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Abstract
The purpose of this report is to document the field evaluation of a thermoplastic pavement marking
material on a 2 year old asphalt pavement located on Cell 26 of MNROAD’s Low Volume Road.
HMA pavement reconstruction occurred on the test cell in 2004, using 4 in. of Superpave HMA over
a 12-in. Class 6-Special aggregate base. The structural design is based on 20-year ESAL’s of
110,000, according to the MnPAVE design software. The mixture design is identified by Mn/DOT
designation SPWEB240B-R.

On May 16, 2006 a total 524 square feet of inlaid thermoplastic pavement marking material
was installed on Cell 26. This area included two crosswalks placed across both traffic lanes and a 2
x 100-ft segment installed in the left wheel path of the 80K load lane. The project was part of a
partnership agreement between Mn/DOT and Decorative Pavement Marking, LLC of Plymouth, Mn.
The purpose of the project was to evaluate the physical properties of the product, including friction
resistance and the evaluation of the overall durability of the pavement surface. Integrated Paving
Concepts Inc. of Vancouver, B.C., supported the project and assisted DPM in the installation
process.

During the period between May 16, 2006 and August 1, 2007 Cell 26 received 6,809 and
2,003 repetitions of the 80K and 102K truck configurations respectively.



Introduction

Thermoplastic materials are designed for use in high-traffic areas, but are primarily used to decorate
crosswalks. Thermoplastic inlay installation is accomplished in a three stage process that includes
softening the asphalt pavement by heating, stamping an impression for the inlay, and bonding the
thermoplastic material to the pavement with additional application of heat.

This document reports the first year performance and physical properties of a thermoplastic
inlay type pavement marking product. The field evaluation included construction monitoring, tests
of friction skid resistance, surface texture, retroreflectivity, pavement noise, and the evaluation of
the overall durability of the pavement surface. Additional laboratory testing was performed to
evaluate the impact of installation on the asphalt binder.

MnROAD Facility

The Minnesota Department of Transportation (Mn/DOT) constructed the Minnesota Road Research
Project (MNnROAD) between 1990 and 1994. MnROAD is located 40 miles northwest of
Minneapolis/St.Paul and is an extensive pavement research facility consisting of two separate
roadway segments containing 52 distinct test cells. Each MnROAD test cell is approximately 500
feet long. Subgrade, aggregate base, surface materials, roadbed structure, and drainage methods
vary from cell to cell.  All data presented herein, as well as historical sampling, testing, and
construction information, can be found in the MNROAD database and in various publications.
Layout and designs used for the Mainline and Low Volume Road, along with additional information
on MnROAD and details regarding constructions and installations on Cell 26 can also be found at
http://mnroad.dot.state.mn.us/research/mnresearch.asp.

Mainline and Low Volume Test Roads

The 3.5-mile MNROAD Mainline Test Road (Mainline) contains 32 of the test cells, while the
remaining 20 cells are located on a separate closed loop that is located parallel and adjacent to the
Mainline. The 2.5-mile loop is called the Low Volume Road (LVR).

Mainline traffic is provided by the traveling public on westbound 1-94, and weigh-in-motion
(WIM) devices are used to collect data and calculate the Mainline ESALS, which are stored in the
MnROAD database.

Traffic on the LVR is restricted to a MNROAD operated vehicle, which is an 18-wheel, 5-
axle, tractor/trailer with two different loading configurations. The "heavy" load configuration results
in a gross vehicle weight of 102 kips (102K configuration). The “legal” load configuration has a
gross vehicle weight of 80 kips (80K configuration). One day per week the tractor/trailer operates in
the 102K configuration and travels in the outside lane of the LVR loop. The tractor/trailer travels on
the inside lane of the LVR loop in the 80K configuration on all other weekdays. This results in a
similar number of ESALSs being delivered to both lanes. ESALSs on the LVR are determined by the
number of laps (80 per day) for each day and are entered into the MNnROAD database.


http://mnroad.dot.state.mn.us/research/mnresearch.asp

Cell 26 Construction and Installation History

Pavement Materials History

Cell 26 extends from Station 170+75 to Station 174+65 on the LVR. The cell was originally
designed to be a full depth hot mix asphalt cell. In 2000 the full depth asphalt and 1-2 in. of the clay
loam subgrade were reclaimed. A nonwoven geotextile was placed from station 172+75 t0174+65
to separate the clay loam subgrade from the reclaimed base and an oil gravel surface was
constructed.

