traditional markings.

Temporary preformed tape is surface applied without primer allowing for its removal,
however, the longer temporary tape is in place, the more difficult becomes to remove.
With improved technology, temporary tape can be removed 90% quicker than before.

Long-duration preformed tape is also available as wet reflective, similar to Type C-1 WR.
Long-duration temporary performed tape has durability of about two years.

Wet reflective temporary pavement marking tape in a work zone on a rainy night.

T

~
-—

Closeup of wet reflective profiled temporary pavement marking tape that is now available.

Long-duration preformed temporary tape is also available for contrast patterns. Use the black
lagging contrast pattern following white broken lines and the “oreo” black contrast pattern for
edge and gore lines on cement concrete pavement (CCP).
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Black contrast markings with preformed tape on a freeway on CCP.

Use non-reflective black tape to temporarily cover conflicting existing markings for temporary
reconfigurations to make restoration of existing markings weather independent.

Non-reflective black tape covering existing marking.

Freeway reconfigured with temporary black tape covering existing markings.
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Short-duration preformed tapes are “foil tapes” tend to have poor adhesion when installed on
existing pavement. Application tends to be short-term applications on new pavement.

Closeup of yellow and white “foil” short-duration flat temporary pavement marking tape.

3-6.6 Liquid Cold Applied Methyl Methacrylate (MMA, Type D)

MMA is a durable, two-component pavement marking material that forms a strong bond
through an exothermic (heat producing) reaction during mixing that results in excellent
adhesion, especially to concrete. MMA still cures with cooler temperatures compared to other
pavement markings, allowing it to be installed late season in cool, damp conditions.

Per Standard Specifications unless a successful adhesion test and manufacturer approves s
reduction of pavement cure, new HMA pavement requires a 21-day cure and new CCP
pavement requires a 28-day cure period, which may result in the project wintering over with
long-duration temporary pavement markings for late season projects.

MMA can be applied as spray or extrusion with applications 90-120 mils with the ability to do
500-mil (") profiles, see video. MMA has superior profiling characteristics, even better than
thermoplastic. The MMA profile doubles as a longitudinal rumble strip.

Profiled MMA pavement marking that is extruded.

Traffic Manual M 51-02.12 Page 3-22
July 2026


https://youtube.com/watch?v=1tHtrFjigJc

Chapter 3 Delineation

A drawback to profiled MMA pavement markings that needs consideration is snowplows pop
off MMA profiles causing the marking to lose some of its visibility and retroreflectivity.

Remnants of MMA marking that lost its profile due to snowplows and traffic wear.

At this time, MMA pavement markings are not capable of being wet reflective due to
embedment issues with composite optics into the viscous MMA material.

MMA applications require special equipment. The no-pickup drying time is 45 minutes on
cooler nights, leaving the MMA vulnerable to errant vehicles driving over it and destroying the
marking. Using MMA where traffic will need to cross over it should be avoided.

Typical machine used to install MMA pavement markings, profiled markings in this case.
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While the MMA material itself has a durability of 8 years, MMA loses its retroreflectivity after
a few years (especially on high-volume freeways) because glass beads are only surface-
applied. To maintain retroreflectivity, the MMA should either be refreshened with paint (hot-
applied thermoplastic not recommended on MMA) or replace the MMA marking.

Profiled MMA and painted edge line during wet, nighttime conditions that are barely visible.

The photo above shows profiled MMA and paint edge line on a freeway during wet, nighttime
conditions versus wet reflective pavement markings in the photo below.

Wet reflective preformed tape used just downstream of the photo above.

MMA is the preferred material for transverse markings and intersections (especially
roundabouts) with heavy turning movements where wet retroreflectivity is less important due
to roadway illumination being present.

MMA is resistant to oils, antifreeze, snowplow damage, and other chemicals commonly found
on the roadways in addition to being UV stable, abrasion resistant, and color stable. MMA has
excellent skid resistance, desirable for pedestrian and bicyclist applications.
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Crews installing green MMA pavement marking used to delineate a bicycle lane.
Masking tape is used on the edges to create a straight, smooth edge when completed.

MMA is about 12 times more expensive than paint, about 3 times more expensive than
thermoplastic, and a bit more expensive than 150-mil grooved wet reflective Type C-1 tape.
MMA's lifetime cost is considerably higher as it requires a lot more refreshing because of
retroreflectivity resulting in significant costs in Maintenance labor and traffic control.

