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ABSTRACT 
 

In the summer of 2003, Minnesota’s Department of Transportation (Mn/DOT) conducted a series of 
preventative maintenance activities to the hot mix asphalt (HMA) test cells at its MnROAD test facility.  
The activities took place on MnROAD’s mainline test road, which consists of 3 miles (4.8 km) of two-
lane, westbound Interstate Highway 94 with an average daily traffic (ADT) level of 25,000. 
 

Open to traffic in 1994, the fourteen HMA test cells were in need of maintenance to address 
rutting, top-down cracking, and cupped transverse cracks.  Each cell is 500 feet (150 m) long and is 
designed as a 5-year or 10-year pavement with a variety of mixtures and bases. 
 

Mn/DOT applied a series of maintenance activities either alone or in combination for re-sealing 
sealed transverse cracks, leveling out cupped transverse cracks and filling rutted wheelpaths.  Two control 
cells, one 5-year and one 10-year, were left alone to compare the restored cells against.  The goal was to 
restore the ride quality of the mainline cells, measured by International Roughness Index (IRI).   
 

The ride quality improved 48% four months after the application of the maintenance work.  Early 
results showed leveling of the cupped transverse cracks prior to applying a thin maintenance surface 
(TMS) provides better ride quality results, as does a double application of the TMS compared to a single 
application.  The results gathered are early in the life of the treatments and they will change in time.
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INTRODUCTION 
Summary 
MnROAD is a pavement technology test facility constructed by the Minnesota Department of 
Transportation (Mn/DOT) in 1994.  MnROAD consists of a Mainline and a Low Volume Road test 
facility.  The study was conducted on the Mainline test facility, which consists of 3-miles (4.8-km) of 
two-lane, westbound I-94.   The Mainline includes fourteen, 500-ft (150-m) hot mix asphalt (HMA) test 
cells, designed as either a 5-year or 10-year pavement following Mn/DOT standards.  After nine years of 
service, the test cells are experiencing distress in the form of cracking and rutting.  Because of the 
distress, the ride quality, measured by International Roughness Index (IRI), has dropped to levels that 
would trigger maintenance activities following Mn/DOT procedures. 
 The primary cause in the decrease of ride quality comes from the deterioration of the low 
temperature, transverse (thermal) cracks.  These cracks have increased in severity level over the past few 
years, and have cupped more recently as well. 
 Rutting of the pavement in the wheelpaths is a form of distress that needed to be addressed.  
Some of the HMA test cells have rutting in the driving lane over ½-in. (12.5 mm), which may be 
potentially hazardous.  Top-down, or surface initiated, cracking has also occurred within the cells.  More 
than one-half of the cells have top-down cracked in over 50% of their wheelpaths, while three of them 
have 100% of their wheelpaths with top-down cracking. 
 In 2003, MnROAD decided to perform select maintenance activities to the Mainline HMA test 
cells for the purpose of improving the ride quality.  The MnROAD Maintenance Plan provided the 
opportunity to study the effectiveness of the various materials used under controlled conditions.  This will 
allow Mn/DOT to study how to apply the right treatment to the right road at the right time.   
 
2003 MnROAD MAINTENANCE STUDY PLAN   
Goal 
The primary goal of the MnROAD Maintenance Plan was to improve the ride quality for the traveling 
public.  The secondary goals included improving safety by reducing rutting and increasing surface 
texture.  The plan used new materials to measure their potential use as a preventative maintenance 
treatment. 
 
Plan 
The plan was to restore ride to the HMA cells using typical preventative maintenance activities and to 
study the effectiveness of these activities either alone or in combination.  The activities chosen were: 

• Used “Control Cells” where no maintenance activities will be used. 
• Resealed transverse cracks with crumb rubber sealant using the ‘Clean and Go’ method of 

installation.   
• Leveled cupped transverse cracks with mastic materials, which are new to the market.  Two 

different mastics will be installed in each lane of four test cells.  The mastic’s ability to level 
cupped transverse cracks and delay reflective cracking will be monitored. 

• Applied two thin maintenance surfaces (TMS), one slurry seal using Mn/DOT’s MiniMac 
machine for filling longitudinal rutting and leveling transverse cracks.  The second, micro-
surfacing slurry using a continuous paver machine.  The TMS’s were used for filling 
longitudinal rutting and improving surface texture. 