In June of 2004 the oil gravel and 14 in. of reclaimed base and subgrade were removed and
replaced with 4 in. of HMA Superpave mix over 12 in. of Class 6-Special aggregate base. The
structural design was based on 20-year ESAL’s of 110,000, according to the MnPAVE design
software. The mixture design is identified by Mn/DOT designation SPWEB240B-R [1, 2]. The
Superpave construction was in an ongoing evaluation at the time of the May 16, 2006 thermoplastic
installation.

Thermoplastic Materials
On May 16, 2006 a thermoplastic inlay was installed over portions of the Cell 26 Superpave mix
with the purpose of evaluating field performance [4]. Figure 1 is a sketch of the test section layout.
The inlay material contained glass beads and was marketed under the name of DuraTherm™. The
product was installed using a StreetHeat SR-60 infrared pavement heater, hand torch, and Wacker
DPU 6055 plate vibrator. Product specifications state the thermoplastic inlay product has a nominal
thickness of 0.09-in. Micrometer measurements taken on a piece of new, unmelted inlay material
resulted in an average thickness of 0.13 in., which included a layer of glass beads adhered to the
surface.

A total of 524 square feet of inlaid thermoplastic pavement marking material was installed on
MnROAD Cell 26, including:

o 6 x 24-ft open hexagonal pattern crosswalk (safety green color), placed in 80K and
102K lanes;

. 2 x 100-ft open hexagonal pattern wear strip (white color), placed in the left wheel
path of the 80K lane;

. 9 x 10-ft open rectangular brick pattern with open zebra stripe (white color), placed
in the 80K lane; and

. 9 x 10-ft open rectangular brick and solid zebra stripe (cinnamon brick and white

stripe color), placed in the 102K lane.
Temperature measurements obtained during thermoplastic inlay installation showed that the infrared
pavement heater operated at approximately 300° F at a distance of 4-in. from the asphalt surface and
traveled at a rate of approximately 0.6 ft/sec. This technique resulted in raising pavement surface
temperatures to the range of 200 to 215° F.

In the construction report it was recorded that the pavement developed a dark appearance
along the heater path. The installers used a pointed scissors to perform a penetrating test throughout
the duration of the installation in order to check softening of the asphalt surface. Small quantities of
water were misted onto the pavement when temperature control was required.

The solid white stripe material used in one crosswalk developed a sheet-like appearance.
Glass beads would fall through the material if temperatures became too great. At the surface the
glass bead distribution appeared non-uniform in the solid white material.

Traffic Loading
In June of 1994, the MnROAD truck began traveling on the LVR, and by September 2000 the
original full depth asphalt had received 111,068 Equivalent Single Axle Loads (ESALS) in the 80K
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lane and 107,332 ESALSs in the 102K lane. This corresponds to approximately 47,639 passes of the
MnROAD truck in the “legal” (80K) load configuration and 14,555 passes of the MnROAD truck in
the “overload” (102K) configuration. By May 3, 2001 at the time of the oil gravel failure the 80K
lane had received an additional 14,800 ESALSs and the 102K lane had received an additional 15,682
ESALs. From the time of the June 2004 Superpave reconstruction until May 15, 2006 the 80K lane
had received 22,835 ESALs and the 102K lane had received 25,722 ESALs. Detailed traffic
information can be found in the MNROAD database.

Traffic Applied to Thermoplastic Inlay

The thermoplastic inlay performance evaluation period occurred between May 17, 2006 and June
18, 2007. During that time the MNROAD LVR truck traffic loading provided a total of 6,809 80K
repetitions and 2,003 102K repetitions to Cell 26, all at a speed of 40 mph.

MnROAD LVR ESAL factors are used to calculate the total effect of traffic for a given
number of load repetitions and depend on the particular combination of tractor-trailer used on a
given day. ESALSs represent the amount of pavement structure damage resulting from a given set
of traffic loadings. The total application was calculated to be 15,434 80K and 15,410 102K
ESALs. Table 1 and figures 2 — 4 summarize the LVR ESAL application during the evaluation
period.

MnROAD LVR show plow records show that plowing occurred four times during the
winter of 2006-07.

Testing and Evaluation

Pavement condition surveys have been conducted on all of the cells at MNROAD from the time
of initial construction using the Strategic Highway Research Program (SHRP) distress
identification manual as a guide. The MnROAD database contains additional information
pertaining to performance data collected with the collection van and the details of individual
condition surveys. The database also contains various reports and memorandums that contain
visual observations and measurements performed by MnROAD research staff.

