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ABSTRACT 
The purpose of this report is to document the installation process of a thermoplastic pavement marking 
material on a 2 year old asphalt pavement and to provide an overview of historical information relating to 
the condition of Cell 26 up to the time of installation. 
 Cell 26 extends from Station 170+75 to Station 174+65 on MnROAD’s Low Volume Road.  
Mulvaney’s (2004) construction report documented the history of Cell 26.  In 2004 the cell was 
reconstructed 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., the manufacturer of DuraTherm™, supported the project and assisted DPM in the 
installation process. 
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Introduction 
MnROAD Facility 
The Minnesota Department of Transportation (Mn/DOT) constructed the Minnesota Road Research 
Project (MnROAD) 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, and surface materials, as well as, 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 are shown in figures 1 and 2.  Additional information on 
MnROAD can also be found on its web site at http://mnroad.dot.state.mn.us/research/mnresearch.asp . 
 
Mainline Test Road 
The 3 ½-mile Mainline Test Road (Mainline) is part of westbound Interstate 94.  The two-lane facility 
contains 32 test cells.  The Mainline consists of both 5-year and 10-year pavement designs.  The 5-year 
cells were completed in 1992 and the 10-year cells were completed in 1993.  Originally, a total of 23 cells 
were constructed consisting of fourteen hot mix asphalt (HMA) test cells and nine Portland Cement 
Concrete (PCC) test cells.  Superpave and whitetopping cells were added in 1997 and 2004. 
 Traffic on the Mainline comes from the traveling public on westbound I-94.  Typically the 
Mainline is closed once a month and the traffic is rerouted to the original interstate highway to allow 
MnROAD researchers the ability to collect data and record test cell performance. The traffic volume has 
increased 40% since the test facility first opened in 1994.  The Mainline equivalent single axel loads 
(ESALs) are determined from two weigh-in-motion (WIM) devices located at MnROAD.  This data is 
collected, shared and used to calculate the Mainline ESALs, which are stored in the MnROAD database.  
An IRD Inc. hydraulic load scale was installed in 1989, east of the mainline test cells.  In 2000, a Kistler 
quartz WIM was installed between PCC cells 10 and 11. 
 
Low Volume Road 
Parallel and adjacent to the Mainline is the Low Volume Road (LVR).  The LVR is a 2-lane, 2 ½-mile 
closed loop that contains 20 test cells.  Traffic on the LVR is restricted to an 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).  On Wednesdays, 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 ESALs being delivered to both lanes.  ESALs on the LVR are 
determined by the number of laps (80 per day) for each day and are entered into the MnROAD database.  
 
Cell 26 History 
Materials 
Cell 26 extends from Station 170+75 to Station 174+65 on the LVR.  The cell was originally designed to 
be a 6-in. full depth hot mix asphalt cell.  Laboratory testing has shown the original asphalt binder had a 
Performance Grade (PG) of 58-28.   
 On September 6, 2000 the entire full depth asphalt surface and 1-2 in. of the clay loam subgrade 
were reclaimed.  A nonwoven geotextile was placed from station 172+75 to174+65 to separate the clay 
loam subgrade from infiltrating into the reclaimed base layer.  An oil gravel surface, using asphalt with 
low viscosity and high penetration, was placed on cell 26.    
 In June of 2004 the oil gravel and 14 in. of reclaimed base and subgrade were removed. The cell 
was replaced with 4 in. of HMA Superpave mix over 12 in. of Class 6-Special aggregate base.  The 
Superpave construction was in an ongoing evaluation at the time of the May 16, 2006 thermoplastic 
installation. 
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Traffic Loading  
In June of 1994, the MnROAD truck began traveling on the LVR.  At the time of the initial reconstruction 
in September 2000, the original full depth asphalt had received 111,068 Equivalent Single Axle Loads 
(ESALs) in the 80K lane and 107,332 ESALs 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 ESALs 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.  Figures 3 – 5 provide LVR loading and traffic 
information. 
 
Pavement Condition 
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 Pavetech van and the details of individual condition surveys.  The database also contains various 
reports and memorandums that contain visual observations and measurements made by MnROAD 
research staff.  The pavement condition information that describes the most important events relating to 
Cell 26 is summarized below.    
  