 
Study Matrix 
The plan was to study the use of the materials either alone or in combination.  Table 1 shows the matrix of 
material used for each of the 14 HMA test cells on the mainline. 
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Performance Measurement 
Ride was measured by International Roughness Index (IRI) in meters/kilometer (m/km) using  Mn/DOT’s 
Pathways Van.  An IRI of zero indicates a perfectly smooth pavement, while IRI values above 3.0 m/km 
(188 in/mi) indicate a very rough ride. 
 Rutting was measured using a 6-ft. (1.8-m) straightedge along with an electronic level designed 
for future, automated rut depth recording. 
 Cracking was measured by visual observation following the Long-Term Pavement Performance 
(LTPP) Distress Survey protocol. 
 
Pre-Existing Conditions 
Table 2 lists the pre-existing conditions of the driving lane for the 14 HMA test cells prior to any 
maintenance activities taking place.  The table lists IRI, linear feet and severity level of transverse cracks, 
depth of cupping at transverse cracks, the average depth of rutting, and the linear feet of top-down 
cracking.  The table also shows the cell’s overall condition as reported in Mn/DOT’s report “2002 
MnROAD Hot-Mix Asphalt Mainline Test Cell Condition Report.” 

Minimal maintenance work had occurred in the test cells prior to the 2003 work.  Work which was 
done include routing and sealing of cracks in cell # 1 and 16 in 1998; micro-surfacing cells # 20 and 23 in 
1999; and cleaning and sealing cracks in cell # 2, 4, 14, 15, 16, 18, 19, 20, 21, 22 & 23 in 2000. 

Cells # 3 and 17 have had no maintenance activities at all.  They have been left alone to act as control 
cells of pavements receiving no treatments over their life span. 
 
2003 MNROAD MAINTENANCE ACTIVITIES 
The 2003 maintenance activities occurred throughout the spring and summer months at MnROAD.  Table 
3 shows the dates of each maintenance activity and the cells in which they were placed. 
 The work was divided between resealing previously sealed cracks with a crumb rubber sealant, 
leveling cupped transverse cracks with mastic materials or slurry, and applying a thin maintenance 
surface (TMS) along the entire length of the test cell.  The following is a brief discussion of the work 
performed, with the dates the activity took place.   
 
Crack Resealing (5/13 & 5/21) 
In May, cracks were resealed with a hot poured, crumb rubber type sealant meeting Mn/DOT 
specification 3719.  Approximately 3,000 pounds (1,362-kg) of sealant were placed.  The overband width 
averaged approximately three inches (75-mm).  

Mn/DOT district 3 personnel performed the work using a melting kettle and pressure fed wand.  
The cracks were swept and blown clean with a high-pressure air wand.  The ‘Clean & Go’ method of 
crack sealing was used.  Only the transverse and centerline cracks were sealed or resealed; longitudinal 
cracks were left untouched.   
 
Mastic Activities (6/17 & 6/18) 
Mn/DOT district 3 personnel installed the mastic materials with a manufacturer’s representative on hand.  
Two mastic materials from different manufactures were applied in equal portions of select cells.  They 
were studied for their effectiveness in leveling cupped transverse cracks and delaying reflective cracking. 

Table 4 shows the cell, lane and the amount of mastic material applied.  The products are hot-
poured mastics composed of aggregates, polymer modified asphalt binders, and fillers. 

Representatives brought their own equipment for installation. The mastics were applied after 
heating to 400° F (200° C) in a melter. The material was gravity dumped onto the pavement and pushed 
across the transverse crack with metal applicators.  The material self-leveled and tended to ‘set’ quite 
quickly, limiting the amount of time to place the material across the crack. 



MnROAD Mainline 2003 Maintenance Activities for Hot Mix Asphalt Test Cells 4 

 

Preparation work included sweeping the cracks clean and blowing with a high-pressure air hose 
before placing the mastic.  One material used a heat lance before placement, while the other used a primer 
sprayed on the cracks before placement. 
MiniMac Slurry Activities (7/15, 7/17 & 8/18) 
Mn/DOT district 3 personnel installed the slurry seal with a MiniMac machine.  The MiniMac machine 
uses a 6-ft. (1.8-m) slurry box for longitudinal work and a 3-person crew.  The slurry seal mix design 
consisted of a type II (FA-2) aggregate, a latex-modified emulsified asphalt binder, cement, and water. 