Ride

During the evaluation period the average Cell 26 IRI increased on the 80 K lane from 1.88 to 2.37.
IRI increased on the 102K lane from 1.7 to 1.81. Table 2 shows the Cell 26 IRI measurements. IRI
data was collected with a high-speed pavement survey van.

Rutting
Rutting data was collected using an automated laser profile system [4]. Table 3 shows the average
rutting conditions measured prior to installation of inlaid thermoplastic markings. During the
thermoplastic evaluation period rutting increased on Cell 26 by:

e 13.1% inthe 102 K lane, inside wheel path

e 11.8% inthe 102 K lane, outside wheel path

e 5.1% in the 80 K lane, inside wheel path

e 0.5% in the 80 K lane, outside wheel path
Observation showed that the thermoplastic material was unaffected by this degree of pavement
rutting.

Cracking
Cell 26 showed no transverse thermal cracking as of May 16, 2006. However, one longitudinal
crack was observed in the 80K lane right wheel path, running from Station 170+65 to 172+30. The
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cracked portion of Cell 26 was excluded from the thermoplastic installation. No significant cracking
developed on Cell 26 during the thermoplastic inlay evaluation period.

Measurements on HMA and Thermoplastic Inlay

Cell 26 Friction

Pavement friction testing was performed using Dynatest Skid trailer according to ASTM 2274-06,
Standard Test Method for Skid Resistance of Paved Surfaces Using a Full-Scale Tire. Additional
testing was also performed using a smooth tire. Each testing scenario involved multiple wet skid
tests performed at 40 mph.

Pre-installation friction conditions were tested on May 12, 2006. The treated and untreated
conditions were tested again shortly after installation on June 7, 2006 as well as on October 24, 2006
and on May 10, 2007. On November 6, 2007 a single test was performed over the thermoplastic
region of Cell 26. The friction testing results are presented in figures 5 and 6. Table 4 summarizes
the friction data collected for each tire and section type.

Texture

On June 1, 2006 and May 4, 2007 Cell 26 was evaluated for pavement texture using the “sand
patch” method (ASTM E965). Texture measurements were performed on plain pavement and
pavement inlaid with thermoplastic. The thermoplastic texture was tested for each inlay pattern
(hexagon, large rectangle, small rectangle). Initial measurements showed that the inlay treatments
exceeded plain pavement in terms of texture. However the data in Figure 7, a plot of texture
measurement results, shows that texture on thermoplastic inlay areas generally decreased between
2006 and 2007.

For the purpose of this evaluation higher texture values indicate greater inlay depth and
therefore resistance to damage from snow plow scraping or other skidding type actions. Inthis case
a decrease in texture may indicate a change in the surrounding HMA material. Such a decrease
would result in higher rates of inlay exposure to scraping or skidding. The measured texture change
may be due to the combined effects of scraping, traffic densification, or environmental effects.

Future evaluations of texture will use the circular track meter device, and standard method
given in ASTM E2157.

Retroreflectivity Measurements

Retroreflectivity measurements were conducted on the thermoplastic inlay material on November
21, 2006 and August 17, 2007. Measurements were performed using both a handheld unit and a
Mn/DOT van equipped with a mobile retroreflectivity measurement system. The research findings
of Loetterle [5] show that the minimum threshold for acceptable retroreflectivity exists in the range
of 80 to 120 mcd. During the evaluation period none of the retroreflectivity measurements of the
Cell 26 thermoplastic inlay installations exceeded 101 mcd.

The retroreflectivity measurements are listed in table 5 and plotted in figure 8. The data
suggests that the accumulation of traffic repetitions improves the material retroreflectivity during
the first year of service. Figure 9 shows the relationship between the sand patch texture and the
retroreflectivity of the thermoplastic installations.

Sound Measurements
In September, 2007 Cell 26 was evaluated for tire-pavement noise production using the On Board
Sound Intensity (OBSI) collection method.

e Test tire fitted with microphone spindle hub as shown in figure 10.
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e The test tire pressure should equal 30 psi at a cold condition.

e Record pavement temperature for test section throughout the day.

e Eight microphones are plugged in to the Front End unit, and are arranged so that four are
placed at the front end and four at the trail end of the tire contact patch. OBSI microphones
are recalibrated twice per day to 115 dB(A) and 94 dB(A).

e Data is collected at a steady 60 mph in automatic 5-second sections. This is equivalent to
collecting over a 440 ft test section. Each section should be collected three times, insuring
the data outputs are similar and within tolerance. If two of the three runs are reasonably
close the third can be eliminated.

e A rule of thumb is that doubling the amount of traffic on a given surface will produce a 3
dB(A) increase in OBSI measurements.