3-6.7 Raised Pavement Markers

Raised pavement markers (RPMs) are constructed from plastic, composite, and/or aluminum
that adhere to the pavement using melted epoxy adhesive.

Crew installing RPM into melted epoxy adhesive applied to the pavement.
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RPMs durability is about two years if properly installed. It is critical that the RPM'’s melted
epoxy adhesive is applied to dry pavement (not just surface dry) or it draws moisture that
weakens its bond with the pavement causing the RPM to fail prematurely.

Type 2 RPMs supplement traditional pavement markings to mitigate for poor wet
retroreflectivity of most pavement marking types. RPMs also serve to provide tactile feedback
to motorists to correct their position by vibration and sound.

Reflective Type 2 RPMs supplementing traditional pavement markings to mitigate poor wet
retroreflectivity.

Wet reflective pavement markings do not need reflective Type 2 RPMs initially. As wet
retroreflectivity diminishes after several years, either refresh the marking with wet reflective
paint, wet reflective thermoplastic, or supplement with Type 2 RPMs.

Longitudinal markings can be substituted using RPMs in a series of dots, which creates what
appears to a line to the road user.

Alternatively, RPMs being used to substitute the traditional pavement markings.

RPMs are surface-applied for maximum reflectivity performance. Recessed RPMs (RRPMs) are
positioned into approximately 1” deep grooves cut into the pavement to keep the RPM below
the adjacent pavement surface per Standard Plans. RRPMs on concrete bridge decks require
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Bridge Preservation approval. RRPMs are restricted to steel snowplow and ice chisel zones
and require Region Traffic Engineer or appointed designee acceptance except where
permitted in the Region-specific pavement marking policy.

Example of RRPMs positioned in a pavement groove.

Several regions prohibit RRPMs due to substantial issues:

¢ RRPMs cost 50 times more than surface-mounted RPMs and require nearly the same
frequency of RPM replacements outside of steel snowplow/ice chisel zones.

e Visibility of RRPMs is significantly reduced as the groove blocks the motorist’s view of the
RRPM, especially in horizontal and vertical curves.
e Because the 1" groove needed for RRPMs is positioned near the longitudinal edge of

pavement, its weakest location, RRPMs can result in premature and significant pavement
failure in HMA at this longitudinal joint.

Pavement failure resulting from recessed raised pavement markers on the right broken lane line and
its black hot applied mastic repair on the left broken lane line that required a double lane closure.
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e When roadways are temporarily reconfigured in work zones and the existing RRPMs
conflict, RRPMs must be removed and its groove filed in with a hot applied, pourable,
aggregate filled, polymer modified asphalt pavement repair mastic per Standard
Specifications 5-03, like in the photo above on the left broken lane line.

o Wet, nighttime retroreflectivity is significantly compromised when the groove fills up with
stormwater, as the RRPM rests below the adjacent pavement surface. When the RRPM is
needed the most by motorists, its performance is the poorest.

e Because RRPMs hold moisture longer, it is very difficult to get it completely dry (not just
surface dried) before installing the RPM. The RPM'’s hot, melted epoxy adhesive draws
moisture that weakens the bond causing the RRPM to fail prematurely.

e It is suspected that the hydrodynamic pressure from freeway-speed vehicles hitting the
stormwater results in premature failure of RRPMs.
There are three types of RPMs:

e Type 1: 4 inches in diameter, %-inch high, non-reflectorized “turtle shells” that are white or
yellow in color also known as bott dots. When used as a “solid” line, use 5-foot spacing.

Example of yellow and white Type 1 RPMs.

Type 1 RPMs are typically limited to lower speed urban and suburban roadways for
permanent applications but are present on some older sections of pavement.

Type 1 RPMs permitted in temporary work zone reconfigurations occurring during
excessively wet weather rendering other pavement marking material impractical.

e Type 2: are 4 inches wide, 4 inches long, % inch high, and with a reflectorized prism either

on one or both sides for wet nighttime visibility that are typically yellow, white, or red
(facing direction of wrong way motorists).

Type 2YY RPMs (both sides reflective yellow) may be used at centerline of undivided highways.
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Supplemental RPMs are installed per Standard Plans; however, Regions may have Region-
specific Standard Plan General Special Provisions for delineation.