Investigation of Full Depth Asphalt and Oil Gravel 
In his Cell 26 construction report, Mulvaney (2004) provides a complete description of the performance 
of the full depth asphalt and oil gravel structures that were in place from 1994 to 2000 and 2000 to 2004.   
http://www.mnroad.dot.state.mn.us/research/MnROAD_Project/MnROADReports/MnRoadOnlineReport
s/2004_Cell26_reconstruction_hma.pdf  
 
Cell 26 SuperPave Construction 
In June of 2004 cell 26 was reconstructed using MnROAD staff, the City of Ostego personnel and 
equipment, and the MnDOT metro area paving crew.  The oil gravel surface and 14 in. of reclaimed base 
and subgrade were removed. As part of the field verification process of Superpave, the cell was replaced 
with 4-in. of Superpave HMA over 12 in. of Class 6-Special aggregate base. The design is based on 20-
year ESAL’s of 110,000, according to the MnPAVE design software. The design is identified by 
Mn/DOT mix designation SPWEB240B-R.  The asphalt mixture contained 15 percent millings and had a 
composite 5.7 percent asphalt binder.  A PG 58-28 asphalt cement was used in this mixture.   Tables 
1 and 2 show the mixture aggregate gradation and results from mixture testing. 
 
TABLE 1 Sampled HMA Aggregate Gradations (2004 Reconstruction) 

Sieve Average Percent Passing Sample Standard 
Deviation 

¾" 100 0.0 

½" 96 1.7 

3/8” 87 3.1 

# 4 69 3.2 

# 8 57 2.5 

# 200 5.7 0.1 
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TABLE 2 LVR HMA Superpave Mixture Sample Testing, Selected Results 

Test Results (average) Sample Standard 
Deviation 

Relative Density 97.03 0.808 

%AC 6.0 0.346 

Bulk Specific Gravity 2.400 0.017 

Max. Specific Gravity 2.473 0.004 

% One Faced Crushed 94.8 2.914 

% Two Faced Crushed 94.8 2.914 

Fine Aggregate Angularity 40.3 0.503 

Voids in Mineral Aggregate 15.1 0.850 
 
Sensors Installed 
Table 3 lists the sensors installed in test cell 26 at the time of the 2004 reconstruction. 
 
TABLE 3 Cell 26 Sensors 

Sensor Type Codes / (Use) 
TC Thermal Couple 
 (measures the temp of the soil & pavement) 
GPR Ground Penetrating Radar plates 
 (plates installed at bottom of HMA mat) 
 

 
Ride, Rutting, and Cracking Data 
Table 4 shows the Cell 26 IRI measured prior to installation of inlaid thermoplastic markings.   IRI 
data was collected with a Pathways pavement van. 
 
TABLE 4 Cell 26 Ride Data, Pathways Van 

Lane Day IRI, Left WP IRI, Right WP IRI, Average 

80K 03/10/06 1.8 1.96 1.88 

102K 03/10/06 1.78 1.61 1.7 
 
Table 5 shows the average rutting conditions measured prior to installation of inlaid thermoplastic 
markings.  Rutting data was collected using an automated laser profile system.  Figure 6 shows Cell 26 
rutting for each wheel path. 
 
TABLE 5 Cell 26 Rutting Conditions 

Lane Day Mean Rutting, in. Standard Deviation, in. 

80K Inside 04/269/06 0.239 0.0491 

80K Outside 04/269/06 0.3679 0.0994 

102K Inside 04/269/06 0.1875 0.0388 

102K Outside 04/269/06 0.4296 0.1132 

 
Cell 

Sensor 
Type 

# of 
Sensors 

# of 
Locations 

TC 12 1 
26 

GPR 2 2 
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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 cracked portion 
of Cell 26 was excluded from the thermoplastic installation. 
 
INSTALLATION OF THERMOPLASTIC PAVEMENT MARKINGS 
Objectives, Agreement, and Evaluation Plan 
The purpose of the 2006 installation project was to demonstrate the use and long term performance of 
inlaid thermoplastic pavement markings on Minnesota pavements. 
 As part of partnership agreement number 88147P, MnROAD partnered with Decorative 
Pavement Marking, LLC, an installer of thermoplastic markings, to place DuraTherm™ test sections on 
Cell 26.  Supplementary documentation included Integrated Paving Concepts Inc. of Vancouver, B.C., the 
manufacturer of DuraTherm™ thermoplastic markings, as a supporter of the agreement.   
 An evaluation plan was developed by MnROAD staff.  The plan included elements such as 
evaluating the effects of the products on pavement aging, rutting and cracking, as well as the relative 
friction and overall durability of these products.  An unmarked section of Cell 26 was designated for a 
control section.  The proposed testing configuration is shown in figure 7. 
 