Fundamentals of Noise Metrics (Understanding the Results of an OBSI Test)

A convenient logarithm scale is used to mimic the human hearing spectrum. This is the A-weighted
scale that is simply explained by the following example. If “n” similar sources generate a noise
level i dB(A), the total noise level is given by equation 1.

dB(A), dB(A), dB(A), .
dB(A)tzlolog{lo /m+10 /w+....+10 /ﬁ’} Equation 1.

Consequently, if there are two sources with the same sound intensity, the cumulative
intensity is 3 db(A) higher than the individual intensity as shown below. This implies that a
reduction of the sound intensity by 3 dB(A) is equivalent in effect to a traffic reduction to 50 percent
of original ADT.

dB(A),> =10 log [ 10 %BWIN0 4 10 BAIL0T £or 2 sources
10 log [2 x 10 ®B®07 for 2 sources
10 [log 2 + dB(A)i /10]

[3+i] dB(A)

Similarly, in the A-weighted metric, a reduction of 4.7 dB(A) is equivalent to a 70%
reduction in the overall noise level.

Figure 11 is a photograph of a portion of the hexagonal pattern that was evaluated with OBSI
and Dynatest equipment. Table 6 and figure 12 show the OBSI data acquired for Cell 26 80K and
102K lanes. For comparison purposes OBSI data is also listed for LVR Cell 38, which was
constructed of Portland cement concrete (PCC) in 1993. It was found that the average sound
intensity of the 80K lane having 100 linear feet of thermoplastic inlay measured 2.4 dB(A) greater,
and that the PCC measured 6.7 dB(A) greater than the bare asphalt in the 102K lane. All
measurements were performed over a distance of 440 ft at a speed of 60 mph.

Inlay Condition Survey Results

Condition surveys were performed for the Cell 26 thermoplastic installation during June and October
of 2006 and May of 2007. Surveys focused on bond retention and general condition of the
installation.

HMA-Inlay Bond

The HMA-inlay bond appeared to perform satisfactorily until the condition survey of May, 2007,
when several cases of debonded or loose inlay material were observed. At one location the brick
pattern near the edge of pavement was fully debonded along a 3-in. length, and material was lost
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along the full width. Atanother location the hexagon pattern in the left wheel path of crosswalk had
a 3-in. length torn along half of the segment width. The loss of this material was not viewed as
significant to the overall performance or appearance of the inlay installation.

Impact of snow plowing and heavy traffic

During the October 2006 survey numerous cases of scuffing were observed, particularly on
crosswalk installations near Cell 27. The scuffing was attributed to the turning motion of
construction equipment present during reconstruction of Cell 27 from June to August, 2006. The
extent of scuffing was measured and found to affect 14 — 28 percent of the crosswalk area near Cell
27. Scuffing was found to decrease with increased distance from Cell 27. Survey results are present
in table 7.

During the October 2006 survey it was also observed that several stones had been embedded
in the thermoplastic material.

Plow damage was assessed during the May, 2007 condition survey. With the exception of
the centerline, Cell 26 had accumulated no notable damage due to snow plowing. Figure 13 shows
the centerline of Cell 26, and the damage to the striping and inlay materials. The extent of damage
was not enough to affect the performance of the centerline striping. The thermoplastic inlay near the
center stripe was affected to a lesser extent than the striping material.

Asphalt Binder Testing

Temperature measurements from thermoplastic inlay installation showed that the infrared pavement
heater operated at approximately 300° F at a distance of 4-in. from the asphalt surface and traveled at
a rate of approximately 0.6 ft/sec. This technique resulted in raising pavement surface temperatures
to the range of 200 to 215° F. In the construction report it was recorded that the pavement developed
a dark appearance along the heater path.

After construction the MNnROAD staff removed several cores from Cell 26 in areas that had
been treated with the pavement heater. Several untreated cores were also removed from areas
unaffected by installation of the thermoplastic. Prior to testing the cores were sliced into 0.5-in.
disks and the asphalt binder was then extracted and recovered. The binder was then graded
according to the Superpave performance grading (PG) system.