Unless the Region Traffic Engineer or appointed designee accepts or Region-specific
pavement marking policy states otherwise:

— Type 2 RPMs are not necessary when wet reflective pavement markings are utilized
for both permanent and temporary applications.

— Type 2W RPMs are optional along the solid wide line of HOV lanes.

— Type 2Y RPMs are optional at left edge lines on one-way roadways, divided highways,
and freeways except for left-sided HOV and single Express Toll Lanes with a solid wide
lane line not supplemented with Type 2W RPMs.

— Type 2 RPMs are not required within continuously illuminated sections of roadway;
however, if used within these illuminated sections, Type 2 RPMs should also be
continued through the adjacent roadway sections as well.

— Type 2 RPMs may be used to supplement right edge lines at lane reduction tapers,
sections with 10-foot or narrower lane widths at restrictive features (e.g. narrow
bridges), and at the gore of interchange ramps. Otherwise, do not use Type 2 RPMs on
the right edge line.

— Only use Type 1 RPMs as a substitute for right edge line, not Type 2 RPMs.

— All red, blue, and green Type 2 RPMs require Region Traffic Engineer or appointed
designee acceptance.

e Type 3: are 6, 8, 10, or 12 inches wide, 4 inches long, %-inch high, and non-reflectorized
that are white or yellow in color that are used in locations where additional emphasis is
desired, including vehicle separations and islands.

— Obtain approval by the Region Traffic Engineer for all installations of Type 3 RPMs.
Retain approval in the Design Documentation Package.
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3-9 Flexible Pavement Markers

Flexible pavement markers are short-term temporary pavement markings required on
Bituminous Surface Treatment (BST, “chip-seal”) projects and should not be used on any other
pavement types unless accepted by the Region Work Zone Engineer.

Flexible pavement markers have adhesive bottoms and are 4 inches wide and their color
matches permanent pavement markings.

- B

Flexible pavement markers used during a BST project.

Closeup of flexible pavement marker just prior to being cut.
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3-10  Guideposts

Guideposts are retroreflective devices installed off to the sides of a roadway to indicate
changes in roadway alignment at night and during adverse weather. Guideposts serve as
guidance devices, not warning devices.

Yellow guidepost on the left side of a freeway or divided highway.

White guidepost on the right side of a highway attached to a guardrail post.

There are several types of guideposts:

e Type W is white in color with a silver-white reflective sheeting that faces traffic used on
the right side of divided highways, ramps, intersections, ramp terminals, and right-hand
acceleration and deceleration lanes.

e Type WW is white in color with a silver-white reflective sheeting on both faces used on
the outside of horizontal curves on undivided two-lane, two-way highways

e Type Y is yellow in color with a yellow reflective sheeting that faces traffic used on the left
side of divided highways, ramps, intersections, ramp terminals, and left-hand acceleration
and decelerations lanes.
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e Type YY is yellow in color with a yellow reflective sheeting on both faces used in the
median on divided highways

Unless Region Traffic Engineer or appointed designee accepts otherwise, guideposts usage:

Location

Tangents

Along Horizontal Curves

Freeways and Divided Highways with Continuous lllumination

Main Line None None

Bridge Approaches None None
Interchange Ramps Standard Plan M-40.20 Standard Plan M-40.20

At-Grade Intersections None None

Lane Reductions

Standard Plan M-40.60

Standard Plan M-40.60

Median Crossovers
(Authorized Vehicles Only)

None

None

Freeways and Divided Highways Without Continuous lllumination

Main Line with RPMs or
Wet Reflective Markings

None

Standard Plan M-40.40

Main Lines without RPMs
or Wet Reflective Markings

Right Side Only
@ 0.1-mile Spacing

Standard Plan M-40.40

Bridge Approaches

Standard Plan M-40.50

Standard Plan M-40.50

Interchange Ramps

Standard Plan M-40.20

Standard Plan M-40.20

At-Grade Intersections

Standard Plan M-40.30

Standard Plan M-40.30

Lane Reductions

Standard Plan M-40.60

Standard Plan M-40.60

Median Crossovers

Standard Plan M-40.60

Standard Plan M-40.60

(Authorized Vehicles Only)
Undivided Highways with Continuous lllumination
Main Line None None
Bridge Approaches None None
Intersections None None

Lane Reductions

Standard Plan M-40.60

Standard Plan M-40.60

Undivided Highways Without Continuous lllumination

Main Line

None

Standard Plan M-40.40

Bridge Approaches

Standard Plan M-40.50

Standard Plan M-40.40

Intersections with
llumination

None

None

Intersections without
[llumination

Standard Plan M-40.30

Standard Plan M-40.30

Lane Reductions

Standard Plan M-40.60

Standard Plan M-40.60
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3-11

Guidepost installation is as shown in Standard Plan M-40.10 or per MUTCD Section 3G.04.