Installation Procedure 
The installer and manufacturer selected several thermoplastic products for evaluation.  All of the products 
installed on Cell 26 contained glass beads.  Prior to heating the beads were visible at the wearing surface 
and throughout the thermoplastic material.  A variety of material colors and patterns were selected for  
durability testing, day/night visibility, and aesthetic considerations:  

• hex pattern crosswalk (safety green color), 
• hex pattern wear strip (white color), 
• brick pattern with open zebra stripe (white color), and 
• brick and solid zebra stripe (cinnamon brick and white stripe color). 

 
The installation was performed by personnel using the following equipment: 

• pavement heater operator (StreetHeat SR-60 infrared pavement heater shown in  figure 8, hand 
torch), 

• plate vibrator operator (Wacker DPU 6055 plate vibrator shown in figure 9), 
• thermoplastic material handler (shown in figure 10), and  
• installation supervisor. 

 
The installation process included: 

• pre-heat HMA pavement, 
• stamp pattern into HMA surface using template and plate vibrator, 
• place a matching preformed thermoplastic marking material into stamped pattern, and  
• a final heat of the in-place thermoplastic to fuse pieces together and bond the material to the 

pavement.  
 
Installation Field Notes 
Table 6 is a summary of Mn/DOT’s field notes taken during installation of pavement markings.  Photos 
of the completed Cell 26 thermoplastic pavement markings are given in figures 11 – 14.   
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TABLE 6  Field Notes 

Date and 
Stage Notes 

May 2nd, 
Pre-

installation 

MnROAD staff conducted cell survey with installers and verified general layout for 
May 16th installation. 

May 12th, 
Pre-

installation 

Obtain pavement friction baseline using Dynatest Skid trailer.  ASTM 2274-06, 
Standard Test Method for Skid Resistance of Paved Surfaces Using a Full-Scale Tire.   

May 16th, 
Installation 

7:00 
Installers arrive and prepare for work. 

May 16th, 
Installation 
of “safety 
green hex 
pattern” 
6 x 24-ft 

crosswalk 
 

7:20 
Crosswalk installation at Cell 26, STA 173+08, both lanes. 

• Pavement Temperature prior to heat: 57º F. 
• StreetHeat SR-60 infrared pavement heater (200º F measured on unit with 

handheld thermometer). 
• Collected FLIR thermal camera images to document effect of pavement 

heater on HMA surface, see figure 15. 
• Heater traveled in transverse direction. 

7:55  
Inlay 6 x 10-ft template using Wacker DPU 6055 plate vibrator. 

• Hexagon pattern. 
• Begin at 80-K lane, RWP. 
• Collected FLIR thermal camera images. 

8:10 
Heat, template, and vibrate 80-K lane, LWP & CL. 
8:20  
Reheat 80-K RWP. 
Vibrate. 
Note: water applied to surface with a garden type hand-held sprayer. 
Note: heater box approximately 4-in. from asphalt surface during heating. 
9:15  
Thermoplastic in place (2ft x 3ft sections). 
Final heat application. 
Note: When heated, the asphalt pavement develops a darkened appearance. 
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May 16th, 
Installation 

of “white hex 
pattern” 

2 x 100-ft 
strip 

Field Notes: 
10:00  
Begin preheat of 2 x 100-ft hexagon strip in 80-K Left Wheel Path (LWP). 

• Pavement heater traveled in longitudinal direction. 
11:00  
50 ft of LWP strip in place. 
11:20  
Note: pavement temperature is 90º F. 
Note: pavement temperature is 107º F at STA 173+08. 
Note: observed some bubbling of centerline stripe due to heater. 
Note: dark appearance of asphalt where heater was used. 
Note: observed instances where the yellow centerline stripe is fused to the 
thermoplastic. 
Note: Observed 102K lane has track marks at: 

• 1-ft from shoulder stripe, and 
• 5-ft from shoulder stripe. 

The locations of these marks are not consistent with the wheel path of the infrared 
heater. 
11:30  
25 ft of strip fused. 
11:30  
Collected thermal images of STA 173+08 crosswalk.  FLIR camera shows the centerline 
stripe is cooler than surrounding material. 
General appearance of STA 173+08 crosswalk is smooth, few bubbles visible, and glass 
beads at or near the surface. 
11:50  
75 ft of strip stamped. 
12:30  
100 ft of strip stamped then reheated. 
Note on heater operation rate: Heater box travels 6.5 ft per 10 seconds.  Generally 5 
minutes to heat a 6ft x 9.5ft area. 
13:50  
Completed 100-ft strip. 
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May 16th, 
Installation 

of the 
combination 

“white & 
cinnamon 

zebra stripe” 
and “white 

brick” 
9 x 10-ft 

crosswalks 

Field Notes: 
13:55  
Initial heat at STA 174+50. 