A PG58-28 asphalt binder was used during the reconstruction of Cell 26 in 2004. The first
number refers to the binder high temperature grade and the second number refers to the low
temperature grade. The binder testing results that are presented in Table 8 show the performance
grade of the heated surface layer was 2.6 degrees greater than the unheated surface layer.

Summary and Conclusions

Thermoplastic materials are designed for use in high-traffic areas, but are primarily used to decorate
crosswalks. Installation is accomplished in a three stage process that includes softening the asphalt
pavement by heating, stamping an impression, and bonding the thermoplastic material to the
pavement with additional application of heat.

This report presents the results of a one-year field evaluation of the performance and physical
properties of a thermoplastic inlay installed on Cell 26 of the two-lane MnROAD low volume road
on May 16, 2006. The thermoplastic was installed on a two year old asphalt pavement consisting of
4 in. of Mn/DOT SPWEB?240B-R over 12 in. of Class 6-Special aggregate base. 324 square feetof
inlaid thermoplastic pavement marking material were installed in crosswalk type configurations and
200 square feet were installed in a strip located in the left wheel path of the 80 K lane.

Traffic on the low volume road was provided by an 18-wheel, 5-axle, tractor/trailer using
two loading configurations; one for the102K lane and another for the 80K lane. Between May 17,
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2006 and June 18, 2007 a similar number of ESALs were delivered to each lane as the truck
provided a total of 6,809 80K repetitions and 2,003 102K repetitions, all at a speed of 40 mph.
Observation and testing found that during the evaluation period:

e The impact of the installation process, particularly the heat introduced during pavement
softening and material bonding, was assessed using laboratory temperature grading of
extracted asphalt binder samples. Results showed that the near the pavement surface the
high-end temperature grade was 2.6 degrees greater than that for pavement that had not been
exposed to the installation process.

e Roughness increased on the entire length of the 80 K lane by an average value of 0.49 in. per
mile and on the 102K by a value of 0.11 in. per mile.

e The thermoplastic material was unaffected by the measured degree of pavement rutting.

e No significant cracking developed on Cell 26 during the thermoplastic inlay evaluation.

e Friction testing on Cell 26 showed the friction number for thermoplastic inlay averaged 86
percent of the friction on the non-inlay for tests using a full-scale, ribbed tire. The friction
number for thermoplastic inlay averaged 102 percent for tests using a smooth tire.

e Sand patch texture decreased over the evaluation period relative to the asphalt pavement
texture.

e Retroreflectivity measurements during the evaluation period did not exceed 101 mcd on any
portion of the installations. Retroreflectivity measurements increased during the first year of
service.

e On Board Sound Intensity measurements showed that in Cell 26 the average sound intensity
of the lane containing 100 ft of thermoplastic inlay surface measured 2.4 dB(A) greater than
the bare asphalt.

e After one year, two cases of inlay debonding occurred on short segment lengths.

e Scuffing and tracking occurred on the thermoplastic material due to the action of
construction equipment. Snow plow damage to the thermoplastic material was assessed as
slight.

Based on the results of the year long construction monitoring, performance monitoring, and
material testing program, this study concludes that an adequate thermoplastic inlay installation can
be accomplished on a two-year old asphalt pavement with respect to material bond.  Service
conditions were essentially 40-mph straight-line traffic providing no braking or acceleration. The
application of 6,800 standard 18-wheel truck loadings had minimal effect on the durability
performance of the thermoplastic inlay in comparison to that of incidental heavy construction
vehicle traffic.

Laboratory testing indicated that the installation process caused a degree of asphalt ageing
approximately equal to half of an asphalt binder performance grade. Installation of thermoplastic
inlay on older pavement surfaces or on dry asphalt mixtures may accelerate ageing and may possibly
decrease overall pavement performance. Potential users of thermoplastic inlay should therefore
consider the anticipated benefits with respect to the known side effects.

The results of Dynatest trailer friction testing showed that the smooth tire testing
configuration produced similar measurements for the thermoplastic inlay and the non-inlay
pavement. The ribbed tire (standard) testing configuration produced results for the thermoplastic
inlay that were 86 percent of the non-inlay pavement. It is therefore recommended that any agency
that is considering installing thermoplastic inlays where posted speeds are greater than 40 mph
should schedule friction testing prior to installation.