The slurry seal was applied to each test cell in four passes of the MiniMac.  Pass 1 was the 
outside wheelpath of the passing lane, pass 2 was the outside wheelpath of the driving lane, pass 3 was 
the inside wheelpath of the driving lane and pass 4 was the inside wheelpath of the driving lane.  Each 
pass was 550-ft. long (165-m) by 6-ft. wide (1.8-m) or 3,300-ft2 (300-m2), which was accomplished in a 
single pass of the MiniMac machine. 

On cell #2, pass 4, the slurry was not properly applied, so a second pass was made.  This left the 
driving lane with a single pass of slurry seal on the outside wheelpath and a double pass of slurry seal on 
the inside wheelpath.  This caused drainage problems that prompted a decision to add another pass of 
slurry to the outside wheelpath of the driving lane.  The second pass was added in August. 

The MiniMac was unable to apply slurry seal on back-to-back cells without stopping and getting 
refilled with material.  Back-to-back cells required a total distance of 1,100-ft (330-m), with two test cells 
at 500-ft (150-m) and two transitions between cells at 50-ft (15-m).  The MiniMac’s maximum distance 
was 750-ft (230-m) or 4,500-ft2 (420-m2).  This required a splice in the slurry seal while doing back-to-
back cells, which was not a problem.   

The longitudinal joint between passes was made without problem and was not noticeable after the 
slurry seal cured.  A limiting factor for production was the time it took to clean the MiniMac machine and 
to refill it with aggregate and asphalt binder between applications. 

Table 5 shows the quantity and test cells where MiniMac slurry seal was applied. 
 
MiniMac Leveling of Transverse Cracks (7/16) 
The transverse cracks for cell #15 were leveled using the same Mn/DOT personnel with a separate ‘pull-
box’ used for the transverse cracks.  The ‘pull-box’ was attached to a rider mower and was gravity fed 
slurry mix from the MiniMac machine.  The same mix design was used for the transverse cracks as noted 
above. 

The ‘pull-box’ application of slurry seal over the transverse cracks tended to leave a ‘hump’ at the 
crack.  The material did not level as smoothly as the crew wanted.  For that reason, cell #19 was not 
leveled with a slurry seal as was originally intended. 

Table 5 shows the quantities of the slurry seal used for leveling 45 transverse cracks, full width 
across both lanes of traffic. 
  
Micro-Surfacing Activities (8/18) 
The micro-surfacing work was performed under a separate contract between Mn/DOT and a contractor 
familiar with the work.  The micro-surfacing mix design was prepared by the contractor.  The mix 
consisted of a type II (FA-2) aggregate, a polymer-modified emulsified asphalt binder, cement, and water.  
MnROAD supplied the aggregate and purchased the asphalt binder for micro-surfacing contractor’s use 
on this project. 

The contractor used a continuous paver with a 12-ft. (3.7-m) box for the installation of the micro-
surfacing.  The micro-surfacing was to be placed in accordance to Mn/DOT specifications.  

The micro-surfacing operation included the use of trailers to keep the paver full of material 
(aggregate, water and emulsion) so that the operation could be continuous.  The contractor’s personnel 
consisted of a front-end loader operator, truck drivers, paver crew, and a finishing crew to work the 
micro-surfacing after it had been placed behind the paver.  The crew was approximately 14 people. 

The plan called for the more rutted cells to receive two passes of micro-surfacing.  The first pass, 
or scratch coat, was intended to take out the majority of the rutting by using a metal strike off bar.  The 
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second pass, or surface coat, was applied over the scratch coat and was intended to restore the ride quality 
and provide surface texture to the pavement. 

The contractor did not use the specified metal strike off bar on the spreader box for the scratch 
course.  This resulted in less removal of the rutting than anticipated.  See results for more information. 

Table 6 shows the quantity and test cells where micro-surfacing was applied at MnROAD. 
 
RESULTS 
MnROAD collected data on the HMA mainline test cells before, during and after all the maintenance 
activities had taken place.  The results are limited to the driving lane in regards to improving ride quality, 
eliminating rutting, and sealing transverse cracks.  Each is briefly discussed below. 
 