On freeway or divided highways, yellow guideposts are used on the left side and white
guideposts on the right side. Red reflective sheeting may be used facing wrong way traffic on
one-way roadways on the backside of these guideposts. Red reflective guideposts may be
used along a truck escape ramp.

On undivided highways, white guideposts are always used except in parks where brown is
acceptable (with white reflective sheeting).

For BMP delineation, use white on green guideposts per Standard Plan M-24.65.
See MUTCD Chapter 3G for additional information.

Barrier Delineation

Barrier delineation is the extension of guideposts through an area of guardrail or concrete barrier
where guideposts are required in the table above. In addition, barrier delineation is required
when the traffic barrier or temporary traffic barrier is 4 feet or less within the travel way
(measured from the edge line).

Barrier delineator colors match the adjacent lane line, yellow on left and white on right of divided
highways and white on both sides on undivided highways.

Yellow barrier delineators during daytime.
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Yellow barrier delineators during a rainy night.

Barrier delineator spacing is 40 feet on tangents and 20 feet within horizontal curves.

Per Standard Plan M-40.10, barrier delineators are installed 6 inches below top of barrier;
however, if the top of the barrier varies relative to the traveled way, install the delineators at
a constant height above the travel lane instead of relative to the top of barrier determined
by Region Traffic Engineer or appointed designee.

A single delineator with reflective yellow material on both faces may be placed on top of the
barrier separating two-way traffic in lieu of separate delineators on each side.

Double-sided yellow reflective barrier delineator attached on top of a barrier.
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Barrier delineation can be enhanced using 4-inch or 6-inch linear delineation panels (LDP),
which are retroreflective profiled panels attached to permanent and temporary barrier and
40-foot spacing on tangents and 20-foot spacing within horizontal curves.

LDPs are recommended on roadways 45 mph or higher without roadside illumination such
as dark, rural mountain passes with numerous horizontal curves.

Above: Linear delineation panels on barrier along Interstate 90 at Snoqualmie Pass.
Below: Yellow linear delineation panels attached to barrier at night.
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3-12 Guardrail Delineation

Guardrail may also be enhanced with a continuous 1.5-inch linear delineation panels (LDP) as an
alternative to guide posts, but matching the guidepost locations and color.

Region Traffic Engineer or appointed designee will determine locations but should be considered
on the outside of horizontal curves in locations with sharp horizontal curves.

Guardrail enhanced with white LDP on rural highway with sharp curves.

Closeup of guardrail enhanced with yellow LDP.
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3-13  Object Markers

Object markers are used to mark obstructions within or adjacent to the roadway, including small
traffic islands. MUTCD Sections 2C.70 thru 2C.73 provides information regarding the four types,
but Type 3 object markers that are reflective yellow and black are the most common.

The terminal ends of guardrail attenuators are delineated with modified Type 3 object markers,
sized to fit the terminal face like shown in the photos below:

Top: Object markers installed on guardrail terminals of undivided highway.
Bottom: Slim object markers installed on a new MASH-16 guardrail terminals along an on-ramp.

The terminal ends of impact attenuators are delineated with modified Type 3 object markers
detailed in the Sign Fabrication Manual. When the impact attenuator is used in a roadside
condition, use the OM3-501 series object marker with diagonal stripes pointing downward
toward the desired direction of travel; when traffic passes on both sides (gores), use OM3-502.

30" = ) 30" . , 30"
\ 1" / \ " / "
30 30 / 30
k A 4
OM3-501L OM3-502 OM3-501R
Atts SuB{rY?\ T m(elY) n Anen(lEt{)IZ
Lef: Si:eoofoTraﬂic Bc?th gidzzs:fs A‘:tenuator Right Side of Traffic

Object marker signage on temporary impact attenuators, depending on either side(s) of traffic it is on.
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