Pavement texture measurements showed that the thermoplastic inlay sections experienced a
decrease over time relative to the control section.
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Future studies should evaluate the use of texture monitoring as a means of evaluating the
inlay installation’s susceptibility to scraping or other abrasion. Future research should also monitor
a set of thermoplastic installations to failure then make an appropriate assessment regarding
accelerated ageing.
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TABLE 1 Cell 26 Traffic and Event Timeline

Inla Inla
pate Event SO | 102K gl | gk
ESALs | ESALs
4/27/2004 Cell reconstruction 0 0
4/10/2006 Ride evaluation 20970 20897
4/26/2006 ALPS rutting 22003 25982
5/12/2006 Dynatest friction 22689 26929
5/15/2006 Install thermoplastic inlay 22840 26929 0 0
5/16/2006 Cell condition survey 22840 26929 0 0
6/1/2006 Sand patch 23448 27959 608 1030
6/7/2006 Dynatest friction 23621 28305 781 1376
June, July, and August 2006: LVR reconstruction, cells 27 & 28
8/31/2006 ALPS rutting 24722 29143 1882 2214
10/5/2006 Ride evaluation 25655 30428 2815 3499
10/17/2006 Cell condition survey 26087 32352 3247 5423
10/24/2006 Dynatest friction 26498 32852 3658 5923
11/21/2006 Retroreflectivity 28912 32852 6072 5923
1/2/2007 LVR snow plowing 29723 35144 6883 8215
1122/2007 | FVRSNOWPIOMING CeICNG SAIt | 31069 | 36237 | 8220 | 9308
2i6i2007 | DVR S”O";’t‘z%‘l’g}?ﬁi?:'c'”g st | 25104 | 37060 | 9354 | 10131
3/5/2007 LVR snow plowing 33299 38291 10459 11362
4/23/2007 Ride evaluation 36267 39322 13427 12393
5/4/2007 Sand patch 37002 42077 14162 15148
5/11/2007 Cell condition survey 37318 42208 14478 15279
5/10/2007 Dynatest friction 37318 42208 14478 15279
7/3/2007 ALPS rutting 38274 42339 15434 15410
8/17/2007 Retroreflectivity 38274 42339 15434 15410
8/30/2007 OBSI testing 38274 42339 15434 15410
July through October 2007: LVR reconstruction, cells 29 & 30 = new cells 77 - 79
11/6/2007 Dynatest friction — one test 38274 42339 15434 15410
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TABLE 2 Cell 26 Ride Data

High Speed Van

Lane Day IRI, Left WP | IRI, Right WP | IRI, Average
Before 80K 03/10/06 1.8 1.96 1.88
installation ™ 5o, 03/10/06 1.78 1.61 1.7
80K 4/10/06 1.86 2.08 1.97
102K 4/10/06 1.83 1.7 1.77
After 80K 10/5/06 1.8 1.69 1.74
installation ™ 5o 10/5/06 2 224 212
80K 4/23/07 2.29 2.45 2.37
102K 4/23/07 1.88 1.74 1.81
TABLE 3 Cell 26 Rutting Conditions
Wheel path Day Mean iIﬁuttlng, Standardi rIlDeV|at|0n,
80K Inside 4/26/06 0.2390 0.0491
80K Outside 4/26/06 0.3679 0.0994
102K Inside 4/26/06 0.1875 0.0388
102K Outside 4/26/06 0.4296 0.1132
80K Inside 8/31/06 0.1892 0.0497
80K Outside 8/31/06 0.3406 0.1100
102K Inside 8/31/06 0.1574 0.0475
102K Outside 8/31/06 0.4126 0.1236
80K Inside 7/3/07 0.2511 0.0596
80K Outside 713/07 0.3698 0.1095
102K Inside 7/3/07 0.2120 0.0562
102K Outside 7/3/07 0.4802 0.1148
TABLE 4 Cell 26 Friction Testing
_ Mean Stdev Speed
Area, tire Speed, Speed, Mean FN | Stdev FN | FN COV
mph mph SO0
Control Ribbed 40.3 0.33 0.8% 62.3 3.1 4.9%
Theg{‘b"bﬂ;‘“'c 40.0 0.62 1.5% 53.7 6.9 12.8%
Control Smooth 40.6 0.16 0.4% 30.4 3.2 10.4%
Thermoplastic 40.4 0.19 0.5% 30.9 5.3 17.0%
Smooth
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TABLE 5 Cell 26 Thermoplastic Retroreflectivity