Ride Results 
MnROAD records ride quality in IRI.  Ride data was collected throughout the summer months, typically 
before and after each maintenance activity was performed.  Table 7 and Figure 1 show the 14 HMA test 
cells ride data collected on 2/28/03 (before any maintenance activity) and the ride data collected on 
11/20/03 (after all maintenance activities had taken place).  

The overall ride at MnROAD for the nine test cells receiving a TMS improved 48%, with an 
average IRI of 1.57 m/km (98 in/mi) compared to an IRI of 2.33 m/km (146 in/mi) before the work.  
When all fourteen-test cells are averaged, ride quality improved 30%.   

Adding a second layer of a TMS significantly improved ride quality.  The three test cells with a 
single layer of TMS had a ride improvement of 22% compared to a 61% improvement for the six cells 
with a double layer of TMS. 

The two cells that received two layers of MiniMac slurry seal had a ride improvement of 110%, 
while the three cells that received two layers of micro-surfacing had a ride improvement of 61%.   

The cell that received the combination of MiniMac and micro-surfacing showed a ride 
improvement of only 15% .   

The use of mastics to level transverse cracks had a positive affect on ride.  The three cells that 
received mastic and a TMS showed a 78% ride improvement , compared to 39% for the cells that 
received a crack resealing and a TMS.  The cell that was leveled with a slurry seal prior to a double layer 
of TMS increased only 15%.   

For cells not receiving a TMS, the cell that had its transverse cracks leveled with mastic showed a 
30% improvement in ride.  The resealed cracks only test cells showed a 5% improvement.   

The two control cell’s IRI decreased 13%, probably due to seasonal variations in the pavement.  
 

Rutting Results 
Table 8 and Figure 2 show MnROAD rutting data collected on 4/15/03 to rutting data collected on 
8/12/03, 8/13/03, (after MiniMac, before micro-surfacing) and on 8/19/03, 8/20/03, after all maintenance 
activities had taken place. 

For the nine test cells that received a TMS, the average rut depth decreased 27% from 0.41-inches 
(10.4-mm) to 0.33-inches (8.4-mm).  The three cells that received a single TMS had a rut depth decrease 
of 16%, while the three cells that received a double TMS had a rut depth decrease of 26%.  

When differentiating between micro-surfacing and slurry seal, the two cells that received a double 
pass of slurry seal decreased 57%.  The cells that received a double pass of micro-surfacing decreased 
26%.  And the cell that received a combination of slurry seal and micro-surfacing decreased 18%. 
 
Reflected Transverse Cracking and Top-Down Cracking Results 
Table 9 shows the transverse crack data.  Table 10 shows the top-down cracking data before and after the 
maintenance activities.  MnROAD is monitoring the amount of reflective cracking through the TMS to 
study if the mastics and a second layer of TMS delay reflective cracking.  
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For the nine test cells that received a TMS, 41% of the transverse cracks had reflected through.  
Of the test cells that received two layers of TMS, 28% of the transverse cracks had reflected through 
compared to 68% for the single layer of TMS cells. 
 Of the four cells that had the transverse cracks leveled with either a mastic material or slurry seal, 
17% of the transverse cracks had reflected through.  The three cells with the mastic material had 23% of 
the transverse cracks reflected through compared to 7% for the cell with the slurry leveling.   
 The five test cells that received a TMS without mastic had 64% of their transverse cracks 
reflected through.  Of those five cells, the three with a single TMS had 68% reflected transverse cracks. 
 
SUMMARY 
The results presented above are based on three months of service for the MnROAD Mainline after the 
application of the micro-surfacing.  The treatments had yet to go through a winter season, and how they 
perform through the winter is critical to Mn/DOT.  The short term results met the expectations of the 
study.  A brief summary of each maintenance activity is listed below. 
 
Thin Maintenance Surfacing (TMS) 
The use of the continuous paver in applying micro-surfacing worked well at MnROAD.  Micro-surfacing 
applied with the paver reached rates of 125 ft/min (40-m/min) or 1,500-ft2/min (140-m2/min).  The 
MiniMac was limited to 750-ft (230-m) lengths of slurry seal or 4,500-ft2/run (420-m2/run), it then had to 
be cleaned and refilled with material.  For small projects such as filling ruts at intersections, the MiniMac 
may be acceptable.  But for large projects involving miles of TMS, the continuous paver is the only way 
to go. 