• Heater traveled in longitudinal direction. 
Note: located preexisting flaw in HMA surface, STA 173+50. 
Note: bubbles observed in 100-ft strip, crew says this is a sign the material is thoroughly 
heated.  Crew says that heating may also occasionally cause bleed through where 
pavement has spotted/blotched AC material, this has not been a performance issue. 
14:00  
Template stamping begins on STA 174+50, 80K lane, zebra stripe. 
Note: Observed tracks on HMA near 100-ft strip: 

• 6 ft from (eastern) end of strip, and  
• 2 spots on N & S sides of strip. 
• 9 x 10-ft pattern 

14:40  
Heat thermoplastic into zebra stripe STA 174+50.  
Note: Hand held thermometer measures hot thermoplastic at 225º F. 
14:45  
Note: White zebra stripe in RWP on STA 174+50 has a sheet-like appearance.  Glass 
beads sometimes fall through the material with too much heat.  Installers say developers 
are working on getting a better melting temperature for this application.   
Note: 215º F observed on asphalt, 205º F observed on white sheet.  Unheated asphalt 
was 120º F. 
Note: the “cinnamon” brick pattern has more glass beads visible than the white material. 
 Bead distribution appears non-uniform in white material. 
15:05  
Used hand torch to melt thermoplastic in the 80-K LWP area on STA 174+50.  The 
torch was used because the pavement heater width (9ft wide x 6.5ft ) did not cover the 
entire installation area. 
Note: Installers used a “scissors penetrating test” all day to check softening of the 
asphalt surface. Begin heat and installation of white brick pattern in 102K lane.  

• Heater traveled in transverse direction. 

May 16th 
16:00  
Install completed. 
Note: collected photos of completed work.  Crew clean-up and loading equipment. 

May 16th 17:00 
Departure of crew and staff from MnROAD. 

 
Installation Samples Taken 
The following samples listed in Table 7 were collected during installation.   
 
TABLE 7  Samples Taken During Installation 

Sample Material Sample size Measured 
Thickness (mils) 

Sample Standard 
Deviation (mils) Storage location 

White brick 
thermoplastic 18 x 24 in. 125 5 Project file 

Cinnamon brick 
thermoplastic 8 x 24 in. 130 0 Project file 

Safety green hex 
thermoplastic 13 x 16 in. 122 2.9 Project file 
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Installation Summary 
On May 16, 2006 a total of 524 square feet of inlaid thermoplastic pavement marking material was 
installed on MnROAD Cell 26, including:   

• 6 x 24-ft open hex pattern crosswalk (safety green color), placed in 80K and 102K lanes; 
• 2 x 100-ft open hex pattern wear strip (white color), placed in the left wheel path of the 80K 

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

the 102K lane. 
 
 The project was part of a partnership agreement between Mn/DOT and Decorative Pavement 
Marking, LLC of Plymouth, Mn.  The installation was performed jointly by Decorative Pavement 
Markings, LLC and Integrated Paving Concepts Inc. of Vancouver, B.C. 
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FIGURE 1 MnROAD test cell layout (Mainline). 
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FIGURE 2 MnROAD test cell layout (Low Volume Road). 
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FIGURE 3 Accumulated MnROAD LRV traffic volume. 
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FIGURE 4 Accumulated MnROAD LVR ESAL’s vs. traffic volume. 
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FIGURE 5 Accumulated MnROAD LVR ESAL’s. 
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FIGURE 6 Cell 26 rutting condition on 4/26/2006. 
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FIGURE 7 Proposed test section layout on Cell 26.   
 

 
FIGURE 8 Infrared pavement heater on Cell 26.   
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FIGURE 9 Plate vibrator and inlay template on Cell 26. 
 

 
FIGURE 10 Aligning thermoplastic material with stamped pattern on Cell 26. 
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FIGURE 11 Crosswalk 5/16/06, “safety green hex pattern”, 6ft x 24ft. 
 

 
FIGURE 12 Wheel path test strip 5/16/06, “white hex pattern”, 2ft x 100ft.  80K lane. 
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FIGURE 13 Crosswalk 5/16/06, “solid white and open cinnamon zebra-brick pattern”, 10ft x  9ft.  80K 
lane. 
 
 

 
FIGURE 14 Crosswalk 5/16/06, “open white zebra-brick pattern”, 10ft x  9ft.  102K lane. 
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FIGURE 15 Thermal image of pavement heater, side view taken 5/16/06.  Pavement temperature 
maximum near 300 ºF. 