Retroreflectivity, mcd i
Lane Treatment Date y Traff_lc
Van Handheld Repetitions
) . Nov-06 69 70 2138
white solid
Aug-07 101 100 6849
) Nov-06 - 30 2138
brown brick
Aug-07 - 67 6849
80K
. Nov-06 55 44 2138
white hex
Aug-07 62 84 6849
Nov-06 26 30 2138
green hex
Aug-07 43 48 6849
Nov-06 26 30 770
green hex
Aug-07 45 51 2003
102K
) . Nov-06 53 45 770
white brick
Aug-07 78 83 2003
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TABLE 6 Cell 26 OBSI Data

Date Cell Surface type | Location Oéb‘svfr;g? A) Test Ifingth, Ac;lszzge gécz%
8/30/2007| 26 HMA 102K 96.7 440
8/30/2007| 26 HMA 102K 96.8 440
8/30/2007| 26 HMA 102K 97 440 0.9
8/30/2007| 26 HMA 102K 97.3 440
8/30/2007| 26 HMA 102K 97 440
8/30/2007| 26 HMA 102K 97.2 440
8/30/2007| 26 | HMA/thermoplastic | 80K 99.5 440
8/30/2007| 26 | HMA/thermoplastic | 80K 99.5 440
8/30/2007| 26 | HMA/thermoplastic | 80K 99.3 440 0.13
8/30/2007| 26 | HMA/thermoplastic | 80K 99.5 440
8/30/2007| 26 | HMA/thermoplastic | 80K 99.2 440
8/30/2007| 26 | HMA/thermoplastic | 80K 99.5 440
8/30/2007| 38 PCC 80K 103.7 440
8/30/2007| 38 PCC 80K 103.8 440
8/30/2007| 38 PCC 80K 103.9 440
103.7 0.21
8/30/2007| 38 PCC 102K 103.9 440
8/30/2007| 38 PCC 102K 103.4 440
8/30/2007| 38 PCC 102K 103.5 440
TABLE 7 Cell 26 Thermoplastic Distress Survey, October 2006
Lane and AREA
D-Il-s;,geess Green Hex White Hex Open White 22;?3 5\7;&; Control
Station 172+85 117353966_ 174+10 174+10 117725355_
80K Lane Crosswalk | 2x100ft, LWP Crosswalk LWP
102K Lane Crosswalk Crosswalk
) ;‘;‘;‘;}f;‘;e 0% 6% 14% 28% 0%
peTrf‘eCr:‘tZ‘;e 0% 3% 6% 5% 0%
Several stones
Other 2 cores, bwp Twisting 2 cores, bwp pushed intq
102K 0.5% 102K thermoplastic
material.
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TABLE 8 Cell 26 Asphalt Binder Testing

Slice Heated cores Control cores Design
PG %AC PG %AC PG %AC
Top 0.5-in. 71.6-xx 4.6 69.0-30.5 53
Second 0.5-in. 68.6-xx 4.9 68.8-28.8 5.4 58-28 5.7
Bottom 0.5-in. 68.2-Xx 5.9 64-28.8 6.1

Mot to Scale

-]

102K (Dutzide]) Lane

220

180

FIGURE 1 Cell 26 thermoplastic test section layout.
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FIGURE 2 ESALs accumulated during Cell 26 Superpave service period.
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FIGURE 3 Load repetitions accumulated during thermoplastic inlay evaluation.
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FIGURE 4 Bituminous ESALs accumulated during thermoplastic inlay evaluation.
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FIGURE 5 Cell 26 friction testing, combined results.
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FIGURE 6 Cell 26 friction testing, by section and tire type (Ribbed or Smooth).
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FIGURE 7 Cell 26 texture measurements.
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FIGURE 8 Cell 26 thermoplastic retroreflectivity measurements.
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FIGURE 9 Cell 26 thermoplastic retroreflectivity vs. texture.

FIGURE 10 Mn/DOT sedan outfitted with OBSI equipment.
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FIGURE 11 Cell 26 hexagon pattern.
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FIGURE 12 Average OBSI rating for selected MNROAD LVR cells.
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FIGURE 13 Cell 26 Centerline, May 2007.

e B

1 A

-

19



$FLIR TherwaCaf
Saving GO516-02

FIGURE 16 Thermal image of pavement heater, side view taken 5/16/06. Pavement
temperature maximum near 300 °F.
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