The micro-surfacing did not fill the ruts as well as expected.  In 1999, when cells 20 and 23 were 
micro-surfaced, rutting decreased by 58% in the driving lane.  In 2003, rutting decreased 27% in the 
driving lane.  The primary reason not as much rutting was removed was because a metal strike off bar was 
not used during the scratch coat of the micro-surfacing.  A second reason not as much rutting was 
removed was because some cells received a single pass of TMS, even though a two pass application was 
warranted.  This was done to push the limits of the single pass TMS and to measure its effectiveness on 
rut filling. 

The slurry seal placed with MiniMac machine filled ruts better that the continuous paver because 
of its narrower box.  In essence, the MiniMac applied the slurry seal material in the same fashion as a rut-
box would if attached to the continuous paver.  Even though this is not new information, the results at 
MnROAD verified the data. 

A TMS is not expected to stop reflective cracking, and the early results back this.  However, the 
transverse cracks leveled with the mastic materials cracked less than the resealed cracks.  If the mastics 
can be shown to delay reflective cracking, there use as a pre-treatment could be warranted. 
 
Ride Quality 
The primary goal of the 2003 MnROAD Maintenance Plan was to restore ride quality for the traveling 
public using I-94.  It appears from the data that this goal has been met.  The average IRI before the TMS 
was 2.33 m/km (146 in/mi) and 1.57 m/km (98 in/mi) after, for a 48% improvement.  Mn/DOT assigned 
IRI values between 1.50 to 1.99 m/km (94 to 124 in/mi) as an average ride, and IRI values between 2.00 
to 2.49 m/km (125 to 156 in/mi) as a below average ride.  Therefore, the overall ride quality went from 
below average to average after the application of the TMS. 
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Rutting 
A secondary goal of the maintenance plan was to reduce the amount of rutting in wheelpaths to provide a 
safer ride.  While the TMS did not reduce rutting as much as expected, the amount of rutting in the 
wheelpaths after TMS was below the threshold Mn/DOT considers to be potentially hazardous.  
Therefore, the goal of providing a safer pavement was met.  
 
FUTURE WORK 
Mn/DOT will continue to monitor the performance of the maintenance activities placed in 2003.  How 
well the materials survive Minnesota’s winters with their cold temperatures and snow plows is critical in 
the long term use of these products.  Studying the combination of maintenance treatments has the 
potential of developing new and better uses for some materials and may even lead into the development 
of new materials for preventative maintenance. 
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TABLE 1  2003 MnROAD Maintenance Study Matrix 
Transverse Crack 

Repairb MiniMac Slurry Seal / Micro-Surfacing Cell 
# 

Reseal 
cracks 

Both Lanes Passing Lane (#) Layers Driving Lane (#) Layers 

1 Yes Crack Reseal Only 

2 Yes  MiniMac (1) MiniMac (2) 

3 No Control Cell – No Maintenance Work Performed 

4 Yes Mastic Micro (2) Micro (2) 

14 Yes Mastic MiniMac (2) MiniMac (2) 

15 Yes MiniMac Micro (1) over MiniMac (1) Micro (1) over MiniMac (1)

16 Yes Mastic   

17 No Control Cell – No Maintenance Work Performed 

18 Yes Mastic Micro (1) Micro (2) 

19 Yes  Micro (1) Micro (1) 

20a Yes  Micro (1) Micro (1) 

21 Yes  Micro (1) Micro (2) 

22 Yes  Micro (1) Micro (1) 

23a Yes Crack Reseal Only 
 
a. Cell was micro-surfaced in 1999. 
b. The mastic materials used for leveling of cupped transverse cracks were installed with each product in 

one-half of each cell in both the driving and passing lane. 
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TABLE 2  Mainline Test Cell Pre-Existing Conditions, Driving Lane Only 

Transverse Cracksb Ride 
IRIa Low Med High  

Cupc Rutd Top 
Downe 

(m/km) (ft) (ft) (ft) (in) (in) (lin ft) 

Cell 
# 

(in/mi) (m) (m) (m) (mm) (mm) (m) 

Overall 
Conditionf 

2.07 150 24 0 0.32 0.32 930 1 
129.4 46 7 0 8.1 8.1 284 

Good 

2.26 248 12 0 0.30 0.43 728 2 
141.3 76 4 0 7.6 10.9 222 

Average 

2.37 180 12 0 0.34 0.27 1000 3 
148.1 55 4 0 8.6 6.9 305 

Average 

3.95 17 6 268 0.55 0.44 1000 4 
246.9 5 2 82 14.0 11.2 305 

Poor 

2.64 28 66 182 0.46 0.40 308 14 
165.0 9 20 56 11.7 10.2 94 

Poor 

3.06 127 52 317 0.70 0.33 618 15 
191.3 39 16 97 17.8 8.4 188 

Poor 

3.44 411 135 0 0.56 0.21 43 16 
215.0 125 41 0 14.2 5.3 13 

Average 

2.75 91 180 0 0.32 0.23 961 17 
171.9 28 55 0 8.1 5.8 293 

Average 

2.43 327 36 0 0.37 0.29 1000 18 
151.9 100 11 0 9.4 7.4 305 

Average 

2.78 434 114 0 0.50 0.45 849 19 
173.8 132 35 0 12.5 11.4 259 

Poor 

1.17 176 0 0 0.21 0.48 45 20 
73.1 54 0 0 5.3 12.2 14 

Good 

1.25 308 0 0 0.11 0.58 159 21 
78.1 94 0 0 2.8 14.7 49 

Good 

1.45 234 0 0 0.34 0.33 299 22 
90.6 71 0 0 8.6 8.4 91 

Good 

1.70 198 12 0 0.23 0.28 182 23 
106.3 60 4 0 5.8 7.1 56 

Good 

 
a. IRI is averaged for the entire length of cell. 
b. Transverse cracks are rated low for widths below ¼” (6.4-mm), medium for cracks between ¼” (6.4-

mm) and ½” (12.5-mm), and high for cracks greater than ½” (12.5-mm) wide. 
c. Cupping measurements shown are the maximum cupped dimension recorded for 3 cracks within the 

cell. 
d. Rutting is the average rutting for the entire length of cell. 
e. Top down cracking is sum of both wheelpaths for the driving lane. 
f. Cell overall condition is based on Mn/DOT report “2002 MnROAD Hot-Mix Asphalt Mainline Test 

Cell Condition Report” dated September 6, 2002. 
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TABLE 3  2003 MnROAD Maintenance Activities & Dates 
Activity Date(s) Cells 

3.1 Reseal transverse cracks 5/13/03, 5/21/03 1, 2, 4,14,15,16, 18,19, 20, 21,22 & 23 
3.2 Mastic level transverse cracks 6/17/03, 6/18/03 4, 14, 16 & 18 

3.3 MiniMac slurry seal 7/15/03, 7/17/03, 
8/18/03 

2, 14 & 15 
completed cell 2 

3.4 MiniMac level transverse cracks 7/16/03 15 
3.5 Micro-surfacing 8/18/03 4, 15, 18, 19, 20, 21 & 22 
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TABLE 4  Mastic Material Quantities 

Mastic Material Onea Mastic Material Twob 
Length of Cracks per Lane Length of Cracks per Lane 

Passing Driving Sum Passing Driving Sum 
Cell 

# 
(m) (ft ) (m) (ft ) (m) (ft ) (m) (ft ) (m) (ft ) (m) (ft ) 

4 53 173 40 131 93 304 57 187 32 106 89 293 

14 40 130 35 114 74 244 38 126 0 0 38 126 

16 47 155 62 203 109 358 101 332 30 98 131 430 

18 24 79 0 0 24 79 51 167 65 214 116 381 

total 164 537 137 448 300 985 248 812 127 418 375 1,230

Total by weight 1,061 kg 2,340 lb  692 kg 1,525 lb 
 
a. Ran out of mastic material one in the driving lane of cell #18, never got to passing lane of cell #18. 
b. Ran out of mastic material two in the driving lane of cell #16, never got to passing lane of cell #14. 
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TABLE 5  MiniMac Slurry Seal Quantities 
Scratch Course Surface Course Cell Totals 

Yielda Yielda Aggregate Emulsion 
Cell 

# % 
cement % oil 

kg/m2 lb/sy 
% 

cement % oil 
kg/m2 lb/sy tonnes ton liter gal 

2b NA NA NA 1.04 13.1 16.5 30.3 17.7 19.5 2,271 600 

14 1.00 13.1 10.9 20.1 0.90 12.1 18.0 33.2 32.6 36.0 3,993 1,055 

15 0.90 12.1 18.8 34.7 NA NA NA 20.4 22.5 2,422 640 
15-
trc NA NA NA 1.25 12.8 15.7 28.8 4.1 4.5 511 135 

totals      74.8 82.5 9,197 2,430 

 
a. Yield is the combined yield of the aggregate, cement, and emulsion (oil) applied to the cell in pounds 

per square yard (kilograms per square meter). 
b. Cell # 2 quantities do not include the additional slurry material added to the left wheel-path of the 

driving lane on August 18, 2003. 
c. “tr” = transverse crack leveling operation on cell # 15. 



MnROAD Mainline 2003 Maintenance Activities for Hot Mix Asphalt Test Cells 15 

 

TABLE 6  Micro-Surfacing Quantities 
Micro-surfacing Micro-surfacing 
PASSING LANE DRIVING LANE 

Aggregate Oil Combined 
Yieldb Aggregate Oil Combined 

Yieldb C
el

l #
 / 

C
ou

rs
ea

 

tonnes tons liter gal kg/m3 lb/sy tonnes tons liter gal kg/m3 lb/sy 

4-sc 5.8 6.4 767 203 9.2 17.1 7.5 8.3 994 263 12.0 22.1 

4-su 7.7 8.5 1018 269 12.3 22.7 8.4 9.3 1123 297 13.5 25.0 

15-su 7.1 7.8 931 246 12.8 23.5 5.9 6.5 784 207 10.7 19.8 

18-sc NA NA NA 5.5 6.1 728 192 9.8 18.0 

18-su 7.3 8.0 891 235 12.8 23.5 7.8 8.6 1036 274 13.8 25.4 

19-su 7.3 8.0 891 235 12.8 23.5 7.5 8.3 994 263 13.2 24.4 

20-su 7.1 7.8 806 213 12.2 22.5 7.5 8.3 994 263 13.2 24.4 

21-sc NA NA NA 5.5 6.1 728 192 8.8 16.3 

21-su 5.8 6.4 771 204 10.3 18.9 7.5 8.3 994 263 13.2 24.4 

22-su 5.2 5.7 684 181 9.1 16.8 7.5 8.3 994 263 13.2 24.4 

totals 53.1 58.6 6,758 1,786 - - 70.8 78.1 9,367 2,475 - - 
 

a. “sc” = Scratch Course; “su” = Surface Course 
b. Yield is the combined yield of the aggregate, cement, and emulsion (oil) applied to the cell in pounds 

per square yard. 
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TABLE 7  Ride Quality Data, Driving Lane Only 

 Ride 
IRI  

Before 
IRI 

After Cell # 
m/ 
km 

in/ 
mi 

m/ 
km 

in/ 
mi 

% 
improve-

ment 

Cracks 
leveled

? 
Surface Course / (#) of Layers 

1 2.07 129.4 1.99 124.4 4.0% no Crack Reseal Only 

2 2.26 141.3 0.99 61.9 128.3% no MiniMac (2) 

3 2.37 148.1 2.19 136.9 8.2% Control Cell – no activity 

4 3.95 246.9 1.96 122.5 101.5% mastic Micro (2) 

14 2.64 165.0 1.34 83.8 97.0% mastic MiniMac (2) 

15 3.06 191.3 2.67 166.9 14.6% slurry Micro (1) over MiniMac (1) 

16 3.44 215.0 2.65 165.6 29.8% mastic none 

17 2.75 171.9 3.68 230.0 - 25.3% Control Cell – no activity 

18 2.43 151.9 1.77 110.6 37.3% mastic Micro (2) 

19 2.78 173.8 2.02 126.3 37.6% no Micro (1) 

20 1.17 73.1 1.01 63.1 15.8% no Micro (1) 

21 1.25 78.1 1.04 65.0 20.2% no Micro (2) 

22 1.45 90.6 1.39 86.9 4.3% no Micro (1) 

23 1.70 106.3 2.95 184.4 - 42.4% no Crack Reseal Only 
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TABLE 8  Rut Data Driving Lane, Average Two Wheelpaths 
Average Rutting 

Cell 
# Before  After 

MiniMac 
% 

decrease 

After 
Micro-

Surfacing 
% 

decrease 

Surface Course 
(#) of Layers 

mm 10.9 7.6 6.1 2 
inch 0.43 0.30 

43.3% 
0.24 

79.2% MiniMac (2) 

mm 11.2 10.4 4 
inch 0.44   

0.41 
7.3% Micro (2) 

mm 10.2 7.4 14 
inch 0.40 0.29 

37.9%   MiniMac (2) 

mm 8.4 5.8 7.1 15 
inch 0.33 0.23 

43.5% 
0.28 

17.9% Micro (1) / MiniMac (1) 

mm 7.4 6.4 18 
inch 0.29 

  
0.25 

16.0% Micro (2) 

mm 11.4 9.4 19 
inch 0.45 

  
0.37 

21.6% Micro (1) 

mm 12.2 11.2 20 
inch 0.48 

  
0.44 

9.1% Micro (1) 

mm 14.7 9.7 21 
inch 0.58 

  
0.38 

52.6% Micro (2) 

mm 8.4 7.1 22 
inch 0.33 

  
0.28 

17.9% Micro (1) 
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TABLE 9  Mainline Test Cell Cracking After Maintenance, Driving Lane Only 

Transverse Cracks Before  Transverse Cracks After Cell 
# Low Medium High Total Low Medium High Total 

% 
Reflected 

m 76 3.7 0 79 78 0 0 78 2 
ft 248 12 0 260 256  0 0 256 

98.5% 

m 5 2 82 89 0 0 0 0 4 
ft 17  6 268 291 0 0 0 0 

0% 

m 9 20 56 84 2 0 0 2 14a 
ft 28 66 182  276 6 0 0 6 

2.2% 

m 39 16 97 151 10 0 0 10 15b 
ft 127 52 317 496 34 0 0 34 

6.9% 

m 125 41 0 166 174 5 0 179 16c

d ft 411 135 0 546 571 17 0 588 
N.A. 

m 100 11 0 111 64 0 0 64 18e 
ft 327 36 0 363 209 0 0 209 

57.6% 

m 132 35 0 167 99 0 0 99 19 
ft 434 114 0 548 323 0 0 323 

58.9% 

m 54 0 0 54 38 0 0 38 20 
ft 176 0 0 176 123 0 0 123 

69.9% 

m 94 0 0 94 19 0 0 19 21 
ft 308 0 0 308 63 0 0 63 

20.5% 

m 71 0 0 71 63 0 0 63 22 
ft 234 0 0 243 208 0 0 208 

88.9% 

 
a. No mastic material two applied to transverse cracks in passing lane. 
b. Transverse Cracks leveled with MiniMac slurry seal. 
c. Ran out of mastic material two after 50% of the transverse cracks in driving lane had been leveled. 
d. No surface treatment applied to cell, percent reflected is not applicable (N.A.). 
e. Ran out of mastic material one in the driving lane, no mastic material one was applied in the passing 

lane. 
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TABLE 10  Mainline Test Cell Top-Down Cracking, After Maintenance, Driving Lane Only 

Top-Down Cracking 

Before After 
Cell 

# 
meters feet meters feet 

% 
Reflected 

Surface Course 
(#) of Layers 

2 222 728 3 10 1.4% MiniMac (2) 

4 305 1000 0 0 0% Micro (2) 

14 94 308 5 16 5.2% MiniMac (2) 

15 a  188 618 0 0 0% Micro (1) / MiniMac (1) 

18b 305 1000 59 195 19.5% Micro (2) 

19 259 849 0 0 0% Micro (1) 

20 14 45 12 38 84.4% Micro (1) 

21 49 159 0 0 0% Micro (2) 

22 91 299 0 0 0% Micro (1) 
 
a. Transverse Cracks leveled with MiniMac slurry seal. 
b. Ran out of mastic material one in the driving lane, no mastic material one was applied in the passing 

lane. 
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MnROAD Mainline International Roughness Index (IRI)
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FIGURE 1  MnROAD HMA Test Cell Ride Data. 
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FIGURE 2  MnROAD HMA Test Cell Rutting Data. 
 
 


